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IN FRODUCTION

-

It is well known that the most important step in the manufacture of black tea is the
fermentatmn during which the organoleptic qualities of the final product appear

A chemical study of tea fermentationi was undertaken by HARRISON AND ROBERTS
in 19391 It was rapidly recognised that the so-called: fermentatmn was" in fact an
enzymic oxidation of some polyphenolic compounds. followed ' by non- en7ym1c re-
arrangements and polymerlsatlons In 1944 BRADFIELD AND PENNEY? found that
the lower polymers, which are the most 1mportant from an organoleptlc paint of
view, could be extracted from the infusion by ethyl acetate. Two years later,
BRADFIELD?, using dialysis, gave further evidence of the presence of substances of
relatively high molecular weight in a tea infusion. Further worl\ concernmg the
research in this field before 1950 is reportcd by ROBERTSS. -

Studying Assam tea extracts by paper chromatography, ROBERTS?- has shown
that the only polyphenols undergomg enzymic ox1datlon were (——) eplgallocatechm
and its gallic ester. An increase’in gallic acid during fermentation was noticed. More
1ecently and still by paper chromatography, RoBERTS has detected a series of poly-
phenohc substances wh1ch he called A, B, C, P, Q, S1, S1a, S11, X, Y and Z. He has
shown that all these compounds are derived i'rom the two aforementloned ﬁavanols’*9
Tentatwe structures have been proposed for some of them and hypotheses made
1egard1ng their formatlon durmg fermentat1on1°-1" I :

The compos1t10n of the raw mater1a1 used in our study is g1ven in Table I (per-
centages calculated for dry we1ght) for b ‘

~(a) fresh tea leaf as reference13 RN

(b) fermented but unﬁred tea

(c) black tea. =

As in'the’ case of tea leaf phenohcs13 black tea compounds may be d1v1ded into
tlnee fractions’ contammg R ' ‘

(A) substances emtracted from thelr aqueous solutlon by ethyl acetate '

* Manager: Dr. R'. H. EcLI.
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(B) substances remaining in the water layer and precipitating as lead salts m a
weakly acidic medium (pH about 5.5),

(C) substances remaining in the water layer and precipitating as lead salts only
ina weakly alkaline medium (pH about 8.5).

TABLE I
COMPOSITION OF THE RAW MATERIAL
Percentages calculated for dry weight; a = fresh tea leaf as reference;
b'= fermented but unfired tea; ¢ = black tea.
a b ¢
Subsldncés not extractable by 80%, ethanol:
proteins (Kjeldahl N x 6.25) 15.25 — —_
fibres (by difference) 30.25 — —
polyphenols lost during fermentation or firing,
- mainly by condensation with proteins ) —_ 8.8 11.1
Substances extractable by 80%, ethanol:
~insoluble in water
: pxgments (chloroforrmc extract mmus caifeme) 5.55 — —
‘ soluble in water :
-+ caffeine (according to MSDA" 1939) 4.65 — —
" polyphenols soluble in ethyl acetate (A) 26.70 14.0 11.0
‘polyphenols prec1pitated by lead acetate at : :
o " .pH 5.5 (B) 3.60 7.4 8.1
o polyphenols prec1p1tatcd by lead acetate. at _
N pH85 cy. 1.60 1.7 1.7
amino acids. (Kjeldahl N x 6.25) 4.15 —_ —_
ash 4.40 —_— e
sugars (by dlfference) ‘ 3. 85 _— —_

These dctermmatmns havc not been carried out because the substances do not take part in
the fermentation.
ARGt ‘“Manuel Suisse des Denrées Alimentaires’’

As fermented tea contains more comple\ polyphenohc mntures than tea leaves
it is advisable to subject less complex fractions than (A) or (B) to the chromatographlc
runs. This can be achieved: _

(1) by e\tractmg decaffemated tea extract with ethyl proplonate or the mlxture
ethyl propionate-petroleum ether (9:1) prior to the treatment with ethyl acetate,

(i) by separating the polyphenols in (A) and (B) according to their solubﬂlty
in cold water.

Thls refined scheme gives rise to the followmg six groups

(1) substances extracted with ethyl propionate,

(2) cold water-soluble substances extracted with, ethyl acetate,

(3) cold water-insoluble substances extracted. with ethyl acetate,

(4):cold water-soluble substances prec1p1tated with lead acetate at pH 5.5,

(5) cold water-insoluble substances precipitated with lead acetate at pH 5.5,

(6) substances precipitated with. lead acetate at pH 8.5. ,

In the followmg the term ‘‘group” of polyphenols W111 always refer to thxs
fractlonatmn - e Lo L :

comeer e b ' . J.Chromatog., 5 (1961) 17-31
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EXPERIMENTAL SECTION

I.TI solatwn of fermented tea polyphenols

(@) Raw material. Part of the tea leaves mentloned previously!? has been sub-
jected to:

(i) withering (18 h at 23° and 60 9, relat1ve humidity, moisture loss about 40 9,)

(ii) rolling (40 min) : :

- (iii) fermentation (2 h at 28°).

This material is referred to as fermented tea. : .

‘ (6) Extraction. Immed1ately after fermentation, 240 g of tea (containing 100 g
solids) are homogenized with 560 ml ethanol (vielding with the tea moisture an 80 9%,
ethanolic solution) and x 1 of 80 9%, ethanol. To avoid oudatlon 100 mg Ix..S..O- in
a ‘109, aqueous solution are added. After homogemzatlon the mixture is stirred
(20 min, 40°), then filtered. The residue is extracted twice more with 750 ml of 809,
ethanol (2o min stirring at 40°). The three filtrates are combined and concentrated
in a rotating evaporator under reduced pressure. The concentrated extract (about
500 ml) should contain at least 10 9, ethanol in order to keep the polyphenol-caffeine
complex, which is sparingly soluble in cold water, in solution. The caffeine and
the pigments are extracted with CHCl3 usmg a rotating flask to avoid emulsmn
formation. ‘

(c) Separation of the polyphenols. The aqueous phase is freed of the residual
CHCl,; by vacuum evaporation, then extracted three times for 5 min with 1-1 volumes
of ethyl propionate, and three times for the same length of time with ethyl acetate.
Both organic extracts are separately concentrated in a rotatmg evaporator under
reduced pressure to 0o ml. About 100 ml of 20 %, ethanol are added and the con-
centration is continued until organic solvents are removed The first extract is
freeze-dried. The second one is kept in about 100 ml water at 4° for several hours,
then filtered. The precipitate is dried in a desiccator and the filtrate is freeze-dried
after concentration to a few ml. i

The aqueous phase remaining after ethyl'acetate extraction is freed from dissolved
organic solvent by vacuum evaporation. A few ml ethanol are added to dissolve the
sparingly soluble polyphenols. The final pH is about 5.5. A saturated solution of
Pb(OACc), is added. The precipitate is ﬁltered and washed w1th 3 1 distilled H,O and
kept in suspension by continuous gentle stirring.

On gradually adding Dowex-50 (H-form) to the suspensmn the Pb++ is bound
to the cation exchanger and the free polyphenols go into solution. 0.2 vol. ethanol
are added to dissolve the polyphenols. The mixture is ﬁltered and the resin thoroughly
washed with 20 9}, ethanol. The filtrate is concentrated to 100 ml under: vacuum in
a rotating evaporator, the concentrate kept at 4° for several hours, then filtered.
The precipitate is driedin a desxccator and the filtrate freeze—dned after concentratmn
to a few ml. : ‘

The polyphenols precxpltated as lead sa.lts a.t pH 8. 5 are obtamed as. descnbed
previously13 under I(@). : . R A :

J. Chromatog., 5 (1961) 17-31
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A quantity of fermented tea corresponding to 100 g dry weight gives the following
yields for the six groups:

Group (1) 368 Group (4) 508
. (2) 718 (5) 2.4 8
(3) 3.3 8 (6) 1.7'8

The substances present in each of these six groups are shown in Fig. 1. Those de-
signated by numbers are identical with the main components of tea leafld, The
substances indicated by letters are formed during fermentation. When it is certain
that a substance corresponds to one already detected by ROBERTS in Assam tea we
have used the terminoclogy of this author®?,

II.1 solatwn of black tea polyphenols

‘(@) Raw material. Part of the fermented tea descr1bed in Sectlon Ia has been
fired (20 min, 110°, air current) This material is referred to as black tea.
| (b) Eatraction. 105 g of black tea (containing 100 g solids) are homogenued
with 1500 ml 80.9% ethanol, then stirred (2o min, 40°) and filtered. The residue is ex-
tracted tw1ce more with 750 mlof 80 9, ethanol. The rest of the processis as in Section I
The yields of the six groups of polyphenols are: :

Group (1) . 28¢g : Group (4) 518
(2) 598 (5) 30g
(3) 2.4 8 ) 1.78
The substances present in each of these six groups are shown in Fig. 1
_n_’."
Spot )
‘ ! " Rt )
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F1g 1. Two-dxmcnswnal paper chromatograms “Paper: Whatman No _‘11. Solvent systems for
first dimension: butanol-acetic amd—water (4:1:2, ") second dimension: 2% ace‘uc acid in water.
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IIr. C hromatographzc technique

(@) Paper chromatography. As described prev1ously13 under IId.

(2) Adsorption column chromatography As described previously!® under ITa to
ITc, with exception of the following modifications:

(i) Washing the cellulose with 2 % citric acid - (to remove traces of iron), then
with alcohol and acetone prior to the treatment with distilled water. ’

(ii) Addition of substance mixture: by blendmg the freeze-dried polyphenols
with three to four times their weight of cellulose powder moistening the mixture
with water and placing it on the top of the column wh1ch is still covered with a small
layer of water. ‘

When the fotal polyphenols are sub]ected to adsorptmn chromatography, they
are eluted according to Fig. 2. The end of Fractlon VI corresponds to the arrival of

AE27s mp

tn2gefPNovruns - |
PP

1a-
A

]

| € {———me—

Fig. 2. Adsorption chromatography Total polyphenols Substances T whlch are p1escnt in each
fractlon are not indicated in this figure. Fraction 1 only contains substances which are not poly-
phenohc These substances rémain a.t the top of the partxuon columns. :

the coloured substances at the bottom of the column T he apprommate location of
the substances remalnmg ‘on the column is indicated in Fig. 3.: :

The cellulose may ‘be removed from the glass column and’ cut into three pleces
according to Fig. 3. Each piece is treated w1th 80 % ethanol The e\tracts are con-
centrated under vacuum and freeze-drled BT R e ' ’

. By adsorption, tlie’ polyphenols are. therefore d1v1ded 1nto two groups, colourless
and coloured compounds W1th exceptlon of T I3 and 14, all the substances present
in the six fractlons of . I‘1g 2. are colourless. ... .oc e e

J. Chromatog., 5 (1961) 17-31
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Fig. 3. Adsorption chromatography of the total polyphenols. Approximate location of the
substances remaining on the column at the end of the elution.
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Fig. 4. Partition chromatography. Polyphenols ‘soluble'in éthyl acetate (Groups 1, 2z and 3).
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(€) Partition column chromatog graphy. Fig. 4 shows how the polyphenols extract-
able with ethyl acetate (Groups 1, 2 and 3) are eluted when the techmque descnbed
prev1ously13 under ITla to IIId is used.

- Fig. 5 shows the behaviour of the substances prec1p1tat1ng as Pb salts at pH 5 5
(Groups 4and s). . ‘

Figs. 1 to 5 apply to fermented (unﬁred) tea polyphenols The ﬁrmg step does
not have an important effect on the shape of the elution curves. With black tea
% ——Exsmu . :

====10E380 mp i

——

~ag—————Ethy] ocelote
e
Butanol
he:
Woter

e R

Fig. 5 "Partition chromatography Polyphenols prcc1p1tated as Pb salts at pH 5.5 (Groups 4 and 5)

polyphenols, I‘1g 4 would show hlgher peal».s for Fractlons V and X, Flg 5 for
Fractions VIII and X.. . : : .

1“1r1ng does ‘not y1e1d new substances only quant1tat1ve changes occur (see
Table I and the weights of the six groups of polyphenols).

IV, Isolation of pure polyphenols

(1) Isolation of (—)-epigallocatechm gallate cmd (—)-epicatechin gallate. If the
polyphenols in' Group 1 are subjected to adsorption chromatography at.a very
slow flow-rate, it is possible to have all the (—)-eplgallocatechm gallate in Fractmn
VI. After partition chromatography with the mixture ethyl proplonate—petroleum
ether (9:1). the two ﬂavanol gallates may be obtained quant1tat1ve1y from this
fraction. : : Che .

(2) 1 solatzon of substance A. Group Ii is sub]ected to adsorptmn chromatography
The fractions corresponding to Fractions IV and V of Fig. 2 are pooled and submitted
to partition chromatography with ethyl propionate. Small amounts of (+) catechm
(—)-epicatechin, gallic acid, (—)-epicatechin gallate and (-—)-epigallocatechin gallate

J. Chromatog., 5 (1961) 17~31
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'may be present. However, they are eluted prior to substance A with ethyl propionate.

Substances T and some gluc051des (not mdxcated in Flg I) remain at the top of
the part1t1on column. ‘ :

Substance A has been crystalhzed from ether (see Table III for physmal data).

(3) Isolation of substance B. Group II is subjected to adsorption chromatography.
The two main constituents of Fraction III (Fig. 2) are readily separated with ethyl
acetate. Fraction III should not be contaminated with the acids of Fraction II.
However, small amounts of (+)-catechin, (—)-epicatechin and substance A do not
interfere because they are eluted prior to substance B with ethyl acetate.

Substances T remain at the top:of the partition column.

Substance B has been crystallized from water (see Table III for physical data).

(4) Isolation of substance C. Groups II and IV are pooled and subjected to
adsorption chromatography. In addition to the acids mentioned in Fig. 2, Fraction II
also contains some water-soluble glucosides, presumably of the 3-rhamnoglucoside
type.

By partition chromatography with ethyl acetate ‘the acids and most of the
glucosides are separated from C which moves very slowly. Substances T remain at
the top of the column. When the elution of the acids is complete, the cellulose is
removed from the glass column and cut into 3 or 4 pieces, each of which is eluted
with alcohol. In general, substance C isin the middle of the column.

Substance C has been crystallized from water (see Table III for physical data).

(5) Isolation of colowured substances. Substances Y, Y and X are obtained by
pooling Groups 1 and 3, sub]ectmg ‘them to adsorption chromatography, pooling
Fractions VII and VIII (Fig. 3).and submlttmg them to partltlon chromatography ‘
usmg the gradient technique of Fig. 4. D

From Fraction IX of the same adsorption chromatogram it is possible to get
substances F and G which are eluted with ethyl propionate. With ethyl acetate sub-
stance P ‘migrates very slowly (pink band). When' this latter zone is completely
separated from the brown substances Sy remaining at the top of the column, it'may
be eluted from the cellulose (removed from the glass column) with isoamyl ‘alcchol

RESULTS AND DISCUSSION

The polyphenohc substances. present in fermented or in black tea are hsted in
Table II. From the substances already present in tea leaves, only those acting
as possible substrates 1n the enzymlc oudatmn are con51dered in the followmg

dlscussmn
- The substances formed dunng fermentation have been ‘classified accordmg to

their visible and U.V. absorption spectra. :
(@) Colourless substances exhzbztmg only one absorptzon band (between °7o and

680 m,u.)

“*qn the-folldwing we are dealing only with the spectrum range from 220 to 600 my.

J. Chromatog., 5 (1961) 17—371
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TABLE 1I
POLYPHENOLIC SUBSTANCES PRESE TiIN I‘ERMENTL‘D OR

- RIS Group where substance " Y Celour cf
; zs to bc found o substancc

Code to Fig. 1 Name

Main polyphenols
already present in

tea leafld e un A ,
I (—)-epigallocatechin gallate B : white
2 (—)-epicatechin gallate - I " white
3 (—)-epigallocatechin . - . 2 S+ white
4 (+)-gallocatechin e ‘2. .7 o white
5 (—)-epicatechin - =y 20 savhite
6 (+)-catechin LI,2 . white
7 gallic acid S o 2,4 000 e white
8 chlorogenic acid R T 204,60 i 'white
9 neochlorogenic acid o 2,4,6 ' " white
10 p-coumaryl-quinic acid : 4,6 white
11 2,4 white
12 _ 1,6 white
13 :aempferol-3 gluc051de A 4 2 yellow
‘14 piquercetin-g-glucoside (oo 3 yellow
15 - myncetm-3-glu0051de e e 3 yellow
Poly;bhenols formed
during fermematzon o _
CA ‘bisflavanoli? 1,2 white
B - bisflavanol}® = a0 L 2, white
C bisflavanoli2 LR T 2,4 white
DX ! theaflavins, 11, 12 SRR : 1,3 orange
g _theaﬁavm galla.t:e8 11,22 L 1,3 orange
o Xir ey o S 1,3 orange-red -
'8 3 . orange
“Fo 1 orange-yellow
SG 4 1 orange-yellow
P \ 3 pink
T 2,4 brown
Siu thearubigin8 11,12 . 2,5 brown
Sir thearubigin® 11,12 - 3,4,5 ¢ “‘brown

(x) Monomers. (—)-prgallocatechm‘}.gallate and’ (—)-epxcatechm gallatev can be
obtained quantitatively as described. 1n§-Sect1on IV.-1. On .the bas1s of' dry;;welght
the two substances are present m the followmg percentageS' TR e

7 Tealeaves’s | Fermented tea

1) (—)-Eplgallocatechm ga,]]ate
2) (—)- Ep‘catechm gallate DA

95 % of (1) anid 8’9 % of (2) disapi)ear in hours of fermentatmn We:do no_t knowi
what happens to (2) which is reported. b g ROBERTS ga.s not teKingpartin.the e:menta-
tion of Assam tea. It might be p0551b1e that the enzymlc systems of Assam and Ceylon

J. Chromat_.og-; 5 (1961)‘ 17—-31
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" Substance A
... (from ether)

.Substaﬁc_e B
.. (from water).

L T B P DO pr-or
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teas are different. Furthermore, it has been reported by DZHEMUKHADZE AND
MiLESHKOM that (—-—)-epmatechm gallate is’ oxidized during Pprocessing of Georg1an
tea leaf.: : . : : . :
Although we do not have any quantxtatwe 1esu1ts w1th regard to the other
four flavanols (WhJ.Ch are much more difficult to isolate from'fermented tea than
from fresh tea leaves) we can say that (—)-epigallocatechin is almost ‘c'or‘nplet'ely
oxidized 'whereas (-4-)-catechin, ( +)-gallocatech1n and (—)-ep1catech1n seem to
escape oxidation.

(2) Presumed dimers (biflavanols). Substances A, B and C have been obtained
in a crystalline state, A from ether, B and C from water (see F1g 6).

ROBERTS suggestsl" that substances A, B and C have the structu1es (I)

R, = substance A
R, = substance B
R, = : substance C

They would be formed by dlmerlsatlon of:
2 molecules of (—)=- eplgallocatechm gallate o ‘
1 molecule of (—)-epigallocatechin gallate and I molecule of (———) -ep1gallocatech1n
2 molecules of (—) epigallocatechin;
respectlvely, 1n the qumone form the dlmer being reduced in the course of a couplecl
reaction.

~ o em
AR e o

| r: OH _Hi L\OH

Physxcal data are reported in Table ITII. , A o R R
The surpr1smgly high! hydrogen content of substance A could be explamed by
the assumption that this’ substance crystallizes with: two molecules ‘of ether. This is
supported by the fact that-at 215° the crystals decompose very. ‘violently. ‘From ‘the
carbon and hydtrogen’ contents of B ‘it cannot’ be ascertamed whether thls substance‘
crystallizes with one molecule of water or not. o B e - :

E ‘j. Chromatog., 5 (1961) 17-31
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TABLE III
PHYSICAL DATA

Substances

A B C
Crystallized from -~ . -~ .~ .. k ether water water
Formula®™ " - C14H3,O0q Ca7H3p0;6  CyoFly0y
’ ‘ e 914.71 762.61 ‘610.50
Analysis | ‘ ‘ » .
cale. for anhyc_]rous product o % C 57.90 58.27 59.01
~ ‘ - % H - 3.75 - 3.97 4.29
calc. w1th 2 molecules cryst ether % C 58.76 56.93 _
for A and w1th T molecu]e cryst. % H 5.12 4.13
"H,0 for B '
found (for A and B two different % C 58.24 59.61 56.98 57.45 59.06
crystalline preparationswereanalysed)9% H 5.74 5.40 . .22 4.06 ' 4.71
M.p.*" , decomp.at - decomp. at can be heated
around 215°  around 200° . to 300°
wzthout meltmg w1thout melting without decomp.
. or melting
eI  —247° £ 2°  —183° £ 2°  —66°  2°
Amax™"" : ‘ 277mp . 274 mu 270 mu.
€maxt 20,500 ‘15,500 4,500

* According to RoBERT’s assumptioni2.
** The substances have been dried over P..Oa—NaOH ‘under o.01 mm Hg at 60° for 4 h. The

crystals turned slightly brown, M. p. measured with Kofler -block..
*** For the determination of [«¢]p and for the U.V. spectra we have used Whlte crystals dr1ed

‘over P,0,~NaOH under o.o1 mm Hg at room temperature for 1 h. [x]p determined in ethanol.
ot Calculated on the basis of the molecular- weights given under “Formula’’, The spectra have
been taken in ethanol with a Beckman DK-z2 spectrophotometer .

If we compare the [e]lD, Amax and Emax w1th the correspondmg values of (—)-epl- ‘
gallocatechln and of its gallic ester13

(— )-Epigallocatechin ) pyioatiocatechin

gallate
CUled®e  —185° +£2° —50.5° & 2°
S, ‘Amax L 275 My 271 mu
G Emax L 11,500 1,450

we see that ROBI:RTS assumptmn is consistent with our physical data.
: In add1t1on to - that, the I R. spectra (to be published elsewhere) show a strong
ester band_ "t 5 9 for A. Thls band is reduced in B and absent in C. -
It is, nterestmg- o, ﬂnote that A cannot be. crystalhzed from water because its
aqueous solut1on become too Vlscous on: coolmg (for instance a 1.5 %, solutlon at 4°)
Substances‘A"and B a.re very. sen51t1ve The dry crystals. turn: shghtly brown
w1th1n a few days, even at 4°. Substance C is stable : :

J. Chromatog., 5 (1961) 17-31 .
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(b) Coloured substances

(x) Polyphenols with three absorption bands*. Fig. 7 shows the spectra of sub-
stances Y, Yy and X. Our E9002% values for X and Y do not agree too well with
RoBERTS’ values!!,12,

Substance Y11 has not been reported by ROBERTS in Assam tea. In the dry state,
it is a light red powder, whereas X and Y are orange.

These three substances have a great tendency to precipitate from their solution
in an amorphous state (although these precipitates seem to be sometimes micro-
crystalline). So far all our preparations have consisted of approximately 50 9% of
crystalline and 50 % of amorphous material, as can be seen with the polarising micro-
scope.

(2) Polyphenols with two absorption bands*. We have been able to isolate four
compounds belonging to this class.

It is certain that our substance P corresponds to that of ROBERTS!?: their paper-
chromatographic behaviour is the same and both have an Ep.x at 520 mp.

Substances F, G and S have not been obtained chromatographically pure. They
all have an Enyax between 370 and 380 mu. G is bright yellow whereas F and S are
rather orange.

Our substances F and G do not seem to correspond to ROBERTS’ substances
Q and Z.

(3) Polyphenols with one absorption band*. This class is made up of substances
Sra and Syr which are brown and have been called thearubigins by ROBERTS®. According
to this author??, they are oxidation products of the theaflavins. They have an Enpax
at around 275 mu and a more or less pronounced shoulder at about 370 mu.

Thearubigins (which must be viewed as a mixture of different substances) make
up the whole Group 5 of polyphenols (see Fig. 1). Our thearubigins contain 0.55 9, N
which cannot be accounted for either by caffeine or amino acids. Hydrolysis with
5 N HCI at 120° for 12 hours (sealed tube containing 250 mg thearubigin and 1o ml
5 N HCl) gives rise to the following free amino acids which have been detected by
paper chromatography: alanine, arginine, aspartic acid, glutamic acid, glycine,
isoleucine, leucine, lysine, phenylalanine, proline, serine, threonine, tyrosine, valine.

This could indicate that thearubigin is partly composed of substances related
to humic acids.

The o-quinone forms of the 3',4’-dihydroxy- and the 3',4’,5'-trihydroxyflavan
derivatives are known to be highly reactive. One of their fates is to dimerise to
substances A, B, C and theaflavins. But they might also condense with amino acids
or with proteins, yielding humic acid-like substances. It is likely that the poly-
phenols condensing with proteins lose their extractability by .80 9% alcohol. This
would account for the drop in total polyphenols occurring during fermentation (see
Table I). The polyphenols condensing with amino acids could give rise to the N-con-
taining substances present in Group 5.

* See the footnote on p. 24.

J. Chromatog., 5 (1961) 17-31
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Partition chromatography of Group 5 according to Fig. 5 yields four fractions.

Sza which is eluted with ethyl acetate does not contain N, whereas the three
other fractions (eluted with butanol, methanol and water respectively) all contain N.

About 50 9% of the N-containing substances remain adsorbed on the cellulose
and can be eluted with alkaline solutions.

002/ : 0084/
om0 egmoe
10
Substance Y .
Amax E‘{‘(‘.?;: %o
Qs 275 mu 0.980
1 372 mu 0.22
433 mu 0.074
220 20 500 mu
101
Substance Yir o
! A E4-008%
o 270 mye 0.850
373 mu 0.272
455 myu 0.096
220 a%o 800 mp
©
Substance X
. ) Amux F0.002%
Fig. 7. Substances Y and Y11 l'em
: as 270 mu 0.520
are paper-chromatographi- 375 my o3
cally pure. Substance X is ] Zg mlz 0.09(7‘)
contaminated with very ' 45° mu -07
small amounts of glucoside 4 :
15 and substance S. 4 v
220 380 200mp

(4) Substances without absorpiion bands®™. Substances T seem to be oxidative
breakdown products of thearubigin. They havelost their polyphenolic characteristics
and do not even possess an Enyax at about 270 mp.
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SUMMARY

The polyphenolic constituents of fermented (unfired) and black (fermented and fired)
Ceylon tea have been fractionated by column chromatography, using procedures

* See the footnote on p. 24.
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recently described for the preparatmn of (unfermented and unfired) tea leaf poly-
phenols!3,

(—)-Epigallocatechin gallate and (—)-epicatechin gallate, the two main poly-
phenols of tea leaf, have been isolated quantitatively. The amount of both compounds
is much lower than in tea leaves, which indicates that not only (—)-epigallocatechin
gallate but also (—)-epicatechin gallate disappear during enzymic oxidation.

The fermentation products have been classified according to their absorption
spectra in the U.V. and visible region. Some of them have been purified chromatog-
raphically and characterised physically:

(a) Three colourless substances possessing one U.V. maximum only, which had
already been detected paper-chromatographically by RoBERTsS!2, could be prepared
in a crystalline state. Their analytical data support the view!? that these compounds
are biflavanols resulting from oxidative dimerisation of (—)-epigallocatechin and/or
its gallic ester.

(b) Three coloured substances possessing three absorption maxima have been
prepared paper-chromatographically pure. Two of them, orange in colour, seem to be
identical with the compounds described by RoBERTs® 11,12, The third one is light
red and has, to our knowledge, not yet been reported. -

(c) Four coloured substances possessing two absorption maxima have been
obtained. Only one of them has been detected by RoBERTSs in Assam tea.

(d) The fraction called thearubigin by ROBERTS® 11,12 possesses only one maximum
in the U.V. This brown friaction is a very complex mixture. It has been found to
yield 14 amino acids on hydrolysis with HCI.

NOTE ADDED IN PROOF

Since this paper was submitted, substance C has been subjected te alkaline degrada-
tion. The presence of phloroglucinol and ellagic acid as main degradation products
clearly indicates that the two molecules of (—)-epigallocatechin are linked by a 2'-2’
C-C linkage as was postulated by RoBeERrTs!2, This work which is to be published else-
where, has been carried out by Mr. J. MoNNIN.
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