
Extraction, purification and
antioxidant activity of flavonoids
from Potentilla anserina L

Dandan Gao1,2*†, Xuankang Yang1,2†, Danqi Lu2,
Chenchen Wang1,2, Jiwen Wang1,2, Huaxin Li1,2 and
Xingchen Guo1,2

1Key Laboratory of Biotechnology and Bioengineering of State Ethnic Affairs Commission, Biomedical
Research Center, Northwest Minzu University, Lanzhou, China, 2College of Life Sciences and
Engineering, Northwest Minzu University, Lanzhou, China

Introduction: Potentilla anserina L., a traditional Chinese medicinal herb, is
valued for its edible, medicinal, and ornamental properties.
Methods: In this study, flavonoidswere extracted from Potentilla anserina L. using
ultrasonic-assisted extraction. The extraction process was optimized through
response surface methodology, followed by separation and purification using
Sephadex G-100 gel chromatography. Finally, the antioxidant activity of the
extracted flavonoids was evaluated.
Results: The results showed that the optimal extraction conditions were 60%
ethanol concentration, an ultrasonic temperature of 50°C, ultrasonic power of
400 W, and ultrasonic time of 180 min. Under these conditions, the average
extraction yield of flavonoids from Potentilla anserina L. was 3.74 ± 0.06 mg/g.
The crude flavonoid extract was purified by Sephadex G-100 gel
chromatography, yielding two fractions, LF-1 and LF-2, which accounted for
63.34% and 25.79% of the crude extract, respectively.
Discussion: The results of in vitro antioxidant activity experiments demonstrated
that both fractions (LF-1 and LF-2) exhibited significant antioxidant activity,
showing a dose-dependent capacity. These findings provide a theoretical
basis for the further development and utilization of flavonoids from Potentilla
anserina L..
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Introduction

Potentilla anserina L., a perennial herbaceous plant in the genus “Potentilla” of the
family Rosaceae, is also known as “poke ma” in Tibetan (Guo et al., 2023). This species is not
only found in alpine meadows, but also inhabits riverbanks, roadsides, and hillside
grasslands, occurring at altitudes ranging from 500 to 4,100 m (Luan et al., 2022).
Widely distributed across North America, Asia, and Europe. Potentilla anserina L. is
primarily found within China’s territorial boundaries in Qinghai Province, the Tibet
Autonomous Region, Gansu Province, and Sichuan Province (Yang et al., 2021).
Studies have shown that this plant possesses considerable value in terms of edibility,
medicinal properties, and ornamental use, indicating significant potential for further
development and application (Tang et al., 2022).
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Potentilla anserina L. is rich in nutritional and bioactive
components, including polysaccharides, triterpenoids, and
flavonoids. These compounds not only provided with
abundant nutritional value but also exhibit a range of
biological activities, such as antioxidant, anti-myocardial
ischemia, antiviral, and immunomodulatory effects, thereby
offering protective benefits to human organs (Čižmárová et al.,
2023; Kim et al., 2020). To date, extensive studies have reported
on the extraction of, polysaccharides, polyphenols (Huang et al.,
2020), and other bioactive substances from Potentilla anserina L.
Flavonoids, in particular, are widely recognized for their diverse
functionalities, including antihypertensive, antibacterial, anti-
inflammatory, and antioxidant properties (Binkowska, 2020).
Therefore, this study is dedicated to optimizing the
ultrasound-assisted extraction process of flavonoids from
Potentilla anserina L. and characterizing the in vitro
antioxidant activity of the resulting flavonoid extracts.

Flavonoids are traditionally extracted from natural plants
using solvent extraction, a technique that exploits differences in
the solubility of target compounds across various solvents to
achieve separation (Tang et al., 2023). This method is known for
its simple equipment requirements, ease of operation, and
relatively low cost. However, it also has drawbacks, such as
potential environmental pollution caused by solvent usage and
the need for multiple extraction cycles. To improve the efficiency
of natural product extraction, several emerging techniques have
been developed and applied, including silica gel column
chromatography, methanol Soxhlet extraction, and ultrasonic-
assisted extraction and supercritical carbon dioxide extraction.
Despite being recognized for its green and safe profile along with
high extraction efficiency, supercritical CO2 extraction is
characterized by high equipment costs, elevated energy
consumption, and a requirement for stringent raw material
pretreatment. Among these, ultrasonic-assisted extraction
stands out due to its short extraction time, cost-effectiveness,
and environmental friendliness, which have contributed to its
widespread use in the extraction of bioactive compounds from
plant materials. The mechanism of ultrasonic-assisted extraction
relies on the mechanical effects, cavitation effects, thermal
effects, and secondary effects induced by ultrasonic waves.
These effects enhance the penetration ability of the solvent
and accelerate the release and diffusion of target molecules
into the solvent, thereby improving overall extraction
efficiency (Zhang et al., 2018).

In this study, the ultrasonic-assisted extraction method was
employed to extract flavonoids from Potentilla anserina L. single-
factor experiments and response surface methodology were utilized
to optimize the extraction conditions. Subsequently, Sephadex gel
chromatography was used to separate and purify the flavonoids
from the extracted solution. Finally, the in vitro antioxidative activity
of the purified flavonoids was evaluated by assessing their DPPH
radical scavenging capacity, hydroxyl radical (·OH) scavenging
activity, superoxide anion (·O2

−) scavenging ability, and total
reducing power. These assays provide a comprehensive
understanding of the potential antioxidant properties of
Potentilla anserina L. flavonoids, which may contribute to
enhancing the utilization value of this plant in pharmaceutical,
nutraceutical, and functional food applications.

Materials and methods

Materials and reagents

Analytical grade ethanol, vitamin C (VC), and sodium nitrite
(NaNO2) were purchased from Chengdu Cologne Chemical Co.,
Ltd. (Chengdu, China). Rutin (>98%) and 1,1-diphenyl-2-
picrylhydrazyl (DPPH) were obtained from Aladdin Reagent Co.,
Ltd. (Shanghai, China). Aluminum nitrate (Al(NO3)3) and sodium
hydroxide (NaOH) were analytical grade and provided by the
Beijing Soleibao Technology Co., Ltd. (Beijing, China).

Potentilla anserina L. was purchased from a local market in
Lanzhou, Gansu Province, China. The original collection site was
Hezuo City, Gannan Tibetan Autonomous Prefecture (102°53′E,
34°57′N), with samples collected in 2025. It was cleaned and then
freeze-dried using a vacuum freeze-dryer (LGJ-100F, Thermo,
United States). The dried Potentilla anserine L. was ground into
powder, which was collected through an 80-mesh sieve. The powder
was subsequently degreased twice with n-hexane (M: V = 1:3 g/mL)
for 6 h each time was conducted under room temperature
conditions, dried, and stored for later use.

Ultrasound-assisted extraction of flavonoids

A total of 3.00 g of defatted Potentilla anserina L powder was
accurately weighed, and 60 mL of ethanol was added according to a
solid–liquid ratio of 1: 20 (g/mL). The extraction was performed
using an ultrasonic cleaner (SB-500DTY, Ningbo Xinzhi
Biotechnology Co., China), and the procedure was repeated three
times. The combined extracts were centrifuged at 5,000 rpm for
10 min (Heraeus Multifuge X1R, Thermo, United States). Following
concentration under vacuum rotary evaporation, the crude
flavonoids obtained must be stored at 4 °C in complete darkness
within amber glass containers to prevent ultraviolet light from
causing oxidation and degradation of the flavonoid structure (Yu
et al., 2018).

Determination of flavonoid extraction rate

The yield of flavonoids was determined using the colorimetric
method with aluminium nitrate (Liao et al., 2021). A 0.5 mL aliquot
of the sample was diluted with 70% ethanol to a final volume of
5 mL. Subsequently, 0.3 mL of 5% NaNO2 solution was added, and
the mixture was allowed to react for 6 min. Then, 1 mL of 10%
Al(NO3)3 solution was introduced, followed by a further 6 min
reaction period. Finally, 10mL of 4%NaOH solution was added, and
the mixture was thoroughly mixed and left to react completely. The
solution was then left at room temperature for 15 min, after which
the absorbance was measured at 510 nm using a UV
spectrophotometer (Nie et al., 2019). The flavonoid yield was
expressed as rutin equivalent (RE) per gram of Potentilla
anserina L. extract and calculated using the following Equation 1:

Extraction rate mg/g( )

� mass of the crude flavonoids
mass of thePotentilla anserina L. powder

× 100 (1)
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The effect of ethanol concentration,
ultrasonic temperature, ultrasonic power,
and extraction time on flavonoid
extraction rate

The effects of four factors on the efficiency of ultrasonic-assisted
extraction were investigated to optimize the extraction yield of
Potentilla anserina L. flavonoids. The four independent variables
included ethanol concentration (50%, 60%, 70%, 80%, and 90%),
ultrasonic temperature (40, 50, 60, 70, and 80 °C), ultrasonic power
(250, 300, 350, 400, and 450 W), and ultrasonic time (1, 2, 3, 4,
and 5 h).

Optimization of the extraction conditions

Based on the results of single -factor experiments, the response
surface methodology was employed to optimize the ultrasound-
assisted extraction conditions of Potentilla anserina L. flavonoids.
The extraction yield (Y) was selected as the response variable, while
ethanol concentration (X1), ultrasonic power (X2), and ultrasonic
temperature (X3) were chosen as the three independent variables. A
total of 17 experimental runs were performed using a three-factor,
three-level Box-Behnken Design (BBD), including 5 center points
and 12 factorial points (−1, 0, and 1). The test factors and their levels
are presented in Table 1. The experimental data were fitted to a
second-order polynomial regression model described by the
following Equation 2:

Y � Z0 +∑
k�3

i�1
ZiXi +∑

k�3

i�1
ZiiX

2
i +∑

k�3

i�1
ZijXiXj (2)

Where Y is the response variable representing the extraction
yield of Potentilla anserina L. flavonoids (%); Z0, Zi, Zii, and Zij are
the regression coefficients for the intercept, linear terms, quadratic
terms, and interaction terms, respectively; and Xi and Xj are the
coded independent variables (i ≠ j).

Sephadex G-100 gel chromatography

The Sephadex G-100 gel chromatography system used for the
separation and purification of Potentilla anserina L. flavonoids
consists primarily of a chromatographic column unit and a
detection unit. The separation unit includes a 1.0 cm × 100 cm
chromatographic column (Shanghai Huxi Analytical Instrument
Factory Co., Ltd.), a CXG-1 Computer-Controlled Thermostatic
Chromatography Cabinet (Shanghai Jiapeng Technology Co., Ltd.),

and an HL-2S Constant Flow Pump (Shanghai Huxi Analytical
Instrument Factory Co., Ltd.). The detection unit comprises an HD-
3 UV Detector, an HD-A Computer-Controlled Chromatography
Data Acquisition System, and an SBS-100 Automatic Fraction
Collector, all supplied by Shanghai Jiapeng Technology Co., Ltd.

A 10 mg/mL solution of Potentilla anserina L. flavonoids was
filtered through a 0.45 μm microporous membrane to prevent
potential clogging of the gel matrix and then loaded onto the
column. Equilibration was performed using a column (1.6 cm
inner diameter × 50 cm length, i. d. × L) and 8 column volumes
of buffer. A loading volume of 3 mL was used, followed by isocratic
elution with 0.02 mol/L phosphate buffer (pH 6.8) at a flow rate of
0.4 mL/min. The eluate was monitored at 510 nm using a UV
detector, and fractions were automatically collected at intervals of
7.5 min per tube. Following multiple cycles, distinct fractions were
aliquoted, lyophilized, and stored as dry powders for
further analysis.

In vitro antioxidant activity assay

Determination of DPPH radical scavenging activity
The DPPH radical scavenging capacity was evaluated using the

method described by Franco et al. (2019). Various concentrations
(0.1, 0.2, 0.3, 0.4, and 0.5 mg/mL) of Potentilla anserina L. flavonoids
(2 mL each) were mixed with 2 mL of DPPH solution (0.2 mM), and
the mixture was allowed to react for 30 min at room temperature in
the dark. The absorbance of the resulting solution was measured at
517 nm. Control 1 consisted of 2.0 mL DPPH solution and 2.0 mL
distilled water, while Control 2 consisted 2.0 mL sample solution and
2.0 mL distilled water, The Vitamin C (VC) group was used as the
positive control, and the procedure was repeated three times. The
DPPH radical scavenging activity was calculated using the following
Equation 3:

E � A1- Ax-A2( )
A1

× 100 (3)

Where E represents the DPPH radical scavenging activity (%);
Ax is the absorbance of the sample group; A1 denotes the absorbance
of the control 1, A2 refers to the absorbance of control 2.

Determination of hydroxyl (·OH) radical
scavenging activity

The hydroxyl radical (·OH) scavenging activity of flavonoids
from Potentilla anserina L. was evaluated using the methods

TABLE 1 Response surface test factors and levels.

Level Factor

A ethanol concentration/% B ultrasonic temperature/°C C ultrasonic power/W

−1 50 40 350

0 60 50 400

1 70 60 450
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described by Zhou et al. (Zhou et al., 2021) and Liang et al. (Liang
et al., 2018). Solutions of Potentilla anserina L. flavonoids were
prepared at concentrations of 0.1, 0.2, 0.3, 0.4, and 0.5 mg/mL. Each
sample solution (1.0 mL) was mixed with o-phenanthroline ethanol
solution (0.75 mM) and FeSO4 solution (0.75 mM), and the mixture
was incubated in a water bath at 37 °C for 30 min. Subsequently,
1.0 mL of H2O2 (0.01%) and 2.0 mL of PBS (pH 7.4) were added,
followed by thorough mixing and further incubation under the same
conditions for 15 min. After cooling to room temperature, the
absorbance (Ax) of each sample solution was measured at
510 nm against a blank control consisting of distilled water.
Vitamin C (VC) solutions at the same concentrations served as a
positive control, and the procedure was repeated three times. The
hydroxyl radical scavenging activity was calculated using the
following Equation 4:

E � A0- Ax-Aj( )
A0

× 100 (4)

Where A0 is the absorbance of the reaction system without the
hydroxyl radical (OH), Ax represents the absorbance of the sample
group, and Aj denotes the absorbance of the blank control.

Determination of hydroxyl (O2
−) radical

scavenging activity

The superoxide anion (O2
−) radical scavenging activity of

Potentilla anserina L. flavonoids was evaluated using a previously
described method. Solutions of Potentilla anserina L. flavonoids and
vitamin C (VC) were prepared at concentrations of 0.1, 0.2, 0.3,
0.4 and 0.5 mg/mL, respectively. A 1.0 mL aliquot of each flavonoid
solution was mixed with 4.5 mL of Tris-HCl buffer (pH 8.2), and the
mixture was incubated in a water bath at 25 °C for 10 min.
Subsequently, 0.4 mL of 25 mM catechol solution was added, the
mixture was thoroughly mixed and incubated again at 25 °C for
5 min. Finally, 1 mL of 8 M hydrochloric acid was introduced to
terminate the reaction, and the absorbance was measured at 320 nm.
Distilled water substituted for the flavonoid solution served as the
blank control, while the VC group was used as the positive control,
and the procedure was repeated three times. The scavenging activity
was calculated using the following Equation 5:

E � AC- AS-A0( )
AC

× 100 (5)

Where Ac represents the absorbance of the blank control; As is
the absorbance of the sample, and A0 denotes the absorbance of the
sample solution mixed with Tris-HCl buffer after incubation.

Assay of total reducing ability

The total reducing capacity of Potentilla anserina L. flavonoids
was assessed using the method described in a previous study
(Goswami et al., 2020). Solutions of Potentilla anserina L.
flavonoids and vitamin C (VC) were prepared at concentration
gradients of 2, 4, 6, 8, and 10 mg/mL, respectively. A 1 mL
aliquot of each sample solution was mixed with 2.5 mL of

phosphate buffer (pH 6.6) and 2.5 mL of 1% potassium
ferricyanide solution, followed by incubation in a water bath at
50 °C for 20 min. Afterward, 2.5 mL of 10% trichloroacetic acid
solution was added, and the mixture was centrifuged at 5,000 rpm
for 10 min. Then, 5 mL of the resulting supernatant was combined
with 5 mL of deionized water and 1 mL of 0.1% ferric chloride
solution, and the reaction was allowed to proceed for 10 min.
Absorbance was measured at 700 nm using deionized water as a
blank reference, with VC used as the positive control.

Statistical analysis

SPSS 25.0 software was employed for data analysis, with results
presented as mean ± standard deviation. A one-way analysis of
variance (ANOVA) was conducted to assess statistical significance.
Design-Expert software (Version 8.0.6, Stat-Ease, Inc., Minneapolis,
MN, United States) was utilized for experimental design. All
experiments and analyses were performed in triplicate to ensure
reproducibility. The 50% inhibitory concentrations (IC50 values)
were calculated using the probit analysis method with SPSS software.

Results

The effect of ethanol concentration,
ultrasonic temperature, ultrasonic power,
and extraction time on flavonoid
extraction rate

Ethanol was selected as the extraction solvent due to its high
safety profile and environmental compatibility. The concentration of
ethanol plays a crucial role in the extraction efficiency plant
flavonoids. Flavonoids with higher polarity are more effectively
extracted using low-concentration ethanol, whereas nonpolar free
flavonoids are better dissolved and extracted by high-concentration
ethanol. As illustrated in Figure 1A, in the single-factor experiments,
all other conditions were fixed as follows: ultrasonic power of 350W,
ultrasonic temperature of 50 °C, and ultrasonic time of 3 h. The
maximum flavonoid yield of 2.67 ± 0.06 mg/g was achieved when
the ethanol concentration was 60%. According to the principle of
like dissolves like, the solubility of flavonoid compounds in ethanol
is closely related to their respective polarities. The polarity of
Potentilla anserina L. flavonoids is comparable to that of a 60%
ethanol solution, which explains the highest yield observed at this
concentration. When the ethanol concentration exceeds 60%, the
extraction yield decreases. A possible explanation for this decline is
that excessively high ethanol concentrations may dissolve other
alcohol-soluble impurities, thereby interfering with the accurate
determination of flavonoid content (Michalaki et al., 2023).

The diffusion coefficient and solubility of flavonoids in the
extraction solvent are improved at higher temperatures, which
may contribute to an increased extraction rate (Cui et al., 2022).
To evaluate the effect of ultrasonic temperature (40, 50, 60, 70, and
80 °C) on the extraction yield, experiments were conducted under
fixed conditions: ultrasonic power of 350 W, ethanol concentration
of 60%, and ultrasonic time of 3 h. As shown in Figure 1B, the
extraction yield of Potentilla anserina L. flavonoids increased from
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1.81% to 3.65% as the ultrasonic temperature rose from 40 °C to
50 °C, followed by a gradual decrease when the temperature was
further increased to 80 °C. This trend can be explained by the fact
that increasing temperature enhances the dissolution rate of
flavonoids, thereby improving the extraction yield (Wu et al.,
2021). However, beyond a certain threshold, excessive heat may
compromise the molecular structure of flavonoids, reduce their
thermal stability, and lead to degradation, ultimately resulting in
a decline in yield.

The extraction of flavonoids is strongly influenced by the
ultrasonic power, a critical parameter. As ultrasonic power
increase, flavonoids are released and extracted through the
combined effects of the mechanical forces and cavitation
generated by ultrasound, which facilitates the extraction process
(Chen et al., 2022). To investigate the effect of ultrasonic power (250,
300, 350, 400, and 450 W) on extraction yield, experiments were
conducted under fixed conditions: an ultrasonic temperature of

50 °C, extraction time of 3, hours and ethanol concentration of
60%. As shown in Figure 1C, the flavonoid yield increased with
rising power within the range of 250–400 W, reaching a maximum
of 3.21 ± 0.08 mg/g at 400 W. Beyond this level, the yield decreased.
This decline can be attributed to the fact that excessive ultrasonic
power may induce intense cavitation activity, leading to structural
degradation of flavonoids and consequently reducing the extraction
yield (Xue Y. et al., 2022).

Ultrasonic treatment enhances the extraction efficiency of
flavonoids by disrupting the chemical bonds of polysaccharides
in cell walls through high pressure, elevated temperature, and
shear forces generated during sonication (Chen et al., 2017). To
evaluate the effect of ultrasonic time (1, 2, 3, 4, and 5 h) on extraction
yield, experiments were conducted under fixed conditions: an
ultrasonic temperature of 50 °C, ultrasonic power of 350 W, and
ethanol concentration of 60%. As shown in Figure 1D, the
maximum flavonoid yield of 3.20 ± 0.02 mg/g was achieved

FIGURE 1
The effects of ethanol concentration (A), Ultrasound temperature (B), andUltrasonic power (C), Ultrasonic time (D) on the yield of Potentilla anserine
L. flavonoids.
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when the ultrasonic time was set to 4 h. Beyond this point, the
extraction yield decreased significantly. This decline can be
attributed to the fact that although the amount of dissolved
flavonoids increases gradually with extraction time (Xue H. et al.,
2022), the rate of increase becomes negligible after 3 h, as most
flavonoids have already been extracted. Prolonged exposure beyond
4 hmay lead to structure degradation of the flavonoids, resulting in a
reduced yield.

Optimization of flavonoid extraction
conditions by response surface
methodology

Statistical analysis and the model fitting
According to the principles of the Box-Behnken Design (BBD)

in central composite experimentation, a total of 17 experimental
groups were designed using Design-expert 8.0.6 software. The
levels and corresponding results of the independent variables
are summarized in Table 2. The extraction yield ranged from
2.58% to 3.81%, with the maximum yield achieved under the
conditions of 60% ethanol concentration, 50 °C ultrasonic
temperature, and 400 W ultrasonic power. A second-order
polynomial regression equation was established to describe the
relationship between the three independent variables and the
response variable as follows:

Y � 3.74 + 0.034X1 + 0.13X2 + 0.054X3 − 0.02X1X2 − 0.0025X1X3

− 0.06X2X3 − 0.52X2
1 − 0.46X2

2 − 0.38X2
3

Where Y represents the flavonoid yield (%) from Potentilla
anserine L.; X1, X2 and X3 denote the coded values of ethanol
concentration (%), ultrasonic temperature (°C), and ultrasonic
power (W), respectively.

The results of the analysis of variance (ANONA) are presented
in Table 3. The model exhibited a high F-value (167.91) and a low
P-value (<0.0001), indicating that it is statistically significant and
reliable. The coefficient of determination (R2) was 0.9954, meaning
that 99.54% of the variation in the response can be explained by the
model, while only 0.46% remains unexplained. The adjusted R2

value (R2Adj = 0.9895), which is close to R2, further confirms
that the model fits the experimental data well and demonstrates
a strong correlation between the observed and predicted values (Li
et al., 2020). Additionally, the low coefficient of variation (C.V. =
1.45%) indicates high precision and reliability of the model. As
shown in Table 3, among the factors included in the regression
equation, the linear term X2 showed an extremely significant effect,
X3 was significant, followed by the interaction term X2X3, which was
also significant. The quadratic terms X1

2, X2
2, and X3

2 were all
extremely significant. The order of influence on the flavonoid
extraction yield from Potentilla anserina L. was determined as
X2 > X3 > X1, indicating that ultrasonic temperature had the

TABLE 2 Box-Behnken experimental design and results of flavonoids extracted from Potentilla anserine L.

Test no. Factor Flavonoid yield/%

A ethanol concentration/% B ultrasonic temperature/°C C ultrasonic power/W

1 50 40 400 2.58

2 70 40 400 2.69

3 50 60 400 2.89

4 70 60 400 2.92

5 50 50 350 2.77

6 70 50 350 2.84

7 50 50 450 2.87

8 70 50 450 2.93

9 60 40 350 2.66

10 60 60 350 3.04

11 60 40 450 2.90

12 60 60 450 3.04

13 60 50 400 3.73

14 60 50 400 3.73

15 60 50 400 3.79

16 60 50 400 3.66

17 60 50 400 3.81
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TABLE 3 Indigenous analysis of regression equation coefficient.

Sources of variance Degrees of freedom Sum of squares Mean square F value P value

A 1 0.009113 0.009113 4.46 0.0725

B 1 0.14 0.14 68.78 <0.0001**

C 1 0.023 0.023 11.32 0.0127*

AB 1 0.0016 0.0016 0.78 0.4902

AC 1 0.000025 0.000025 0.012 0.9328

BC 1 0.014 0.014 7.05 0.0348*

A2 1 1.12 1.12 548.44 <0.0001**

B2 1 0.88 0.88 432.97 <0.0001**

C2 1 0.59 0.59 291.10 <0.0001**

Model 9 3.09 0.34 167.91 <0.0001**

Residual error 7 0.014 0.00204

Lack of fit 3 0.000375 0.000125 0.036 0.9895

Pure error 4 0.014 0.00348

Cor total 16 3.10

R2 = 0.9954 R2
Adj = 0.9895 C.V.% = 1.45

FIGURE 2
Effect of mutual interaction of independent variables on Potentilla anserine L. flavonoids yield ((A–C) represent contour maps. (D–F) represent 3D
response surface plots).
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greatest impact on the extraction rate., followed by ultrasonic power,
and finally ethanol concentration (Liu et al., 2019).

Response surface and contour plot analyses
of the extracted Potentilla anserina
L. flavonoids

The three-dimensional response surfaces and corresponding
contour plots are presented in Figure 2. Each subplot illustrates
the effects interaction of two variables on the extraction yield of
Potentilla anserina L. flavonoids by displaying both the response
surface and the contour plot. The influence of various factors on the
response is hierarchical, with the intensity of the contour lines in the
plots and the steepness of the response surfaces clearly reflecting the
degree of impact. Closely spaced isoclines indicate a steeper response
surface and a more significant effect, whereas wider intervals
between isoclines suggests a relatively minor influence (Yuan
et al., 2020). Among all the tested factors, ultrasonic temperature
exhibited the most pronounced effect on the extraction yield of
flavonoids, as evidenced by the steepest gradient observed in its 3D
curve, followed by ultrasonic power and then ethanol concentration.
This finding is consistent with the results of the Analysis of
Variance (ANOVA).

Validation of the predictive model

Based on Response Surface Methodology (RSM), the optimal
extraction conditions for flavonoids from Potentilla anserina L.were
determined as follows: ethanol concentration of 60.29%, ultrasonic
power of 403.02W, ultrasonic temperature of 51.4 °C, and ultrasonic
time of 3 h. The theoretical yield was predicted to be 3.7554 mg/g,
and the experimental obtained yield was 3.74 ± 0.06 mg/g. These
results indicate that the model exhibits both good fit and
predictive accuracy.

Sephadex G-100 gel
chromatography analysis

As shown in Figure 3, after Sephadex G-100 gel
chromatography, the flavonoids extracted from Potentilla
anserina L. were preliminarily separated into two fractions based
on molecular weight, designated as LF-1 and LF-2, with relative
proportions of 63.34% and 25.79%, respectively. The yields of the
collected fractions LF-1 and LF-2 were 41.32% and 34.56%,
respectively, which represent a significant increase compared to
the yields before purification.

Antioxidant activity analysis

Analysis of DPPH radical scavenging activity
Flavonoids contain multiple hydroxyl groups, most of which

are capable of donating hydrogen to reduce the DPPH radical (Xu
et al., 2020). The DPPH radical scavenging assay is a widely used
method for the quantitative evaluation of antioxidant capacity
in vitro. As shown in Figure 4A, the DPPH scavenging activity of
LF-1 increased from 47.85% to 83.04%, and that of LF-2
increased from 33.98% to 75.55%, as the concentration rose
from 0.1 to 0.5 mg/mL. This indicates that the DPPH free
radical scavenging ability of flavonoids from Potentilla
anserina L. is concentration-dependent. The reduction of the
DPPH radical occurs through either hydrogen atom transfer
(HAT) or single electron transfer (SET) mechanisms when
antioxidants interact with it, leading to its transformation into
a stable diamagnetic species (Tunnisa et al., 2022). This redox
process results in a distinct hypsochromic shift in the visible
spectrum of the solution, manifested as a color change from
characteristic purple to pale yellow. The intensity of this color
transition is quantitatively correlated with the antioxidant’s
radical-neutralizing capacity of the antioxidant (Mesmar et al.,
2022). Furthermore, the half-maximal inhibitory concentrations
(IC50) were determined as 0.120 mg/mL for LF-1, 0.400 mg/mL
for LF-2, and 0.11 mg/mL for the positive control ascorbic acid
(VC). These results demonstrate that LF-1 exhibits a significant
scavenging effect on DPPH free radicals.

Analysis of hydroxyl (OH) radical
scavenging activity

Hydroxyl radicals are highly reactive species that are detrimental
to biological systems and capable of attacking and damaging living
cells (Wang et al., 2020). Flavonoids can act as electron or hydrogen
donors to neutralize hydroxyl radicals. They not only inhibit the
formation of OH radicals but also scavenge existing OH radicals,
demonstrating significant in vitro antioxidant activity (Che et al.,
2023). The OH radical scavenging capacity of flavonoids from
Potentilla anserina L. is presented in Figure 4B. Within the
concentration the range of 0.1–0.5 mg/mL, the scavenging ability
increased progressively. Notably, at a concentration of 0.5 mg/mL,
LF-1 reached a maximum scavenging rate of 90.60% ± 0.57%, while
LF-2 reached 86.15 ± 0.84%, indicating a concentration-dependent
scavenging effect of Potentilla anserina L. flavonoids against

FIGURE 3
Sephadex G-100 gel chromatography.
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hydroxyl radicals. The half-maximal inhibitory concentrations
(IC50) were determined as 0.019 mg/mL for LF-1 and 0.032 mg/
mL for LF-2, compared to 0.013 mg/mL for the positive control
ascorbic acid (VC). The OH group scavenging ability of these
flavonoids may be attributed to either the presence of hydroxyl
groups in their molecular structures or the influence of electron
density around heterocyclic carbon atoms.

Analysis of superoxide anion (O2
−) radical

scavenging activity

The superoxide anion radical, a precursor of more reactive
oxygen species (ROS), plays a key role in the pathogenesis of
various oxidative stress-related disorders (Du et al., 2022; Lai

et al., 2009). As shown in Figure 4C, flavonoids isolated from
Potentilla anserina L. exhibited significant scavenging activity
against the superoxide anion radical (·O2

−). The scavenging
capacity of these flavonoids increased in a concentration-
dependent manner within the range of 0.1–0.5 mg/mL range. At
a concentration of 0.4 mg/mL, the inhibition rates of flavonoid
fractions LF-1 and LF-2 were comparable to that of the ascorbic acid
(VC) positive control. At the maximal scavenging efficiency
observed at 0.5 mg/mL, the half-maximal inhibitory
concentration (IC50) values were determined to be 0.081 mg/mL
for LF-1, 0.012 mg/mL for ascorbic acid (VC), and 0.139 mg/mL for
LF-2. Although HF1 demonstrated stronger in vitro antioxidant
activity than LF-2, its efficacy was still lower than that of VC.
Nevertheless, LF-1 exhibited potent superoxide radical scavenging
activity, indicating its potential as a functional antioxidant agent for

FIGURE 4
(A) Scavenging effect of Potentilla anserine L. on DPPH radicals compared with VC, (B) ·OH radicals compared with VC, (C) O2- radicals compared
with VC, and (D)total reducing ability compared with VC.
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preventing oxidative stress-induced cellular damage (Zhang
et al., 2022).

Analysis of total reducing ability

The total reducing power serves as a key indicator for
assessing the redox activity of flavonoids. The reducing agent
can scavenges free radicals through its inherent reductive
capacity, reduce Fe3+ to Fe2+, and subsequently reacts with
FeCl3 (Yuan et al., 2022). As shown in Figure 4D, a clear
dose-dependent relationship exists between the reducing
capacity and the concentration of the total flavonoid extract.
Higher flavonoid concentrations correspond to stronger
reducing abilities. When the concentration reaches 5 mg/mL,
the reducing ability of LF-2 is most comparable to that of ascorbic
acid, and the absorbance attains its maximum.

Discussion

With the continuous improvement of modern consumers’
health awareness and ongoing advancements in food science
research, concerns regarding potential health risks associated
with synthetic food additives have gained increasing attention. In
this context, the development of biologically safe, environmentally
friendly, and highly efficacious natural-source antioxidants has
become a key research focus in the field of food science and
technology. This study investigates the feasibility of extracting
flavonoids from Potentilla anserina L. for use as antioxidants,
offering novel insights into the application of natural products in
functional foods.

Natural products are secondary metabolites produced by
organisms during evolution as adaptive responses to
environmental pressures, resulting in diverse chemical structures
and distinct biological functions. Flavonoids exhibit
pharmacological activities—including antioxidant activity,
immunomodulatory effects, anti-inflammatory properties, and
cardiovascular protection—mediated by their characteristic
benzene ring structures and specific hydroxyl substitution
patterns. These structural features allow flavonoids to directly
scavenge free radicals by donating hydrogen atoms or electrons,
as well as inhibit oxidative chain reactions through metal ion
chelation (Park and Han, 2022; Zhang et al., 2017). Compared
with conventional extraction methods, ultrasound-assisted
extraction has demonstrated advantages such as operational
simplicity, shorter extraction time, higher efficiency, and the
absence of a heating requirement, indicating significant potential
for the extraction of bioactive components from plants materials.
The cavitation effect induced by ultrasound disrupts plant cell walls,
facilitates the release of flavonoids, and concurrently prevents
thermal destruction of active constituents (Guo et al., 2022; Liu
et al., 2022; Evary et al., 2024). In this study, the yield of flavonoids
extracted from Potentilla anserina L. using ultrasound assistance
was determined to be 3.74 ± 0.06 mg/g. This value was observed to
be higher than that 2.20 ± 0.257 mg/g reported by Yan et al. for the
stems and leaves of Astragalus membranaceus (Cui et al., 2022).

The main factors influencing the extraction yield of flavonoids
include the concentration of the extraction solvent, ultrasonic
temperature, ultrasonic power, and ultrasonic time. Ethanol is
considered an ideal solvent for flavonoid extraction due to its
dual polar and non-polar solubilization properties: its molecules
can form hydrogen bonds with the polar groups of flavonoids while
simultaneously dissolving non-polar structures, thereby aligning
with the “like dissolves like” principle (Cui et al., 2022).
Ultrasonic temperature affects extraction yield by altering solvent
properties, influencing the cavitation effect, and impacting
component stability. Within the range of 40 °C–60 °C, increasing
temperature enhances molecular mobility; however, temperatures
above 60 °C accelerate solvent volatilization and reduce the stability
of cavitation bubbles, ultimately decreasing extraction efficiency
(Liu et al., 2016). The impact of ultrasonic power on extraction
yield follows a trend of initial increase followed by a decrease: low
power facilitates cell disruption through the cavitation effect,
whereas high power may lead to flavonoid degradation due to
excessive heat generation. Regarding ultrasonic time, the
extraction yield increases with time up to 180 min; beyond this
point, the degradation rate of flavonoids surpasses the dissolution
rate, resulting in no further improvement in yield (Liao et al., 2022).
Response surface methodology (RSM) is utilized to model the
nonlinear relationship between extraction yield and key variables
such as ethanol concentration, ultrasonic time, and temperature
using a multiple regression approach. This method enables efficient
exploration of multi-factor combinations with fewer experimental
trials, allowing precise identification of optimal conditions. The
optimized extraction process determined in this study comprises
an ethanol concentration of 60%, ultrasonic temperature of 50 °C,
power of 400 W, and time of 180 min. The strong agreement
between the model’s predicted values and the experimentally
measured results confirms the effectiveness of this process
optimization (Kocer et al., 2024; Md Yusof et al., 2019; Zhang
et al., 2019).

High-resolution purification of flavonoids from Potentilla
anserina L. was achieved through stepwise optimization of
sample loading amount, elution gradient, and column parameters
using Sephadex Gel Chromatography. Following fractionation on a
Sephadex G-100 chromatography column, two distinct fractions LF-
1 and LF-2 were obtained, representing 63.34% and 25.79% of the
crude flavonoid content, respectively. Compared to the crude
extract, the in vitro antioxidant activities of the purified fractions
were markedly enhanced, likely due to the enrichment of active
components and elimination of impurities (Zhang et al., 2024;Wang
et al., 2023; Oteef, 2022). Excessive accumulation of free radicals can
initiate oxidative stress cascade reactions, resulting in lipid
peroxidation, organ senescence, and the development of various
diseases. Supplementation with exogenous antioxidants may
synergistically eliminate excessive free radicals and help restore
redox homeostasis. In this study, both LF-1 and LF-2 exhibited
concentration-dependent scavenging capacities against DPPH,
hydroxyl, and superoxide anion radicals, along with significant
total reducing power. Notably, LF-1 consistently exhibited higher
in vitro antioxidant activity than LF-2, likely due to a higher
proportion of flavonoid aglycones with ortho-diphenolic hydroxyl
groups or C-ring unsaturated double bonds. Subsequently, we will
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perform in-depth compositional analysis (HPLC, LC-MS) to verify
this for LF-1 and LF-2.

This study has demonstrated that flavonoids extracted from
Potentilla anserina L., particularly the LF-1 fraction, possess potent
and broad-spectrum in vitro antioxidant activities, thereby
providing a scientific basis for the high-value utilization of
Potentilla anserina L. resources. Nevertheless, further research is
required to clarify the structural characteristics of the specific active
components, their in vivo metabolic pathways, and their stability
under food industry application conditions. In future studies,
flavonoid research can be conducted by using metabolomics to
track their metabolic pathways in organisms, through which the
patterns of active metabolites can be elucidated. This can be followed
by molecular docking to analyze the binding mechanisms between
metabolites and target proteins, thereby clarifying the structure-
activity relationships and overcoming the limitations of focusing
solely on the activity of native components.

This study is entirely based on in vitro experiments and has not
undergone in vivo validation. The flavonoid components have not
been subjected to in-depth characterisation via methods such as
high-performance liquid chromatography (HPLC) or liquid
chromatography-mass spectrometry (LC-MS). Subsequent
experiments will undertake detailed chemical characterisation of
the two components, LF-1 and LF-2. Findings from in vitro
antioxidant studies cannot be directly extrapolated to
physiological efficacy; animal studies will be conducted
subsequently to provide in vivo validation.

Conclusion

Potentilla anserina L. flavonoids were extracted by ultrasonic-
assisted extraction. A Potentilla anserina L. flavonoids yield of 3.74 ±
0.06 mg/g was obtained at the optimized conditions: ethanol
concentration 60%, ultrasonic power 400 W, ultrasonic
temperature 50 °C, ultrasonic time 3 h. The Potentilla anserine L.
flavonoids were preliminarily separated Sephadex G-100
chromatography, and two flavonoids’ components LF-1 and LF-2
were obtained. Between these two fractions, LF-1 was found to
exhibit stronger in vitro antioxidant activity and significant total
reducing capacity. The results suggested that Potentilla anserine L.
flavonoids have potential application as natural antioxidant and
food ingredients in functional food.
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