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1. Introduction
Stevia rebaudiana (Bertoni) family Asteraceae is a herbaceous
perennial plant indigenous to Paraguay and Brazil where its leaves
are used by the local Guarani Indians as natural sweetener for hun-
dreds of years. About 150 stevia species are known, among them
S. rebaudiana is the only one with significant sweet tasting proper-
ties [1]. This plant is of world wide importance today because its
leaves are used as non-nutritive high potency sweetener primar-
ily in Japan, Korea, China and South America. The consumption of
stevia extract in Japan and Korea is about 200 and 115 tons/year,
respectively [2]. The water extract of S. rebaudiana has beneficial
effects on human health, including hypoglycemic [3], hypotensive
effects [4] and as source of antioxidant [5]. Its leaves contain nine
sweet glycosides. They possess an ent-kaurene diterpene steviol
skeleton (ent-13-hydroxy kaur-16-en-19-oic acid). Generally dom-
inant are stevioside (6–10%), rebaudioside-A (2–4%) while other
minor glycosides are present up to 1–2% in the leaves [6]. Many
analytical methods have earlier been reported in literature for
the separation and quantification of diterpene glycosides from the
leaves of S. rebaudiana. Mizukami et al. [7] quantified stevioside by
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chromatographic (HPTLC) method was developed and validated as per ICH
armonization) guidelines for simultaneous quantification of three steviol
tevioside and rebaudioside-A in Stevia rebaudiana leaves. For achieving
of ethyl acetate–ethanol–water (80:20:12, v/v/v) on pre-coated silica gel
d. The densitometric quantification of steviol glycosides was carried out
rption mode after spraying with acetic anhydride:sulphuric acid:ethanol

were linear in the range of 160–960 ng/spot for steviolbioside, 1–6 �g/spot
ot for rebaudioside-A with good correlation coefficients (0.998–0.999).
reproducible for quantitative analysis of steviol glycosides in S. rebaudi-
ifferent locations and will serve as a quality control indicator to monitor
tevioside and its allied molecules during different stages of its processing.

© 2008 Elsevier B.V. All rights reserved.

enzymatic hydrolysis followed by a chemical method, Sakaguchi
and Kan [8] quantified total glycosides by gas chromatography
after acid hydrolysis. Fullas et al. [9] have separated and iden-
tified six glycosides by overpressure thin-layer chromatography.
Dacome et al. [10] quantified sugar and steviol derivatives by den-
sitometry. Nikolova-Damyanova et al. [11] compared HPLC and

high-performance thin-layer chromatographic (HPTLC) technique
for quantification of stevioside and rebaudioside-A and reported
only three parameters of validation, i.e. accuracy, reproducibility
and resolution, while the present paper covers whole validation
part as per ICH (International Conferences on Harmonization)
guidelines using three steviol glycosides. Quantification of stevio-
side and rebaudioside-A has been reported by Tanaka [12]. HPLC
methods have also been reported for the quantification of steviol
glycosides by using hydrophilic (OH) columns [13] and by size
exclusion chromatography [14,15]. Makapugay et al. [16] deter-
mined eight steviol glycosides by HPLC and Mauri et al. [17] have
used capillary electrophoresis method to quantify steviolbioside
and rebaudioside-A. Due to high sample throughput at low oper-
ating cost and short analysis time HPTLC is a method of choice for
quantification [18,19]. In continuation to our work on quantification
of secondary metabolites in medicinal plants by HPTLC [20–24],
the present study, aims to develop a validated HPTLC method for
quantification of three steviol glycosides, i.e. steviolbioside, ste-
vioside and rebaudioside-A (Fig. 1) in leaves and to investigate
their variability when grown at different locations under differ-
ent environmental conditions. The methodology can be used for
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Fig. 1. Structure of steviol glycosides. Steviol-derived sweeteners from S. rebaudi-
ana.

Sr. no. Diterpene glycosides R R1

1. Steviolbioside H �-Glc′ ′-�-Glc′ ′

2. Stevioside �-Glc′ ′ ′ ′ �-Glc′ ′-�-Glc′ ′

3. Rebaudioside-A �-Glc′ ′ ′ ′

Glc, glucose.

selection of plants yielding high level of steviosides by screening
large number of samples and monitoring steviosides at different
stages of plant development before the commercial production of
steviosides.

2. Experimental

2.1. Material

The plant material of S. rebaudiana was collected from ten differ-
ent locations in India during August–September 2006. All samples
were collected at flowering stage. The samples were authenti-
cated by our biodiversity department and voucher specimens were
deposited in our herbarium section (# IHBT-PLP 12609). The sam-
ples were stored at 25 ◦C. The HPTLC plates (20 cm × 10 cm) (E.
Merck, Darmastadt, Germany) were used without any pretreat-
ment. All chemicals and solvents used were of analytical grade

(E. Merck, Ltd, Worli, and Mumbai, India). Ethanol was used from
Bengal Chemicals, Calcutta.

2.2. Isolation of steviol glycosides

Air dried leaf powder (1 kg) of S. rebaudiana was extracted with
MeOH–H2O 80:20 (v/v) for 12 h at room temperature. The perco-
lation was repeated three times. The combined percolations were
evaporated to dryness and fractionated with hexane, chloroform,
ethyl acetate and butanol. All fractions were dried with anhy-
drous Na2SO4 and concentrated under reduced pressure at 50 ± 5 ◦C
yielding hexane (30.0 g), chloroform (10.0 g), ethyl acetate (10.5 g)
and butanol (150.2 g) extracts, respectively.

Butanol extract (150.2 g) was subjected to column chromatog-
raphy over silica gel (60–120 mesh) using a gradient elution of
CHCI3:MeOH with increasing proportion of MeOH, i.e. 05%, 10%, 20%
and 30% in chloroform to give four fractions (i–iv). Fraction (iii) was
re-chromatographed over silica gel using gradient elution of 5–20%
MeOH in chloroform yielding pure steviolbioside (100 mg) having
m.p 188–192 ◦C. Fraction (iv) was re-chromatographed over silica
gel using gradient elution of 5–30% MeOH in chloroform yielding
Biomedical Analysis 47 (2008) 790–794 791

pure stevioside (8 g) having m.p. 196–198 ◦C and rebaudioside-A
(400 mg) having m.p. 242–244 ◦C. Structures of all these com-
pounds 1–3 were characterized by NMR spectroscopy and also by
comparison with the reported literature data [25,26]. These com-
pounds were used as reference standards during the course of
present work.

2.3. Extraction and analysis of samples

The samples were prepared by extraction of accurately weigh-
ing 100 mg of powdered dry leaf plant material with MeOH
(10 ml × 3 ml) by sonication at 50 ± 2 ◦C for 45 min. These were fil-
tered through filter paper and dried under reduced pressure in
rota-vapor at 50 ± 5 ◦C. The extracts were defatted with hexane
(5 ml × 3 ml) in a conical flask. The hexane solution was removed
and the residue was dried under reduced pressure. From this
residue 20 mg/ml concentration was made with MeOH. Five �l
of the solution (20 mg/ml) was applied on TLC plate followed by
development of bands which were visualized by spraying agent.
The analysis was carried out in triplicate from the plant leaf sam-
ples collected from ten different locations in India. The stability of
sample solutions was 10 days at 4 ◦C.

2.4. HPTLC procedure

A Camag HPTLC system equipped with an automatic TLC sam-
pler ATS4, Automated developing chamber (ADC2), TLC scanner
3, and integrated software win CATS version 1.4.2 was used for
the analysis. HPTLC was performed on a pre-coated silica gel
HPTLC 60 F254 (20 cm × 10 cm) plate of 0.20 mm layer thickness.
Chromatography was carried in ADC which was pre-saturated
with 20 ml mobile phase ethyl acetate–ethanol–water (80:20:12,
v/v/v) for 30 min at room temperature (25 ± 2 ◦C) and 50 ± 5%
relative humidity. The samples and standards were applied on
the plate as 6 mm wide bands with an automatic TLC sam-
pler (ATS4) under a flow of N2 gas, 10 mm from the bottom,
10 mm from the side, space between two bands was 6 mm of
the plate, and application speed 150 nm/s. The flow of air in the
laboratory was maintained unidirectional (laminar flow, towards
exhaust).

The length of chromatogram run was 9 cm from the base.
After that, TLC plates were dried in a current of air with the
help of air dryer in a wooden chamber with adequate ventilation.
Bands were visualized by spraying with acetic anhydride:sulphuric

acid:ethanol (01:01:10, v/v/v) followed by heating on Camag HPTLC
plate heater at 110 ◦C for 2 min. Quantitative evaluation of the
plate was performed after 20 min in reflection–absorption mode
at 510 nm, slit width 6 mm × 0.3 mm, scanning speed 20 mm/s
and data resolution 100 �m/step. A Camag video documentation
system in conjunction with the Reprostar 3 was used for imag-
ing and archiving the thin-layer chromatograms. The object was
captured by means of a high sensitivity digital camera DXA252,
CAMAG. A special digitizing board (frame grabber) assisted in
rapid processing via the personal computer system. Image acqui-
sition processing and archiving were controlled via win CATS
software.

2.5. Calibration curve of three steviol glycosides

The standard solutions were prepared separately (an accu-
rately weighed amount of steviolbioside (4 mg/50 ml), stevioside
(10 mg/10 ml) and rebaudioside-A (4 mg/10 ml) in MeOH) and
overspotted through software. For these compounds, a calibra-
tion curve of standard compounds (1–3) was established over
six analyte levels in duplicate by applying 2–20 �l of steviolbio-
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Table 1
Statistical analysis for the calibration curves of steviol glycosides (no. of data points

Steviol glycosides RF Equation y = ax + b

Steviolbioside 0.55–0.57 −2434 + 3.885xX
Stevioside 0.30–0.31 852.8 + 1662xX
Rebaudioside-A 0.18–0.20 1677 + 3501xX

For each curve the equation is y = ax + b, where y is the peak area, x is the concentrat
relative standard deviation of peak area.

side, stevioside and rebaudioside-A on HPTLC plate of the working
solution. The calibration curves were plotted between amounts of
analyte versus average response (peak area).

2.6. Method validation

The HPTLC method developed was validated for the following
parameters.

2.6.1. Sensitivity
The sensitivity of the method was determined with respect to

LOD, LOQ. The standard solutions were spotted in the range from
160 to 960 ng/spot for steviolbioside, 1–6 �g/spot for stevioside
and 0.5–3 �g/spot for rebaudioside-A (n = 6). The limit of detection
and quantification were calculated based on calibration curve and
experimentally verified as per the ICH [27] guidelines.

2.6.2. Specificity
Specificity of the method was ascertained by analyzing the stan-

dard and sample solutions. The bands of steviolbioside, stevioside
and rebaudioside-A in the samples were confirmed by compar-
ing their RF values and overlaid spectra of the spotted bands with
standards.

2.6.3. Accuracy
The accuracy of the analytical procedure was evaluated using the

recovery test. This involved the addition of known quantities of the
reference standard compounds taken from stock solution to one of
the pre-analyzed sample. The known standards were diluted based
on the percentage of three glycosides present in the pre-analyzed
sample. Three concentration levels were tested (low, middle and
high). At each level, samples were prepared in triplicate and ana-
lyzed according to previously described procedure. Accuracy was
expressed as percentage (observed concentration × 100/theoretical

concentration.

2.6.4. Precision
The ICH guideline breaks precision into two parts:

2.6.4.1. Repeatability. Repeatability expresses the precision of the
method under the same operating conditions over a short interval
of time. It is also termed intra day precision.

2.6.4.2. Intermediate precision. Intermediate precision express the
precision variation within laboratory in different days, different
analysts or different equipments and is expressed as %R.S.D.

2.6.5. Robustness
Robustness is a measure of the method which remains unaf-

fected by small variations in the method conditions and is an
indication of the method reliability. For robustness different param-
eters, i.e. developing TLC distance, mobile phase composition,
humidity, temperature, chamber dimensions and chamber satura-
tion were studied [28,29].
Biomedical Analysis 47 (2008) 790–794

)

R.S.D. (%) LOD (ng) LOQ (ng)

.99908 2.88 120 160

.99828 3.06 180 1000

.99903 2.07 80 500

the analyte, a is the slope, b is the intercept, r the correlation coefficient, R.S.D. the

3. Results and discussion

3.1. Sensitivity

Under the proposed experimental conditions, the lowest
amount of compounds which could be detected were found to
be 120, 180, 80 ng/spot and the lowest amount of compound
which could be quantified was found to be 160, 1000, 500 ng/spot
for steviolbioside, stevioside and rebaudioside-A, respectively.
The calibration curve was found to be linear in the range of
160–960 ng/spot for steviolbioside, 1–6 �g/spot for stevioside and
0.5–3 �g/spot for rebaudioside-A with good correlation coefficient
(0.998–0.999) in Table 1.

3.2. Specificity

The bands of steviolbioside, stevioside and rebaudioside-A in
the samples were confirmed by comparing RF values and overlaid
spectra of the spotted bands with standards. The peak purity of
steviolbioside, stevioside and rebaudioside-A were confirmed by
comparing the spectra at three different levels viz. peak(s) apex
and peak end position, i.e. for steviolbioside r(s,m)-0.999455 and
r(m,e)-0.999964, stevioside r(s,m)-0.998877 and r(m,e)-0.999340,
rebaudioside-A r(s,m)-0.999840 and r(m,e)-0.998680, respectively
performed through win CATS software.

3.3. Accuracy

The percentage mean recovery values for steviolbioside, stevio-
side and rebaudioside-A were (93.92%, 95.93%, 98.84%), (96.62%,
96.61%, 95.48%) and (101.12%, 99.42%, 94.94%) for three compounds
from lowest to highest level spiked, i.e. 50%, 100%, 150%, respec-
tively (Table 2).
3.4. Precision

3.4.1. Repeatability (intra day precision)
For repeatability, six samples of same concentration were

prepared as per method and analyzed by proposed method
to determine variation arising from method and expressed as
%R.S.D. Percentage R.S.D. of method precision was in the range of
1.63–3.24%.

3.4.2. Inter day precision (intermediate precision)
Inter day precision or intermediate precision express within

laboratory variations in different days. The %R.S.D. varies from
1.68–3.43%.

3.5. Robustness

The standard and test solutions were spotted on HPTLC plates
and several slightly different combinations of the three solvents
were used to assess robustness. The modified mobile phase of ethyl
acetate–ethanol–water (80:20:12), afforded good resolution with
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Table 2
Recovery analysis

Compounds Original (mean ng) Added (ng) Detected (mean ng) (n = 3) Mean recovery (%) (n = 3) R.S.D. (%)

Steviolbioside
50% 170.25 85.12 239.84 93.92 0.72
100% 170.25 326.66 95.93 0.33
150% 255.37 420.63 98.84 1.15

Stevioside
50% 2429.73 1214.86 3513.00 96.62 1.60
100% 2429.73 4681.33 96.61 1.08

5786.

1047.
1374.
1639.

ia
150% 3644.59

Rebaudioside-A
50% 690.97 345.48
100% 690.97
150% 1036.45

Table 3
Amount of steviol glycosides present in S. rebaudiana from different locations in Ind

Sr. No. Location Steviolbioside

Average (n = 3) (%) R.S.D. (%)

1. Sangrur, India 0.330 2.25
2. Dharamsala, India 0.348 5.49

3. Baroda, India 0.434 1.85
4. Karimnagar, India 0.477 0.72
5. Ghimtoli, India 0.881 0.98
6. Chhatisgarh, India 0.340 3.42
7. Nagpur, India 1.77 0.46
8. Ahmedabad, India 0.399 1.42
9. Gujrat, India 0.500 1.96

10. IHBT (Palampur), India 0.380 0.38

RF 0.55, 0.30, 0.18 for steviolbioside, stevioside and rebaudioside-A,
respectively.

3.6. Estimation of steviol glycosides in different samples

The proposed HPTLC method has been used for the quan-
tification of three steviol glycosides present in the extracts of
S. rebaudiana collected from ten different locations in India. For
optimization, various combinations of mobile phases were used.
Mobile phase of ethyl acetate–ethanol–water (80:20:12, v/v/v)
showed highest selectivity for resolution of steviol glycosides. A
typical 3-D overlaid chromatogram of steviolbioside, stevioside and
rebaudioside-A with sample is shown in Fig. 2. Bands of all the

Fig. 2. 3-D overlay chromatogram of standard and sample for specificity.
00 95.48 0.81

67 101.12 3.96
00 99.42 1.90
00 94.94 1.25

Stevioside Rebaudioside-A

Average (n = 3) (%) R.S.D. (%) Average (n = 3) (%) R.S.D. (%)

5.798 2.13 1.286 0.74
4.249 2.59 2.378 4.52
4.483 1.66 2.062 0.88
5.266 1.84 1.370 0.98
3.348 1.03 1.302 0.20
4.846 1.68 1.380 1.69
4.486 0.40 1.622 0.51
5.384 0.23 2.062 2.85
6.238 2.18 2.172 3.98
6.754 1.26 1.492 0.62

three compounds and samples collected from ten different loca-
tions were well separated on HPTLC plate. The calibration curves
were linear in the range of 160–960 ng/spot for steviolbioside,
1–6 �g/spot for stevioside and 0.5–3 �g/spot for rebaudioside-
A with correlation coefficient 0.998–0.999. The proposed HPTLC
method used for the extraction of steviol glycosides in S. rebaudiana
afforded 94–101% recovery.

The results showed difference in the amounts of three steviol
glycosides present in the same species when grown under differ-
ent geographical locations (Table 3). In general, the percentage of
steviolbioside is lowest followed by rebaudioside-A and stevioside.
However, in the Nagpur sample percentage of steviolbioside was
found to be higher than that of rebaudioside-A.
4. Conclusion

In the present study an HPTLC method was developed for the
quantification of steviolbioside, stevioside and rebaudioside-A in
the leaves of S. rebaudiana plants traditionally used as substi-
tute for sugar. The method is simple, cost effective, eco-friendly
and easily adaptable for simultaneous screening and quantitative
determination of steviol glycosides as compared to other analytical
techniques. The method was validated and found to be selective,
linear, repeatable and accurate within the established ranges. The
method will be suitable for the quality control for the production
of steviol glycosides in S. rebaudiana leaves.
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