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Abstract

Microemulsion thin layer chromatography (ME-TLC) has been developed for the fingerprinting of aqueous extract of i¢arieeiiza spp.).
The separation conditions and operational processes of the method have been optimized, and its chromatographic characteristics compare
conventional TLC. The ME-TLC system is easier to operate, and with higher resolution and better reproducibility than the conventional TLC. Tl
separation mechanism and retention behavior of ME-TLC are found to differ significantly from conventional TLC. The technique has been appli
to the analysis of different licorice species includi@guralensis, G. glabra andG. inflata; and to monitor the dynamic accumulation of active
ingredients in licorice plant harvested at different times during its growing cycle in a Good Agriculture Practice (GAP) research farm. Results sh
that without post-chromatographic derivatization, the ME-TLC fingerprinting images of different species appear as clear, well resolved bands :
with strong intensities to reveal distinctively different compositional features of the samples. The technique has also been applied steccessfull
monitor the dynamic accumulation of active components in licorice plant as a function of growing time in an experimental licorice farm. The stuc
demonstrates the potential of ME-TLC technique as a rapid fingerprinting tool for the authentication and quality assessment of licorice as wel
other herbs.
© 2005 Published by Elsevier B.V.
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1. Introduction to the study of herbal drugs or implemented into pharmacopoeias
all over the world.

For routine compositional analysis and quality screening of Flexibility is one of the inherent advantages of TLC method,
medicinal plants, thin layer chromatography (TLC) is often thewhere a series of operational parameters such as sample appli-
method of choice when many samples have to be comparedation, plate development, derivatization, documentation, etc.
when flexibility is of importance, and when rapid qualitative andcan be optimized individually and independently. On the other
semi-quantitative data are needed at low cost per sample. In thend, unless these parameters are carefully controlled and the
lastfewyears, there has been atremendousincrease in regulatamnyalytical protocols well standardized, results in TLC analysis
activities in the herbal industry, and the demand for analyticabre often difficult to reprodudd,5]. Although the reproducibil-
methods that can help to ensure safety and quality has bedly of TLC techniques has been improved significantly in recent
growing in an accelerated pajde-3]. As a result, a wide variety years through the application of high-performance techniques
of TLC methods have been developed and successfully applig¢tHPTLC) [6-8], there remains the need to develop better and

standardized TLC method in real world applicati¢ph$,9,10]
In the past, inadequate reproducibility and relatively low res-
* Corresponding author. Tel.: +86 532 8893253; fax: +86 532 8893253. olution have been the two major factors hinder the widespread
E-mail address: mt2elp@fio.org.cn (X. Wang). use of TLC in the analysis or quality control of herbal materials
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on a routine basis. In general, specific sample pretreatment The results demonstrate that ME-TLC has the potential to

(clean-up step) procedures, and the type and saturation of the further developed as a rapid and effective fingerprinting and

developing chamber are crucial in achieving satisfactory TLGscreening technique for the authentication and quality assess-

fingerprinting result$5]. These operational processes are ofterment of licorice as well as other herbs.

tedious and difficult to control. Thus, the purpose of this work is

to develop a new TLC method (microemulsion TLC, ME-TLC) 3 gxperimental

aiming towards the circumvention of these deficiencies. As

will be described in the following text, the ME-TLC technique 5 ;. Apparatus

developed in our study demonstrates several attractive features

including high peak capacity, unique separation selectivity and  Grant XB14 ultrasonic cleaners (Grant Instruments, Cam-

enhanced ultraviolet and fluorescent detection capabilities. IBrigge, UK) were used for all extractions. Sample solutions were

addition, the technique is simple and easy to operate, and thyglied onto the plates with a Linomat V semi-automated sample

can be readily adopted for the routine screening or qualitgpplier (Camag, Muttenz, Switzerland), controlled by WinCATS

control of herbal materials. software. Plates were developed in the twin trough chamber
Microemulsions are macroscopically homogeneous, optitxinyi, Shanghai, China). A TLC Scanner Ill with WinCATS

cally fully transparent fluids having more than one liquid phasegpftware (Camag, Muttenz, Switzerland) was used for scanning

The first description of a transparent mixture of water, a hydroyne TLC plates. A ReproStar 3 with VideoStore 2 documenta-

carbon and a suitable hydrophilic solvent dated back to 194§ software (Camag, Muttenz, Switzerland) was used for the

[11], and it was not until 195912] that such mixtures were jmaging and archiving the TLC chromatograms. The polyamide

named specifically by the term “microemulsions”. The highjayer sheets were purchased from TZSHSL (Taizhou, China).
solubilizing ability of these emulsionfl3] has been exten-

S|\_/ely unhzgd in the |r?dustr)[14.f,15.} In separation SCIENCES, , » 1ol materials and chemicals
microemulsions were first used in high-performance liquid chro-
matography (HPLCJ16]. In 1991[17], microemulsion as a
running buffer was used successfully in capillary eIectrophoresiEh

(CE). Since then the total number of papers published in the ar%ﬁem the samples @, uralensis for monitoring the dynamic

of microemulsion electrokinetic chromatography (MEEKC) has ; L . . .
. ) . accumulation of active ingredients were collected in the semi-
now exceeded 100. Contrary to this, microemulsion has notbeen; .. ~ =~ _ .
. . wild licorice field of Kong-Mei GAP Farm (GAP stands for
applied to TLC until year 200018], and so far only very few : ; . .
apers have been published on the subjgt21] In this stud Good Agriculture Practice, see referenf2s]), Liang-Wal
hap P Y region, Inner Mongolia and the plant samples were collected

the unique chromatographic characteristics of ME-TLC haved ring a 1-year growing cycle from July 2002 to June 2003, with

been investigated in detail. Based on the findings, a simple and exception of the winter freeze-up period (November 2002

easily controlling ME-TLC technique has been developed. Wlth[0 February 2003). Marker compounds including glycyrrhizin

|t_s improved resolution and reprodumblllty, the developed te_ch 75%), 18-glycyrrhetinic acid (98%), liquiritin (96.4%), licura-
nigue further enhances the inherent advantages of conventional . . .

. . T . Side (97%), licochalcone A (99.1%) and inflacoumarin A (99%)
TLC in operational simplicity, low cost, high throughput and

: were separated and purified by the procedure as described in
analytical speed.

g . previous papers from our laboratg®®,30]. The chemical struc-
Licorice is one of the most popular and widely consumed . . N
. o n S tures of the studied marker compounds are giverii 1

herbs in the world. Worldwide, it is used primarily as flavor- .
. . o ; All other reagents were of analytical reagent grade. Water was
ing and sweetening additives in food produl@2-24] In the ; o .

. L . . . ; ._obtained from a Milli-Q (Millipore, Bedford, MA, USA) water
Orient, it is used extensively in medicinal formulations, and is

the second most prescribed herb in China following Ginsenc_rj)urlflcatlon system.
[25]. Licorice is the root ofGlycyrrhiza spp. The best studied
bioactive constituent found in the root of licorice is glycyrrhizin 2-3- Preparation of standard solutions
[26,27] among other components including various sugars (to o . o .
14%), starches (30%), flavonoids, sterols, amino acids, gums Individual standard solutions containing, respectively,
and essential ojp2]. Three plant species of licorice includigg ~ 2-0mg/mlof glycyrrhizin, 2.2 mg/ml of 18-glycyrrhetinic acid,
uralensis, G. inflata andG. glabra are embodied by China Phar- 2.0 mg/mlofliquiritin, 1.0 mg/ml of licuraside, 1.0 mg/ml of lic-
macopoeia as a drug. The most popular species of licorice uséghalcone Aand 1.0 mg/ml of inflacoumarin Awere all prepared
in traditional Chinese herbal medicinesdsuralensis, whichis ~ in methanol solutions for general analysis.
mainly distributed in Inner Mongolia, Ganshu and Shingkiang
provinces. 2.4. Preparation of samples

The developed ME-TLC technique has been used to ana-
lyze and compare the compositions of different plant species The powdered dried roots (0.5 g) of licorice were mixed with
of licorice includingG. uralensis Fisch.,G. inflata Bat. andG. 40 ml of methanol. The mixture was soaked for 4h at room
glabra L., and the same species Gf uralensis Fisch. but har-  temperature, and then placed in an ultrasonic bath for 30 min for
vested after different growing times. licorice extraction. The extract was then concentrated to 1 ml

All the herbs were received as gifts from Elion Bio-
armaceutical Company (Inner Mongolia, China). Among
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fication and chromatographic characteristics evaluation, and
15cm for monitoring tests, respectively. After development,
the plates were withdrawn from the chambers and dried at
room temperature. The developed plates were scanned by both
254 nm UV absorption and fluorescence detections to obtain
thin layer chromatography scanning (TLCS) fingerprint profiles.
The photographic TLC images were also acquired using the

on 1 ReproStar 3.
glycyrrhizin
2.7. Validation of ME-TLCS fingerprinting assay
HLCO~ on In accordance with the guidelines of SFDA of Chii#],

o ) [, CHs the developed TLC fingerprinting method has been validated
i o Co, . . ..
U || Lo, based on its performance in the three parameters of precision,

Y \“/ I reproducibility and stability, as described below.
CH.
o) 2

2.7.1. Precision assay

licochalcone A . . -
Precision mainly evaluates the measurement precision of the

OH equipment, expressed as the relative standard deviation (R.S.D.)
./OH o ,0 o of peak area ratios (or peak heights) and relative Rf values. The
O\ A HO values are obtained by multiple measurements of a sample solu-
HO. -0 oH Of o O OH tion on the same equipment. The analysis of each sample was
q | Q A o o_COH repeated at least five times.
HO

| 2.7.2. Reproducibility assay

liquiritin licuraside OH Reproducibility is expressed as R.S.D. of the ratio of peak
areas (or peak heights) and the relative Rf value. Using at least
five samples of the same batch, they are prepared and analyzed
by the method under constant conditions.

and filtered through a 0.4bm filter. The filtrates obtained were

Fig. 1. Chemical structure of markers in licorice.

used for sample application. 2.7.3. Stability

Stability mainly evaluates the stability of the sample solution.
2.5. Preparation of microemulsion and conventional Expressed as R.S.D. of peak area ratios (or peak heights), and
mobile phases in TLC separation relative Rfvalues, the determination is accomplished by multiple

measurements of the same sample solution at different times.
The effect of microemulsion composition on separation effi-
ciency has been evaluated. Details of the optimization process Results and discussion
will be published in a separate paper (in preparation). The opti-
mum solvent system used as microemulsions in this study was 1. Characteristics of microemulsion TLC process
prepared by mixing 2.8 ml oi-heptane, 19.0 ml of 1-butanol,
75 mlwaterand 7.7 g of sodium dodecylsulfate (SDS) inabeaker An effective chromatographic fingerprinting method must
by swirling for 1-2 min. Afterwards, 14.6 ml formic acid was be accompanied by proper sample pretreatment and extraction
added to the beaker and the solution was then sonicated fprocedure, optimized operational conditions and standardized
30 min to produce a transparent microemulsion solution. Th@xperimental protocols (including materials and facilities). In
emulsion was found to be stable for at least 4 months at ambiemticroemulsion TLC, sample preparation is benefited by the high
temperature. solubilizing ability of the microemulsion system. In ME-TLC,
The mobile phase for the conventional TLC consisted of ahe samples are extracted by pure methanol, and the extract
mixture of ethyl acetate—formic acid—acetic acid (17:1:1, v/v/v).requires no further clean-up process before chromatography.

The solvent system must be used within 1 day. Whereas in conventional TLC, the extract has to be further
cleaned up by rather complicated pre-treatment process before
2.6. TLC procedures satisfactory TLC chromatogram can be obtaifd.

TLC differs from all other chromatographic techniques in
About 1.5ul of each sample and reference solution wasthat a vapor phase is present in addition to stationary and mobile
spotted on a polyamide thin layer plate with the help of aphasd32]. The vapor phase can significantly influence the result
semi-automatic sample applier. The plates were developed iof separation. The vapor environment inside the developing
the chosen developing system by the ascending technique. Tkbhamber, e.g. the extent of saturation, chamber pre-conditioning
solvent ascent was fixed at the height of 9.5cm for identitime, the shape and configuration of the TLC set-up, etc. can all
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affectthe reproducibility of the separation. In conventional TLC,  Au A é%% A’
these parameters are very difficult to control precisely because %
of the use of mixed organic solvent systems. In microemulsion 7% 700
TLC, the main component of the developing solvent is water 500 500
and the vapor phase is relatively constant. The vapor environ- 600 600
ment thus plays only a minor role on the separation effect, and 100 ot - :
the run to run reproducibility is substantially improved. This is 011 051 091 Rf 011 051 08TRf
demonstrated by our result which shows the absence of effects
caused by variations in the chamber conditioning processes. In , | B Au B’
addition, humidity (30-90%) and temperature (17—-28%) show 250 250
almost no impact on separation. Our results are consistent with
those concluded by Lin in micellar TLC with similar observa- 159 150
tions[33].
50 50
3.2. Signal enhancement in microemulsion TLC
0.11 0.51 0.91Rf 0.11 0.51 0.91 Rt

When a chemical species is positioned in a restricted space
provided by cyclodextrins, micelles, vesicles and other microen-  Au] c Au c’
vironment donors, its UV-vis absorption, fluorescence, chemi- 2001 250
luminescence, phosphorescence, circular dichroism or nuclear
magnetic resonance spectra often change from those obtained 1504 150
in true solutions[34]. In the present study, the fluorescence
images and intensities of the separated licorice components in | 50
microemulsion TLC and conventional TLC were compared, and —
substantial signal enhancement was observed in microemulsion 0.11 051 0.91Rf 0.1 051 091 Rf
TLC. Fig. 3. Comparison of microemulsion and conventional TLC fluorescent fin-

Fig. 2 compares the fluorescence images of licorice TLCgerprinting profiles of licorice extracts. Scanning at 366 nm using fluorescence
chromatograms in microemulsion and conventional TLC. Commode with 6.00 mnx 0.45 mm slit dimensions and 20 mm/s scanning speed.
pared to conventional TLC, the image of the Separated licoric&400 was chosen as optical filt'er. ngeloping distance: 9.5cm. A B anq Care
components in microemulsion TLC is clearer and sharper. Thi'® chromatograms @. uralensis, G. inflata andG. glabra, respectively, with

. . microemulsion mobile phase; B’ and C are the chromatograms 6f uralen-
separated spots are more concentrated and with less tailing, thys . infiara andG. giabra, respectively, using organic solvents as the mobile
resulting in better sensitivity and lower detection limits. phase.

The fluorescence fingerprinting profiles of three different
licorice species including. uralensis, G. inflata andG. glabra  quantitative terms. A comparison of the fluorescence fingerprint-
by conventional and microemulsion TLC are compared ining profiles ofG. uralensis betweerfig. 3A (conventional TLC)

Fig. 3 Such comparison reveals the overall signal enhancemeand Fig. 3A’ (microemulsion TLC) shows that the qualitative
characteristics of the microemulsion TLC technique in semifeatures of the two chromatograms are also different. Thus, for

) 1 2 3 1 2 3 (B) 1 2 3 1 2 3

Fig. 2. Comparison of microemulsion and conventional TLC fingerprint images of licorice extract. (A) Microemulsion TLC; (B) conventioan! TLChiléiphrase
of:ethyl acetate—formic acid—acetic acid (17:1:1, v/v/v) detection at 366 nm. Samples on different tréackgabra; 2, G. inflata; 3, G. uralensis. Development
with microemulsion over 9.5 cm requires 135 min, separation by conventional TLC over 9.5 cm requires pre-saturation of the plate for 80 min f@Bwmwéad by
development.
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instance, microemulsion TLC shows more peaks, higher detedLC where the three species are the least retained among all
tion sensitivity and better separation resolution than those ofomponents.

conventional TLC. Similar characteristics are observed in the In conventional adsorptive TLC, the separation mechanism
TLC chromatograms of the other two licorice species, ze. is based on the dynamic equilibrium between adsorption and

inflata (Fig. 3B and B) andG. glabra (Fig. 3C and C). desorption; and the mobility of individual solute is mainly con-
trolled by the difference in adsorptivities of the analytes. For

3.3. Selectivity and separation efficiency in microemulsion polyamide absorbent, the adsorptions of analytes on polyamide

TLC surfaces occur by the formation of hydrogen bonds between the

amide or carbonyl functionalities of the polymer and the ana-

It is well documented that when surfactants were added intdytes molecules. The mobility of individual analyte is mainly
the mobile phase in a chromatographic process, the resulté@fluenced by the polarity of the analytes, i.e. the more polar
micellar chromatography often displays different selectivity andcomponents are adsorbed more strongly (lower Rf value) than
separation characteristics from the conventional ones. Thus, fé€ less polar components. For example, glycyrrhizin is a pen-
instance, micellar chromatography can separate simultaneouggcyclic triterpene with two moieties of glucuronic acid, and
both charged and neutral compounds, and also species wigycyrrhizin can be transformed into @&lycyrrhetinic acid
much wider range of polaritj85]. Microemulsion and micelle and two molecules of glucuronic acid via hydrolysis with
phases are similar in physiochemical properties as they both exig¢id or enzyme. Thus, the Rf values of glycyrrhizin an-18
as homogenous, transparent, isotropic and thermodynamical@}ycyrrhetinic acid in conventional TLC differ widely (0.08 and
stable dispersions. However, microemulsion has higher solubP.92, respectively) because oftheir difference in polarities. Com-
lization power and lower interfacial tension. Thus, the solutes ar@ared to those in conventional TLC, there are two developing
better able to penetrate the surface of a microemulsion dropl&elvent frontin ME-TLC for the adsorption of surfactant on the
than the more rigid surface of a mice&6]. In microemulsion ~ TLC stationary phase. The first faster-moving front is mainly
TLC, the retention of analytes is controlled by the distributionaqueous and the second more viscous and slower-moving front
of the solute molecules among the external aqueous or oil phagé, the microemulsion phase. The analyte is distributed among
the stationary phase and the droplets of microemulsion. In théhe external aqueous phase, the stationary phase and the droplet
process of development, several factors such as adsorption, d@t microemulsion. Thus, the Rf value of glycyrrhizin changed
tribution, electrostatic interaction, steric bulkiness, etc. could alfrom the lowest in conventional TLC to the highestin ME-TLC
be responsible for the retention pattern of different solutes.  because of the high solubility of the species in the microemul-

The retention (migration) behavior of several component$ion phase.
of licorice in microemulsion and conventional TLCS are com-  The separation efficiencies of microemulsion and conven-
pared to gain understanding on the separation characteristics ##nal TLC have also been compared. We choose the number of
microemulsion TLCTable 1compares the retention factor (Rf) real plate §rea) to evaluate the separation efficiencies of ME-
of several marker compounds of licorice on microemulsion TLCTLC and conventional TLC, and the equation g4 [37] is:
and conventional TLC. Results show that the retention behav-
ior for these compounds on the two systems are quite different. 554 x 72
Thus, for instance, glycyrrhizin shows the highest Rf value inNreal = 732
microemulsion TLC whereas its Rf value in conventional TLC (bos — bo)
is the lowest. Licuraside and liguiritin are more strongly retainedvhereNea is the number of real plategs is the distance from
in conventional TLC than they are in microemulsion TLC. As the center of the sample application zone to the center of the
for the other three markers: inflacoumarin A, licochalcone Asample zoneg s is the half peak width of the sample zone and
and 18-glycyrrhetinic acid, they are all more strongly retained b is the half peak width of the sample application zofable 2
than the other three components described earlier in microemutompares the number of real plat®ds) of several marker
sion TLC. This is opposed to what is observed in conventional

Table 1 Table 2

Retention factor (Rf) of several marker compounds of licorice observed irNumber of real plates of several marker compounds of licorice in microemulsion
microemulsion TLC and traditional TLC TLC and conventional TLC

Marker Rf (M) Rf (O) Marker N (M) N (O)
Inflacoumarin A 0.18 0.48 Inflacoumarin A 1086 631
Licochalcone A 0.27 0.69 Licochalcone A 1418 1341
183-Glycyrrhetinic acid 0.54 0.92 183-Glycyrrhetinic acid 1539 2216
Liquiritin 0.59 0.41 Liquiritin 1931 1564
Licuraside 0.61 0.31 Licuraside 4659 333
Glycyrrhizin 0.76 0.08 Glycyrrhizin 7584 89

Notes: Rf (M) and Rf (O) are retention factors in microemulsion TLC and tra- Notes: N (M) and N (O) are number of real plate in microemulsion TLC and
ditional TLC, respectively; M and O are abbreviation of microemulsion andconventional TLC, respectively; M and O are abbreviation of microemulsion
organic agent, respectively. and organic agent, respectively.
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Au 7 Table 3
Results from precision study of ME-TLCS fingerprinting@furalensis

900 A No. of common peaks % R.S.D. of relative % R.S.D. of relative

5 observed in TLC peak height =6) Rf (n=6)
8

700 A 1 1 0.83 0.68
2 1.08 0.83
3 127 1.02

5007 6 7 4 2.06 1.25

234 5 1.45 1.17

300 1 6 2.06 1.14

7 215 1.23
y 8 0 0
100 1
-0.07 0.13 0.33 0.53 0.73 0.93 Rf
Fig. 4. Representative ME-TLC absorption scanning fingerprints of Liangwai Rf of the common peaj(

uralensis. Scanning wavelength: 254 nm; slit dimension: 6.00mm45mm;  relative Rf of the common peak=
scanning speed: 20 mm/s scanning speed. Peaks 1-8 are the common peaks in
all samples, and peak 5 is identified as liquiritin and peak 8 is identified as

glycyrrhizin. 3.5. Validation of ME-TLC fingerprinting assay for G.

uralensis
compounds of licorice on the two TLC systems. In general, ME-
TLC is superior in separation efficiency as demonstrated by thé.5.1. Precision
higher theoretical plates. The exceptions arg-y8/cyrrhetinic The R.S.D. values for precision are summarizedable 3
acid and glycyrrhizin but both values are less reliable becausall of them were less than 3%, which met the demands of the
of their exceptionally high Rf values. The overall results high-national standard.
light the technical merits of the microemulsion TLC technique
comparing to conventional TLC or other micellar chromatogra-3.5.2. Reproducibility
phy techniques in general since the latter techniques are known By preparing five sample solutions and then analyzing
to suffer low separation efficiency problef@8—40] More in-  them according to procedures described in SectibAsand
depth study along this direction is in progress in our lab. 2.6, the reproducibility of the method is obtained as shown
in Table 4 All of the R.S.D. values for reproducibility are
below 3%.

Rf of glycyrrhizin

3.4. Development of ME-TLC fingerprint of G. uralensis by
absorption scanning
3.5.3. Stability

So far, more than 100 active components have been separated | '€ Samples were analyzed by TLC after different sample
in licorice [41]. Thus, the mobile phase developing distance ofSi0rage times, i.e. 0,6, 24 and 48 h. The results show very minor
TLC was extended to 15cm in order to provide better Separac_i|f'feren(_:es in the values of rglafuve_he|ght_ and relative _Rf for
tion of these components in ME-TLCS fingerprinting assay. Thé!l the eight common peaks, indicating satisfactory stability of
representative ME-TLC fingerprinting profiles 6t uralensis the sample solution. In a(_jdmon, to evaluate the stabll_lty of the
samples from absorption scanning can be sedfign4. There developed pIaFes, scannings are made at different 'tlr'n.es after
are more than 20 well resolved peaks in ME-TLC separatiofi€velopment, i.e. 0, 6, 24 and 48 h. Good reproducibility was

of G. uralensis, compared to only about 12 in the conventional observed as the R.S.D.s of the relative peak height of the eight
TLC assay42]. common peaks are all within 5%.

There are eight common peaks in the ME-TLC chro-
matograms of the eight samples@furalensis investigated in
this work. Among these eight common peaks, peak 8 has begable 4 » , o .
identified as glycyrrhizin by matching its Rf value and the UV Results from reproducibility study of ME-TLCS fingerprinting Gf uralensis
spectra with the standards. The relative peak height and Rf vaNo. of common peaks % R.S.D. of relative % R.S.D. of relative

ues of the eight common peaks are calculated against those gfservedin TLC peak heightf=5) Rf (n=5)
glycyrrhizin, which is used as the marker species. The equations 0.92 0.69
for calculating the relative peak height and relative]&f] are 2 1.27 0.80
given below: 3 1.30 1.15
4 2.16 1.29
relative height of the common peak 2 ;ig 1:(2)3
peak height of the common peak ; 5.51 5.19

peak height of glycyrrhizin
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700
600

The ME-TLC images of different plant species of licorice
including G. uralensis, G. glabra andG. inflata show distinc-
tive fingerprints. The technique is therefore ideally suited for
species authentication and quality control purposes. The tech-
nique has also been applied successfully to monitor the dynamic
accumulation of active components in licorice plant as a func-
tion of growing time in an experimental farm. The information

eak height (Au)
N
8

p
—
o
o

1 2 3 4 5 6 7 8 R X ; ) )
number of common peaks is significant not only in basic research but also in practical

applications for the selection of best harvest times for licorice
Jplant.

Fig. 5. Comparison of ME-TLC absorption scanning fingerprints of Liangwai
G. uralensis samples harvested at different times during a 1-year growing perio
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