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Abstract: The extraction and separation conditions of glycyrrhizic acid and glabridin from
licorice were investigated. By changing the different extraction solvents, procedures, times
and temperature, the optimum extraction condition was established: the used of
ethanol/water (30:70, v/v) as an extraction solvent, and 60 min dipping time under 50°C.
The extracts of licorice were separated and determined by reversed-phase high
performance liquid chromatography with a methanol/water (70:30, v/v, containing 1%
acetic acid) as the mobile phase. Under the optimum extraction condition, 2.39 mg/g of
glycyrrhizic acid and 0.92 mg/g of glabridin were extracted from Chinese licorice and the
recoveries were 89.7% and 72.5% respectively.
Keywords: glycyrrhizic acid, glabridin, licorice, extraction, high-performance liquid
chromatography

1. Introduction
Licorice, the root of the glycyrrhiza plant species, has been used medicinally for more than 4000
years [1]. The genus glycyrrhiza consists of approximately 30 species, in which six species produce a
sweet saponin glycyrrhizic acid (GA), and they are widely used in Asia countries [2]. These medicinal
plants were used as flavorings, sweeteners and as herbal medicine, and they were also used for
improving health, detoxification and cures for injury [3].
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Glycyrrhizic acid (GA) (Figure 1 (A)), the most studied active constituent of licorice, is a
sweet-tasting material. The constituent is 50 times sweeter than sugar, making it a widely used as a
sweetening additive in the food industry [4]. In many countries, GA is used as a major therapeutic
agent to treat chronic viral hepatitis and allergic dermatitis [5]. It is also known to have
anti-inflammation [6], anti-ulcer [7], anti-hepatotoxic [8] and antivirus activities [9, 10].
Glabridin (Figure 1 (B)) has been reported to exhibit multiple pharmacological activities, such as
cytotoxic activity, antimicrobial activity, estrogenic and anti-proliferative activity against human breast
cancer cells. It also affects melanogenesis, inflammation, low-density lipoprotein oxidation and
protection of mitochondrial functions from oxidative stresses [11].
Figure 1. Molecular structures of glycyrrhizic acid (A) and glabridin (B).
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There have been some reports on the separation of GA and glabridin [2, 9] but the methods were
about respectively extraction, the method about the simultaneously extraction of these two compounds
was still not established. The purpose of this study is to establish a simple and convenient extraction
process of GA and glabridin from licorice by liquid-liquid extraction followed with RP-HPLC analysis.
By changing extraction solvents, methods, times and temperatures, the optimum extraction condition
was established. 2.39 mg/g of GA and 0.92 mg/g of glabridin were successfully extracted from 1.0g
Chinese licorice.
2. Results and Discussion
2.1. Effect of different extraction solvents
The different extraction solvents used in the experiment for the extraction of GA and glabridin from
licorice were water, methanol, ethanol, acetonitrile and chloroform. 50 mLs of each solvent was used
to extract 1.0 g licorice for 240 min under room temperature respectively. Table 1 show that both of
two compounds can be extracted by polar solvents and GA showed the highest extracted amount by
water. Furthermore, glabridin was easily extracted by methanol and ethanol and it showed higher
extracted amount by ethanol. So water and ethanol were obtained as the extraction solvent for the
following experiment.
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Table 1. Extracted amounts of GA and glabridin with different solvents.
Compounds (mg/g)
Solvents
water
methanol
ethanol
acetonitrile
chloroform
*: not detected

GA

glabridin

2.44
0.86
0.86
*
*

0.18
0.72
0.93
0.006
*

In order to determine the effect of different compositions of ethanol/water, 50 mL different
compositions of ethanol/water (90:10, 70:30, 50:50, 30:70, 10:90, v/v) were mixed with 1.0 g licorice
for 240 min respectively. Table 2 indicates ethanol/water (30:70, v/v) was the optimum extraction
solvent in this work.
Table 2. Extracted amounts of GA and glabridin with different compositions of ethanol/water.
Compounds (mg/g)
Ethanol/water (v: v)
10:90
30:70
50:50
70:30
90:10

GA

glabridin

2.44
2.39
2.01
1.53
1.09

0.82
0.92
0.92
0.93
0.93

2.2. Effect of different extraction method
The different extraction methods such as dipping extraction and ultrasonic extraction were
investigated by 1.0 g licorice powder extracted with 50 mL ethanol/water (30:70, v/v). In dipping
extraction, the powder of licorice was mixed and stirred with solvent for different times. In Figure 2,
the extracted amounts of GA and glabridin increased as the dipping times was increased from 10 min
to 90 min and no obvious increased after further prolong extraction time. Equivalent samples were
then prepared by an ultrasonic method without dipping time. Figure 3 shows that the extracted
amounts of GA and glabridin increased with an increase of ultrasonic time. However, comparing the
results of the two methods, it was found that the amounts extracted via the ultrasonic method were
lower, while more energy was required in the experiments. Thus, it was determined that the ultrasonic
method was not appropriate for this approach.
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Figure 2. Effect of different dipping times on extracted amounts of licorice.
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Figure 3. Effect of different ultrasonic times on extracted amounts of licorice.
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2.3. The optimum extraction temperature
Different dipping temperatures ranged from 25°C to 60°C were evaluated, the dipping time was 60
min and the results were shown in Figure 4. The extracted amounts of GA and glabridin increased
quickly with the temperature increasing from 20°C to 50°C and almost constant when temperature
higher than 50°C. Compared the results with dipping method, the extracted amounts of GA and
glabridin from licorice by 90 min dipping under room temperature were the almost same as 60 min
dipping under 50°C. The results indicated shorter dipping time with higher temperature and 50°C was
the optimized temperature for licorice extraction in this work.
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Figure 4. Effect of different extraction temperatures on extracted amounts of licorice.
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2.4. Method validations
The analyte peak area values were plotted against the corresponding concentrations of the analytes
and the calibration curves were constructed by means of the least-square method. Concentrations of
0.1, 0.2, 0.4, 0.8, and 1.0 mg/mL for standards solutions of GA and glabridin were used, and each
concentration was injected 3 times. Calibration curves of the two compounds show good linearity and
the regression equations of GA and glabridin were Y=6623.7x+18.794 and Y= 7593.6x+89.523 with
r2 > 0.9996, respectively. The intra-day and inter-day repeatability of the method evaluated as relative
standard deviations (RSDs) were performed by injecting 0.5mg/mL of GA and glabridin in quintet in
5-day period.
The mean recoveries of GA and glabridin from licorice were evaluated by spiking three different
levels of GA (0.5, 0.6, 0.8 mg/mL) and glabridin (0.05, 0.06, 0.07 mg/mL) to sample in replicates of
three. The measured concentrations were compared with the theoretical concentration to calculate the
recovery rates. The recoveries, RSDs, and the limit of detections (LOD) are persented in Table 3.
Comparison with the real sample analysis, verified that the values noted above were of acceptable
precision and accuracy.
Table 3. RSDs, Recovery rates and LODs of the two compounds from licorice
Compounds

RSD (%)
Intra-day Inter-day

GA

0.54

0.59

glabridin

0.83

0.90

Recovery rate
Added
Recovery
(mg/mL)
(%)
0.5
88.7%
0.6
90.1%
0.8
90.3%
0.05
74.5%
0.06
69.9%
0.07
73.3%

RSD
(%)
0.66

0.77

LOD
(ng/mL)
464

229
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3. Experimental Section
3.1. Materials
Licorice was purchased from China. Glycyrrhizic acid (mono-ammonium salt hydrate) was obtained
from Sigma Chemical Co. (St. Louis, MO). Glabridin was purchased from Wako Pure Chemical
Industries, Ltd. (Japan). Methanol, ethanol, acetonitrile and chloroform (HPLC Grade) were from
Duksan Pure Chemical. Co., Ltd. (Korea). Water was twice distilled and filtered (FH-0.45 µm,
Advantec MFS, Inc., Japan) by using a decompressing pump (Division of Millipore, Waters, USA).
3.2. HPLC analysis
The HPLC system in this study is comprised of a M930 solvent delivery pump (Young Lin Co.
Korea), a UV detector (M 720 Absorbance Detector, Young-In Scientific Co., Korea) and an
integrated data system (Autochrowin. Ver. 1.42, Young Lin Co., Korea). The Reodyne injection valve
with 25 µL sample loop was used. The flow rate was 1.0 mL/min and UV wavelength was set at 252
nm. All the solvents were filtered by Disposable Syringe Filter Unit (0.2 μm) for further HPLC
analysis. GA and glabridin were analyzed by a column (C18, 5µm, 150×4.6 mm, RStech Corporation,
Korea) with a mobile phase consisting of methanol-water (70:30, v/v, containing 1% acetic acid).
3.3. Samples preparation
The licorice roots were oven-dried, sliced and crushed into powder for the extraction experiments.
Extraction procedures of GA and glabridin are shown in Figure 5. The stocked standards of GA and
glabridin were dissolved in methanol and further diluted to different working standard solution.
Figure 5. Extraction procedures of GA and glabridin.
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4. Conclusion
In this study, a simple and convenient method for the extraction of glycyrrhizic acid and glabridin
from licorice is developed and validated. Mixture of ethanol/water (30:70, v/v) and extraction time 60
min under 50°C is the optimum condition to extract GA and glabridin from licorice. The extracted
amounts are 2.39 and 0.92 mg/g and recoveries are 89.7% and 72.5% respectively.
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