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Abstract: Two aqueous two-phase systems (ATPS’s)
formed by using PEG and sodium citrate/sodium tartrate
are applied and compared for extraction of glycyrrhizic
acid (GA) from its stock solution. Their binodal curves and
tie-lines are studied firstly. Influence of usage amount of
the salt and the PEG on the partition coefficient and ext-
raction efficiency is investigated. The highest extraction
efficiency and partition coefficient achieved is 73% and
6.5, when the sodium citrate and PEG concentration is
15% and 20% respectively. It is also found that the ATPS
based on sodium citrate is better than sodium tartrate
for GA extraction. The present study indicates that ATPS
formed by biodegradable organic acid salts could be feasi-
ble and environment-friendly technique for GA and other
bioactive compounds.
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1 Introduction

Licorice, the root of Glycyrrhiza glabra, is one of the most
important herbs in the traditional Chinese medicine (TCM)
and appears in a large number of TCM prescriptions.
Glycyrrhizic acid (GA) is one of the predominant bioactive
components in licorice. In the past few decades, bio-
effects of GA have been extensively studied and several
beneficial effects are confirmed. It has been found that GA
is anti-virus [1], anti-inflammatory [2,3], anti-allergic [4],
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anti-cancer [5] etc. In addition, recent studies reveal that
GA also has markedly hepatoprotective effects [6,7]. Thus,
facile and environment-friendly extraction of GA from
licorice is practically needed.

Among various extraction and separation techniques,
Soxhlet extraction of GA at ambient pressure is still the
most widely used method due to its simplicity. Normally,
water is used as the extraction solvent. To improve
extraction ratio, selectivity and recovery, other solvents
like methanol or ethanol are added [8]. To further enhance
extraction, microwave-assisted extraction [9], microwave-
assisted micellar extraction [10], ultrasound-assisted
extraction [11,12], cloud point extraction [13], and multi-
stage countercurrent extraction [14] etc are investigated
and reported in literature. Another major extraction
technique is supercritical fluid extraction. It has been
used for separation because supercritical fluid has high
dissolving power and low viscosity. Supercritical CO, has
been applied to extract GA and an extraction recovery of
54% is achieved. Superheated water is also utilized for GA
extraction and it is found that the amount of extracted
GA by superheated water is higher than Soxhlet method.
Nevertheless, the process of supercritical fluid extraction
is onerous and high-cost and thus its wide application is
limited.

Liquid-liquid extraction based on aqueous two-phase
system (ATPS) has quite a few advantages and hence is
applied for extraction of active compounds from medical
plants as well as bio-macromolecules including protein
and DNA/RNA [1519]. This extraction technology is
facile and low-cost, and the used chemicals are not toxic.
ATPS formed by EtOH-K,HPO,-H,0 [20], PEG-(NH,),SO,-
H,0 and PEG-KHPO,-H,0 [21] and nonionic surfactant
with NaCl/Na,SO,/Na PO, [22] has been used to extract
GA, demonstrating excellent extraction performance.
Recently, biodegradable organic salts are explored to
form ATPS’s to make this technology more environment-
friendly, including citrate, tartrate, formate and succinate
etc [23-26]. There have been a large number of reports
concerning ATPS’s formed by those organic salts with PEG
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and their according phase diagrams. Taking advantage of
these clean ATPS’s, this paper utilizes ATPS formed by
PEG-sodium citrate and PEG-sodium tartrate to extract
GA from its stock solution, to investigate the feasibility
of extracting GA by using these two ATPS’s. These two
ATPS’s are selected because they are found having quite
large heterogeneous region and thus good separation
capability [27,28].

2 Materials and methods

2.1 Materials

PEG with molecular weight of 10000 g/mol, sodium
citrate dihydrate (ACS, >99%), and glycyrrhizic acid
(>98%) are purchased from Sinopharm Chemical Reagent
and used without further purification. Deionized water
with an electrical conductivity of 5 uS/cm was purified
from tap water and used. Licorice (cultivated in Guyuan,
Ningxia, China) in slices was purchased from a local
TCM store.

2.2 Determination of binodal curves and
tie-lines

Binodal curves of the PEG 10000 + sodium citrate + H,0
and PEG 10000 + sodium tartrate + H,O were measured
by using the cloud point method. Ten water solutions of
PEG ranging from 2 wt% to 45 wt%, and a sodium citrate
or sodium tartrate solution of 35 wt% were prepared
in assay tubes and kept in a water bath maintained at
25 + 0.1°C (SYC-15B, Nanjing Sangli Electronic Instrument
Co). Mass of all assay tubes with solutions was precisely
measured on a precision electronic balance (FA1004N,
Shanghai Precision Scientific Instrument Co) with an
uncertainty of £0.0002 g. Assay tubes were kept in the
bath for 1 h to reach temperature equilibrium. Then salt
solution was dipped into each PEG solutions until the PEG
solutions became cloudy. Tubes with PEG solutions were
all weighed again to determine the mass of added salt
solution, so that mass fraction of the salt and the PEG in
the solution was calculated. Tie-lines were measured by
adding excess salt solution to PEG solutions, vigorously
shaken and kept in the water bath for 48 h to reach
phase equilibrium. Mass fraction of the salt and the
PEG was determined by measuring refractive index and
electrical conductivity of the top and the bottom phases.
Two correlation functions were obtained by measuring
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refractive index and electrical conductivity of solutions
with known fraction of PEG and sodium citrate/sodium
tartrate. The used Abbe refractometer (WYA-2S, Shanghai
Precision Scientific Instrument Co.) has a precision of
0.0002 and the measurement was carried out at 25 + 0.1°C,
maintained by circulating water from the water bath. The
electrical conductivity meter (DDS-II A, Shanghai Leici)
has a measurement error of 2%. It should be noted that
all experiments were conducted under the local ambient
pressure of 84 + 1 kPa.

2.3 Extraction of GA

Soxhlet extraction technique was applied for the
preliminary extraction of GA from licorice for its
convenience and relatively high extraction efficiency.
Licorice slices were dried at 60°C for 8 h in an oven, then
milled and filtered by a 60 mesh screen to obtain powder
sample. An amount of 10 g powder sample was precisely
weighed on the electronic balance, wrapped up by a clean
filter paper and inserted into a Soxhlet assembly filled
with 100 mL deionized water as extraction solvent. Each
Soxhlet extraction continued for 24 h, and the extracted
solution was stocked for ATPS extraction in the following
step.

ATPS extraction was conducted by dripping 2 g of
stock solution into an ATPS with known PEG and salt mass
fraction in a centrifuge tube. The tube was vigorously
shaken, centrifuged at 2000 rotations/min for 30 min and
submerged in a water bath of 25°C for at least 24 h to reach
phase equilibrium. Finally, the top and the bottom phases
were separated by using a syringe and weighed. GA
concentration in each phase was determined by diluting
solution of each phase and measuring absorbance at
252 nm. Mass fraction of PEG and salt was determined
by the aforementioned method. To study the influence of
PEG fraction and also salt fraction on the performance
of ATPS extraction, one of them was fixed while the
other was changed to measure partition coefficient and
extraction efficiency.

2.4 Measurement of GA concentration

Concentration of GA in the top and the bottom phases
after equilibrium was determined by using a UV
spectrometer, since GA absorbs UV light close to 250 nm
in ethanol/water solution. The calibration curve was
obtained by measuring absorbance of GA solution with
known concentration at 252 nm. After reaching phase
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equilibrium, a small amount of solution from the top and
the bottom phases was drawn by a syringe and diluted,
and its absorbance was measured to calculate GA mass
fraction. The standard uncertainty for GA concentration is
experimentally determined as 10 wt/wt.

2.5 Extraction parameters

The partition coefficient K is defined as the ratio of GA
mass fraction of the top phase (PEG-rich) over the bottom
phase (salt-rich):

_ w(salt)™

w(salt)®

K o)

Where w(salt)™ and w(salt)®" is the mass fraction of GA in
the top and the bottom phase, respectively.

The extraction efficiency (EE) is defined as the mass
of GA in the PEG-rich phase over the total mass in both
phases:

m(GA)™
m(GA)™ +m(GA)*°

EE= x100% )]

Where m(GA)™ and m(GA)** is the mass of GA in the top
phase and the bottom phase, respectively.

3 Results and discussion

3.1 Phase diagram

Binodal curves and tie-lines of PEG 10000 + sodium citrate
+H,0 and PEG 10000 + sodium tartrate + H,0 are shown in
Figures 1 and 2, and the according data of tie-lines as well
as tie-line length (TLL) and slope of tie-line (STL) are listed
in Tables 1 and 2, respectively. For comparison, binodal
curves of PEG 8000 + sodium citrate + H,0 reported in
Ref and PEG 4000 + sodium tartrate + H,0 reported in Ref
are plotted in two figures for comparison [25,29]. For both
systems, PEG of higher molecular weight produces larger
heterogeneous region. This is already confirmed by many
previous studies [27,28,30]. It is evident that ATPS formed
by sodium tartrate has larger STL than sodium citrate. To
further check validity of the data, binodal curves are fitted
by using the empirical equation proposed by Merchuk
etal. [31]:

y=a- eb-xo's— cx® (3)
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Figure 1: Binodal curve (H) and tie-line (A) of PEG 10000 + sodium
citrate + H,0 at T=298.15 Kand P = 84 kPa. Dash line is the cloud
point data in [15] (PEG 8000 + sodium citrate + H,0, 298.15 K) for
comparison.
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Figure 2: Binodal curve (M) and tie-line (A) of PEG 10000 + sodium
tartrate + H,0 at T=298.15 Kand P = 84 kPa. Dash line is the cloud
point data in [29] (PEG 4000 + sodium tartrate + H,0, 298.15 K) for
comparison.

Table 1: Mass fraction of feed, top and bottom phases for PEG
10000 + Sodium Citrate + H,0 at 298.15 Kand 84 kPa, and the
calculated TLL and STL.2

Feed Top Phase Bottom Phase
TLL  STL

w(Salt) w(PEG) w(Salt) w(PEG) w(Salt) w(PEG)

0.112 0.117 0.042 0.257 0.164 0.015 0.27 -1.98
0.123 0.127 0.039 0.277 0.185 0.011 0.30 -1.82
0.128 0.152 0.029 0.320 0.211 0.012 0.36 -1.69
0.137 0.171 0.024 0.360 0.241 0.008 0.41 -1.62
0.151 0.201 0.022 0.389 0.279 0.005 0.46 -1.49

2 Standard uncertainties u are u(w) = 0.001, u(T) = 0.1 K, u(P) = 1 kPa.
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Where x and y are mass fraction of the salt and PEG
respectively, and a, b and c are fitting parameters. The
fitted values for them and the coefficient of determination
R*are presented in Table 3. The R?for both systems are very
close to unity, indicating high measurement accuracy.

3.2 Effect of PEG concentration

The influence of overall PEG concentration on the
partition coefficient K and extraction efficiency EE is
illustrated in Figure 3, while the slat concentration is

Table 2: Mass fraction of feed, top and bottom phases for PEG
10000 + Sodium tartrate + H,0 at 298.15 K and 84 kPa, and the
calculated TLL and STL.?

Feed Top Phase Bottom Phase
TLL STL

w(Salt) w(PEG) w(Salt) w(PEG) w(Salt) w(PEG)
0.085 0.136 0.029 0.260 0.135 0.015 0.27 -2.31
0.095 0.145 0.025 0.292 0.155 0.011 0.31 -2.16
0.105 0.160 0.023 0.322 0.181 0.009 0.35 -1.98
0.116 0.177 0.018 0.363 0.213 0.008 0.41 -1.82
0.129 0.192 0.015 0.386 0.241 0.005 0.44 -1.68

2 Standard uncertainties u are u(w) = 0.001, u(T) = 0.1 K, u(P) = 1 kPa.

Table 3: Fitted parameters of the Merchuk equation for the two
studied ATPS’s and coefficient of determination R2.

System a b c R?
PEG + Sodium citrate + H,0 0.927 -6.25 657 0.998
PEG + Sodium tartrate + H,0 0.850 -6.86 853 0.999
6 - - 75
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fixed at 12 wt%. Within the studied concentration range,
more PEG produces better extraction, that is, higher K
and EE. However, the increase of EE becomes small as
the fraction of PEG approaches 20%. The reason is that
the mass of PEG phase reduces compared to the bottom
phase although the fraction of GA in the PEG phase rises.
Practically, raising PEG concentration is limited by its
solubility in water, especially for PEG with molecular
weight higher than 10000. Besides, the PEG phase would
become too viscous and phase separation will be too slow
if PEG concentration exceeds suitable value. Considering
all results, it is evident that the ATPS formed by sodium
citrate is better than sodium tartrate for extracting GA.

3.3 Effect of salt concentration

Figure 4 shows influence of salt concentration on the
partition coefficient K and extraction efficiency EE, while
the fraction of PEG is maintained at 20%. K ranges from
4 to 7 and increases as mass fraction of salt is raised.
High salt concentration also leads to high extraction
efficiency below 20%. No further increase is observed for
sodium citrate more than 14%, while EE decreases slightly
for sodium tartrate based ATPS. The highest partition
coefficient occurs when the mass fraction of sodium
citrate and PEG are 15% and 20%, respectively. In terms of
K and EE, PEG-sodium citrate is better than PEG-sodium
tartrate for extraction of GA from its stock solution. It has
to admit that the highest extraction efficiency achieved by
the present study is lower than that by other in previous
studies. For example, the highest EE of GA by other ATPSs
is well above 90%, such as EtOH-K,HPO,-H,0 [20], PEG-
(NH,),50,-H,0 and PEG-K,HPO,-H,0 [21]. Nevertheless, the
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Figure 3: Dependence of Partition coefficient K and extraction efficiency EE on total mass fraction of PEG in ATPS of (a) PEG 10000 + sodium
citrate + H,0 and (b) PEG 10000 + sodium tartrate + H,0. The mass fraction of sodium citrate and sodium tartrate are 12%.
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Figure 4: Dependence of Partition coefficient K and extraction efficiency EE on total mass fraction of salt in ATPS of (a) PEG 10000 + sodium
citrate + H,0 and (b) PEG 10000 + sodium tartrate + H,0. The mass fraction of PEG is 20% for the both systems.

EE of GA for PEG + sodium citrate + H,0 can be improved
by further optimizing the extraction conditions like salt
and PEG concentration, temperature, pH, etc.

4 Conclusions

Extraction of GA from its stock solution by using ATPS
formed by PEG 10000 and two organic acid salts, namely,
sodium citrate and sodium tartrate, are studied. Binodal
curves and tie-lines of two ATPS’s are experimentally
measured. The influence of concentration of PEG and salts
on two extraction parameters is investigated, including
partition coefficient and extraction efficiency. Results
indicate that both ATPS’s are effective in extraction of
GA from the stock solution, while the ATPS of sodium
citrate is slightly better than sodium tartrate. Among all
experiments, the highest extraction efficiency is 73% by
PEG 10000 + sodium citrate + H,0 while the mass fraction
of sodium citrate and PEG are 15 wt% and 20 wt%,
respectively. The overall extraction efficiency could be
dramatically improved by using ultrasound-assisted or
microwave-assisted extraction since the present study
just used the most basic Soxhlet extraction. Nevertheless,
this study shows ATPS formed by bio-degradable organic
acid salts could be a feasible and environment-friendly
technique for extraction of GA from licorice.
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