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An effort has been made to isolate individual catechin compounds from green tea leaves in their
pure form by electrophoresis. In the present study total polyphenol extraction was carried out initially
and estimated through spectrophotometric and HPLC methods. Extracted polyphenol was separated
on 0.7% agarose gel and visualized at 360 nm. Fragmented individual compounds were gel eluted
with methanol and confirmed as (—)-epigallocatechin (EGC), (—)-epicatechin (EC), (—)-epicatechin
gallate (ECG), and (—)-epigallocatechin gallate (EGCG) by HPLC. The method developed describes
a suitable method for the isolation of valuable molecules in tea.
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INTRODUCTION reported a traditional extraction of caffeine from black tea using
organic solvents, but, to our knowledge, no study has separated

Tea is a widely cultivated plantation crop and heavily individual catechins using electrofocusing on agarose gel.

consumed as a beverage. India produces marketable tea to me xploiting the potential nature of migration under an electric
the demand of national and international markets. Besides beingﬁel?j of a%iolo Iiocal component electr(g)focusin of crude extract
components of a popular beverage, tea polyphenols have gained 9 P ’ 9

more importance because of their antioxidant nature and was attempted. . .
antibacterial and antiallergic activities (2). There are a multitude of procedures available for the

Tea shoots contain as high as 35% polyphenols to total dry extraction of total polyphenols from plants. Due to the complex

matter content, of which two-thirds is contributed by catechins, nature C.)f the individual molecules, previous attempts fgr their
a major biochemical componer8)( Crop shoots registered as separation were rather u_nsuccessful. _Electrophor_e5|s, as a
high as 25% of catechind), but it varies with genotype. Total mgthod, IS gener.ally gsed In the separation of proteins, amino
catechins comprised dihydroxylated [(—)-epicatechin (EC) and a_(:lds, and nucleic aC|ds._The inherent c_harge-to-mass ratio of
(-)-epicatechin gallate (ECG)] and trihydroxylated-Jéepi- biomolecules under applied voltage, which travels toward an

gallocatechin (EGC) and+)-epigallocatechine gallate (EGCG)] qpposite charge under electrofocusing, is a“.e”.‘pte" f_or Separa-
catechin fractions. Both dihydroxylated and trihydroxylated tion. Even though agarose gel electrophoresis is routinely used

fractions are known for their therapeutic effects-@®. A special in 'Fhe mole(_:ular b_iology_laborat(_)ry for the separation of nucle_ic
focus is given to the extraction of polyphenols, particularly acids, studies using this technique for polyphenol separation

individual compounds due to their abundance in tea plants. The?'© limited (1). In I|ght_of the al_oove dlscussm_n, _th|s .SFUdY
extraction of polyphenols from tea plants in higher quantity can presents an easy extraction technigue coupled with identification
be an additional source of revenue to the tea industry. Even of catechin fractions from crude extracts of green tea leaves.

though many procedures are available to extract the polyphenols
from plant materials, separation of individual components of MATERIALS AND METHODS

Interest dgserves atten'tlon. . . . Chemicals.HPLC grade acetonitrile, methanol, and Fel@iocalteu
Separation of catechin using carbon dioxide extractlo_n from reagents were purchased from Merck (Darmstadt, Germany). Agarose
green tea leaves has been reported by Chang &).ahdcording (low EEO) and Tris were obtained from Gnetix, USA. Authentic
to Bronner and BeecheB), high-performance liquid chroma-  reference standards of EGC, EC, ECG, and EGCG were procured from
tography is the conventional means of analyzing catechins in Sigma Chemical Co. (St. Louis, MO). Other solvents and chemicals
tea and other biological constituents. However, owing to the used were of analytical grade procured locally. All materials were used
high cost involved in separation, a simple, rapid, and easy to without further purification. Catechin standards were dissolved in

perform alternative method is warranted. Davis etH0) (have methanol to a concentration of 1 g/mL and stored-a0 °C.
Plant Material. Crop shoots comprising two leaves and a bud were

* Address correspondence to this author at the UPASI Tea Research collected from field-grown, mature tea bushes of UPASI 17, represent-

Institute, Nirar Dam BPO, Valparai 642 127, Coimbatore Dt, Tamil Nadu, ing the ‘Cambod" cultivar, were used f?r SamP'e_ preparation. Thes_e
India (telephone+91 4253 235301; fax+91 4253 235302; e-mail plants were grown at the United Planters’ Association of Southern India
johnupasi@rediffmail.com). (UPASI) Experimental Farm, which is located at an altitude of 1150
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m above MSL. All of the cultural operations in the field were carried Tapje 1. Content of Individual Catechin Fractions, Total Catechin, and
out according to UPASI recommendations (12). Total Polyphenol Obtained from Green Tea Leaves and

Extraction of Total Polyphenols. Total polyphenols were extracted  Methanol-Extracted Sample
from tea leaves following the procedure described by Antolovich et
al. (13) with a slight deviationl, 15). In the present study, methanol phenolic compounds (%)
alone was used as the solvent for extraction of polyphenols. Frozen

plant material was macerated with methanol to obtain the extracts. Crude green leaves polyphenol extract
methanol extract was purified with methylene chloride and ethyl acetate  epigallocatechin 02.73 08.20
using liquid phase separation. Finally, total polyphenol was condensed  epicatechin 02.04 06.84
in a rotary evaporator under a temperature range 6f780C depending epigallocatechin gallate 13.85 41.25
on the boiling point of the solvent used. Condensed polyphenol powder Ep'cateCh'".gagate oL77 0543
was stored under vacuum at@ for further biochemical estimations lotal catechins 2039 6247

total polyphenol? 31.62 79.30

and electrophoretic studies. Total polyphenols and catechins were
guantified spectrophotometrically as per the described procedure.

Estimation of Polyphenols and CatechinsTotal polyphenols and
catechins were quantified conventionally using a spectrophotometer
(model Genesys 10UV) adopting the method reported by Dev Choudhary 1 2 3 4 5
and Goswami16) and Swain and Hillis1(7), using Folir-Ciocalteu
and vanillin reagents. Phenols react with phosphomolybdic acid in
Folin—Ciocalteu reagent in alkaline medium to produce a blue complex.
The optical density of the compound was measured at 700 nm.

Extraction of Individual Catechin Molecules. Sample Preparation
for Agarose Gel Electrophoresi¥wo grams of extracted powder was
dissolved in Milli-Q water and incubated at 6& for 30 min in a
water bath. The solution thus obtained was centrifuged at 14000 rpm
(Sigma Z14) for 10 min, and the supernatant was reserved for agarose
gel electrophoresis. Twenty percent glycerol was added to the sample
mixture in the ratio 1:3 before loading onto the gel. Individual catechin
standards procured from Sigma were prepared according to the same
procedure and electrophoretic separation was attempted to migrate along
with the samples.

Electrofocusing of SampleS§eparations of the compounds were
attempted on a vertical mini gel of dimension ofx610 cm using
0.7% agarose. The electrophoresis buffer was modified by the removal
of EDTA from TAE buffer (Tris base, 50.4 g, and glacial acetic acid,
11.4 mL, in 1 L of water). The samples were run on the gel and
electrophoresed for a periofldh at 80 V.Individual catechin standards
were used for comparison in each replicate. The separate fractions were
visualized on a transilluminator under UV light (360 nm). Gels
representing individual bands were cut under UV light and subjected
to gel elution using the standard protocol. Gel pieces containing po e 1 Uy fluoresced agarose gel showing the distinct bands of
individual fragments were macerated in methanol and incubated at 65. ~. . . ’ ) ) )
°C for 30 min in a water bath before they were centrifuged at 14000 individual catechin molecules: lane 1, EGC; lane 2, EC; lane 3, EGCG;
rpm for 10 min (Sigma Z14). The supernatant methanol solution was 'ane 4, ECGI ;ane 5, extracted sample.

collected repeatedly in a new tube, and the sample was concentrated e T .
in a rotary evaporator at 5%. Finally, the concentrate was dissolved other; this may be due to the variation in the precision of the

@ Spectrophotometric analysis.

in 70% methanol. The solution was subjected to/h2filtration prior spectrophotometric and HPLC methods followed in the present
to HPLC analysis using Acrodisc syringe filters (PAL Co., Ann Arbor, Study. Variations in the catechin content are due to biochemical
MI). and metabolic functions of tea clones under stipulated conditions

Determination of Indiidual Catechin by HPLCThe individual (3, 20).
catechin fractions were analyzed according to the method of Jibu Methanol was found to be a promising solvent in complete
Thomas et al. (18) in HPLC (Hewlett-Packard series 1100) fitted with extraction of total polyphenols from fresh green tea leaves for
a Phenomenex column with an autosampler. Acidified acetonitrile purification. Repeated extraction completely elutes the polyphe-
(18%) and acetonitrile (80%) were used as mobile phases A and B, nolic compounds from the crop shoots. Data on the polyphenolic
respectively. Authentic standards of individual catechins procured from ~qntant corroborate the findings of Saravanan et 4). (

Sigma were used in the present study as standards for the spiking testy;oyhvjene chioride efficiently removed the alkaloids and
Relative distribution of these constituents was expressed in percentage

of individual component (w/w) according to ISO method (19). pigments contaminating the extract4). Extracted powder

All of the above-mentioned experiments were repeated three times subjected to estimation of total polyphenol and Catecf;in by the
with replicates for all of the parameters. The mean of the data obtained SPeCtrophotometric method revealed 79.3 and 62.47% of total

is represented. polyphenol and catechin, respectively. In HPLC it was EGC
(8.2%) eluted first followed by EC (6.84%), EGCG (41.25%),
RESULTS AND DISCUSSION and ECG (5.43%), respectively (Table 1).

The methanol extract was electrofocused on 0.7% agarose
Crop shoots containing two leaves and a bud of UPASI 17 gel at 80 V for separation. Addition of 20% of glycerol with

were known to be high in polyphenol content among the UPASI- the water-suspended sample made the sample dense. The
released tea clones (4). Totals of 31.62 and 21.72% of total individual catechin fractions moved under electrophoresis on
polyphenol and catechin contents were confirmed, respectively, the basis of their mass ratio and molecular sizes, because each
by spectrophotometric method (Table 1). In HPLC, EGC of the catechin fractions possesses its own individual retention
(2.73%) was eluted first followed by EC (2.04%), EGCG factor. Hence, they tend to separate into individual components
(13.85%), and ECG (1.77%). It may be noted that the values under the applied electric field of 80 V. Aftd h of run, when
of total catechins and their fractions are not tallying with each visualized under UV transilluminator, these were distinct bands.
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Figure 2. High-performance liquid chromatograph of the gel-eluted catechin molecules.

The smaller and lesser negatively charged molecule immigratesEGCG. The gel-eluted solvents were subjected to HPLC

more quickly as the components pass through theZf@!l This analysis. The results confirmed the presence of similar com-
corroborates the earlier reports regarding the fluorescent propertypounds corresponding to the spiked authentic standards on the
of secondary metabolites under UV transilluminati@g)( Four basis of their retention time&igure 2). The quantities of these

different molecules migrated toward positive charge on the basis molecules were found to be EGC, 6.2%; EC, 5.34%; EGCG,
of their mass ratio, and they showed different color emissions 31.85%; and ECG, 4.23%. After quantification, the peaks
such as dark blue, fluorescent green, pale yellow, and violet obtained revealed the purity of isolates we@0%. Comparison
(Figure 1) under UV florescence. Simultaneously, the individual was carried out with the total available in the extracted leaf
standards of catechin molecules were also run under similarbefore separation on agarose gel to find the percentage of
conditions, and the four molecules were revealed to be EGC, extractability. The results indicated that quantity was reduced
EC, ECG, and EGCG. Among the four catechins the relative by ~25% (Table 2), which may be due to the loss of some
mobility of EC was highest, followed by EGC, ECG, and amount of molecules in the gel elution process.
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Table 2. High-Performance Chromatography Analyses of Gel-Eluted (7) Stensvold, I. Tea consumption. Relationship to cholesterol, blood
Samples pressure and coronary and total mortalRyevent. Med1992,
21, 546.
gel-eluted catechins fractions (8) Chang, C. J.; Chiu, K. L.; Chen, Y. L.; Chang, C. Y. Separation
molecule (%) purity (%) extractability (%) of catechins from green tea using carbon dioxide extrad&oad
, , Chem.2000,68, 109—113.
gg:g:{fgﬁ;ﬂh'” gggg géig ;gg% (9) Bronner, W. E.; Beecher, G. R. Method for determining the
epigallocatechin gallate 3185 96.87 77971 content of catechins in tea infusions by high performance liquid
epicatechin gallate 04.23 95.90 77.90 chromatographyd. Chromatogr. A1998,805, 137—142.
(10) Davis, A. L.; Lewis, J. R.; Cal, Y.; Powell, C.; Davis, A. P.;
Wilkins, J. P. G.; Pudney, P.; Clifford, M. N. A polyphenolic
Soluble phenolic compounds are generally extracted using pigment from black teaPhytochemistry1997,46, 1397—1402.
water, methanol, ethanol, and acetone. The presence of attached(11) Voet, D.; Voet, J.; Pratt, C. An introduction to electrophoresis.
sugars tends to render phenolic compounds more water-soluble, Biochemistry, 2nd ed.; Wiley: New York, 1995; pp-9400.
and combinations of the above solvents with water are thus (12) Hudson, J. B.; Durairaj, J.; Muraleedharan, ®lidelines on
better solvents for glycosides. In contrast, less polar aglycones Tea Culture in South Indjallied Publishers: New Delhi, India,
such as isoflavones, flavonols, and highly methoxylated flavones 2002; p 225.
and flavonols tend to be more soluble in nonaqueous solvents (13) Antolovich, M.; Prenzler, P. D.; Robards, K.; Ryan, D. Sample
(1, 23, 24). A number of methods have been developed in the preparation in the determination of phenolic compounds in fruits.
past for the determination of polyphenols in plant extracts such Analyst2000,125, 989—1009. _
as Folin-Ciocalteu and Price and Butler methods, but they were (14) McDonald, S.; Prenzler, P. D.; Antolovich, M.; Robards, K.
mostly nonspecific and cannot distinguish flavonoid classes in Phenolic content and antioxidant activity of olive extraésod
general and are best used for the determination of total soluble Chem.2001,73, 73-84.

(15) Wada, L.; Ou, B. Antioxidant activity and phenolic content of
Oregon caneberried. Agric. Food Chen002,50, 3495-3500.

(16) Dev Choudhary, M. N.; Goswami, M. R. A rapid method for
determination of total polyphenolic mater in te€amellia
sinensis(L.) O. Kuntze).Two Bud1983,30, 59-61.

(17) Swain, T.; Hillis, W. E. The phenolic constituents Bfunus
domesticqL). the quantitative analysis of phenolic constituents.

polyphenols 25—27). Likewise, other oxidants used volumetri-
cally for the same purpose such as ferric sulfate and potassium
permanganate are also nonspecif@6) From the above
experiment attempted, extraction with methanol was found to
be suitable for the isolation of individual flavonols in tea. About
70—80% of methanol gave a superior yield.

Agarose gel electrophoresis and elution have been found to J. Sci. Food Agric1959,10, 63-68.
be extremely successful for obtaining pure samples of individual (18) Jibu Thomas; Marimuthu Saravanan; Rajagopal Raj Kumar;
catechins. On comparison, it was found that the time involved Parekatil Kurian Pius. Influence of age after pruning on the levels
could be considerably reduced for the separation of individual of flavanols and other bioconstituents in t€aellia sinensjs
catechin fractions using this method with a reduction in the cost J. Sci. Food Agric2005,85, 931—-934.
as well. Until now, no method has been employed in the (19) ISO/CD 14502-2 (Committee Draft Number). Determination of
isolation of individual molecules in tea using agarose gel substances characteristic of green and black peat 2: deter-
electrofocusing. Exploitation of this method is possible for the mination of catechins in green teaethod using high perfor-
successful isolation of important biomolecules in commercial mance liquid chromatography; 1999.
crops. Considering the commercial value of biomolecules with  (20) Raj Kumar, R.; Marimuthu, S.; Muraleedharan, N. Tea leaf
regard to purity, the methods developed can be suitably modified photosynthesis in relation to light. Plant. Crop.1999,27, 93~
for the isolation of any compound of interest. The method 98.

developed describes the isolation of valuable molecules in tea. (21) Lehninger, A.; Nelson, D.; Cox, M. Introduction to electro-
phoresisPrinciples of Biochemistry, 3rd ed.; Worth Publishers:

New York, 1999; pp 134—136.
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