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Pterostilbene (PTB) is an active component of Pterocarpus marsupium which is a well-known source for its
therapeutic effects. The current study optimized the ultrasound-assisted extraction conditions to maximize the amount
of PTB extracted from P. marsupium and its estimation by High-performance liquid chromatography. The response

surface methodology (RSM) was employed to determine the solvent: solid ratio (A), soaking time (B), and sonication
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time (C). To determine the optimal processing conditions, the experiment’s design and data analysis employed a
Box Behnken Design. The optimal conditions for ultrasound-assisted extraction include a solvent-to-solvent ratio of
10:1 v/w, a soaking time of 20 minutes, and a sonication time of 10 minutes. Under these circumstances, PTB
experimental yield was 2.14 mg/g, which was significantly close to the predicted values of 2.070 mg/g. The
experimental results were consistent with those anticipated by RSM models.

INTRODUCTION

Pterostilbene (PTB) is a naturally occurring compound
in the heartwood of Pterocarpus marsupium and blueberries
(Lin et al., 2009; Roupe et al., 2006). It is a vital component of
blueberries and P. marsupium (Adrian et al., 2000; Breuil et al.,
1999; Fuendjiep et al., 2002; Pezet and Pont, 1998). It was
first isolated from Pterocarpus santalinus (Seshadri, 1972). It
mostly grows in Sri Lanka and India. It is also known as Sarfaka
in Sanskrit, Vijaysaar in Hindi, and Indian Kino in English.
Pterocarpus marsupium heartwood is frequently used to treat
diabetes mellitus (Gupta and Gupta, 2009; Mallavadhani and
Sahu, 2003; Manickam et al., 1997; Mishra et al., 2013; Pari and
Amarnath, 2006, 2008; Perera, 2016). Other pharmacological
activities of different parts of P. marsupium, such as antioxidant
(Amorati et al., 2004; Denise and David, 2013; Rimando
et al., 2002; Stivala ef al., 2001) hypolipidemic, and antifungal
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activities have also been reported (Daniel ef al., 2013; Ferrer
et al., 2005; Roberti et al., 2003; Tolomeo et al., 2005).

PTB, a naturally occurring isoflavone derivative, has
been reported to have many therapeutic benefits, including
anticancer activity. It was proven to be an effective anticancer
drug in a number of cancers (Denise and David, 2012). It is
a type of phenolic compound found in a traditional Ayurvedic
beverage from India called Darachchasava, which is used to
cure cardiovascular and other conditions (Paul ef al., 1999).

Ultrasonic-assisted extraction (UAE) is becoming
a more common way to extract active compounds from plant
material (Wakte et al., 2011). By creating cavitation in the
solvent, which occurs as a result of ultrasonic waves passing
through it, ultrasound increases the effectiveness of single-
molecule extraction (Giacometti ef al., 2018; Jang et al., 2017,
Pham et al., 2020; Yusoff et al., 2022; Zheng et al., 2020). As
a result of improved solvent penetration into the sample, there
is a higher release of matrix components into the solvent as a
result of increased extraction. To create an effective ultrasound-
assisted extraction method, it is necessary to maximize the
experimental conditions because a number of process variables,
such as ultrasound power, process temperature, and sonication
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time, affect the extraction efficiency (Ali et al., 2018; Aourabi
et al., 2020; Fan et al., 2020; Gonzalez-Silva et al., 2022; Pan
etal.,2012).

One of the most important steps in the setup of
a high throughput laboratory is the design of experiment.
In order to maximize the benefits of a system, process, or
product, it is necessary to optimize its performance. The
phrase “optimization” has been frequently used in analytical
chemistry to describe the process of identifying the conditions
at which to execute a technique in order to obtain the optimal
response. In the past, optimization in analytical chemistry has
been done by keeping track of how one factor at a time affects
an experimental result. Only one parameter is altered; all other
parameters are maintained at their constant level. The term
“one-variable-at-a-time” refers to this optimization method.
The fact that the interacting effects between the variables under
study are not taken into account is its major drawback. The
whole impact of the parameter on the response is therefore not
represented by this technique (Lundstedt ez al., 1998). One-
factor optimization also has a limitation in that it necessitates
more experiments to complete the study, which adds to the
time and cost of the project as well as the number of reagents
and materials used.

In order to efficiently estimate the first- and second-
order coefficients of the mathematical model, Box and Behnken
(1960) described how to choose points from the three-level
factorial arrangement. As a result, and mostly due to the
enormous number of variables, these designs are more effective
and cost-effective (Bhusari ez al., 2020).

The advantages of response surface methodology
(RSM) over traditional one-variable-at-a-time optimization,
such as the generation of large amounts of information from a
small number of experiments and the capability of evaluating
the interaction effect between the variables on the response, have
led to its widespread and consolidated use in the optimization
of conventional extraction techniques today. The symmetrical
second-order experimental design that is still most frequently
used for the development of analytical techniques is the central
composite design. Three-level factorial designs are not frequently
used, and when they are typically only used to optimize two
variables because they perform poorly with more variables.

The objective of this research was to enhance the
extraction of PTB from P. marsupium by applying RSM to
optimize the variables of the ultrasound-assisted extraction
method, such as the soaking time, solvent to solid ratio, and
sonication time by using Box Behnken Design (BBD).

MATERIAL AND METHODS

Plant material

Pterocarpus marsupium heartwood was collected
in Aurangabad, Maharashtra. At the Botanical Survey of
India in Pune, the material that had been obtained had been
authenticated. The collected leaves were washed and dried
in a micro tray dryer (S. B. Panchal & Company). To obtain
consistent particle size, dried leaves were pulverized in a mixer
grinder (Devika mixer grinder) and sieved through a 120 mesh
sieve. The obtained powder was then utilized for extraction.

Chemicals

High performance liquid chromatography (HPLC)
grade acetonitrile (ACN) procured from Rankem. Distilled
ethanol was used for the study. The PTB was purchased from
Sigma Aldrich (India) Pvt. Ltd.

Sample preparation

0.5 g of plant samples were put into an extraction
vessel along with ethanol and sonicated using an ultrasonic
bath (Labman Scientific Instruments Ltd.), under various
experimental conditions. Schematic representation of UAE
showed in Figure 1. Collected were the liquid fractions of the
extraction. Prior to HPLC analysis, samples were filtered after
extraction.

HPLC analysis

Chromatographic analysis was conducted using
HPLC (Agilent Technologies). The system was equipped with
a G1329B autosampler. The analysis made use of an Agilent
Technologies G1315F variable wavelength detector. HPLC
grade water was obtained using a “Extra pure” water purification
equipment (Lab link). Using an ultrasonicator, the mobile phase
was degassed (PCi Analyticals). Chemicals were weighed using
a Vibra HT (Essae) analytical balance. HPLC grade water
was prepared using Lab Link “Extra pure” water purification
equipment. For HPLC analysis, a mobile phase with water:
ACN ratio of 35:65 v/v was utilized. It was filtered through a
0.22 m filter and ultrasonically degassed for 10 minutes.

All analyses were performed at room temperature
under isocratic conditions. The sample was filtered with a 0.2
m filter prior to analysis. For 10 minutes, the mobile phase was
run at a flow rate of 1 ml/minute. Ultraviolet detection was
used to monitor the column eluent at 306 nm, and the injection
volume was 20 ul.

By comparing the PTB peak’s retention time to that of
standards, the PTB peak was identified, and the concentration
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Figure 1. Schematic representation of UAE.
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was then determined using calibration curves. The assay mean
values for each experiment, which were carried out in triplicate,
are used to express the results.

Experimental design

The application of the BBD was conducted in the form
of preliminary experiment observations. This resulted in 15
treatments with three center points for evaluation. The solvent-
to-solid ratio (A), the soaking time (B), and the sonication time
(C) were chosen as independent factors (Table 1). A model was
created using Design Expert software, which also enabled us
to move toward the optimization of operating conditions. This
design was used to determine the ideal conditions under which P,
marsupium PTB extraction could be successsfully accomplished.

RESULTS AND DISCUSSION

HPLC analysis

The PTB was detected at 306 nm and representative
HPLC chromatograms are shown in Figure 2. For PTB
concentrations from 1 to 5 ng/ml, the regression equation was =
6.69740% +0.0.426, which presented good linearity (R =0.999).

Statistical analysis and model fitting

In the present BBD, a total of 15 runs were required
for each of the three independent parameters. The experimental

Table 1. The independent variables affecting the extraction

procedure.
Levels of variables
Independent variables Symbols 5 .
Solvent to solid ratio (v/w) A(viw) 20:1 30:1 40:1
Soaking time (minute) B (minute) 15 30 45
Sonication time (minute) C (minute) 10 20 30

Table 2. BBD of three independent variables.

factorial design parameters and PTB extraction yield values are
shown in Table 2. According to the ANOVA results (Table 3),
it is possible to determine the experiment’s response surface.
The goodness-of-fit of the linear regression model
can be measured using the adjusted determination coefficient.

Table 3. The ANOVA analysis for the extraction of PTB.

Sr. No. Batch code A B C PTB yield (mg/g)
1 PTU-1 0 0 0 2.081
2 PTU-2 0 -1 -1 2.145
3 PTU-3 0 0 0 2.112
4 PTU-4 -1 0 -1 0.414
5 PTU-5 1 0 1 0.368
6 PTU-6 0 1 -1 1.904
7 PTU-7 0 0 0 1.999
8 PTU-8 1 0 -1 0.357
9 PTU-9 -1 -1 0 0.414
10 PTU-10 -1 0 1 0.414
11 PTU-11 0 1 1 1.702
12 PTU-12 0 -1 1 1.807
13 PTU-13 1 1 0 1.503
14 PTU-14 -1 1 0 0.425
15 PTU-15 1 -1 0 1.802

Sum of Degree of Mean
Source F-value  p-value
squares freedom square
Model 7.56 9 0.8398 4.83 0.0489
A 0.6974 1 0.6974 4.01 0.1017
B 0.0502 1 0.0502 0.2882 0.6144
C 0.0350 1 0.0350 0.2010 0.6727
AB 0.0240 1 0.0240 0.1377 0.7258
AC 0.0000 1 0.0000 0.0002 0.9902
BC 0.0047 1 0.0047 0.0267 0.8766
A? 591 1 591 33.94 0.0021
B2 0.2072 1 0.2072 1.19 0.3250
c? 0.6244 1 0.6244 3.59 0.1168
La;ﬁ °of 8634 3 0.2878 83.61 00118
Residual 0.8703 5 0.1741
Pure 0.0069 2 0.0034
error
Total 8.43 14
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Figure 2. Chromatograms of PTB (a) standard and (b) extract.
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R adj is also called adjusted R, adj, as it is calculated through
a standard way of adjusting for multiple sources of noise. The
R adj value, calculated with 947.8860 is very nearly 1, and
therefore there is an almost perfect fit between observed and
predicted values. The calculated p-value for the lack of fit was
0.3462.

In order to assess the fitness of the model, we used
the lack of fit test (p > 0.05) to assess the model’s accuracy
in predicting variance. The F-value (df) is shown in this
column with a p-value below 0.05 considered significant.
The significance of associated variables would increase as
df and p-value decreased. According to F-test, F' = 29.75 and
p =0.001), evidenced high importance for this model.

RSM for optimization of extraction conditions

Based on estimations, the RSM provides empirical
relationships between PTB extraction yield and test variables.
The maximum PTB extraction yield has been estimated using a
linear regression model with calibration data including response
variables (extraction yield) and test variables. The multiple
regression equation used here to relate the experimental
variables of PTB extraction yield is as follows:

Y=+2.06+0.2952 A-0.0792B —0.0661C —0.0774AB +
0.0027AC + 0.0341BC —1.26A* +0.2369B> —0.4112C>
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Figure 3. Contour plots and response surface plots show the influence of
variables on the response Y (PTB yield).

Where Y is the yield of PTB (mg/g), and A, B, and C
are the coded variables for the solid-solvent ratio, soaking time,
and sonication time, respectively. The solvent: solid ratio (A),
soaking time (B), and sonication time (C) of PTB were found
to influence the extraction yield of PTB as seen in Figure 2.
The outcome of the experiment on PTB extraction yield showed
that the increase in each factor of extraction was proportional to
each other, as seen in Figure 3(a). The 3D response surface plot
and 2D contour plot are graphical representations of how each
factor affected PTB yield, which visually shows the relationship
between them.

The extraction yield of PTB is shown in Figure 3(b) as
a function of solvent: solid ratio, sonication time, and at a fixed
soaking time using a 3D response surface plot and contour plot.
Within the selected experimental range, higher solvent-to-solid
ratios and longer sonication times led to higher yields of PTB.
When the solvent: solid ratio was constant, the extraction yields
of PTB affected by various sonication times and soaking times
are shown in Figure 3(c). It was highly significant (p 0.001)
how the solvent: solid ratio interacted with different sonication
times and soaking times.

CONCLUSION

The extraction of PTB from P. marsupium with the
use of ultrasound was studied in the current study applying the
RSM. The experimental results indicate that the solvent: solid
ratio, soaking time, and sonication time were all important
process factors that had an impact on the extraction of PTB.
The best conditions for extracting PTB were determined to
be the following: solvent-to-solvent ratio of 10:1, 20 minutes
soaking time, and 10 minutes sonication time. PTB achieved an
experimental yield of 2.14 mg/g in these circumstances, which
is quite similar to the expected yield value of 2.07 mg/g. The
experimental results agreed with the RSM model predictions,
proving the model’s effectiveness and how effectively RSM
was employed. The combination of factors in the optimized
batch gave the maximum percentage yield of PTB. Therefore, it
will serve to be the base for the commercial extraction of PTB
from heartwood of P. marsupium.
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