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ARTICLE INFO ABSTRACT

Keywords: Abelmoschus manihot (L) is a traditional chinese herb and the present study focused on its comprehensive
Abelmoschus manihot (L) development and utilization. Enzyme-assisted ultrasonic extraction (EUAE) was investigated for the extraction
Flavonoids ) and qualitative and quantitative analysis of flavonoids from Abelmoschus manihot (L) using a combination of
E:g:i:s;andes ultra-performance liquid chromatography-photodiode array (UPLC-PDA), polysaccharides was extracted from
Green residues and compared with directly extracted from raw materials. The optimal yield of 3.46+0.012 % (w/w)

was obtained when the weight ratio of cellulase to pectinase was 1:1, the enzyme concentration was 3 %, the pH
was 6.0, the solvent was a mixture of 70 % ethanol (v/v) and 0.1 mol/L NaH2PO4 buffer solution, the ultrasonic
power was 500 W, the extraction time was 40 min, and the temperature of the extraction was 50 °C. The in-
dividual concentrations of interested flavonoids (rutin, neochlorogenic acid, nochlorogenic acid, lsoquercitrin,
quercitrin, gossypin, quercetin) were effectively increased with the using of EUAE, compared with ultrasonic
extraction (UE) method. Polysaccharides were extracted from each residue, respectively, the Polysaccharides
yield in residue from EUAE was higher than that from UE, and closed to the yield from direct extraction in raw
materials. The above results shown that the experimental process had the potential to be environmentall,
friendly, straightforward and efficient.

1. Introduction

Plant natural active components has recently attracted more and
more attention because of their abundant sources, safety, reliability and
remarkable activity. Such as polysaccharides, saponins, flavonoids,
resveratrol, polyphenols, curcumin, proteins, and so on [1-3]. Due to
their distinct physical properties and biological activities, these partic-
ular natural active components have found extensive application in
numerous fields including medicine, food, and cosmetics [4-7]. The
corresponding extraction and separation are also developing. With
people’s attention to environmental protection, the extraction of natural
bioactive ingredients is seeking green environmental protection
methods [8], especially in the cosmetic, food and pharmaceutical in-
dustries, increasing request for the natural products of sustainable and
environmentally responsible manner [9]. Some plants, herbs and fruits
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are often extracted with unique active ingredients, there are still a va-
riety of valuable bioactive components in the residues, which are
neglected and abandoned, resulting in a large waste of resources [10],
and recycling of valuable bioactive components in the residues is very
much in line with the requirements of green and sustainable develop-
ment [11]. Table 1.

Abelmoschus manihot (L), an edible hibiscus in the Mallow family, is a
traditional chinese herb. Research has shown that Abelmoschus manihot
(L) is rich in polysaccharides, flavonoids and other bioactive compo-
nents, and has antibacterial, anti-inflammatory [12], antioxidant, liver
protection [13], heart protection [14] and other biological activities.
Traditional extraction methods of total flavonoids in Abelmoschus man-
ihot (L) (TFAM) include soxhlet extraction method, heat reflux extrac-
tion method, etc [15], but these traditional extraction methods have
obvious advantages and disadvantages, such as long time and high
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Table 1

Independent variables of Box-Behnken design.
Variables Unit Symbol levels

-1 0 1

Extraction pH A 5.5 6 6.5
Ethanol concentration % B 60 70 80
Extraction temperature °C C 45 50 55
Extraction time min D 30 40 50

temperature, which lead to the destruction of some flavonoid structures
[16]. In recent years, advanced extraction methods such as ultrasound-
assisted extraction, microwave-assisted extraction, and enzyme-assisted
extraction have also been widely used in the extraction of total flavo-
noids [17-19]. Compared with traditional methods, these methods are
gentler, more efficient, energy-saving and environmentally friendly. In
pursuit of higher extraction efficiency, later research has found that by
synergistic combination of two or more extraction methods, the ad-
vantages of each method are enlarged, the disadvantages are reduced,
and the extraction efficiency is improved [20,21]. The polysaccharides
of Abelmoschus manihot (L) has good antioxidant activity [22] and po-
tential medicinal value [23], and usually after extracting the total fla-
vonoids of Abelmoschus manihot (L), the residue is rich in
polysaccharides [24], the extracting the residual polysaccharides have a
lot of potential value. The present study aimed to improve the resource
utilization efficiency of Abelmoschus manihot (L). Enzyme-assisted ul-
trasonic extraction (EUAE) process was established to improve the ef-
ficiency of TFAM extraction, the process was optimized using Box-
Behnken experimental design and the optimized extraction method
was validated and compared with other extraction methods. In addition,
polysaccharide was extracted from the corresponding residues and
compared with those extracted directly in order to fully utilize the
material, protect the environment and comply with green development.
To provide some help for its wider and efficient application in food and
medical services.

2. Mateial and methods
2.1. Sample preparation

Abelmoschus manihot (L) flower were harvested from Henan Prov-
ince, China. The flowers were dried in a hot air oven at 55 °C for 24 h.
After the buds were ground and sieved for 80 mesh screens, the flower
powder needed for the experiment was obtained.

2.2. The content of total flavonoids

The content of total flavonoids was determinated by modified so-
dium nitrite-aluminum nitrate colorimetry [25]. Briefly, each extract
solution (1.0 mL) and 5 % Sodium nitrite (0.6 mL) was absolutely mixed
in a 10 mL tube, followed by 10 % aluminum nitrate (0.6 mL), 4 % so-
dium hydroxide (3 mL), and 70 % ethanol solution to 10 mL. The
absorbance value at 510 nm after 15 min of reaction was recorded.
Calculation of total flavonoid content based on rutin concentration. The
formula was as follows:

cVN
X% = <1000M> x 100%

Where N is the multiple of dilution, c is the standard solution concen-
tration of rutin (mg/mL), M the flower powder weight (g), V is the
sample solution volume (mL).

2.3. Determination of polysaccharides content

Phenol-sulfuric acid method was used for determination [26].
Briefly, 1.0 mL extract solution, 6 % phenol standard solution and
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concentrated suulfuric acid (5 mL) was absolutely mixed in a 10 mL. The
absorbance value at 490 nm after 30 min of reaction was recorded. The
polysaccharides content was computed based on glucose concentration
as given below:

VN
X% = <67> x 100%

Where N is the multiple of dilution, c is the standard solution concen-
tration of glucose (mg/mL), M the crude polysaccharides weight (mg), V
is the sample solution volume (mL).

2.4. Ultrasonic assisted extraction method

The different ethanol concentrations and 0.2 g Abelmoschus manihot
(L) flower powder were added to a 10.0 mL tube. Using an ultrasonicator
(KQ-500DB 500 W, 40 kHz, Shumei Ultrasonic Instruments Co. Ltd,
Kunshan, China) extractio.

2.5. Engyme-assisted and ultrasound extraction method

After the different concentrations of ethanol (50 %, 60 %, 70 %, 80
%, and 90 %) were prepared in a 100 mL conical flask, Using PBS
(phosphate buffered solution) adjusted the pH values of the solution.
The different concentrations of ethanol and 0.2 g Abelmoschus manihot
(L) flower were added to a 10.0 mL tube containing 3 % mixed enzymes
(1: 1 = cellulase: pectinase). Using an ultrasonicator extraction.

2.6. Extraction of polysaccharides from residue by water and alcohol
precipitation

Abelmoschus manihot (L) flower powder was added ethanol (1: 10 g/
mL) and heated to reflux at 90 °C for 4 h to remove pigment molecules
and lipid. After heating to reflux, the flower powder was filtered and
naturally dry. 2 g treated Abelmoschus manihot (L) flower powder and
dried residue (after extraction flavonoids) was respectively added to
distilled water with a material-liquid ratio of 1:50 and extracted by
heating and refluxing, respectively. The filtrate was then centrifuged,
concentrated under reduced pressure, deproteinized, and the superna-
tant was collected. Add 3 times anhydrous ethanol to stand overnight,
then centrifuge and collect precipitation and freeze drying to obtain the
polysaccharides.

2.7. Single-factor experiment

The effect of extraction temperature, pH, time and ethanol concen-
tration on the extraction efficiency were preliminarily determined by
single-factor experiments. During the optimization process, each
extraction condition was changed to 5 different points in an interval as
follows: time, 10 min, 20 min, 30 min, 40 min, 50 min; ethanol con-
centration, 50 %, 60 %, 70 %, 80 %, and 90 %; temperature, 35 to 55 oC;
and pH, 4.5 to 6.5.

2.8. Response surface experimental design

Design-Expert v.8.0 software was used to investigate the effects of
four independent variables (pH (A), ethanol concentration (B), tem-
perature (C) and time (D)) on the yield of flavonoids, based on the re-
sults obtained from the single-factor experiment. The independent
variables were set to 3 levels, and the whole design had 29 experimental
points, of which the center point was repeated three times.

2.9. Antioxidant activity analysis

The antioxidant activities of TFAM and polysaccharides in the res-
idue have been studied by ABTS free radical and DPPH free radical
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scavenging activity. V¢ was used as a positive control. Experiments were
carried out using a UV-visible spectrophotometer (UV-2600, Mepida
Instrument Co. LTD, Shanghai, China) and repeated 3 times.

2.9.1. DPPH free radical scavenging activity

DPPH free radical scavenging activity experiments were performed
using a slightly modified version of previously reported protocols [27].
2 mL of different concentrations of extracts were mixed with 2 mL of
DPPH working solution (0.1 mmol/mL). Thereafter, the mixture of
liquid was incubated at room temperature away from light for 30 min,
and then the absorbances at 517 nm was measured. Vc (Vitamin C) as a
positive control. DPPH clearance was calculated as follow:

A —A
X/% = (1*ITZ> x 100%

where A is the negative control (DPPH + ethanol solution), A; is the
absorbances of the reaction solution (sample + DPPH) and Aj is the
blank control (ethanol solution + sample).

2.9.2. ABTS free radical scavenging activity

Determination of free radical scavenging activity of ABTS by a
slightly modified method [28]. 140 mmol/L potassium persulfate was
blended with ABTS working solution (7 mmol/L) in the dark at room
temperature and then stored overnight. The working solution was
diluted with anhydrous ethanol to an absorbance of 0.7+0.02 at 734 nm
before use. Subsequently, this working solution (3.5 mL) was blended
with the sample (0.5 mL). After 10 min, the absorbance at 734 nm was
recorded. Vc as a positive control. ABTS clearance were calculated as
given below:

X/% = (1 _A ;Az) x 100%

where A; is the absorbances of the sample reaction solution (sample +
ABTS), A; is the blank control (sample + ethanol solution) and A is the
negative control (ABTS + ethanol solution).

2.10. IR analysis of residual polysaccharides

10 mg of polysaccharides was added to 500 mg of dried potassium
bromide, thoroughly ground and pressed into a transparent sheet and
placed in a FTIR spectrometer for spectral measurement in the frequency
range: 4000-500 em L.

2.11. HPLC analysis of flavonoids

Quantitative analysis of 7 flavonoids in Abelmoschus manihot (L)
extracts by high performance liquid chromatography (HPLC) using
Agilent 1260 system (USA).

Detection conditions: Eclipse Plus C18 column (4.6 mm x 250 mm, 5
pm), Agilent 1260 liquid chromatograph (with DAD detector). The
mobile phase B and A were acetonitrile and 1 % formic acid aqueous
solution, and the gradient elution was performed by varying the ratio of
acetonitrile from 12%—22%—24%—32%—33%—12% at the time
points of 0 min—8 min—10 min—25 min—28 min—30 min. The in-
jection volume was 5 pL, the column temperature was 20 °C, the
detection wavelength was 360 nm, and the flow rate was 1.0 mL/min.
The separation chromatogram of flavonoids detected at 360 nm after
comparison with the corresponding standards is shown in Fig. 3.

2.12. Analysis of monosaccharide composition

The monosaccharide composition of polysaccharides was deter-
mined according to a modified method [29]. Lyophilized poly-
saccharides powder (5 mg) and 2 mol/L trifluoroacetic acid (5 mL) was
mixed in ampoules with nitrogen to seal and hydrolyzed at 110 °C for
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240 min. After cooling, hydrolysate (2 mL) and methanol (1 mL) were
intensive mixed, and then blow-dry with nitrogen at 50 °C was repeated
twice. Add 0.2 mol/L NaOH (2 mL) solution to the blow-dried residue
and dissolve it fully.

Monosaccharide derivatization: 1 mL the mixed monosaccharide
standard solution and the hydrolysis solution of polysaccharides (1 mL)
added 1 mL of PMP (1-pheny-3-methyl-5-pyrazolone, 0.5 mol/L) and
heated at 70 °C for 2.5 h in a water bath, respectively. After cooling to
room temperature, added 0.2 mol/L HCI (1 mL) to mixed well, and then
added equal volume chloroform extraction, discard the chloroform
layer, collected the hydrolytic layer, and repeated extraction three
times. The aqueous phase was filtered through 0.45 pm microporous
membrane and the filtrate detected by HPLC.

Detection conditions: Agilent 1260 liquid chromatograph (with DAD
detector), Curosil-PFP column (4.6 mm x 250 mm, 5 pm). The mobile
phase A was sodium phosphate buffer (100 mmol/L, pH 6.4), and the
mobile phase B was acetonitrile, and the gradient elution was performed
by varying the ratio of acetonitrile from 15%—28%—40%—15% at the
time points of 0 min—30 min—35 min—40 min. The flow rate was 1.0
mL/min, the column temperature was 30 °C, the injection volume was 5
pL, and the detection wavelength was 250 nm.

2.13. Statistical analysis

The analysis result of the mean values was compared using 95 %
confidence interval tukey test and one-way variance analysis in the IBM
SPSS statistical 25.0 software. Regression analysis and response surface
optimization were performed using design-expert 8.0.6 software. All
measurements were repeated three times and expressed as mean +
standard deviation.

3. Results and discussion
3.1. Analysis of one-way experiment

3.1.1. Effect of enzymatic pH on TAFM Yyield

Fig. 1(a) shown that the yield of flavonoids extracted from Abelmo-
schus manihot (L) increased significantly whan enzymatic pH values
increased from 4.5 to 6, whereas it decreased significantly at pH >6.
This might be due to the fact that at different pH values, the spatial
structure of the enzyme might change, thus altering the enzyme’s
conformation and enzyme activity, while the pH value of about 6, the
enzyme’s activity was the best, which could effectively hydrolyze the
cell wall, accelerating the destruction of the structure of the cell wall, so
that the flavonoids in the cells can be extracted fully.

3.1.2. Effect of ethanol concentration on TAFM yield

As shown in Fig. 1(b), when the ethanol concentration increased
from 50 to70%, the yield of flavonoids extracted from Abelmoschus
manihot (L) increased gradually. However, the yield gradually decreased
when the ethanol concentration was further increased. This indicated
that the yield could be increased when the system contains enough
water. This might be due to the fact that some flavonoids had higher
solubility in polar solvents and the presence of sufficient amount of
water in the system to increase the polarity of the solvent improved to
promote the release of flavonoids. Relatively too much water might also
result in low flavonoid extraction. Optimal conditions for flavonoid
extraction with 70 % ethanol were determined.

3.1.3. Effect of extraction temperature on TAFM Yyield

The effect of extraction temperature on TAFM yield was shown in
Fig. 1 (c). When the extraction temperature was 35-45 °C, the yield of
TAFM was positively correlated with the extraction temperature, while
the yield was basically stable when the extraction time was increased
from 45 °C to 50 °C, and the yield of TAFM reached the maximum value
at 50 °C. As is well-known, all enzymes have the maximum hydrolytic
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Fig. 1. Effect of different enzymatic pH (a), ethanol concentration (b), extraction temperature (c), extraction time (d) on the extraction yield. According to ANOVA,
the different letters (a, b, ¢, d) mean the difference is not significant and the same letter are not significantly different at (P < 0.05).

activity at their optimum temperature, and if the enzyme is at a tem-
perature other than the optimal temperature, the activity of enzyme will
be greatly reduced [30]. So 50 °C was the optimum temperature for
mixing enzymes in this study.

3.1.4. Effect of extraction time on TAFM Yyield

The results were shown in Fig. 1(d), when the extraction time was 40
min, the yield of TAFM obtained a maximum value. The extraction yield
of flavonoids decreased when the extraction time exceeded 40 min. A

possible reason for this situation was that the extraction time was too
long, in the limited solvent, the dissolution of other substances inhibited
the dissolution of flavonoids. The optimal extraction time for flavonoid

extraction with 40 min were determined.

3.2. Response surface experimental design analysis

3.2.1. Model of BBD-RSM

The extraction conditions

were further optimized using a

Table 2

ANOVA for reponse surface quadratic model.
Parameter Sum of Squares df Mean Squares F-Value P-value Significant
Model 0.66 14 0.047 50.29 < 0.0001
A-PH 4.80E-03 1 4.80E-03 5.1 0.0404
B-Ethanol concentration 0.024 1 0.024 25.83 0.0002
C-Temperature 0.011 1 0.011 11.48 0.0044 -
D-Time 3.33E-05 1 3.33E-05 0.035 0.8534
AB 6.25E-04 1 6.25E-04 0.66 0.4287
AC 6.40E-03 1 6.40E-03 6.8 0.0206 *
AD 2.50E-05 1 2.50E-05 0.027 0.8728
BC 1.00E-04 1 1.00E-04 0.11 0.7492
BD 2.50E-05 1 2.50E-05 0.027 0.8728
(@)) 9.00E-04 1 9.00E-04 0.96 0.3446
A? 0.55 1 0.55 579.56 < 0.0001
B? 0.15 1 0.15 160.18 < 0.0001 -
c? 0.062 1 0.062 65.44 < 0.0001 :
D? 0.039 1 0.039 41.33 < 0.0001
Residual 0.013 14 9.41E-04
Lack of Fit 9.65E-03 10 9.65E-04 1.1 0.5065

R? = 0.9805, R%q; = 0.9610, C.V.%=0.9. *

“(p < 0.01), *(p < 0.05).
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combination of BBD and RSM, and the results of 29 experiments were
illustrated in Table 2. The experimental data were analyzed by multiple
regression, and the regression equations were as follows:

Y = 3.40 + 0.020A + 0.045B - 0.030C - 0.013AB - 0.040AC + 0.015CD -
0.29A2 - 0.15B2 - 0.097C? - 0.077D? D2

where Y, A, B, C and D are the TFAM yield (%), pH, ethanol concen-
tration (%), extraction temperature (°C) and extraction time (min).

The ANOVA result of the regression model was shown in Table 3. The
p-value (<0.0001) and F-value (50.29) of the model were highly
remarkable. The coefficient of determination (R%) was 0.9805 mani-
festing a good model fit. The p-value for underfitting was 0.5065 (p >
0.05), which confirmed that underfitting was indistinctive relative to the
pure error, which was more indicative of the dependability of the
models. From the validity analysis of the variables, the independent
variables (A, B and C), the term of interaction (AC) and all the quadratic
terms (Az, Bz, Cz, D2) (p < 0.05) had a remarkable effect on the
extraction yield of TFAM. Whereas, other terms coefficients (D, AB, AD,
BC and CD) had insignificant (p > 0.05) effects. All the results effectively
verified that the regression model had sufficient exactitude for TFAM
extraction.

3.3. Comparisons of diffierent TFAM extraction methods

Comparison of TFAM extraction rates of different methods was
shown in Table 4. It could be found that the highest extraction rate of
flavonoids extracted by the EURE method with an extraction rate of 3.46
+0.012 %, which was 1.13 times higher than those of UE (3.06+£0.006
%). In addition, the results of Fig. 2 (2) shown that EURE had higher
content of seven flavonoid compounds than UE. This might because the
enzyme-assisted ultrasonic extraction method could combine the strong
cavitation effect, perturbation effect, high acceleration, fragmentation
and agitation effects produced by ultrasonic radiation pressure [31]
with the ability of enzymes to degrade or disrupt the cell wall, which
could accelerate the disruption of the plant cell wall and the dissolution
of solutes in the cells [32]. And the synergistic action of enzymes and

Table 3
Experimental design and results of response surface analysis.

Run pH Ethanol Temperature Time Response value
(A) concentration (B) © (D) (yield, %)
1 6 70 45 30 3.26+0.006
2 6.5 60 50 40 2.93+0.045
3 6.5 70 45 40 3.16+0.008
4 6 70 50 40 3.44+0.008
5 6 80 50 50 3.21+0.014
6 6 70 55 30 3.19+0.002
7 6 60 45 40 3.11+0.007
8 5.5 60 50 40 2.90+0.051
9 6 70 50 40 3.43+0.006
10 6.5 70 50 50 3.07+0.042
11 5.5 70 50 30 3.01+0.035
12 6 60 50 30 3.14+0.004
13 6 80 55 40 3.19+0.004
14 6 80 45 40 3.22+0.008
15 6 70 55 50 3.22+0.012
16 5.5 70 55 40 2.96+0.027
17 6 60 50 50 3.13+0.003
18 6 70 50 40 3.39+0.009
19 5.5 70 50 50 3.03+0.033
20 6 70 45 50 3.23+0.010
21 5.5 80 50 40 3.01+0.031
22 5.5 70 45 40 3.00£0.042
23 6.5 70 55 40 2.96+0.043
24 6.5 70 50 30 3.04+0.036
25 6 70 50 40 3.39+0.006
26 6 80 50 30 3.23+0.002
27 6 60 55 40 3.10+0.004
28 6 70 50 40 3.37+0.008
29 6.5 80 50 40 2.99+0.034
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ultrasound increased the extraction rate. Greatly shortened the extrac-
tion time and resultful increased the extraction efficiency [33]. The re-
sults showed that EUAE is an efficient and environmentally friendly
method to extract TFAM.

3.4. HPLC analysis of TFAM by different extraction methods

The composition of TFAM was analyzed by HPLC. Qualitative and
quantitative analysis were performed on seven major flavonoids. As
shown in F ig. 7, seven flavonoids in EUAE (nochlorogenic acid: 43.7
+2.9 mg/L, neochlorogenic acid: 45.84+5.0 mg/L, rutin: 101.94+9.3 mg/
L, Isoquercitrin: 237.4+19.7 mg/L, quercitrin: 545.3+15.4 mg/L, gos-
sypin: 148.6+6.0 mg/L and quercetin: 74.4+5.3 mg/L) were signifi-
cantly higher than UE (nochlorogenic acid: 28.2+1.0 mg/L,
neochlorogenic acid: 28.4+1.8 mg/L, rutin: 78.84+0.7 mg/L, Isoquerci-
trin: 205.74+13.2 mg/L, quercitrin: 452.4+11.8 mg/L, gossypin: 120.8
+4.6 mg/L and quercetin: 62.0+5.2 mg/L). It could be seen the com-
positions of TFAM in different extraction methods exhibits significant
difference, which also indicated that different extraction methods will
have a certain effect on the product.

3.5. Comparisons of polysaccharides from diffierent residue

Extract polysaccharides from the residue after extracting flavonoids,
makes full use of plant resources, green environmental protection, and
greatly protects the ecological environment. As shown in Table 4, the
extraction yield of polysaccharides directly extracted from the material
was a little higher than that from the residue. The extraction yield was
17.4+0.21, which was 1.43 times of UE and 1.22 times of EURE. This
might be due to the extraction of polysaccharides from the residue,
eliminating the first step of conventional polysaccharides extraction to
remove pigment and lipid molecules, the residue after the extraction of
flavonoids had more oil residues, resulting in a slightly lower poly-
saccharides extraction yield, which could explain why EUAE had a
higher polysaccharides extraction yield than UE. In short, from the
perspective of environmental protection and the difference of poly-
saccharides extraction rate was not large, residue reextraction of poly-
saccharides, make full use of plant resources, greatly protect the
ecological environment, was an environmentally friendly and efficient
method.

3.6. FTIR spectroscopy of polysaccharides

FT-IR spectroscopy is an efficient preliminary qualitative analysis of
organic functional group, and the basic functional groups of extraction
polysaccharides of different methods were analyzed by infrared spec-
troscopy. As shown in Fig. 3 (2), a strong and wide absorption peak
appeared at about 3300 cm ™, which could be judged to be the O-H
stretching vibration caused by the hydrogen bond in its molecules, while
the absorption peakes at 2900-2950 cm ™~ indicated the existence of C-H
stretching vibration, and both absorption peaks were the main charac-
teristic absorption peaks of polysaccharides [34]. A strong absorption
peak appeared at about 1600 cm ™!, suggesting that there was an
asymmetric C = O stretching vibration of -COOH [35], and a weak
absorption peak at about 1400 cm™! reflected the C-O stretching vi-
bration of -COOH, indicating that it contains uronic acid [36]. The
absorption peaks at 1000-1200 cm ' indicated the presence of C-O-C
and C-O-H stretching vibrations of pyranose rings [37]. The above re-
sults showed that polysaccharides extracted from different residues and
raw materials have typical polysaccharide absorption peaks, and
whether or not the polysaccharides were extracted from raw materials
or different residues had indistinctive influence on the type of glycosidic
bonding and sugar rings of the polysaccharides.
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Table 4
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Comparison of polysaccharides and flavonoids extracted by different extraction methods.

Methods  Ethanol content  Soild-liquid ratio Time pH  Temperature Flavonoids extraction Polysaccharides extraction Polysaccharides content
(%) (g/mL) (min) Q) yield (%) yield (%) (%)

EUAE 70 1:25 40 6 50 3.46+0.012°% 14.34+0.37° 58.2+0.74

UE 70 1:25 50 - 50 3.06+0.006" 12.240.36°¢ 58.4+0.16

DE - 1:50 180 - 100 - 17.4+0.217 58.1+0.42

Labeling: different letters (a, b, ¢) indicate significance of differences between the same columns.

Intensity (mAU)
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) . 2)
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Fig. 2. Analysis on the difference of seven flavonoids in UE and EUAE. (1a) HPLC analysis of the flavonoids extracted by EUAE, (1b) HPLC analysis of mixed
standards, (1c) HPLC analysis of the flavonoids extracted by UE. 1: Neochlorogenic acid, 2: Nochlorogenic acid, 3: Rutin, 4: Lsoquercitrin, 5: Quercitrin, 6: Gossypin,
7: Quercetin. (2) Significant difference analysis. ***(p < 0.001), **(p < 0.01), *(p < 0.05).

3.7. Composition analysis of monosaccharides

Research has shown that the monosaccharide component of poly-
saccharides does not alter observably depending on the extraction
method, only the content is affected [38]. It showed that the poly-
saccharides of the same species extracted by the same extraction method
had little effect on the monosaccharide composition of their poly-
saccharides. Therefore, the polysaccharides extracted from the raw
materials were selected and analyzed for the compositional components
of the monosaccharides in the polysaccharides by HPLC as demonstrated
in Fig. 3 (1). Abelmoschus manihot (L) polysaccharides consisted of
rhamnose, glucose, galactose, arabinose, galacturonic acid and
mannose, and its molar ratio is 0.19: 1: 2.52: 2.33: 3.96: 0.02.

3.8. Antioxidant activity of analysis

Oxidative stress, caused by reactive oxygen species and free radicals,
is extremely harmful to human health and can lead to various diseases
such as cardiovascular disease, liver damage, cytotoxicity, and aging.

However, some studies have shown that antioxidants can mitigate the
damage caused by oxidative stress and the scavenging activities of
DPPHe radical and ABTS™ radical are widely used to evaluate antioxi-
dant activities [39].

3.8.1. Analysis antioxidant activity of TFAM analysis

The effect of the ABTS™ free radical and DPPHe free radical clearance
yields of TFAM were demonstrated in Fig. 4(A and B). It could be shown
that both the total flavonoid by different extraction methods shown
significant antiradical activities, and the scavening rates increased with
the total flavonoids concentration. The Fig. 4(A) shown that the clear-
ance activity of ABTS" radical of flavonoids extracted by different
extraction methods. In the range of 1-2.5 mg/mL, the ABTS™ free radical
clearance yields of the total flavonoids extracted by the two extraction
methods increased with increasing concentration of the total flavonoids.
The ABTS™ radical cation scavenging yields of TFAM extracted by the
two extraction methods was about 95-98 % when the TFAM concen-
tration was 2.5 mg/mL. The DPPHe clearance activity of the total fla-
vonoids extracted by the two extraction methods was shown in the Fig. 4
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Fig. 3. FTIR spectra of Abelmoschus manihot L polysaccharides extracted and HPLC of standard monosaccharides and polysaccharides derivatives. (1a) HPLC analysis
of mixed standard monosaccharides, (1b) HPLC analysis of Abelmoschus manihot (L) polysaccharides derivatives. 1: D-mannose, 2: rhamnose, 3: galacturonic acid, 4:

D-glucose, 5: D-galactose, 6: DL-arabinose. (2) FTIR analysis.

(B). The DPPHe radical clearance yields of flavonoid extracted by UE
and EUAE increased with increasing concentration of flavonoid in the
range of 0-0.25 mg/mL in a significant dose-dependent manner. When
the total flavonoids concentration was 0.25 mg/ml, the DPPHe radical
clearance rate of total flavonoids extracted by different extraction
methods was close to that under the same concentration of Vc.
Compared with the total flavonoids by UE, the total flavonoids by EUAE
have higher scavenging rates of ABTS" radical and DPPHe radical. This
might because the synergistic action of ultrasound and mixed enzymes
to advance extraction yeild of polyphenols, this was consistent with the
HPLC analysis of total flavonoids by different extraction methods.

3.8.2. Analysis antioxidant activity of polysaccharides

As shown in Fig. 4(C and D), it was obvious that at the concentrations
of 0.3-7 mg/mL (ABTS") and 0.2-2 mg/mL (DPPHe), the ABTS " radical
and DPPHoe free radical clearance yields of the three polysaccharides was
dose dependent manner. The ABTS™ radical cation scavenging rates of
the three polysaccharides was essentially flat in the range of 7-10 mg/
mlL, and the ABTS" radical clearance rates of the three polysaccharides
approached those of Vc at 7 mg/mL. The Fig. 4(D) shown the DPPHe
radical clearance rate of the three polysaccharides was about 85-87 % at
a concentration of 2-3 mg/mL. According to ABTS + and DPPHe free
radical scavenging activity assays, the polysaccharides of Abelmoschus
manihot (L) showed good free radical scavenging activity. In fact, most
natural polysaccharide compounds possess antioxidant activity, which is
related to their electron- or hydrogen-donating capacities [40]. And the
antioxidant capacity of polysaccharides can be affected by factors such

as their glyoxylate content and monosaccharide composition. Under
acidic conditions, the ketone or aldehyde groups (electrophilic groups)
of polysaccharides contribute to the release of hydrogen from the O-H
single bond, and thus polysaccharides with a high content of galactur-
onic acid have a strong antioxidant capacity [41,42]. Related studies
have shown that the higher the content of rhamnose, galactose and
arabinose in polysaccharides, the stronger their antioxidant activity
[43]. The high content of galacturonic acid, rhamnose, galactose and
arabinose in Abelmoschus manihot (L) polysaccharides might contribute
to the good antioxidant properties of the polysaccharides.

All of two antioxident activity shown that TFAM and the poly-
saccharides of Abelmoschus manihot (L) had the free radicals scavenging
potential antioxidant power. Therefore, TFAM and the polysaccharides
of Abelmoschus manihot (L) would be good sources of natural anti-
oxiodants for application in the functional food, pharmaceutical and
cosmetics industries. Furthermore, compared with the other extrction
methods, the antioxidant activity of the total flavonoids by EUAE was
stronger. The results showed that EUAE was a good extraction method
for TFAM extraction.

4. Conclusion

In this work, the flavonoid of Abelmoschus manihot (L) was extracted
by enzyme-assisted ultrasound extraction method, and response surface
design was used to optimize the main extraction conditions based on the
results of single factor experimen. At ultrasonic temperature of 50°C,
ultrasonic time of 40 min, 70 % ethanol content, pH of 6, the optimal
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Fig. 4. In vitro antioxidant activities of total flavonoids and polysaccharides from Abelmoschus manihot L. (A) Scavenging ability of total flavonoids on ABTS + free
radical, (B) scavenging ability of total flavonoids on DPPHe free radical, (C) scavenging ability of polysaccharides on ABTS™ free radical, (D) scavenging ability of

polysaccharides on DPPHe free radical.

yield of flavonoid was 3.46+0.012. Compared with ultrasonic extrac-
tion, the extraction rate of flavonoids was significantly increased. The 7
flavonoids content in the extracts was also significantly increased by
HPLC. In order to fully utilize plant resources, polysaccharides were
extracted from waste residue and compared with those extracted from
raw materials. The activity and structure of polysaccharides were
analyzed by liquid chromatography and infrared spectroscopy. The re-
sults shown that it consisted of glucose, galactose, mannose, rhamnose,
arabinose and galacturonic acid, with pyranose cyclofunctional group.
The above results shown that the experimental process had the potential
of green, simple and efficient utilization of Abelmoschus manihot (L).

CRediT authorship contribution statement

Qiming Chu: Writing — review & editing, Writing — original draft,
Validation, Methodology, Formal analysis. Shengnan Xie: Writing —
original draft. Hongling Wei: Investigation. Xuchen Tian: Data cura-
tion. Zhonghua Tang: Resources. Dewen Li: Writing — review & edit-
ing, Supervision, Resources, Funding acquisition, Conceptualization.
Ying Liu:  Supervision, Resources, Funding
Conceptualization.

acquisition,

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgments

This study was supported by the Special Funds for Basic Resources
Investigation Research of the Ministry of Science and Technology
(2019FY100505), the Fundamental Research Funds for the Central
Universities (2572023CT11), the Key R&D project of Heilongjiang
Province (JD22A008).

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
0rg/10.1016/j.ultsonch.2024.106815.


https://doi.org/10.1016/j.ultsonch.2024.106815
https://doi.org/10.1016/j.ultsonch.2024.106815

Q. Chu et al.

References

[1]

[2]

[3]

[4]

[5

—

[6]

[7

—

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Y.J. Hao, K.X. Zhang, M.Y. Jin, X.C. Piao, M.L. Lian, J. Jiang, Improving fed-batch
culture efficiency of Rhodiola sachalinensis cells and optimizing flash extraction
process of polysaccharides from the cultured cells by BBD-RSM, Industrial Crops
and Products 196 (2023).

Y. Wang, S. Wang, L. Liu, Recovery of natural active molecules using aqueous two-
phase systems comprising of ionic liquids/deep eutectic solvents, Green, Chemical
Engineering 3 (2022) 5-14.

J.P. Zhu, X.H. Kou, C.E. Wu, G.J. Fan, T.T. Li, J.F. Dou, D.B. Shen, Enhanced
extraction of bioactive natural products using ultrasound-assisted aqueous two-
phase system: Application to flavonoids extraction from jujube peels, Food
Chemistry 395 (2022).

S. Chadorshabi, S. Hallaj-Nezhadi, Z. Ghasempour, Red onion skin active
ingredients, extraction and biological properties for functional food applications,
Food Chemistry 386 (2022).

B. Pashazadeh, A.H. Elhamirad, H. Hajnajari, P. Sharayei, M. Armin, Optimization
of the pulsed electric field -assisted extraction of functional compounds from
cinnamon, Biocatalysis and Agricultural Biotechnology 23 (2020).

D. Niu, E.-F. Ren, J. Li, X.-A. Zeng, S.-L. Li, Effects of pulsed electric field-assisted
treatment on the extraction, antioxidant activity and structure of naringin,
Separation and Purification Technology 265 (2021).

C. Faria-Silva, A. Ascenso, A.M. Costa, J. Marto, M. Carvalheiro, H.M. Ribeiro,

S. Simoes, Feeding the skin: A new trend in food and cosmetics convergence,
Trends in Food Science & Technology 95 (2020) 21-32.

N.R. Putra, Y. Yustisia, R.B. Heryanto, A. Asmaliyah, M. Miswarti, D.N. Rizkiyah,
M.A.C. Yunus, I Irianto, L. Qomariyah, G.A.N. Rohman, Advancements and
challenges in green extraction techniques for Indonesian natural products: A
review, South African Journal of, Chemical Engineering 46 (2023) 88-98.

D.N. Rizkiyah, N.R. Putra, Z. Idham, A.H.A. Aziz, M.A. Che Yunus, I. Veza, S.

C. Irianto, L.Q. Mamah, Recovery of Anthocyanins from Hibiscus sabdariffa L.
Using a Combination of Supercritical Carbon Dioxide Extraction and Subcritical
Water Extraction, Processes 11 (2023).

O. Soufi, L. Medouni-Haroune, M. Bachirbey, S. Medouni-Adrar, F. Idir, T. Heddad,
L. Ouldsaadi, C. Romero, K. Madani, L. Makhlouf-Boulekbache, Statistical
optimization of ultrasound-assisted extraction of polyphenols from olive pomace,
Sustainable Chemistry and Pharmacy 36 (2023).

Q. Yu, F. Wang, Y. Jian, V.M. Chernyshev, Y. Zhang, Z. Wang, Z. Yuan, X. Chen,
Extraction of flavonoids from Glycyrrhiza residues using deep eutectic solvents and
its molecular mechanism, Journal of Molecular Liquids 363 (2022).

S. Zhou, K.K. Fan, L.F. Gu, B.Y. Yu, C.Z. Chai, Anti-inflammatory effects of
Abelmoschus manihot (L.) Medik. on LPS-induced cystitis in mice: potential
candidate for cystitis treat- ment based on classic use, Chinese Journal of Natural
Medicines 20 (2022) 321-331.

G. Ai, Q. Liu, W. Hua, Z. Huang, D. Wang, Hepatoprotective evaluation of the total
flavonoids extracted from flowers of Abelmoschus manihot (L.) Medic: In vitro and
in vivo studies, J Ethnopharmacol 146 (2013) 794-802.

D. Lv, X. Cheng, L. Tang, M. Jiang, The cardioprotective effect of total flavonoids
on myocardial ischemia/reperfusion in rats, Biomed Pharmacother 88 (2017)
277-284.

M. Abbas, D. Ahmed, M.T. Qamar, S. Ihsan, Z.I. Noor, Optimization of ultrasound-
assisted, microwave-assisted and Soxhlet extraction of bioactive compounds from
Lagenaria siceraria: A comparative analysis, Bioresource Technology Reports 15
(2021).

X.-M. Liu, Y. Liu, C.-H. Shan, X.-Q. Yang, Q. Zhang, N. Xu, L.-Y. Xu, W. Song,
Effects of five extraction methods on total content, composition, and stability of
flavonoids in jujube, Food Chemistry: X 14 (2022).

R. Ahmad, A. Alqathama, M. Aldholmi, M. Riaz, S.M. Eldin, M. Mahtab Alam, S.A.
M. Abdelmohsen, Ultrasonic-assisted extraction of fenugreek flavonoids and its
geographical-based comparative evaluation using green UHPLC-DAD analysis,
Ultrasonics Sonochemistry 95 (2023).

K. Rafinska, O. Wrona, A. Krakowska-Sieprawska, J. Walczak-Skierska, A. Kietbasa,
Z. Rafinski, P. Pomastowski, M. Kolankowski, B. Buszewski, Enzyme-assisted
extraction of plant material — New functional aspects of the process on an example
of Medicago sativa L, Industrial Crops and Products 187 (2022).

M. Nisoa, A. Plodkaew, C. Sirisathitkul, K. Wattanasit, B. Somjit, P. Pacdeepin,
Y. Sirisathitkul, Simulation and experimentation on parameters influencing
microwave-assisted extraction of bioactive compounds from Kaempferia parviflora
rhizomes, Alexandria Engineering Journal 65 (2023) 357-366.

L. Chen, J. Zhong, Y. Lin, T. Yuan, J. Huang, L. Gan, L. Wang, C. Lin, H. Fan,
Microwave and enzyme co-assisted extraction of anthocyanins from Purple-heart
Radish: Process optimization, composition analysis and antioxidant activity, Lwt
(2023).

B. Lin, S. Wang, A. Zhou, Q. Hu, G. Huang, Ultrasound-assisted enzyme extraction
and properties of Shatian pomelo peel polysaccharide, Ultrasonics Sonochemistry
98 (2023).

S.H. Li, N. Li, S.S. Qin, L.Y. Xue, Y. Chen, H.Y. Li, Purification, Characterization and
Bioactivities of Polysaccharides from the Stalk of Abelmoschus manihot (L.) Medic,
Food Science and Technology Research 26 (2020) 611-621.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Ultrasonics Sonochemistry 104 (2024) 106815

X.-X. Pan, J.-H. Tao, S. Jiang, Y. Zhu, D.-W. Qian, J.-A. Duan, Characterization and
immunomodulatory activity of polysaccharides from the stems and leaves of
Abelmoschus manihot and a sulfated derivative, International Journal of Biological
Macromolecules 107 (2018) 9-16.

X. Zheng, Z. Liu, S. Li, L. Wang, J. Lv, J. Li, X. Ma, L. Fan, F. Qian, Identification
and characterization of a cytotoxic polysaccharide from the flower of Abelmoschus
manihot, International Journal of Biological Macromolecules 82 (2016) 284-290.
A. Masci, A. Coccia, E. Lendaro, L. Mosca, P. Paolicelli, S. Cesa, Evaluation of
different extraction methods from pomegranate whole fruit or peels and the
antioxidant and antiproliferative activity of the polyphenolic fraction, Food
Chemistry 202 (2016) 59-69.

X. Lin, X. Ji, M. Wang, S. Yin, Q. Peng, An alkali-extracted polysaccharide from
Zizyphus jujuba cv. Muzao: Structural characterizations and antioxidant activities,
International Journal of Biological Macromolecules 136 (2019) 607-615.

C. Tian, H. Wang, Y. Guo, P. Qiu, C. Cui, M. Liu, Abutilon theophrasti medic.
Episperms as a total flavonoids fraction for pharmaceutical applications: In vitro
antioxidant, antibacterial, anti-inflammatory activities, extraction technology and
HPLC-MS profiles, Industrial Crops and Products 134 (2019) 100-106.

B.A. Veiga, F. Hamerski, M.P. Clausen, M. Errico, A. de Paula Scheer, M.L. Corazza,
Compressed fluids extraction methods, yields, antioxidant activities, total
phenolics and flavonoids content for Brazilian Mantiqueira hops, The Journal of
Supercritical Fluids 170 (2021).

D. Liu, W. Tang, J.-Y. Yin, S.-P. Nie, M.-Y. Xie, Monosaccharide composition
analysis of polysaccharides from natural sources: Hydrolysis condition and
detection method development, Food Hydrocolloids 116 (2021).

L. Xu, W. He, M. Lu, B. Yuan, M. Zeng, G. Tao, F. Qin, J. Chen, Y. Guan, Z. He,
Enzyme-assisted ultrasonic-microwave synergistic extraction and UPLC-QTOF-MS
analysis of flavonoids from Chinese water chestnut peels, Industrial Crops and
Products 117 (2018) 179-186.

M.R. Meini, I. Cabezudo, C.E. Boschetti, D. Romanini, Recovery of phenolic
antioxidants from Syrah grape pomace through the optimization of an enzymatic
extraction process, Food Chem 283 (2019) 257-264.

J. Deng, Z. Xu, C. Xiang, J. Liu, L. Zhou, T. Li, Z. Yang, C. Ding, Comparative
evaluation of maceration and ultrasonic-assisted extraction of phenolic compounds
from fresh olives, Ultrason Sonochem 37 (2017) 328-334.

C. Yun, S. Wang, Y. Gao, Z. Zhao, N. Miao, Y. Shi, I. Ri, W. Wang, H. Wang,
Optimization of ultrasound-assisted enzymatic pretreatment for enhanced
extraction of baicalein and wogonin from Scutellaria baicalensis roots,

J Chromatogr B Analyt Technol Biomed Life Sci 1188 (2022) 123077.

Z. Zhu, J. Chen, Y. Chen, Y. Ma, Q. Yang, Y. Fan, C. Fu, B. Limsila, R. Li, W. Liao,
Extraction, structural characterization and antioxidant activity of turmeric
polysaccharides, Lwt-Food Science and Technology 154 (2022).

Y. Su, L. Li, Structural characterization and antioxidant activity of polysaccharide
from four auriculariales, Carbohydrate Polymers 229 (2020).

L. Zheng, Y. Ma, Y. Zhang, Q. Meng, J. Yang, B. Wang, Q. Liu, L. Cai, W. Gong,
Y. Yang, J. Shi, Increased antioxidant activity and improved structural
characterization of sulfuric acid-treated stepwise degraded polysaccharides from
Pholiota nameko PN-01, International Journal of Biological Macromolecules 166
(2021) 1220-1229.

Y. Lin, J. Pi, P. Jin, Y. Liu, X. Mai, P. Li, H. Fan, Enzyme and microwave co-assisted
extraction, structural characterization and antioxidant activity of polysaccharides
from Purple-heart Radish, Food Chemistry 372 (2022).

Y. Tang, X. He, G. Liu, Z. Wei, J. Sheng, J. Sun, C. Li, M. Xin, L. Li, P. Yi, Effects of
different extraction methods on the structural, antioxidant and hypoglycemic
properties of red pitaya stem polysaccharide, Food Chemistry 405 (2023).

A. Rajaei, M. Barzegar, Z. Hamidi, M.A. Sahari, Optimization of Extraction
Conditions of Phenolic Compounds from Pistachio (Pistachia vera) Green Hull
through Response Surface Method, Journal of Agricultural, Science and
Technology 12 (2010) 5645-5656.

G. Chen, C. Li, S. Wang, X. Mei, H. Zhang, J. Kan, Characterization of
physicochemical properties and antioxidant activity of polysaccharides from shoot
residues of bamboo (Chimonobambusa quadrangularis): Effect of drying
procedures, Food Chemistry 292 (2019) 281-293.

B. Xiong, W. Zhang, Z. Wu, R. Liu, C. Yang, A. Hui, X. Huang, Z. Xian, Preparation,
characterization, antioxidant and anti-inflammatory activities of acid-soluble
pectin from okra (Abelmoschus esculentus L), International Journal of Biological
Macromolecules 181 (2021) 824-834.

Y. Wang, J. Jia, X. Ren, B. Li, Q. Zhang, Extraction, preliminary characterization
and in vitro antioxidant activity of polysaccharides from Oudemansiella radicata
mushroom, International Journal of Biological Macromolecules 120 (2018)
1760-1769.

Y.-F. Zou, Y.-Y. Zhang, B.S. Paulsen, F. Rise, Z.-L. Chen, R.-Y. Jia, L.-X. Li, X. Song,
B. Feng, H.-Q. Tang, C. Huang, Z.-Q. Yin, Structural features of pectic
polysaccharides from stems of two species of Radix Codonopsis and their
antioxidant activities, International Journal of Biological Macromolecules 159
(2020) 704-713.


http://refhub.elsevier.com/S1350-4177(24)00063-4/h0005
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0005
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0005
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0005
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0010
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0010
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0010
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0015
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0015
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0015
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0015
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0020
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0020
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0020
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0025
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0025
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0025
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0030
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0030
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0030
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0035
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0035
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0035
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0040
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0040
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0040
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0040
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0045
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0045
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0045
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0045
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0050
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0050
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0050
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0050
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0055
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0055
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0055
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0060
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0060
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0060
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0060
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0065
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0065
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0065
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0070
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0070
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0070
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0075
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0075
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0075
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0075
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0080
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0080
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0080
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0085
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0085
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0085
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0085
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0090
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0090
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0090
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0090
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0095
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0095
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0095
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0095
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0100
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0100
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0100
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0100
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0105
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0105
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0105
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0110
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0110
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0110
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0115
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0115
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0115
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0115
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0120
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0120
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0120
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0125
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0125
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0125
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0125
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0130
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0130
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0130
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0135
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0135
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0135
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0135
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0140
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0140
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0140
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0140
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0145
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0145
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0145
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0150
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0150
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0150
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0150
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0155
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0155
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0155
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0160
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0160
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0160
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0165
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0165
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0165
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0165
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0170
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0170
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0170
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0175
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0175
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0180
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0180
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0180
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0180
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0180
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0185
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0185
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0185
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0190
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0190
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0190
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0195
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0195
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0195
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0195
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0200
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0200
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0200
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0200
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0205
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0205
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0205
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0205
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0210
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0210
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0210
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0210
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0215
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0215
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0215
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0215
http://refhub.elsevier.com/S1350-4177(24)00063-4/h0215

	Enzyme-assisted ultrasonic extraction of total flavonoids and extraction polysaccharides in residue from Abelmoschus maniho ...
	1 Introduction
	2 Mateial and methods
	2.1 Sample preparation
	2.2 The content of total flavonoids
	2.3 Determination of polysaccharides content
	2.4 Ultrasonic assisted extraction method
	2.5 Enzyme-assisted and ultrasound extraction method
	2.6 Extraction of polysaccharides from residue by water and alcohol precipitation
	2.7 Single-factor experiment
	2.8 Response surface experimental design
	2.9 Antioxidant activity analysis
	2.9.1 DPPH free radical scavenging activity
	2.9.2 ABTS free radical scavenging activity

	2.10 IR analysis of residual polysaccharides
	2.11 HPLC analysis of flavonoids
	2.12 Analysis of monosaccharide composition
	2.13 Statistical analysis

	3 Results and discussion
	3.1 Analysis of one-way experiment
	3.1.1 Effect of enzymatic pH on TAFM yield
	3.1.2 Effect of ethanol concentration on TAFM yield
	3.1.3 Effect of extraction temperature on TAFM yield
	3.1.4 Effect of extraction time on TAFM yield

	3.2 Response surface experimental design analysis
	3.2.1 Model of BBD-RSM

	3.3 Comparisons of diffierent TFAM extraction methods
	3.4 HPLC analysis of TFAM by different extraction methods
	3.5 Comparisons of polysaccharides from diffierent residue
	3.6 FTIR spectroscopy of polysaccharides
	3.7 Composition analysis of monosaccharides
	3.8 Antioxidant activity of analysis
	3.8.1 Analysis antioxidant activity of TFAM analysis
	3.8.2 Analysis antioxidant activity of polysaccharides


	4 Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Appendix A Supplementary data
	References


