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All the three plants were analysed in liquid chromatography-mass spectrometry-electrospray ionisation
to identify plant active principles. Chromatographic separation of the compound of interest was
achieved on C-18 column with detection in positive ion mode. The test showed that the most active
principles found in Curcuma longa L. were curcuminoids mainly curcumin, demethoxycurcumin,
bisdemethoxycurcumin, and dihydrocurcumin. In Centella asiatica L. madecassic acid was found at
ion/mz 490. While the active principle in Strobilanthes crispus L. is verbascoside, which was detected at
ion/mz 625. As plant active principles were excellently determined, the plant bioactivities such as anti-
cancer, antiviral and/or antibacterial could be explored and developed.
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INTRODUCTION

Chromatography is one of the most powerful, versatile
and well established analytical separation techniques to
modern chemist, due to its capacity to determine a single
component present in a mixture in one analytical
procedure. In addition, chromatography is also able to
handle various forms of samples which are gaseous,
liquid or solid and can range in complexity containing
widely different chemical species. In addition, the
versatility of this separation technique comes from its
competency to carry out an analysis on a simple,
inexpensive thin layer plate (Derksen et al., 2002; Herbert
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and Robert, 2003). Thin layer chromatography (TLC) and
high-performance liquid chromatography (HPLC) are
applied for phytochemical preparations of medicinal plant
analysis. However, identification problems arise when
reference standards are not available, and this is often
the case for plant extracts. Screening with HPLC with on-
line ultraviolet detection, semi-preparative isolation of
unknown compound followed by hydrolysis and liquid or
gas chromatography are time consuming and laborious.
On the contrary, liquid chromatography-mass
spectrometry (LC-MS) represents a fast, favorable and
reliable method to analyze non-volatile compound (Pietta
et al., 1994; Zhang et al., 2012).

The LC-MS is described by the mobile phase as liquid
and the analytes will travel through the stationary phase



in the column. Unlike other kinds of spectrometry, the
mass spectrometry takes a brute-force approach to
structure determination. The mass spectrometry (MS)
detector revealed the amount of compounds and the
molecular weight (Lehman, 2002). Furthermore, due to its
high power of mass separation, very good selectivity can
be obtained, a factor of utmost importance in trace
analysis (Hostettmann and Wolfender, 1995). It has
become an important method for the efficient detection
and rapid identification of natural products in complex
biological matrices such as plant extracts. For on-line MS
detection, thermospray (TSP) and electrospray ionisation
(ESI) interfaces have been used by different authors for
the analysis of flavonoids and terpenes in plant extracts.
Between them, ESI-MS allows a softer ionization, thus, it
allows structural information to be obtained. Besides,
ESI-MS can discriminate between various flavonoids
classes, and due to the low level of fragmentation, the
technique is suitable to characterize complex mixtures,
like those herbal extracts (Mauri and Pietta, 2000).

Studies had shown that medicinal benefits of Centella
asiatica L., Curcuma longa L., and Strobilanthes crispus
L. (Somchit et al., 2004, 2005; Wang et al., 2010)
highlighted the urgent need for analytical techniques to
determine and identify their active compounds. The C.
asiatica L. is an ayurvedic medicine and different uses
are claimed for the plant. These properties have been
ascribed to their active principles: asiatic acid,
asiaticoside, medecassic acid, and madecassoside
(Somchit et al.,, 2004). One of the earliest uses of
chromatography is to separate and quantify curcumin as
described by Srinivasan (1953). The method involved
separation of curcumin using a liquid chromatographic
procedure and spectrophotometric detection (Heath et
al., 2003). Whilst in S. crispus L., other than caffeic acid,
verbascoside has been reported to respond as anti-
oxidant, antibacterial and antiviral agents (Benassi et al.,
2008). Latest methods and techniques for identification
and determination of active constituents in C. asiatica L.,
C. longa L., and S. crispus L. are available for
electrospray mass spectrometric, HPLC, ultraviolet (UV),
infrared, and nuclear magnetic resonance (NMR)
analysis (Mauri and Pietta, 2000; Heath et al., 2003;
Benassi et al., 2008; He et al., 1998).

A combination of LC and MS, using ESI has proven to
be a useful on-line system to identify the component in
botanical extracts (Pietta et al., 1994). Among the active
principles present in medicinal plants, flavonoids,
triterpenoids, terpenes, and caffeic acid derivatives
attracted a great interest. An increasing number of
publications have been reported on the chemistry of
flavonoids especially due to their medicinal properties
(antibacterial, antiviral, and anticancer) (Harborne et al.,
1975), as well as triterpernoid, is generally among the
major effective constituents of numerous medicinal plants
for wide Dbioactivities, e.g., antitumor, antiviral, and
anti-inflammatory activities. However, because of high
polarity, thermal lability and low contents in plants may
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result in component losses during the processing steps
(Li et al.,, 2005). There were numbers of studies using
LC-mass spectrometry to identify the presence of
flavonoids,  triterpernoid,  saponins, naphtalenes,
naphthodianthrones and their glycosides (Derksen et al.,
2002). The LC-MS-ESI has demonstrated its great
advantages for structural analysis with high sensitivity,
short time and low consumption of the samples (Li et al.,
2005). Thus, the purpose of this study is to use LC-MS-
ESI for the separation and determination of C. asiatica L.,
C.longa L., and S. crispus L. active constituents.

MATERIALS AND METHODS
Plant materials

The rhizomes of C. longa L. was obtained from Sungai Buloh,
Selangor. While the two other plants, the leaves of C. asiatica L.
and S. crispus L., were obtained from a farm in Batu Pahat, Johore.
The botanical identification of collected plants was done by a
taxonomist of plant genetics unit, Institute of Bioscience, Universiti
Putra Malaysia. Voucher specimens (SK 571/05 for C. longa L., SK
271/02 for C. asiatica L., and SK 473/04 for S. crispus L.) are
conserved at the Phytomedicinal Herbarium of Institute of
Bioscience. All of them were washed thoroughly before air-dried for
24 h. Then, they were cut into smaller pieces and grounded into
powder. The powder of all three plants (1000 g) was soaked in
methanol in ratio 1:10 for 24 h. The procedure was repeated three
times (Salleh et al., 2002). Then, the extracts were sieved by a
Buchner filter and evaporated by rotary evaporator at 40°C for
approximately 3 h. The filtrate then was again diluted with
methanol, and the extract concentrations were in the range of 0.5 to
5 mg/ml prior to LC-MS separation (Mauri and Pietta, 2002).

Chemicals

Methanol (LC grade) obtained from Merck (Dramstadt, Germany)
and deionized water (< 8 MQ cm resistivity) from MiliQ Water
purification system (Millipore, BedFord, MA, USA). Formic acid was
obtained from Acros (Geel, Belgium). All LC solvents were
degassed by vacuum filter over 0.45 ym membrane filter (Type RC,
Scleicher and Schuell), prior to use.

Liquid chromatography with mass spectrometry

LC-MS separation was performed by using Esquire 3000 plus,
connected with a HP 1100 Agilent HPLC (Agilent Technologies,
Palo Alto, CA, USA). The column effluent directly introduced into
the quadruple mass spectrometer operates in the positive ESI
mode. MS data were recorded in the full scan mode (m/z 50 to
1000). A guantitative analysis was carried out by the monitoring of
each protonated molecular ion ([M+H]") in the positive ion mode of
ESI-MS. Detection and integration of chromatographic peaks were
performed by the Agilent Chemstation data analysis system (Agilent
Technology, Palo Alto, CA, USA).

LC separation was carried out at room temperature on Alltima —
Cis column (5 pym particle size, 150 x 4.6 mm i.d). The following
gradient system was used with a mobile phase A: 0.1% (v) formic
acid (pH 2.6) in water, and a mobile phase B: methanol with 0.1%
(v) formic acid (pH 2.6) delivered at 0.4 ml/min, A:B are 100:0 (O
min), 80:20 (7.5 min), 30:70 (12.5 min), 20:80 (15 min), and 80:20
(20 min) for a total run time of 20 min. The detector was set at 450
nm. The sample of 20 pl of diluting extract was suspended in 1 ml
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Figure 1. Typical positive mass spectrum of C. asiatica L. extract. Peaks 6 and 7 are madecassic acid (A and B). Chromatographic
conditions: Column Alltima C-1 (5 um particle size, 150 x 4.6 mm i.d); linear gradient of 0.1% (v) formic acid (pH 2.6) in water (Solvent A),
methanol with 0.1% (v) formic acid (pH 2.6) (Solvent B), A:B 100:0 (0 min), 80:20 (7.5 min), 30:70 (12.5 min), 20:80 (15 min), and 80:20 (20
min), at a flow rate of 0.4 ml/min. A mass spectrum was obtained by PI-ESI.
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Figure 2. Mass spectra of the chromatographic peaks for individual sapogenins madecassic acid (at m/z 491.1 A and 491.04 B showed by
arrow). Chromatographic conditions: Column Alltima C-1g (5 ym particle size, 150 x 4.6 mm i.d); linear gradient of 0.1% (v) formic acid (pH
2.6) in water (Solvent A), methanol with 0.1% (v) formic acid (pH 2.6) (Solvent B), A:B 100:0 (0 min), 80:20 (7.5 min), 30:70 (12.5 min), 20:80

(15 min), and 80:20 (20 min), at a flow rate of 0.4 ml/min. Mass spectra were obtained with PI-ESI.

of water and filtered over a 0.45 um membrane filter (Type RC,
Scleicher and Schuell). This is to discard any other impurities that
can hinder the actual active compound of the plants. The injection
volume was 3 pl.

Nitrogen gas was used as nebulization and was delivered at a
flow rate 12 L/min at 350°C. The nebulizer pressure was 50 psig,
vaporizer temperature was 350°C, and capillary voltage was 3500
V.

RESULTS AND DISCUSSION
LC-ESI-MS analysis of C. asiatica L.

Triterpene glycosides (asiaticoside and madecassoside)
and their sapogenins (asiatic acid and madecassic acid)
are regarded as the active principles in C. asiatica L.
(Castellani et al.,, 1981; Newall et al., 1996). The main
ions m/z 474 and 490 correspond to asiatic acid and
madecassic acid, respectively. While the ions m/z for
asiaticoside is 929 and madecassoside is 945. Under

optimum  LC-ESI-MS  conditions, however only
madecassic acid was successfully screened at 13.8 to
14.4 min. Peaks 6 and 7 showed similar UV spectra (from
typical positive mass spectrum) (Figure 1), which are
characteristic of madecassic acid (Figure 2A and B).The
chemical structures of these compounds obtained by
ESI-MS are shown in Figure 3a, b, c and d.

Four active principles were screened out, there was
only one compound screened which was sapogenin;
madecassic acid. In contrast to results reported by some
researchers, all four active principles in methanol extract
of C. asiatica L. have been identified by using a reverse-
phase gradient HPLC and ESI-MS, respectively (Mauri
and Pietta, 2000; Inamdar et al., 1996). This discrimi-
nation could be due to different ions m/z reported for
each of the active constituents, by which ions m/z 488
and 504 correspond to asiatic acid and madecassic acid,
respectively (Mauri and Pietta, 2000). While the ions m/z
for asiaticoside is 957 and madecassoside is 974.
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= C29 H46 OS

= 474.673

= C(73.38%) H(9.77%) O(16.85%)
=131.88 + 0.4 cm?
=3955+ 5.0cm?®
1068.2 + 6.0 cm?®
1.581 = 0.03

563.2 + 5.0 dyne/cm
=1.20+ 0.1 g/cm?®

= Not available
=52.28+ 0.5 10%cm®
= 474.334525 Da
=474 Da

= 474.683489 Da

=C,;Hyi Oy

= 929.096

= C(60.76%) H(8.24%) O(31.00%)
=230.00 + 0.4 cm®
=651.3+ 50cm®
=1913.7 + 6.0 cm?®
=1.624 + 0.03
=74.5+ 5.0 dyne/cm
=1.42 + 0.1 g/cm?®

= Not available
=91.17 £ 0.5 10%**cm®
=928.50317 Da

=928 Da

Average Mass =929.112398 Da

Molecular Formula = Cyg HyeO6
Formula Weight = 490.672
Composition = C(70.99%) H(9.45%) O(19.56%)
Molar Refractivity = 133.39 + 0.4%cm
Molar Volume =393.3 + 5.0 cm®
Parachor =1083.2 + 6.0 cm 3
Index of Refraction = 1.593 + 0.03
Surface Tension =57.4 + 5.0 dyne/cm
Density = 1.24 + 0.1 g/cm 3
Dielectric Constant = Not available 3
Polarizability =52.88 + 0.5 10 -Zém

Monoisotopic Mass = 490.32944 Da
Nominal Mass = 490 Da
Averaoe Mass = 490.682794 Da

Molecular Formula = C47 H76 019
Formula Weight =945.095

Composition = C(59.73%) H(8.11%) O(32.16%)

Molar Refractivity = 231.51 0.4 cm
Molar Volume = 649.0 + 5.0cm
Parachor =1928.7+6.0cm °

Index of Refraction =1.632 + 0.03
Surface Tension = 77.9 £ 5.0 dyne/cm
Density = 1.45+ 0.1 g/cm

Dielectric Constant_= Not availgble ,
Polarizability =91.77+ 0510 cm
Nominal Mass =944 Da

Average Mass =945.111703 Da
Monoisotopic Mass = 944.498085 Da

Figure 3. a: chemical structure of asiatic acid; b: chemical structure of asiaticoside; c: chemical
structure of madecassic acid; d: chemical structure of madecassoside.
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HO

Molecular Formula
Formula Weight
Composition

Molar Refractivity
Molar Volume
Parachor

Index of Refraction
Surface Tension
Density

Dielectric Constant
Polarizability
Monoisotopic Mass
Nominal Mass
Average Mass

OH

AN

=CyoHy;g 05

=338.354

= C(70.99%) H(5.36%) O(23.64%)
=97.36+ 0.3cm®
=263.8+ 3.0cm?
=724.9+ 4.0cm?
=1.659 + 0.02

=56.9 + 3.0 dyne/cm
=1.282 + 0.06 g/cm®
= Not available
=38.60 + 0.5 10%cm?®
= 338.115425 Da
=338 Da

= 338.360831 Da

Molecular Formula

Formula Weight
Composition
Molar Refractivity
Molar Volume

Parachor

C,

9 Hle OA

308.328

C(74.01%) H(5.23%) O(20.76%)
90.69 + 0.3 cm?®

=239.8+ 3.0cm®

=668.2+ 4.0cm®

Index of Refraction =1.680 + 0.02

Surface Tension
Density

=60.2 + 3.0 dyne/cm
=1.285+ 0.06 g/cm®

Dielectric Constant = Not available

Polarizability

=3595+ 0.5 10%cm®

Monoisotopic Mass = 308.10486 Da

Nominal Mass
Average Mass

=308 Da
= 308.334537 Da

HO

Molecular Formula
Formula Weight
Composition

Molar Refractivity
Molar Volume
Parachor

Index of Refraction
Surface Tension
Density

Dielectric Constant
Polarizability

Monoisotopic Mass
Nominal Mass
Average Mass

OH
H

= CZO HlS OS

=338.354

= C(70.99%) H(5.36%) O(23.64%)
=97.36+ 0.3cm?
=263.8+ 3.0cm?
=7249+ 4.0cm?®
=1.659 £ 0.02

=56.9 + 3.0 dyne/cm
=1.282 + 0.06 g/cm?
= Not available
=38.60 + 0.5 10*cm?
=338.115425 Da
=338 Da

= 338.360831 Da

Molecular Formula

Formula Weight
Composition

Molar Refractivity
Molar Volume
Parachor

Index of Refraction
Surface Tension
Density

Dielectric Constant
Polarizability
Monoisotopic Mass
Nominal Mass
Average Mass

=Cy Hy, Op

= 370.396

= C(68.10%) H(5.99%) O(25.92%)
=105.51+ 0.3 cm®
=288.6+ 3.0cm®
=790.6 + 4.0 cm®
=1.651+ 0.02

=56.2 + 3.0 dyne/cm
=1.283 + 0.06 g/cm?®
= Not available
=41.82 % 0.5 10%cm®
=370.14164 Da

=370 Da

= 370.403076 Da

Figure 4. Chemical structures of: a: curcumin; b: demethoxycurcumin; c: bisdemethoxycurcumin; and d: dihydrocurcumin.

Besides, alternative explanation could be due to positive-
ion (Pl) mode of ESI used in this experiment which is less
sensitive and producing unlimited fragmentation, though
it can yield much more structurally significant information
of the compound (Li et al., 2005), and characterised the
unknown compounds (Rezanka and Dembitsky, 2003). It
was also reported that all the four active constituents in
C. asiatica L. were detected by NI-ESI (Mauri and Pietta,
2000).

A study has concluded that flavonoids analysis is best
done in negative-ion (NI) mode because of its better
sensitivity and limited fragmentation (Praisin et al., 2004).
In addition, it was reported that NI could provide imme-
diate information, including the acyl groups on aglycone
and the type of esterification on glucuronyl residue (Li et
al., 2005), that is, for the detection of saponins in extract
of Panax natoginseng. Besides, previous study had
reported that, madecassic acid was detected at 21 min by

reverse-phase gradient HPLC (Inamdar et al., 1996)
instead of 13.8 to 14.4 min by LC-ESI-MS in the present
study. This inconsistent result indicates that madecassic
acid in the samples could not be resolved under different
chromatographic conditions and methods (Lu et al.,
2004).

LC-ESI-MS analysis of C. longa L.

Three major yellow pigments, generally called
curcuminoids are regarded as active principles in C.
longa L. These diarylheptane derivatives also give C.
longa L. its distinctive color. They are curcumin,
demethoxycurcumin ~ (DMC),  bisdemethoxycurcumin
(BDMC), and asymmetrical derivative, dihydrocurcumin
(He et al.,, 1998). The chemical structures of these
compounds are shown in Figure 4a, b, c and d.
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Figure 5. Typical positive mass spectrum of C. longa L. extract. Individual chromatographic peaks are alphabetically labeled.
Chromatographic conditions: Column Alltima C-15 (5 pm particle size, 150 x 4.6 mm i.d); linear gradient of 0.1% (v) formic acid (pH 2.6) in
water (Solvent A), methanol with 0.1% (v) formic acid (pH 2.6) (Solvent B), A:B 100:0 (0 min), 80:20 (7.5 min), 30:70 (12.5 min), 20:80 (15
min), and 80:20 (20 min), at a flow rate of 0.4 ml/min. Mass spectra were obtained with PI-ESI.
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Figure 6. Mass spectra of the chromatographic peaks for individual C. longa L. essential oil ar-turmerone at m/z 217 and 239
and a cleavage to the aromatic ring at m/z 119 (underlined) (A and B). Chromatographic conditions: Column Alltima C-1g (5 ym
particle size, 150 x 4.6 mm i.d); linear gradient of 0.1% (v) formic acid (pH 2.6) in water (Solvent A), methanol with 0.1% (v)
formic acid (pH 2.6) (Solvent B), A:B 100:0 (0 min), 80:20 (7.5 min), 30:70 (12.5 min), 20:80 (15 min), and 80:20 (20 min), at a

flow rate of 0.4 ml/min. Mass spectra were obtained with PI-ESI.

The mass spectra for individual chromatographic peaks
(alphabetically labeled) of C. longa L. extract are depicted
in Figure 5. Peaks 3 and 16 showed a characteristic of
ar-turmerone. The spectrum showed the molecular ion at
m/z 217 (intense protonated molecule [M + H]"), adduct
ion [M+Na]" at m/z 239, and a cleavage to the aromatic
ring at m/z 119 (Figure 6A and B). Peaks 4 and 15 were
attributed to curcumenone, curcumenol, procurcumenol,
and dehydrocurdione. All compounds showed intense
protonated molecules [M + H]" at m/z 234 and less
intense adducts ions [M+Na]™ at m/z 257 (Figure 7C and
D). Peaks 5 and 21 showed an intense protonated

molecule [M + H]" at m/z 219 and adduct ion [M+Na]" at
m/z 241. These two peaks can be attributed to curlone, a-
turmerone, B- turmerone, and bisacumol which have the
same molecular mass of 218 (Figure 8E and F). Peaks 8
and 20 were tentatively identified as germacrone-13-al
and zingiberene, respectively based on their mass data
(Figure 9G and H). Peak 13 showed the three major
constituents of C. longa L., which are curcumin (I), DMC
(J), and BDMC (K). Compounds I, J and K all showed
very intense protonated molecules [M + H]" at m/z 369,
339, and 309; less intense adducts ions [M+Na]" at m/z
391, 361, and 331; and sodiated dimmer ions [2M + Na]*
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Figure 7. Mass spectra of the chromatographic peaks for individual C. longa L. essential oil curcumenone at m/z 234 and 257 (C
and D). Chromatographic conditions: Column Alltima C-15 (5 um particle size, 150 x 4.6 mm i.d); linear gradient of 0.1% (v) formic
acid (pH 2.6) in water (Solvent A), methanol with 0.1% (v) formic acid (pH 2.6) (Solvent B), A:B 100:0 (0 min), 80:20 (7.5 min),
30:70 (12.5 min), and 20:80 (15 min)- 80:20 (20 min), at a flow rate of 0.4 ml/min. Mass spectra were obtained with PI-ESI.
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Figure 8. Mass spectra of the chromatographic peaks for individual Curcuma longa L. essential oil curlone, a-turmerone, -
turmerone and bisacumol at m/z 219 and 241 (E and F). Chromatographic conditions: Column Alltima C-15 (5 pm particle
size, 150 mm x 4.6 mm i.d); linear gradient of 0.1% (v) formic acid (pH 2.6) in water (Solvent A), methanol with 0.1% (v)
formic acid (pH 2.6) (Solvent B), A:B 100:0 (0 min)-80:20 (7.5 min)-30:70 (12.5 min)- 20:80 (15 min)- 80:20 (20 min), at a flow

rate of 0.4 ml/min. Mass spectra were obtained with PI-ESI.

at m/z 759, 699 and 639, respectively (Figure 10). Peak
assignments and MS data for analysis of C. longa L.
extract are shown in Table 1.

Chromatographic conditions

Column Alltima C-15 (5 ym particle size, 150 x 4.6 mm
i.d); linear gradient of 0.1% (v) formic acid (pH 2.6) in
water (Solvent A), methanol with 0.1% (v) formic acid (pH
2.6) (Solvent B), A:B 100:0 (0 min), 80:20 (7.5 min),
30:70 (12.5 min), 20:80 (15 min), and 80:20 (20 min), at a
flow rate of 0.4 ml/min. Mass spectra were obtained by
PI-ESI.

In C. longa L. rhizome compound identification, LC-
ESI-MS identified most of the active principles in the
plant. It also showed that the mass spectra with hydrogen
[M + H]" and sodium [M + Na]" adducts were observed in
the chromatogram. This course is in agreement with the
theory that the molecules need a functional group, which
may donate a lone pair of electrons, to form stable
hydrogen and sodium adducts (Blasco et al., 2004), and
MS response signals of PI-ESI mode should come with
the adducts (Luo et al., 2003).

The molecular weight (MW) detection of plant
compounds by LC-ESI-MS was consistent with many
researchers (25, 14). Comparison with GC-MS also found
that, MW detected was similar (25). However, they were
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Figure 9. Mass spectra of the chromatographic peaks for individual Curcuma longa L. essential oil germacrone-13-al at m/z
232 (G), zingiberene at m/z 220 (H). Chromatographic conditions: Column Alltima C-15 (5 um particle size, 150 mm x 4.6 mm
i.d); linear gradient of 0.1% (v) formic acid (pH 2.6) in water (Solvent A), methanol with 0.1% (v) formic acid (pH 2.6) (Solvent
B), A:B 100:0 (0 min)-80:20 (7.5 min)-30:70 (12.5 min)- 20:80 (15 min)- 80:20 (20 min), at a flow rate of 0.4 ml/min. Mass

spectra were obtained with PI-ESI.
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Figure 10. Mass spectra of the chromatographic peaks for individual C. longa L. curcuminoids; curcumin (I), DMC
(J) and BDMC (K) at m/z 369, 339 and 309, respectively. Protonated molecules and sodium adducts ion are
labeled. Chromatographic conditions: Column Alltima C-15 (5 pm particle size, 150 x 4.6 mm i.d); linear gradient
of 0.1% (v) formic acid (pH 2.6) in water (Solvent A), methanol with 0.1% (v) formic acid (pH 2.6) (Solvent B), A:B
100:0 (0 min), 80:20 (7.5 min), 30:70 (12.5 min), 20:80 (15 min), and 80:20 (20 min), at a flow rate of 0.4 ml/min.

Mass spectra were obtained with PI-ESI.

detected at different retention time. There were numbers
of studies reported regarding retention time of
curcuminoids and sesquiterpenoids in C. longa L. In
present analysis, Curcumin, BDMC and DMC were
detected at 14.8 to 15.1 min. The result was inconsistent
with many reports before, where curcuminoids were
detected at 13 min and below, and this could be due
to different chromatographic methods and conditions

applied (Hiserodt et al., 1996; Tonnesen and Karlsen,
1983; Zhao et al., 2005; Peret-Almeida et al., 2005).
Besides curcuminoids, sesquiterpenoids were also
identified in C. longa L. at different retention time
(Hiserodt et al., 1996). It has also been reported that
curcuminoids and sesquiterpenoids in C. longa L.
identification applied Pl mode in ESI interface (He et al.,
1998).
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Table 1. tgr, MS data and peak assignments for the analysis of C. longa L. extract.

Peak number/compound number tr (Min) M+ H]"m/z [M+Na]'m/z  [2M + Na] ' m/z
3 12.0 217 239 -
4 12.2 234 257 -
5 13.0 219 241 -
8 14.0 232 - -

14.8 309 331 639
13 15.0 339 361 699

15.3 369 391 759
15 15.9 234 257 -
16 16.4 217 239 -
20 17.7 220 - -
21 17.9 219 241 -

o
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Figure 11. Chemical structure of verbascoside, active constituent of S.crispus L.

LC-ESI-MS analysis of S. crispus L.

Verbascoside was isolated from methanol extract of S.
crispus L. leaves extract. It is a disaccharide ester
containing a glucose unit linked to rhamnose and forming
a glycoside. This compound is regarded as the active
principle of the plant and has been claimed for many
medicinal properties such as antioxidant and anticancer.
The molecular formula of verbascoside is Cy9H3:015 and
the molecular weight is 624.594 (Benassi et al., 2008).
The chemical structure of the active constituent is shown
in Figure 11. Peak 3 showed a characteristic of
verbascoside. It was detected at 7.9 min (Figure 12). A
mass spectrum for verbascoside was showed in Figure
13.

In S. crispus L. LC-ESI-MS plant analysis,
verbascoside which is considered as plant active
constituent was successfully detected at 8 min. The
verbascoside has a very complicated structure due to the
present of glucose and rhamnose, and it caused
overlapping of some spectrum. Besides, due to the com-
plicated structure, the compound was not purely isolated.
There are little impurities attached to sugar units, and

impurities peaks were observed in the spectrum (Benassi
et al., 2008). There is no report found for S. crispus L.
plant analysis by using LC-ESI-MS or any other equiva-
lent chromatographic separation. Thus, this study could
be foundation for future plant compound identification.

Conclusion

Methanol was found to be the most suitable and chosen
solvent in plant extraction method for plant compound
analysis, than any other solvents as it extracts out most
of the plant compounds. However, analysis of plant
compound in C. asiatica L. and C. longa L. was reported
to be most efficient in methanol extracts. Other solvents
were also used to extract the plant compound, that is,
ethanol. These differences, depends on the
characteristics of the plant compound of interest that is to
be isolated.

Many studies concluded that plant compound analysis
is best done in NI-ESI mode. However, there were also
experiments reported that, plant compound determination
was done by both Pl and NI-ESI to obtain more detailed
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Figure 12. Typical positive mass spectrum of S. crispus L. extract. Peak 3 (arrowed) a characteristic of Verbascoside.
Chromatographic conditions: Column Alltima C-15 (6 pm particle size, 150 x 4.6 mm i.d); linear gradient of 0.1% (v)
formic acid (pH 2.6) in water (Solvent A), methanol with 0.1% (v) formic acid (pH 2.6) (Solvent B), A:B 100:0 (0O min),
80:20 (7.5 min), 30:70 (12.5 min), 20:80 (15 min), and 80:20 (20 min), at a flow rate of 0.4 ml/min. Mass spectra were

obtained with PI-ESI.
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Figure 13. Mass spectra of the chromatographic peak for individual verbascoside
at m/z 625 (arrowed). Chromatographic conditions: Column Alltima C-15 (5 um
particle size, 150 x 4.6 mm i.d); linear gradient of 0.1% (v) formic acid (pH 2.6) in
water (Solvent A), methanol with 0.1% (v) formic acid (pH 2.6) (Solvent B), A:B
100:0 (0 min), 80:20 (7.5 min), 30:70 (12.5 min), 20:80 (15 min), and 80:20 (20
min), at a flow rate of 0.4 ml/min. Mass spectra were obtained with PI-ESI.

structural information of the related constituents. ESI was
employed because it produces a soft ionization and, thus,
intense molecular ion species are generated.
Chromatographic conditions, that is, the type of organic
solvents and additives used have significant influence on
ionisation efficiency in the ESI ion source. In this study,
methanol was used as organic solvent with 0.1% formic
acid, and almost all the compounds of interest from the
plant were identified.

Furthermore, by using LC-ESI-MS techniques, active
principles in the C. asiatica L., C. longa L., and S. crispus

identification can be done without, time
consuming pre-purification step or optimization of
chromatographic  procedures. It is also, often
unnecessary to use any extraction techniques that is
capable to determine both free and conjugated forms of
flavonoids. The technigues have showed good
performances both in terms of sensitivity and specificity,
and provided two independent parameters, that is,
retention time and mass information. The ESI interface
which is relatively simple has showed to be a robust
instrument. A wide range of flavonoids and other

L. extracts
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polyphenols can be analysed directly without derivatiza-
tion, and ionisation technique requires very little sample
work up. The coupling of LCMS with ESI has been
demonstrated to be a very powerful tool for the
identification of natural product in plant extracts owing to
their soft ionisation, which favors the analysis of polar,
non-volatile, and thermally labile kinds of compounds.
Therefore, the LC-ESI-MS provide comparable types of
spectroscopic information to those recorded for pure
constituents, and their sensitivity does not compromise
the HPLC separation.
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