
INTRODUCTION

Ginger (Zingiber officinale Rosc) has been used in foods

as a spice around the world for centuries1 and it had been widely

used as a traditional medicine for relief of nausea or inflamma-

tion associated with arthritis2. Recently, ginger has received

extensive attention as a botanical dietary supplement in the USA

and Europe because of its antiplatelet aggregation, anticancer

antioxidative3, antiinflammatory and antitumor activities4, etc.

The major bioactive constituents in ginger were the so-called

“pungent principles”, the gingerols5. The gingerols, a series

of homologues differentiated by the length of their unbranched

alkyl chains, were identified as the major pungent components

in the ginger oleoresin from fresh rhizome, of which 6-gingerol

is the most abundant. And gingerol can be converted into

shogaol, zingerone and paradol. Shogaols are found in small

amounts in fresh ginger and in large amounts in stored

products6. 6-Shogaol is an anhydride of 6-gingerol. 6-gingerol

and 6-shogaol have been shown to have a number of pharma-

cological activities including antipyretic, analgesic, antitussive

and hypotensive effects7-9. Further studies to better understand

the biochemical properties are needed to ascertain their clinical

applications and this necessitates the development of efficient,

parative-scale separation methods for their isolation and
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purification10. Moreover, the preparation of active compounds

or fractions as reference standards for quality control purposes

is also in urgent need in research as well as industrial commu-

nities. However, most ginger preparations are mixtures of

multiple components. The conventional methods including

solvent extraction, column chromatographic separation with

silica gel and/or polyamide are difficult to separate these

compounds, respectively from ginger in semi-preparative scale

due to irreversible adsorptions of separation materials onto

the solid support during separation. Hence, alternative method

has gained growing importance.

High-speed counter-current chromatography (HSCCC) is

a form of liquid–liquid partition chromatography11. Solute

separation is based on partitioning between the two immiscible

liquid phases: the mobile phase and the support-free liquid

stationary phase. Without any solid matrix, the stationary phase

is retained in the column by centrifugal force12. When the mobile

phase is pumped through the column, sample components are

partitioned between the two phases and they are separated on

the basis of difference in partition coefficients. Comparing with

traditional liquid–solid column chromatography, HSCCC

eliminates irreversible adsorption of samples onto the solid

support and yields higher recovery and efficiency. So it is

considered as a suitable alternative for separation of active
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components from traditional Chinese medicinal herbs and other

natural products. Many successful applications of HSCCC have

been reported for the separation of various components such

as alkaloids13, flavonoids14, polyphenols15, etc.

In view of the wide biologically activities, the preparation

of gingerols with high purity has been of much interest to pharma-

ceutical chemists. To obtain pure compounds by conventional

separation methods. In this paper, the development of HSCCC

method for the separation and purification of gingerols from

the crude methanol extract of ginger will be described. The

optimum conditions were obtained, which led to the successful

separation of gingerols with the purity of each at over 95 %.

EXPERIMENTAL

The HSCCC instrument employed in the present study is

TBE-300B high-speed counter-current chromatography (Tauto

Biotechnique Company, Shanghai, China) with three multi-

layer coil separation column connected in series (I.D. of the

tubing = 1.6 mm, total volume = 260 mL) and a 20 mL sample

loop. The revolution radius or the distance between the holder

axis and central axis of the centrifuge (R) was 5 cm and the β
values of the multilayer coil varied from 0.5 at internal terminal

to 0.8 at the external terminal (β = r/R, where r is the distance

from the coil to the holder shaft). The revolution speed of the

apparatus can be regulated with a speed controller in the range

between 0 and 1000 rpm. An HX 1050 constant-temperature

circulating implement (Beijing Boyikang Lab Instrument

Company, Beijing, China) was used to control the separation

temperature. A ∆KTA prime system (Amersham Pharmacia

Biotechnique Group, Sweden) was used to pump the two-phase

solvent system and perform the UV absorbance measurement.

It contains a switch valve and a mixer, which were used for

gradient formation. The data were collected with Sepu 3000

chromatography workstation (Hangzhou Puhui Science Appa-

ratus Company, Hangzhou, China). The HPLC equipment used

was Agilent 1100 HPLC system including G1311A QuatPump,

G1313A autosampler and G1314A variable wavelength detector,

G1332 degasser and Agilent HPLC workstation.

All solvents used for preparation of crude sample and

HSCCC separation were of analytical grade, methanol used

for HPLC was chromatographic grade. Both were purchased

from Sinopharm group pharmaceutical Co. Ltd. (Shanghai,

China). 6-gingerol, 6-shogaol, 8-gingerol and 10-gingerol were

purchased from National Institute for the Control of Pharma-

ceutical and Biological Products, Ministry of Health (Beijing,

China). Water used as the mobile phase in HPLC was prepared

with Millipore purifier (Millipore, USA) in our laboratory.

Preparation of crude sample: Preparation of crude sample

was carried out as following. The dried fruits of ginger were

ground to powder (about 60 mesh). The powder (100 g) was

dipped in 500 mL of 60 % ethanol for 0.5 h and then extracted

by sonication using a SK3200LH ultrasonic cleaning instru-

ment (Shanghai Kudos Ultrasonic Instrument Co., Shanghai,

China) for 15 min. The extraction procedure was repeated twice.

The extracts were combined and concentrated under reduced

pressure with a Model SENCO R-206 rotary evaporator

(Shanghai Shensheng Biotech Co., Shanghai, China). 27.6 g

of crude extract powder was obtained. It was stored in a refri-

gerator (4 ºC) for the subsequent HSCCC separation.

Selection of two-phase solvent system: A number of two-

phase solvent systems were tested by changing the volume

ratio of the solvent to obtain the optimum composition that

gave suitable partition coefficient (K) values of the target comp-

ounds. The K-values were determined by HPLC as following:

0.5 mg of crude sample was added to a test tube, to which

5 mL of each phase of the two-phase solvent system was added.

The test tube was shaken violently for several minutes, then

was analyzed by HPLC to obtain the partition coefficients (K).

Then upper and lower phase were analyzed by HPLC with

equal volume. The K value was expressed as the peak area of

the compound in the upper phase divided by the peak area of

the same compound in the lower phase.

Preparation of two-phase solvent system and sample

solution: Two-phase solvent system utilized in the HSCCC

separation and purification was prepared by mixing n-hexane,

ethyl acetate, methanol and water and then thoroughly equili-

brating the mixtures in a separator funnel at room temperature.

The upper phase and the lower phase were separated and

degassed by sonication for 0.5 h prior to use. The volume ratios

of the four solvents are 5:5:5:5 and 7:5:7:5, used, respectively

for the separation and purification runs.

The sample solution was prepared by dissolving the crude

extract sample in the mixture of 10 mL of the upper phase and

10 mL of the lower phase of the solvent system.

HSCCC separation procedure: The multi-layer coiled

column was first filled completely with the upper solvent phase

(stationary phase). Then the apparatus was rotated at 850 rpm,

while the lower phase was pumped into the head of the column

at a flow rate of 2 mL/min. All through the experiment, the

separation temperature was controlled at 25 ºC. After the mobile

phase front emerged and hydrodynamic equilibrium was

established in the column, the sample solution was injected

through the sample injection valve. The column effluent was

monitored with a UV detector at 280 nm and each peak fraction

was collected manually according to the chromatographic

profile displayed on the recorder and evaporated under reduced

pressure. The residual was dissolved in methanol for subse-

quent study. The retention of the stationary phase relative to

the total column capacity was computed from the volume of

the stationary phase collected from the column after the separa-

tion was completed.

HPLC analysis of HSCCC peak fractions: The crude

extract of ginger and each peak fraction from HSCCC separa-

tion were analyzed by HPLC. The column used for HPLC

analysis was Hypersil C18 column (250 mm × 4.6 mm i.d. 5

µm)(Dalian Elite Analytical Instruments Co. Ltd.). The mobile

phase was acetonitrile (A) and water (B) with gradient elution,

gradient program: 60 % B, 0-25 min; 60 % B to 35 % B, 25-

35 min; 35 % B to 60 % B, 35-40 min. The mobile phase was

eluted at a flow rate of 1.0 mL/min and the effluent was

monitored at 280 nm.

RESULTS AND DISCUSSION

Optimization of HPLC method: The partition coefficient

of each component in crude extract was determined by HPLC

analysis. So in the first place, a good HPLC method should be

developed for analysis of crude extract. Different mobile phases

(methanol-water, acetonitrile-water) and different elution
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modes were used in HPLC to separate ginger polyphenols from

the crude extract. The results indicated that when acetonitrile

(A) and water (B) was used as the mobile phase with gradient

elution, a satisfactory separation of targeted compounds was

obtained16. The crude sample and peak fractions separated by

HSCCC were analyzed by HPLC under the optimum condi-

tions. The purity factor of each peak was within the calculated

threshold limit. The chromatograms of crude extract were

shown in Fig. 1(A).

Optimization of HSCCC conditions: In a HSCCC experi-

ment, selection of the two-phase solvent system is the first

and critical step; a good solvent system can provide an ideal

partition coefficient (K) for the target compounds. The key of

solvent optimization is first to find a solvent combination in

which the sample is freely soluble, then to adjust this solvent

combination to ensure that the K value of the target compounds

is close to 1. The K value of a two-phase solvent system is critical

for efficient separation. If it is much smaller than 1, the solutes

will be eluted close to each other near the solvent front, which

may result in loss of peak; if the K value is much greater than

1, the solutes will be eluted in excessively broad peaks and

may lead to extended elution time. In order to achieve efficient

resolution of target compounds in HSCCC separation, the K-

values of these two compounds in different solvent systems

were determined by HPLC17.

Ginger polyphenols were difficult to separate because of

their closely related structure and property. A series of two-

solvent system of n-hexane-ethyl acetate-methanol-water were

tested for estimation the K-values. The results are given in

Table-1.

It can be seen from Table-1 that the K-values were more

than 1 when the solvent system of n-hexane–ethyl acetate–

methanol-water (5:5:5:5) was tested first and addition of

methanol and n-hexane to the solvent system could improve

the K-values. When n-hexane-ethyl acetate-methanol-water

(5.5:5:5.5:5) was used as the two-phase solvent system, the K

values were suitable for 6-gingerol, 6-shogaol and 8-gingerol,

the K values was a little high for 10-gingerol. When n-hexane-

ethyl acetate-methanol-water (7:5:7:5) was used as the two-

phase solvent system, the K value was suitable for 10-gingerol.

Thus, when the upper phase of solvent system composed of

n-hexane-ethyl acetate-methanol-water (5.5:5:5.5:5) was used

as the stationary phase, 6-gingerol, 6-shogaol, 8-gingerol and

10-gingerol could be eluted out at a desired time by a conse-

quently stepwise elution which was performed by eluting with

the lower phase of n-hexane-ethyl acetate-methanol-water

(5.5:5:5.5:5) first and then eluting with the lower phase of n-

hexane-ethyl acetate-methanol-water (7:5:7:5)18.
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TABLE-1 

K VALUES OF GINGER POLYPHENOLS IN DIFFERENT SOLVENT SYSTEMS 

K value Solvent system (n-hexane-ethyl 
acetate-methanol-water) (v/v) 6-Gingerol 6-Shogaol 8-Gingerol 10-Gingerol 

5:5:5:5 1.2573 2.5402 3.2402 15.0747 

5.5:5:5.5:5 0.8884 1.1941 1.5854 10.5133 

6:5:6:5 0.4455 0.8269 1.0275 4.7041 

6.5:5:6.5:5 0.2653 0.5714 0.8462 1.7001 

7:5:7:5 0.1889 0.4204 0.5649 1.2147 

7.5:5:7.5:5 0.1226 0.2453 0.3493 0.7234 
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Fig. 1. HPLC chromatograms of crude extract from ginger and HSCCC

peak fractions. Conditions: column, Hypersil C18 column (250 mm

× 4.6 mm i.d. 5 µm); mobile phase, acetonitrile (A) and water (B)

with gradient elution, gradient program: 60 % B, 0-25 min; 60 % B

to 35 % B, 25-35 min; 35 % B to 60 % B, 35-40 min; flow rate, 1.0

mL min-1; detection wavelength, 280 nm. (A) crude ethanol extract

from ginger; (B) peak I; (C) peak II; (D) peak I; (E) peak II of Fig. 2
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Fig. 2. HSCCC chromatogram of crude extract from ginger. Conditions:

Stationary phase: the upper phase of the n-hexane-ethyl acetate-

methanol-water (5.5:5:5.5:5,v/v); stepwise elution: lower phase of

n-hexane-ethyl acetate-methanol- water (5.5:5:5.5:5,v/v) for the first

3 h and lower phase of the n-hexane-ethyl acetate-methanol-water

(7:5:7:5, v/v) for the second 2 h; flow rate, 2.0 mL min-1; revolution

speed, 800 rpm; detection wavelength, 280 nm; separation

temperature, 25 ºC; sample size, 500 mg of crude sample dissolved

in mixture of 10 mL of the upper phase and 10 mL of the lower

phase; retention percentage of the stationary phase, 54.5 %. I: 6-

gingerol (collected during 100-130 min); II: 6-shogaol (collected

during 145-160 min); III: 8-gingerol (collected during 165-180

min); IV: 10-gingerol (collected during 230-260 min)

When chloroform-methanol-water at the ratio of 4:3:2 was

used as the two-phase solvent system, the target compounds

mainly partitioned in the lower phase. The K-values were very

small. Target compounds were eluted together closely near

the solvent front. Addition of methanol and reduction of water

to the solvent system could improve the K-values, but the K-

values were more than 1. So, chloroform-methanol-water was

unsuitable for separation of ginger polyphenols.

The crude sample (500 mg) was dissolved in the mixture

of 10 mL of the upper phase and 10 mL of the lower phase of

the solvent system of n-hexane-ethyl acetate-methanol-water

(5.5:5:5.5:5). The sample solution was separated and purified

by HSCCC according to the procedure described above. The

upper phase of n-hexane-ethyl acetate-methanol-water

(5.5:5:5.5:5) was used as the stationary phase while the lower

phase was used as the mobile phase in the head to tail elution

mode by a consequently stepwise elution.

Other conditions such as the revolution speed of the sepa-

ration column, the flow rate of the mobile phase and the

temperature were also investigated. When the flow rate of 2.0

mL min-1, revolution speed of 800 rpm and the separation

temperature of 25 ºC were employed in HSCCC separation,

the retention percentage of the stationary phase could be kept

at 54.5 %. The crude samples from ginger were separated and

purified under the optimum HSCCC conditions. The typical

HSCCC chromatogram was shown in Fig. 2. 6-Gingerol, 6-

shogaol, 8-gingerol and 10-gingerol were obtained by a conse-

quently stepwise elution and yielded 12 mg of 6-gingerol(I),

2 mg of 6-shogaol(II), 4 mg of 8-gingerol(III) and 4 mg of

10-gingerol(IV) from 500 mg of crude sample. The four

substances were further identified by HPLC.

HPLC analysis of HSCCC peak fractions: The purity of

each peak fraction of HSCCC was determined by HPLC. The

HPLC chromatograms of each fraction were shown in Fig. 1(B-

E). The purity of 6-gingerol(I), 6-shogaol(II), 8-gingerol(III)

and 10-gingerol(IV) was 92.7, 96.8, 91.2 and 92.3 %, respectively.

Conclusion

HSCCC has been developed and successfully applied to

the separation and purification of 6-gingerol, 6-shogaol, 8-

gingerol and 10-gingerol in crude extract of ginger. The results

illustrate that HSCCC is an effective methodology for selective

semi-preparative scale separation and purification of bioactive

components in herbal extracts.
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