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Abstract
HSCCC technique in a semi-preparative-scale was successfully applied for the first time to isolation
and purification of nootkatone from the essential oil of fruits of Alpinia oxyphylla Miquel. Twelve
pairs of two-phase solvent systems, consisting of seven non-aqueous and five organic-aqueous
solvent systems, were evaluated by HSCCC. It revealed that the separation was mainly influenced
by the partition coefficient (K) of nootkatone and the separation factor (α) between nootkatone and
valencene while the organic-aqueous solvent systems were more efficient than the non-aqueous
systems. With the optimal two-phase solvent system composed of n-hexane-methanol-water (5:4:1,
v/v) by eluting the lower phase in a head-to-tail mode, 3.1 mg of nootkatone was obtained at a purity
of 92.30 % by GC-MS in one step operation from 80 mg of crude essential oil in less than 4 h. The
chemical structure of nootkatone fraction was confirmed by EI-MS and 1H NMR.
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1. Introduction
Alpinia oxyphylla Miquel (Zingiberaceae), “Yizhi” in Chinese, cultivated widely in South
China, has been used as a traditional medicine for intestinal disorders and urosis in Chinese
pharmacopeia. The essential oil from fruits of Alpinia oxyphylla Miq. mainly consists of
various sesquiterpenoids [1-3], among which the two eremophilanes, i.d., valencene and
nootkatone (shown in Fig.1), are often present in a considerable amount. Nootkatone is a
flavorer (FEMA 3166) used for flavoring the food and tobacco [4]. More importantly, it is an
antiulcer agent [5] and has an insecticidal activity against D. melanogastr [6]. However, due
to its chiral sterostructure, the preparation of nootkatone via organic synthesis is difficult.

High-speed counter-current chromatography (HSCCC) has been widely applied for
purification of functional components from traditional Chinese herbs and other natural products
[7-10]. It is a support-free liquid-liquid partition chromatography technique so that the
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irreversible adsorption onto the solid stationary phase and denaturation of the compounds can
be eliminated. What is more, HSCCC offers many other advantages such as choice of a wide
range of the solvent systems, short separation time, high-purity of fractions, quantitative sample
recovery and ease of scaling up.

In this paper, HSCCC is applied for the first time to isolation and purification of nootkatone
from the essential oil of Alpinia oxyphylla fruits. The composition of the two-phase solvent
system is optimized in terms of partition coefficients (K). nootkatone and proper separation
factors (α) between nootkatone and valencene by testing seven non-aqueous and five organic-
aqueous solvent systems. Finally, the two-phase solvent system composed of n-hexane-
methanol-water (5:4:1, v/v) was selected and utilized for the isolation and purification of
nootkatone from the essential oil.

2. Experimental
2.1. Apparatus

The present study employed a model TBE 300A high-speed counter-current chromatograph
(Shanghai Tauto Biotech, Shanghai, China) with three ploytetrafluoroethylene coils (tubing
I.D. 2.6 mm, total volume 300 ml) and a 20 ml manual injection sample loop. The evolution
radius (R) is 5 cm, and the β values of the multilayer coil vary from 0.5 at the internal terminal
to 0.8 at the external terminal (β= r/R, where r is the distance between the coil and the holder
shaft). The rotary speed of the apparatus can be regulated at 700~1000 rpm with a speed
controller. The elution of the solvent and the UV detection were performed by one ÄKTA
prime system (Amersham Pharmacia Biotechnique Group, Sweden). The column temperature
was controlled by an HX 1050 water-circulating constant temperature implement (Beijing
Tianyou Science Development Co. Ltd., Beijing, China). The chromatogram was recorded by
an N2010 workstation (Zhejiang University, Hangzhou, China).

An Agilent 6890N/5973i gas chromatograph and mass spectrometer (GC-MS) and an Agilent
6890 gas chromatograph coupled with a flame ionization detector (GC-FID) (Agilent
Technologies, USA) were used for analysis. 1H NMR was performed on a Brucker Avance
400 MHz nuclear magnetic resonance (NMR) spectrometer.

2.2. Materials and reagents
The fruits of Alpinia oxyphylla Miq. were purchased from Tongrentang drugstore (Qianmen,
Beijing). Before use, they were ground into powder. The organic solvents, methanol,
acetonitrile, ethyl acetate, ethanol, light petroleum (boiling point ), n-hexane, chloroform and
dichloromethane, all in analytical grade, were from Beijing Chemical Reagent Company. The
C6-C23 n-alkanes used to analyze retention indices (RI) of the components in the essential oil,
in chromatographic grade, were from Dikma Technologies in Beijing.

2.3. Preparation of essential oil by distillation and solvent extraction (SDE)
Attached to a modified Likens-Nickerson apparatus were a 2000 ml round bottom flask and a
500 ml round bottom flask. In the 2000 ml round bottom flask, 500 g of pulverized sample was
suspended in 1300 ml of water. In the 500 ml round bottom flask, 300 ml dichloromethane
(purified in advance) was added. The sample and the solvent were heated by one oil bath and
one water bath separately. After boiled and refluxed for 12 h, the dichloromethane fractions in
both the solvent flask and the solvent loop were combined, dehydrated over anhydrous
Na2SO4 and concentrated mildly by N2 blowing. The essential oil obtained was pale yellow
at a yield of 1.61%.
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2.4. Determination of partition coefficients (K)
The partition coefficients (K) were determined as follows: a small amount of essential oil was
dropped into a 10 ml test tube to which 2.0 ml of each phase of the equilibrated two-phase
solvent system was added. The tube was shaken vigorously for 2 min to thoroughly equilibrate
the sample between the two phases. Then an aliquot of each phase was analyzed by GC. The
K values were calculated by the peak areas in GC chromatograms.

2.5. Preparation of two phase solvent systems and sample solutions
The solvents were mixed in a separatory funnel according to the selected volume ratios and
thoroughly equilibrated by vigorous shaking at room temperature (ca 22 °C). Prior to use, the
upper phase and the lower phase were separated and degassed by sonication for 25 min.

For selection of two-phase solvent system the sample solution was prepared by dissolving 150
mg of essential oil into 18 ml two-phase solvent system, while for the isolation and purification
of nootkatone the sample solution was prepared by dissolving 80 mg of essential oil into 15
ml two-phase solvent system.

2.6. HSCCC separation
Both head to tail and tail to head elution modes were carried out. When tail to head elution was
used, the ploytetrafluoroethylene tubes pertaining to entrance and exit on the injection loop
were reversed. In each separation the multilayer-coiled column was first entirely filled with
the stationary phase at a flow rate of 30 ml.min−1. Then the mobile phase was pumped through
the column at a flow rate of 1.5 ml.min−1 while the HSCCC apparatus was rotated at a speed
of 850 rpm. After hydrodynamic equilibrium was established throughout the coil, the sample
solution was injected into the separation column. During the separation the column temperature
was controlled at 22 °C. The UV detector was set at 254 nm. The fractions were manually
collected according to the chromatogram, and concentrated by N2 blowing. The residue liquids
were analyzed by GC-MS. The purity of nootkatone fraction was expressed as the percentage
of its peak area relative to the total peak area in GC-MS.

2.7. GC-MS and GC analysis
The DB-5 ms 30 m × 0.25 mm × 0.25 μm capillary column (Agilent Technologies, USA) was
used in GC-MS analysis. The carrier gas was helium at 1 ml.min−1. The initial oven temperature
was 100 °C held for 2 min; then raised to 165 °C at 10 °C.min−1; further raised to 170 °C at
1.5 °C.min−1 kept for 2 min; and again raised to 183 °C at 1.5 °C.min−1. Finally it was raised
to 280 °C at 30 °C.min−1 and kept for 2 min. The sample of 2.0 μl was injected at 300 °C in a
split mode (20:1). The mass detector was operated at 150 °C in an electron impact mode at 70
eV. The ion source temperature was kept at 230 °C while the transfer line temperature was at
250 °C. The chromatograms were recorded by monitoring the total ion currents in 40-450 mass
range.

The HP-5 30 m × 0.32 mm × 0.25 μm capillary column (Agilent Technologies, USA) was used
in GC analysis. The carrier gas was nitrogen at 1 ml.min−1. Other chromatographic conditions
utilized were identical to those in GC-MS analysis above.

2.8. NMR analysis
In addition to GC-MS, the structure of nootkatone fraction was further confirmed by 1H
NMR. 1H NMR spectra were recorded on a Brucker Avance 400 MHz spectrometer with TMS
(tetramethylsilane) as internal standard and CDCl3 as the solvent.
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3. Results and discussion
3.1. Analysis of the essential oil

The total ion current chromatogram of the essential oil in GC-MS was shown in Fig.2a. It could
be seen that most of the peaks were distributed in the retention region over 8 min. According
to NIST 02 mass spectra library as well as retention indices (RI), they mainly belonged to
sesquiterpenes (9.00~12.00 min) and oxygenous sesquiterpenes (12.31~24.00 min). Valencene
(RI 1477) was the most abundant in the essential oil, representing 33.68% of the total peak
areas, whereas nootkatone (RI 1834) was 7.64%.

3.2 Selection and optimization of two-phase solvent systems
Successful separation by HSCCC mainly depends upon the selection of a suitable two-phase
solvent system. Essentially, the non-aqueous solvent system is favorable for the isolation of
non-polar target compounds like squalene [11], whereas the organic-aqueous solvent system
is favorable for the polar compounds such as amygdalin [12] and inflacoumarin A [13]. Since
nootkatone is an oxygenous sesquiterpene of weak polarity, both non-aqueous and organic-
aqueous two-phase solvent systems were examined in the present work.

In order to find the solvent systems with suitable partition coefficients (K) (generally within
the range of 0.5~2), the partition pattern of nootkatone was investigated in a series of selected
two-phase solvent systems, all of which satisfy the following requirements: nootkatone was
stable and soluble in the solvent system; the solvent system could form two phases with
acceptable volume ratios to avoid wastage; and the settling time was less than 20 s [14]. In
addition the K value of valencene was also determined, since it dominates in the essential oil
and bears a chemical structure similar to nootkatone. In order to resolve nootkanone from
valencene,. the ratio of their K values or the separation factor (α= K1/K2, where K1>K2) ought
to be greater than 1.5 in the semi preparative multilayer separation column used in the present
study [14]. It turned out that the α value between nootkanone and valencene is much greater
than 1.5 in all solvent systems. Nevertheless, the value may be used as an indicator for resolving
nootkanone from the rest of the impurities.

Table 1 lists the non-aqueous and organic-aqueous two-phase solvent systems examined
together with various data including their K and α values for valencene and nootkatone, the
purities of nootkatone fractions collected (percentage of total peak areas in GC-MS), %
retention of the stationary phase, and the elution times of the two compounds in both head to
tail (normal) and tail to head (reverse) elutions. For the normal elution mode in which the lower
phase was used as the mobile phase, K was expressed as KU/L=CU/CL, while for the reverse
elution mode the upper phase was used as the mobile phase, it was expressed as KL/U=
CL/CU, where CU and CL is the solute concentration in the upper phase and the lower phase,
respectively.

Three types of the non-aqueous solvent systems listed in Table 1, including n-hexane-
chloroform-acetonitrile, n-hexane-dichloromethane-acetonitrile and n-hexane-
dichloromethane-ethyl acetate-acetonitrile, were prepared by adding chloroform,
dichloromethane or a mixture of dichloromethane and ethylacetate to the solvent composed of
n-hexane-acetonitrile at suitable volume ratios. It should be noted that for each system, as the
amount of the modifiers (CHCl3, CH2Cl2, and EtOAc) was reduced, the KU/L values of
valencene became higher whereas those of nootkatone became smaller, resulting in increase
of their α values, e.g. the solvent systems n-hexane-chloroform-acetonitrile (6:2:5,v/v) versus
n-hexane-chloroform-acetonitrile (6:1:4,v/v), their (KU/L) values of valencene and nootkatone
were (1.65 and 0.70) versus (4.46 and 0.63), and their α values were 2.33 versus 7.22.
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In most of the organic-aqueous solvent systems the KU/L values of valencene were much higher
than those in the non-aqueous solvent systems due to strong hydrophobicity of valencene,
whereas those of nootkatone were only slightly increased, resulting in higher α values between
these two compounds. Moreover, the higher volume ratio of water in the organic-aqueous
solvent system improves the α values, e.g. light petroleum-diethyl ether-ethanol-water
(5:0.5:4:0.5, v/v) (α=10.55) versus light petroleum-diethyl ether-ethanol-water (5:0.5:4:1, v/
v) (α=27.63). Probably due to the reduced volume ratio of water, the presence of diethyl ether
or ethyl acetate in the organic-aqueous solvent systems seemed to lower the α values. For
instance, light petroleum-ethanol-water (5:4:1, v/v) (α=30.17) versus light petroleum-diethyl
ether-ethanol-water (5:0.5:4:1, v/v) (α =27.63), the α value was reduced even though the
KU/L values of both valencene and nootkatone were increased by adding diethyl ether. So was
the case of n-hexane-methanol-water (5:4:1, v/v) (α=74.85) versus n-hexane-ethyl acetate
methanol-water (5:1:4:1, v/v) (α=25.84). However, it was worth mentioning that with ethyl
acetate added into the solvent system composed of n-hexane-methanol-water (5:4:1, v/v), the
KU/L values of valencene and nootkatone were both decreased, which was opposite to that of
diethyl ether being added into the solvent system composed of light petroleum-ethanol-water
(5:4:1, v/v).

From Table 1, it may be further noted that regardless in the non-aqueous or the organic-aqueous
two-phase solvent systems, separation of nootkatone from the crude essential oil was mainly
influenced by the K value of nootkatone and the α value between nootkatone and valencene.
In fact higher purities of nootkatone fractions shown in Table 1 were produced from the two-
phase solvent systems by increasing both K and α values. For each non-aqueous two-phase
solvent system listed in Table 1, the (KL/U) value of nootkatone was uniformly larger than its
(KU/L) value; thus the purity of nootkatone fraction obtained by HSCCC by the reverse elution
mode was higher than that obtained by the normal elution mode. Also, for the organic-aqueous
two-phase solvent system, if the (KU/L) value was larger than its (KL/U) value, the purity of
nootkatone fraction obtained in the normal elution mode is higher than that obtained by the
reverse elution mode. In Table 1, the highest purity (80.55%) of nootkatone fraction among
the non-aqueous solvent systems and that (77.39%) among the organic-aqueous solvent
systems were separately achieved by the solvent systems composed of n-hexane-chloroform-
acetonitrile (10:1:10, v/v) (reverse elution mode) and n-hexane-methanol-water (5:4:1, v/v)
(normal elution mode). The HSCCC chromatograms in these solvent systems were shown in
Fig.3a and Fig.3b, while the resulting GC-MS chromatograms on nootkatone fractions obtained
by HSCCC were shown in Fig. 2b and Fig. 2c.

At any rate in comparing the purity of nootkatone fraction obtained in n-hexane-
dichloromethane-acetonitrile (10:1:10, v/v) (reverse elution mode) with that in n-hexane-
chloroform-acetonitrile (10:1:10, v/v) (reverse elution mode), it is supposed that the separation
would be more influenced by the K value of nootkatone if the α value had been large enough
for the resolution of nootkatone from valencene.

This was also the case in the organic-aqueous solvent systems, e.g. n-hexane-ethyl acetate-
methanol-water (5:1:4:1,v/v) (KU/L=1.11, α=25.84) versus n-hexane-methanol-water (5:4:1,v/
v) (KU/L=1.25, α=74.85), where the α value in the former had already reached the level to
resolve nootkatone from valencene and its analogs. Though the α value in the latter was much
larger, the purity obained in the normal elution mode was just slightly improved since its
KU/L value was only a little higher than the former.

It is important to observe that in comparing the purity of nootkatone fraction with the elution
time, HSCCC separation using the organic-aqueous solvent systems (normal elution mode) is
more efficient than that with non-aqueous solvent systems (reverse elution mode). It can be
seen from Table 1 that due to higher α values or greater selectivity attained by most of the
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organic-aqueous solvent systems, the high purities of nootkatone fractions (over 70%) were
often achieved in shorter elution times when these organic-aqueous solvent systems were
applied on HSCCC in the normal elution mode. Besides, separation in the non-aqueous solvent
systems (reverse elution mode) was unfavorable for the collection and recovery of nootkatone,
since longer elution time led to a broader and more dilute peak. As shown in Fig.3b, the HSCCC
peak corresponding to nootkatone fraction given by the organic-aqueous solvent system
composed of n-hexane-methanol-water (5:4:1, v/v) (normal elution mode) was acceptable.
However, the nootkatone peak resulting from the non-aqueous solvent system composed of n-
hexane-chloroform-acetonitrile (10:1:10, v/v) (reverse elution) in HSCCC was quite lower and
relatively broader, as shown in Fig.3a. From Table 1 the organic-aqueous solvent composed
of n-hexane-methanol-water (5:4:1,v/v) is considered to be the most suitable system to isolate
nootkatone from the essential oil.

3.3. Isolation of nootkatone from the essential oil by HSCCC
In fact, the crude essential oil may be more complex than those samples reported on preparative
separation by HSCCC [10-12,15], since various sesquiterpenoids having similar polarities to
nootkatone are likely present in the essential oil and even the presence of the target nootkatone
is not so prominent as shown in Fig.2a. Thus, after the two-phase solvent system had been
selected and optimized for the above work, the purity of nootkatone obtained was still
unsatisfactory, as shown in Table 1,Fig.2 and Fig.3. It is well known that sample size often
affects the separation resolution [13]. Therefore, in order to improve the purity of nootkatone
in one step HSCCC separation, the separation was similarly carried out with the solvent system
composed of n-hexane-methanol-water (5:4:1, v/v) in the normal elution mode by reducing
the sample load (shown in Fig.3c). It turned out that 3.1mg of nootkatone, with a purity at 92.30
% by GC-MS (shown in Fig.2d), was obtained from 80 mg of crude essential oil.

However, when less sample loaded, separation on the non-aqueous solvent composed of
hexane-chloroform-acetonitrile (10:1:10,v/v) (reverse elution mode) was still not improved,
and the HSCCC peak corresponding to nootkatone fraction often became too flat to be
identified.

3.4 The structural identification
The nootkatone fraction obtained in purity of 92.30 % was an pale oil with sweet, woody and
orange-like odors. Its chemical structure was identified by EI-MS (in GC-MS) and 1H NMR
as follows:

MS (70 eV, m/z): 218 [M+] (23); 147(100); 121(72); 91(69); 41(64). 1H NMR (CDCl3) δ
(ppm): 5.80 (1H, s, H-1); 4.78 (2H, d, H-12); 1.77 (3H, s, H-13); 1.15 (3H, s, H-15); 0.99 (3H,
d, H-14). The MS and 1H NMR spectra data were in agreement with those reported [6,16].

4. Conclusions
The HSCCC method in a semi-preparative scale was established and applied successfully in
the isolation and purification of nootkatone from the essential oil of fruits of Alpinia
oxyphylla Miq. Five organic-aqueous and seven non-aqueous two-phase solvent systems were
evaluated their performance by HSCCC in terms of the partition coefficients of nootkatone
and valencene and their α values using both normal (lower phase mobile) and reverse (upper
phase mobile) elution modes. The results indicated that due to larger α values between
valencene and nootkatone, the organic-aqueous solvent systems demonstrated more efficient
separation in the separation of nootkatone from various sesquiterpenoids in the essential oil.
Therefore, the organic-aqueous solvent system composed of n-hexane-methanol-water (5:4:1,
v/v) was selected for the solvent system for preparative separation of nootkatone. By eluting
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the lower phase at a flow rate of 1.5 ml.min−1 under 850 rpm of revolution speed, 80 mg of
crude essential oil was separated yielding 3.1 mg of nootkatone at a purity of 92.3% in less
than 4 h. The chemical structure of nootkatone fraction obtained was confirmed by EI-MS
and 1H NMR.
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Fig. 1.
Chemical structures of valencene and the target compound nootkatone.
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Fig. 2.
Total ion current chromatograms in GC–MS analysis of the crude essential oil from fruits of
Alpinia oxyphylla Miquel and the nootkatone fractions collected in HSCCC experiments. (a)
The crude essential oil, valencene (RI 1477) in 33.68% and nootkatone (RI 1834) in 7.64%.
(b) The nootkatone fraction corresponding to HSCCC separation in Fig. 3a, nootkatone in 80.55
%. (c) The nootkatone fraction corresponding to HSCCC separation in Fig. 3b, nootkatone in
77.39%. (d) The nootkatone fraction corresponding to HSCCC separation in Fig. 3c, nootakone
in 92.30%. Operation conditions of GC–MS: DB-5 ms 30 m _ 0.25 mm _ 0.25 lm capillary
column; carries gas, helium in 1 ml min_1; sample, 2.0 ll injected at 300 _C in a split mode
(20:1); oven temperature: initial 100 _C held for 2 min; then raised to 165 _C at 10 _C min_1;
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further raised to 170 _C at 1.5 _C min_1 kept for 2 min; and again raised to 183 _C at 1.5 _C
min_1; finally raised to 280 _C at 30 _C min_1 and kept for 2 min. Mass detector, 150 _C in
an electron impact mode at 70 eV; ion source temperature 230 _C; transfer line temperature
250 _C; mass detection range (m/z) 40–450.
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Fig. 3.
HSCCC chromatograms on the separation of nootkatone from the crude essential oil of fruits
of Alpinia oxyphylla Miquel. Revolution speed: 850 rpm; separation temperature: 22 _C, flow
rate: 1.5 ml min_1; and UV detection wavelength 254 nm. (a) Two-phase solvent system:
hexane–chloroform–acetonitrile (10:1:10, v/v); mobile phase: the upper phase; sample size:
150 mg of essential oil dissolved into 18 ml two-phase solvent system. (b) Two-phase solvent
system: n-hexane–methanol–water (5:4:1, v/v); mobile phase: the lower phase; sample size:
150 mg of essential oil dissolved into 18 ml two-phase solvent system. (c) Two-phase solvent
system: n-hexane–methanol–water (5:4:1, v/v); mobile phase: the lower phase; sample size:
80 mg of essential oil dissolved into 15 ml two-phase solvent system.
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