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Abstract: Black currant is an important material in the food industry, but little
research has been reported on the isolation of phenolic acids because of their low
content. In the present study, high-speed countercurrent chromatography (HSCCC)
has been successfully used for the preparative isolation of the minor phenolic com-
pounds from the ethyl acetate extracts of black currant fruit. The HSCCC separa-
tion was performed with a two phase solvent system composed of n-hexane=
EtOAc=MeOH=H2O (5:15:4:7 v=v) at a flow rate of 1.5mL=min. From a 500mg
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crude sample 0.8mg of protocatechuic acid, 1.0mg of caffeic acid, 0.5mg of
4-hydroxybenzoic acid, and 2.5mg of myricetin were purified by a one step HSCCC
operation,. Their chemical structures were confirmed by MS and NMR.

Keywords: Black currant, Caffeic acid, High-speed countercurrent chromatography
(HSCCC), 4-Hydroxybenzoic acid, Myricetin, Protocatechuic acid

INTRODUCTION

Black currant (Ribes nigrum L.) is an important plant material in the
food industry for preparing juice, liquors, jams, and other food
products, because of its distinctive color and high antioxidant con-
tent.[1] The fruits of black currants (Ribes nigrum L.) have an array
of phenolic compounds, including anthocyanins, phenolic acids,
and flavonoids. Anthocyanins is the major group of phenolics
(250mg=100 g of fresh fruit), which contribute about 80% to the
total compound,[2] and have attracted much attention during
the past decades. The study on phenolic acids and flavonoids of
the black currants scarce due to their low content: caffeic acid (�10.6
mg=kg, dry weight), protocatechuic acid (�7.1mg=kg, dry weight), 4-
hydroxybenzoic acid (�3.2mg=kg, dry weight).[3] These phenolic
acids were reported to have biological activities such as antioxidant
and antimutagenic activities.[4,5] Myricetin was reported to have
health promoting effects such as anticarcinogenic, antiviral activities,
cytoprotective capacity, and the therapeutic benefit of cardiovascular
diseases.[6–9] Phenolic acids and myricetin probably play an impor-
tant role in the biological activity of the black currant. Therefore,
it is necessary to isolate and identify these minor constituents for
further investigation of their molecular mechanism for biological
activities or pharmacological functions.

Until now, it is still a challenge to separate minor compounds by
the conventional chromatographic methods such as column chromato-
graphy, and the overall yield of these methods is usually poor because
the target compounds tend to be irreversibly adsorbed onto the solid
support during separation. High-speed countercurrent chromato-
graphy (HSCCC), which uses no solid support, has a great advantage
over the conventional liquid solid methods since it gives near 100%
sample recovery. This unique technique has been widely applied for
the separation and purification of various natural compounds.[10–13]

The present study describes the successful isolation of minor phenolic
acids and myricetin from black currant fruit using HSCCC with an
optimized two-phase solvent system composed of n-hexane=ethyl
acetate=methanol=water (5:15:4:7 v=v) at a flow rate of 1.5mL=min.
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The chemical structures of these compounds were elucidated by
ESI-MS, 1H NMR, and 13C NMR. As far as we know, this is the first
report about the isolation of minor phenolic compounds from the
black currant using HSCCC.

EXPERIMENTAL

Apparatus

The preparative HSCCC instrument employed in this study was a model
TBE-300A high-speed countercurrent chromatograph (Tauto Biotech,
Shanghai, P. R. China) with a set of three polytetrafluoroethylene
(PTFE) preparative coils (internal diameter of tubing: 2.6mm; total
column capacity: 290mL). The revolution radius or the distance between
the holder axis and the central axis of the centrifuge (R) was 5 cm, and the
b-value varied from 0.5 at the internal terminal to 0.8 at the external
terminal (b¼ r=R, where r is the distance from the coil to the holder
shaft). An optimum speed of 850 rpm was used in this study. The solvent
was pumped into the column with a model TBP-50A constant flow pump
(Tauto Biotech, Shanghai, China). Continuous monitoring of the effluent
was achieved with a Model 8823A-UV monitor at 254 nm, and a manual
sample injection valve with a 20mL loop for the preparative HSCCC was
used to introduce the sample into the column. Model N2000 workstation
(Zhejiang University, Hangzhou, P. R. China) was used to draw the
chromatogram.

The high performance liquid chromatography equipment (DIONEX,
USA) used was a DIONEX system including a P680 pump, an ASI-100
Automated sample injector, a TCC-100 thermostatted column compart-
ment, and a UVD170U detector. The analysis was carried out with an
Inertsil ODS-SP column (5mm, 4.6� 250mm GL Sciences Inc, Japan).
Evaluation and quantification were made on a Chromeleon WorkStation.

Reagents

All organic solvents used for HSCCC were of analytical grade and
purchased from Tianjin chemical Factory (Tianjin, China). Methanol
and acetonitrile used for HPLC were of HPLC grade and purchased from
Fisher Scientific Company (Fair Lawn, NJ, USA). Sephadex LH-20 gel
was purchased from Pharmacia Fine Chemicals Inc. (Nanjing, China).

The dry ripe black currant fruit was purchased from Emin County,
Xinjiang, China in August, 2008.
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Preparation of Crude Sample

Dry black currant berries (1 kg) were extracted with 5L of methanol
containing 0.1% trifluoroacetic acid for 24 h. The extraction process
was repeated three times. After concentration under reduced pressure,
the extract was diluted with water to a total volume of 1L and
partitioned with petroleum ether (boiling point: 60–90�C) (3� 1L) first,
and then the water solution was extracted with ethyl acetate (3� 1L)
to give the ethyl acetate fraction. This fraction was concentrated by a
rotary evaporator at 40�C yielding 9.8 g crude sample, which was used
for further HSCCC separation and purification.

Measurement of Partition Coefficient (K)

The two-phase solvent system was selected according to the partition
coefficient (K) of the target components. Different volume ratios of
n-hexane-ethyl acetate-methanol-water were prepared and equilibrated
in a separation funnel at room temperature. The K values were deter-
mined by HPLC analysis as follows: a suitable amount of sample
(1mg) was added to 4.0mL of the mixture of equal volume of each phase
of the two-phase solvent system, followed by thorough mixing. After
equilibration was established, the upper phase and the lower phase were
each analyzed by HPLC. The peak area corresponding to the target
compound obtained from the upper phase was recorded as AU, and that
from the lower phase was recorded as AL. The K value was calculated
according to the following equation: K¼AU=AL.

HSCCC Separation

The preparative HSCCC was similarly performed with a model
TBE-300A HSCCC instrument as follows: the multiplayer coiled col-
umn was first entirely filled with the upper phase as the stationary
phase. The lower phase was then pumped into the head end of the col-
umn at a given flow rate, while the apparatus was run at a revolution
speed of 850 rpm. When hydrodynamic equilibrium had been reached,
the sample solution (500mg of the crude sample in 4mL of a mixture
of upper and lower phases) was injected through the sample port. The
effluent from the outlet of the column was monitored with a UV detec-
tor at 254 nm. Peak fractions were manually collected according to the
chromatogram.
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HPLC Analysis and Identification of Crude Sample and HSCCC

Peak Fractions

The crude sample and the peak fraction from HSCCC were analyzed by
HPLC. The analyses were performed with an Inertsil ODS-SP column
(4.6mm� 250mm, 5 mm) at the column temperature of 35�C. The mobile
phase was a linear gradient of acetonitrile (A), methanol (B), and 0.2%
formic acid (C) as follows: A–B-C (7.5:7.5:85, v=v) to A–B-C (17.5:
17.5:65, v=v) in 40min, then to A–B-C (38:37:25, v=v) in 20min. The flow
rate was 1.0mL=min and the effluent was monitored at 254 nm by a UV
detector.

Identification of the HSCCC peak fractions was carried out by MS,
1H-, and 13C-NMR.

RESULTS AND DISCUSSION

HPLC Analysis of Crude Sample

The crude extract of the black currant was analyzed by HPLC first.
The result indicated that it contained several flavonoids, including
protocatechuic acid (retention time: 7.58min), caffeic acid (retention
time: 14.04min), 4-hydroxybenzoic acid (retention time: 11.59min),
and myricetin (retention time: 37.09min) with some other unknown
compounds, as shown in Figure 1.

Selection of Two-Phase Solvent System and Other Conditions

of HSCCC

In HSCCC, successful separation depends upon the selection of a suitable
two-phase solvent system, which requires the following considerations:
retention of the stationary phase should be satisfactory, which is attained
with the short settling time of the solvent system (<25 sec), and the parti-
tion coefficient of the target compound is between 0.4–2.5.[14,15] A smaller
K value elutes the solute closer to the solvent front with lower resolution,
while a larger K value tends to give better resolution but broader, more
dilute peaks with a longer elution time.[16] Because the crude sample
was obtained from the complex natural product, the larger K value
(<3.5) can be accepted. Although it will tend to give the longer elution
time and a broader peak, better resolution is necessary to separate
complex crude samples.

Several reviews and chapters in the cited references listed various
two-phase solvent systems successfully used for CCC.[11,17] According
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Figure 1. HPLC chromatogram of the ethyl acetate fraction and HSCCC frac-
tions from black currant. Column: inertsil ODS-SP column (4.6mm� 250mm,
5mm); the mobile phase A: acetonitrile, B: methanol, C: 0.2% formic acid, the
gradient was as follows: A-B-C (7.5:7.5:85, v=v) to A-B-C (17.5:17.5:65, v=v) in
40min, then to A-B-C (38:37:25, v=v) in 20min. detection: 254 nm; flow rate:
1.0mL=min. (a) ethyl acetate fraction from black currant, (b) protocatechuic acid
(1), (c) caffeic acid (2), (d) 4-hydroxybenzoic acid (3), (e) myricetin (4).
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to the properties of phenolic acids, we chose the two-phase solvent
systems of n-hexane-ethyl acetate-methanol-water based on these
references. In this study, different volume ratios of n-hexane-ethyl
acetate-methanol-water were prepared and tested. Finally, the two-phase
solvent system of n-hexane-ethyl acetate-methanol-water (5:15:4:7, v=v)
was found to be suitable for the separation of phenolic compounds of
black currants. In this system, the HSCCC run yielded four separate
peaks, which were combined into fractions I, II, III, IV, corresponding
to compounds 1, 2, 3, 4, respectively, as shown in Figure 2, and their
K values were 0.71, 1.06, 1.75, and 3.08, respectively.

In order to obtain good peak resolution within an acceptable
separation time, other factors such as sample size and flow rate were
also investigated. When the amount of sample was 300–500mg, good
separation was obtained. The compounds 1–4 could be successfully
separated from the crude sample. However, when the amount of
sample exceeded 500mg, the resolution of peaks I and II decreased.

Figure 2. Comparative analysis of HSCCC chromatograms of 500mg of the
crude sample of black currant, at different flow rates: (a) 1.0mL=min, (b)
2.0mL=min, (c) 1.5mL=min. Two-phase solvent system: n-hexane=EtOAc=
MeOH=H2O (5:15:4:7 v=v); stationary phase: upper organic phase; rotation
speed: 850 rpm; detection wavelength: 254 nm; peaks I, II, III, IV corresponding
to the following compounds: protocatechuic acid (1), caffeic acid (2), 4-hydroxy-
benzoic acid (3), myricetin (4), respectively.
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Then the flow rate of mobile phase was optimized to shorten the
separation time. As shown in Figure 2a, at the flow rate of 1.0mL=
min peaks I–IV were eluted within 680 minutes with the retention of
stationary phase at 65.5%. When the flow rate was increased to
2.0mL=min, the whole retention time was shortened to 310 minutes
(Figure 2b), while the retention of stationary phase reduced to
57.9% and the resolution of peaks I and II also decreased where com-
pound 1 and impurity peaks were thoroughly overlapped, as well as
was peak of compound 2. However, when the flow rate was set at
1.5mL=min both the retention time and the resolution were acceptable
(Figure 2c). The overall results of the above studies showed that when
the amount of sample was 500mg, good separation could be obtained
at a flow rate of 1.5mL=min.

HSCCC Separation

The HSCCC run yielded four fractions: I (185–195min), II (231–247min),
III (308–332min), IV (440–480min), corresponding to compounds 1, 2,
3, 4, respectively, as shown in Figure 2c, where 0.8mg of compound 1,
1.0mg of compound 2, 0.5mg of compound 3, 2.5mg of compound 4were
yielded from 500mg of crude sample in a one step separation. The purity
of compounds 1, 2, 3, and 4 was 89, 94, 95, and 96%, respectively, which
was determined by HPLC, as shown in Figure 1. Since the amounts of 1
and 3 were relatively low, the HSCCC separation was repeated three
times, and 3.2mg of 1 and 2.0mg of 3 were obtained from 2.0 g of the
crude sample. Compound 1 was further purified to 96% (Figure 1b) by
Sephadex LH-20 column chromatography (1� 50 cm), eluted by metha-
nol at a flow rate of 5.0mL=h. Compounds 1, 2, 3, and 4 were determined
to be protocatechuic acid, caffeic acid, 4-hydroxybenzonic acid, and
myricetin, respectively, by ESI–MS and NMR analysis (Fig. 3).

Structural Identification

The identification of compounds 1, 2, 3, and 4 was carried out by MS,
1H-, and 13C-NMR as follows:

Protocatechuic acid (3,4-dihydroxybenzoic acid) (1): ESI-MS, m=z:
153 [M�H]�. 1H-NMR (600MHz, CD3OD) d ppm: 7.44 (1H, d,
J¼ 1.2Hz, H-2), 7.41 (1H, dd, J¼ 7.8Hz, 1.2Hz, H-6), 6.79 (1H, d,
J¼ 7.8Hz, H-5). 13C-NMR (150MHz, CD3OD) d ppm: 168.85 (C=O),
150.10 (C-4), 144.63 (C-3), 122.47 (C-6), 121.69 (C-1), 116.29 (C-2),
114.33 (C-5). The 1H NMR and 13C NMR spectral data were in agree-
ment with the literature.[18,19]
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Caffeic acid (2): ESI-MS, m=z: 179 [M�H]�. 1H NMR (600MHz,
CD3OD) d ppm: 7.41 (1H, d, J¼ 15.6Hz, H-7), 6.93 (1H, d, J¼ 1.8Hz,
H-2), 6.83 (1H, dd, J¼ 8.4, 1.8Hz, H-6), 6.67 (1H, d, J¼ 8.4Hz, H-5),
6.12 (1H, d, J¼ 15.6Hz, H-8). 13C NMR (150MHz, CD3OD) d ppm:
170.04 (C=O), 147.91 (C-3), 145.36 (C-4), 145.15 (C-7), 126.48 (C-1),
121.32 (C-6), 115.03 (C-5), 114.72 (C-8), 113.58 (C-2). The 1H NMR
and 13C NMR spectral data were in agreement with the literature.[20,21]

4-Hydroxybenzoic acid (3): ESI-MS, m=z: 137 [M�H]�, 1H NMR
(600MHz, CD3OD) d ppm: 7.87 (2H, d, J¼ 8.4Hz, H-2, 6), 6.81 (2H,
d, J¼ 8.4Hz, H-3, 5). 13C NMR (150MHz, CD3OD) d ppm: 168.75
(C=O), 161.90 (C-4), 131.57 (C-2, 6), 121.41 (C-1), 114.57 (C-3, 5).
The 1H NMR and 13C NMR spectral data were in agreement with
literature.[19]

Myricetin (4): ESI-MS, m=z: 317 [M�H]�, 1H NMR(600MHz,
DMSO-d6) d ppm: 7.24 (2H, s, H-20, 60), 6.37 (1H, d, J¼ 1.8Hz, H-8),

Figure 3. The chemical structures of compounds 1–4 from black currant isolated
by HSCCC.
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6.18 (1H, d, J¼ 2.4Hz, H-6). 13C NMR (150MHz, DMSO-d6) d ppm:
175.71 (C-4), 164.08 (C-7), 160.69 (C-5), 156.07 (C-9), 146.75 (C-2),
145.73 (C-30, 50), 135.88 (C-3), 135.84 (C-40), 120.74 (C-10), 107.11
(C-20, 60), 102.86 (C-10), 98.20 (C-6), 93.21 (C-8). The 1H NMR and
13C NMR spectral data were in agreement with literature.[24]

CONCLUSIONS

High-speed countercurrent chromatography (HSCCC) is successfully
applied for separation and purification of four minor phenolic acids
including protocatechuic acid, caffeic acid, 4-hydroxybenzoic acid, and
myricetin from black currants, using a two-phase solvent system com-
posed of n-hexane=EtOAc=MeOH=H2O (5:15:4:7, v=v). The results
demonstrated that HSCCC is a powerful technique for the isolation of
minor compounds from crude plant extracts.
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