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Abstract

Epigallocatechin gallate (EGCG) is regarded as the most important of the tea catechins. Therefore, methods for producing tea extracts with
high EGCG content have been developed. However, these methods have the disadvantages to use solvent or to allow the purification of small
volumes. The aim of this exploratory study was to evaluate the feasibility of selectively extracting catechins and caffeine from a green tea
solution using an electrodialysis cell. Commercially available membranes (AMX-SB, AFN, PC-400 D and UF-1000 Da) were tested for their
potential to allow migration of green tea catechins. This study demonstrated that epigallocatechin (EGC) and EGCG from a green tea infusion
can migrate at a high rate through an electrodialysis (ED) system. Among tested membranes, the UF-1000 Da membrane can achieve an EGC
and EGCG migration as high as 50%. The other studied catechins and caffeine had no significant migration rate through either the anionics
or the UF membranes. Thus, this method combined to a previously developed EGCG preconcentration procedure might allow the production
of a green tea extract with highly active biological compound.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction EGCG is regarded as the most important of the tea
catechins because of its high content in tea and the fact
Tea is the second most consumed beverage around thehat its activity is mirrored by green tea extracts. Therefore,
world, after water, for its attractive aroma and flavour, as methods for producing tea extracts with high EGCG ratios
well as for its health-related benefjis2]. Green tea, anon-  have been developed. Copeland et[a0] have developed
fermented tea, contains a large amount of catechins, up tog method to produce EGCG from a decaffeinated aqueous
20-30% of the green tea dry weidtit-3]. Catechins are an-  prew of commercial green tea. In this method, the precipitate
tioxidants[4—6] having a beneficial biological activif,7]. containing the EGCG is redissolved after decaffeination
Five of the six main catechins present in green tea andwith chloroform and further purified by solvent partition
known to possess biological properties are)-gpicatechin  with ethyl hexanoate and propyl acetate. In recent years,
(EC), (—)-epigallocatechin (EGC),~)-epicatechin gallate  high-speed counter-current chromatography (HSCCC) has
(ECG), ()-epigallocatechine gallate (EGCG), and){ become a very useful tool for fractionation of both crude
gallocatechin gallate (GCG$]. Presence of OH groups on  extracts and semi-purified fractions. This technique has been
catechins imply a susceptibiliy to the effect of pH and thus, successfully used to produce purified catechin from crude
an ionization of the molecul®]. green tea extrac{d 1,12] However, these methods have the
disadvantages to use solvent (method of Copeland[a1j).
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Due to the presence of one or more electrical charges2.2. Methods
on the catechins molecule, electrodialysis (ED) would seem o ) )
to have potential for extracting these compounds from 2.2.1. Electromigration configuration
green tea brewing. ED is an electrochemical separation 1he module used was an MP type cell (10Gcof
process by which ionic (electrically charged) species are effective electrode surface) manufactured by ElectroCell
transported, from one solution to another, by crossing one (Taby, Sweden). The cell consisted of several compartments
or more perm-selective membranes, under the influenceSeparated by cationic and tested membrafég. (). The
of an electrical curren{13]. ED uses an electric field compartments defined three closed loops containing the
as the driving force and charged membranes to performSolution to be treated (green tea brewing), an agueous
the separation: electrodialysis is a combined method of POtassium chloride solution (2g/L KCI) and an electrolyte
dialysis and electrolysi§l4]. By circulating a green tea solution (20 g/L NaCl). Each closed loop was connected to a
solution in an electrodialyser, it may be possible to use the Separate external reservoir to allow continuous recirculation
driving force of the electrical field to force the catechins to ©Of the solutions. The electrolytes were circulated using three
migrate through the membrane out of the main body of the centrifugal pumps, and the flow rates were controlled using
solution. flowmeters. The anode, a dimensionally stable electrode

The objective of this study was to evaluate the feasibil- (DSA), and the cathode, a 316 stainless-steel electrode,
ity of selectively extracting catechins and caffeine from a Were supplied with the MP cell. The anode/cathode voltage
green tea solution using an ED cell. We also wanted to deter-difference was supplied by a variable 0-100 V power source.
mine specifically which commercially available membrane
allowed the optimal migration of green tea catechins. The
electrodialytic parameters were recorded all along the pro-
cess, and the concentrations of catechins and caffeine wer
measured on samples collected to assess the feasibility of th
electromigration process.

2.2.2. Protocol

The membranes were tested under the same conditions, for
éheir capability to allow the migration of catechins. A 20 g of
green tea were brewed in 1000 mL of double-distilled water
to performed catechin solubilization (according to Wang et
al.[15]). Brewing was made at 7@ in a thermostated water-
bath during 40 min, filtered on a Whatman #1 and stored at
4°C until electromigration treatment was performed. Elec-
tromigration was performed in a batch process with a constant
currentdensity of 1 A, electrolyte solution volumes of 6 L and
a 1.5L volume of green tea solution. Electromigration was
stopped after 1 h of treatment. The initial pH of the green tea
brewing varied from 5.6 to 5.8. During each treatment, sam-
bles of green tea solution were taken at the beginning of the
treatment before applying voltage, every 5 min until 20 min of
treatment and thereafter every 10 min. Anode/cathode volt-
age difference, conductivity and temperature were recorded
throughout the process. Concentrations of catechins and caf-

2. Materials and methods
2.1. Materials

2.1.1. Greentea

The green tea was a non-biological Japanese green tea (lo
12423TKA) obtained from local retailer La Giré# (Qebec
City, QC, Canada). The green tea was stored at room temper:
ature in a dark and dry space.

2.1.2. Catechins and caffeine standards feine were determined on samples stored<d 4y HPLC.
(—)-Epicatechin, {)-epigallocatechin, £)-epicatechin

gallate, ()-epigallocatechine gallate-§-gallocatechin gal- 2.2.3. pH )

late and caffeine standards were from Sigma Company 'n€ pH was measured with a pH-meter model SP20

(Saint-Louis, MO). (epoxy gel combination pH electrode, VWR Symphony),

produced by Thermo Orion (West Chester, PA).

2.1.3. Membranes 2.2.4. Conductivity
Three (3) anionic and one (1) ultrafiltration membranes, = Conductivity was measured af@ with a YSI conduc-
all commercially available, were selected according to their tivimeter (model 3100-115V, Yellow Springs, OH) and an

physico-chemical characteristicEaple J). immersion probe (model 341K=1cnt 1, YSI).
Table 1
Physico-chemical characteristics of the three anionic membranes and the ultrafiltration membrane
UF-1000 Da AMX-SB AFN PC-400D
Electrical resistance{ cn?) N/D 2.0-3.5 0.2-1.0 10
Thickness (mm) 0.26-0.28 0.14-0.18 0.15-0.18 0.09-0.11
Burst strength (kg/cf) N/D 4555 2.0-4.0 4.0-5.0
Material Cellulose ester Polymer of polydivinylbenzene and polystyrene Nature non communicated

Minimal reinforcement Reinforced with polyester
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