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bstract

Surfactant assisted pressurized liquid extraction (PLE) with a laboratory made system was applied for the extraction of glycyrrhizin in Radix
lycyrrhizae/liquorice and ephedrine in Ephedra sinica. The proposed system set-up for this current work was simpler as no heating and back
ressure regulator was required. Extraction with surfactant assisted PLE was carried out dynamically at a flow of 1.5 mL min−1, at room temperature,
nder an applied pressure of 10–20 bar with an extraction time of 45–50 min. The extraction efficiencies of the proposed method using surfactants
uch as sodium dodecyl sulfate (SDS) and Triton X-100 were compared with sonication using organic solvent for different batches of medicinal
lants materials. For the determination of glycyrrhizin in R. glycyrrhizae, the extraction efficiencies of surfactant assisted PLE with SDS and
riton X-100 was observed to be comparable with sonication. The method precision was found to vary from 1.6 to 2.6% (R.S.D., n = 6) on
ifferent days. For ephedrine in E. sinica, surfactant assisted PLE with SDS was found to give higher extraction efficiencies compared to Triton
-100. The overall method precision for surfactant assisted PLE with SDS for ephedrine in E. sinica was found to vary from 1.5 to 4.1% (R.S.D.,

= 6) on different days. The marker compounds present in the various medicinal plant extracts were determined by gradient elution HPLC.
ur data showed the possibility of PLE at room temperature and the advantages of eliminating the use of organic solvents in the extraction
rocess.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Radix glycyrrhizae/liquorices and Ephedra sinica/Herba
phedrae are medicinal plants found in the Chinese Pharma-
opoeia [1], World Health Organization (WHO) monographs
2,3] and others [4,5]. For R. glycyrrhizae, the major con-
tituents are glycyrrhizin (glycyrrhizic acid, glycyrrhizinic
cid) as shown in Fig. 1A). It was known to contain 2–9% of
lycyrrhizin. The chemical substance, glycyrrhizin present in
. glycyrrhizae is responsible for its sweetness, which is 50
imes that of surcose. Other flavonoid constituents present in R.
lycyrrhizae include liquiritigenin and isoliquiritigenin [2,4].
or Herba Ephedrae, the major active principle is (−)-ephedrine
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Fig. 1B), it is found in the concentrations of 40–90% of the
otal alkaloid fraction, accompanied by (+)-pseudoephedrine.
ther trace alkaloids in the alkaloid complex include (−)-
orephedrine, (+)-norpseudoephedrine, (−)-methylephedrine
nd (+)-methylpseudoephedrine. The total alkaloid content can
xceed 2%, depending on the species [2,4].

Currently, the various approaches for the preparation of sam-
les and determination of bioactive or marker compounds in
otanical extracts and herbal preparations are discussed in a few
eview papers [6–9]. In the monograph stated in the pharma-
opeias, methods of extraction such as sonication, heating under
eflux, Soxhlet extraction and others are commonly used. How-
ver, such methods can be time consuming, require the use of

arge amount of organic solvent and may have lower extraction
fficiencies. Thus, this will lead to higher cost involved during
he extraction process. In the move to reduce or eliminate the
se of organic solvent and improve the extraction processes,

mailto:cofoes@nus.edu.sg
dx.doi.org/10.1016/j.aca.2006.09.019
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ig. 1. Chemical structures of (A) glycyrrhizin present in Radix glycyrrhizae
nd (B) ephedrine present in Ephedra sinica.

ressurized hot water extraction (PHWE) extraction had been
eveloped for the extraction of compounds present in medicinal
lants [10].

Methods using a laboratory made PHWE system were
pplied for the extraction of thermally labile and non-polar to
olar components in botanicals. These included berberine in
optidis rhizoma, glycyrrhizin in R. glycyrrhizae (liquorice),
aicalein in Scutellariae radix, hydrophobic marker compounds
n Radix codonopsis pilosula and tanshinone I and IIA in Salvia
iltiorrhiza [11–13]. Recently, studies have demonstrated the
se of micellar media as an alternative to organic solvents for use
s extractants of organic pollutants from liquid and solid envi-
onmental samples [14]. To improve the recoveries of marker
ompounds in R. c. pilosula, a method combining surfactants
uch as sodium dodecyl sulfate (SDS) or Triton X-100 and
HWE with an applied temperature at 95 ◦C was developed
12]. The feasibility of employing aqueous non-ionic surfactants
olutions as an alternative solvent system in pressurized liquid
xtraction (PLE) was demonstrated by another research group
sing the root of American ginseng as model solid samples.
hen compared to ultrasonic extraction with an organic solvent,

he presence of a common non-ionic surfactant (Triton X-100) in
ater at a concentration above its critical micelle concentration

nd higher applied temperature was shown to give comparable
mount of pharmacological active compounds extracted from
inseng roots [15]. To our best knowledge, reports on the use
f surfactant assisted PLE at room temperature with medicinal
lant materials are rather limited.

The aim of the current work is to develop a simple method
or the rapid determination of glycyrrhizin in R. glycyrrhizae

nd ephedrine in Herba Ephedrae using surfactant assisted PLE
t room temperature. The instrumentation used was based on a
aboratory made system. The extraction efficiencies of the pro-
osed method using surfactants such as SDS and Triton X-100
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ere compared with sonication using organic solvent for differ-
nt medicinal plants materials. The botanical extracts obtained
ere analyzed using reversed phase HPLC.

. Experimental

.1. Chemicals

All reagents were of analytical grade. Glycyrrhizin,
phedrine hydrochloride and sand purified by acid (about 40–
00 mesh) were purchased from Sigma (St. Louis, MO, USA).
ethanol and ethanol were purchased from Hayman (Witham,

ssex, England). Ultra pure water was obtained from Millipore
lpha-Q water system (Millipore, Bedford, MA, USA).

.2. Preparation of references standards

Stock solutions of glycyrrhizin and ephedrine at 1000 mg L−1

ere prepared in methanol. For all analysis, the working solu-
ions of glycyrrhizin and ephedrine were prepared in the range
f 0–100 mg L−1 in methanol. Linearity of glycyrrhizin and
phedrine were established between 0 and 100 mg L−1 with
orrelation coefficient r2 ≥ 0.99. For the quantatition of marker
ompounds in medicinal plants, a three-point calibration based
n the linearity established was used. The system precision
R.S.D., n = 6) for glycyrrhizin and ephedrine were found to
e less than 2.0% on different days.

.3. Preparation of medicinal plants

To prepare a homogenous sample, different types of medic-
nal plants were ground using an IKA MF10 microfine grinder
Staufen, Germany) with sieve insert of hole size 0.5 mm. For
ressurized liquid extraction, 0.1–0.5 g of the medicinal plant
amples were weighed directly into a glass tube and mixed
horoughly with a high proportion of sand. The sand and plant

aterial mixture were transferred into the extraction cell for
ressurized liquid extraction as mentioned below. For all exper-
ments, the sample powder was sandwiched between the sand.
he extraction cells were finally filled with sand to avoid any
oids.

.4. Sonication

For glycyrrhizin, the procedures were adopted from our ear-
ier reports [11,16]. Briefly, an accurately weighed 0.6 g of
round sample was extracted with 20 mL of methanol/water
ixture (70:30) by sonication at room temperature for 10 min

nd centrifuged at 2000 rpm for 10 min. The procedures were
epeated three times. The extracts were combined and trans-
erred into a 100 mL volumetric flask. For ephedrine, the pro-
edures were adopted from other reports [17–19]. Briefly, an
ccurately weighed 0.3 g of ground sample was extracted with

0 mL of methanol/water mixture (80:20) by sonication at room
emperature for 10 min and centrifuged at 2000 rpm for 10 min.
he procedures were repeated three times. The extracts were
ombined and transferred into a 100 mL volumetric flask.
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.5. Surfactant assisted pressurized liquid extraction (PLE)
ystem

The instrumentation used was laboratory assembled. For sur-
actant assisted PLE, different amount of SDS (0.1–0.4%, w/v)
r Triton X-100 (0.1–1.0%, v/v) in 1 L of water was used as
he extraction liquid. The stainless steel tubings used were 1/16
n. o.d. and 0.18 mm i.d. The extraction cells were of stainless
teel with 10 mm × 150 mm i.d. (approximately 10–11 mL). The
ump used was an isocratic Shimadzu LC10 series pump (Kyoto,
apan) and the flow rate was set at 1.5 mL min−1. The pressure
n the system indicated by the HPLC pump was between 4 and
0 bar. The extraction cell was pre-filled with water to check for
ossible leakage before extraction. Extraction with water was
arried out for a period of 40–50 min and 45–50 mL of liquid
as collected in a 100 mL volumetric flask. In between runs, the

ystem was washed with water for 5 min.

.6. HPLC conditions

For all experiments, a Shimadzu LC 10 series HPLC system
quipped with a binary gradient pump, autosampler, column
ven and diode array detector was used. For the separation of
lycyrrhizin, the gradient elution consists of mobile phase of
A) 0.1% formic acid in water and (B) 0.1% formic acid in
cetonitrile. The initial condition was set at 20% of B, gradient
p to 100% B in 20 min before returning to initial condition for
0 min. For ephedrine, the gradient elution consists of mobile
hase of (A) 5 mM SDS in water and (B) acetonitrile (ACN). The
nitial condition was set at 20% of B, gradient up to 100% B in
0 min before returning to initial condition for 10 min. Detection
as at 254 nm for the analysis of glycyrrhizin and 210 nm for

phedrine. Oven temperature was set at 40 ◦C and flow rate was
t 1.0 mL min−1. For all experiments, 10 �L of standards and
ample extracts were injected. The column used for separation
as Hypersil Elite C18, 150 mm × 4.6 mm i.d., 5 �m (Runcorn,
heshire, England).

. Results and discussion

.1. Optimization of surfactant assisted PLE for medicinal
lants

The parameters that can affect the extraction efficiencies
f PHWE included temperature, extraction time, addition of
rganic solvent or different amount of surfactants added [10–13].
or the extraction of bioactive and marker compounds in botan-

cals and medicinal plants, the temperature used in PHWE has
critical effect on the method accuracy and extraction efficien-
ies. Increasing the extraction temperature from 125 to 180 ◦C
ill result in higher recoveries for the extraction of certain

ompounds from plant materials. However, an increase in the
xtraction temperature to a certain point will cause the analytes

resent in the medicinal plants to degrade [10–13,15]. It has
een observed that the geometry of the extraction cell or vessel
nd the flow direction of the water had only minor effect on the
ecoveries of the target analytes in the solid samples [20].
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Surfactants are amphiphilic molecules, the head of which is
olar or hydrophilic and the tail is hydrophobic. The tail is gener-
lly a hydrocarbon chain with different number of carbon atoms,
ay be linear or branched and contains aromatic rings. The

urfactant molecules can associate in aqueous solution to form
olecular aggregates called micelles. One of the most important

roperties of these organized structures is their good capacity to
olubilize solutes of different character. This will allow spar-
ngly soluble or non-water soluble to be solubilized in water
ecause they tend to bind to the micelles in solution [14]. The
mprovement of subcritical water extraction with micelle for-

ation had been applied for the removal of polycyclic aromatic
ydrocarbons in soil and environmental samples. The environ-
ental samples were subjected to static–dynamic extraction
ith SDS–water at a pressure of 50 bar and a temperature of
50–225 ◦C. Although SDS had been applied successfully in the
xtraction of non-polar components such as polyaromatic hydro-
arbons in soil [21], non-ionic surfactant such as Triton X-100
ave higher extraction efficiencies for the hydrophobic compo-
ents in R. c. pilosula [12]. Similarly, surfactant such as Triton
-100 added into the extraction cell prior to supercritical fluid

xtraction was reported to accelerate the quantitative extraction
f cholesterol in solid food sample [22]. In ultrasonically assisted
xtraction of ginsenosides from American ginseng, the use of
queous surfactant solution containing 10% Triton X-100 as the
xtraction fluid was found to result in faster extraction kinetics
nd higher recovery compared to methanol and water [15,23].
sing non-ionic surfactant such as Triton X-100 with PLE, it was
bserved that good extraction efficiencies were obtained when
lower applied temperature was used [12,15]. For the current
ork, the applied temperature was at room temperature, hence,
arameters that required optimization include the different types
f surfactant such as SDS and Triton X-100, amount of surfac-
ant added into the extraction fluid and the extraction time. Water
ithout the addition of any surfactants at room temperature was
ot used as it is observed to be too polar to efficiently dissolve
ost organics that are associated with botanicals [11,12].
The effects of two different types of surfactants such as SDS

nd Triton X-100 added into the extraction fluid were shown in
igs. 2 and 3, respectively. For the analysis of glycyrrhizin in
. glycyrrhizae (Fig. 2A and B), the amount of SDS and Triton
-100 added into the extraction fluid did not have a significant

ffect on the amount of glycyrrhizin extracted from the vari-
us batches of medicinal plants. At the same time, the amount
f glycyrrhizin extracted was not affected by the two different
ypes of surfactants used. For the determination of ephedrine in
erba Ephedrae (Fig. 3A), the amount of ephedrine extracted

ncreased with the amount of SDS added in the extraction fluid.
owever, the amount of ephedrine extracted was not affected
y the amount of Triton X-100 added, as shown in Fig. 3B. In
his study, a higher concentration of SDS and Triton X-100 was
ot used as a gel like extract that was difficult for the system
o handle was obtained. As reported in our earlier works, the

ariation of the data presented in Figs. 2 and 3 was due to the
on-homogeneity of the medicinal plant samples used [11–13].
ased on the data obtained in Figs. 2 and 3, the amount of sur-

actants added into the extraction fluid (0.4%, w/v, of SDS and
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Fig. 2. (A) Effect of different amount of SDS in water on the extraction of
glycyrrhizin by surfactant assisted PLE (n = 3, R.S.D., 1–3%) and (B) effect
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Fig. 3. (A) Effect of different amount of SDS in water on the extraction of
ephedrine by surfactant assisted PLE (n = 3, 1–3%) and (B) effect of different
amount of Triton X-100 in water on the extraction of ephedrine by surfactant
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f different amount of Triton X-100 in water in the extraction of glycyrrhizin
y surfactant assisted PLE (n = 3, 1–3%). The study was performed with two
ifferent batches of medicinal plant materials.

.0%, v/v, of Triton X-100) were selected for further experi-
ents.
The time for surfactant assisted PLE was set at 45–50 min.

rom Fig. 4A and B, it was found that a significant portion of
he target analytes would be extracted within 45–50 min. Our
ata was consistent with other report where a significant por-
ion of the target analytes would be extracted by PHWE within
0–60 min [24]. Hence, a model based solely on the thermody-
amic distribution coefficient KD, which assumes that analyte
esorption from the matrix is rapid compared to elution is used
o describe the extraction profiles obtained with hot water [24].
astly, the pressure was generated based on the packing mate-

ials in the extraction cell and was reported to have negligible
ffect on the extraction efficiency [10–13,15].

.2. Applications of surfactant assisted PLE to medicinal

lant samples

In the validation of analytical methods using PHWE, it is
ften required to compare the extraction efficiencies with refer-

R
a
f
t

ssisted PLE (n = 3, 1–3%). The study was performed with two or three different
atches of medicinal plant materials.

nce methods such as Soxhlet extraction, sonication and others.
or botanicals and herbal preparations, the bioactive or marker
ompounds are present naturally and significant analyte–matrix
nteraction will be present. Hence, spiking of the target com-
ounds into the plant matrix will not mimic the real environment
11–13,16]. The high recovery obtained in the spiking experi-
ents may not imply that the method has good accuracy.
Based on the results obtained from the optimization experi-

ents, the performance of the proposed method was compared
ith sonication with organic solvent on the same day. It is impor-

ant that all comparisons are done on the same day as loss of water
nd possible degradation may occur as a result of the storage
onditions of the plant materials. Our earlier work had showed
hat the amount of glycyrrhizin in R. glycyrrhizae can vary from
.9 to 8.1% (R.S.D., n = 6) [16]. At the same time, we have
valuated the homogeneity of plant samples used, the amount
f glycyrrhizin present in R. glycyrrhizae can vary from 0.7 to
.5% (R.S.D., n = 5/6). For the determination of glycyrrhizin in

. glycyrrhizae, taking into account the small sample size used
nd sample in-homogeneity, the extraction efficiencies of sur-
actant assisted PLE with SDS and Triton X-100 was observed
o be comparable with sonication (Tables 1 and 2). The method
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Table 1
Comparison of amount of glycyrrhizin extracted from different batches of in Radix glycyrrhizae using sonication with 70% aqueous methanol and surfactant assisted
PLE with 0.4% (w/v) SDS/H2O

Sonication (mg g−1) Surfactant assisted PLE with
0.4% (w/v) SDS/H2O (mg g−1)

Glycyrrhizin in R. glycyrrhizae 1 24.1 ± 0.2 (R.S.D.: 1.1, n = 3) 23.3 ± 0.4 (R.S.D.: 1.7, n = 6)
Glycyrrhizin in R. glycyrrhizae 2 26.3 ± 0.3 (R.S.D.: 1.3, n = 3) 25.0 ± 0.4 (R.S.D.: 1.7, n = 6)
Glycyrrhizin in R. glycyrrhizae 2 32.7 ± 0.8 (R.S.D.: 2.4, n = 3) 30.5 ± 0.8 (R.S.D.: 2.6, n = 6)

Table 2
Comparison of amount of glycyrrhizin extracted from different batches of in R. glycyrrhizae using sonication with 70% aqueous methanol and surfactant assisted
PLE with 1.0% (v/v) Triton X-100/H2O

Sonication (mg g−1) Surfactant assisted PLE with 1.0% (v/v)
Triton X-100/H2O (mg g−1)

Glycyrrhizin in R. glycyrrhizae 1 26.2 ± 0.8 (R.S.D.: 0.3, n = 3) 24.8 ± 0.1 (R.S.D.: 0.6, n = 6)
Glycyrrhizin in R. glycyrrhizae 1 25.5 ± 0.1 (R.S.D.: 0.6, n = 3) 24.1 ± 0.4 (R.S.D.: 1.6, n = 6)
Glycyrrhizin in R. glycyrrhizae 2 28.5 ± 0.2 (R.S.D.: 0.5, n = 3) 27.4 ± 0.4 (R.S.D.: 1.7, n = 5)

Table 3
Comparison of amount of ephedrine extracted from different batches of Ephedra sinica using sonication with 80% aqueous methanol and surfactant assisted PLE
with 0.4% (w/v) SDS/H2O

Sonication (mg 100 g−1) Surfactant assisted PLE with 0.4% (w/v)
SDS/H2O (mg 100 g−1)

Ephedrine in E. sinica 1 104.8 ± 0.1 (R.S.D.: 0.1, n = 3) 98.1 ± 3.3 (R.S.D.: 3.4, n = 6)
Ephedrine in E. sinica 1 101.3 ± 0.9 (R.S.D.: 0.9, n = 3) 96.4 ± 2.1 (R.S.D.: 2.2, n = 6)
Ephedrine in E. sinica 2 173.3 ± 6.1 (R.S.D.: 3.5, n = 3) 172.0 ± 7.1 (R.S.D.: 4.1, n = 6)
Ephedrine in E. sinica 2 179.3 ± 4.3 (R.S.D.: 2.4, n = 3) 183.0 ± 2.8 (R.S.D.: 1.5, n = 6)
Ephedrine in E. sinica 2 183.2 ± 1.2 (R.S.D.: 0.7, n = 3) 178.4 ± 3.5 (R.S.D.: 2.0, n = 6)

Table 4
Comparison of amount of ephedrine extracted from different batches of E. sinica using sonication with 80% aqueous methanol and surfactant assisted PLE with
1.0% (v/v) Triton X-100/H2O

Sonication (mg 100 g−1) Surfactant assisted PLE with 1.0% (v/v)
Triton X-100/H2O (mg 100 g−1)

Ephedrine in E. sinica 1 136.0 ± 13.2 (R.S.D.: 9.7, n = 3) 123.1 ± 3.0 (R.S.D.: 2.4, n = 6)
Ephedrine in E. sinica 1 113.3 ± 2.4 (R.S.D.: 2.1, n = 3) 102.8 ± 2.2 (R.S.D.: 2.1, n = 6)
E 0.8, n
E 5.4, n
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phedrine in E. sinica 2 128.1 ± 1.0 (R.S.D.:
phedrine in E. sinica 2 132.4 ± 7.1 (R.S.D.:

recision was found to vary from 1.6 to 2.6% (R.S.D., n = 6) on
ifferent days.

For ephedrine in E. sinica, surfactant assisted PLE with SDS
as found to give higher extraction efficiencies compared to
riton X-100 (Tables 3 and 4). The overall method precision
or surfactant assisted PLE with SDS for ephedrine in E. sinica
as found to vary from 1.5 to 4.1% (R.S.D., n = 6) on different
ays. The method recovery ranging from 93.6 to 102.0% was
btained for SDS and 84.0 to 90.7% was obtained for Triton
-100. For the extraction of ephedrine in E. sinica, compared

o Triton X-100, the presence of anionic surfactant such as SDS
n the extraction fluid further enhanced the solubility of the tar-

et analyte from the sample matrix into the mobile phase and
esulted in higher extraction efficiencies.

For surfactant assisted PLE in a dynamic mode, the pres-
nce of surfactant such as SDS and Triton X-100 in the water

w
n
p
f

= 3) 113.3 ± 1.7 (R.S.D.: 1.50, n = 6)
= 3) 111.2 ± 1.8 (R.S.D.: 1.7, n = 6)

nhanced the solubility of the target compounds and pushed
he target analytes in the sample matrix in the mobile phase to
ompleteness with the fresh liquid pumped through the sam-
le continuously. In this model of extraction, a high dilution of
he aqueous extract was produced as higher extractant volume
as used. As the target compounds were naturally occurring

n R. glycyrrhizae and E. sinica, strong analyte–matrix interac-
ion will be present. Even at room temperature, the addition of
urfactants in the extractant liquid was proposed to disrupt the
trong analyte–matrix interaction present naturally in the plant
aterials and improve the extraction efficiencies.
With the additional step of dispensing the plant samples
ith sand for surfactant assisted PLE and account of sample
on-homogeneity, good method precision was observed for the
lant materials studied. Representative chromatograms of sur-
actant assisted PLE and sonication with organic solvent for
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Fig. 4. Extraction profiles of surfactant assisted PLE (0.4%, w/v, of SDS in
water) for the extraction of (A) glycyrrhizin in R. glycyrrhizae and (B) ephedrine
in E. sinica. A significant portion of the target analytes would be extracted within
30–50 min.

Fig. 5. Chromatogram obtained for (A) glycyrrhizin in Licorice by surfactant
assisted PLE with 0.4% SDS/water, (B) glycyrrhizin in Licorice by surfactant
assisted PLE with 1.0% Triton X/water. HPLC condition: 0.1% formic acid in
water (pump A) and 0.1% formic acid in ACN (pump B) as mobile phase. At
initial condition, gradient of pump B is set at 20% and increases to 100% in
20 min and then return to initial condition for 10 min. Detection was at 254 nm.
Oven temperature was at 40 ◦C and flow rate was set at 1.0 mL min−1.

Fig. 6. Chromatogram obtained for (A) ephedrine in E. sinica by surfactant
assisted PLE with 0.4% SDS/water, (B) ephedrine in E. sinica by sonication
with 80% methanol. HPLC condition: 5 mM SDS in water (pump A) and ACN
(pump B) as mobile phase. At initial condition, gradient of pump B is set at 20%
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nd increases to 100% in 20 min and then return to initial condition for 10 min.
etection was at 210 nm. Oven temperature was at 40 ◦C and flow-rate was set

t 1.0 mL min−1.

lycyrrhizin in R. glycyrrhizae and ephedrine in E. sinica were
hown in Figs. 5 and 6, respectively. The presence of glycyrrhizin
nd ephedrine in the botanical extracts were confirmed by com-
arison of the retention time and UV spectra with the standard
ompounds.

. Conclusions

The current study showed that glycyrrhizin and ephedrine
resent in medicinal plants could be extracted using surfactant
ssisted PLE at room temperature. Compared to other reports,
he proposed system set-up for surfactant assisted PLE in this
ork was simpler as no heating and back pressure regulator was

equired. With the additional step of dispensing the plant sam-
les with sand for PLE and account of sample non-homogeneity,
ood method precision and accuracy were observed for the plant
aterials studied. In brief, surfactant assisted PLE with SDS

nd Triton X-100 proved to be at least equivalent or better com-
ared to sonication with organic solvent in terms of quantitative
nalysis of marker compounds in R. glycyrrhizae and E. sinica.
he proposed method showed that it was possible to eliminate

he use of organic solvents in the extraction process. It will pro-
ide the increasingly needed alternative approaches for assuring
he quality of botanicals and herbal preparations and propel the

ove towards evidenced based medicine.
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