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Lignocellulose prepared from sawdust was investigated for its potential application in obtaining a
raw decaffeinated tea polyphenol fraction from tea extract. Tea polyphenols having gallate residues,
namely, (-)epigallocatechin gallate (EGCg) and (-)epicatechin gallate (ECg), were adsorbed on
the lignocellulose column, while caffeine was passed through it. Adsorbed polyphenols were eluted
with 60% ethanol, and the elute was found to consist mainly of EGCg and ECg. The caffeine/EGCg
ratio was 0.696 before lignocellulose column treatment, but it became 0.004 after the column treatment.
These results suggest that the lignocellulose column provides a useful and convenient process of
purification of tea polyphenol fraction accompanied by decaffeination.
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INTRODUCTION

Green tea is one of the most popular drinks as well as coffee
and cocoa for its attractive flavor and taste. Recently, positive
effects of green tea on human health have received valuable
attention. These effects are often concerned with green tea
polyphenols, which are mainly composed of several poly-
phenolic compounds, such as EGCg, ECg, GCg, EGC, EC,
GC, and C (1). It has been reported that green tea polyphenols
have various biological, physiological, and pharmaceutical
effects, such as the prevention of dental caries (2), improvement
of renal failure (3), improvement of intestinal microfrola (4),
carcinogenesis inhibitory activity (5), antimicrobial activity (6),
peroxynitrite-scavenging activity (7), antioxidative activity (8,
9), antihypertensive action (10), and antihypercholesterolemic
action (11).

Among the polyphenols, EGCg is reported to possess the most
important action for health care. Along with the other compo-
nents, tea extracts also contain a considerable amount of CA,
which appears to be undesirable in several cases. CA stimulates
the cerebral cortex to induce excitation in the central nervous
system, and it also causes irritation of the gastrointestinal tract
and sleeplessness for certain people (12).

There are several reports about the isolation methods of tea
polyphenols (13), and crude tea polyphenols have been produced
on an industrial scale and used commercially in various fields
(14). Crude tea polyphenol fractions, however, also contain CA.
The decaffeination of tea extract is usually carried out using
chloroform or methylene chloride on an experimental scale.
However, because of their toxicity, these solvents are in many
cases not widely accepted by consumers. Decaffeination using
polymerized cyclodextrin columns (15) or supercritical carbon
dioxide extraction has been reported (16, 17), but those methods

need expensive equipment and do not have completely satisfac-
tory results. It has therefore been necessary to study a novel
approach to decaffeination by using a natural, nontoxic, and
inexpensive ingredient.

On the other hand, there are many vegetable-based ingredients
that are discarded. Sawdust is one of them, and it contains
lignocellulose. Lignocellulose is a complex substance, and it is
composed of a mixture of carbohydrate polymers (cellulose and
hemicellulose) and lignin (18,19).

The sawdust (lignocellulose) column has been reported to
be utilized for isolation and purification of some enzymes and
proteins (20-22). There are also a few reports of the removal
of heavy metals from aqueous solution by sawdust adsorption
(23, 24). However, there is no report of isolation and purification
of tea polyphenols using the lignocellulose column. In this paper,
the application of lignocellulose prepared from sawdust for
isolation and purification of tea polyphenol fraction was
discussed.

MATERIALS AND METHODS

Materials. Sawdust from North American cedar wood was obtained
from a local lumber’s workshop. Green tea was obtained from a
commercial market. Crude tea polyphenols, EGCg, and ECg were
prepared as described previously (25) (Figure 1). CA and other reagents
were purchased from Wako Pure Chemical Industries (Osaka, Japan).
The cellulose used was powdered cellulose (KC Flock, Nippon Paper
Industries, Tokyo, Japan).

Preparation of Tea Extracts.Tea extracts were prepared from dried,
pulverized Japanese green tea (Camellia sinensis), by infusion with
water (10% W/V) at 80°C for 30 min. After the infusion was filtered
with filter paper, extracts were subjected to purification and decaf-
feination of tea polyphenol fraction by the lignocellulose column.

Preparation of Lignocellulose.The sawdust was sifted to screen
pieces of sizes between 18 and 32 mesh and dried under natural
conditions, and then, they were suspended in 10 volumes of 0.1 N
NaOH and kept for 3 days at room temperature. After they were washed,
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the procedure was repeated until no further brown color was released.
The sawdust was washed thoroughly with water, then suspended in 10
volumes of 0.1 N HCl, and kept overnight at room temperature. The
acid-treated sawdust was washed thoroughly with water, then suspended
in 60% ethanol solution overnight at room temperature, and washed
again with water. The washed sawdust was used as lignocellulose.

Chromatography and Analysis of Tea Extract. Lignocellulose
suspended in water was subjected to pack the column. One gram of
lignocellulose on a dry basis gave a packed volume of about 7 mL.
This column was used as the lignocellulose column.

Tea polyphenols, EGCg, ECg, and CA were analyzed by HPLC using
a Hitachi liquid chromatograph 655-A11 (Tokyo, Japan) equipped with
and ODS-HG-5 column (150 mm× 4.5 mm, Nomura Chemical Co.,
Aichi, Japan) at a wavelength of 280 nm. The column was operated at
room temperature. The mobile phase was acetic acid/acetonitrile/N,N-
dimethylformamide/water (3:1:15:81, v/v/v/v) at a flow rate of 0.5 mL/
min (26). Chromatographic peaks in the samples were identified by
comparing their retention times with those of the reference standards.
Working standard solutions were injected into the HPLC, and peak
area responses were obtained. A standard graph of each component
was prepared by plotting concentration vs area. Quantification was
carried out from the integrated peak area of the sample against the
corresponding standard graph. Each sample was analyzed in triplicate.
The existence of the polyphenols and CA was also quantitatively
detected using a Hitachi-2000 spectrophotometer at 280 nm.

Statistical Analysis. Values represent means of triplicate analysis
and are given with standard deviations. Differences among experimental
data were analyzed by Tukey’s studentized range test (27), and those
at p < 0.05 were considered significant.

RESULTS AND DISCUSSION

Separation and Decaffeination of Tea Polyphenols by
Linear Gradient Elution from Lignocellulose Column. Tea
extract (300 mL) was applied to the 100 mL lignocellulose
column equipped with deionized water, and the column was
washed with 1 L of deionized water. Tea polyphenols adsorbed
on the lignocellulose were eluted with a linear gradient solution
of water-ethanol and collected in 10 mL fractions (Figure 2).
Data obtained from quantitative analyses by spectrophotometer

show that the elution of tea polyphenols started after the ethanol
concentration exceeded 30%.Figure 3 shows the comparison
of the HPLC chromatograms of the initial tea extract and eluted
fractions. Results indicate that CA, along with several other
components of tea extracts, is mainly passing through the
column, while those of the tea polyphenols with gallate residues,
namely, EGCg, ECg, and GCg, are adsorbed on the lignocel-
lulose column. Those compounds were eluted with an increasing
concentration of ethanol.

Stepwise Elution of Tea Polyphenols from the Lignocel-
lulose Column.The same lignocellulose column was reactivated
by washing with deionized water, charged with 330 mL of tea
extract, and washed with 1 L of water, and tea polyphenols
adsorbed on the column were eluted with four kinds of
solutions: 100 mL portions of ethanol with concentrations of
20, 40, 60, and 80%, respectively. The results shown inTable
1 indicate that while a 60% concentration of ethanol is sufficient
to extract almost all of the adsorbed EGCg, about 75% of the
initially existing amount in the tea extract appears to be in the
effluent. At the same time, the amount of CA in the effluent
was only 0.4% of the initial. The ratio of CA/EGCg of the
charged tea extract was 0.696, and that of the total effluent came
to be 0.004. CA was removed well, and the tea polyphenols of
the effluent consisted mainly of EGCg and ECg.

Efficiency of Cellulose Powder on the Separation of CA
from the Tea Extract. The efficiency of cellulose powder was
compared with that of the lignocellulose. Cellulose powder was
packed in the column, and then, tea extract was charged with
the column similarly to the lignocellulose column. Both CA
and tea polyphenols were not adsorbed on the cellulose column
and most of them passed through the column. The ratios of CA/
EGCg were not significantly changed before and after column
treatments (Table 2). Lignocellulose is a complex substance,
and it is composed of a mixture of carbohydrate polymers
(cellulose and hemicellulose) and lignin. Lignin is a complex,
variable, hydrophobic, cross-linked, three-dimensional aromatic
polymer ofp-hydroxyphenylpropanoid units connected by C-C
and C-O-C links (19). This suggests that the affinity of tea
polyphenols with lignocellulose might be dependent on the
lignin moisture in the lignocellulose prepared from sawdust.

Effect of pH on the Separation of CA and EGCg by the
Lignocellulose Column.Tea polyphenols have been known to
be stable at acidic conditions better than at neutral or alkali
conditions (28, 29). Experiments were carried out to study the

Figure 1. Chemical structures of tea polyphenols.

Figure 2. Chromatogram of tea polyphenols on lignocellulose column with
aqueous ethanol by linear gradient elution. Column, 2.5 cm i.d. × 22 cm;
flow rate, 6 mL/min. The adsorbed tea polyphenols were eluted with a
linear gradient (- - -) of ethanol from 0 to 100%. b, absorbance at 280 nm.
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efficiency of the lignocellulose columns, in regard to the pH of
the equilibrated column, tea extracts, and the washing water.
The differences among the recoveries of EGCg could not be
regarded as significant when the pH values were between 2.5

and 5.9. The recoveries of EGCg were 63.6-71.4% (Table 3).
On the other hand, the recoveries of CA were less than 1% in
all of the effluents. These results show that EGCg and CA can
be clearly separated by the lignocellulose column in acidic
conditions (pH 5.9-2.0).

Lignocellulose, which is the main constituent in wood,
contains lignin, a complex hydrophobic compound. In this
experiment, tea polyphenols were purified by using a lignocel-
lulose column prepared from sawdust. Tea polyphenols were
previously prepared by using various column treatments, such
as reversed phase column chromatography or Sephadex gel
chromatography (30,31). Lignocellulose has never been used
to prepare tea polyphenols, but the results in this experiment
showed it could be used as a simple method of separating EGCg
and CA. It is also important to mention that lignocellulose

Figure 3. HPLC profiles of effluents from lignocellulose column. Green tea extract, passed through fraction, and effluents (fractions 47 and 58) from
lignocellulose column shown in Figure 2 were analyzed by the method described in the text.

Table 1. Stepwise Elution of the Absorbed CA and EGCg from the
Lignocellulose Column by Different Concentrations of Ethanola

CA (mg)b EGCg (mg)b CA/EGCg

tea extract (330 mL) 291.4 ± 4.9 418.8 ± 7.4 0.696 ± 0.012
ethanol concentration

20% 0.78 ± 0.03 54.2 ± 1.4 0.014 ± 0.001
40% 0.28 ± 0.02 190.0 ± 5.7 0.002 ± 0.001
60% 0.10 ± 0.07 58.4 ± 2.2 0.002 ± 0.001
80% 0.02 ± 0.02 9.6 ± 2.5 0.002 ± 0.002

total effluent 1.18 ± 0.11 312.2 ± 6.9 0.004 ± 0.001

a Lignocellulose column, 2.5 cm i.d. × 22 cm. Each value is expressed as
mean ± standard deviation (n ) 3). b CA and EGCg were analyzed by HPLC as
described in the text.

Table 2. Elution of CA and EGCg from the Cellulose Column by 60%
Ethanola

CA (mg) EGCg (mg) CA/EGCg

tea extract (300 mL) 264.9 ± 5.4 380.7 ± 10.0 0.696 ± 0.015
passed through and after

washed liquid
246.4 ± 5.0 338.8 ± 7.1 0.727 ± 0.019

effluent with 60% ethanol 9.5 ± 0.5 30.5 ± 5.9 0.313 ± 0.043

a Each value is expressed as mean ± standard deviation (n ) 3).

Table 3. Effect of pH on the Separation of EGCg and CA by
Lignocellulose Columna

% from initial in effluentb

pH CA EGCg

5.9 0.38 ± 0.12ac 63.6 ± 5.6a
5.5 0.40 ± 0.09ac 69.8 ± 6.2a
4.5 0.33 ± 0.14c 68.2 ± 4.9a
3.5 0.47 ± 0.07ac 69.1 ± 5.9a
3.0 0.94 ± 0.17b 71.4 ± 7.9a
2.5 0.70 ± 0.19ab 68.0 ± 6.5a

a Each effluent was eluted with 300 mL of 60% ethanol. Each value is expressed
as mean ± standard deviation (n ) 3). b Different alphabetical letters within a
column are significantly different (p < 0.05).
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columns can be easily reactivated and used more than several
times. During our experiments, each of the columns was used
six times, and the activity of the column did not decrease.
Lignocellulose used in this experiment was a porous and
pressure resistant grain, and it had little swelling and contraction,
which took place by environmental change. The lignocellulose
column did not have the fall of the flow rate during the
experiment. These advantages of lignocellulose and the low price
of sawdust make this technique promising for large-scale
procedures.

In conclusion, the presented results suggest that the ligno-
cellulose column is a useful process for the purification of tea
polyphenols and it is also possible to obtain a raw decaffeinated
tea polyphenol fraction. The lignocellulose column may be able
to be used for separation and purification of various vegetable
constituents.

ABBREVIATIONS USED

C, (+)catechin; EC, (-)epicatechin; GC, (+)gallocatechin;
EGC, (-)epigallocatechin; ECg, (-)epicatechin gallate; EGCg,
(-)epigallocatechin gallate; GCg, (-)gallocatechin gallate; CA,
caffeine; EtOH, ethyl alcohol; HPLC, high-performance liquid
chromatography.
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