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Abstract  This paper investigates the impact of different microwave powers (700 and 800 W) and different water 
content (1:2, 1:3, 1:4, 1:5 and 1:6) on the physicochemical properties, crystalline characteristics and structure of the 
mixture of wheat starch (WS) and xanthan gum. The addition amount of xanthan gum was 0.05% of the weight of 
wheat starch solution. The particle size was reduced as a result of microwave treatment (MT). After being treated 
with different microwave treatments (MTs), the oil absorption capacity (OAC), solubility (S), and swelling power 
(SP) of wheat starch (WS) increased significantly. In contrast, the setback, pasting temperature, and particle size 
distribution (PSD) decreased significantly. In summary, microwave treatment (MT) is a general physical 
modification method that expands the use of wheat starch (WS) and meets the varying demands of starch-based 
products. This introduces new possibilities for further processing of wheat starch. 
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1. Introduction 

Wheat (Triticum aestivum L.) is China’s third largest 
food crop. One third of the world 's population eats wheat 
as the main grain [1]. Wheat flour contains about 80-85% 
of wheat starch (WS). Wheat starch, a plentiful, 
inexpensive, and natural hydrocolloid, has various uses 
such as a thickening and stabilizing agent. However, its 
heat intolerance and tendency to retrograde make it 
unsuitable for use in starch-based gel foods. 

Starch is stored in the form of globules in cereals 
(wheat and rice) [2], grants (bean and pea) [3], and tubers 
(potato and yam)[4]. In recent years, the nutritional 
benefits of starch have garnered significant interest. Starch 
is also widely applied to many industries [5]. Wheat starch 
can be divided into two types based on its crystalline 
structure: A- and B- type starches. A- type starch 
constitutes the majority of the total starch at 70-80%, 
while B- type starch represents less than 10%. In addition 
to A- and B- type starches, wheat starch also contains C- 
type starch. C- type starch is a hybrid of A- and B- type 
starches, with a crystalline structure that combines 
characteristics of both types [5]. The application of starch 
in food science is constrained by the type and variety of 
the seeds from which it is derived. Therefore, modified 

physically, chemically, enzymatically and genetically 
were often used to improve ideal functional properties. 

Microwave treatment is a physical method used to 
modify the properties of starch. This technique can alter 
the structure and functionality of starch, making it more 
suitable for specific applications in food science. Xanthan 
gum is a polysaccharide hydrocolloid commonly used in 
food. It is a microbial extracellular heteropolysaccharide 
obtained by biological fermentation. Xanthan gum cannot 
form a gel by itself, but it has good compatibility in 
thickening, high temperature resistance and gel efficiency. 
It can interact with other polysaccharides to increase 
viscosity [3]. In order to effectively improve the 
production requirement of native starches, it is often not 
complete to use a single modification method, and some 
double modification methods need to be developed [6]. 
The combinations of WS and hydrocolloids can also 
modify the functional properties of starch. Adding a small 
amount of hydrocolloids to food formulations can result in 
desirable quality and structural properties [7]. 

This study aims to investigate how the physicochemical 
and structural properties of a mixture of wheat starch and 
xanthan gum are affected by treatment with different 
microwave power levels and starch-water ratios. By using 
green methods to prepare efficient modified wheat starch, 
this study aims to gather data to support the wider 
application of microwave and hydrophilic colloid 
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technology in starch modification and microwave 
chemistry. Research into the properties of starch-water 
systems has important implications for the advancement 
of the food industry.  

2. Materials and Methods 

2.1. Materials 
Wheat grains (Bai Nong 307) were supplied by Henan 

Qiule Seed Technology Co., Ltd. Wheat flour was 
extracted by milling the wheat using a Buhler Laboratory 
Mill (MLU-202, Perten Co. Ltd., Sweden). Using the 
dough ball method, wheat starch was extracted from 
wheat flour. In all experimental work, only distilled water 
was used to ensure the purity and consistency of the 
results. Additionally, all chemicals and reagents used in 
the experiments were of analytical grade, meaning they 
met strict standards for quality and purity. 

2.2. Preparation of Starch Samples 
A specific quantity of starch was measured and placed 

into a heatable plastic container. Distilled water was then 
added. Otherwise, the xanthan was added according to  
0.5% of the total starch water system. The mixture was 
stirred until fully solving. After that, suspension was 
heated at 700 W, 800 W for 30 s. Starch samples were 
cooled to 25°C, among them, start freeze-drying 48h and 
take it out. The modified starch samples were obtained by 
grinding and sieving, then transferred into a dampproof 
bag for storage. The obtained samples were used for 
subsequent experiments. The ratios of native starch and 
distilled water were set at 1:2, 1:3, 1:4, 1:5 and 1:6 (w/w), 
respectively.  

2.3. Pasting Properties 
The Rapid Visco Analyzer (RVA, Perten Instruments 

Ltd., mod 4500, Australia) was used to measure the 
pasting properties of the starch samples. The method used 
was based on the one described by Guo et al., with some 
modifications to fit the specific needs of this experiment 
[11]. To obtain the viscosity profiles of the starch samples, 
3.0 g of starch (with a moisture content of 12%) was 
added to Rapid Visco Analyzer (RVA) canisters along 
with 25 g of distilled water. The RVA then analyzed the 
samples to determine their viscosity profiles. The starch 
samples were first brought to a temperature of 50°C from 
room temperature and then maintained at that temperature 
for a duration of 1 minute. They were then heated to 95°C 
over a period of 3 minutes and 45 seconds. After being 
held at 95°C for 2 minutes and 30 seconds, the samples 
were cooled to 50°C over a period of 3 minutes and 45 
seconds and then held at that temperature for 2 minutes. 
The paddle was set to rotate at a speed of 960 rpm for a 
duration of 10 seconds, after which its speed was reduced 
and stabilized at 160 rpm. The Rapid Visco Analyzer 
(RVA) measures several parameters to assess the pasting 
properties of starch. These parameters include peak 
viscosity (PV), which is the maximum viscosity during 
heating; trough viscosity (TV), which is the minimum 

viscosity during cooling; setback viscosity (SV), which is 
the difference between final and trough viscosity; 
breakdown viscosity (BV), which is the difference 
between peak and trough viscosity; final viscosity (FV), 
which is the viscosity at the end of the test; peak time (PT), 
which is the time taken to reach peak viscosity; and 
pasting temperature (Ptemp), which is the temperature at 
which the starch paste begins to form. The RVA software 
calculated these parameters automatically.  

2.4. Rheological Properties Measurements 
In order to assess the rheological properties of the 

starch samples, a method previously described by Duan et 
al. was employed with some modifications [1]. Once the 
RVA experiment was completed, the hot starch paste was 
immediately moved to the rheometer platform. During the 
testing process, it is important to prevent evaporation in 
order to ensure accurate results. To achieve this, a small 
quantity of silicon oil was carefully applied to the edge of 
the parallel plate that helped to minimize evaporation and 
maintain the integrity of the test. Before starting the test, 
the starch paste was allowed to equilibrate at 25°C for 30 
seconds.  All rheological properties of gelatinized modify 
wheat starch using MARS60 Haake Rheometer from 
Thermo Fisher Scientific, USA. A parallel plate system 
was selected with the cone diameter was 35 mm and gap 
was 1000 μm at 25°C were characterized.  

2.4.1. Detecting the Linear Viscoelastic Region 
The test was set to a frequency of 10 rad/s and a strain 

scanning range of 0.0001 to 100%. An oscillation 
amplitude scan was conducted at 25°C to determine the 
linear viscoelastic region (LVR) [8]. 

2.4.2. Dynamic Rheological Properties 
The oscillatory frequency sweep mode was used to 

characterize the dynamic viscoelastic properties. The 
angular frequency was varied from 0.1 to 10 Hz and all 
measurements were taken within the linear viscoelastic 
region at a strain of 10%. The elastic modulus (G′), 
viscous modulus (G′′), and loss factor (tan δ = G"/G′) 
were recorded [9].  

2.4.3. Static Rheological Properties 
To yield steady shear viscosities, the shear rate was 

ramped up from 0.1 to 300 s−1 to determine the 
relationship between apparent viscosity (η), shear stress 
and shear rate [10].  

2.5. Gel Texture Properties 
The texture properties of the starch gel samples were 

analyzed using a modified version of the method 
described by Bai et al[11]. This method was adapted to 
better suit the specific needs of the experiment. The starch 
paste produced by the RVA was placed into a plastic 
container with a lid to prevent moisture loss and then 
stored at a temperature of 4℃ for 24 hours. After being 
brought to room temperature, the samples were tested 
using a TA-XT plus Texture Analyzer (Stable Micro 
System Ltd., Godalming, UK) with a cylindrical probe 
(P/0.5R). The pretest, test, and posttest speeds were set to 
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5.00 mm/s, 1.00 mm/s, and 1.00 mm/s respectively, with a 
compression ratio of 25% (initial height 1.0 cm). The 
trigger force was 5 g and a 5 kg load cell was used at the 
starting point. The interval between tests was 5 s. TPA 
indicators recorded included hardness, springiness, 
cohesiveness, gumminess, chewiness, and resilience. 

2.6. X-ray Diffraction Analysis 
The X-ray diffraction patterns of the starch samples 

were analyzed using a modified version of the method 
described by H. Wang et al(Wang et al., 2020). An X-ray 
diffractometer was operated at 40 kV and 40 mA at room 
temperature to analyze the samples. The scanning 
frequency was set at 4 (°) / min and the angle of diffraction 
was scanned from 5° to 40° with a step size of 0.06°. 

2.7. Swelling Power and Solubility 
A modified version of the method described by 

Okonkwo et al. was used to measure the swelling power 
and solubility of the starch samples [12]. In order to carry 
out the experiment, a specific quantity of starch samples, 
denoted as M0, were carefully measured and subsequently 
transferred into a centrifuge tube. Following this, distilled 
water was added to the tube in order to attain a total 
concentration of 2% by weight. The resulting suspensions 
were then subjected to heating at a temperature of 95°C 
for a duration of 20 minutes, during which continuous 
shaking was applied. Upon completion of the heating 
process, the suspensions were rapidly cooled down to 
room temperature and subsequently centrifuged at a rate 
of 3000× g for a period of 15 minutes. After centrifugation, 
the sediment and supernatant were separated for the 
purpose of further analysis. The weight of the sediment 
was recorded as M2, while the supernatants were carefully 
transferred into an aluminum box and subjected to drying 
at a temperature of 105°C until a constant weight, denoted 
as M1. The determination of the solubility (S) and swelling 
power (SP) of the starch samples was calculated using eqn 
(1) and (2): 
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2.8. Oil Absorption Capacity 
With the aim of measuring the oil absorption capacity 

of the starch samples, certain adaptations were 
implemented to the methodology previously delineated by 
Karwasra et al., so as to better conform it to the specific 
demands of the experiment [13]. Firstly, a specific 
quantity of starch, weighing 0.5g, denoted as m0, was 
carefully measured and subsequently transferred into a 
pre-weighed centrifuge tube with a capacity of 25 mL, 
where the weight of the centrifuge tube is denoted as m2. 
Following this, 5.0 mL of colza oil, (colza oil, Luhua, 
China,) was added to the tube. The resulting mixture was 
then subjected to stirring for a duration of 10 minutes, 
after which it was centrifuged at a rate of 3000× g for a 
period of 15 minutes. Upon completion of the 

centrifugation process, the liquid was carefully poured out 
of the tube. Then weigh the centrifuge tube with the solid 
precipitate and denote its mass as m0. The determination 
of the OAC was calculated using eqn (3): 
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2.9. Chromatic Aberration 
The method described previously was used to measure 

the chromatic aberration of the starch samples [14]. A CR-
410 colorimeter was used to evaluate the color of the 
starch samples. Brightness is represented by L*, red-green 
by a*, and yellow-blue by b*. The color difference (∆E) 
and whiteness (H) of the starch samples were determined 
by using eqn (4) and (5): 

 2 2 2 #E L a b∆ = ∆ + ∆ + ∆  (4) 
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2.10. Starch Particle Size Distribution (SPSD) 
A laser particle size distribution analyzer (BT-9300H, 

Baite Instrument Co., Ltd. China) was used to measure the 
particle size distribution of the starch. To determine the 
PSD, 100 mg of starch samples were dispersed using 
ultrasonic waves after being suspended in deionized water. 
The refractive index was controlled at 10 % ~ 15 % during 
the test, particle size range was 0.1 ~340μm. The test 
results were expressed by D10, D50, D90, volume average 
diameter and specific surface area. 

2.11. Statistical Analysis 
SPSS 25.0 was used to analyze all data for significant 

analyses at a level of 0.05. The data were presented as 
means ± standard deviations (SD). Figures were primarily 
created using Excel 2019 and Origin 2018. 

3. Results and Discussion 

3.1. Pasting Properties 
The WS treatment significantly changed the pasting 

properties compared to the native starch sample (p < 0.05), 
as shown in Table 1 which displays the variation of 
pasting properties including trough viscosity, peak 
viscosity, final viscosity, breakdown, pasting temperature 
and setback. The pasting properties of RVA are affected 
by the gelation and short-term degradation of samples 
during heating and cooling. 

Peak viscosity (PV) is an indicator of the swelling 
ability of starch. It is mainly influenced by factors such as 
the swelling of starch particles, the leaching of amylose 
and the interaction between starch molecules. After 
microwave treatment, samples had lower PV, decreasing 
from 2209 cP (untreated wheat starch) to 2113 cP 
(WS168). Microwave treatment also decreased final 
viscosity (FV), breakdown viscosity (BV), setback 
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viscosity (SV) and pasting temperature (Ptemp). FV 
represents the ability of a starch paste to form a gel with a 
certain strength when cooled to room temperature. The FV 
of samples decreased with the different microwave power 
treated, which is mainly caused by the elevated expansion 
force of WS.  

Breakdown is calculated as the discrepancy between 
PV and TV and indicates the ability of starch to resist 
shear forces at temperature[15].  

The BV of samples showed an overall upward trend 
(WS127-WS167), reaching a maximum at WS147. but not 
significant, indicating that its thermal stability slight 
decreased. Microwave treatment at a power of 800W did 
not have a considerable impact on the breakdown of 
treated starch samples. 

Setback is a term used to describe the disparity between 
the final viscosity FV and TV. This difference is an 
indication of the short-term retrogradation of starch. 
Microwave treatment decreased the BV and SV from 657 cP 
and 1140 cP (untreated wheat starch) to 257 cP and 385 cP 
(treated at 800 W), respectively. According to Table 1, the 
setback of samples experienced a more significant change 
than others when the microwave power was set to 700 W. 

Microwave treatment also altered the pasting 
temperature, decreasing it from 88.35°C (untreated wheat 
starch) to 53.88 (treated at 700 W). The higher stability of 
starch granules may be the reason for the increase in 
pasting temperature. Furthermore, microwave treatment 
considerably decreased the gelatinization temperature of 
both treated and untreated samples (p < 0.05), confirming 
the conclusion drawn by SP. 

3.2. Rheological Properties Measurements 

3.2.1. Obtain of LVR 
The Linear Viscoelastic Region (LVR) of the samples 

was determined by sweeping the oscillatory amplitude 
shear strain. As the shear strain (γ) increased, the linear 
and nonlinear viscoelastic regions of the samples were 
identified. In the LVR, the G′ and G′′ curves were smooth 
and continuous, but at a specific rate, they rapidly 
declined or rose. As a result, subsequent dynamic and 
static rheological strains were set at 1%, as shown in 
Figure 1. LVR: the relationship between storage modulus 
(G′), loss modulus (G′′) and shear rate(γ) of native and 

modified wheat starch 

3.2.2. Dynamic Rheological Properties 
The changes of dynamic rheological properties of 

starch samples after different microwave power treatments 
or different starch-water system are shown in Figure 2. 
Dynamic rheological: dynamic rheological properties of 
starch samples after different microwave power treatments or 
different starch-water system. The storage modulus (G′), loss 
modulus (G′′) and loss factor (tan δ = G"/G′) of the samples 
were obtained by sweeping the oscillation frequency. G′ and 
G′′ represent the solid and liquid properties of starch gels, 
respectively, and tan δ is an essential parameter for 
evaluating viscoelastic behavior [16]. The smaller the tan δ 
value, the easier the gel sample to recover after deformation, 
showing a hard and strong texture. 

It can be seen from the Figure 2. Dynamic rheological: 
dynamic rheological properties of starch samples after 
different microwave power treatments or different starch-
water system that the G ' of all gel samples is much larger 
than G" and no crossing point between each other, 
suggesting that all starch gels displayed characteristics of 
a solid and were generally considered to be feeble gels[17]. 
Otherwise, G' and G" showed the lowest modulus when 
the starch water system was 1:3. Microwave power 
decreased the G' and G" of WS gel. All modified starch 
exhibited a tanα value of less than 1, indicating elastic 
behavior [18]. In comparison to the unmodified starch, the 
tanα value of the modified starch increased, suggesting 
that microwave treatment strengthened the gel network 
structure of the starch sample. 

3.2.3 Static Rheology 
Figure 3. Static rheology: the relationship between 

viscosity, shear stress and shear rate of native and 
modified wheat starch shows the changes in the static 
rheological curves of starch samples after being treated 
with different microwave power levels or in different 
starch-water systems. As the moisture content increased, 
the apparent viscosity curve trended upwards and 
diminished progressively as the shear rate increased. As 
the shear rate increased, the viscosity of all samples 
diminished, while the shear stress of all samples increased 
with increasing shear rate, displaying typical shear 
thinning Non-Newtonian fluid behavior. 

Table 1. Pasting properties of treated and untreated starch 

Samples Peak Viscosity (cP) Trough Viscosity (cP) Final Viscosity (cP) Breakdown (cP) Setback (cP) Pasting 
temperature (°C) 

Untreated 2209.00±5.66ab 1552.00±31.11bc 2692.00±66.47ab 657.00±36.77a 1140.00±35.36a 88.35±1.70a 
WS127 2497.00±56.57a 2238.50±146.37a 2687.00±118.79ab 258.50±89.80b 448.50±27.58f 56.40±8.91b 
WS128 1843.50±0.71c 1673.00±0.00b 2160.50±26.16abc 170.50±0.71b 487.50±26.16ef 66.03±1.10b 
WS137 1927.50±26.16bc 1716.00±104.65b 2369.50±246.78ab 211.50±130.81b 732.00±31.11cd 58.35±9.83b 
WS138 2023.00±100.41bc 1689.00±12.02b 2172.50±126.57abc 333.5±88.39b 550.50±210.01def 56.93±9.58b 
WS147 2053.50±36.06bc 1719.00±33.94b 2396.50±143.54ab 334.50±70.00b 682.00±103.24cde 53.88±5.20b 
WS148 1331.00±18.38d 1244.00±76.37d 2065.50±222.74bc 87.00±57.98b 821.50±146.37bc 64.00±1.84b 
WS157 2028.00±308.30bc 1827.00±260.22b 2766.50±241.12a 201.00±48.08b 939.50±19.09ab 59.68±6.75b 
WS158 2209.00±236.17ab 1338.50±94.05cd 2109.00±181.02bc 870.50±330.22a 970.50±7.78ab 64.48±1.24b 
WS167 1505.50±231.22d 1306.00±152.74cd 1669.50±252.44c 199.50±78.49b 583.50±94.05def 59.18±8.66b 
WS168 2113.00±100.41bc 1856.00±210.72b 2541.00±647.71ab 257.00±110.31b 385.00±12.73f 56.53±8.94b 

Note: Untreated, native wheat starch; WS127 and WS128 et al, same starch-water system treated at 700W and 800W; WS127, WS137, WS128 and 
WS138 et al, different starch-water system treated at 700W or 800W, respectively. 
Date was presented as means ±standard deviation. A significant difference between different samples is represented by means in each column with 
different superscripts (p ≤ 0.05) 
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Figure 1. LVR: the relationship between storage modulus (G′), loss 
modulus (G′′) and shear rate(γ) of native and modified wheat starch 

 

 

Figure 2. Dynamic rheological: dynamic rheological properties of starch 
samples after different microwave power treatments or different starch-
water system 

 

 
Figure 3. Static rheology: the relationship between viscosity, shear stress 
and shear rate of native and modified wheat starch  

3.3. Gel Texture Properties 
The TPA curve obtained by the TPA model can be used 

to evaluate the physical parameters related to human taste, 
including hardness, springiness, cohesiveness, chewiness 
and resilience. Table 2. displays the alterations in the 
texture properties of starch gels after being subjected to 
various microwave power treatments or different starch-
water systems. The force needed to deform a starch gel is 
associated with its hardness. Hardness has a positive 
correlation with amylose content [19]. Chewiness refers to 
the energy needed for swallowing. Cohesiveness is 
defined as the force necessary to overcome the internal 
bonding strength of a sample. Springiness and resilience 
represent the sample’s rebound force after being bitten. 

According to Table 2, the hardness, resilience, and 
chewiness of the treated wheat starch (WS) were 
significantly different (p<0.05) from those of the native 
wheat starch. No notable disparities in elasticity were 
detected across all specimens(p=0.05). However, with the 
increase of microwave power from 700W to 800W, the 
hardness was significantly decreased. This suggests that 
the use of microwave power can effectively slow down 
the retrogradation process of WS gel. Similar to its effect 
on hardness, microwave power significantly reduced the 
chewiness of starch gels (p < 0.05). All of these 
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observations suggest that the application of microwave 
power weakens the gel properties of WS. This could be 
attributed to alterations in the amylose content, starch 
purity, and the structure of amylose and amylopectin in 
WS after being subjected to microwave power [20]. 

3.4. X-ray Diffraction Analysis 
X-ray diffraction (XRD) is commonly employed to 

analyze the crystal structure of starch granules and to 
characterize their long-range order [21]. Due to its 
inherent nature as an organic macromolecule, the process 
of crystallization exhibited by starch tends to exhibit a 
considerable degree of intricacy [22]. The changes of 
XRD patterns of starch samples after different microwave 
power treatments or different starch-water system are 
shown in Fig.4. Natural wheat starch samples exhibited a 
characteristic A-type pattern [23], with prominent peaks 
around 15° and 23°, as well as a double peak around 17° 
and 18°. Furthermore, a faint peak emerged around 20°, 
indicative of a V-type pattern resulting from the 

interaction between lipids and amylose [24]. 
After being subjected to microwave treatment, the 

crystal structure of starch gradually disintegrated, 
resulting in the formation of a gel. Compared with natural 
starch, the diffraction type of XRD pattern of wheat starch 
changed greatly. WS gradually transitioned to a V-type 
pattern, with the most intense diffraction peak appearing 
at 20° after microwave lyophilization. The formation of 
amylose-lipid complexes in a single-helix structure during 
the retrogradation of starch gel is the primary reason for 
this phenomenon. The findings presented by Sang et al. 
pertaining to the diffraction peaks exhibited by starch gels 
are consistent with and corroborate the aforementioned 
observation [25]. However, the diffraction types of XRD 
patterns of wheat starch after different microwave 
treatments or different starch-water system did not change 
much. It can be seen from the Figure 4. that the larger the 
microwave power, the flatter the diffraction peak. After 
treatment, wheat starch has been shown to effectively 
prevent the retrogradation of amylose and amylopectin. 

Table 2. Gel texture properties of treated and untreated starch 

Samples Hardness/g Springiness Cohesiveness Chewiness/N Resilience 
Untreated 249.36±25.02a 0.99±0.01ab 0.8±0.07ab 182.84±18.39a 0.44±0.01ab 
WS127 257.27±56.09a 0.69±0.38b 0.88±0.1a 142.67±35.82b 0.48±0.09a 
WS128 147.84±37.66b 0.9±0.08ab 0.72±0.08b 94.7±21.47c 0.34±0.05abcd 
WS137 97.24±1.1c 0.9±0.02ab 0.64±0.03bc 55.98±3.08d 0.32±0.04bcde 
WS138 63.99±4.7c 0.97±0.02ab 0.71±0.1b 40.86±8.01d 0.24±0.02de 
WS147 73.07±7.5c 0.93±0.07ab 0.64±0.05bc 43.29±2.22d 0.28±0.02cde 
WS148 65.52±0.23c 1.04±0.14ab 0.74±0.02ab 56.75±3.35d 0.28±0.01cde 
WS157 58.18±10.29c 1.14±0.24a 0.65±0.02bc 45.91±7.64d 0.41±0.14abc 
WS158 56.78±6.61c 0.89±0.06ab 0.53±0.02c 26.88±0.4d 0.19±0.03e 
WS167 85.41±0.37c 0.97±0.01ab 0.68±0.08bc 56.14±6.91d 0.35±0.03abcd 
WS168 78.1±4.35c 0.97±0.02ab 0.68±0.07bc 51.45±3.61d 0.28±0.04cde 

Note: Date was presented as means ±standard deviation. A significant difference between different samples is represented by means in each column 
with different superscripts (p ≤ 0.05). 
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Figure 4. X-ray diffraction spectra of native and modified wheat starch 

3.5. Oil Absorption Capacity 
Oil can be physically embedded within the starch 

network for storage, and the emulsifying ability of starch 
is typically determined using OAC [26]. The changes of 
OAC of starch samples after different microwave power 
treatments or different starch-water system are shown in 
Table 3 the OAC of the untreated starch was 2.27 g/g. 
After being exposed to different microwave powers, the 
OAC value of wheat starch showed a significant increase 
(p < 0.05). And the OAC of different starch-water system 
were 2.27 g/g (WS127) to 3.20 g/g (WS167), 3.11 g/g 
(WS128) to 3.87 g/g (WS168), this result was consistent 
with Olusegun’s in breadfruit starch [27]. The data 
obtained from the study indicated that suitable 
modification of WS utilizing microwave technology can 
serve to enhance its emulsifying properties, thereby 
facilitating the expanded utilization of KS within the food 
industry. 

Table 3. OAC, Swelling power and solubility of treated and 
untreated starch 

Samples OAC(g/g) S (%) SP(g/g) 
Untreated 2.27±0.08d 5.13±0.35e 5.41±0.39f 

WS127 2.72±0.30cd 12.79±0.81d 14.67±1.07de 
WS128 3.11±0.04bc 8.35±1.21e 9.12±1.44ef 
WS137 2.97±0.05c 16.29±0.01cd 19.46±0.01cd 
WS138 3.17±0.36bc 15.00±0.73cd 17.65±1.01cd 
WS147 3.05±0.12c 17.41±0.98bc 21.09±1.44bc 
WS148 3.32±0.03abc 14.76±0.40cd 18.71±1.42cd 
WS157 3.19±0.02bc 21.09±3.96ab 26.88±6.37ab 
WS158 3.67±0.03ab 16.38±2.47cd 19.63±3.53cd 
WS167 3.20±0.65bc 24.18±0.37a 31.89±0.64a 
WS168 3.87±0.06a 16.55±1.88cd 19.86±2.70cd 

Note: Date was presented as means ± standard deviation. A significant 
difference between different samples is represented by means in each 
column with different superscripts (p ≤ 0.05). 

3.6. Solubility and Swelling Power  
The changes of swelling power and solubility of starch 

samples after different microwave power treatments or 
different starch-water system are shown in Table 3. The 
swelling capacity of starch is indicative of the extent of 
interaction between its crystalline and amorphous regions 

during heating [28]. The S value and SP of starch are 
influenced by factors such as the size, shape, and 
molecular weight of its molecules. 

As indicated in Table 3, within the same starch-water 
system, an increase in microwave power from 700 W to 
800 W resulted in a decrease in both solubility and 
swelling power. It has been demonstrated that microwave 
treatment can prevent the expansion of starch granules and 
the release of amylose. The influence of microwave 
radiation on the hydroxyl and carboxyl constituents within 
starch granules may have served to intensify both 
intermolecular and intramolecular interactions via the 
formation of hydrogen bonds, resulting in the 
development of a relatively dense crystal structure. This, 
in turn, could have restricted the capacity of water 
molecules to bind to amylose and amylopectin through 
free hydroxyl groups [29]. However, in different starch-
water systems, microwave treatment resulted in a 
significant (p < 0.05) increase in both the solubility and 
swelling power of starch samples. This is consistent with 
previous research that found a decrease in the swelling 
power of A- and B-type granules isolated from wheat 
starch after being subjected to microwaving-ultrasound 
[30]. As shown in Table 1, treatment with the same 
microwave power resulted in an increase in both solubility 
and swelling power compared to native starch. This 
suggests that the starch-water system has a significant 
impact on the swelling of starch granules and the release 
of amylose. 

3.7. Chromatic Aberration 
The changes of chromatic aberration and whiteness of 

starch samples after different microwave power treatments 
or different starch-water system are shown in Table 4. Not 
only does the color of a product influence its acceptability 
among consumers, but it also serves as a crucial factor in 
characterizing the product. The L* value is directly 
correlated with brightness, with positive values of a* and 
b* representing red and yellow, respectively, and negative 
values representing green and blue. There were significant 
differences (p < 0.05) in the L*, a*, b*, and H values 
between treated and untreated starch samples. As shown in 
Table 4, WS147 and WS148 have the highest L* and H 
values, indicating that these starch products have superior 
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color and are more likely to be accepted by consumers. 
And the L* and H of same starch-water system were 93.91 
(WS148) to 93.92 (WS147), 93.26 (WS148) to 93.33 
(WS147), which results showed that appropriate microwave 
power should be 700W. Starch gel is equivalent to a 
translucent system, the reflected light is related to the type 
of material [31]. An increase in the b* value indicates that 
the starch sample becomes progressively more yellow as 
microwave power is increased. 

3.8. Starch Particle Size Distribution 
The size of starch particles is often used to describe 

their degree of size, which can impact both the processing 
and consumption qualities of starch. D10, D50, and D90 
correspond to the particle sizes at which 10%, 50%, and 
90% of wheat flour particles are smaller in size, 
respectively.  

The changes of PSD of starch samples after different 
microwave power treatments or different starch-water 
system are shown in Figure 5 and Table 5. All samples 
presented a single starch grain distribution. At a constant 
microwave power, an inverse relationship has been 
observed between water content and the average particle 
size of starch granules, such that the higher the water 
content, the smaller the average particle size of starch 
granules. Furthermore, within varying starch-water 
systems, wheat starch exhibited a propensity towards 
reduction in particle size, with the magnitude of this 
diminution becoming increasingly pronounced as water 
content increased (as illustrated in Figure 5). 

There were significant differences in the volume 
average diameter, D10, D50, and specific surface area 

values between the treated and untreated starch samples 
(p< 0.05). As shown in Table 5, the average particle size, 
D10, D50, and D90 of wheat starch increased as 
microwave power increased, reaching maximum values of 
81.53, 24.19, 72.00, and 153.00 (WS128), respectively. 

The specific surface area can be used to evaluate the 
adsorption potential of the material. It can be seen from 
Table 1 that the specific surface area is negatively 
correlated with the average particle size.  

4. Conclusions 

Microwave freeze treatment had an impact on the 
physicochemical and structural properties of wheat starch. 
Native WS exhibited a typical A-type structure, but as 
microwave power and water content increased, it 
gradually transformed into a V-type structure. Microwave 
freeze treatment was found to precipitate a significant 
reduction in the dimensions of particles, as well as its L* 
and ∆H values. In contrast, the WSI, SP, and OAC values 
of WS subjected to microwave modification were 
observed to be markedly elevated relative to those of 
unmodified WS. Microwave treatment may disrupt the 
ordered double helix structure of WS starch, resulting in a 
reduction of its gelatinization temperature and affecting its 
pasting and gel texture properties. Overall, microwave 
modification caused an increase in the G′and G″ values of 
WS, indicating a more pronounced elastic behavior. This 
research offers a theoretical foundation for the rational 
modification of wheat starch functionality and its 
expanded use in industrial applications. 

Table 4. Chromatic aberration of treated and untreated starch 

Samples L* a* b* ∆E H 
Untreated 93.88±0.01c -0.76±0.01d 2.97±0.00g 0 93.15±0.01c 
WS127 91.50±0.03e -0.80±0.01e 3.87±0.01d 2.54±0.02f 90.63±0.02f 
WS128 91.48±0.02e -0.71±0.01b 4.09±0.01b 2.65±0.02e 90.52±0.02g 
WS137 88.40±0.01h -0.73±0.01c 3.15±0.01e 5.48±0.01b 87.95±0.00j 
WS138 87.89±0.02i -0.62±0.01a 3.93±0.01c 6.07±0.02e 87.25±0.02k 
WS147 93.92±0.01a -0.85±0.00g 2.61±0.00k 0.38±0.00i 93.33±0.01a 
WS148 93.91±0.00ab -0.83±0.01f 2.76±0.00i 0.22±0.00j 93.26±0.00b 
WS157 93.41±0.04d -0.85±0.00g 2.71±0.01j 0.55±0.03h 92.82±0.04d 
WS158 93.17±0.00e -0.79±0.01e 2.88±0.00h 0.71±0.00g 92.55±0.00e 
WS167 89.52±0.01g -0.75±0.01cd 3.06±0.01f 4.36±0.01d 89.05±0.00h 
WS168 89.02±0.01g -0.63±0.01a 4.17±0.00a 5.00±0.01c 88.24±0.01i 

Note: Date was presented as means ±standard deviation. A significant difference between different samples is represented by means in each column 
with different superscripts (p ≤ 0.05) 

Table 5. D10, D50, D90, volume average diameter and specific surface area of native and modified wheat starch. 

Samples D10 D50 D90 volume average diameter specific surface area 
Untreated 4.64±0.19f 18.92±1.48g 49.64±4.82e 23.63±2.06f 235.75±9.26a 
WS127 18.17±0.18b 56.15±0.62b 122.00±1.13b 64.13±0.63b 62.88±0.60g 
WS128 24.19±2.14a 72.00±7.77a 153.00±19.23a 81.53±9.50a 47.72±4.56h 
WS137 13.22±0.01c 41.20±0.07c 88.86±0.00c 46.87±0.05c 86.14±0.01f 
WS138 12.83±0.15c 40.26±0.09c 87.66±0.22c 45.95±0.04c 88.91±0.99f 
WS147 9.37±0.05de 28.62±0.24de 61.36±0.47de 32.49±0.27de 121.90±0.71d 
WS148 10.61±0.02d 32.77±0.85d 73.56±0.07d 38.31±0.07d 106.70±0.28e 
WS157 9.00±0.01e 27.07±0.13def 58.28±0.35e 30.82±0.16e 127.25±0.21d 
WS158 9.23±0.00de 28.10±0.54def 60.40±1.44de 31.94±0.66de 123.80±0.71d 
WS167 8.06±0.04e 22.77±0.11fg 47.15±0.18e 25.54±0.11ef 144.30±0.71b 
WS168 8.39±0.05e 25.20±0.33ef 53.71±0.70e 28.55±0.37ef 136.95±1.06c 

Note: Date was presented as means ±standard deviation. A significant difference between different samples is represented by means in each 
column with different superscripts (p ≤ 0.05). 
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Figure 5. particle size distribution of native and modified wheat starch 
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