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Microwave-assisted extraction (MAE) technique was developed for the extraction of flavonoids from
Radix puerariae (FRP). Several influential parameters of the MAE procedure (ethanol concentration,
solvent volume, microwave power and extraction time) were studied through single factor experiments
and orthogonal experiment for the optimization of the extraction protocol. The optimal conditions of
MAE were: ethanol concentration 70%, solvent volume 35 ml microwave power 255W and extraction
time 6.5 min, while extraction yield of FRP was 8.37 mg/g. The developed MAE method provided a good
alternative for the extraction of flavonoids from R. puerariae.
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INTRODUCTION

Radix puerariae is the dried root of Pueraria lobata
(Willd.) Ohwi and Pueraria thomsonii Berth. In China, R.
puerariae is known as ‘Ge Gen', and has been used as a
traditional Chinese herb, which is also widely accepted by
consumers over the world for its healthy effects. It has
been used for the management of various diseases,
including cardiovascular disorders (Yeung et al., 2006;
Wang et al., 2008), or as an antimicrobial, pain-releasing
and appetite-inducing agent (Keung and Vallee, 1998). It
has also proven useful in the treatment of alcohol abuse
and hypertension (Fan et al., 1985; Keung et al., 1997;
Lukas et al., 2005). Flavonoids, derivatives of benzo-¢-
pyrone, are widespread in plants (Burda and Oleszek,
2001) and they are considered to be an active ingredient
in R. puerariae (Li et al., 2003). Xu and He (2007) have
indicated that puerarin (daidzein 8-C-glucoside), daidzein
and rutin are the major flavonoids in R. puerariae. In
recent years, flavonoids have attracted the interest of
researchers because they show promise of being
powerful antioxidants which can protect the human body
from free radicals (Bors et al., 1996; Halliwell and
Gutteridge, 1999).
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Conventional techniques as heating, boiling, or refluxing
can be used to extract flavonoids, however, the
disadvantages are the loss of flavonoids due to
ionization, hydrolysis and oxidation during extraction as
well as the long extraction time (Li et al., 2005; Huang et
al.,, 2009). Other techniques which include supercritical
carbondioxide extraction, subcritical water extraction,
ultrasonic assisted extraction (UAE) and microwave-
assisted extraction (MAE) have also become of interest
as alternatives for the conventional methods. Among
these, MAE is the simplest and the most economical
techniqgue for extraction of many plant derived
compounds (Zhang et al., 2005; Hemwimon et al., 2007).
The enhancement of product recovery by microwave is
generally attributed to its heating effect, which occurs due
to the dipole rotation of the solvent in the microwave field.
This causes the solvent temperature to rise, which then
increases the solubility of the compound of interest.
Specifically, solvent heating by microwave occurs when
molecules of the polar solvent could not align themselves
quickly enough to the high frequency electric field of
microwave. This discrepancy causes the solvent
molecules to dissipate the absorbed energy in the form of
heat (Hemwimon et al., 2007). Nevertheless, no reports
on MAE of flavonoids from R. Puerariae (FRP) have been
published.

In the present study, MAE for the flavonoids from R.



puerariae (FRP) were investigated and the operational
parameters were optimised using single factor experi-
ments and orthogonal experiment design. The objective
of the work is to establish the optimised condition of MAE
for FRP for development and application of the medicinal
plant resource.

MATERIALS AND METHODS
Plant material

R. puerariae were purchased from a commercial market in Jilin,
China. A voucher specimen (No. 2036) was deposited at the
Museum, Traditional Chinese Medicine Sciences, Jilin Agricultural
Science and Technology College. Samples were pulverised in a
knife mill and were passed through a 20-mesh sieve.

Microwaves-assisted extraction (MAE)

MAE experiments were performed with a MSP-100E multimode
microwave extraction system. The MSP-100E instrument has an
internal temperature control system with a fibre temperature probe
and a pressure control system, which respectively monitors the
temperature and the pressure inside the vessel. In all of the
experiments, the pressure was set under 300 kPa to prevent the
dissolution of the target compound (Liu et al., 2007; Zhang et al.,
2009). A 15 ml ethanol solution was added to 0.5 g of dried sample
powder placed in an inner vessel. The extraction was carried out
with different extraction conditions. The extract was filtered and the
filtrate was collected and freeze-dried for determination of
flavonoids.

Determination of flavonoids

The UCARY-100 spectrophotometer (Varian, USA) was used to
determine the content of flavonoids in the above isolated product at
510 nm (Zhuang et al., 1992; Chen and Li, 2007). The flavonoid
content was calculated using the following linear equation based on
the calibration curve prepared by rutin, range from 8.0 to 40 ug ml™

A=11.237C - 0.0141, R2 =0.9997

Where; A is the absorbance, C is the flavonoid content in ug mi™,

RESULTS AND DISCUSSION

Effect of ethanol concentration on extraction yield of
FRP

The factors concerning MAE include ethanol concentra-
tion, solvent volume, microwave power and extraction
time. The influence of each factor was studied by single
factor experiments (Chen et al., 2006; Zhang et al.,
2009).

The selection of the most suitable solvent for extracting
the analytes of interest from the sample matrix is a
fundamental step in developing any extraction method.
Methanol has a relatively higher dissipation factor, which
means that it could absorb much of the microwave
energy and transform it into heat better than other solvents.
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Figure 1. Effect of ethanol concentration on the extraction yield of
FRP.

However, methanol was not tested in this study, because
it is highly toxic and is not practical for use in food and
pharmaceutical processing (Hemwimon et al., 2007). For
this reason, mixtures of ethanol-water were tested under
the same conditions. The results were summarized in
Figure 1. It can be observed that the extraction yield of
FRP were greatly influenced by the ethanol concen-
tration. The extraction yield of FRP increased sharply with
the increase of ethanol concentration up to 70%. When
ethanol concentration increased from 70 to 90 %,
however, extraction yield slightly decreased. It was in
accordance with existed studies (Duan et al., 2001; Ma et
al., 2005). From these results, it is clear that the addition
of some amount of water enhances the extraction
efficiency. One possible reason for the increased
efficiency with a presence of some water might be due to
the increase in swelling of plant material by water, which
increased the contact surface area between the plant
matrix and the solvent (Chen et al., 2008). Therefore,
further studies were conducted with 70% ethanol.

Effect of solvent volume on the extraction yield of
FRP

Generally in conventional extraction techniques, a higher
volume of solvent will increase the recovery, but in MAE,
a higher solvent volume may give lower recoveries
(Eskilsson and Bjorklund, 2000; Guo et al., 2001; Xiao et
al., 2008).

To investigate the influence of solvent volume on
extraction yield of FRP, experiments were performed by
increasing the extractant solvent volume from 20 to 60 ml
under the experimental conditions described above. It is
seen in Figure 2 that the extraction yield of FRP
increased with the increase of solvent volume and
reached its maximum at 30 ml/g. It decreased as solvent
volume was above 30 ml/g. This was probably due to the
larger volume of 70% ethanol causing excessive swelling
of the material by water and absorbing the effective con-
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Figure 2. Effect of solvent volume on the extraction yield of FRP.
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Figure 3. Effect of microwave power on the extraction yield of FRP.

stituent (Xiao et al., 2008). Therefore, a volume of 30 ml
was enough for extraction.

Effect of microwave power on the extraction yield of
FRP

Microwave irradiation energy disrupts hydrogen bonds,
because of microwave-induced dipole rotation of
molecules and migration of dissolved ions. Microwave
irradiation energy can enhance the penetration of the
solvent into the matrix and deliver efficiently to materials
through molecular interaction with the electromagnetic
field and offer a rapid transfer of energy to the solvent
and matrix, allowing the dissolution of components to be
extracted (Duan et al., 2001; Hu, 2003; Guo et al., 2003).
In order to evaluate the effect of microwave power MAE,
the different microwave powers were controlled for 6 min,
e.g., 85, 170, 255, 340 and 425 W. The results are shown
in Figure 3. The experimental results demonstrate that
the extraction yield of FRP increase with the enhance-
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Figure 4. Effect of extraction time on the extraction yield of FRP.

ment of the microwave forward power when the
processing forward power is in the range of 85 — 255 W,
and then the extraction yield of FRP are not significantly
changed from 255 to 425 W. This is due to the fact that
the accelerated extraction of flavonoids by increasing
microwave power is related to the direct effects of
microwave energy on biomolecules by ionic conduction
and dipole rotation which result in power dissipated inside
the solvent and plant material and then generate
molecular movement and heating (Chen et al., 2008).
More electromagnetic energy was transferred to the
extraction system quickly and improved the extraction
efficiency when the microwave power increased from 85
to 255 W. Therefore, it was decided to use 255 W micro-
wave power in the following experiments.

Effect of extraction time on the extraction yield of
FRP

Extraction time is a factor that must be studied to
increase the effectiveness of extraction of analytes
employing MAE (Zhou et al., 2007). Studies were carried
out at different times, e.g., 3, 4, 5, 6,7and 8 min. The
results are shown in Figure 4. The experimental results
demonstrates that the extraction yield of FRP with the
increase of the extraction time from 3 to 8 min, do not
change from 6 to 8 min. The significance of the extraction
time can be presumed to be related to the time required
for the desorption process to take place (Chen et al.,
2008). Therefore, 6 min was considered as the
appropriate extraction time.

Optimization of MAE conditions of FRP

Since various parameters potentially affect the MAE
process, the optimization of the experimental conditions
represents a critical step in the development of a MAE
method (Pan et al., 2008). In this work, four parameters
were evaluated: (A) ethanol concentration, (B) solvent
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Table 1. The factors and levels for the orthogonal design.

Ethanol concentration

Solvent volume

Microwave power Extraction time

Levels
A B C D
1 65 25 170 5.5
2 70 30 255 6.5
3 75 35 340 6.5

Table 2. The results of orthogonal experiment Lo (3%).

Test numbers A B C D Extraction yield of FRP
1 1 1 1 1 7.18
2 1 2 2 2 7.92
3 1 3 3 3 8.03
4 2 1 2 3 8.15
5 2 2 3 1 8.11
6 2 3 1 2 7.96
7 3 1 3 2 7.93
8 3 2 1 3 7.81
9 3 3 2 1 8.06
Ki 7.710 7.753 7.650 7.783
Kz 8.073 7.947 8.043 7.937
Ks 7.933 8.017 8.023 7.997
R 0.363 0.264 0.393  0.214

volume, (C) microwave power, (D) extraction time. On the
basis of the effects of single factor in above chapters, for
each variable, three levels were set to detect the most
suitable extraction conditions as described in Table 1. In
general, a full evaluation of the effect of four parameters
at four levels on the yield would require 81(3* experi-
ments. In order to reduce the number of experiments, an
Lo (34) orthogonal design graph was used (Table 2). In
this way, only 9 experiments were necessary. As seen
from Table 2, we can find that the influence to the mean
extraction yields of FRP decreases in the order: C > A >
B> D according to the R values. Microwave power was
found to be the most important determinant of extraction
yield of FRP. The best combination shown was A;B3C,D;
which is in specific, ethanol concentration was 70%,
solvent volume was 35 ml, microwave power was 255 W
and extraction time was 6.5 min. That was also the
optimal extraction condition, while extraction yield of FRP
was 8.37 mg/g.

Conclusion

Microwave-assisted extraction was determined to be an
effective method for extracting flavonoids from R.
Puerariae. Extraction yield of FRP were affected by
ethanol concentration, solvent volume, microwave power
and extraction time. The optimal condition through single
factor experiments and orthogonal experiment was deter-
mined as followings: ethanol concentration 70%, solvent

solvent volume 35 ml, microwave power 255 W and
extraction time 6.5 min. This showed great potential for
industrial application in the near future.
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