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A preparative gas chromatography (pGC) method was developed for the separation of volatile components from the methanol
extract of Curcuma rhizome. The compounds were separated on a stainless steel column packed with 10% OV-101 (3 m × 6 mm,
i.d.), and then, the effluent was split into two gas flows. One percent of the effluent passed to the flame ionization detector (FID)
for detection and the remaining 99% were directed to the fraction collector. Five volatile compounds were collected from the
methanol extract of Curcuma rhizome (5 g/mL) after 83 single injections (20 uL) with the yield of 5.1–46.2 mg. Furthermore, the
structures of the obtained compounds were identified as β-elemene, curzerene, curzerenone, curcumenol, and curcumenone by
MS and NMR spectra, respectively.

1. Introduction

Essential oils are one of the most valuable natural products
with multiple pharmacological activities. Among the Chinese
medicines (CMs) recorded in Chinese Pharmacopoeia (2005
edition), there are about 20% herbs contain essential oils
which are usually considered as bioactive fractions. However,
reference compounds or chemical standards are the bottle
neck for the quality control of CMs containing volatile
compounds as their main active fractions. Therefore, it is
necessary to separate and purify pure active chemicals, used
as reference compounds, from CMs. However, the supply
of reference compounds is far from the requirement for
quality control of CMs. Especially, the pure volatile chemical
compounds are even more difficult to be obtained because
of their instability and low polarity, which hinders the
development of quality control for TCMs. These problems,
therefore, compromise the values of traditional Chinese
medicine or even jeopardize the safety of the consumers.

Ezhu, one of the commonly used traditional Chinese
medicines, is the dried rhizomes of three species of Curcuma,
including Curcuma phaeocaulis, C. kwangsiensis, and C.
wenyujin, according to the Chinese Pharmacopoeia [1]. At
present, the essential oil of Ezhu is considered as its active
fractions which possesses antitumour [2, 3] and antiviral

activities [4, 5]. To date, β-elemene, curzerene, furano-
dienone, curcumol, isocurcumenol, germacrone, furanodi-
ene, curdione, curcumenol, neocurdione, and curcumenone
are considered as the main active volatile components in
Ezhu [6–8]. Actually, the chemical compounds from Ezhu
were prepared by silica gel column chromatography in most
cases [6–8], but this classical isolation technique suffers from
insufficient resolution for complex samples, requiring time-
consuming fractionation in multiple steps with the risk of the
compound being lost, altered or contaminated [9].

Preparative GC (pGC) is a powerful purification tech-
nique for the volatile and semivolatile compounds [10],
which has been successfully used in a number of rather
special applications such as the isolation of large quantities
of the trace components of essential oils for organoleptic
assessment [11], separation of isomers [12], isotopes [13],
and enantiomers [14–17] from complex mixtures. Further-
more, the essential oil of many plants which is rich in
volatile components is very propitious to be isolated by pGC
[9, 18–25]. In present study, a pGC system was constructed
and applied for the isolation of volatile constituents at
milligram level from Ezhu, and the structures of the isolated
compounds were determined by their MS and NMR spectra.
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2. Materials and Methods

2.1. Materials. Rhizome of Curcuma was purchased from
Wanhe pharmacy (Shapingba, Chongqing, China) in
November 2009. Methanol, ethyl acetate, petroleum, and
n-butanol were purchased from Chuandong Chemical Co.,
Ltd. (Chongqing, China). 60–100 mesh silica-gel for column
chromatography was purchased from Branch of Qingdao
Haiyang Chemical Plant (Shandong, China). The voucher
specimens of Curcuma rhizomes were deposited at the
Department of Pharmaceutics, College of Chemistry and
Chemical Engineering, Chongqing University, Chongqing,
China.

2.2. Sample Preparation. Ultrasonic extraction was per-
formed on an AS3120A Ultrasonic Cleaner (Tianjin Auto-
matic Science Instrument CO., Ltd, Tianjin, China). In brief,
dried material of Ezhu was ground into powder of 0.2-
0.3 mm diameter. Powder of Ezhu (100 g) was soaked in
methanol (200 mL) for 24 h and then placed into ultrasonic
tank for extraction of 15 minutes (120 W). The obtained
methanol extract was added onto a silica gel column (3 ×
45 cm) and washed by ethyl acetate and petroleum mixed
solution (ratio 1 : 1), and the effluent was collected and
condensed before injected into pGC system.

2.3. pGC System. The pGC system was modified based on
an SC-2000 GC instrument (Chuanyi Analyzer Co., Ltd,
Chongqing, China), the diagram is shown in Figure 1. It is
equipped with a stainless steel column packed with 10% OV-
101 (3 m × 6 mm, i.d.), a flame ionization detector (FID),
a special effluent splitter with minimum dead volume, and
a home-made preparative fraction collector. The data was
collected and analyzed on a HW-2000 Chromatographic
Workstation (Nanjing Qianpu Software Co. Ltd., China).

High purity nitrogen (N2) was used as carrier gas at
a flow rate of 30 mL/min. The inlet and FID temperature
were 220◦C, respectively. The column temperature was set
at 180◦C, then programmed at 3◦C min−1 to 250◦C, and
held for 10 min. The effluent was splitted into two flows,
one (1%) towards the FID and the other (99%) to the
fraction collector using a special gas effluent splitter. Two
restrictor valves were used to control the split flow. In
order to supply sufficient gas flow for the FID detection,
a supplementary gas (N2, 10 mL/min) was added before
arrived at the detector. Volumes of 20 μL Ezhu essential oil
were injected. After being separated by the column, the
fractions were collected in a series of 2 mL traps filled with
ethyl acetate. The trapping time and peak retention time were
synchronized. The isolated fractions were analyzed under the
same conditions of pGC and by following GC-MS.

2.4. GC-MS Analysis. GC-MS was performed on a Trace GC
Ultra gas chromatography instrument coupled to a DSQ II
mass spectrometer and an Xcalibur Version 2.0.7 software
(Thermo Fisher Scientific, Boston, MA, USA). A capillary
column (30 m × 0.25 mm i.d.) coated with 0.25 μm film
5% phenyl methyl siloxane was used for separation. High

purity helium was used as carrier gas with flow-rate at
1.0 mL/min. The other GC conditions were as follows: inlet
mode and temperature were pulsed splitless at 190◦C; the
column temperature was set at 60◦C and held for 2 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, and held for
3 min at the temperature of 280◦C.

The spectrometers 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
quadrupole, ionization source temperature were 150◦C and
280◦C, respectively.

3. Results and Discussion

3.1. Recovery of pGC. The recovery of pGC was tested by
injection of 5 × 10 μL n-butanol, and methanol was used as
trapping solvent. The yield amount n-butanol was calculated
based on the calculation factor of n-butanol to methanol
( f = 0.414) by injecting methanol and n-butanol mixed
solvent (ratio 1 : 1) under the same conditions. Finally, a
total of 40 μL n-butanol was recovered with the recovery
percentage of 80%.

3.2. Isolation of Volatile Compounds from Ezhu by pGC. The
GC chromatogram of Ezhu methanol extract recorded by
pGC with FID detection is given in Figure 2. It was used as
a basis for the collection of 5 fractions that were analyzed by
the analytical GC and GC-MS system for an evaluation of
resolution and yields of the preparative GC.

Packed column analytical gas chromatograms of Ezhu
essential oil and collected fractions, as well as mass spectra
of peaks of every fraction collected, are given in Figure 2.

3.3. Identification and Yield of Collected Fractions. Five
fractions of Ezhu essential oil were isolated and collected
using preparative GC with 83 repeated injections, resulting in
amounts of 5.1–46.2 mg for the compounds in the respective
traps. The amounts of fractions F1–F5 were 5.1 mg, 6.6 mg,
41.6 mg, 46.2 mg, and 21.2 mg, respectively.

Five fractions were identified by MS (Table 1), 1H and
13C NMR spectra (shown in the appendix) of the individual
peaks, fractions 1–5 were identified as β-elemene, curzerene,
curzerenone, curcumenol, and curcumenone, respectively
(Figure 3).

4. Conclusions

Preparative GC on a 3 m × 6 mm peaked column using
an FID, an effluent splitter, and a fraction collector was
shown an appropriate resolution, yield, and recovery rate
of Ezhu essential oil to obtain pure volatile constituents at
milligram level. The combination of preparative GC with
analytical GC using the same column and GC conditions
allows a direct transfer of retention times and facilitates
fractions identification. Altogether, these results show that
preparative GC is very fit to obtain small amount of pure
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Figure 1: Preparative gas chromatography system equipped with packed column, flame ionization detector (FID), effluent splitter, and
fraction collector.
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Figure 2: FID chromatogram for Ezhu extract (a), and FID chromatogram and MS spectra for the collected fractions (b–f).
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Figure 3: Chemical structures of 5 collected chemicals.

Table 1: Mass data of 5 collected fractions.

Fraction Mass data Rt (min) Compound

F1

204(M+, 4), 189(45),
147(48), 121(39), 107(75),
93(100), 91(41), 81(86),
79(59), 68(79), 67(77)

10.9 β-elemene

F2

216(M+, 9), 201(6),
159(4), 148(24), 145(5),
108(100), 93(9), 91(11),
79(13), 77(11), 65(5)

13.7 Curzerene

F3

230(M+, 46), 215(17),
162(11), 122(100), 94(51),
91(14), 77(15), 66(23),
65(23), 41(8)

16.3 Curzerenone

F4

234(M+, 22), 189(45),
147(42), 145(26), 133(54),
121(20), 119(24), 105(100),
91(27), 55(16), 41(34)

21.1 Curcumenol

F5

234(M+, 26), 176(78),
163(29), 161(48), 149(43),
133(37), 107(32), 91(29),
68(91), 67(75), 43(100)

23.8 Curcumenone

compounds from volatile oil. Therefore, preparative GC
should be developed on resolution of volatile oil and yield
of target compounds.

Appendix

NMR data of β-elemene, curzerene, curzerenone, cur-
cumenol, and curcumenone, Analyzed by AV400 NMR
(Bruker, Switzerland), solvent: CDCl3, internal standard:
TMS.

(1) β-elemene [26]. 1H-NMR (400 MHz, CDCl3) δ : 5.80
(1H, dd, J = 10.5, 17.9 Hz, H-13), 4.87–4.91 (2H, m, H-14Z

and H-8Z), 4.82 (1H, t, J = 1.6 Hz, H-8E), 4.58 (1H, s, H-
11Z), 4.56 (1H, s, H-11E), 3.57 (1H, d, J = 10.9 Hz, H-14E),
1.95 (1H, dd, J = 3.7, 12.3 Hz, H-5), 1.68 (3H, s, H-12), 16.7–
1.70 (1H, m, H-3), 1.32–1.60 (6H, m, H-1, -4 and -6), 1.13
(3H, s, H-9), 0.98 (3H, s, H-15).

13C-NMR (100 MHz, CDCl3) δ : 39.9 (C-1), 39.8 (C-2),
52.7 (C-3), 32.9 (C-4), 45.7 (C-5), 26.8 (C-6), 150.2 (C-7),
108.1 (C-8), 24.7 (C-9), 147.5 (C-10), 109.7 (C-11), 21.0 (C-
12), 150.1 (C-13), 112.0 (C-14), 16.7 (C-15).

(2) Curzerene [27]. 1H-NMR (400 MHz, CDCl3) δ : 7.07
(1H, brs, H-8), 5.89 (1H, dd, J = 10.8, 17.0 Hz, H-12), 5.02
(1H, dd, J = 1.0, 17.0 Hz, H-13Z), 4.98 (1H, dd, J = 10.8,
17.0 Hz, H-13E), 4.88(1H, d, J = 1.2 Hz, H-10E), 4.77 (1H, d,
J = 1.2 Hz, H-10Z), 2.69 (1H, d, J = 1.5 Hz, H-1β), 2.43 (2H,
dd, J = 1.1, 1.5 Hz, H-4α and H-4β), 2.31 (1H, t, J = 1.5 Hz,
H-3), 1.94 (3H, s, H-14), 1.76 (3H, s, H-11), 1.08 (3H, s, H-
15).

13C-NMR (100 MHz, CDCl3) δ : 36.1 (C-1), 40.1 (C-2),
50.0 (C-3), 24.2 (C-4), 116.5 (C-5), 149.5 (C-6), 119.3 (C-7),
137.2 (C-8), 147.2 (C-9), 112.7 (C-10), 24.4 (C-11), 147.1
(C-12), 110.9 (C-13), 8.1 (C-14), 19.5 (C-15).

(3) Curzerenone [28]. 1H-NMR (400 MHz, CDCl3) δ : 7.07
(1H, brs, H-11), 5.81 (1H, brs, H-5), 5.18 (1H, t, J = 7.5 Hz,
H-1), 3.72 (2H, AB-system, J = 15 Hz, H-9a, H-9b), 2.20 (3H,
d, J = 1.5 Hz, H-13), 1.76 (3H, d, J = 1.5 Hz, H-14), 1.31 (3H,
s, H-15), 1.60–2.48 (4H, m, H-2 and H-3).

13C-NMR (100 MHz, CDCl3) δ : 130.5 (C-1), 26.4 (C-2),
41.6 (C-3), 145.7 (C-4), 132.4 (C-5), 189.7 (C-6), 122.2 (C-
7), 156.5 (C-8), 40.6 (C-9), 135.4 (C-10), 138.1 (C-11), 123.7
(C-12), 9.5 (C-13), 18.9 (C-14), 15.7 (C-15).

(4) Curcumenol [29]. 1H-NMR (400 MHz, CDCl3) δ : 5.75
(1H, s, H-9), 3.05 (1H, dd, J = 1.2, 2.1 Hz, H-1), 2.65 (1H,
d, J = 15.6 Hz, H-6β), 2.10 (1H, d, J = 15.6 Hz, H-6α),1.66–
1.97 (6H, m, H-1, H-2, H-3 and H-4) 1.81 (3H, s, H-12), 1.66
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(3H, s, H-13), 1.66 (3H, s, H-14), 1.03 (3H, d, J = 6.2 Hz, H-
15).

13C-NMR (100 MHz, CDCl3) δ : 51.3 (C-1), 27.6 (C-2),
31.2 (C-3), 40.3 (C-4), 85.4 (C-5), 37.2 (C-6), 137.3 (C-7),
101.5 (C-8), 125.8 (C-9), 137.3 (C-10), 122.1 (C-11), 18.9
(C-12), 22.9 (C-13), 21.4 (C-14), 11.8 (C-15).

(5) Curcumenone [30]. 1H-NMR (400 MHz, CDCl3) δ : 2.81
(2H, m, H-7), 2.55 (1H, d, J = 15.6 Hz, H-10β or H-10α), 2.51
(1H, d, J = 15.6 Hz, H-10β or H-10α), 2.47 (2H, t, J = 7.3 Hz,
H-4), 2.13 (3H, s, H-15), 2.09 (3H, s, H-12), 1.79 (3H, s, H-
13), 1.60 (2H, t, J = 7.3 Hz, H-3), 1.12 (3H, s, H-14), 0.67
(1H, q, J = 4.4 Hz, H-6), 0.45 (1H, dt, J = 7.3, 4.4 Hz, H-2).

13C-NMR (100 MHz, CDCl3) δ : 20.1 (C-1), 30.0 (C-2),
24.1 (C-3), 43.9 (C-4), 208.7 (C-5), 24.3 (C-6), 28.0 (C-7),
128.0 (C-8), 201.6 (C-9), 48.9 (C-10), 147.4 (C-11), 23.4 (C-
12), 23.4 (C-13), 19.0 (C-14), 23.2 (C-15).
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