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Abstract The asparagus of Triarrhena lutarioriparia (TL)
is a popular vegetable with abundant chemical compounds
in China. This study aims to optimize the ultrasound-as-
sisted extraction (UAE) method for its content of total
flavonoid and antioxidant activities by response surface
methodology (RSM). Box-Behnken design was adopted to
evaluate the influences of ethanol concentration, extraction
time and solvent-to-sample ratio on the extraction yield of
total flavonoid and the antioxidant activity. Considering the
maximum content of extracted total flavonoids and
antioxidant activity, the optimal extraction conditions were
acquired with 70% (v/v) ethanol by UAE for 60 min at a
solvent-to-sample ratio of 40 mL/g. The proportion of the
extraction of total flavonoid was 15.88 mg/g and antioxi-
dant activity reached 79.53%. The RSM would be recom-
mended as an appropriate model for simultaneous
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optimization of the UAE conditions for the content of total
flavonoid and the antioxidant activity of asparagus of TL.
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Introduction

Triarrhena lutarioriparia (named Nandi in China) is a kind
of wild plant growing naturally in the middle and lower
reaches of Yangtze River marshland, widely used in eco-
logical environment, papermaking and bioenergy field
(Dang et al., 2012; Liu, 1990). The young stem is similar to
bamboo shoots and also called “asparagus™ or “asparagus
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of Triarrhena lutarioriparia” in China. The asparagus of
Triarrhena lutarioriparia is with rich nutritional and edible
value and medicinal value, known as “Dongting Cordy-
ceps” (Jiang et al., 2019). In Traditional Chinese Medicine,
asparagus of Triarrhena lutarioriparia can remove heat to
promote salivation and increase diuresis for stranguria
(Nanjing University of Chinese Medicine, 2014). Modern
studies have shown that it is abundant in flavonoids,
polysaccharides, sugar, protein, dietary fiber, 15 kinds of
amino acids and selenium and other trace elements with
good anticancer and antioxidant activities (Liao et al.,
2017a; Liao et al., 2017b; Liu, 1990; Xiao et al., 2015).
And the selenium content is 10 times higher than that in
other vegetables, specially (Xiao et al., 2015). In China, it
is not only a popular vegetable, but also a raw material for
agricultural products processing such as noodle, yogurt,
tablet, pastry and so on.

The studies about Triarrhena lutarioriparia researches
mainly focused on cultivation, genetic breeding, storage
methods and so on (He et al., 1996; He et al., 1997; Liao
et al., 2017a; 2017b). The asparagus of Triarrhena lutari-
oriparia is becoming a popular vegetable with specific
functional food adaptability and productive development
potential in China. As far as we know, little is known about
extraction process of active substances combined with
biological activities from asparagus of Triarrhena lutari-
oriparia. Establishing a method of simultaneous opti-
mization of the extraction process for active substances and
biological activities from asparagus of Triarrhena lutari-
oriparia would be of great importance for product devel-
opment in general.

Ethanol refluxing method and water decocting are the
common extraction techniques for phytochemical com-
pounds, but these extraction methods possess the short-
comings such as time-consuming and low efficiency (Xiao
et al.,, 2014). Novel extraction techniques containing
ultrasound-assisted extraction (UAE), supercritical fluid
extraction (SFE) and microwave-assisted extraction
(MAE), and so on, have been employed efficiently in the
extraction of phytochemicals (Babamoradi et al., 2018;
Chen et al., 2017; Chen et al., 2018; Kazemi et al., 2019; Li
et al., 2008; Liang et al., 2018; Wu et al., 2015). In par-
ticular, UAE technology is confirmed to be a simple, green,
cheap, and high efficient process. Up to now, there is no
study on the extraction of flavonoid compounds from
asparagus of Triarrhena lutarioriparia by UAE using
response surface methodology (RSM), which is an avail-
able tool possessing mathematical model and statistical
analysis function. RSM plays an important role in opti-
mizing conditions and evaluating the influences of several
different independent variables and their interplays. In
RSM, though the number of experimental runs could be
reduced, the acceptable results could be obtained owing to
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the experimental data providing sufficient information for
statistics (Hwang et al., 2002; Kim et al., 2002). And Box-
Behnken design (BBD) is a typical RSM with advantages
of simplicity, rapidity and reliability, and so on (Ferreira
et al., 2007). It was widely used in food engineering, bio-
processing, agrochemicals, pharmaceuticals and other
industries to optimize extracting biological active com-
pounds including phenolic compounds, flavonoid com-
pounds and polysaccharides from various sources (Liu
et al., 2017; Pan et al., 2017; Riciputi et al., 2018; Righi
Pessoa da Silva et al., 2018).

The aim of the present study is to establish a simple,
convenient and reliable method applied to simultaneously
optimize the UAE conditions for the content of total fla-
vonoid from asparagus of Triarrhena lutarioriparia and the
antioxidant activity using response surface methodology.
Three conventional extraction parameters including sol-
vent-to-sample ratio, ethanol concentration and extraction
time were optimized by single-factor design and RSM. The
study will lay the foundation for the further applications of
asparagus of Triarrhena lutarioriparia in drug or food
field.

Materials and methods
Materials

Asparagus of Triarrhena lutarioriparia samples (Fig. 1)
were hand-picked in Yuanjiang City China, and were
authenticated by Pro. Tasi Liu, a professor of the School of
Pharmacy, Hunan University of Chinese Medicine. The
fresh asparagus of Triarrhena lutarioriparia were dried at
40 °C and grounded into powder. Then the powder was
sifted through a 60-mesh sieve. Both 1, 1-diphenyl-2-
picrylhydrazyl (DPPH) and rutin (HPLC grade) were pro-
vided by Hefei Bomei Biotechnology Co., Ltd. (Hefei,
China).

Ultrasound extraction
Single-factor experiment

The powdered sample (1.0 g) of asparagus of Triarrhena
lutarioriparia was placed into a 100 mL flask, after which
a specified concentration (10%, 30%, 50%, 70%, 90%)
ethanol was added according to solvent-to-sample at the
ratio of 10:1, 25:1, 40:1, 55:1, 70:1. The flavonoids were
extracted for a specific time (30 min, 45 min, 60 min,
75 min, 90 min) at the frequency of 40 kHz and power
equals to 300 W in an ultrasonic cleaner (SB-5200DT,
Ningbo Xinzhi Biotechnology Co. Ltd, Ningbo, China).
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Fig. 1 Samples of asparagus of Triarrhena lutarioriparia: tender shoot of Triarrhena lutarioriparia (A), tender shoot of Triarrhena
lutarioriparia without wraps (B) and tender stem of Triarrhena lutarioriparia (C)

The temperature was set at 40 °C by adding moderate ice
into the ultrasonic cleaner at intervals to maintain the
temperature. Then qualitative filter papers were used to
filter the supernatant solutions and the filtrate was fixed to
100 mL. One factor varied while the others remained
constant in each experiment accompanying with the
dependent variables of the content of total flavonoid and
DPPH inhibition.

Experimental design

BBD was applied to optimize UAE conditions of total
flavonoid and the antioxidant activities of acquired extracts
from asparagus of Triarrhena lutarioriparia. On the basis
of the single-factor experimental results, the current
experiment design comprised 17 experimental runs and
experiments were implemented at random in the light of
the run number designed by the Design Expert 8.0.6 soft-
ware. Three independent factors including ethanol con-
centration (A), solvent-to-sample ratio (B), and extraction
time (C) were found to affect the extraction amount of total
flavonoid and the antioxidant activities of obtained
extracts. BBD of three-level-three-factor was presented in
Table 1 in detail.

The second-order polynomial Eq. (1) was adopted to fit
regression analysis based on the experimental data.

3 3 2 3
Y =Byt D BX+ D BXP+ > Y BXiX; (1)
i=1 i=1

i=1 j=it1

where Y is the dependent variable (the content of total
flavonoid or DPPH inhibition); X; and X; are the indepen-
dent variables affecting the response; and fy, f;, f;; and f;;
represent the regression coefficients (the intercept, linear,
quadratic, and interaction terms, respectively) (Chen et al.,
2017; Riciputi et al., 2018).

Analytical methods
Total flavonoid analysis

The concentration of total flavonoid was measured by Ultra
Violet (UV) method. Stock solutions were prepared in 80%
ethanol at concentration 0.42 mg/mL for rutin and stored at
4 °C. The yields of flavonoids in the extracts of asparagus
of Triarrhena lutarioriparia were measured with a chro-
mogenic system of NaNO,-Al(NO;);-NaOH according to
previous study with modifications (Hao et al., 2018).
Briefly, 0.3 mL 5% NaNO, was mixed with a known
volume of extract (1.0 mL) by shaking. Then 0.3 mL 10%
AI(NO3); was added into the mixture after reacting for
6 min. At last, 4% NaOH (4 mL) was put into the reaction
mixture and the distilled water was joined into it until the
total volume reached to 10 mL. Then the value of UV
absorbance was determined at 510 nm after reaction for
10 min at room temperature. The content of total flavonoid
from asparagus of Triarrhena lutarioriparia was measured
by a standard curve with reference substance of rutin
(0-0.042 mg/mL).
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Table 1 Coded and uncoded - ] -

Jevels of the three independent Independent variables Low Center High

variables X, (ethanol concentration) — 1 (50%) 0 (70%) +1.(90%)
X5, (solvent to sample ratio) —1(10:1) 0 (25:1) + 1 (40:1)
X3 (extraction time) — 1 (30 min) 0 (45 min) + 1 (60 min)

Antioxidant activity

According to the previous literature (Chen et al., 2017)
with some appropriate modifications, DPPH scavenging
activity of extraction of asparagus of Triarrhena lutarior-
iparia was determined using the following method. DPPH
solution was dissolved and prepared in ethanol at concen-
trations 0.1 mM. In short, 3.0 mL DPPH solution with the
concentration of 0.1 mM in ethanol was blended with
1.0 mL diluted sample solution. After the mixed solution
was shaken with vortex and preserved in the dark at 25 °C
for half an hour, the value of UV absorbance was detected
at a wavelength of 517 nm. The percent of DPPH scav-
enging activity of the extraction was calculated according
to the following Eq. (2):

DPPH scavenging rate (%) = (1 —A/Ap) x 100%  (2)

where A is the absorbance of the reaction mixture con-
taining DPPH and sample, and A is the absorbance of the
control reaction without sample (Chen et al., 2017).

Data analyses

One-way ANOVA and Tukey test were used to examine
the difference between samples in single-factor experi-
ments. The statistical significance of the equation was
analysed and evaluated by analysis of variance (ANOVA)
using Design Expert 8.0.6 trial version (Chen et al., 2017;
2018). Some statistical parameters including p value of the
model, coefficient of determination (Rz) and p value of the
lack of fit (LOF) were adopted to estimate the fitness of the
polynomial equation.

Results and discussion
Single-factor test

Extraction efficiency of UAE depends on extraction time,
solvent’s selectivity, solvent-to -sample ratio and the
composition of the sample (Ahmad et al., 2015). Single
factor tests were chosen to assess the influences of each
single factor on the extraction yields of total flavonoids
from asparagus of Triarrhena lutarioriparia and the
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antioxidant activities of the obtained extracts. As shown in
Fig. 2A, the extraction amount of total flavonoid and the
antioxidant activities reached the highest values when the
ethanol concentration was 70%. They increased rapidly
with ethanol concentration increasing from 10% to 70%,
and decreased above 70%. Remarkable significant differ-
ences (p < 0.001) existed in different ethanol concentra-
tion samples. According to the theory of “like dissolves
like”, the solubility of flavonoids from asparagus of Tri-
arrhena lutarioriparia increased when the polarity of
solution was gradually near to them. The solubility of
flavonoids from asparagus of Triarrhena lutarioriparia
ascended with the increase of ethanol concentration within
70%, and then descended over 70%. Similar results
appeared in the extraction of total isoflavones in Chinese
Soybean Cheese (Wang et al., 2013). As shown in Fig. 2B,
the yields of the total flavonoids and the antioxidant
activities went up with the solvent to sample ratio
increasing until the ratio value reached 25:1 and then went
down from 25:1 to 70:1. With higher ratio, the two indexes
tended to become more stable. Statistical differences
(p < 0.05) were observed in the samples with different
solvent to sample ratios. During a certain range, the contact
area of the solvent extracts could increase with an increase
of the volume of extract, and the compounds could be
better dissolved. In addition, dissolution of total flavonoid
would tend to saturation and the content would become
more and more stable when the volume of extract remains
rising (Chen et al., 2017). Therefore, 25:1 was considered
as the center point of the solvent to sample ratio for the
next experiment. As evident from Fig. 2C, when the
extraction time varied from 30 min to 90 min, the extrac-
tion amount of total flavonoid and antioxidant activities of
the obtained extracts increased at first and reached to the
maximum at 45 min, then decreased. There were statistical
differences (p < 0.05) in the samples with different
extraction time. The reason could be explained that a
dynamic balance exists between extraction time and
extracts with prolonging the ultrasound time (Meng, et al.,
2018). And long extraction time brought about the thermal
instability and degradation of the flavonoids. This phe-
nomenon existed in the ultrasonic extraction process of
flavonoids (Nacu-Briciu et al., 2011; Zheng et al., 2016).
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Fig. 2 Effect of ethanol concentrations (A), solvent-to-sample ratio
(B) and extraction time (C) on the content of total flavonoids and
DPPH Inhibition (significant at *P < 0.05 and ***P < 0.001)

Fitting the model

After single factor tests, optimization of ethanol concen-
trations, solvent-to-sample ratio, and extraction time was
carried out by RSM. This methodology is practical and can
contribute to optimizing the extraction processes of

flavonoids from various plant materials (Prakash Maran
et al., 2017). Three factors and three levels were designed
and seventeen experiments were performed by BBD, which
was used to optimize the ultrasonic process parameters.
The results of 17 experimental runs and ANOVA are listed
in Tables 2 and 3, respectively. The significance of each
coefficient was checked by the p values. Specifically, sig-
nificant, highly significant and remarkably significant of
the model terms are reflected when the p values are less
than 0.05, 0.01 and 0.001, respectively (Chen et al., 2018).
And the model terms present non-significant with the
p values greater than 0.05.

The results of ANOVA (shown in Table 3) revealed that
the models were remarkably significant (p < 0.001) for
yields of total flavonoids and antioxidant activities of
obtained extracts. The p-values of lack of fits of each
model were 0.8982 and 0.6579 (p > 0.05), which implied
that the relationship between the responses and indepen-
dent variables could be explicated adequately by the pre-
dicted models, and the models could be adopted to analyze
and calculate the contents of total flavonoids and antioxi-
dant activities of the obtained extracts.

Joglejar and May (1987) suggested that the model was
fitted well with R? value at least 0.80. The values of R? and
R%-adjusted of yields of total flavonoids and the antioxidant
activities were close to 1 (0.9931 and 0.9842, 0.8468 and
0.9411, respectively), which demonstrated that the con-
sistencies between the predicted results and the experi-
mental results were very perfect. The interactions of the
variables are exhibited in the 3D graphs of response surface
(Fig. 3).

Effect of extraction parameters on the total
flavonoids content

Experimental results of the contents of total flavonoids
obtained under the designed UAE conditions are listed in
Table 2. It is obvious that the total flavonoids contents
ranged from 10.02 to 16.57 mg/g. The highest value of
total flavonoid content (16.57 mg/g) was gained using 70%
ethanol, 25:1, and 45 min. However, when the conditions
were 50% ethanol, 25:1, and 30 min extraction, the content
of total flavonoid was observed the lowest value
(10.02 mg/g).

As listed in Table 3, the coefficients X;, X3, and X35 of
total flavonoid were significant because the p values were
less than 0.05, while the others had not significant influ-
ences on the extraction efficiency (p-values > 0.05). As far
as the total flavonoids yield was concerned, the signifi-
cances of factors were ranked as the orders: X; > X5 > X..
The efficiency of extraction could be described by Eq. (3)
in the light of regression coefficients of the model equation
for the different response variables:
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Table 2 The Box-Behnken experimental design and corresponding response values

Run A-ethanol concentration (%) B-solvent to sample ratio (mL:g)

C-extraction time (min) Total flavonoid DPPH inhibition

content (mg/g) (%)

Actual Predicted Actual Predicted
1 90% 10:1 45 14.32 14.42 43.19  43.22
2 70% 40:1 30 14.92 15.04 79.79  80.86
3 70% 10:1 30 15.29 15.26 6298 61.86
4 70% 25:1 45 16.57 15.99 70.21  73.49
5 50% 25:1 60 11.40 11.47 7723  76.14
6 70% 10:1 60 15.86 15.74 76.17  75.11
7 90% 40:1 45 14.67 14.61 51.91 49.76
8 70% 25:1 45 15.78 15.99 7191 73.49
9 50% 10:1 45 10.42 10.47 57.87  60.02
10 50% 40:1 45 11.00 10.90 7745  77.42
11 70% 40:1 60 16.56 16.59 78.94  80.06
12 90% 25:1 60 14.80 14.83 53.40 54.44
13 90% 25:1 30 14.35 14.28 46.6 47.69
14 70% 25:1 45 15.99 15.99 7426  73.49
15 70% 25:1 45 15.91 15.99 7234 73.49
16 70% 25:1 45 15.71 15.99 78.72  73.49
17 50% 25:1 30 10.02 9.99 7149 7045

43.19 to 79.79%. The highest value of DPPH inhibition

Y = 1599 + 1.91X; + 0.16 X + 0.51X; (79.79%) was obtained under the following condition: 70%

— 0.058X,X; — 0.23X,X; + 0.27X,X; — 3.2X]
- 0.19X3 — 0.15X3

(3)

In Eq. (3), Y represents the content of total flavonoid in
asparagus of Triarrhena lutarioriparia, X,, X, and X3 are
the coded variables (the ethanol concentration, solvent to
sample ratio and the extraction time, respectively).

The linear effects of the ethanol concentration (X;) and
extraction time (Xj3) showed highly significant positive
effect on the extraction of flavonoid compounds
(p < 0.01), while quadratic of ethanol concentration XD
had a highly negative effect on it significantly (p < 0.01).

Figure 3B showed that extraction rates of total flavo-
noids in the test samples increased with prolonging
extraction time. It was improved with rising the ethanol
concentration up to about 80%. But if the ethanol con-
centration was further increased, the extraction rate of total
flavonoid would decline.

Effect of extraction parameters on antioxidant
activity
Experimental results of the content of DPPH inhibition

obtained in the condition of designed UAE are listed in
Table 2. The percentage of DPPH inhibition varied from
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ethanol, 25:1, and 30 min. However, the lowest DPPH
inhibition value (43.19%) was observed using 90% ethanol,
10:1, and 45 min extraction.

As shown in Table 3, the coefficients X, X5, X3, X>X3
and X7 had significant influences on DPPH inhibition
(»p <0.05), and the others displayed not-significant
(p > 0.05). The orders of the significances of the coeffi-
cients X;, X,, X3 were as follows: X; > X, > Xs.
According to regression coefficients, the DPPH inhibition
could be explicated by Eq. (4) with Y (DPPH inhibition),
and the coded variables for the ethanol concentration (X,),
solvent-to-sample ratio (X,) and extraction time (X3):

Y = 7349 — 11.12X; + 599 X, + 3.11X;
— 0.272 X1X; 4+ 0.26 X;1X3 — 3.51 X5X3

— 14.09 X7 — 1.8 X5 + 2.78 X3 (4)

The linear effects of solvent to sample ratio (X,) and
extraction time (X3) had significant positive influences on
DPPH inhibition (p-values < 0.05), while the ethanol
concentration (X;), quadratic of ethanol concentration
(X%), and the interaction between the solvent-to- sample
ratio and extraction time (X,X3) contributed significant
negatively to it (p-values < 0.05). As shown in Fig. 3D, E,
DPPH inhibition in the samples ascended with the solvent-
to-sample ratio increasing and extraction time extended.
And it was enhanced with the ethanol concentration rising
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Table 3 ANOVA of quadratic models given by the BBD

Dependent variables Source Sum of squares Mean squares F-value P-value Significance
Total flavonoid content Model 76.20 8.47 111.51 < 0.0001 Hokk
X4 29.26 29.26 385.36 < 0.0001 HoAE
X5 0.20 0.20 2.61 0.1500
X3 2.04 2.04 26.87 0.0013 ok
X X5 0.013 0.013 0.17 0.6889
X X3 0.22 0.22 2.85 0.1354
X5 X3 0.29 0.29 3.77 0.0933
X2 43.18 43.18 568.61 < 0.0001 HokE
X3 0.15 0.15 1.94 0.2059
X3 0.091 0.091 1.20 0.3091
Residual 0.53 0.076
Lack of Fit 0.066 0.022 0.19 0.8982 NS
Pure Error 0.47 0.12
Cor Total 76.73
DPPH inhibition Model 2309.69 256.63 29.42 < 0.0001 ok
X 988.79 988.79 113.35 < 0.0001 HokE
X> 286.56 286.56 32.85 0.0007 HokE
X3 77.38 77.38 8.87 0.0206 *
X X5 29.48 29.48 3.38 0.1086
X1 X3 0.28 0.28 0.032 0.8627
X5 X5 49.28 49.28 5.65 0.0491 *
X3 835.49 835.49 95.78 < 0.0001 HoHE
X3 13.59 13.59 1.56 0.2521
X3 32.51 32.51 3.73 0.0949
Residual 61.06 8.72
Lack of Fit 18.54 6.18 0.58 0.6579 NS
Pure Error 42.52 10.63
Cor Total 2370.75

***Significant at p < .001.; **Significant at p < .01.; *Significant at p < .05.; NS = Not Significant

up to about 65%. And further improvement in ethanol
concentration led to a decrease in DPPH inhibition.

Model validation

According to the regression analysis and 3D surface plots
of each variable, the optimum conditions for the maximum
content of total flavonoid and antioxidant activity (DPPH
inhibition) were obtained at the following conditions: 70%
(v/v) ethanol, solvent to sample ratio of 40 mL/g and
extraction time for 60 min. The content of total flavonoid
and DPPH inhibition were determined under the optimized
conditions. As a result, the content of total flavonoid and
DPPH inhibition were 15.88 mg/g and 79.53%, respec-
tively, which matched the predicted values of 16.63 mg/g

and 80.05%. The predicted values were high consistent
with the model validation experimental results in our study.
The model was proved to be very good and it was feasible
to establish a method of optimizing UAE conditions for
improving the combination of the content of total flavonoid
and DPPH inhibition from asparagus of Triarrhena
lutarioriparia.

In conclusion, a convenient, simple, reliable UAE
extraction for increasing the content of total flavonoid and
DPPH inhibition from asparagus of Triarrhena lutariori-
paria was established effectively. The method had been
validated and successfully applied to extraction process.
The process of UAE was optimized and the influences of
different variables and the interactions among the designed
variables were analyzed by BBD. The optimized extraction
method was helpful for the extraction and antioxidant
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Fig. 3 Response surface plots showing the effects of investigated
variables on total flavonoids content and DPPH Inhibition: (A) effects
of solvent to sample ratio and ethanol concentration on total
flavonoid; (B) effects of extraction time and ethanol concentration
on total flavonoid; (C) effects of extraction time and solvent to sample

active analysis of total flavonoid, which contributed to the
further study of asparagus of Triarrhena lutarioriparia in
food, medicine, and health care products.
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