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ISOLATION AND PURIFICATION OF FOUR INDIVIDUAL
THEAFLAVINS USING SEMI-PREPARATIVE HIGH
PERFORMANCE LIQUID CHROMATOGRAPHY

Yi Xu,1 Yuxia Jin,1 Yuanyuan Wu,1 and Youying Tu1,2

1Department of Tea Science, The State Agriculture Ministry Laboratory of Horticultural
Plant Growth, Development and Quality Improvement, Zhejiang University,
Hangzhou, China
2Easily Biotechnology Limited Company, Hangzhou, China

& Theaflavin (TF1), theaflavin-3-gallate (TF2A), theaflavin-30-gallate (TF2B), and
theaflavin-3,30-digallate (TF3) are the major theaflavins, which mostly contribute to the quality
and bioactivity of black tea. In this study, a rapid isolation and purification of the four major
individual theaflavins from crude theaflavins mixture was established. The crude theaflavins mix-
ture was prepared by enzymatic oxidation of tea polyphenols using immobilized polyphenol oxidase
and then fractionated using a Mitsubishi SP-207 resin chromatography with an elution gradient
of 20%, 30%, 40%, 50%, and 70% aqueous ethanol to obtain a mixture of theaflavins with 80%
purity (TF80). The TF80 was further purified using a semi-preparative high performance liquid
chromatography (HPLC) equipped with a C18 column using isocratic elution with water=
acetonitrile=glacial acetic acid (73.5:26:0.5, v=v=v) at a flow rate of 5mL=min as optimized
operating conditions. The purity of the isolated individual theaflavins were 92.48% for TF2A,
90.05% for TF2B, 92.40% for TF3, and 73.02% for TF1, respectively.

Keywords macroporous resin, preparative chromatography, theaflavin, theaflavin-3-
gallate, theaflavin-30-gallate, theaflavin-3,30-digallate

INTRODUCTION

It is well known that green tea and its polyphenols (catechins) possess
potent protective effects in cancer and cardiovascular disease develop-
ment.[1,2] Recent studies suggest that black tea (a fermented tea), which
accounts for almost 80% of the world tea production, also has some
beneficial health properties, including antioxidative effects,[3–5] inhibition
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of carcinogenesis,[6,7] suppression of lipid peroxidation,[8] and protection
against cardiovascular disease.[9] These beneficial effects are believed to be
mainly due to antioxidant activities of theaflavins present in black tea,
although theaflavins only account for 2–6% of the dry weight of solids in
brewed black tea.[10]

Theaflavins contribute significantly to the color and ‘‘mouthfeel’’ char-
acteristics of black tea infusions. The major theaflavins in black tea are TF1,
TF2A, TF2B, and TF3 (Figure 1). All of the four individual theaflavins have
one benzotropolone skeleton and two A-rings of flavonols linked by a fused
seven-member ring.[11,12] These structural features may be responsible for
strong antioxidant activities of theaflavins, for example, inhibition of LDL
oxidation in mouse macrophage cells[13] and prevention for DNA oxidative
damage in cell-free systems.[14] Theaflavins, especially TF3, were more
effective than a well-known antioxidant EGCG in suppression of intracellu-
lar reactive oxygen species in HL-60 cells[15] and protection against H2O2-
mediated oxidative damage in HPF-1 cells.[4] The antioxidant mechanisms
of theaflavins, like the main active sites of antioxidant action are still
unclear, although theaflavins have shown strong antioxidant activities. This
is because major individual theaflavins (TF1, TF2A, TF2B, and TF3) with
high purities are not commercially available. Additionally, extraction of
theaflavins from black tea requires a series of purification steps. As a result,
a very limited yield of theaflavins can be obtained because of their low
contents in black tea.

In our previous studies,[16,17] a model oxidation system using immo-
biled enzymes was developed to gain a higher yield of crude theaflavin
mixture that was easier for further separation. In the present study, we

FIGURE 1 Chemical structures of the four main individual theaflavins.
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developed a rapid approach to isolate and purify the four individual thea-
flavins (TF1, TF2A, TF2B, and TF3) from the crude theaflavins mixture by
Mitsubishi SP-207 resin chromatography and semi-preparative high per-
formance liquid chromatography. The purified TF1, TF2A, TF2B, and TF3
were identified by HPLC-UV and LC-MS.

EXPERIMENTAL

Reagents

Ethyl acetate, ethanol, acetic acid, citric acid, sodium alginate, glutaral-
dehyde, and CaCl2 were of analytical grade and purchased from Zhejiang
Medical and Chemical Company (Zhejiang, China). Acetonitrile and meth-
anol for HPLC analysis or preparation were of HPLC purity and purchased
from Tianjing Siyou Ltd. Company (Tianjing, China).

Preparation of TF50 and TF80

The TF50, containing catechins (mainly 7.03% EC, 8.80% EGCG, and
10.98% ECG), TF1, TF2A, TF2B, and TF3 (total theaflavins account for about
50%), was prepared according to our patent.[16] In brief, 75mL PPO (poly-
phenol oxidase) solution of 1500U mixed with 100ml 2% sodium alginate
solution was entrapped for 5min, then the enzyme mixture was injected
into 1000mL 0.1M CaCl2 solution by injector. After shaping for 30min,
the particles were taken out and kept in 0.025% glutaraldehyde aqueous
for 1 hr; an insoluble aggregate between PPO and cross-linking reagent
was formed. These particles were conserved into the citrate buffer of pH
5.6 at 4�C. The operation of the model tea polyphenol oxidation system
was the same as described by Tu et al.,[17] except that the reaction was car-
ried out at at a defined pH 5.6 at 37�C and terminated after 30min. The
reaction solution was extracted by ethyl acetate and then put to vacuum
dry to gain the crude theaflavins (TF50), which were analyzed by HPLC-UV.

The TF50 was then separated on a column (U5.5 cm� 100 cm) filled
with Mitsubishi SP-207 resin by stepwise elution with ethanol and water
to obtain a highly purified theaflavins mixture. An amount of 35 g TF50
was first loaded, and then stepwise elution was applied with 2L of each
at a flow rate of 33ml=min: water – 20% aqueous ethanol – 30% aqueous
ethanol – 40% aqueous ethanol – 50% aqueous ethanol – 70% aqueous
ethanol. Four fractions were collected from the ethanol eluate. After
removal of the solvent using a rotary evaporator at 40�C, all the fractions
were extracted by ethyl acetate, dried with freeze-drying, and then analyzed
by HPLC-UV. Finally, we gained 16 g theaflavins mixture with 80% purity
(TF80).
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Semi-Preparative HPLC System

Individual theaflavins were isolated from TF80 by a native preparative
HPLC system (Dalian Elite Analysis Equipment Company, China) consist-
ing of an Elite model P270 pump, an Elite Rheodyne 3725i-038 system con-
troller, a manual injector fitted with 1ml sample loop, and an Elite model
UV230þ detector equipped with a preparative flow cell. A C18 preparative
column (250mm� 10mm, i.d. 10mm) (Elite, Dalian, China) was used for
the separation and isolation of theaflavins. The mobile phase was distilled
water=acetonitrile=glacial acetic acid (73.5:26:0.5, v=v=v), the isocratic flow
rate was 5mL=min, and the detector was set at 280 nm. Samples of 30mg
TF80 were injected and four fractions were collected separately and evapo-
rated to solvent-free using a rotary evaporator at 40�C, then put to
freeze-drying. Each of the fraction solids was dissolved with methanol for
LC-MS analysis.

LC-MS Analysis

The LC-MS was measured with Agilent 1100 LC=MSD SL (Agilent Inc.,
USA) equipped with an atmospheric pressure chemical ionization (ApCI)
interface. The LC=MS was performed on a Shimadzu VP-DOS C18 column
(250mm� 4.6mm i.d. 5 mm) (Shimadzu, Kyoto, Japan), the flow rate was
1ml=min, and the mobile phase was distilled water=acetonitrile=acetic acid
(76:23.5:0.5, v=v=v). The effluent from the LC column was delivered to the
ion source (150�C) through a heated nebulizer probe (400�C) using nitro-
gen as the drying gas (5 L=min, 350�C) and nebulizer pressure was set to
60 psi. The mass spectrometer was scanned from m=z 50 to 1000 in full scan
mode.

HPLC Analysis of Catechins and Theaflavins

The HPLC analysis of catechins and theaflavins was performed in a
Shimadzu LC-20A high-pressure liquid chromatography (Shimadzu, Tokyo,
Japan) equipped with a VP-DOS C18 reversed-phase column (250mm�
4.6mm i.d. 5 mm) (Shimadzu, Tokyo, Japan). A total of 10ml of the sample
solutions were analyzed using gradient elution with the solvent A [distilled
water=acetonitrile=acetic acid (96.5:3:0.5, v=v=v)] and the solvent B [dis-
tilled water=acetonitrile=acetic acid (69.5:30:0.5, v=v=v)], at a flow rate of
1ml=min at 28�C. The elution was performed using a linear gradient from
0% solvent B to77% solvent B in 35min and sustaining 77% solvent B until
85min, then back to initial conditions in 5min. The UV spectra were
recorded at 280 nm.
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RESULTS AND DISCUSSION

Preparation of TF80

Our present experimental results indicated a simple and economic
macroporous resin column chromatographic method to produce a highly
purified theaflavins mixture (TF80). The total theaflavins content of
TF80 reached 83.84%, including 10.24% TF1, 15.08% TF2A, 12.55% TF2B,
and 45.97% TF3 according to the HPLC-UV analysis. There were less cate-
chins in TF80 compared to TF50 which contained 29% catechins. The
HPLC profiles of catechins standard (Figure 2a), TF50 (Figure 2b), and
TF80 (Figure 2c) were illustrated. The other three fractions were identified
as mainly caffeine, catechins without galloyl (EC, C, EGC, GC), and cate-
chins with galloyl (ECG, CG, EGCG, GCG), respectively. Caffeine could
be well removed after 20% aqueous ethanol elution. Our further study indi-
cated 20% aqueous ethanol eluent with 5% acetic acid was much better for
getting rid of caffeine. The decaffeinated and low-caffeine tea products are
in an increased demand by consumers since caffeine is confirmed to exert
adverse effects, including palpitations, gastrointestinal disturbances, anxi-
ety, tremor, increased blood pressure, and insomnia.[18] Most catechins
without galloyl (EC, C, EGC, GC) were collected after 30% aqueous ethanol
elution, while most catechins with galloyl (ECG, CG, EGCG, GCG) came
out after 50% aqueous ethanol elution. Finally, purified theaflavins were
obtained during 70% ethanol eluting period. It was because the theaflavins
were much more hydrophobic than catechins and caffeine. The yield of
TF80 was 45.7%. Our method recovered almost the entire theaflavins
from TF50.

Optimum Parameters of Semi-Preparative HPLC
Separation System

To obtain optimum conditions for maximum amount of loaded sample
(TF 80), we had to adjust the acetonitrile content in the mobile phase as
well as adjust the flow rate. When isocratic elution with distilled water=
acetonitrile=acetic acid [69.5:30:0.5 (v=v=v)] were applied, the peaks of
TF2B and TF3 overlapped. However the two peaks were well separated with
reducing acetonitrile concentration to 26% (Figure 3). We then studied the
effect of flow rate ranging from 2.5mL=min to 10mL=min every 2.5mL
intervals with the mobile phase [distilled water=acetonitrile=acetic acid
(73.5:26:0.5, v=v=v)]. Higher flow rate (7.5mL=min, 10mL=min) resulted
in less retention time of theaflavins but reduced separation between the
other two individual theaflavins. At the flow rate of 5mL=min, four indi-
vidual theaflavins were obtained in 45min. Finally, 30mg was determined
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to be the maximum loaded amount and TF80 was eluted with the mobile
phase of distilled water=acetonitrile=acetic acid (73.5:26:0.5, v=v=v) at a
flow rate of 5.0mL=min.

Identification of Individual Theaflavins by LC-MS

The HPLC-UV and LC-MS chromatograms of four individual theafla-
vins are showed in Figure 4. The quasi-molecular ions were [MþH]þ at
m=z 565.1 for TF1(C29H24O12¼ 564), [MþH]þ at m=z 717.1 for TF2A

FIGURE 2 HPLC chromatogram of catechins, TF50 and TF80. a: catechins standard; b: TF50; c: TF80.
Experimental conditions: Shimadzu VP-DOS C18 column (250mm� 4.6mm i.d. 5mm); mobile phase:
solvent A [distilled water=acetonitrile=acetic acid (96.5:3:0.5, v=v=v)] and solvent B [distilled water=acet-
onitrile=acetic acid (69.5:30:0.5, v=v=v)], a linear gradient elution from 0 to 77% solvent B in 35min,
keep 77% solvent B till 85min, back to initial conditions in 5min; The flow rate: 1mL=min; detection
wavelength: 280nm; temperature: 28�C; injection volume: 10ml.
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(C36H28O16¼ 716) and TF2B (C36H28O16¼ 716), and [MþH]þ at m=z
869.1 for TF3 (C43H32O20¼ 868). The molecular weights were in agree-
ment with those reported by Nonaka et al.[19] The purity was 92.48% for
TF2A, 90.05% for TF2B, 92.40% for TF3, and 73.02% for TF1, respectively.

Comparison of Methods for Isolating Theaflavin Monomers

Chromatography is essential to the large-scale purification of natural
products. Different types of chromatography such as Sephadex LH-20
column chromatography,[20–22] high-speed countercurrent chromatography
(HSCCC),[21–26] polyamide column chromatography,[27–28] gel column
chromatography,[29] and semi-preparative HPLC[30] were used for the separ-
ation of individual theaflavins (Table 1). Individual TF1 and TF3 could be
obtained at one time by the methods illustrated. Only a mixture of TF2A
and TF2B (TFG) was isolated using the conventional Sephadex LH-20 or
silica gel column chromatography. Neither method could separate the
chemical compounds with the same molecular weight. Their disadvantages
also lay on repetitive tedious isolation processes as well as taking longer sep-
aration time because of a limited flow rate through the Sephadex column.
For the method using the polyamide column, it also required too much time
to gain four monomers though the loading sample size reached more than
1 g, yet the yields were unclear. Some papers[21–26] reported that HSCCC had
a great potential for the preparative isolation of individual theaflavins from
black tea extract. The HSCCC took a much shorter separation time and had
a larger sample amount than the column chromatography; nevertheless,

FIGURE 3 Preparative separation of the four individual theaflavins from TF80 by semi-preparative
HPLC. Experimental conditions: C18 column (250mm� 10mm i.d., 10mm); mobile phase: distilled
water=acetonitrile=acetic acid (73.5:26:0.5, v=v=v) isocratic elution; flow rate: 5mL=min; detection wave-
length: 280nm; loading sample amount: 30mg TF80.
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FIGURE 4 LC-MS and HPLC-UV profiles of the four individual theaflavins. a: TF1; b: TF2A; c: TF2B;
d: TF3.
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only TF1, TFG, and TF3 could be well separated.Wang et al.[26] reported four
theaflavin monomers were isolated by a HSCCC process applying the
maximum loading amount of 30mg, which was the same as we tested in this
study. The semi-preparative HPLC isolation only spent about 10% time of
HSCCC processing for the same sample loading amount and successfully
gained four monomers. It proved to be a more rapid method. More impor-
tantly, TF2A, TF2B, and TF3 were of good purity.

CONCLUSIONS

The present study optimized the parameters of the semi-preparative
HPLC separation system, and the four purified individual theaflavins were
efficiently obtained at one time. Finally, it took only 45min for one separ-
ation process compared to other isolation methods which took over several
hours. In addition, a column chromatography for preparing highly purified
theaflavins mixtures based on a biosynthesis method by immobilized
enzyme was developed in this study. In addition, further improvement on
larger sample amounts needs to be investigated by future work. We studied
applying molecular imprinting techniques to the isolation of individual
theaflavins.
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TABLE 1 Comparison of Methods for Isolating Individual Theaflavins Reported in Decade

Method Cost Time
Max. Sample

Loading
Individual Theaflavins

Gained Reference

Sephadex LH-20 21 h 100mg TF1, TFG (TF2AþTF2B), TF3
[21]

Sephadex LH-20 16 h 80mg TF1þECG, TFG, TF3
[22]

HSCCC 4h 250mg TF1, TFG, TF3
[21]

HSCCC 3.75h 400mg TF1þECG, TFG, TF3
[22]

HSCCC 6.7 h 54mg TF1, TFG, TF3
[24]

HSCCC 6.7 h 250mg TF1, TF2B, TFG, TF3
[25]

HSCCC 8.3 h 30mg TF1, TF2A, TF2B, TF3
[26]

Polyamide column 36h 250mg TF1, TF2B
[27]

Polyamide column Several days More than 1 g TF1, TF2A, TF2B, TF3
[28]

Gel column and
HSCCC

Several days More than 1 g TF1, TF2A, TF2B, TF3
[29]

Semi-preparative
HPLC

0.75h 30mg TF1, TF2A, TF2B, TF3 This work
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