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Introduction: Alisma starch (AS) from Alismatis Rhizoma has potential 
applications but has been less studied compared to common starches like corn 
starch (CS) and potato starch (PS).

Methods: We used scanning electron microscopy, X-ray diffraction, and rapid 
visco analysis to study the granule morphology, crystal structure, pasting 
properties, freeze -thaw stability, solubility, swelling degree, and gel strength of 
AS, CS, and PS.

Results: AS has a lower starch content but higher amylose content than CS and PS. 
It has a smaller particle size and is A-type starch. Its pasting temperature and trough 
viscosity are higher, and its freeze -thaw stability is intermediate. Gel strength 
increases with concentration and shows no significant difference between 10% AS 
and 12% PS.

Discussion: AS has good heat resistance, shear resistance, and gel strength, 
indicating potential for high-temperature processed foods. Future research 
should focus on its heat resistance mechanism and broader applications.
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1 Introduction

Alismatis Rhizoma, the tuber of Alisma orientale (Sam.) Juz. in the family of Alismataceae, 
is distributed in temperate and subtropical regions all over the world, mainly in China, Japan, 
North America and Europe (1). Recognized for its substantial nutritional and medicinal value, 
it serves as a dual-purpose medicinal and food crop. Contemporary pharmacological 
investigations have unveiled a spectrum of pharmacological activities associated with Alismatis 
Rhizoma, encompassing diuretic, nephroprotective, hepatoprotective, hypolipidemic, anti-
inflammatory, antitumor, hypoglycemic and antioxidant (2, 3). Clinically, it is often used for 
the treatments such as edema, oliguria, hyperlipidemia and other diseases (4). The chemical 
constituents of Alismatis Rhizoma mainly include triterpenes, diterpenes, sesquiterpenes, 
amino acids, polysaccharides, proteins, fatty acids, starch, among other constituents, with 
Alisma starch (AS) representing approximately 25% of the total components (5). Notably, 
current research in the realm of starch-related investigations has predominantly centered on 
corn starch (CS), potato starch (PS), and similar sources (6), with a dearth of studies 
elucidating the physicochemical properties of AS.

Starch, a carbohydrate extensively stored in plants, finds diverse applications in the realms 
of food, medicine, and cosmetics. Within the food industry, starch serves as a vital component 
utilized as a thickener, stabilizer, and emulsifier to enhance the sensory attributes and 
palatability of food products (7). In pharmaceutical field, starch is employed as auxiliary 
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material in the production of pharmaceuticals, notably as fillers for 
capsules and coating agents for granules (8). Moreover, in the cosmetic 
industry, starch is harnessed for its properties in enhancing skin 
texture, providing skin hydration, and absorbing excess oil (9). To 
date, a comprehensive investigation encompassing AS, CS and PS 
remains unexplored. Consequently, the objective of the present study 
is to systematically examine the physicochemical properties of AS, 
including preparation methods, composition, granule morphology, 
crystal structure, pasting attributes, freeze–thaw stability, solubility, 
swelling capacity, and gel strength. A comprehensive comparative 
analysis of the three starches AS, CS and PS is poised to advance the 
extensive utilization of AS, foster pioneering advancements in related 
industries, and furnish a theoretical framework for the development 
and utilization of AS resources.

2 Materials and methods

2.1 Materials and chemicals

The Alismatis Rhizoma tubers were purchased from Shanghai 
Aladdin Biochemical Technology Co., Ltd. (Shanghai, China), while 
CS and PS were purchased from Hebei Zhaofa Food Co., Ltd. 
(Langfang, China). All other chemicals utilized in the study were of 
analytical grade.

2.2 Preparation of Alisma powder

Fresh and unblemished roots of Alismatis Rhizoma were carefully 
chosen, meticulously cleaned, and subsequently pulverized employing 
a pulverizer. To prevent denaturation of the Alisma powder due to 
overheating during the pulverization process, an intermittent method 
was employed: the pulverizer was operated for 1 min, followed by a 
1-min pause, the cooling was assisted by cold air and repeated. 
Subsequently, the pulverized Alisma material was ground to pass 
through a 100-mesh sieve for subsequent utilization.

2.3 Preparation of AS

Referring to the method of Shrivastava et al. (10) with minor 
modifications, the prepared Alisma powder underwent a defatting 
process. Initially, the Alisma powder was immersed in n-hexane at a 
ratio of 1:10 (w/v) and subjected to agitation using a magnetic stirrer 
for 3 min at intervals of 1 h to facilitate fat extraction. The n-hexane 
solution was refreshed every 6 h, and this sequence of agitation was 
repeated thrice. Subsequently, the defatted Alisma powder was treated 
with 70% ethanol at a ratio of 1:5 (w/v) for 30 min, followed by 
centrifugation at 4,000 rpm/min for 15 min. The resulting supernatant 
was discarded, and this process was iterated until the supernatant 
appeared colorless, aiming to remove phenolic and pigmented 
substances. The decolorized Alisma powder was immersed in water at 
a ratio of 1:15 (w/v) with a pH maintained at 10. Subsequent to stirring 
with a magnetic stirrer at 500 rpm for 6 h, the resultant mixture was 
centrifuged at 4,000 rpm for 10 min, and the supernatant was 
discarded. The AS precipitate was then isolated, and its pH was 
adjusted to 7.0 with 1 mol/L HCl. The starch slurry was washed 

repeatedly with distilled water, lyophilized, and grinded through a 
100-mesh sieve to obtain the final AS product.

2.4 Determination of starch and amylose 
content

The determination of starch content followed the method of Song 
et al. (11). A sample weighing 0.75 g was mixed with 50 mL of 1% 
hydrochloric acid, and the mixture was subjected to boiling in a water 
bath for 15 min before being rapidly cooled. Subsequently, 1 mL of 30% 
zinc sulfate solution was added and thoroughly mixed, followed by the 
addition of 1 mL of potassium ferricyanide solution and mix well, pour 
into a 100 mL volumetric flask and filter. The optical rotation value of 
the filtrate was determined using a WZZ-2S automatic polarimeter 
(INESA Physico-Optical Instrument Co., Ltd., Shanghai, China).

The determination of amylose content was conducted using a 
colorimetric method. Standard solutions of amylose and amylopectin at 
varying ratios of 1 mg/mL were prepared by mixing 2.5 mL of each 
solution with 20 mL of distilled water, adjusting the pH to 3.0, and 
adding 0.5 mL of iodine reagent. After thorough mixing, the volume was 
adjusted, and the solutions were allowed to stand away from light for 
10 min. Subsequently, the absorbance at 620 nm was measured using a 
PERSEE TU-1810PC UV spectrophotometer (Beijing, China), and a 
standard curve was constructed based on these measurements. A precise 
amount of 50 mg of starch was weighed and mixed with 10 mL of 
0.5 mol/L sodium hydroxide solution, followed by agitation in a boiling 
water bath for 15 min. The volume was then adjusted to 50 mL with 
distilled water. Subsequently, 2.5 mL of the resulting sample solution was 
withdrawn and combined with 20 mL of distilled water. The pH was set 
to 3.0, and 0.5 mL of iodine reagent was added before adjusting the 
volume. The solution was shielded from light for 10 min, and the 
absorbance was measured at a wavelength of 620 nm. The percentage of 
amylose was calculated according to the standard curve (12).

2.5 Characterization of starch particle 
morphology

The samples were evenly distributed on the sample stage with 
double-sided adhesive tape, followed by gold sputter coating. 
Subsequently, the morphology of the samples was examined at a 
magnification of 2000× using an FEI Quanta 200 Environmental 
Scanning Electron Microscope (Hillsboro, OH, United States) (13). 
The birefringence of starch granules was observed under polarized 
light by dropping 0.1% of the sample solution onto a slide and placing 
it on a BH200P polarizing microscope (Shanghai Sunny Hengping 
Scientific Instrument Co., Ltd., China) (14). Furthermore, the particle 
size distribution of the samples was determined using a BETTER 
BT-9300H laser particle size analyzer (Dandong, China) (15).

2.6 Determination of X-ray diffraction

A Bruker D8 Advance X-ray diffraction analyzer (Karlsruhe, 
Germany) was used for the recordings, and the measurement 
conditions were step-scanning method with a 2θ scanning range of 
5° ~ 60°, a step size of 0.02o, and a scanning speed of 8o/min. The 
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relative crystallinity of the samples was calculated using Jade6 software 
(Livermore, CA, 135 USA) (16).

2.7 Determination of pasting properties

Starch pasting Properties were determined using Rapid Visco 
Analysis (RVA). A 3.0 g starch sample was mixed with 25 mL of 
distilled water and analyzed in an RVA 4500 rapid viscometer 
(Stockholm, Sweden). The sample was kept at 50°C for 1 min, warmed 
to 95°C within 3.5 min, held for 3 min, then cooled to 50°C within 
3.5 min, and held for 2 min. The changes in viscosity of the sample 
throughout this process were monitored and recorded (17).

2.8 Determination of clarity

The determination of clarity was conducted following the 
procedure outlined by Fan et al. A certain amount of starch sample 
was weighed to prepare a 1% (w/v) suspension, which was then heated 
and stirred in a boiling water bath for 15 min. Subsequently, the 
suspension was cooled to room temperature, and the transmittance 
was measured at 620 nm using a UV spectrophotometer, with distilled 
water serving as a reference. The transmittance value was utilized as 
an indicator of the clarity of the starch paste (18).

2.9 Determination of sedimentation 
volume

A specific quantity of starch sample was weighed and used to 
prepare a 1% (w/v) suspension. The suspension was placed in a boiling 
water bath and stirred for 15 min until completely dissolved. 
Subsequently, 50 mL of the starch paste was transferred to a measuring 
cylinder and allowed to stand for 24 h. The volume of sediment (mL) 
was then recorded (19).

2.10 Determination of freeze–thaw stability

A certain amount of starch sample was weighed to prepare a 6% 
(w/v) suspension, which was then subjected to heating and stirring in 
a boiling water bath for 15 min before cooling to room temperature 
(20). An appropriate amount of starch paste (W1) was frozen in a 
refrigerator at −18°C for 24 h, then removed and thawed, and 
subsequently centrifuged at 4,000 rpm for 15 min. Finally, the weight 
of the separated supernatant (W2) was recorded and the syneresis rate 
(SR) was calculated according to Equation (1):

 
( ) 2

1
S % 100%WR

W
= ×

 
(1)

Where W1 and W2 are the weights of separated supernatant and 
starch paste, respectively.

2.11 Determination of syneresis

A certain amount of starch sample was weighed to prepare a 4% 
(w/v) suspension, which was heated and stirred in a boiling water bath 
for 30 min for aging. Subsequently, an adequate volume of starch paste 
(W1) was refrigerated at 4°C for 24 h, then removed, centrifuged at 
4,000 rpm for 15 min, and the weight of the supernatant (W2) was 
recorded. The syneresis rate (SR) was calculated based on these 
measurements, reflecting the extent of starch syneresis (21). 
Calculation of syneresis rate is the same as 2.10.

2.12 Determination of solubility and 
swelling degree

A specific quantity (M) of starch samples was weighed to prepare 
5% (w/v) suspensions. These suspensions were individually subjected 
to heating at 55, 65, 75, 85, and 95°C in a water bath for 30 minutes 
with constant oscillation (22). After cooling to room temperature 
following the pasting process, the samples were centrifuged at 
4,000 rpm for 15 min. The supernatant was then transferred into 
pre-weighed glass weighing dishes, dried in a 105°C oven to a constant 
weight to determine the mass of dissolved starch (M1). The remaining 
mass after centrifugation represented the mass of swollen starch (M2). 
The solubility (SOL) and swelling degree (SD) of starch were calculated 
according to the following Equations (2) and (3):

 
( ) 1S % 100%MOL

M
= ×

 
(2)

 
( ) ( )

2S % 100%
M 1

MD
SOL

= ×
−  

(3)

M, M1, and M2 in the formula are the mass of starch, the mass of 
dissolved starch, and the mass of precipitate after centrifugation, 
respectively.

2.13 Determination of gel strength

Preparation of samples for the gel strength test involved weighing 
a specific amount of starch samples to prepare 8, 10, and 12% (w/v) 
suspensions. These suspensions were heated and stirred in a boiling 
water bath until the starch reached a viscous state, at which point the 
stirring was immediately ceased, and the suspension was sealed with 
plastic wrap. The starch was then heated continuously for 30 min to 
ensure complete pasting, followed by removal and cooling to room 
temperature. Subsequently, the samples were placed in a refrigerator 
at 4°C for 16 h to allow for the formation of stable starch gel 
sample (23).

The gel strength determination was conducted using a TA-XT 
Plus texture analyzer (Stable Micro Systems, Surrey, UK) equipped 
with a dedicated probe (P/0.5). The analysis was carried out in GMIA 
Gelation mode at a testing temperature of 25°C. The parameters were 
configured as follows: trigger force of 2 g, pre-test speed of 1.5 mm/s, 
mid-test speed of 1.0 mm/s, post-test speed of 1.0 mm/s, compression 
depth of 10 mm, auto-trigger enabled, and a distance of 4 mm (24).
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2.14 Statistical analysis

Results are shown as mean ± standard deviation (n = 3). 
Significance analysis was performed using the Tukey method with a 
95% confidence interval. Statistical analysis and graphical 
representation were conducted using Origin 2018 software.

3 Results and discussion

3.1 Composition of AS

Significant differences (p < 0.05) in starch content and amylose 
content were observed in AS, CS, and PS, as shown in Table 1. The 
starch content of AS (82.37 ± 0.59%) is significantly lower than that 
of CS (88.62 ± 1.51%) and PS (86.72 ± 0.69%). The amylose content 
of AS (27.20 ± 0.22%) is significantly higher than that of PS 
(24.47 ± 0.36%), aligning with the findings of Tian et al. (25). This 
phenomenon may be  attributed to the activity of granule-bound 
starch synthase in plants, which catalyzes the synthesis of amylose 
(26). Starch consists of amylose and amylopectin, the ratio of which 
is closely related to the starch source and also governs the starch’s 
characteristics, thereby influencing its capacity to form complexes 
with other compounds. Amylose supplementation reduces the 
digestibility of starch in foods and serves as a rich source of resistant 
starch, which helps to maintain blood glucose stability, it enhances 
satiety and promotes intestinal health (26).

3.2 Granule properties of AS

Starch generally exists in a granular state, with varying shapes 
and sizes of starch granules. The SEM images presented in 
Figure 1A indicate that AS predominantly exhibits a spherical and 
oval morphology, while CS mostly displays irregular shape. In 
contrast, PS is characterized by oval and round forms. Notably, Yu 
et al. (27) also reported that the appearance of AS is primarily 
spherical and oval. Unlike CS and PS, AS did not show polarized 
crosses in polarized light microscopy (Figure 1B), indicating that 
spherical crystal structures do not exist in AS, this absence can 
lead to a relatively slow rate of digestion, which has important 
implications for developing foods with specific health benefits 
(28). In addition, Figure 1C shows that the particle size of AS 
(7.94 μm) is significantly lower than that of CS (11.36 μm) and PS 
(18.53 μm). Smaller starch granules can enhance the texture of 
food, improve the processing efficiency of food, and improve the 
stability of starch (29), serving as a valuable reference for 
subsequent studies.

3.3 XRD analysis

Starch granules are composed of crystalline and non-crystalline 
regions, which alternatively constitute the granular structure of starch. 
The crystalline region is more compact and consists of amylopectin 
molecules in a double helix structure, while the non-crystalline region 
is easily affected by external forces and consists of amylose molecules 
in a loose structure (16). As shown in Figure 2, AS and CS exhibit four 
crystalline peaks at 15°, 17°, 18°, and 23°, indicative of the A-type 
starch structure, which aligns with the findings of Yu et al. (27). PS 
also has four crystalline peaks, with strong diffraction peaks at 15°, 
17°, and 23°, respectively, and small diffraction peaks at 5.6°, 
characteristic of the B-type starch structure.

The crystallinity of AS, CS, and PS was determined to be 17.68, 
28.10, and 22.86%, respectively, by calculating the ratio of the crystal 
peak area to the total diffracted area (Table 2). Differences in starch 
crystallinity are determined by a number of factors, including the size 
of the crystalline zone, the number of crystals, the chain length of the 
amylose, and the interactions between the double-helix structures. AS 
has the lowest crystallinity because amylopectin determines the ring 
layer size and the crystal structure, which affects the formation of 
crystal zones. The increase in amylose content will destroy the crystal 
arrangement of amylopectin and reduce the crystallinity (30). Starch 
with low crystallinity can reduce the formation of ice crystals during 
the freezing process, prevent the destruction of food tissue structure, 
effectively improve the freezing stability of products, and has a wide 
application potential in the food industry (31).

3.4 Pasting properties

Starch pasting represents a complex process involving a transition 
from an ordered to a disordered state. Initially, heating starch in excess 
water disrupts the crystalline regions, leading to the breaking of 
hydrogen bonds, followed by the diffusion of starch molecules (32). 
As indicated in Table 3, the pasting temperature and trough viscosity 
of AS (80.37 ± 0.50, 2227.67 ± 25.70) were significantly higher than 
those of CS (78.55 ± 0.96, 1966.33 ± 59.50) and PS (67.87 ± 0.03, 
1381.33 ± 56.08) (p < 0.05), which indicated that AS exhibited notable 
resistance to heat and shear forces (33). The cold viscosity and setback 
viscosity of AS (3347.67 ± 36.91, 1120.00 ± 15.62) were between those 
of CS (2995.67 ± 36.23, 1029.33 ± 95.57) and PS (3608.33 ± 139.29, 
2227.00 ± 84.88). While peak viscosity and breakdown viscosity of AS 
were lower, which might be  due to the lower proportion of 
amylopectin in AS. Compared with CS and PS, AS has a higher degree 
of aggregation between molecular chains during the pasting process, 
forming a more compact microcrystalline bundle crystal structure 
with higher stability (32).

TABLE 1 Chemical composition of Alisma starch, corn starch and potato starch.

Starch content (%) Moisture content (%) Amylose content (%) Amylopectin content (%)

Alisma starch 82.37 ± 0.59c 10.07 ± 0.35b 27.20 ± 0.22a 72.80 ± 0.22b

Corn starch 88.62 ± 1.51a 8.96 ± 0.39b 26.82 ± 0.27a 73.18 ± 0.27b

Potato starch 86.72 ± 0.69b 11.15 ± 0.10a 24.47 ± 0.36b 75.53 ± 0.36a

Different superscript lowercase letters in the same column mean significantly differences (p < 0.05).

https://doi.org/10.3389/fnut.2025.1513814
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Han et al. 10.3389/fnut.2025.1513814

Frontiers in Nutrition 05 frontiersin.org

3.5 Clarity, sedimentation volume, freeze–
thaw stability and syneresis of starch

The clarity of starch paste reflects the degree of dissolution and 
dispersion of starch granules in water, influenced by factors such as 

starch granule size, amylose and amylopectin chain lengths, molecular 
structure, and leached amylose content. As shown in Figure 3A, the 
clarity of AS (1.09 ± 0.03%) is significantly lower than that of CS 
(7.68 ± 0.06%) and PS (11.78 ± 0.13%) (p < 0.05). This finding aligns 
with the study by Shen et al. and may be attributed to the higher 
amylose content in AS, which enhances molecular binding and light 
scattering, thereby reducing light transmittance and ultimately 
diminishing clarity (34).

Delamination phenomena arise upon storage of starch paste due 
to the unfolding of starch molecular chains, leading to the exposure 
of hydroxyl groups that readily recombine to form insoluble molecular 
microcrystalline bundles. A faster sedimentation rate indicates a 
higher likelihood of starch molecule recrystallization and aging 
reactions (35). The alteration in sedimentation volume serves as an 
indicator of starch coagulability strength. As depicted in Figure 3B, 
the sedimentation volume of AS (11.33 ± 1.26) was much smaller than 
that of CS (23.30 ± 0.20) and PS (60.17 ± 0.15) (p < 0.05), and PS had 
the largest sedimentation volume.

Freeze–thaw stability pertains to the capacity of starch to 
withstand alterations during repeated cycles of freezing and 
solubilization, typically manifested by variations in the syneresis rate. 
During the freeze–thaw process of a starch gel, molecular aggregation 
among starch chains induces dehydration and contraction, leading to 
water release from the gel structure (32). The syneresis rate serves as 
an indicator of the freeze–thaw property of starch, where a lower 

FIGURE 1

SEM images (A), polarized photomicrographs (B), and particle size distribution (C) of Alisma starch, corn starch and potato starch.

FIGURE 2

X-ray diffraction (XRD) patterns of Alisma starch, corn starch and 
potato starch.
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syneresis rate signifies superior freeze–thaw stability (20). Displayed 
in Figure 3C, the freeze–thaw stability of AS (29.69 ± 2.98%) was 
lower than that of PS (38.35 ± 1.42%) and higher than that of CS 
(24.92 ± 1.36%) (p < 0.05), indicating good potential for application 
in frozen foods.

As shown in Figure 3D, there was no significant difference in the 
syneresis between AS (38.03 ± 1.80%) and PS (38.50 ± 1.65%), while 

both were significantly lower than CS (68.23 ± 2.72%). This disparity 
can be attributed to the internal structure of amylose, which imparts a 
linear configuration during pasting, rendering it prone to precipitation 
from the starch paste solution with low spatial resistance and increased 
susceptibility to aging (34). In contrast, amylopectin, with its dendritic 
structure, exhibits high spatial resistance, making it less prone to 
precipitation from the starch paste solution and resistant to aging (35).

FIGURE 3

Clarity (A), Sedimentation volume (B), Freeze–thaw stability (C), and Syneresis (D) of Alisma starch, corn starch, and potato starch (different letters in 
the same figure indicate significant differences, p < 0.05).

TABLE 2 X-ray diffraction (XRD) patterns analysis of Alisma starch corn starch and potato starch.

Starch name Diffraction peak Crystallinity Starch type

Alisma starch 15°, 17°, 18°, 23° 17.68% A

Corn starch 15°, 17°, 18°, 23° 28.10% A

Potato starch 5.6°, 15°, 17°, 23° 22.86% B

TABLE 3 Pasting properties of Alisma starch, corn starch and potato starch.

Alisma starch Corn starch Potato starch

Pasting temperature (°C) 80.37 ± 0.50a 78.55 ± 0.96b 67.87 ± 0.03c

Peak viscosity (cp) 2573.33 ± 30.66c 2813.67 ± 3.21b 9695.67 ± 220.21a

Trough viscosity (cp) 2227.67 ± 25.70a 1966.33 ± 59.50b 1381.33 ± 56.08c

Cold viscosity (cp) 3347.67 ± 36.91b 2995.67 ± 36.23c 3608.33 ± 139.29a

Breakdown viscosity (cp) 345.67 ± 5.13c 847.33 ± 57.05b 8314.33 ± 178.16a

Setback viscosity (cp) 1120.00 ± 15.62b 1029.33 ± 95.57c 2227.00 ± 84.88a

Different superscript lowercase letters in the same row mean significantly differences (p < 0.05).
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3.6 Solubility and swelling degree of starch

The solubility and swelling degree of starch reflect the 
characteristics of starch granules such as size, morphology and 
molecular weight, as well as the interaction between water and starch. 
Solubility refers to the degree of dissolution of starch during swelling, 
and swelling degree refers to the water holding capacity of starch. 
Illustrated in Figures 4A,B, the solubility and swelling degree of the 
three starches increased with increasing temperature. Solubility and 
swelling degree increased rapidly at 85–95°C, a phenomenon consistent 
with findings reported in previous studies on starches derived from 
diverse sources (36). The elevation in temperature disrupts the 
crystalline regions of starch, facilitating the unfolding of starch 
molecular chains and exposing additional hydroxyl groups capable of 
forming hydrogen bonds with water molecules. This process enhances 
the solubility of starch and promotes water absorption by starch 
granules, leading to an escalation in granule size and swelling degree. 
Upon surpassing the pasting temperature of starch, rapid swelling and 
disintegration of starch granules occur, causing the dissolution of 
starch molecules and a sharp surge in solubility. Between 65 and 95°C, 
the solubility of AS is significantly lower than that of CS and PS, 
demonstrating a typical two-stage swelling process for all three 

starches. This observation is consistent with findings reported by Lv 
et al. (35). Notably, AS displayed a higher swelling rate than CS but 
lower than PS within the 85–95°C range. Throughout the process, PS 
consistently demonstrated superior solubility and swelling degree in 
comparison to AS and CS. This distinction may be attributed to the 
larger granule size of PS and the presence of phosphate groups on 
amylopectin molecules, factors known to enhance solubility and 
swelling degree. Moreover, Singh and Singh (37) found that the 
possible lack of amylose-lipid complexes in PS likely reduced 
intermolecular interactions within starch molecules, facilitating easier 
swelling and dissolution upon hydration.

3.7 Gel strength of starch

The cooling process following the heating pasteurization of starch 
for starch gel formation involves the molecular reorganization of 
starch. Upon heating, the thermal movement loosens the starch 
molecular chains; however, upon cooling, amylose and amylopectin 
molecules reorganize and aggregate via intermolecular hydrogen 
bonding to establish a gel structure (28). Illustrated in Figure 5 are the 
gel strengths of AS, CS, and PS at varying concentrations. The gel 
strength of all three starches exhibited a gradual increase with rising 
starch concentration. Among the starches, CS demonstrated the most 
pronounced enhancement in gel strength, followed by AS and PS, 
respectively. At a starch concentration of 8%, the gel strengths of AS 
(44.98 ± 6.62) and PS (42.48 ± 1.14) did not exhibit significant 
disparities and were lower than that of CS (64.69 ± 3.03). Upon 
increasing the starch concentration to 10 and 12%, the gel strengths 
of AS fell between those of CS and PS. Notably, there was no notable 
difference in gel strength between AS (98.95 ± 9.55) at a 10% 
concentration and PS (101.33 ± 3.33) at a 12% concentration. This 
observation may be attributed to the amylose content, as the linear 
structure of amylose molecules facilitates their reorganization and 
aggregation, leading to the formation of increased intermolecular 
hydrogen bonds that serve as cross-linking points. These bonds 
contribute to the establishment of a robust network structure, thereby 
enhancing the gel strength (38).

FIGURE 4

Solubility (A) and swelling degree (B) of Alisma starch, corn starch, 
and potato starch.

FIGURE 5

Gel strength of Alisma starch, corn starch and potato starch (different 
letters in the same figure indicate significant differences, p < 0.05).

https://doi.org/10.3389/fnut.2025.1513814
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Han et al. 10.3389/fnut.2025.1513814

Frontiers in Nutrition 08 frontiersin.org

4 Conclusion

The starch content of AS (82.37 ± 0.59%) was lower than that of 
CS and PS, while exhibiting a higher amylose content (27.20 ± 0.22%), 
smaller particle size (7.94 μm), spherical and elliptical shape, which 
belonged to the A-type starch. Compared with CS and PS, AS had 
higher heat resistance as well as lower clarity and sedimentation 
volume. The syneresis of AS was not significantly different from that 
of PS, and its freeze–thaw stability was between CS and 
PS. Furthermore, the gel strength of all three starches increased 
gradually with increasing starch concentration. There was no 
significant difference in gel strength between AS at a 10% 
concentration and PS at a 12% concentration. Based on the research 
findings, future studies should delve into the heat resistance 
mechanisms of AS to explore its potential applications in high-
temperature processed foods. Additionally, we should focus on the 
unique physicochemical properties of AS to broaden its range of 
applications in food thickening, stability, health, and other aspects. 
This will facilitate the comprehensive utilization of AS resources.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding author.

Author contributions

FH: Data curation, Investigation, Writing  – original draft, 
Writing  – review & editing. YW: Data curation, Investigation, 
Validation, Writing – original draft. HZ: Funding acquisition, Project 
administration, Supervision, Writing  – original draft. SZ: Data 
curation, Investigation, Methodology, Writing  – original draft, 
Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This research 
was supported by the Scientific and Technological Project in Henan 
Province of China (No. 232102110075), the Key Scientific Research 
Project of Colleges and Universities in Henan Province of China (No. 
23A230005), and Key Research & Development Plan of Shaanxi 
Province of China (2023-YBNY-190).

Acknowledgments

We thank the participants and professionals involved in this study.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Generative AI was used in the 
creation of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any 
product that may be evaluated in this article, or claim that may be made 
by its manufacturer, is not guaranteed or endorsed by the publisher.

References
 1. Liu S, Sheng W, Li Y, Zhang S, Zhang M. Chemical constituents from Alismatis 

Rhizoma and their anti-inflammatory activities in vitro and in vivo. Bioorg Chem. (2019) 
92:103226. doi: 10.1016/j.bioorg.2019.103226

 2. Tao Y, Jiang E, Yan J. A biochemometrics strategy for tracing diuretic components 
of crude and processed Alisma orientale based on quantitative determination and 
pharmacological evaluation. Biomed Chromatogr. (2020) 34:e4744. doi: 10.1002/
bmc.4744

 3. Liao M, Shang H, Li Y, Li T, Wang M, Zheng Y, et al. An integrated approach to 
uncover quality marker underlying the effects of Alisma orientale on lipid metabolism, 
using chemical analysis and network pharmacology. Phytomedicine. (2018) 45:93–104. 
doi: 10.1016/j.phymed.2018.04.006

 4. Zhang L, Xu W, Xu Y, Chen X, Huang M, Lu J. Therapeutic potential of Rhizoma 
Alismatis: a review on ethnomedicinal application, phytochemistry, pharmacology, and 
toxicology. Ann N Y Acad Sci. (2017) 1401:90–101. doi: 10.1111/nyas.13381

 5. Wu Y, Wang X, Yang L, Kang S, Yan G, Han Y, et al. Therapeutic effects of Alisma 
orientale and its active constituents on cardiovascular disease and obesity. Am J Chin 
Med. (2023) 51:623–50. doi: 10.1142/S0192415X23500301

 6. Shang J, Hu Z, Wang P, Zhang L, Zhou J. Effect of operating conditions on structure 
and digestibility of spray-dried corn starch. Food Res Int. (2023) 174:113511. doi: 
10.1016/j.foodres.2023.113511

 7. He M, Zhang M, Gao T, Chen L, Liu Y, Teng F, et al. Assembly of soy protein-corn 
starch composite gels by thermal induction: structure, and properties. Food Chem. 
(2024) 434:137433. doi: 10.1016/j.foodchem.2023.137433

 8. Chen K, Wei P, Jia M, Wang L, Li Z, Zhang Z, et al. Research Progress in 
modifications, bioactivities, and applications of medicine and food homologous plant 
starch. Food Secur. (2024) 13:558. doi: 10.3390/foods13040558

 9. Yang J, Gu Z, Cheng J. Formation mechanism of starch-based double emulsions from 
the interfacial perspective. Langmuir. (2023) 39:17154–64. doi: 10.1021/acs.
langmuir.3c02162

 10. Shrivastava A, Gupta RK, Srivastav PP. Exploring novel frontiers of advancements 
in purple yam (Dioscorea alata L.) starch extraction, modification, characterization, 
applications in food and other industries. Measurement Food. (2024) 15:100196. doi: 
10.1016/j.meafoo.2024.100196

 11. Song X, Chen J, Deng L, Zhao Q. Rheological, textural, and pasting properties of 
A-and B-type wheat starches in relation to their molecular structures. Food Chem. 
(2024) 460:140810. doi: 10.1016/j.foodchem.2024.140810

 12. Li S, Feng D, Xiao X, Li E, Wang J, Li C. Oil-in-water emulsion activity and stability 
of short-term retrograded starches depend on starch molecular size, amylose content, 
and amylopectin chain length. J Sci Food Agric. (2024) 105:520–9. doi: 10.1002/
jsfa.13850

 13. Xie S, Li Z, Duan Q, Huang W, Huang W, Deng Y, et al. Reducing oil absorption 
in pea starch through two-step annealing with varying temperatures. Food Hydrocoll. 
(2024) 150:109701. doi: 10.1016/j.foodhyd.2023.109701

 14. Fdez-Vidal XR, Fernández-Canto N, Romero-Rodríguez MA, Ramos-Cabrer AM, 
Pereira-Lorenzo S, Lombardero-Fernández M. Neural networks allow the automatic 
verification of the type of flour, analysing the starch granule morphology, to ensure the 

https://doi.org/10.3389/fnut.2025.1513814
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/j.bioorg.2019.103226
https://doi.org/10.1002/bmc.4744
https://doi.org/10.1002/bmc.4744
https://doi.org/10.1016/j.phymed.2018.04.006
https://doi.org/10.1111/nyas.13381
https://doi.org/10.1142/S0192415X23500301
https://doi.org/10.1016/j.foodres.2023.113511
https://doi.org/10.1016/j.foodchem.2023.137433
https://doi.org/10.3390/foods13040558
https://doi.org/10.1021/acs.langmuir.3c02162
https://doi.org/10.1021/acs.langmuir.3c02162
https://doi.org/10.1016/j.meafoo.2024.100196
https://doi.org/10.1016/j.foodchem.2024.140810
https://doi.org/10.1002/jsfa.13850
https://doi.org/10.1002/jsfa.13850
https://doi.org/10.1016/j.foodhyd.2023.109701


Han et al. 10.3389/fnut.2025.1513814

Frontiers in Nutrition 09 frontiersin.org

protected geographical indication 'Galician Bread'. Food Control. (2024) 158:110198. 
doi: 10.1016/j.foodcont.2023.110198

 15. Fournaise T, Gaiani C, Petit J. Descriptive modelling of food powders 
reconstitution kinetics followed by laser granulometry. Chem Eng Sci. (2022) 252:117440. 
doi: 10.1016/j.ces.2022.117440

 16. Al-Habsi NA, Al-Farsi KA, Myint MTZ, Al-Harthi S, Rahman MS. Effects of 
crystallization temperature on the characteristics of sugar crystals in date fruit syrup as 
measured by differential scanning calorimetry (DSC), polarized micros-copy (PLM), 
and X-ray diffraction (XRD). J Food Sci Technol. (2022) 59:2867–74. doi: 10.1007/
s13197-021-05309-9

 17. Zhang X, Mao X, Han H, Wang S, Lei X, Li Y, et al. Effect of chitosan and its 
derivatives on food processing properties of potato starch gel: based on molecular 
interactions. Food Hydrocoll. (2024) 159:110596. doi: 10.1016/j.foodhyd.2024.110596

 18. Fan P, Zhu Y, Xu J, Hu Q, Zhang H, Wei H, et al. Relationships between the 
appearance quality and starch structure of soft rice under different nitrogen levels. Food 
Energy Security. (2024) 13:e574. doi: 10.1002/fes3.574

 19. Wang W, Guan L, Seib PA, Shi Y. Settling volume and morphology changes in 
cross-linked and unmodified starches from wheat, waxy wheat, and waxy maize in 
relation to their pasting properties. Carbohydr Polym. (2018) 196:18–26. doi: 10.1016/j.
carbpol.2018.05.009

 20. Han R, Lin J, Hou J, Xu X, Bao S, Wei C, et al. Ultrasonic treatment of corn starch 
to improve the freeze-thaw resistance of frozen model dough and its application in 
steamed buns. Food Secur. (2023) 12:1962. doi: 10.3390/foods12101962

 21. Qiao K, Peng B. Effect of frozen storage on the quality of frozen instant soup rice 
noodles: from the moisture and starch characteristics. Int J Biol Macromol. (2024) 
279:135320. doi: 10.1016/j.ijbiomac.2024.135320

 22. Martin A, Naumann S, Osen R, Karbstein HP, Emin MA. Extrusion processing of 
rapeseed press cake-starch blends: effect of starch type and treatment temperature on 
protein, fiber and starch solubility. Foods. (2021) 10:1160. doi: 10.3390/foods10061160

 23. Zhang S, Geng S, Shi Y, Ma H, Liu B. Fabrication and characterization of Pickering 
high internal phase emulsions stabilized by Tartary buckwheat bran flour. Food Chem 
X. (2022) 16:100513. doi: 10.1016/j.fochx.2022.100513

 24. Zhou F, Pan M, Liu Y, Guo N, Zhang Q, Wang J. Effects of Na+ on the cold gelation 
between a low-methoxyl pectin extracted from Premna microphylla turcz 
and soy protein isolate. Food Hydrocoll. (2020) 104:105762. doi: 10.1016/j.
foodhyd.2020.105762

 25. Tian SJ, Rickard JE, Blanshard JMV. Physicochemical properties of sweet potato 
starch. J Sci Food Agr. (1991) 57:459–91. doi: 10.1002/jsfa.2740570402

 26. Seung D. Amylose in starch: towards an understanding of biosynthesis, structure 
and function. New Phytol. (2020) 228:1490–504. doi: 10.1111/nph.16858

 27. Yu J, Wang S. Morphological and crystalline properties of starches from new 
sources-traditional Chinese medicines (TCMs). Starch Stärke. (2008) 60:110–4. doi: 
10.1002/star.200700661

 28. Bashir K, Aggarwal M. Physicochemical, structural and functional properties of 
native and irradiated starch: a review. J Food Sci Technol. (2019) 56:513–23. doi: 10.1007/
s13197-018-3530-2

 29. Ramadoss BR, Gangola MP, Agasimani S, Jaiswal S, Venkatesan T, Sundaram GR, 
et al. Starch granule size and amylopectin chain length influence starch 
in  vitro enzymatic digestibility in selected rice mutants with similar amylose 
concentration. J Food Sci Technol. (2019) 56:391–400. doi: 10.1007/s13197-018- 
3500-8

 30. Bertoft E, Blennow A, Hamaker BR. Perspectives on starch structure, function, 
and synthesis in relation to the backbone model of amylopectin. Biomacromolecules. 
(2024) 25:5389–401. doi: 10.1021/acs.biomac.4c00369

 31. Seetapan N, Limparyoon N, Fuongfuchat A, Gamonpilas C, Methacanon P. Effect 
of freezing rate and starch granular morphology on ice formation and non-freezable 
water content of flour and starch gels. Int J Food Sci. (2016) 19:1616–30. doi: 
10.1080/10942912.2015.1107575

 32. Zhang Y, Zhang Y, Xu F, Wu G, Tan L. Molecular structure of starch isolated from 
jackfruit and its relationship with physicochemical properties. Sci Rep. (2017) 7:13423. 
doi: 10.1038/s41598-017-13435-8

 33. Li C. Recent progress in understanding starch gelatinization-an important 
property determining food quality. Carbohydr Polym. (2022) 293:119735. doi: 10.1016/j.
carbpol.2022.119735

 34. Shen W, Yang J, Wang Z, Liu B. Structural characterization and physicochemical 
properties of grain amaranth starch. Food Chem X. (2024) 23:101723. doi: 10.1016/j.
fochx.2024.101723

 35. Lv X, Zhang S, Zhen S, Shi Y, Liu B. Physicochemical properties of tigernut 
(Cyperus esculentus) tuber starch and its application in steamed bread. J Food Process 
Preserv. (2022) 46:e16792. doi: 10.1111/jfpp.16792

 36. Correia PR, Nunes MC, Beirao-da-Costa ML. The effect of starch isolation method 
on physical and functional properties of Portuguese nut starches. II. Q. Rotundifolia lam. 
and Q. suber lam. Acorns starches. Food Hydrocoll. (2012) 27:256–63. doi: 10.1016/j.
foodhyd.2011.05.010

 37. Singh J, Singh N. Studies on the morphological, thermal and rheological properties 
of starch separated from some Indian potato cultivars. Food Chem. (2001) 75:67–77. doi: 
10.1016/S0308-8146(01)00189-3

 38. Wang X, Liu S, Ai Y. Gelation mechanisms of granular and non-granular starches 
with variations in molecular structures. Food Hydrocoll. (2022) 129:107658. doi: 
10.1016/j.foodhyd.2022.107658

https://doi.org/10.3389/fnut.2025.1513814
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/j.foodcont.2023.110198
https://doi.org/10.1016/j.ces.2022.117440
https://doi.org/10.1007/s13197-021-05309-9
https://doi.org/10.1007/s13197-021-05309-9
https://doi.org/10.1016/j.foodhyd.2024.110596
https://doi.org/10.1002/fes3.574
https://doi.org/10.1016/j.carbpol.2018.05.009
https://doi.org/10.1016/j.carbpol.2018.05.009
https://doi.org/10.3390/foods12101962
https://doi.org/10.1016/j.ijbiomac.2024.135320
https://doi.org/10.3390/foods10061160
https://doi.org/10.1016/j.fochx.2022.100513
https://doi.org/10.1016/j.foodhyd.2020.105762
https://doi.org/10.1016/j.foodhyd.2020.105762
https://doi.org/10.1002/jsfa.2740570402
https://doi.org/10.1111/nph.16858
https://doi.org/10.1002/star.200700661
https://doi.org/10.1007/s13197-018-3530-2
https://doi.org/10.1007/s13197-018-3530-2
https://doi.org/10.1007/s13197-018-3500-8
https://doi.org/10.1007/s13197-018-3500-8
https://doi.org/10.1021/acs.biomac.4c00369
https://doi.org/10.1080/10942912.2015.1107575
https://doi.org/10.1038/s41598-017-13435-8
https://doi.org/10.1016/j.carbpol.2022.119735
https://doi.org/10.1016/j.carbpol.2022.119735
https://doi.org/10.1016/j.fochx.2024.101723
https://doi.org/10.1016/j.fochx.2024.101723
https://doi.org/10.1111/jfpp.16792
https://doi.org/10.1016/j.foodhyd.2011.05.010
https://doi.org/10.1016/j.foodhyd.2011.05.010
https://doi.org/10.1016/S0308-8146(01)00189-3
https://doi.org/10.1016/j.foodhyd.2022.107658

	Physicochemical properties of Alisma starch
	1 Introduction
	2 Materials and methods
	2.1 Materials and chemicals
	2.2 Preparation of Alisma powder
	2.3 Preparation of AS
	2.4 Determination of starch and amylose content
	2.5 Characterization of starch particle morphology
	2.6 Determination of X-ray diffraction
	2.7 Determination of pasting properties
	2.8 Determination of clarity
	2.9 Determination of sedimentation volume
	2.10 Determination of freeze–thaw stability
	2.11 Determination of syneresis
	2.12 Determination of solubility and swelling degree
	2.13 Determination of gel strength
	2.14 Statistical analysis

	3 Results and discussion
	3.1 Composition of AS
	3.2 Granule properties of AS
	3.3 XRD analysis
	3.4 Pasting properties
	3.5 Clarity, sedimentation volume, freeze–thaw stability and syneresis of starch
	3.6 Solubility and swelling degree of starch
	3.7 Gel strength of starch

	4 Conclusion

	References

