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a b s t r a c t

The rhizomes of Curcuma phaeocaulis, Curcuma kwangsiensis, Curcuma wenyujin and Curcuma longa are
used as Ezhu or Jianghuang in traditional Chinese medicine for a long time. Due to their similar morpho-
logical characters, it is difficult to distinguish their origins of raw materials used in clinic. In this study, a
simple, rapid and reliable twice development TLC method was developed for qualitative and quantitative
analysis of the four species of Curcuma rhizomes. The chromatography was performed on silica gel 60F254

plate with chloroform–methanol–formic acid (80:4:0.8, v/v/v) and petroleum ether–ethyl acetate (90:10,
v/v) as mobile phase for twice development. The TLC markers were colorized with 1% vanillin–H2SO4

solution. The four species of Curcuma were easily discriminated based on their characteristic TLC profiles,
and simultaneous quantification of eight compounds, including bisdemethoxycurcumin, demethoxycur-
cumin, curcumine, curcumenol, curcumol, curdione, furanodienone and curzerene, in Curcuma were also
Qualitative

Quantitative performed densitometrically at �scan = 518 nm and �reference = 800 nm. The investigated compounds had
good linearity (r2 > 0.9905) within test ranges. Therefore, the developed TLC method can be used for
quality control of Curcuma rhizomes.
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. Introduction

Curcuma belongs to the family Zingiberaceae. It is about 20
pecies distributed in China and some of which are used as
raditional Chinese medicine (TCM) for a long time. Generally,
he rhizomes of Curcuma phaeocaulis, Curcuma kwangsiensis, Cur-
uma wenyujin and Curcuma longa are used as Ezhu or Jianghuang
ccording to Chinese Pharmacopoeia (2005 edition) [1]. How-
ver, it is difficult to distinguish their origins of raw materials in
linic because of their similar morphological characters, though
heir pharmacological activities [2–9] and chemical characteristics
10–13] are obviously different. Therefore, qualitative and quan-
itative analysis of these materials is very important for ensuring
he safety and efficacy of the herbs. Up to date, GC–MS [10,11,13],
PLC [12], LC-MS [14,15], LC-MS/MS [16] and microemulsion elec-

rokinetic chromatography (MEEKC) [17] have been used for the

etermination of sesquiterpenoids or curcuminoids which are
sually considered as the biological active ingredients in Ezhu
nd Jianghuang [10,14]. Unfortunately, simultaneous determina-
ion of these compounds in Ezhu or Jianghuang has not been
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chieved because of the obvious difference of their volatile abil-
ty, polarity and/or poor UV absorbability [12,14]. Actually, thin
ayer chromatography (TLC) is an approach with low cost, easy

aintenance and good selectivity of detection. In addition, TLC
an analyze several parallel samples in a run. It also facilitates
epeated detection (scanning) of the chromatogram with the same
r different parameters. Therefore, simultaneous assay of several
omponents in a multicomponent formulation is possible. Espe-
ially, multi-step TLC technique allows for simultaneous separation
f complex mixtures [18]. In this paper, a simple twice develop-
ent TLC method was developed for discrimination of the rhizomes

rom four species of Curcuma, and quantitative determination
f three curcuminoids (bisdemethoxycurcumin, demethoxycur-
umin and curcumine) and five sesquiterpenoids (curcumenol,
urcumol, curdione, furanodienone and curzerene) was also
erformed.

. Experimental
.1. Plant materials

C. wenyujin were obtained from Yueqing (W1, W4 and W5),
ui’an (W2 and W3), and Yongjia (W6), Zhejiang Province; C. phaeo-
aulis were separately collected from Chongzhou (P1, P2 and P3),

http://www.sciencedirect.com/science/journal/07317085
mailto:lishaoping@hotmail.com
mailto:spli@umac.mo
dx.doi.org/10.1016/j.jpba.2008.07.006
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Fig. 1. Separation of mixed standards and methanol extracts of Curcuma using twice development on silica gel 60 F254 TLC plate (10 cm × 20 cm). First development with
chloroform–methanol–formic acid (80:4:0.8, v/v/v): (A) viewed at � = 254 nm without coloration and (B) colorized with 1% vanillin–H2SO4 solution. Second development
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ith petroleum ether–ethyl acetate (90:10, v/v): (C) viewed at � = 254 nm without c
erived fromYueqing, Zhejiang Province. K1 and K2 are C. kwangsiensis derived from
nd L1 and L2 are C. longa derived from Chongzhou, Sichuan Province. S, mixed stan
, curcumol; 6, curdione; 7, furanodienone; 8, curzerene.

houdu (P4), Wangdan (P5) and Shuangliu (P6), as well as C. longa
. rhizomes were obtained from Chongzhou (L1, L2, L4 and L5),
huangliu (L3 and L6), Sichuan Province; C. kwangsiensis were col-
ected from Qingzhou (K1 and K5), Wuming (K2, K3 and K4), and
ipu (K6) of Guangxi Province. The botanical origin of materials
as identified by corresponding author and the voucher specimens

ere deposited at the Institute of Chinese Medical Sciences, Uni-

ersity of Macau, Macao, China. The material was carefully cleaned
nd cut into slices, then dried to constant weight at 40 ◦C. Dried
lices were powdered and then passed through a 40–120 mesh
ieve.
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ig. 2. TLC photographs of four species of Curcuma and their specific markers (M1–M4)
nd W5), Rui’an (W2 and W3) and Yongjia (W6), Zhejiang Province; (B) C. kwangsiensis from
C) C. phaeocaulis from Chongzhou (P1, P2 and P3), Zhoudu (P4), Wangdan (P5) and Shu
huanliu (L3 and L6), Sichuan Province. S, mixed standards. 1–8, eight compounds same a
ion and (D) colorized with 1% vanillin–H2SO4 solution. W1 and W5 are C. wenyujin
zhou and Wuming of Guangxi Province, respectively. P1 and P2 are C. phaeocaulis,

; 1, bisdemethoxycurcumin; 2, demethoxycurcumin; 3, curcumine; 4, curcumenol;

.2. Chemicals

All solvents and reagents (analytical grade) were obtained from
NI-CHEM d.o.o. (Belgrade, Serbia and Montenegro). Deionized
ater was prepared by Millipore Milli Q-Plus system (Milli-
ore, Billerica, MA, USA). Bisdemethoxycurcumin (98%, HPLC) and

emethoxycurcumin (98%, HPLC) were purchased from Chengdu
ust Biological Technology Limited Company (Sichuan, China).

urcumine (99%, HPLC) was purchased from National Institute
or the Control of Pharmaceutical and Biological Products (Bei-
ing, China). Curcumenol, curcumol, curdione, furanodienone and

besides the eight investigated compounds: (A) C. wenyujin from Yueqing (W1, W4
Qingzhou (K1 and K5), Wuming (K2, K3 and K4) and Lipu (K6), Guangxi Province;

anliu (P6), Sichuan Province; (D) C. longa from Chongzhou (L1, L2, L4 and L5) and
s in Fig. 1.
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ig. 3. Typical TLC densitograms of mixed standards (A), methanol extracts of C.
enyujin (B), C. kwangsiensis (C), C. phaeocaulis (D) and C. longa (E).

urzerene were separated from commercial oil of C. wenyujin in our
ab, and the structures were confirmed by their UV, MS and NMR
ata, purity of all compounds were >99% measured by HPLC and/or
C [11].

.3. Standard and sample preparation

Mixed standards solution was obtained by mixing equal
olume of the stock solutions of bisdemethoxycurcumin
740 �g/mL), demethoxycurcumin (1020 �g/mL), curcumine
760 �g/mL), curcumenol (1955 �g/mL), curcumol (1236 �g/mL),
urdione (835 �g/mL), furanodienone (2620 �g/mL) and curzerene
3840 �g/mL) in methanol.

Approximately 500 mg dried rhizome powder, accurately
eighed, was mixed with 5 mL methanol in a sealed tube.

he solution was treated in an ultrasonic clean bath (881 w,
3 kHz, Bransonic, Danbury, CT) for 60 min, at room temperature
25 ± 2 ◦C). Then methanol was added to compensate for the lost
eight during the extraction. After centrifugation in an Allegra
-15R refrigerated centrifuge (Beckman Coulter, Fullerton, CA) for
0 min (at 4500 rpm), the supernatant was collected for analysis.
.4. TLC

Chromatography was performed on silica gel 60F254 TLC plates
Merck, Darmstadt, Germany), and a HPTLC system (Desaga GmbH,
ermany) including AS30 HPTLC Applicator, CD 60 HPTLC densito-
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eter with Pro Quant Windows software. Mixed standards (5 �L)
nd samples (8 �L) of four species of Curcuma were spotted in dupli-
ate on the plate as bands 9 mm wide, 7 mm apart and 10 mm
rom the bottom edge, respectively. First, the plate was devel-
ped to a distance of 30 mm with chloroform–methanol–formic
cid (80:4:0.8, v/v/v) in a Desaga 20 cm × 20 cm glass flat-bottom
hamber after equilibration with mobile phase vapor for 30 min.
he developed plate was dried in an aerator at room tempera-
ure, and then further developed to the distance of 90 mm with
etroleum ether–ethyl acetate (90:10, v/v) in another chamber
fter equilibration with the same solution vapor. The developed
late was viewed sequentially under UV 254 and 365 nm and then
olorized with vanillin–H2SO4 solution (1% vanillin dissolved in
00 mL 70% H2SO4) and heated at 105 ◦C on a YOKO-XR plate
eater (Wuhan YOKO technology Ltd., China) to make spots col-
red clearly. The treated plate covered with a transparent glass
nd scanned at �s (scan wavelength) = 518 nm and �r (reference
avelength) = 800 nm in reflectance–extinction mode by use of the
ensitometer. The source of radiation was a tungsten/deuterium

amp. The slit dimensions were 6.00 nm × 0.02 nm.

. Results and discussion

.1. Optimization of method

Both mobile phases and developing mode were optimized
o obtain good separation. Chloroform–methanol–formic acid
80:4:0.8 or 96:4:0.1, v/v/v), petroleum ether–ethyl acetate (90:10
r 15:2, v/v) [1,19,20], methanol–chloroform–acetone (5:4:1, v/v/v),
etroleum ether–ethyl acetate (8:2, v/v) [21] and toluene–ethyl
cetate–glacial acetic acid (66:32:2, v/v/v) [22] were not available
or simultaneous separation of low- and high-polarity compounds
n Curcuma with good resolution in one run. Thus, twice devel-
pment was employed. The optimum development reagents are:
hloroform–methanol–formic acid (80:4:0.8, v/v/v) for the first
evelopment and petroleum ether–ethyl acetate (90:10, v/v) for
he second development. As the results, the high-polarity com-
ounds such as bisdemethoxycurcumin (1), demethoxycurcumin
2) and curcumine (3) were separated, while the low-polarity com-
ounds were developed as one main band in the first run because
f the high polarity of mobile phase. Then the low-polarity com-
onents, including curcumenol (4), curcumol (5), curdione (6),
uranodienone (7), curzerene (8), were further resolved using low-
olarity mobile phase in the second run, while the high-polarity
ompounds could not be driven. Finally, eight investigated com-
ounds and the components in four species of Curcuma rhizomes
ere well separated in twice development (Fig. 1).

The detection wavelengths for quantification of the investigated
ompounds were selected based on their absorption spectra. The
aximum absorption of compounds 4–7 were nearby 518 nm, and

hat of compound 8 was at 508 nm, while compounds 1–3 showed
onstant absorption between 500 and 600 nm. Considering the sen-
itivity for all investigated compounds, 518 nm was selected for
etection.

.2. Validation of the method

Mixed standards solutions at ten amounts (0.8, 1.6, 2.4, 3.2, 4.0,
.8, 5.6, 6.4, 7.2 and 8.0 �L) were applied for linearity test. Cali-

ration curves were constructed by plotting the peak areas versus
mount of each analyte. The investigated compounds had good
inearity (r2 > 0.9905) within test ranges.

The limits of detection (LOD) and limits of quantification (LOQ)
ere defined as the amounts of which the signal-to-noise ratios
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Table 1
The contents (mg/g) of eight compounds in four species of Curcuma

Samplesa Analytes [mean (RD%b, n = 2)]

Bisdemethoxycurcumin Demethoxycurcumin Curcumine Curcumenol Curcumol Curdione Furanodienone Curzerene

W1 NDc ND ND 0.29 (1.86) ND 7.02 (2.88) ND 21.08 (2.45)
W2 ND ND ND 0.75 (1.31) ND 7.90 (0.42) ND 19.01 (1.60)
W3 ND ND ND 0.80 (3.67) ND 8.77 (1.34) ND 20.61 (3.70)
W4 ND ND ND 0.69 (0.71) ND 8.26 (2.09) ND 6.43 (1.56)
W5 ND ND ND 1.03 (1.88) ND 11.45 (0.93) ND 85.28 (2.63)
W6 ND ND ND 1.95 (0.16) ND 13.89 (1.19) ND 79.08 (0.62)
P1 ND ND ND 4.53 (2.12) ND 0.58 (2.26) 3.88 (4.23) 2.74 (0.26)
P2 ND ND ND 4.43 (0.17) ND 0.33 (0.94) 4.36 (1.08) 2.61 (0.76)
P3 ND ND ND 4.44 (2.86) ND 0.19 (0.69) 3.71 (0.32) 1.73 (0.43)
P4 ND ND ND 5.69 (2.22) ND 0.29 (2.96) 5.39 (1.39) 2.49 (2.33)
P5 ND ND ND 4.53 (0.02) ND 0.17 (2.54) 5.84 (2.25) 2.65 (0.72)
P6 ND ND ND 4.73 (0.76) ND 1.51 (0.18) 5.49 (0.94) 2.09 (0.84)
K1 ND ND ND 0.27 (0.19) ND ND ND 3.16 (2.13)
K2 ND ND ND 0.72 (1.96) ND ND ND 2.70 (3.35)
K3 ND ND ND +d ND ND ND 3.44 (0.59)
K4 ND ND ND ND ND ND ND 3.62 (3.07)
K5 ND ND ND 4.37 (0.12) ND 1.30 (0.03) ND +
K6 ND ND ND 0.58 (3.79) ND ND ND +
L1 4.85 (0.06) 8.83 (0.08) 14.34 (0.59) ND ND + ND ND
L2 5.48 (0.04) 10.93 (0.17) 14.62 (0.29) ND ND + ND ND
L3 4.05 (0.54) 11.32 (0.32) 14.41 (0.42) ND ND + ND ND
L4 4.50 (0.15) 14.02 (0.88) 18.31 (0.73) ND ND + ND ND
L5 2.61 (0.06) 8.10 (0.05) 18.14 (1.24) ND ND + ND ND
L6 4.86 (0.09) 12.72 (0.19) 15.74 (0.69) ND ND + ND ND

a W1–W6, C. wenyujin derived from Yueqing (W1, W4 and W5), Rui’an (W2 and W3), Yongjia (W6), Zhejiang Province; P1–P6, C. phaeocaulis derived from Chongzhou (P1,
P2 and P3), Zhoudu (P4), Wangdan (P5) and Shuangliu (P6), Sichuan Province; K1–K6, C. kwangsiensis derived from Qingzhou (K1 and K5), Wuming (K2, K3 and K4) and Lipu
(K6), Guangxi Province; L1–L6, C. longa derived from Chongzhou (L1, L2, L4 and L5) and Shuangliu (L3 and L6), Sichuan Province.
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b RD, relative deviation (%) = (|measured value − mean|/mean) × 100.
c Not detected.
d Under the limit of quantification.

S/N, noise was defined as the peak area corresponding to the solu-
ion containing none of the constituents) were about 3:1 and 10:1,
espectively. The LOD and LOQ values of eight investigated com-
ounds were between 5–746 and 21–1144 ng, respectively.

The precision was expressed as instrumental precision, identical
nd different plate precision. Instrumental precision was checked
y scanning the same spot of the investigated compound in mixed
tandards solution (5 �L) six times, and the overall RSDs were less
han 2.67% (n = 6). Identical plate precision was determined by ana-
yzing six spots of the mixed standards solution (5 �L) on one plate,

hile different plate precision was tested by determining one spot
f the mixed standards solution (5 �L) per plate on six TLC plates.
he overall RSDs of identical and different plate were less than 4.19%
n = 6) and 8.73% (n = 6), respectively.

The repeatability was evaluated by preparing and analyzing
ix solutions of the same sample (500 mg each). C. wenyu-
in (for curzerene), C. phaeocaulis (for curcumenol, curdione
nd furanodienone) and C. longa (for bisdemethoxycurcumin,
emethoxycurcumin and curcumine) were used because no sam-
le contained all investigated compounds. One spot of each solution
as analyzed on the same plate, and RSDs of the investigated com-
ounds were calculated, which were between 2.08 and 4.84%.

The accuracy of the method was evaluated as extraction
ecovery and detection recovery. The extraction recovery was deter-
ined by performing consecutive extractions of the same sample

or three times and the investigated compounds were detected by
LC analysis. The recovery was calculated based on the total amount
f individual investigated components, and was 86.75–99.01% with

SD of 0.16–3.71% (n = 6).

The detection recovery was determined at three levels of
ixed standard solutions, i.e., 80% (low), 100% (middle) and 120%

high) of the middle amount of the linear range of each investi-
ated compound. The recovery (R, %) was calculated as follows: R

w
l
h
p
p

%) = [Am/As] × 100%, where Am is the measured amount and As is
he sampling amount. The overall recoveries were 83.04–116.46%
ith RSD of 0.24–3.90% (n = 3).

.3. Discrimination of four species of Curcuma

Six samples of each species of Curcuma collected from different
laces were investigated, and their TLC profiles were shown in Fig. 2.

t is obvious that Jianghuang is different from the three species, C.
enyujin, C. kwangsiensis and C. phaeocaulis, used as Ezhu based on

he bands of bisdemethoxycurcumin (1), demethoxycurcumin (2),
urcumine (3), M3 and M4 (Fig. 1D, Fig. 2). Among three species of
urcuma used as Ezhu, each has its individual characters, such as an
rchid band at RF 0.48 (M1) in C. wenyujin, a purple band at RF 0.62
M2) in C. kwangsiensis, and a reddish blue-violet band at RF 0.66
furanodienone, 7) in C. phaeocaulis. Therefore, TLC could rapidly
nd easily discriminate the rhizomes of C. wenyujin, C. kwangsiensis,
. phaeocaulis and C. longa.

.4. Determination of eight investigated compounds in Curcuma

The contents of eight investigated compounds in four species of
urcuma were determined using TLC scanning (TLCs). Their TLCs
rofiles were shown in Fig. 3. Table 1 shows the summary results.
enerally, curcumol is rare in all of four species of Curcuma rhi-
omes though it is usually considered as the active component in
olatile oil of Ezhu [23], which is in accordance with the previous
eport in our lab [10–12,24]. In addition, curcumenol and curzerene

ere found in three species of Curcuma used as Ezhu but not in C.

onga. Three curcuminoids are mainly contained in C. longa. The
ighest content of curcumenol was determined in rhizomes of C.
haeocaulis, while highest content of curzerene existed in the sam-
les of C. wenyujin [24].
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. Conclusion

A simple and reliable TLC method using twice development
as developed for rapid qualitative and quantitative analysis of

our species of Curcuma rhizomes. Eight compounds, including five
esquiterpenoids and three curcuminoids, in Curcuma were simul-
aneously determined. The developed TLC method can be used as
n economical alternative method for routine quality control of
urcuma rhizomes.

cknowledgements

We are grateful to Leon Lai and Jianbo Wan from our institute
or their expert technical assistances, and Mr. Jie Xu from Yueqing
uangsheng Cultivation of Traditional Medical Material Co. Ltd.,
hejiang Province, for sample collection and supply. The research
as supported by grants from University of Macau (RG058/05-06S

o S.P. Li).
eferences

[1] Pharmacopoeia Commission of PRC (Ed.), Pharmacopoeia of the People’s
Republic of China, vol. I, Chemical Industry Press, Beijing, PR China, 2005, pp.
194–195.

[2] D. Zheng, Fujian Zhong Yi Yao 33 (2002) 46–47.

[
[

[

iomedical Analysis 48 (2008) 1024–1028

[3] H. Matsuda, K. Ninomiya, T. Morikawa, M. Yoshikawa, Bioorg. Med. Chem. Lett.
8 (1998) 339–344.

[4] G. Sacchetti, S. Maietti, M. Muzzoli, M. Scaglianti, S. Manfredini, M. Radice, R.
Bruni, Food Chem. 91 (2005) 621–632.

[5] C. Selvam, S.M. Jachak, R. Thilagavathi, A.K. Chakraborti, Bioorg. Med. Chem.
Lett. 15 (2005) 1793–1797.

[6] J.J. Johnson, H. Mukhtar, Cancer Lett. 255 (2007) 170–181.
[7] M.Z. Ashraf, M.E. Hussain, M. Fahim, Life Sci. 77 (2005) 837–857.
[8] Z.F. Yu, L.D. Kong, Y. Chen, J. Ethnopharmacol. 83 (2002) 161–165.
[9] S.C. Gautam, X. Gao, S. Dulchavsky, Adv. Exp. Med. Biol. 595 (2007) 321–341.
10] F.Q. Yang, S.P. Li, Y. Chen, S.C. Lao, Y.T. Wang, T.T.X. Dong, K.W.K. Tsim, J. Pharm.

Biomed. Anal. 39 (2005) 552–558.
11] F.Q. Yang, S.P. Li, J. Zhao, S.C. Lao, Y.T. Wang, J. Pharm. Biomed. Anal. 43 (2007)

73–82.
12] F.Q. Yang, Y.T. Yang, S.P. Li, J. Chromatogr. A 1134 (2006) 226–231.
13] N.Y. Qin, F.Q. Yang, Y.T. Wang, S.P. Li, J. Pharm. Biomed. Anal. 43 (2007) 486–492.
14] X.G. He, L.Z. Lin, L.Z. Lian, M. Lindenmaier, J. Chromatogr. A 818 (1998) 127–132.
15] H. Jiang, B.N. Timmermann, D.R. Gang, J. Chromatogr. A 111 (2006) 21–31.
16] H. Jiang, Á. Somogyi, N.E. Jacobsen, B.N. Timmermann, D.R. Gang, Rapid Com-

mun. Mass Spectrom. 20 (2006) 1001–1012.
17] T. Nhujak, W. Saisuwan, M. Srisa-art, A. Petsom, J. Sep. Sci. 29 (2006) 666–676.
18] A. Bazylko, H. Strzelecka, Fitoterapia 78 (2007) 391–395.
19] A.N. Qi, H. Yu, C. Zhu, Tianjin Zhong Yi Xue Yuan Xue Bao 21 (2002) 32–33.
20] H.Y. Sha, Y.J. Liu, H. Liang, J.B. Zhao, Heilongjiang Zhong Yi Yao 4 (2004) 48–49.
21] D.X. Li, Jichen Zhongyao Zazhi 15 (2001) 31.

22] J.L. Li, L.R. Yu, Hunan Zhongyi Xueyuan Xuebao 16 (1996) 57–59.
23] Pharmacopoeia Commission of PRC (Ed.), Pharmacopoeia of the People’s

Republic of China, vol. II, Chemical Industry Press, Beijing, PR China, 2005, pp.
591–592.

24] F.Q. Yang, S.P. Li, Y. Chen, Q.Q. Liu, Y.T. Wang, T.T.X. Dong, H.Q. Zhan, Yaowu Fenxi
Zazhi 25 (2005) 827–830.


	Qualitative and quantitative analysis of four species of Curcuma rhizomes using twice development thin layer chromatography
	Introduction
	Experimental
	Plant materials
	Chemicals
	Standard and sample preparation
	TLC

	Results and discussion
	Optimization of method
	Validation of the method
	Discrimination of four species of Curcuma
	Determination of eight investigated compounds in Curcuma

	Conclusion
	Acknowledgements
	References


