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Relationships between the bioactive compound content and environmental 
variables in Glycyrrhiza uralensis populations in different habitats of North China

Relaciones entre el contenido de compuestos bioactivos y las variables ambientales en Glycyrrhiza 
uralensis en diferentes hábitats del Norte de China

Zhang JT1, B Xu1, M Li2

Resumen. El contenido de compuestos activos en Glycyrrhiza 
uralensis puede variar entre poblaciones en diferentes regiones, y estar 
influenciado por las variables ambientales. Se determinaron los efec-
tos del suelo y el clima en los contenidos de ácido glycyrrhizic y liqui-
ritin en varias poblaciones de Glycyrrhiza uralensis. Se muestrearon y 
analizaron 50 individuos de 5 poblaciones naturales en las regiones 
árida y semiárida del Norte de China. Los contenidos de ácido gly-
cyrrhizic y liquiritin se determinaron usando el método HPLC. Di-
chos contenidos variaron significativamente entre poblaciones de la 
siguiente manera: Chifeng > Hangjinqi > Minqin > Aletai > Kashi. 
Estos contenidos estuvieron correlacionados significativamente con 
los nutrientes del suelo (ej., P, K, N), la materia orgánica, y la pre-
cipitación anual. Sin embargo, el P y K del suelo y la precipitación 
fueron los principales factores que influenciaron el contenido de los 
compuestos activos. Las variables ambientales pueden ser útiles para 
predecir los contenidos de ácido glycyrrhizic y liquiritin en Glycyrr-
hiza uralensis.

Palabras clave: Regaliz; Ácido glycyrrhizic; Liquiritin; Nutrien-
tes del suelo; Lluvias; Glycyrrhiza uralensis; China.

Abstract. The content of active compounds in Glycyrrhiza ura-
lensis may vary among populations in different regions, and be influ-
enced by environmental variables. We determined the effects of soil 
and climate on contents of glycyrrhizic acid and liquiritin in various 
populations of Glycyrrhiza uralensis. Fifty individuals from 5 range-
land populations in arid and semi-arid regions of North China were 
collected and analyzed. The contents of glycyrrhizic acid and liquiri-
tin were determined using the HPLC method. Contents of glyc-
yrrhizic acid and liquiritin varied significantly among populations 
as follows: Chifeng > Hangjinqi > Minqin > Aletai > Kashi. These 
contents were significantly correlated with soil nutrients (e.g. P, K, 
N), organic matter, and annual precipitation. However, soil P and K, 
and precipitation were the key factors influencing the contents of ac-
tive compounds. Environmental variables can be useful to predict the 
contents of glycyrrhizic acid and liquiritin in Glycyrrhiza uralensis.
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INTRODUCTION 
Licorice is the dry roots and rhizomes of Glycyrrhiza plants, 

which belong to the Leguminosae. Licorice is one of the most 
useful Chinese herbal medicines; licorice extracts are widely 
used as cosmetics, food additives, tobacco flavors, and con-
fectionery foods. Furthermore, Glycyrrhiza plants are used for 
land reclamation in arid and semi-arid areas of China (Zhou, 
2006; Zhang & Chen, 2007). Uses of licorice in medicine in-
clude several chemicals with biological activities: glycyrrhizin, 
liquiritin, flavonoids, coumarins, polysaccharides and alka-
loids. It also has pharmacological effects against pain, cough, 
inflammatory processes, allergy, detoxification, HIV, etc. (Hu 
& Shen, 1995; Shen et al., 2003; Ji et al., 2004). Among these 
compounds, glycyrrhizic acid and liquiritin are commonly 
used to evaluate licorice quality (Zhou, 2006; Hayashi & 
Sudo, 2009). 

Three species, Glycyrrhiza uralensis, G. inflata and G. glabra 
are used as medicinal resources in China, but Ural licorice (G. 
uralensis) is the most abundant (Zhao et al., 2006). The annual 
production of herbal medicine from this species is over 60000 
ton in China. Glycyrrhiza uralensis is widely distributed from 
east to west in north China (Zhang et al., 2006). There were 
many studies on G. uralensis in the past decade, most of which 
concentrated on the classification and identification of licorice 
(Hu & Shen, 1995; Zhang et al., 2001; Pan & Zhang, 2002); 
cultivation techniques (Zhou, 2003, 2006); chemical compo-
sition, and separation and effective biological components of 
licorice extracts (Hurst et al., 1983; Sun et al., 2003; Sabbioni 
et al., 2005; Zhang & Ye, 2009). The effects of environmental 
variables on the content of active chemicals have not been suffi-
ciently studied in licorice. The present study reports on the rela-
tionships between contents of glycyrrhizic acid and liquiritin in 
G. uralensis versus various climate and soil variables. The objec-
tive of this study was: to test the hypothesis that (1) populations 
in different environments have different contents of glycyrrhi-
zic acid and liquiritin; and (2) contents of glycyrrhizic acid and 
liquiritin are correlated with some important factors. Addition-

Sites Annual mean 
temperature (°C)

Annual mean relative 
humidity (%)

Annual mean 
precipitation (mm)

Annual sunshine 
hours (h)

Annual mean highest 
temperature (°C)

Annual mean lowest 
temperature (°C)

Chifeng 7.7 49 366.5 2836.9 14.7 1.8

Hangjinqi 7.5 46 261.8 2922.3 14.5 1.3

Minqin 8.7 44 209.0 3135.6 16.3 1.9

Aletai 4.8 59 112.0 2999.7 11.0 -1.0

Kashi 12.2 52 67.3 2766.3 18.6 5.9

Table 1. Climate characteristics of different study sites of G. uralensis in North China (average values of 1980 - 2007).
Tabla 1. Características climáticas de diferentes sitios de estudio de G. uralensis en el Norte de China (valores promedio para el período 1980-
2007).

Fig. 1. Locations of sampling sites for the five populations of 
Glycyrrhiza uralensis in North China. Chifeng and Hangjinqi were 
in Inner Mongolia autonomous region, Minqin in Ganshu province 
and Aletai and Kashi in Xingjiang autonomous region.
Fig. 1. Ubicación de los sitios de muestreo para las cinco poblaciones 
de Glycyrrhiza uralensis en el Norte de China. Chifeng y Hangjinqi se en-
cuentran en la región autónoma más interna de Mongolia, Minqin en la 
Provincia de Ganshu, y Aletai y Kashi en la región autónoma de Xingjiang.

ally, models to predict contents of glycyrrhizic acid and liquiri-
tin using environmental variables were established.

MATERIALS AND METHODS 
Sampling. After a general distribution survey of G. ura-

lensis, five study sites were established: (1) Chifeng (in In-
ner Mongolia Autonomous Region); (2) Hengjinqi (in In-
ner Mongolia Autonomous Region); (3) Minqin (in Ganshu 
Province); (4) Aletai (in Xinjiang Autonomous Region), and 
(5) Kashi (in Xinjiang Autonomous Region) (Fig. 1). These 
sites included various plant populations exposed to different 
climate and soil conditions (Tables 1 and 2). The area of each 
sampling site was about 40 ha. Ten quadrats of 1 m × 1 m 
were randomly established at each site (Zhang, 2004). Whole 
plants of Glycyrrhiza uralensis (including roots and rhizomes) 
were collected and stored in zip-lock, plastic bags. A total of 
50 individuals were collected from the five study sites.
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Sites Available 
N 

(mg/kg)

Available 
P 

(mg/kg)

Available 
K

(mg/kg)
pH

Organic 
matter 

(%)

Chifeng 20.4 1.1 49 8.7 0.383

Hangjinqi 14.1 2.5 104 8.8 0.278

Minqin 66.4 19.2 493 8.7 2.18

Aletai 35.8 8.8 241 8.6 0.976

Kashi 27.4 10.5 128 8.4 0.538

Table 2. Soil characteristics of different study sites of G. uralensis 
in North China.
Tabla 2. Características del suelo de diferentes sitios de estudio de G. 
uralensis en el Norte de China.

Bioactive compounds in G. uralensis versus environmental variables in North China 

A soil sample 30 cm in depth was taken in each quad-
rat using a small spade. Thereafter, soil samples were taken 
to laboratory for chemical analysis. They were air-dried 
and analyzed in the laboratory for soil pH, organic mat-
ter, available N, available P and available K. A 1:2.5 ratio 
of soil to distilled water suspension was used to measure 
pH using a Whatman pH sensor meter. Nitrogen was de-
termined following Kjeldahl, and phosphorus was mea-
sured via the HCLO4-H2SO4 colorimetric method (mo-
lybdovanadate method). Potassium was measured using an 
Atomic Absorption Spectrophotometer, and organic mat-
ter was determined using the method of K2Cr2O7 – capaci-
tance. Climatic data from the nearest weather station to 
each site were used. 

Measurement of glycyrrhizic acid and liquiritin. Plant 
sample preparation. Dried roots of Glycyrrhiza uralensis were 
crushed. Samples (0.2 g) were extracted with 25mL ethanol 
(70%) for 30 min by ultrasonic treatment. The residue was 
filtered using a 0.45 μm microporous membrane.

Equipment and Chemicals. Chromatographic separations 
were carried out using a HP1100 liquid chromatography 
(Agilent Technologies). It was equipped with an automat-
ic injector and a Luna C18 (2) column (250 × 4.6 mm, 
5.0 mm, Phenomenex, Torrance, CA, USA). An Alltech 
ELSD2000ES (Alltech, Deerfield, IL, USA) and Agilent 
35900E signal transmitter (Agilent Technologies) were 
also used.

Glycyrrhizae and compound licorice tablets were pur-
chased from a local market. Glycyrrhizic acid monoam-
monium salt trihydrate (C42H65O16·3H2O, MW 894.03, 
98%) was purchased from the Acros Organics. Liquiritin 
(C21H22O9, MW 418.39, 98%) was purchased from the Na-
tional Pharmaceutical Engineering Center for Solid Prepa-
ration in Chinese Herbal Medicine. Acetonitrile, acetic acid, 
ethanol, and water were of HPLC grade. Other chemicals 
were of analytical reagent grade (Shen et al., 2006).

Chromatographic Conditions. The optimizing conditions 
were obtained by a linear gradient elution. The mobile phase 

was composed of acetonitrile and 3.0% aqueous acetic acid at 
a flow rate of 1.0 mL/min in a gradient elution. The drift tube 
temperature of the ELSD was set at 105 °C, and the gas flow 
rate was 2.8 L/min (Shen et al., 2006).

Calibration Curves and Linearity. Glycyrrhizic acid 
monoammonium salt (3.1 mg) and liquiritin (4.17 mg) 
were accurately weighed and dissolved into volumetric 
flasks with 10 mL ethanol (70%) to make a mixed reference 
substance solution. It contained 0.0834 mg/mL liquiritin 
and 0.31 mg/mL glycyrrhizic acid monoammonium salt. 
Solutions were sonicated for 5 min to ensure complete dis-
solution. Calibration standards were prepared by diluting 
the solution with ethanol in appropriate concentrations. 
The calibration curves were generated by plotting the loga-
rithm of peak areas versus the logarithm of the mass of 
each chemical (Shen et al., 2006).

Precision and Accuracy. Precision was expressed as the 
percentage relative to the standard deviation (RSD) of 
the data for five injections for each chemical. The assays 
to evaluate accuracy and precision were preformed at dif-
ferent mass levels in five replicate injections. All percent 
mean deviations were calculated to evaluate accuracy; this 
was determined as the difference between the calculated 
mean mass (from the calibration curves) and the actual 
mass. Deviations were 2.08% for liquiritin and 1.47% for 
glycyrrhizic acid. 

Intra-day variations were chosen to determine precision 
and stability. Approximately 0.2 g of dried and screened 
Glycyrrhiza uralensis licorice were weighed, extracted, and 
analyzed as described previously. Samples were analyzed in 
triplicate, six times (at 0, 2, 4, 8, 12, 24h) within one day. 
The RSD deviations were 2.45% for liquiritin and 1.95% for 
glycyrrhizic acid.

Contents of liquiritin and glycyrrhizic acid in the extracted 
licorice root solution were calculated according to their cor-
responding calibration curves.

RESULTS 
Variation between populations. Contents of liquiri-

tin and glycyrrhizic acid varied greatly (Table 3). One-way 
ANOVA showed that content differences of liquiritin (F = 
3.533, p<0.05) and glycyrrhizic acid (F = 5.324, p<0.01) were 
significant (Table 4). 

Contents of liquiritin varied from 0.83% (Kashi) to 1.99% 
(Chifeng), and followed the order Chifeng > Hangjinqi > 
Minqin > Aletai > Kashi. Populations of Chifeng, Hangjinqi 
and Minqin were comparatively rich in liquiritin (> 1%: the 
standard content requirements of the China National For-
mulary); populations of Kashi and Aletai had lower liquiritin 
contents than this standard. 

Contents of glycyrrhizic acid varied from 3.62% (Hangjin-
qi) to 6.93% (Chifeng), and followed the order Chifeng > 
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contents of liquiritin were significantly correlated with soil N, 
P, K and organic matter, and those of glycyrrhizic acid were 
closely related to soil P and K (Table 5). This suggests that 
physicochemical soil properties are important to the accu-
mulation of active compounds in natural populations of G. 
uralensis. Soil pH had no significant effect on these contents.

Only contents of liquiritin were significantly correlated with 
annual precipitation (Table 6). This suggests that water level is 
an important factor affecting contents of that active compound. 
The remaining climate variables had no effects (p>0.05) on 
contents of glycyrrhizic acid and liquiritin (Table 6).

Tents of liquiritin and glycyrrhizic acid with environmen-
tal variables, linear regression models were established. In the 
following models, LQ refers to liquiritin; GA to glycyrrhizic 
acid; and AP to annual precipitation; SN, SP, SK and OM to 
soil N, P, K and organic matter, respectively.

LQ = 1.879 – 0.470 SN (t = -3.684, p = 0.0006) 
LQ = 1.751 – 0.535 SP (t = -4.391, p = 0.0001)
LQ = 1.682 – 0.488 SK (t = -3.871, p = 0.0003)
LQ = 1.677 – 0.442 OM (t = -3.413, p = 0.0013)
GA = 5.236 – 0.327 SP (t = -2.399, p = 0.020)
GA = 5.117 – 0.276 SK (t = -1.989, p = 0.046)
LQ = 0.672 + 0.004 AP (t = -4.481, p = 0.0001)
GA = 3.1032 + 0.0072 AP (t = -1.898, p = 0.0501)

These models might be used to predict the contents of 
liquiritin and glycyrrhizic acid using the corresponding envi-
ronmental variables.

Compound Variance Sum of 
squares 

Degree of 
freedom

Mean 
square

F p

Liquiritin Inter-
populations 

5.616 4 1.404 3.533 0.020

Inner-
populations

9.935 25 0.397

Total 15.551 29

Glycyrrhizic 
acid

Inter-
populations

43.507 4 10.877 5.324 0.003

Inner-
populations

51.078 25 2.043

Total 94.584 29

Table 4. One-Way ANOVA for contents of glycyrrhizic acid and 
liquiritin on G. uralensis populations in North China. (n=50).
Tabla 4. ANOVA Simple para los contenidos de ácido glycyrrhizic y 
liquiritin en poblaciones de G. uralensis en el Norte de China (n=50).

Compound Available 
N 

Available 
P

Available 
K

pH Organic 
matter 

Liquiritin -0.470*** -0.535*** -0.488*** 0.038 -0.442**

Glycyrrhi-
zic acid

-0.159 -0.327* -0.276* 0.116 -0.172

* p <0 .05, ** p < 0.01, *** p < 0.001.

Table 5. Correlation coefficients between contents of glycyrrhizic 
acid or liquiritin and soil variables for G. uralensis populations in 
North China (n = 50).
Tabla 5. Coeficientes de correlación entre los contenidos de ácido glycyr-
rhizic o liquiritin y las variables del suelo en poblaciones de G. uralensis en 
el Norte de China (n=50).

Compound Mean annual 
temperature

Mean annual 
relative humidity

Mean annual 
precipitation 

Annual sunshine 
hours 

Mean annual 
highest temperature 

Mean annual lowest 
temperature 

Liquiritin -0.188 -0.510 0.987*** -0.141 -0.078 -0.173

Glycyrrhizic 
acid

-0.114 0.075 0.637 -0.400 -0.106 -0.043

*** p<0.001.

Table 6. Correlation coefficients between contents of glycyrrhizic acid or liquiritin and climate variables for G. uralensis populations in 
North China (n = 5).
Tabla 6. Coeficientes de correlación entre los contenidos de ácido glycyrrhizic o liquiritin y las variables climáticas en poblaciones de G. uralensis en 
el Norte de China (n=5).

Sites Liquiritin 
(%)

Glycyrrhizic acid 
(%)

Chifeng 1.99 ± 0.7460a  6.93 ± 1.9363a
Hangjinqi 1.53 ± 0.3145b  3.62 ± 0.7235b
Minqin 1.20 ± 0.6317bc  3.85 ± 0.9877b
Aletai  0.87 ± 0.2113cd  4.29 ± 0.6780c
Kashi 0.83 ± 0.3614d 4.14 ± 1.3116c

Table 3. Content of glycyrrhizic acid and liquiritin on G. uralensis 
populations determined by the HPLC method in North China. Val-
ues are mean ± 1 standard deviation of n=10. 
Tabla 3. Contenidos de ácido glycyrrhizic y liquiritin en poblaciones de 
G. uralensis determinadas por el método HPLC en el Norte de China. 
Los valores son promedio ± 1 desviación estándar de n=10. 

Aletai > Kashi > Minqin > Hangjinqi. All populations were 
rich in glycyrrhizic acid which exceeded 2%, the content re-
quirement of China National Formulary. 

Effects of environmental factors. Populations in differ-
ent habitats had different environmental conditions which 
might affect contents of active compounds. For soil variables, 
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DISCUSSION 
The effects of environmental variables on plant growth 

and development, reproduction, and distribution are well 
known in plant ecology (Harper, 1977; Begon et al., 1990). 
The relationships between plant chemical contents and en-
vironmental variables have mainly been studied in crops 
and cultivated species (Zhou, 2003; Hayashi & Sudo, 2009). 
This information has been used to evaluate the quality of 
plant products (Zhang, 2003). This paper studied the re-
lationships between the contents of active compounds and 
environmental variables in natural populations. Results of 
this research are useful not only in evaluating quality of me-
dicinal products but also in determining the conservation 
needs of endangered species within those natural popula-
tions (Zhang, 2005). 

There were significant differences of Glycyrrhiza ura-
lensis contents of liquiritin and glycyrrhizic acid between 
populations in North China. Similar results were found 
for other compounds (e.g. 1iquiritigenin, isoliquiritigenin, 
etc.) in the study species (Sun et al., 2003). Results are 
consistent with those obtained in other studies for other 
plant species (e.g. Astragalus membranaceus: Wang, 2008; 
Acorus tatarinowii: Yin et al., 2004). The difference in com-
pound contents may be due to the influence of the (1) en-
vironment, and (2) genetic structure and diversity between 
populations (Duffy et al., 2009). This suggests that all pop-
ulations in different habitats are valuable for conservation 
(Hussain & Hore 2007). 

The effects of all soil variables, except pH, were nega-
tive and significant on contents of liquiritin. Among 
these soil variables, P and K were the most important to 
liquiritin. Furthermore, contents of glycyrrhizic acid were 
significantly and negatively correlated with soil P and K. 
This shows that soil P and K are key variables in determin-
ing contents of active compounds in Glycyrrhiza uralensis 
(Zhou, 2006). Monitoring of soil P and K has increased 
the contents of liquiritin and glycyrrhizic acid, and im-
proved the quality of licorice ( Ji et al., 2004). These find-
ings do not agree with those obtained for other medicinal 
plant species which need highly fertilized soils with P and 
K (e.g. Astragalus membranaceus: Wang, 2008; Phellodendri 
cortex: Park et al., 1999). 

Only annual precipitation influenced the contents of 
liquiritin and glycyrrhizic acid. As precipitation increased, 
contents of liquiritin and glycyrrhizic acid also increased. 
This suggests that the eastern regions, such as Chifeng and 
Hangjinqi, were more suitable for Glycyrrhiza uralensis 
growth and cultivation gardens of licorice for market pur-
poses (Sun et al., 2003; Hussain & Hore, 2007; Hayashi & 
Sudo, 2009). 

The simulation models predicted the contents of liquiritin 
and glycyrrhizic acid for Glycyrrhiza uralensis because their 

strong correlation with predicting factors (Zhang, 2004). The 
predicted and measured values were significantly close, and 
models using precipitation and soil P and K were more pre-
cise than others (Yin et al., 2004; Wang et al., 2008). It is 
suggested that these three variables should be used to predict 
active compound contents of licorice.  
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