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ARTICLE INFO ABSTRACT

Launaea sarmentosa is an herbaceous plant rich in saponin, especially in the leaves. The plant has
been shown to have antioxidant activity. The present study aimed to optimize the extraction
conditions for maximizing both total saponin content (TSC) and antioxidant activity of the plant
leaves. To achieve this, Response Surface Methodology (RSM) was applied using a Box-Behnken
Design (BBD), which involved three independent variables: microwave power, extraction time,
and ethanol concentration. These parameters were systematically optimized to maximize the
extraction yield of the desired bioactive compounds. TSC was determined spectrophotometrically
using diosgenin as the reference standard. Antioxidant activity was assessed through the DPPH
(2,2-diphenyl-1-picrylhydrazyl) free radical scavenging method. The optimal conditions
determined through the model were microwave power of 330 W, extraction time of 22 minutes,
and ethanol concentration of 64%. Under these conditions, the experimental values of TSC and
Copyright: ©2025 Tran etal. This is an open-access antioxidant activity were found to be 9.56 + 0.24 mg DE/g dry Weight and 87.62 + 0.46%,
article distributed under the terms of the Creative  respectively. The findings indicate that microwave-assisted extraction, when optimized using
Commons Attribution License, which permits RSM, is an effective approach for enhancing the recovery of bioactive components from L.
unrestricted use, distribution, and reproduction in any  sarmentosa. This study provides a scientific basis for the efficient use of this plant as a natural
medium, provided the original author and source are  source of antioxidants. In addition, the results gave valuable insights into the development of
credited. plant-based functional ingredients for pharmaceutical and nutraceutical applications. By
optimizing the extraction conditions, this work demonstrated the potential of Launaea sarmentosa
as a promising candidate for use in health-promoting products, paving the way for its broader
industrial application.
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Introduction Microwave-assisted extraction (MAE) offers numerous benefits
compared to conventional extraction techniques, including reduced
extraction durations, minimized solvent consumption, enhanced
extraction efficiency, improved product quality, and reduced expenses.

For example, the MAE technique can extract compounds in just a few

Launaea sarmentosa (Willd) Schultz-Bip.ex Kuntze is a
creeping herbaceous plant in the Asteraceae family. It grows on sandy
coasts in Malaysia, Sri Lanka, China, India, and Vietnam,* particularly

on tropical Indian coastlines. Saponin can be found in all parts of the
plant, especially the leaves. Studies have shown that compounds from
the plant have potential antioxidant properties, making them essential.
The herb contains a lot of aromatic compounds, mostly phenols, and
their derivatives, which have shown protective effect against plant
microbes.? Launaea holds immense importance owing to its
ethnobotanical uses, phytochemical composition, biological effects,
and the presence of biologically active compounds, including
terpenoids, phenolics, sesquiterpenoids, flavonoids and saponins.® The
roots and leaves of Launaea contains calcium oxalate crystals, tannins,
alkaloids, amino acids, carbohydrates, glycosides, and steroids.*
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minutes, while the Soxhlet method takes several hours. Additionally,
the cost of MAE equipment is lower than that of supercritical fluid
extraction equipment® In MAE, microwave energy generates high
temperatures and pressures during extraction, increasing the plant
material's water absorption capacity and releasing organic compounds
into the solvent. These modifications can increase the extraction
efficiency in obtaining target analytes from plant material.®

Response Surface Methodology (RSM) is an effective statistical
approach used to optimize experimental parameters and investigate
critical factors, helping to minimize the number of experiments needed.
RSM assists in delineating the impacts of independent variables, both
individually and when combined.” Verifying the model's predicted
values experimentally is crucial to implementing RSM. RSM is an
effective tool for optimizing technological processes, offering greater
efficiency and cost-effectiveness compared to the traditional one-
factor-at-a-time approach. In this research, RSM was used to optimize
the conditions for extracting antioxidant compounds and total saponin
from the leaves of Launaea sarmentosa, which are the main compounds
found in the genus Launaea.?

4331

© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License


https://www.tjnpr.org/
mailto:nguyentanthanh@vinhuni.edu.vn
https://doi.org/10.26538/tjnpr/v9i9.31
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Trop J Nat Prod Res, September 2025; 9(9): 4331 - 4335

Materials and Methods

Plant collection and identification

The leaves of Launaea sarmentosa were collected from Nghi Loc
District in Nghe An Province, Vietnam (18.833°N 105.583°E) in
September 2023. The plant material was subsequently identified by the
Institute of Ecology and Biological Resources, Vietnam Academy of
Science and Technology, where voucher number LSNL2023 was
assigned.

Plant extraction

Following drying with a heat pump drier at 40 - 50°C, the leaves were
pulverized employing a mechanical grinder. For each extraction,
exactly 1.0 g of the powdered sample was mixed with 20 mL of
ethanol-water solution at a specified concentration, as defined in the
experimental design. The extraction was conducted using a microwave-
assisted extraction system equipped with a digital power control unit.
Each extraction was performed under controlled conditions following
the Box-Behnken design, with microwave power levels ranging from
200 to 400 W, extraction durations from 10 to 30 minutes, and ethanol
concentrations from 40% to 80% (v/v). A 100 mL round-bottom flask
was used to contain the mixture of sample and solvent, which was then
exposed to microwave radiation according to the predefined power
conditions. Upon completion of the extraction, the mixture was allowed
to cool to ambient temperature and subsequently filtered using
Whatman No. 1 filter paper to obtain the extract. The final samples were
kept at 4°C prior to analytical testing.

Determination of total saponin content (TSC)
TSC was determined using the combined and modified techniques
outlined by Hu et al. (2012)° and Moyo et al. (2013).1° Exactly 0.2 mL
of L. sarmentosa leaf extract, 0.35 mL of vanillin solution (8% in
ethanol), and 0.8 mL of absolute methanol were accurately transferred
into a 15 mL glass test tube. Subsequently, 1.25 mL of sulfuric acid
(72%) was added, and the test tube was sealed and shaken thoroughly.
The test tube caps were slightly loosened before placing the tubes in a
water bath maintained at 60°C for 10 minutes. After heating, the tubes
were left to cool at room temperature for 5 minutes. The absorbance of
the resulting reaction mixture was recorded at 544 nm using an Agilent
8453 UV-Vis spectrophotometer, with absolute methanol serving as the
blank.
A standard curve of Diosgenin (y = 0.0002x + 0.031; R? = 0.9962) was
prepared using various concentrations of diosgenin ranging from 100 to
700 mg/mL. The measurement was repeated three times. The total
saponin content was determined using the following equation (Equation
1):
TSC = V<
m
Where;
C is the concentration determined using the diosgenin standard curve
(mg/mL), m is the sample’s dry weight (g), V is the volume of
extraction solvent (mL).
Total saponin content in the sample was expressed as milligrams of
Diosgenin Equivalent (DE) per gram of dry weight (mg DE/g dw).

Determination of antioxidant activity

The antioxidant activity of L. sarmentosa leaf extract was assessed
through the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
assay. The DPPH radical scavenging assay quantifies a compound's or
sample's ability to neutralize the stable 1,1-diphenyl-2-picrylhydrazyl
radical.!* The DPPH radical scavenging activity of the extract was
conducted as follows: In a test tube, 10 pL of the sample, 0.5 mL of 0.5
mM DPPH solution was combined with 1 mL of ethanol, and 990 uL
of 100 mM sodium acetate buffer (pH 5.5). The solution was mixed
gently and kept in the dark at room temperature for 5 minutes to allow
the reaction to occur. Thereafter, the absorbance of the solution was
recorded at 517 nm using a UV-Vis spectrophotometer.

Triplicate assays were conducted for accuracy, with DPPH scavenging
activity quantified according to the formula in Equation 2.

Abssample ) % 100

i i ivi 0, = _—
Radical scavenging activity (%) (1 y T

........................ ?2)
Where;
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Abssample is the absorbance of sample extract, and Abscontrol blank
is the absorbance of blank control.

Experimental design

Microwave-assisted extraction optimized the experimental design using
Response Surface Methodology (RSM). Box-Behnken Design (BBD)
comprising seventeen experimental runs, which included five
repetitions at the center point to ensure accuracy. The microwave power
(X1), extraction time (X2), and ethanol concentration (Xs) were
considered as the independent variables, while the total saponin content
(TSC) (Y1) and antioxidant activity (Y2) served as the dependent
variables. The experiments were conducted in replicates, and the
response values were calculated as the averages.

Table 1: The coded and uncoded independent variables
used in the Box-Behnken Design

Independent Symbols Coded levels
variables

-1 0 +1
Microwave X1 200 300 400
power (W)
Extraction X2 10 20 30
time (min)
Ethanol X3 40 60 80
concentration
(%)

Statistical analysis

Data were presented as mean + standard deviation (SD) of triplicate
determination. Differences between means were determined using one-
way analysis of variance (ANOVA) using Design Expert (v7.0).

Results and Discussion

Fitting the models

To optimize the recovery of bioactive compounds from the leaves of L.
sarmentosa, a BBD was applied, targeting the optimization of total
saponin content and antioxidant activity. The model enabled an
understanding of how different processing variables influenced the
outcomes, thereby supporting the identification of ideal extraction
parameters. Table 2 outlines the design involving three primary
response metrics. The design encompassed 17 experiments, with five
replicates at the central point. For this research, model selection was
based on higher-order polynomial equations that provided meaningful
additional coefficient estimates and ensured no aliasing among the
variables. A second-order polynomial model was suggested by the
software, showing a good fit across all three independent variables
considered in the study.

The following quadratic polynomial equations [Egs. (3—4)] represent
the definitive empirical regression model that depicts the connection
between responses and the three variables tested for total saponin
content and antioxidant activity:

Y1 =958 + 0.21X1 + 0.17X2 + 0.11X3 — 0.095X1X2 — 0.05X1X3 —

0.13X2X3 - 0.25X12 - 0.32X22 - 0.16X32
................................................................ 3)

Y2 =88.17 + 1.06X1 + 0.15X> + 0.022X3 + 0.065X1X2 + 0.007X1 X3 —
0.17X2X3 - 1.61X1p - 0.67X22 - 0.67Xa2
..................................................... )

Where;

Y1 is total saponin content (TSC), Y2 is the antioxidant activity, while
the independent variables include Xi (microwave power), Xz
(extraction time), and X3 (ethanol concentration).

The statistical relevance of the model's coefficients was assessed
through analysis of variance (ANOVA), as presented in Table 3.

In order to evaluate the ANOVA results of the regression and response
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surface models describing Y1 and Yz, the associated p-values and R?
values were examined. The calculated F values for Y1 and Y2 were
29.33 and 1049.97, respectively, both yielding p-values <0.05. This
suggests that both models exhibited statistical significance. The R?
values obtained for the models was 0.9742 and 0.9993, signifying that
over 97.42% and 99.93% of the response variation was successfully
modeled. This showcases the exceptional accuracy and proficiency of
the established model within the defined range boundaries. Lack-of-fit
test statistics (F-values) for Y1 and Y2 were 3.13 and 1.07, respectively
indicating that the lack-of-fit value was not statistically significant
relative to the residual error, thereby confirming the adequacy of the
polynomial model.

Table 2: The experimental results from the Box-Behnken

Design
RU X1 Xg Xs TSC DPPH
N (W) (min (%) Y:(mg DE/gdw) RSA
) Y2 (%)

1 300 20 60 9.64 88.09
2 200 20 40 8.88 84.81
3 300 30 40 9.23 87.11
4 400 10 60 9.18 86.73
5 300 10 40 8.65 86.53
6 200 10 60 8.49 84.71
7 300 20 60 9.52 88.23
8 200 20 80 9.09 84.88
9 400 30 60 9.34 87.21
10 300 20 60 9.53 88.19
11 300 10 80 9.23 86.91
12 300 20 60 9.57 88.17
13 300 20 60 9.64 88.17
14 300 30 80 9.28 86.80
15 400 20 40 9.34 86.92
16 400 20 80 9.35 86.96
17 200 30 60 9.03 84.93

TSC: Total Saponin Content, RSA: Radical Scavenging Activity

Response surface analysis

The extraction conditions that yielded the highest total saponin content
(TSC) and antioxidant activity (DPPH radical scavenging activity) were
affected by extraction time, microwave power, and ethanol
concentration.

Response surface analysis of TSC

Figure 1 showcases response surface plots that illustrate the impact of
independent variables and their interactions on the yields of TSC during
L. sarmentosa leaf extraction. As depicted in Figure 1 and detailed in
Table 3, itis evident that all three factors, namely ethanol concentration,
microwave power and extraction time, exhibit statistically significant
quadratic effects (p < 0.0001). Figure 1a shows the response surface
plot illustrating the relationship between microwave power and
extraction time, showcasing their combined impact on TSC, while
holding ethanol concentration constant at 60%. The TSC yields showed
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an increase as the microwave power was raised from 200 to 350 W.
Though, from 350 to 400 W, there was a slight tendency for TSC to
decrease, although not significantly. These results corroborate the
findings previously reported by Akbari et al. (2019).12 The maximum
amount of total saponin can be achieved at a microwave power of 300-
400 W.

Table 3: Analysis of variance (ANOVA) for the response
surface of the model

Y,-TSC Y, - DPPH RSA
Mea Mean
Source n F- p- Square F-
p-value
Squ value value value
are
019 2933 < 2.81 1049. <
Model
0.0001° 97 0.0001%
037 57.75 0.0001%5 9.01 3368. <
X1
23 0.00015
0.22 3453 0.0006° 0.17 6397 <
X2
0.00015
0.09 14.10 0.00715 4.050E- 151 0.2583N
X3
0 003 s
0.03 5.64  0.0493% 0.017 6.32 0.0402%
XXz
6
0.01 156 0.2516 2.250E- 0.084 0.7802N
X1Xs
0 NS 004 s
0.07 1097 0.0129%5 0.12 4450  0.0003%
XoXs
0
0.27 4151 0.0004° 10.91 4080. <
Xi?
04 0.00018
043 6681 < 1.86 696.0 <
X2?
0.00018 7 0.00018
0.11 1763 0.0040°5 1.88 7013 <
X3?
2 0.00018
Lackof 0.01 0.1498  2.775E- 1.07 0.4566M
3.13
Fit NS 003 s
0.97 0.9993
RZ
42
C.V% 0.87 0.06

TSC: Total Saponin Content, RSA: Radical Scavenging Activity, S:
significant (p < 0.05); NS: non-significant
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The TSC exhibited an upward trend as the extraction time extended
between 10 and 25 minutes. Though, as the extraction time continued
to increase beyond 25 minutes, the TSC declined. This result aligns with
the findings reported by Xu et al. (2012).23 In Figure 1b, the response
surface illustrates the impact of varying microwave power and ethanol
concentration on TSC at an extraction time of 20 minutes. The TSC
yields exhibited an upward trend as the ethanol concentration was raised

=
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from 40% to 70%. However, once the ethanol concentration surpassed
70% and reached 80%, a decrease in TSC yields was observed. The
findings of this study are consistent with those reported by Amid et al.
(2013).1* The highest saponin content in L. sarmentosa leaf extract can
be obtained when the ethanol concentration ranges between 60% and
80%.

T
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Figure 1: The response surface plot of total saponin content (TSC)

Response surface analysis of antioxidant activity

Figure 2 displays the surface plots for the antioxidant activity of L.
sarmentosa leaves extract. In Figure 2a, the 3D plot depicts the
response surface for microwave power (X1) and extraction time (X2),
while keeping the ethanol concentration fixed at 60%. The response
surface plot suggested that microwave power had a relatively minor
effect, whereas extraction time had a more significant impact on the
antioxidant activity. It can be observed that antioxidant activity
increased as microwave power increased from 200 to 330 W, but
declined when the power was further increased from 330 to 400 W. This
trend is consistent with the findings reported by Thanh et al. (2023).1
The maximum antioxidant activity was achieved at a microwave power
of 300 - 360 W. As the extraction time increased from 10 to 20 minutes,
antioxidant activity improved; however, extending the time to 30
minutes led to a reduction.

In Figure 2b, the 3D surface plots illustrate the interplay between
ethanol concentration (X3) and microwave power (X1) at an extraction
time of 20 minutes. The 3D surface plots in Figure 2b are similar to that
of Figure 2a. The antioxidant activity increased as the ethanol

S

A £ Lrhacion Trm

concentration increased from 40% to 60%. However, beyond this point,
when the ethanol concentration was increased from 60% to 80%, the
antioxidant activity decreased.

Figure 2c illustrates the interaction between ethanol concentration (Xs)
and extraction time (Xz), with microwave power maintained at 300 W.
Increasing the ethanol concentration promoted cell membrane
disruption, thereby improving solvent penetration into the solid matrix.
The antioxidant activity increased as the extraction time increased from
10 to 23 minutes, followed by a decline between 23 and 30 minutes. As
the ethanol concentration increased from 40% to 65%, there was an
increase in the antioxidant activity. Following the continuous increase
in ethanol concentration from 65% to 80%, the antioxidant activity
exhibited a decrease. These findings align with those reported in a study
conducted by Chi et al. (2022).16

O Ot Concomuticn ¢ " B Sroction Tire

Figure 2: The response surface plot of antioxidant (DPPH radical scavenging) activity

Optimization and model verification

By applying simultaneous optimization via the desirability function
method, the optimal conditions for extracting L. sarmentosa leaf
compounds were determined as a microwave power of 330 W, an
ethanol concentration of 64% and an extraction time of 22 minutes.
These conditions offer the optimal combination for achieving the
highest TSC and antioxidant activity. The experimental results yielded

extraction yields of 9.56 + 0.24 mg DE/g dw for total saponin content

and 87.62 + 0.46% for DPPH radical scavenging activity. There was a
high level of consistency between the experimental data and the
predicted outcomes (TSC = 9.6432 mg DE/g dw, DPPH radical
scavenging activity = 88.3249%) generated from the corresponding
regression models with CV values ranging between 0.79% and 0.83%.
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Conclusion

The successful use of the response surface methodology facilitated the
determination of optimal microwave-assisted extraction conditions for
maximizing the yield of total saponin content and antioxidant activity
of L. sarmentosa leaves. Under the optimized conditions, which
included a microwave power of 330 W, an extraction time of 22
minutes, and an ethanol concentration of 64%, the experimental values
for total saponin content and antioxidant activity were measured at 9.56
+ 0.24 mg DE/g dw and 87.62 + 0.46%, respectively.
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