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In this paper, GC–MS and pressurized liquid extraction (PLE) was developed for identification and quantitative determination/est
esquiterpenes including germacrene D, curzerene,�-elemene, furanodienone, curcumol, isocurcumenol, furanodiene, germacrone, cu
urcumenol and neocurdione inEzhu which are derived from three species ofCurcuma, i.e.,Curcuma phaeocaulis, Curcuma wenyujin and
urcuma kwangsiensis by using an analogue as standard. The results showed the methodology could quantitatively compare the

hree species ofCurcuma. The contents of investigated sesquiterpenes in three species ofCurcuma were high variant. Hierarchical clusteri
nalysis based on characteristics of 11 identified peaks in GC profiles showed that 18 samples were divided into two main cC.
haeocaulis and C. wenyujin, respectively.C. kwangsiensis showed the characters closed toC. phaeocaulis or C. wenyujin based on it
ocation. Five components such as furanodienone, germacrone, curdione, curcumenol and neocurdione were optimized as marke
ontrol ofEzhu.
2005 Elsevier B.V. All rights reserved.

eywords: Gas chromatography–mass spectrometry; Sesquiterpenes determination; Pressurized liquid extraction; Quality control;Curcuma

. Introduction

Curcuma belongs to the Family Zingiberaceae. It is a
enus of about 70 species of rhizomateous herbs distributed

n the world. About 20 species occur in China, of which a
ew are traditional Chinese medicine for a long time. Actu-
lly, it is recorded that the rhizomes of three speciesCurcuma

ncludingCurcuma phaeocaulis, Curcuma kwangsiensis and
urcuma wenyujin are used asEzhu which is for removing
lood stasis and alleviating pain[1]. The essential oil ofEzhu

s reported possess anti-tumour[2,3] and anti-virus activities
4,5]. Several components including�-elemene, curcumol,
ermacrone, curdione and neocurdione are thought to be the
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biological active ingredients in the essential oil[6,7]. How-
ever, the three species ofEzhu showed variation in their chem
ical compositions[8,9]. Up to date, only curcumol was us
ally quantitated because of the absence of chemical stan
[10]. These problems, therefore, compromise the valu
traditional Chinese medicine or even jeopardize the safe
the consumers. Fortunately, gas chromatography–mass
trometry (GC–MS) offers a powerful tool for identificati
of chemical components in essential oil[11,12]. However, al
studies of GC–MS[13–16]were focused on the identificati
of components and determination of their relative amou
the mixture without standards. Therefore, the results cou
be used for evaluating the quality of different sample
batches, which obstructed the improvement of quality co
for Chinese medicine. In present study, by using an
logue as chemical standard, GC–MS and pressurized
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extraction (PLE) was developed for simultaneous determina-
tion/estimation of 11 sesquiterpenes including germacrene D,
curzerene,�-elemene, furanodienone, curcumol, isocurcu-
menol, furanodiene, germacrone, curdione, curcumenol and
neocurdione inEzhu. The amount of 11 sesquiterpenes in
different geographical sources ofEzhu was also compared.

2. Materials and methods

2.1. Materials

Six batches (CW1–CW6) ofC. wenyujin rhizomes were
obtained from Yueqing, Zhejiang Province;C. phaeo-
caulis rhizomes (CP1–CP6) were separately collected from
Tingjiang, Jiangyuan, Sanjiang, Zhoudu, Wangdan and
Shuangliu, Sichuan Province;C. kwangsiensis (CK1–CK6)
rhizomes were collected from Nanning, Guixian, Wuming
and Yunshan, Guangxi Province, as well as Wenshan and
Malipo, Yunnan Province, respectively. All the plant materi-
als were collected in November 2003. The voucher specimens
of Curcuma rhizomes were deposited at the Institute of Chi-
nese Medical Sciences, University of Macau, Macau, China.

Germacrone, curcumol and curdione were separated and
purified ourselves. The structures were confirmed by compar-
ing their EI-MS (Table 1) and NMR data (shown in Appendix)
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static cycle, 1 and 60% of the flush volume. Then, extract was
transferred to a 25 ml volumetric flask, which was brought up
to its volume with methanol and filtered through a 0.45�m
Econofilter (Agilent Technologies) prior to injection into the
GC–MS system.

2.3. GC–MS analysis

GC–MS was performed with an Agilent 6890 gas chro-
matography instrument coupled to an Agilent 5973 mass
spectrometer and an Agilent ChemStation software (Agi-
lent Technologies, Palo Alto, CA, USA). A capillary column
(30 m× 0.25 mm i.d.) coated with 0.25�m film 5% phenyl
methyl siloxane was used for separation. The column temper-
ature was set at 100◦C and held for 5 min for injection, then
programmed at 5◦C min−1 to 145◦C and held for 25 min at
the temperature of 145◦C, then at 5◦C min−1 to 200◦C, and
finally, at 20◦C min−1 to 280◦C. Split injection (2�l) was
conducted with a split ratio of 10:1 and high-purity helium
was used as carrier gas of 1.0 ml min−1 flow-rate. The spec-
trometers were operated in electron-impact (EI) mode, the
scan range was 40–550 amu, the ionization energy was 70 eV
and the scan rate was 0.34 s per scan. The inlet, ionization
source temperature were 250 and 280◦C, respectively.
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ith references[17–19]. Methanol for GC was purchas
rom Merck (Darmstadt, Germany).

.2. Pressurized liquid extraction (PLE)

Pressurized liquid extractions were performed on a Dio
SE 200 (Dionex Corp., Sunnyvale, CA, USA) syste

n brief, raw materials ofEzhu were dried at 40◦C for
h and was ground into powder of 0.2–0.3 mm. Pow
f Ezhu (2.5 g) was mixed with diatomaceous earth (2.
nd placed into 11 ml stainless-steel extraction cell, res

ively. The sample was extracted under the optimized co
ions: solvent, methanol; temperature, 120◦C; particle size
.2–0.3 mm; static extraction time, 5 min; pressure, 1500

able 1
ass data of 11 sesquiterpenes identified fromEzhu rhizomes

eak no. Compound Rt (min) Mass dataa

1 Germacrene D 15.14 204(M+, 16), 161(1
2 Curzerene 15.62 216(M+, 52), 201(9
3 �-Elemene 17.72 204(M+, 21), 161(5
4 Furanodienone 19.84 230(M+, 43), 215(1
5 Curcumol 20.46 236(M+, 28), 193(2
6 Isocurcumenol 20.99 234(M+, 7), 191(10
7 Furanodiene 24. 65 216(M+, 48), 20
8 Germacrone 24.91 218(M+, 13), 175(2
9 Curdione 26.53 236(M+, 17), 180(1
0 Curcumenol 27.46 234(M+, 26), 189(5
1 Neocurdione 29.27 236(M+, 17), 180(1
a (m/z) Relative intensity shown in parenthesis, and the ion of relativ
. Result and discussion

.1. Optimization of PLE procedure

PLE procedure was optimized. And the parame
nclude the type of solvent (methanol, ethanol, ethyl ace
nd petroleum ether), particle size (0.15–1.99 mm), tem
ture (80–160◦C) and static extraction time (5–15 min) we
tudied by using univariate approach. Total amount o

nvestigated compounds were used as the markers for e
tion of extraction efficiency. The recovery efficiency for
LE procedure was determined by performing consec
ressurized liquid extractions on the same sample und
ptimized PLE conditions, until no investigated compou

20(20), 119(32), 105(48), 93(22), 91(42), 81(28), 79(27), 55(12), 41(1
(16), 148(31), 145(15), 108(100), 93(19), 91(31), 79(32), 77(30), 65(2
6(17), 133(31), 121(100), 107(52), 105(57), 93(67), 91(42), 41(43)
2(12), 122(100), 94(33), 91(17), 77(13), 66(13), 65(16), 41(8)
7(23), 136(29), 135(28), 121(100), 107(38), 93(36), 41(31)
5(99), 121(83), 145(60), 173(47), 91(44), 147(40), 67(40)
159(23), 148(8), 145(21), 108(100), 91(28), 77(26), 65(12), 53(16), 4
6(61), 135(85), 121(30), 107(100), 105(20), 91(31), 67(42)
67(83), 109(53), 69(52), 68(29), 67(30), 55(33), 41(31)
7(52), 145(30), 133(53), 121(39), 119(35), 105(100), 91(37), 55(18),
67(83), 109(81), 69(90), 68(49), 67(44), 55(49), 41(42)

sity 100 was used for the quantification.
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were detected by the analysis. The recovery was calculated
based on the total amount of individual investigated com-
ponents. Taking into account the results of optimization and
recovery experiment (data not shown), the conditions of the
PLE method proposed were: solvent, methanol; tempera-
ture, 120◦C; particle size, 0.2–0.3 mm; static extraction time,
5 min; pressure, 1500 psi; static cycle, 1 and 60% of the flush
volume.

3.2. Identification of sesquiterpenes in Ezhu

Total ion chromatograms of PLE extracts from three
species ofCurcuma rhizomes were shown inFig. 1. All the
main components were separated completely, and 11 of them
were identified according to the mass spectra. By compar-
ing with literature[9,17,20–28]and standards, peaks 1–11
were identified as germacrene D, curzerene,�-elemene, fura-
nodienone, curcumol, isocurcumenol, furanodiene, germa-
crone, curdione, curcumenol and neocurdione, respectively
(Fig. 2). The results are summarized inTable 1.

3.3. Quantitation of sesquiterpenes in Ezhu

The selected ion monitoring (SIM) method was used for
the quantification of 11 sesquiterpenes. A fragment ionm/z
121 was used for curcumol,m/z 107 for germacrone andm/z
1 cur-
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Fig. 1. GC–MS total ion chromatograms for three species ofCurcuma used
asEzhu. (A) Mixture of standards, curcumol (5), germacrone (8) and cur-
dione (9); (B) C. wenyujin derived from Yueqing, Zhejiang Province; (C) C.
phaeocaulis derived from Tingjiang, Sichuan Province; (D) C. kwangsiensis
derived from Guixian, Guangxi Province. (1) Germacrene D, (2) curzerene,
(3) �-elemene, (4) furanodienone, (5) curcumol, (6) isocurcumenol, (7) fura-
nodiene, (8) germacrone, (9) curdione, (10) curcumenol, (11) neocurdione.

In order to validate the presented method, a known
amount of curcumol, germacrone and curdione was added
into the sample and extracted at specified conditions men-
tioned above. The extract was injected to GC–MS, and the
content of the analytes was calibrated. The recovery of three
tested sesquiterpenes was between 99.5 and 102.3% with
R.S.D. of 1.15–2.23%, wheren = 5.

It is difficult for GC or HPLC to identify the peaks with-
out standards. However, it is much easer using GC–MS. The
content of 11 identified sesquiterpenes inEzhu rhizomes was
80 for curdione. The mass spectra of neocurdione and
ione are very similar (Table 1). Therefore, the content
eocurdione was estimated using the calibration curve o
ione. The contents of identified other sesquiterpenes inEzhu
hizomes was estimated by using calibration curve of ge
rone, which is one of the major sesquiterpenes inEzhu.

The calibration curves, which were obtained from
elected ions peak area, for curcumol, germacrone an
ione were linear over the range 2.4–124.0, 12.4–82.3
3.0–86.7 ng absolute on column with slope of 2.38× 105,
.75× 105 and 2.67× 105, respectively. The coefficients
orrelation (r) were between 0.9995 and 0.9997. The in
ion precision for curcumol, germacrone and curdione
etermined by injecting successively standard for six tim
he relative standard deviation (R.S.D.) of curcumol, ge
rone and curdione was 1.94, 1.60 and 1.40%, respecti

The short-term (12 h) repeatability as well as the long-
24 h) repeatability of curcumol, germacrone and curd
as calculated based on six runs. The peak area of se

ons was relatively stable. The R.S.D. of short (long)-t
epeatability for curcumol, germacrone and curdione
.93 (2.61%), 0.94 (1.55%) and 0.49% (0.87%), respecti

The stability of curcumol, germacrone and curdione
lso determined by inject freshly prepared standard sol

or three times at 0, 1, 2, 4, 8, 16 and 24 h, respectively.
.S.D. of curcumol, germacrone and curdione was 1.99,
nd 2.11%, respectively. Thus, the quantitation of sesq
enes such as curcumol, germacrone and curdione inEzhu
hizomes could be preformed within 24 h after the sam
xtraction.
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Fig. 2. The structures of 11 sesquiterpenes identified inEzhu, three species
of Curcuma.

determined or estimated.Table 2shows the summary results.
The data could be used for quantitatively evaluating the qual-
ity of samples, though some errors exist. The results showed
the contents of 11 identified sesquiterpenes were greatly vari-
ant in different species or locations ofCurcuma rhizomes.

3.4. Comparison of three species of Curcuma used as
Ezhu

In China,C. phaeocaulis, C. kwangsiensis andC. wenyu-
jin are all used asEzhu [1]. However, this work showed that
the chemical variation is obvious among the three species of
Curcuma. Therefore, the exact identity is assurance of safety
and efficacy of medication. In order to discriminate the three
speciesCurcuma, hierarchical cluster analysis was performed
based on 11 peaks’ characteristics from GC profiles of differ-
entCurcuma samples. A method named as average linkage
between groups was applied, and Squared Euclidean distance
was selected as measurement.Fig. 3A shows the results on
the tested 18 samples ofCurcuma, which are divided into two
main clusters,C. phaeocaulis andC. wenyujin, respectively.
C. kwangsiensis showed the characters closed toC. phaeo-
caulis or C. wenyujin based on their locations. Among 11
identified sesquiterpenes, five components including furano-
dienone, germacrone, curdione, curcumenol and neocurdione
w and

Fig. 3. Dendrograms resulting from average linkage between groups hierar-
chical cluster analysis. The hierarchical clustering was done by SPSS soft-
ware. A method named as average linkage between groups was applied, and
Squared Euclidean distance was selected as measurement. (A) Dendrogram
resulting from 11 peaks, their retention times and peak area, derived from
GC fingerprints of the tested 18Ezhu samples. (B) Dendrogram resulting
from the characteristics of five peaks, furanodienone, germacrone, curdione,
curcumenol and neocurdione, derived from GC profiles of the tested 18
Ezhu samples. CW1–CW6 areC. wenyujin derived from Yueqing, Zhejiang
Province, respectively. CP1–CP6 areC. phaeocaulis derived from Tingjiang,
Jiangyuan, Sanjiang, Zhoudu, Wangdan and Shuangliu, Sichuan Province,
respectively. CK1–CK6 areC. kwangsiensis derived from Nanning, Guixian,
Wuming and Yunshan, Guangxi Province, as well as Wenshan and Malipo,
Yunnan Province, respectively.
ere optimized based on cluster analysis of 11 peaks
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Table 2
Contents (mg/g) of 11 sesquiterpenes in three species ofCurcumae

Samplesa Germacrene Db Curzerene �-Elemene Furanodienone Curcumol Isocurcumenol Furanodiene Germacrone Curdione Curcumenol Neocurdione Total

CW1 0.33(1.38)c 1.49(6.43) 0.51(2.20) –d – – 4.36(18.82) 3.62(15.62) 11.24(48.51) – 1.63(7.04) 23.17
CW2 0.40(1.78) 1.80(8.00) 0.59(2.62) – – – 4.12(18.31) 3.56(15.82) 10.35(46.00) 0.20(0.89) 1.48(6.58) 22.50
CW3 0.26(1.08) 1.70(7.08) 0.46(1.92) – – – 4.29(17.88) 3.67(15.29) 11.83(49.29) – 1.79(7.46) 24.00
CW4 0.38(1.36) 2.28(8.13) 0.62(2.21) – – – 4.60(16.40) 4.18(14.90) 13.97(49.80) – 2.02(7.20) 28.05
CW5 0.46(1.82) 2.17(8.58) 0.67(2.65) – – – 5.63(22.25) 3.92(15.49) 10.83(42.81) – 1.62(6.40) 25.30
CW6 0.55(1.74) 2.09(6.60) 0.82(2.59) – – – 5.41(17.07) 5.48(17.29) 14.94(47.14) – 2.40(7.57) 31.69
CP1 0.10(0.80) 0.24(1.92) 0.15(1.20) 2.76(22.12) – 0.25(2.00) 0.58(4.65) 1.26(10.10) 0.90(7.21) 6.24(50.00) – 12.48
CP2 0.10(0.93) 0.21(1.94) 0.17(1.57) 2.87(26.57) – 0.21(1.94) 0.50(4.63) 1.22(11.30) – 5.52(51.11) – 10.80
CP3 0.05(0.47) 0.11(1.03) 0.09(0.84) 2.60(24.35) – 0.24(2.25) 0.33(3.09) 1.01(9.46) – 6.25(58.52) – 10.68
CP4 0.07(0.64) 0.14(1.28) 0.11(1.00) 2.70(24.64) – 0.24(2.19) 0.40(3.65) 1.12(10.22) – 6.18(56.39) – 10.96
CP5 0.06(0.52) 0.12(1.03) 0.11(0.95) 2.94(25.30) – 0.23(1.98) 0.39(3.36) 1.23(10.59) 0.58(4.99) 5.96(51.29) – 11.62
CP6 0.07(0.59) 0.15(1.26) 0.13(1.09) 2.66(22.26) – 0.28(2.34) 0.36(3.01) 1.27(10.63) 1.34(11.21) 5.69(47.62) – 11.95
CK1 0.04(0.70) 0.11(1.93) 0.05(0.88) 3.70(64.80) – 0.05(0.88) 0.31(5.43) 0.82(14.36) 0.63(11.03) – – 5.71
CK2 0.08(0.55) 0.35(2.40) 0.15(1.03) 0.31(2.12) 0.50(3.43) 0.15(1.03) 0.36(2.47) 2.10(14.38) 7.36(50.41) 1.60(10.96) 1.64(11.23) 14.60
CK3 0.06(4.05) 0.12(8.11) 0.09(6.08) 0.06(4.05) 0.20(13.51) – 0.28(18.92) 0.67(45.27) – – – 1.48
CK4 – – – – – – – 0.46(9.26) – 4.51(90.74) – 4.97
CK5 0.05(1.03) 0.11(2.27) 0.09(1.86) 1.64(33.88) – 0.14(2.89) 0.14(2.89) 0.81(16.74) 1.00(20.66) 0.86(17.77) – 4.84
CK6 0.04(1.14) 0.06(1.71) 0.07(1.99) 0.18(5.13) – 0.08(2.28) 0.10(2.85) 1.48(42.17) 0.66(18.80) 0.77(21.94) 0.07(1.99) 3.51

a CW1–CW6 areC. wenyujin derived from Yueqing, Zhejiang Province, respectively. CP1–CP6 areC. phaeocaulis derived from Tingjiang, Jiangyuan, Sanjiang, Zhoudu, Wangdan and Shuangliu, Sichuan
Province, respectively. CK1–CK6 areC. kwangsiensis derived from Nanning, Guixian, Wuming and Yunshan, Guangxi Province, as well as Wenshan and Malipo, Yunnan Province, respectively.

b Germacrene D, curzerene,�-elemene furanodienone, isocurcumenol, uranodiene and curcumenol were determined as germacrone; neocurdione was determined as curdione.
c The data was presented as average of three replicates (R.S.D. < 3%). The percentages in 11 sesquiterpenes are shown in parenthesis.
d Undetected.
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then principle component analysis. Using the peaks’ charac-
teristics of the five compounds, hierarchical cluster analysis
was performed as before. The result was the same as the
one derived from 11 peaks characteristics (Fig. 3B). There-
fore, furanodienone, germacrone, curdione, curcumenol and
neocurdione could be used as markers for discriminating the
species and controlling the quality ofEzhu. It is thought that
interaction of multiple chemical compounds contributes to
the therapeutic effects of Chinese medicines. However, the
overall clinical efficacy of these species ofCurcuma has not
been determined. Therefore, comparison of chemical com-
ponents and pharmacological activities of these species of
Curcuma is helpful to elucidate the mechanism of therapeu-
tic effects and active components ofEzhu.

4. Conclusion

Absence of chemical standards is a bottleneck for quality
control of Chinese medicine. Using GC–MS, it is much easer
to identify the peaks of chromatograms without standards.
Then, the content of identified components could be deter-
mined or estimated using an analogue as standard, which offer
an approach to evaluate the quality of Chinese medicine. In
this paper, the contents of 11 sesquiterpenes in three species
o or
e ults
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A.2. Germacrone

1H NMR (400 MHz, CDCl3) δ (ppm): 1.44(3H, s, H-
14), 1.63(3H, S, H-15), 1.73(3H, s, H-13), 1.78(3H, s,
H12), 2.06–2.40(4H, m, H-2�, 2�, 3�, 3�), 2.86(1H, br
d, J = 11.2 Hz, H-6�), 2.94(2H, m, H-6�, 9�), 3.41(1H, d,
J = 10.5 Hz, H-9�), 4.71(1H, br d,J=8.6 Hz, H-5), 4.99(1H,
brd,J = 11.7 Hz, H-1).
13C NMR (400 MHz, CDCl3) δ (ppm): 132.659 (1),
24.032 (2), 38.027 (3), 126.616 (4), 125.336 (5), 29.192
(6), 129.503 (7), 207.909 (8), 55.865 (9), 134.582
(10), 137.186(11), 22.316(12), 19.861(13), 15.548(14),
16.669(15).

A.3. Curdione, mp 61–62 ◦C

1H NMR (400 MHz, CDCl3) δ (ppm): 1.58(1H, m, H-
3�), 1.66(3H, s, H-15), 1.87(1H, m, H-11), 2.09–2.14(3H,
m, H-3�, 2�, 2�), 2.34(1H, m, H-4�), 2.40(1H, dd,
J = 16.6 Hz,J = 2.0 Hz, H-6�), 2.69(1H, m, H-6�), 2.84(1H,
d, J = 10.9 Hz, H-9�), 5.17(1H, br s, H-1).
13C NMR (400 MHz, CDCl3) δ (ppm): 131.525 (1), 26.350
(2), 33.387 (3), 46.716 (4), 211.111 (5), 44.161 (6), 53.547
(7), 214.340 (8), 55.778 (9), 129.840 (10), 29.698 (11),
21.077 (12), 19.802 (13), 18.499 (14), 16.500 (15).
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f Curcuma used asEzhu were identified and determined
stimated by using GC–MS coupled with PLE. The res
howed that GC–MS coupled with PLE offered a sim
apid and high sensitive method to evaluate the quali
hree species ofCurcuma rhizomes,Ezhu.
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ppendix A. NMR data of curcumol, germacrone
nd curdione

.1. Curcumol

1H NMR (400 MHz, CDCl3) δ (ppm): 0.87(3H, d, H-15
0.98(6H, d, H-13, 14), 1.17(1H, q, H-12), 1.50(2H, m,
8), 1.71(2H, m, H-9), 1.75(1H, t, H-10), 1.87(1H, m, H-
1.90(1H, m, H-7), 2.15(2H, d, H-5), 2.54(1H, s, OH-
2.77(2H, d, H-2), 4.87(2H, d, H11).
13C NMR (400 MHz, CDCl3) δ (ppm): 144.762(1)
38.851(2), 104.521(3), 54.486(4), 34.699(5), 88.078
39.378(7), 30.914(8), 28.233(9), 56.272(10), 112.787
21.437(12), 28.697(13), 23.019(14), 12.326(15).
eferences

[1] Pharmacopeia Commission of PRC (Ed.), Pharmacopoeia o
People’s Republic of China, English ed., Chemical Industry P
Beijing, PR China, 2000.

[2] X.H. Nie, Z.H. Ao, G.Y. Yin, W.Y. Tao, Pharm. Biotechnol. 1
(2003) 152–154.

[3] J.P. Jiang, J. Jilin, Trad. Chin. Med. 2 (2000) 62–64.
[4] Q. Xia, Z.G. Huang, S.P. Li, P. Zhang, J. Wang, L.N. He, C

Pharmacol. Bull. 20 (2004) 357–358.
[5] Q. Ming, F. Sun, J.W. Liu, Z.Q. Liu, S.Q. Zhang, Y.Q. Jin, S

Xing, Chin. J. Gerontol. 24 (2004) 267–268.
[6] S. Zheng, H. Yang, S. Zhang, X. Wang, L. Yu, J. Lu, J. Li, J. C

Biochem. 27 (1997) 106–112.
[7] Y. Wang, M.Z. Wang, Acta Pharma. Sinica 36 (2001) 849–853
[8] N. Liu, D.S. Yu, M.Q. Dai, B.B. Mo, J. Southwest Chin. Norm

Univ. (Natural Sci.) 27 (2002) 430–432.
[9] M.Y. Tang, L.F. Shun, H.W. Wang, Chem. Ind. Forest Prod.

(2000) 65–69.
10] Y. Xie, T.J. Hang, Z.X. Zhang, D.K. An, Chin. Trad. Herbal Dru

32 (2001) 600–602.
11] H.X. Li, M.Y. Ding, J.Y. Yu, J. Chromatogr. Sci. 40 (2002) 156–1
12] A. Gauvin, H. Ravaomanarivo, J. Smadja, J. Chromatogr. A

(2004) 279–282.
13] M. Hudaib, J. Fiori, M.G. Bellardi, C. Rubies-Autonell, V. Cavri

J. Pharm. Biomed. Anal. 29 (2002) 1053–1060.
14] M. Hudaib, E. Speroni, A.M.D. Pietra, V. Cavrini, J. Pharm. Biom

Anal. 29 (2002) 691–700.
15] X.N. Li, H. Cui, Y.Q. Song, Y.Z. Liang, F.T. Chau, Phytochem. An

14 (2003) 23–33.
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