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Abstract: Flavonoids are one of the important active ingredients from Acanthopanax senticosus, with
a variety of biological functions, such as antioxidant and antibacterial properties. The aim of this
work was to investigate enzyme-assisted ultrasonic extraction of A. senticosus flavonoids and their
enrichment and antioxidant properties. We found that the optimal extraction process after Box—
Behnken response surface optimization had the following parameters: a 3:2 ratio of cellulase to
pectinase, enzyme mixture amount of 6960 U g ~!, enzyme treatment time of 59.80 min; temperature of
53.70 °C, and pH value of 6.05. The yield of total flavonoids reached 36.95 + 0.05 mg g~ !. The results
for different polar solvent enrichments showed that the highest flavonoid (61.0 & 0.344 mg g~ 1),
polyphenol (24.93 + 0.234 mg g~ 1), and saponin (17.80 & 0.586 mg g~!) contents were observed in
the 1-butanol fraction, and the highest polysaccharide content (20.04 + 0.783 mg g~ ') was in the
water fraction. Pearson correlation analysis revealed that the antioxidant potential of the extract was
related to the higher amount of flavonoids and phenolics in the extract. We thus found an effective A.
senticosus flavonoid extraction and enrichment procedure, which can serve as a reference method.

Keywords: Acanthopanax senticosus flavonoids; enzyme-assisted ultrasonic extraction; enrichment;

antioxidant

1. Introduction

Acanthopanax senticosus (Rupr. et Maxim.), previously classified as Eleutherococcus
senticosus, which is commonly known as Ciwujia, is a perennial deciduous shrub of the
genus Acanthopanax in the family Acanthopanax [1], and its dried root and rhizome or stem
are used as medicines in Chinese traditional medicine [2]. In traditional Chinese medicine,
A. senticosus has been used to nourish Qi to invigorate the spleen and can tonify the kid-
ney to tranquilize the mind [3]. It is mainly distributed in northeast China, Hebei, and
Shanxi [4]. The main active ingredients of A. senticosus include glycosides [5], flavonoids [6],
polysaccharides [7], and organic acids [8], which have anti-fatigue [9], immunomodula-
tory [10], and antioxidant properties [11]. It has been shown that flavonoids are naturally
synthesized polyphenols and play an important role in physiological functions, and they
are often used as antioxidants and free radical scavengers to enhance immunity for better
health and disease prevention [12]. Total flavonoids from A. senticosus have a variety of
pharmacological activities and thus are important pharmacodynamic materials [13].

The collection of medicinal parts of A. senticosus has caused damage to the A. senticosus
resources, which caused a reduction in the number of wild A. senticosus. The A. senticosus
plant has been cultivated, but because its growth cycle is shorter than the wild plant, and
fertilizers and pesticides are used, all of which have caused the decline of its quality. Due to
large number of clinical uses and few wild sources of A. senticosus, one of the ways to solve
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the shortage of this herb is using modern extraction methods to improve its utilization
efficiency [14]. Traditional hot water extraction or ethanol reflux cannot sufficiently release
the active ingredients, and these methods also have low extraction yields, low efficiencies,
and a poor extraction quality. Modern extraction methods include ultrasound-assisted,
microwave-assisted, ultra-high-pressure-assisted, and complex enzyme-assisted extraction,
and their advantages are rapidity, high extraction efficiency, low temperature (preventing
destruction of active ingredients), and easy operation [15].

Enzyme-assisted extraction is an efficient and sustainable extraction technique, suit-
able for extracting bioactive substances from materials with a high cellulose content, such
as plant roots. A. senticosus flavonoids are found mainly in the xylem, from which cellulases,
hemi-cellulases, and pectinases can effectively promote the release of active ingredients [16].
After extraction, the manner in which A. senticosus flavonoids are purified and enriched is
key for further use of the extract. Solvent extraction is a common choice for the purification
and enrichment of bioactive ingredients. According to the principle of “like dissolves like”,
each bioactive element is enriched in a solvent of corresponding polarity [17].

The aim of this study was to optimize the extraction process of total flavonoids
from A. senticosus using the Box-Behnken response surface method with enzyme-assisted
ultrasonic extraction, and to enrich and purify the flavonoids by extraction using solvents
with different polarities. In addition, the contents and antioxidant properties of their
active ingredients were analyzed. This study provides a reference for the extraction and
separation of total flavonoids from A. senticosus.

2. Materials and Methods
2.1. Plant Materials, Chemicals, and Reagents

The decoction pieces of A. senticosus were purchased from the local pharmacy, then
they were dried at 60 °C in an oven to constant weight. The dried herb was ground using a
pulverizer and sieved with a 60-mesh sieve. The powder was stored in a refrigerator at
4 °C for a subsequent test.

The citric acid, ethanol, ascorbic acid (vitamin C), cellulase (100,000 U g_l), and pecti-
nase (50,000 U g~1) were purchased from Sinopharm Chemical Reagent (Shanghai, China).
Rutin, gallic acid, and ginsenoside standards were purchased from Aladdin Biological
Reagent (Shanghai, China). Folin’s reagent was purchased from Solarbio Biological Reagent
(Beijing, China). 1-Butanol, ethyl acetate, 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2’-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS), petroleum ether, glucose, vanillin, and
phenol were purchased from McLaren Reagent (Shanghai, China). Double distilled water
was prepared in the laboratory. All reagents were analytically pure.

2.2. Methods
2.2.1. Extraction Process

Two grams of dry powder of A. senticosus were put into an Erlenmeyer flask with a
stopper, and then an appropriate amount of citric acid—sodium citrate buffer (pH 5.0) and a
specified amount of enzyme were added consecutively. After the enzymatic hydrolysis
at an appropriate temperature, the enzymes were inactivated in a water bath at 95 °C
for 5 min. After filtering with gauze, the filtrate was removed and the filter residue
was collected for the next experiment. Ethanol (50%) was added to the residue as the
extraction solvent, and flavonoids were extracted with the ultrasonic extraction method.
The conditions of ultrasonic-assisted extraction consisted of the ratio of liquid to solid of
20 mL g_l, extraction time of 55 min, ultrasonic power of 300 W, extraction temperature of
55 °C, and ultrasonic frequency of 40 Hz. After the extraction, the extracts were cooled,
filtered, and centrifuged at 10,000 r min~! for 5 min, and the supernatant was harvested
for determination of the total flavonoid content.
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2.2.2. Determination of the total flavonoid yield

The flavonoid content was determined by spectrophotometry using the NaNO,—
Al(NOs3)3-NaOH system, as described by Chang [18]. A standard curve was plotted using
rutin as a standard. The yield of total flavonoids (Y) was calculated according to the formula

CxNxV
Y= ———, 1
M M)
where C is the concentration of total flavonoids, V is the volume of the extract determined,

N is the dilution ratio of the extract, and M is the weight of the sample raw material.

2.2.3. Optimization of the Extraction Rate of A. senticosus Flavonoids by
Single-Factor Experiments

(1) Optimization of the Amount of Cellulase

In this study, 2.0 g powder of A. senticosus was mixed with citric acid amount of
cellulase formulated. The yield temperature of 55 solid of 20 mL with the ultrasonic
extraction method. The filtrate was removed and the filter residue was collected, and
stored in the refrigerator at 4°C. Each bioactive element is filtered for 50 min, enzyme
treatment temperature of 50 °C, and enzyme treatment pH value of 5.0. The amount of
cellulase was investigated with 3000, 6000, 9000, 12,000, and 15,000 U g~", respectively.
After enzymolysis, the flavonoids of A. senticosus were extracted according to the procedure
in Section 2.2.1.

(2) Optimization of the Amount of Pectinase

The amount of pectinase was optimized according to the procedure in(1). The amount
of pectinase was chosen as 100, 500, 1500, 3000, and 6000 U g_h, respectively.

(3) Optimization of the Ratio of the Enzymes in Mixture

The total amount of the enzymes in mixture was fixed at 9000 U g~ according to the
results of (1) and (2). The ratio of cellulase to pectinase (1:1, 2:1, 1:2, 2:3, and 3:2) was tested.
The enzymatic hydrolysis conditions were carried out according to the procedure in (1).

(4) Optimization of Amount of the Enzymes in Mixture

The ratio of cellulase to pectinase was 3:2. The amount of enzyme in the mixture was
tested with 1000, 3000, 5000, 7000, and 9000 U g~ Y, respectively. The enzymatic hydrolysis
conditions were carried out according to the procedure in (1).

(5) Optimization of Other Factors

The amount and ratio of enzymes in mixture was fixed according to the results of (3)
and (4). The enzyme treatment time (45, 50, 55, 60, and 65 min), the enzyme treatment
temperature (40, 45, 50, 55, and 60 °C), and the enzyme treatment pH value (5, 5.8, 6,
6.2, and 6.6) were investigated. The enzyme treatment conditions were changed by only
changing one of the three factors at a time and the other two factors remaining fixed. The
enzymatic hydrolysis conditions were carried out according to the procedure in (1).

2.2.4. Optimization by the Response Surface Method

After determining the preliminary range of the independent variables through single-
factor tests, response surface methodology (RSM) using the Box-Behnken design (BBD)
with four factors at three levels was designed, following the method of Chen, and then
carried out [19,20]. The amount of complex enzyme, the enzyme treatment time, the
enzyme treatment temperature, and the enzyme treatment pH value were used as the
independent variables, while the dependent variable was the extraction yield of flavonoids.
These are shown in Table 1.



Processes 2021, 9, 1708

4 of 14

Table 1. Box-Behnken experimental design.

Factors Level
-1 0 1
Enzyme amount (U g~ ') (A) 1000 5000 9000
Enzyme treatment time (min) (B) 45 55 65
Enzyme treatment temperature (°C) (C) 40 50 60
Solvent pH value (D) 54 6 6.6

The letters A-D denote independent variables in our models.

2.2.5. Enrichment of Flavonoids

(1) Enrichment of Flavonoids by Solvents of Different Polarities

The total flavonoids of A. senticosus were extracted under the optimized conditions
via enzyme-assisted ultrasonic extraction, and the extract was concentrated in a rotary
evaporator (RE-5205A, Yarong, China) under reduced pressure and freeze-dried (LYO-2,
Shanghai, China). The 6.3 g of dry extract was then suspended in 200 mL of double distilled
water, followed by successive extraction with 200 mL of different kinds of solvent, including
petroleum ether, chloroform, ethyl acetate, and 1-butanol, and then the remaining soluble
fraction was used as the aqueous phase. It was extracted twice for each solvent of different
polarity. Each fraction was concentrated, freeze-dried, and stored for further analyses.

(2) Determination of the Active Ingredient Content

The fractions of different polarities were accurately weighed and dissolved in 70%
ethanol. The content of polyphenol was determined by the Folin—Ciocalteu method de-
scribed by Pham [21], with gallic acid as the standard. The content of flavonoids was
determined by the NaNO;—-Al(NOj3);—-NaOH method, with rutin as the standard. The
content of saponin was determined by the vanillin-sulfuric acid chromogenic method de-
scribed by Hadidi [22], with ginsenosides as the standard. The content of polysaccharides
was determined by the phenol-sulfuric acid chromogenic method described by Dubois [23],
with glucose as the standard. The yield of active ingredients in the fractions of different
polarities was calculated.

(3) Radical Scavenging Activity Assays

Determination of the antioxidant properties of the extraction fractions of solvents
with different polarities with already established protocols—including the abilities to
scavenge the DPPH radical [24], ABTS radical [25], hydroxyl radical [26], and superoxide
anion radical [27]—has been described in previous reports, with Vitamin C (Vc) as a
standard control.

(4) Pearson Correlation Studies

Pearson correlation analysis was usually used to analyze the relationship between
different dates [28]. The total flavonoid, polyphenol, saponin, and polysaccharide contents
and the in vitro antioxidant activities (against the DPPH free radical, ABTS free radical,
hydroxyl radicals, and superoxide anion radicals) of petroleum-ether-, chloroform-, ethyl-
acetate-, 1-butanol-, and water-soluble fractions from the crude extract of A. senticosus were
evaluated and correlated with one another using the Pearson correlation method.

2.3. Statistical Analysis

Design-Expert 8.0.6 software was used for the Box-Behnken experimental design, and
GraphPad 8.0 software was used for one-way analysis of variance (ANOVA) and graphing.
Pearson correlation analysis was performed with SPSS 22 software(SPSS Inc., Chicago,
IL, USA). Each experiment was performed in triplicate, and the experimental results are
expressed as mean =+ standard deviation.
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3. Results
3.1. Single-Factor Experiments
3.1.1. Effect of the Amount of Cellulase on the Flavonoid Yield

When we increased the amount of cellulase from 3000 to 9000 U g~ !, the total flavonoid
content increased rapidly and reached a maximum of 30.15 mg g~ ! (Figure 1a). However,
when it exceeded 9000 U g’l, the total flavonoid content showed a decreasing trend. In the
early stage, with the increase in the cellulase amount, the contact area between the enzyme
and substrate increased, which accelerated the rate of enzymatic cell wall degradation
and thus facilitated the release of flavonoids. We suppose that in the later stage, when
the enzyme amount continued to increase, the dissolution of impurity components, such
as polysaccharide, protein, and so on, also increased, which was not conducive to the
dissolution of flavonoids and reduced the flavonoid content in the solution [29].
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Figure 1. Effect of various independent variables on the yield of total flavonoids extracted from A. senticosus: (a) the amount

of cellulase; (b) the amount of pectinase; (c) the ratio of cellulase to pectinase; (d) the amount of the enzyme mixture; (e) the

enzyme treatment time; (f) the enzyme treatment temperature; (g) the pH at which the enzymatic hydrolysis proceeded.

3.1.2. Effect of the Amount of Pectinase on the Flavonoid Yield

When the amount of pectinase increased from 100 to 1500 U g~ !, the total flavonoid
content increased rapidly and reached a maximum of 26.55 mg g~ !, but it showed a
decreasing trend when it exceeded 1500 U g~ (Figure 1b). These changes were consistent
with the effect of cellulase on the total flavonoid content.

3.1.3. Effect of the Ratio of the Enzymes in Mixture on the Flavonoid Yield

Enzyme mixtures play a considerable role in hydrolysis due to differences in the sub-
strates and proportions of their components. Pectinases decompose pectin and disintegrate
the intercellular layer of the plant cell walls, while cellulases act on the cellulose layer
outside the plant cells. A mixture of enzymes can fully hydrolyze the cell wall. Therefore,
an appropriate ratio of the two enzymes was necessary to completely disrupt the cell
structure to improve the extraction efficiency. The effect of various cellulase to pectinase
ratios (1:1, 2:1, 1:2, 2:3, and 3:2) were investigated (Figure 1c), and the total flavonoid yield
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reached a relatively high maximum of 35.25 mg g~ ! at the ratio of 3:2, which we chose for
all the following experiments.

3.1.4. Effect of the Amount of the Enzymes on Flavonoid Yield

When we increased the amount of the enzyme mixture from 1000 to 5000 U g™},
the total flavonoid yield increased rapidly and reached a maximum of 35.61 mg g~ ! at
5000 U g~ ! (Figure 1d). However, when the amount of the enzymes exceeded 5000 U g~ 1,
the total flavonoid yield showed a decreasing trend. A possible reason is that in the early
stage, with an increased amount of enzyme, the cell wall was degraded more efficiently,
thereby promoting the release of flavonoids. However, when the amount of enzyme was too
high, the enzyme reaction would reach equilibrium and not continue to increase enzymatic
hydrolysis, the flavonoid yield would stop increasing and start to decline. Therefore, we
chose 5000 U g~! as the optimal amount of the enzyme mixture for this study.

3.1.5. Effect of the Enzyme Treatment Time on the Flavonoid Yield

When the enzyme treatment time increased from 45 to 55 min, the total flavonoid
yield increased rapidly to the maximum of 35.71 mg g~ ! (Figure le). However, when the
enzyme treatment time exceeded 55 min, the total flavonoid yield showed a decreasing
trend. In the early stage, the enzymatic hydrolysis reaction was active, and extraction of
the total flavonoids was promoted. When the enzyme treatment time exceeded 55 min, the
flavonoids were probably destroyed and the total flavonoid yield was reduced. Therefore,
we chose 55 min as the optimal enzyme treatment time for all the following experiments.

3.1.6. Effect of the Enzyme Treatment Temperature on the Flavonoid Yield

When the enzyme treatment temperature increased from 40 to 50 °C, the total flavonoid
yield increased rapidly and reached a maximum of 36.51 mg g~ ! (Figure 1f). However,
when the enzyme treatment temperature exceeded 50 °C, the total flavonoid yield showed
a decreasing trend. Along with the increase in temperature, the enzyme activity also
increased at the beginning. When the temperature exceeded 50 °C, the enzyme activity
decreased or the enzyme even became inactivated, thus the total flavonoid extraction rate
decreased [30]. Therefore, we chose 50 °C as the optimal enzyme treatment temperature
for this study.

3.1.7. Effect of pH on the Flavonoid Yield

When the pH of the enzymatic hydrolysis reaction increased from 5 to 6, the total
flavonoid yield increased rapidly and reached a maximum of 36.82 mg g~! (Figure 1g).
However, when the pH exceeded 6, the total flavonoid yield showed a decreasing trend.
Each enzyme has its own optimal pH value, because changes in pH affect the spatial
structure of the enzyme’s molecule and alter its conformation and activity [31,32]. The
activity of our mixture of cellulase and pectinase was the highest at pH 6, which was thus
chosen as the optimal pH.

3.2. Analysis of the Response Surfaces

Response surface assay is a method based on mathematics and statistics to obtain
the best test procedure through the least number of tests. The response surface test was
designed and the data were processed with Design-Expert 8.0.6 software(Trial version,
Stat-Ease, Inc, Minneapolis, USA) to obtain the variance analysis of the regression model
(Table 2). After quadratic polynomial fitting with nonlinear regression, the obtained pre-
diction model was as follows:

Y =36.69 + 0.41A + 0.37B + 0.072C + 0.066D + 0.095AB + 0.17AC — 0.12AD + )
0.16BC + 0.045BD + 0.065CD — 0.51A2 — 0.50B% — 0.32C2,

where Y is the flavonoid yield, A is the amount of enzyme mixture, B is the enzyme
treatment time, C is the enzyme treatment temperature, D is the enzyme treatment pH; A2,
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B2, C2, and D? are the quadratic factors of A, B, C, and D; and AB, AC, AD, BC, BD, and CD
are interaction factors of between A, B, C, and D.

Table 2. Design and results for the response surface experiment.

No A B C D Flavonoid Yield (mg g—1)
1 0 -1 -1 0 35.51
2 -1 1 0 0 35.61
3 1 -1 0 0 35.65
4 0 -1 0 -1 35.41
5 -1 0 0 1 35.67
6 1 0 0 -1 36.20
7 0 0 -1 -1 36.21
8 0 0 1 1 36.15
9 0 1 0 1 36.51
10 1 0 -1 0 36.10
11 1 1 0 0 36.53
12 0 0 0 0 36.60
13 1 0 1 0 36.49
14 0 -1 0 1 35.55
15 0 1 1 0 36.43
16 1 0 0 1 36.31
17 0 0 0 0 36.65
18 0 -1 1 0 35.45
19 -1 0 -1 0 35.61

20 0 0 0 0 36.73
21 0 0 0 0 36.78
22 0 1 0 -1 36.19
23 0 1 -1 0 35.85
24 0 0 0 0 36.70
25 -1 0 0 -1 35.09
26 0 0 1 -1 36.20
27 0 0 -1 1 35.90
28 -1 0 1 0 35.32
29 -1 -1 0 0 35.11

As shown in Table 3, a mathematical model was established for this experiment
(p <0.0001), and the lack of fit was not significant (p > 0.05). In addition, the corrected
coefficient of determination (R?) was 0.9239, indicating that 92.39% of the total flavonoid
content could be explained by this model. The determination coefficient (R?) of the equation
was 0.9620, indicating that the equation based on changes in the total flavonoid yield fitted
the experiment well. The effects of each variable on the total flavonoid yield were as
follows: the independent variables A and B and the quadratic factors A%, B2, C2, and D?
had significant effects on the yield of total A. senticosus flavonoids (p < 0.01); the interaction
factors AC and BC showed significant effects on the content of total flavonoids (p < 0.05);
the independent variables C and D and the interaction factors AB, AD, BD, and CD showed
no significant effect on the total flavonoid yield (p > 0.05). The F-value of the model
was positively correlated with the response value. The larger the F-value, the greater the
response value. The relative effects of each factor on the total flavonoid yield were as
follows: A>B>C>D.

The influence of various factors could be assessed by the response surface, where
the steeper the surface, the greater the influence [33]. The effect of the four factors on the
total A. senticosus flavonoid yield is shown in Figure 2. Interaction of enzyme quantity
and temperature were significant (p < 0.05) and interaction of enzyme treatment time and
temperature were significant (p < 0.05). Interaction of enzyme quantity and treatment
time were not significant (p > 0.05), Interaction of enzyme quantity and pH were not
significant (p > 0.05), interaction of enzyme treatment time and pH were not significant
(p > 0.05), Interaction of temperature and pH were not significant (p > 0.05). According
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to the quadratic multiple regression equation of the total flavonoids yield, the optimal
extraction conditions were as follows: the amount of complex enzyme of 6960 U g1, the
enzyme treatment time of 59.80 min, the temperature of 53.70 °C, and the pH value of 6.05.
Under the conditions above, the theoretical total flavonoid yield was 36.90 mg g~ .

Table 3. Analysis of variance of the quadratic model of the response surface.

Source Sum of Squares Df Mean Square FE-Value p-Value Significant

Model 7.1200 14 0.5087 25.2900 <0.0001 **

A 1.9800 1 1.9800 98.2500 <0.0001 **

B 1.6400 1 1.6400 81.6600 <0.0001 **
C 0.0616 1 0.0616 3.0600 0.1019
D 0.0520 1 0.0520 2.5900 0.1302
AB 0.0361 1 0.0361 1.7900 0.2017
AC 0.1156 1 0.1156 5.7500 0.0310
AD 0.0552 1 0.0552 2.7500 0.1198
BC 0.1024 1 0.1024 5.0900 0.0406
BD 0.0081 1 0.0081 0.4026 0.5360
CD 0.0169 1 0.0169 0.8401 0.3749

A? 1.700 1 1.700 84.4700 <0.0001 **

B2 1.6100 1 1.6100 79.9900 <0.0001 **

c? 0.6666 1 0.6666 33.1400 <0.0001 **

D? 0.5812 1 0.5812 28.8900 <0.0001 **

Residual 0.2816 14 0.0201
Lack of fit 0.2622 10 0.0262 5.3800 0.0595
Pure error 0.0195 4 0.0049
Cor total 74 28

** Significant at p < 0.01.
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Figure 2. 3D response surface plots of the optimization: (a) interaction between the enzyme amount
and the enzyme treatment time; (b) interaction between the enzyme amount and temperature;
(c) interaction between the enzyme amount and pH; (d) interaction between the enzyme treatment
time and temperature; (e) interaction between the enzyme treatment time and pH; (f) interaction
between the temperature and pH.

After three replicate experiments under these conditions, we obtained the mean value
of the total flavonoid yield of 36.95 + 0.05 mg g~ !. The relative error associated with the
model prediction was small, indicating that the model fitted well, and the reliability of the
model was validated.
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3.3. Enrichment and Antioxidant Properties Test of A. senticosus Flavonoids
3.3.1. Determination of the Active Ingredients in the Different Extraction Phases

Water was added to the A. senticosus extract for suspension, followed by extraction
successively with petroleum ether, chloroform, ethyl acetate, and 1-butanol, and the A.
senticosus extract was extracted twice for each solvent. After concentration and drying,
we harvested 0.441 g of the extract from the petroleum ether phase, 0.61 g from the
chloroform phase, 0.656 g from the ethyl acetate phase, 0.921 g from the 1-butanol phase,
and 2.174 g from the aqueous phase. The highest extraction yield was thus obtained
with water, followed by 1-butanol and then the ethyl acetate, while the petroleum ether
was the solvent with the lowest yield. Due to the differences in solvent polarizability,
active ingredients experience various numbers of specific interactions with polar solvents,
resulting in polarity-dependent changes in the extraction yield.

In the present study, the total bioactive contents of the fractions of different polarities
were investigated. The total flavonoid, polyphenol, saponin, and polysaccharide contents
of these five extracts were determined. The 1-butanol fraction of the A. senticosus crude
extract contained a significantly higher concentration of polyphenols, flavonoids, and
saponins. The water fraction of the A. senticosus crude extract contained a significantly
higher amount of polysaccharides, while it contained the lowest amount of polyphenols,
saponins, and flavonoids. Furthermore, the ethyl acetate phase also showed the second
highest flavonoid, polyphenol, and polysaccharide contents.

The highest yield of total flavonoids (in the 1-butanol phase) was 61.0 & 0.344 mg g~ .
The yields of total flavonoids in each polar extraction phase were in the following order:
1-butanol > ethyl acetate > chloroform > petroleum ether > water. The highest polyphenol
content (in the 1-butanol phase) was 24.93 4 0.234 mg g~ !. The total polyphenol content in
each polar extraction phase was in the following order: 1-butanol > ethyl acetate > chloro-
form > water > petroleum ether. The highest total saponin content (in the 1-butanol phase)
was 17.80 + 0.586 mg g~ !. The total saponin content in each polar extraction phase was
in the following order: 1-butanol > chloroform > ethyl acetate > water > petroleum ether.
The highest total polysaccharide content (in the aqueous phase) was 20.04 & 0.783 mg g~ .
The total polysaccharide content in each polar extraction phase was in the following order:
water > ethyl acetate > 1-butanol > chloroform > petroleum ether. The contents of the
active ingredients in different extraction phases are shown in Figure 3.

80

70+
60 = Total polyphenols

-1

50 Total flavonoids
40+
30 -
30

Total saponins

B Total polysaccharides
20

Content mg g
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Figure 3. Contents of the active components in the different fractions.

3.3.2. Radical Scavenging Activity in the Various Extraction Fractions

We determined the antioxidant potential of the A. senticosus flavonoid crude extract
fractions (differing by their polarities) in several antioxidant assays. There were significant
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differences in the scavenging rates of the free radicals used by the various solvent fractions
(Figure 4). The free radical scavenging activity of the 1-butanol fraction was the highest
in all of the assays, and the scavenging activity of the ethyl acetate fraction was the
second highest in the DPPH and ABTS assays. Furthermore, the scavenging activity of the
chloroform fraction was the second highest in the hydroxyl and superoxide anion radical
assays. The scavenging activity of the petroleum ether fraction was the lowest in all of
the assays except the superoxide anion radical assay. The solvent fractions of the same
polarity had different scavenging rates of different kinds of free radicals. The 1-butanol
fraction demonstrated the strongest scavenging ability of DPPH and superoxide anion
radicals (having the smallest IC5( value, 0.001 mg mL™1), followed by the ABTS radicals,
and then the hydroxyl radicals with the lowest scavenging activity. All polar fractions were
lower than the standard Vc in terms of their ability to scavenge free radicals, especially the
hydroxyl radicals. However, the 1-butanol fraction was the closest to the standard Vc in its
scavenging activity of DPPH radicals and of the ABTS radicals, but those only when it was

in higher concentrations.
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Figure 4. Antioxidant test in various extraction phases: (a) scavenging activity for DPPH radicals; (b) scavenging activity

for ABTS radicals; (c) scavenging activity for hydroxyl radicals; (d) scavenging activity for superoxide anion radicals.

The scavenging activities of the various extraction fractions for DPPH radicals are
shown in Figure 4a. The fractions of different polarities exhibited antioxidant effects in a
concentration-dependent manner—the higher the concentration of the extract, the more
DPPH radicals scavenged. In addition, the scavenging activity of the 1-butanol fraction
for DPPH radicals was greater compared with that of the other fractions, with an ICs
of 0.001 mg mL 1, followed by ethyl acetate, chloroform, aqueous, and petroleum ether
fractions. The scavenging activity of various extraction fractions for ABTS radicals is shown
in Figure 4b. The scavenging activity of the 1-butanol fraction for ABTS radicals was the
highest compared with that of the other fractions, with an ICsy of 1.18 mg mL~!, and
the antioxidant activities were in the following order: ethyl acetate, chloroform, aqueous,
and petroleum ether fractions. The scavenging activity of the various extraction fractions
for hydroxyl radicals is shown in Figure 4c. The scavenging activity of the 1-butanol
fraction for hydroxyl radicals was greater compared with that of the other fractions, with
an ICs) of 4.17 mg mL ™!, followed by chloroform, ethyl acetate, aqueous, and petroleum
ether fractions. The scavenging activity of the various extraction fractions for superoxide
anion radicals is shown in Figure 4d. The scavenging activity of the 1-butanol fraction
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for superoxide anion radicals was greater compared with that of the other fractions, with
an ICsg of 0.001 mg mL~!, and the antioxidant activities were in the following order:
chloroform, petroleum ether, ethyl acetate, and aqueous fractions. According to these
results, the 1-butanol fraction was the most promising radical scavenging agent.

3.3.3. Pearson Correlations between the Antioxidant Activity and the Active
Compounds content

To identify the potential active compounds that contribute to the antioxidant capacity
of the extracts of different polarities, Pearson’s correlation coefficients between the active
compound contents (polyphenols, flavonoids, saponins, and polysaccharides) and their
antioxidant capacity (radical scavenging activity of DPPH radicals, ABTS radicals, hydroxyl
radicals, and superoxide anion radicals) were analyzed using SPSS 22.0 software (Table 4).
The scavenging rate for DPPH free radicals was significantly positively correlated with the
polyphenol content (p < 0.05), and the correlation coefficient (r) was 0.832. The scavenging
rate for ABTS free radicals was significantly positively correlated with the flavonoid
and polyphenol contents (p < 0.05), and the correlation coefficients (r) were 0.929 and
0.883, respectively. The scavenging rate of superoxide anion radicals was significantly
positively correlated with the polyphenol content (p < 0.05, r = 0.884). The scavenging
rate for hydroxyl radicals was not significantly positively correlated with any of the active
compound contents (p > 0.05, r ranged from 0.314 to 0.745). The free radical scavenging
ability was mainly correlated with the polyphenol content, followed by the flavonoid
content, with the lowest being for the saponin and polysaccharide contents, which is also
consistent with the results of our experiments: The 1-butanol fraction had the highest
flavonoid and polyphenol contents; therefore, this fraction had the strongest scavenging
ability of free radicals. DPPH free radicals were significantly positively correlated with
ABTS free radicals (r = 0.988, p < 0.01), which is also consistent with the results of the
antioxidant experiments. High contents of the active compounds, such as 1-butanol, have
higher free radical scavenging rates for DPPH and ABTS than that for hydroxyl and
superoxide anion radicals.

Table 4. Correlation analysis of the antioxidant activity and active components.

Total Total Total Total DPPH ABTS Hydroxyl i;l\];)(f;omde
Flavonoids Polyphenols  Saponins Polysaccharides = Radicals Radicals  Radicals Radicals

Total 1

flavonoids

Total ”

polyphenols 0-964 !

Total saponins 0.888 * 0.763 1

Total polysaccharides 0.033 0.059 0.053 1

DPPH radicals 0.701 0.832 * 0.452 0.556 1

ABTS radicals 0.929% 0.883 * 0.736 0.109 0.988 ** 1

Hydroxyl 0.589 0.745 0314 0.63 0.603 0.509 1

radicals

Superoxide anion 0.785 0.884* 0.646 0.242 0.868 0.563 0.805 1

radicals

Note: * Significant at p < 0.05; ** significant at p < 0.01.

4. Discussion

Flavonoids, as secondary metabolites of A. senticosus, are mainly located in the cell
wall. They are covalently linked through their sugar moieties by O-glycosyl or C-glycosyl
bonds to a variety of polysaccharides, such as hemicellulose, starch, and pectin, which are
abundant in the cell wall [34]. The efficiency of traditional extraction techniques is thereby
reduced. The basic principle of enzyme-assisted extraction is to hydrolyze plant cell walls
with enzymes as catalysts to release intracellular components under optimal conditions. A
variety of enzymes, such as xylanase, amylase, papain, pectinase, and hemicellulose, have
been used to maximize the extraction yield of active ingredients [35]. In addition, compared
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with traditional methods, enzyme-assisted extraction methods have the advantages of
lower energy requirement, higher extraction rate, and simpler recycling [36]. The combina-
tion of enzyme-assisted and ultrasonic extraction may help to overcome the disadvantages
of enzyme technology, such as higher solvent consumption and longer extraction time.
Ultrasound treatment under optimized conditions (an appropriate frequency and intensity)
may even increase enzyme activities [37]. In this study, the complex enzyme-assisted ultra-
sonic extraction method was used, and the optimal conditions for the extraction process
were: 3:2 ratio of cellulase to pectinase, complex enzyme amount of 6960 U g~ !, enzyme
treatment time of 59.80 min, temperature of 53.70 °C, and pH value of 6.05. The average
total flavonoid yield, 36.95 & 0.05 mg g~!, was similar to the value we predicted using the
response surface methodology, indicating that the proposed optimized extraction process
of A. senticosus flavonoids is feasible, simple, and very efficient.

After extraction, separation and enrichment of active ingredients are key. Due to
the different polarities of active ingredients, it is very important to select solvents of
appropriate polarities for the enrichment of active ingredients [38]. In this extraction
from A. senticosus, the flavonoid content was the highest in the 1-butanol phase, and it
was positively correlated with antioxidant properties. The variation of flavonoids in the
solvents of different polarities in this study was probably mainly related to the polarity
and effectiveness of the extraction solvents. The polarities of A. senticosus flavonoids are
related to their glycoxidation [39] and are considered to be moderate or weak, thus possibly
more similar to the polarities of 1-butanol and ethyl acetate. We showed that 1-butanol and
ethyl acetate are the most suitable for the enrichment of flavonoids, and the results of this
experiment are consistent with Ajayi’s report [40].

Flavonoids are one of the most important phenolic compounds and show antioxidant
potential as free radical scavengers. The molecular structure of A. senticosus flavonoids
contains a variety of hydroxyl groups, which function as reducing agents, hydrogen
donors, and singlet oxygen activators; therefore, the compounds have good antioxidant
properties. The purified extract of A. senticosus showed antioxidant properties close to the
control Vc and can be used as an antioxidant or dietary supplement in the prevention and
treatment of human diseases. The composition of flavonoids in the 1-butanol fraction and
the mechanism of their antioxidant effects remain to be further investigated to provide
reference for the rational use of A. senticosus.

5. Conclusions

A. senticosus has been used for many years in disease prevention and treatment owing
to being rich in a large number of biologically active ingredients, and flavonoids are an
important part of its pharmacological activity compounds. The extraction of biologically
active flavonoids is the first step of the efficient utilization of A. senticosus herbs. The
enzyme-assisted ultrasonic extraction is an efficient method in the extraction of active
ingredients for traditional Chinese medicine. In this study, the total flavonoids can be
effectively extracted from the A. senticosus herb, and the yield of total flavonoids reached
36.95 + 0.05mg g~ .

There are many other components in the crude extract of A. senticosus flavonoids,
which may have a certain influence on pharmacodynamic research and pharmacological
mechanism study of A. senticosus flavonoids. Thus, it is necessary to further purify the
flavonoids of A. senticosus from the crude ethanol extract. The liquid-liquid extraction is
the most commonly used compound separation method, which can separate different com-
pounds according to their polarities, and the operation is simple and convenient, and the
price is cheap. In this research, we used different polar solvents to enrich flavonoids of A.
senticosus. The result suggested that 1-butanol solvent is the most suitable solvent to enrich
flavonoids from the ethanol extract of A. senticosus; the content of total flavonoids was
61.0 & 0.344 mg g~ 1. The Pearson correlation test between active ingredient content and
antioxidant activity further confirmed that the antioxidant activity of A. senticosus extract is
positively correlated with the content of flavonoids. The next step is to study the pharmacol-
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ogy function of flavonoids of A. senticosus at cell level or animal level. The study provides
good support for the further development and application of A. senticosus flavonoids.
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