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% Leguminoseae
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Figures 7a and 7b. 3D response surface effects of solvent to solid ratio and temperature and time and stage number on Glycyrrhizic acid yield
response
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Factor Name Low Level Mean Level High Level
A Temperature(°C) 25 40 55
B Time(hr) 2 4 6
C N 1 3 5
D S/M(ml/g) 7 8 9
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Run A(°C) B(hr) C D(ml/g) Glycyrrhizic
acid(%)

1 40 4 5 8 63

2 55 6 5 7 63.2
3 40 4 3 8 71

4 40 4 3 8 67.7
5 25 2 5 7 46.1
6 55 6 1 9 34.9
7 25 2 5 9 42.1
8 25 2 1 7 239
9 40 4 3 8 70.5
10 25 6 5 9 56
11 25 2 1 9 20.6
12 55 6 1 7 335
13 55 6 5 9 54
14 55 4 3 8 58
15 25 6 1 7 254
16 40 4 3 8 68.5
17 40 4 3 9 69
18 40 2 3 8 66
19 40 4 3 8 69.5
20 40 4 1 8 275
21 55 2 1 7 35
22 40 4 3 8 65
23 55 2 1 9 28.9
24 40 4 3 7 65
25 55 2 5 9 52.5
26 25 6 5 7 63
27 55 2 5 7 51
28 40 6 3 8 78
29 25 4 3 8 47.5
30 25 6 1 9 30.6
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Model 8374.58 14 598.18 <0.0001 Significant
A-T 172.98 1 172.98 11.62 0.00039

B-t 292.01 1 292.01 19.62 0.0005

C-N 2954.24 1 2954.24 198.44 <0.0001

D-S/M 17.01 1 17.01 1.14 0.3019

AB 36.30 1 36.30 2.44 0.1392

AC 20.93 1 20.93 141 0.2542

AD 0.68 1 0.68 0.046 0.8336

BC 50.77 1 50.77 341 0.0846

BD 0.33 1 0.33 0.022 0.8835

CD 15.80 1 15.80 1.06 0.3192

A2 440.05 1 440.05 29.56 <0.0001

B2 100.16 1 100.16 6.73 0.0203

C2 1092.26 1 1092.26 73.37 <0.0001

D2 3.84 1 3.84 0.26 0.6189

Residual 223.30 1 14.89

Lack of Fit 199.4 1 19.94 4,17 0.0642 not significant
Pure Error 23.90 5 4.78

Cor Total 8597.89 29

Std. Dev Adjusted R-Squared Predicted R-Squared

R-Squared
Quadratic 3.86 0.9498 0.8647 0.9740 Suggested
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Number Temp Time N SIM Rly Desirability
1 46.17 5.98 3.75 7.70 78.6921 1.000
2 40.95 5.96 3.55 8.49 79.3763 1.000
3 39.67 5.58 3.85 7.15 78.5213 1.000
4 43.74 5.98 3.46 8.69 78.9507 1.000
5 38.29 5.98 3.32 7.06 80.7859 1.000
6 36.35 5.98 3.55 7.62 79.2925 1.000
7 42.75 5.76 3.96 7.66 78.1229 1.000
8 43.42 5.97 3.56 8.11 79.1995 1.000
9 38.11 5.91 4.00 8.39 78.1917 1.000
10 42.71 5.98 3.71 7.88 79.8615 1.000
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A multi-stage counter-current process for extracting glycyrrhizic acid from the licorice plant.
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Abstract

In this study, licorice root extract was obtained using a multi-stage countercurrent extraction method at bench scale,
and the content of glycyrrhizic acid was investigated. The effects of various parameters including temperature,
extraction time, number of extraction stages, and solvent-to-solid ratio were evaluated. The optimal extraction
conditions were determined using response surface methodology (RSM). Statistical analysis revealed that
temperature, time, and number of extraction stages had significant effects on the extraction yield. Under the
optimized conditions temperature of 46.17 °C, extraction time of 5.98 hours, solvent-to-solid ratio of 7.70 cc/g, and
4 stages the maximum glycyrrhizic acid extraction yield was 78.7%.

Keywords: multi-stage countercurrent extraction, licorice, glycyrrhizic acid, response surface methodology.
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Introduction

Licorice (Glycyrrhiza glabra) belongs to the Fabaceae family and is mainly grown in southern Europe and Asia.
Licorice root is widely used in herbal medicine due to its emollient, anti-inflammatory, antiviral, antiallergic,
antioxidant, gastrointestinal protective, and anticancer properties. Licorice root contains numerous compounds
including sugars (up to 18%), flavonoids, sterols, amino acids, gums, starches, essential oils, and saponosides. The
most important saponin found in licorice root is glycyrrhizic acid (GA, C42H62016), which, has been composed of
two glucuronic acid units and one glycyrrhetinic acid aglycone molecule. Glycyrrhizic acid has a molecular weight
of 822.91 g. It is a colorless crystalline substance that softens at 170 °C and melts at 205 °C. Common methods for
extracting GA from licorice include Soxhlet, solid-liquid extraction, and liquid-liquid extraction, which are
associated with high solvent consumption, long extraction times, and increased risk of thermally unstable
compounds. In addition, unconventional and new methods used for extraction, such as ultrasonic extraction,
supercritical solvent extraction, and high-pressure solid-liquid extraction, require advanced equipment and high
energy. Therefore, these methods are not useful and sometimes impossible on an industrial scale. Due to these
disadvantages, in this project, multi-stage countercurrent extraction technology (MSCE) has been used as an
alternative technique. In this technology, dynamic cyclic extraction is combined with continuous countercurrent
extraction, which improves heat and mass transfer and increases extraction yield along with reducing solvent
consumption.

Materials and methods: Dried licorice root samples (Glycyrrhiza glabra, papilionaceae variety) were collected
from Fars province. The authenticity of the plant species was verified by the Faculty of Pharmacy (PMP/A). After
cleaning and removing dirt, the licorice roots were cut into smaller pieces using gardening scissors and dried at 25°C
for one week. The roots were then ground into powder with a hammer mill and stored in a polyethylene bag in a
freezer at -4°C. Multi-stage countercurrent extraction was carried out using a countercurrent extraction device
composed of seven extraction units, each connected by pipe. Each unit includes an extraction tank and a pump that
operates independently. This extraction process is divided into two parts: pre-extraction and extraction. In the pre-
extraction stage, 10 grams of ground and meshed powder with dimensions of about 0.5 mm per unit is mixed with
98 ml of ethanol 60 % and 2 ml of concentrated ammonia as solvent , and then is subjected to extraction for a
determined time. For example, in a five-stage extraction aimed at creating this gradient, the immersion time in units
EUL to EUS is set at T/6, 2T/6, 3T/6, 4T/6, and O minutes, respectively. At the end of the pre-extraction stage, the
extraction solution from EUL1 is transferred to EU5, while the solutions from EU2 and EU4 are moved as well. Fresh
solvent is then injected into unit EU1, and no changes are made to unit EU3. Following the pre-extraction phase, the
second stage of the multi-stage extraction with countercurrent flow begins, with conditions differing for each
experiment based on the designs specified in the software.

Results and discussion: Based on the results, S/M had no significant effect on glycyrrhizic acid, while the
temperature (T), number of stages (N), and time (t) had a significant effect on the response of glycyrrhizic acid
yield. The value of R-squared (0.974) shows that the model applied fits the experimental date as well.

One of the advantages of using experimental design and optimization by the software is the possibility of examining
the mutual effects of factors on the response range. In order to examine these mutual effects, the three-dimensional
shapes of the factors have been plotted. Maximum extraction occurs at a temperature of 46.17. This is due to
enhanced solvent permeability, reduced viscosity and surface tension, and improved mass transfer at elevated
temperatures. However, above 46.17 °C, thermal degradation of glycyrrhizic acid may occur, limiting further
increases in extraction yield. Therefore, the optimal extraction temperature balances maximizing yield and
maintaining compound stability. Additionally, lower temperatures are preferred to reduce energy consumption and
preserve compound integrity.

Conclusions: In this study, the effect of multi-stage countercurrent extraction technology on glycyrrhizic acid
extraction from licorice root at bench scale was investigated. Optimization of the extraction process conditions was
carried out using response surface methodology (RSM) and second-order statistical modeling to maximize the
glycyrrhizic acid extraction percentage. Extraction time, temperature, solvent-to-solid ratio, and number of
extraction stages were selected and evaluated as effective variables. The results showed that the statistical model
was able to accurately predict the experimental responses, and its validity was confirmed by laboratory data. The
findings indicate that the multi-stage countercurrent extraction technology, as an efficient method with optimized
energy and solvent consumption and producing a higher-quality product, has the potential for industrial-scale
application in the extraction of active compounds from medicinal plants.



