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i INTRODUCTION 
_ ..I 

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

A chemical study of tea fermentation was undertaken by HARR~~N &D'~?OBERTS 

in 19391. It was rapidly recognised that the so-called ,fermentation was in fact an 
enzymic oxidation of some polyphenolic compounds, followed ‘.by nonFenzymic re- 
arrangements and polymerisations. In 1944 BRADFIELD AND PENNEY": found that / 
the lower polymers, which are the most ‘important ‘from an organoleptic point of 
vie>v, could be extracted from the infusion by ethyl acetate. Two years later, 
BRADFIE~D~, using dialysis, gave further evidence of the presence ,of substances of 
relatively high molecular weight in a tea infusion. Further work concerning the 
research in this field before 1’952 is rep’ortcd by ROI&TS~; ', 

Studying Assam tea extracts, by paper chromatography, ROBERTS"-6 has shown 
that the only polyphenols undergoing enzy’mic oxidation w,ere (-)-epigallocatechin 
and ‘its gallic ester. ‘An ‘increasein gallic acid during fermentation was noticed. More 
recently and still by paper chromatography, ROBERTS has detected a series of poly- 
phenolic substances which he,,c,alled A, B, C, P, Q, Sr, SI,, Sk, X, Y and 2. ‘He has 
shown that all’these com@unds are derived’from the two aforementioned flavanols7-0. 
Tentative’ structures have been proposed for ,,some of them and hypotheses, made 
regarding their formation during fermentationlO-12. 

The composition of the raw material used in our study is given in Table I (per- 
centages calculated for dry’weight) for: 

(a) fresh tea leaf as reference13; ” ’ 
1 

(b) fermented but”unfired tea, 
(c) black tea. ’ : 1 

1. 
” 

As in the case of tea leaf phenolics 1s; black tea compounds may be di:vided,into 
three fractions’:containin&: ” ’ ‘, : ‘, 

(A) substances. extracted’ from their aqueous solution by ethyl acetate,. 
,’ ‘Y, .‘. “... ,,, : : c . .,,: ._ : _’ 

* Manager: Dr. R; IS. EGLT. ::,- 
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(B) substances remaining in the water layer and precipitating as lead salts in a 
weakly acidic medium (pH about 5.5), 

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

TABLE I 

COMPOSITIOK OF THE RAW MATERIAL 

Percentages calculated for dry weight; a = fresh tea leaf as refcrencc; 
b = fermented but unfired tea; c = black tea. 

a b C 

Substances vtol! extractable by 80% etlranol: 

proteins (Kjeldahl N x 6.~5) 
fibres (by difference) 
polyphenols lost during ,fermentation or firing. 

mainly by condensation with proteins 

Sub&awes extractable by 80% etltanol: 

insoluble in water 

15.25 * - - 
30-a5 - - 

- s.s 11.1 

‘pigments (chloroformic extract minus caffeine) 
selublc in water 

,caffeine (according to MSDA** 1939). 
polyphenols soluble in ethyl acetate (-4) 
polyphenols precipitated by lead acetate at 

,PH 5.5 (B) 
polyphenols precipitated by lead acetate at 

pH 8.5’ (C) 
amino acids (ICjeldahl N x 6.~5) 
ash 
sugars ‘(by difference) 

5.55 - - 

4.65 - - 
~6.70 14.0 I I .o 

3.60 7.4 S.1 

I .60 r-7 I.7 
4.15 - - 

4.40 - .- 

3.85 - - 

* These determinations have not been carried out because the substances do not take part in 
the fermentation. 

* * “Manuel Suisse des Denrees Alimentaires”. 

As fermented tea contains more cornples polyphenolic mixtures than tea leaves, 
it is advisable, to subject less complex fractions than (A) or (B) to the chromatographic 
runs. This can be achieved: ,, 

(i) by extracting- decaffeinated tea er;tract with ethyl propionate or the misture 
ethyl propionate-petroleum ether (9: I) prior ‘to the treatment with ethyl acetate, 

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

This refined. scheme gives rise to the following, six groups : 

(iTsubstances 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 precipitatefi, with lead acetate at pH 5.~~ 
(5) cold water-insoluble substances precipitated with lead acetate, at pH 5.5, 
(6) substances precipitated with lead acetate at pH S.5. 
In the following the term “group” of polyphenols will always refer to this 

fractionation.. ,. .I 

. 
: 1. ‘., ,.;: /., 

_  
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BXPERII\IENTAL SECTION 

I. Isolation of ferme9tted tea j+oZy~henoZs 

(a) Raze] materiaZ. Part of the tea leaves mentioned previously13 has been sub- 
jected to: 

(i) withering (IS h at’ 23O and 60 y0 relative humidity, moisture loss about 40 %) 
(ii) rolling (40 min) 
(iii) fermentation (2 ,h at 2s”). 
This material is referred to as fermented tea. 
(b) Extraction. Immediately after fermentation, 240 g of tea ‘(containing IOO Q 

solids) are homogenized with 560 ml ethanol (yielding with the tea moisture an So O/O 
ethanolic solution) and I 1 of So o/0 ethanol. To avoid’ o.xidatioti IOO mg K,S,05 in 
a IO o/o aqueous solution are added. After homogenization the misture is ‘stirred 
(20 min, 400), then filtered. The residue is extracted twice more with i50 ml of So O/O 
ethanol (20 min stirring at 40’). The three filtrates are combined and concentrated 
in a rotating evaporator under reduced pressure.,.,The concentrated extract (ahout 
500 ml) should contain at least IO o/o 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 CHCl, using a rotating flask to avoid emulsion 
formation. 

(c) Separation of the fiolyphenok 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 rotating evaporator under 
reduced pressure to IOO ml. ‘About IOO ml of 20 o/o 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 IOO ml’water at 4O for several hours, 
then filtered. The precipitate is dried in a desiccator and the filtrate is freeze-dried 
after concentration to a few ml. 

The aqueous phase remaining after ethy$acetate estraction is freed from dissolved 
organic solvent by vacuum evaporation. k few ml ethanol”‘are’ added to dissolve the 
sparingly soluble polyphenols. The final pH is about 5.5. A saturated solution of 
Pb(OAc), is added. The precipitate is filtered and washed with 3 1 distilled H,O and 
kept in. suspension by continuous gentle stirring. 

On gradually adding Dowex-go (H-form) to the suspension, 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 a&d the resin thoroughly 
washed with 20 O/O ethanol. The filtrate is concentrated to IOO ml under vacuum in 
a rotating evaporator, the concentrate kept at’ 4” for several. hours, then filtered. 
The precipitate is dried in a desiccator and the filtrate freezetdried after concentration 
to a few ml. : 

The polyphenols precipitated as lead salts at pH S-5 are obtained as described 
previously’s’ under I(d) i’ 

. . I 

:_ .,' J. ChromJCog., 5 (1961) 17-31 
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A quantity of fermented tea corresponding to IOO Q dry weight gives the following 
yields for the six groups: 

Group (I) 3.6 tic 
i 

Group (4) 5*0 :g 

I$ 
7*= g 
3.3 g I$ 

2.4 6 
I.7 6 

The substances present in each of these six groups are shown in Fig. I. Those de- 
signated by numbers are identical with the main components of tea leafl3. 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 terminology of this authorssO. 

II. Isoiation’of black tea ~oly~henols 

(a) Raw material. Part of the fermented tea described in Section Ia has been 

fired (20 min, IIO’, air, current). This material, is referred to as black tea. 
(b) Extractiogz. 105 g of black tea (containing IOO g solids) ‘are homogenized 

with 1500 ml SO.O/~ ethanol, then stirred (20 min, 40”) and filtered. The residue is es- 
tracted twice more with,750 ml of go o/o ethanol. The rest of the process is as in Section I. 

The ‘yields of the, six groups of polyphenols are : 

Group (1) 2.8 g 

61 5.9 g 
2.4 fit 

The substances present in each of these six 

Group (4) 5.1 g 
3.0 6 
I-7 6 

groups are shown in Fig. I. 

first dimension 

:. : ” 

pFy7-J ~~~m,,.~~-~~ ,:; mm,,‘,‘:, 
paper chromatograms. Paper: Whatman Nd. ,I’.’ Sol&x& &&e& for 

butanol-acetic acid-water (4 : r : 2 .a) ; second climensioti : 2 o/o ricetii: ‘acid iii %3ted 

(, ‘. : .: J. Cibromatog., 5 (1961) 17-31 
I ‘,/ 
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III. Chrotiatografilzic technique : 
. 

(a) Pq5er cJzromatogra$hy. As described previously13 under IId. 
(b) Adsor$tion: column chromatografihy. As described previously13 under IIa to 

IIc, with exception of the following modifications: ’ 

(i), Washing the cellulose with 2 “/b 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 blending 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 which is still covered with a small 
layer of water. 

When the total polyphenols are subjected to adsorption chromatography, they 
are eluted according to Fig. 2. The end of Fraction VI corresponds to the arrival of 

Fig. P. Adsorption chromatography; Total polypheriols., Substance+ T whidh are present in each 
fraction are not indicated’ in this figure. ‘Fraction I only contains substances which are not poly- 

phenolic. These substagces rdniairi ,at the top of the partition columns. _, 
“, 

.’ 

the coloured substances at’ the bottom, of, the column. .The aplkdximate location of 
the substances remaining. on the column is indicated.in’ Fig.. 3. ,. ; 

The cellulose may .be removed from the glass column andcut into three pieces , 
according to Fig. 3. Each piece is treated with S~,~/~~,ethanol. The estracts are con- ,... .; 
centrated under vacuum :and~.freeze-dried:,’ : ‘,’ ” : : ‘, :’ ., ‘- :, ,/ 

By adsorption’,‘ the~~oly~hkiiols :are’.therefore divided ‘into two groups, colourless ..,, i,ll/ .., 
and coloured compounds. With. exception o* T, 11.3 and r4;, all the substances present 
in the%six fractions’of .Fig. 2 are colourless. ., .: ‘,.j. “’ : i’ ; .‘.,L : .: .::: “;, :.c .\./_ 

:.,, ‘,‘.’ ‘_ J. Clwomatog., 5. (1961) I 7-3 1 
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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. 

I 

‘. 

I 

Fig. 4. 

,’ 

‘,.b, 
:. 

.’ ..,:, ‘.I 

8’ 

I; 2 .and 3): 

.’ ;.’ 

,. ‘.: :: 

,. : 

.: 

Partition chron latography. Polyphenols ‘soluble,.ii~ ethyl &&ate (Groups 

, . J. Chromtztog., 5 (1961) IT-31 .,:.:.. ,_ ‘. 
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(c) Partition cohmn chronzatopafihy. Fig. 4 shows how the polyphenols yextract- 
able with ethyl acetate (Groups I, 2 and 3) are eluted when the technique’described 
previously13 under IIIa to IIId is used. 

Fig. 5 shows the behaviour of the substances’precipitating as Pb salts at pH 5.5 
(Groups 4 and 5). 

Figs. I -to 5 apply to fermented (unfired) tea polyphenols. The firing step does 
not have an important effect on the shape of the elution curves. With black tea 

Fig. 5. ‘Partition chromatography. Polyphcnols precipitated as Pb salts at pH 5.5’ (Groups 4 and 3). 
; ‘., ‘, 2 ‘. 

polyphenols, Fig. 4 would show ,higher peaks ’ for, Fractions V and LX, Fig. 5 for 
Fractions VIII and X 

j Firing: does ‘not yield ‘new substances, only quantitative changes occur, (see 
Table I and the weights of the sis groups of polyphenols). 

IV. Isolation of fxcre jboZyj!henoZ~ 

(I) Isolation of (-)+gaLlocat~c~zin .gaZLale arnd (-)-epicatechin ga&zte. If the 
pplyphenols in Group I are subjected to adsorption ! chromatography at : a’ very 
slow flow-rate, : it is possible, to have all the (-)-epigallocatechin gallate.in, Fraction 
VI. *4fter partition chromatography with the misture ethyl propionate-petroleum 
ether (9: I) the. two flavanol gallates may. be obtained quantitatively: from this 
fraction. ,. a ,: .). ,L” ,. 4’ 

‘, (2) Isolation .o$: substance A, ,Group I is subjected to adsorption chromatography. 
Tlk fractions corresponding to Fractions IV and-V of Fig. ‘2 are pooled and submitted 
to partition chromatography ,with ethyl propionate. Small amounts of (+)-catechin, 
(A)-epicatechin j,lgallic acid;. (+ -epicatechin, gallate. and (-) :epigallo.catechin gallate 

: : : ,( _‘V. J. Ckronzatog., 3 (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 glucosides (not indicated in Fig. I) remain at the top of 

the partition column. 
,Substance A has been crystallized from ether (see Table III for physical data). 
(3) IsoZation of substame 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 eq,ntaminated 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 is in the middle of the column. 

Substance C has been ‘crystallized from water (see Table III for physical data). 
(5) Isolation of coZoured substances. Substances Y, Y= and X are obtained by 

pooling Groups I and, ,3,, subjecting’ them .to adsorption chromatography, pooling 
Fractions VII and ,VIII (Fig. 3). and submitting them ‘to .partition chromatography, .~, 
using the gradient technique‘bf .Fig. 4: ‘. ” . 

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 SD remaining at the top of the column, it maY 
be eluted from the cellulose (remoired from the glass column) with isoamyl alcohol 

RESULTS AND DISCUSSION : 

The Polyphenolic substances present ,in fermented or in black tea are listed in 
Table II: From the .substances already present in tea leaves, ‘only those acting 
as possible, substrates in the ‘enzymic ckidation are considered in the following 
discussion. ‘, ’ 

’ The substances formed’ ‘during fermentation -have been classified according to 
their visible and U.V. absorption spectra. .,’ 

(a) ~CoZburZii s substances ixhibiting’ only one 2bsokption band (between 270 a?td 
280’mfi)*‘ : ‘. ! .’ 

;, .., 

,. .r,: ln khe,following we are dealing only with the Spectrum range' from 120 to 600 mp. 

._ _‘, 1/. Chromafog., 5 (196x) x7-31 
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TABLE 11 _.: 
,. ,‘..,‘.’ \‘,’ (. 

;; ,,,;, ;:, :; ..,: :,,:;:.,. :; ;., 

POLYPHENOLIC SUBSTANCES PtiESEN’T IN FIERMEN~E?,,,OR.,IN“nLACK +&P;““:.,:‘. 
.’ : _ ,:; .,,. ., .‘I. a ‘.,, 

,’ 
Code to Fig. I Name ., ” 

,t ;_. 
: : G&p here substance; “’ ” :&iour cf .,, “, 8. ._’ is to be fowrd subdance ., - 

‘. . 

Adai9t polyphe~tols ‘:, 

already presertt in 
‘, 

lea leafI ,.. 
I (-)-epigallocatechin gallate. 

. . 

(-)-epicatechin gallate :,, 
(-)-epigallocatechin 

4 ( +) -gallocatechin ., 

2 
(-) -epicatechin 
(+)-catechin ‘: 

.; . 

s7 
gallic acid 
chlorogenic acid I. ’ 

9 neochlorogenic acid 
IO $-coumaryl-quinic acid 

i I 
,” .:, : ,,,,; .:.,: 

:,‘. . ‘, : ‘fh&galli& j 
,, ,’ ,_ 

‘12 ._I :;,‘. ” ~~,&&ic a@ !, j .’ ,.,.. ., I 
;,_ ..” . ,. 

‘:. 
.I, ;. . 

.,*3,. ,I :‘ :: l~aempferol-i-glucbside ” ‘, 
,,‘*4’ ‘,‘:. 

I5 “, 
+::quercetmT3-glucoside ,, 

myricehn-3?glucoside : : : ‘, 
‘J.L. ,.! ‘, .,,, 

:., :, ,‘. ” ,( ‘.. 

Polyphekols formed ‘1 ‘.:‘: ., ‘; ( ‘I’. :I ‘.: 
,: ,, 

,, ‘. 
dtwisg fermentati@w ,.‘.. .: !I. ., ‘, 

‘.A ,‘_ , T. 
: ,, 

bisfla&olre 
:‘B biSflavanOll3 ! 1 

,.c, 
X, ,. ;, ‘. .,,’ 

biSflavanol??, ,,’ ‘I’ ., ,-’ :’ ‘,’ 

“.’ 
;,y.I_,f’.; .! ” 

theafjavifiE,?l;‘l% .* :_, ” “I,, ;, 

,’ ‘:. I,, theafla,~i~,,~allates!llll”, ,‘: ‘,I’ : j 
:y*,r-,,,” I,’ ” :,,, ,, ;,: : ; .,:. ;;. 

-: g.:,::‘, ‘:. ‘. ,, 
:,. 

F’:(,,; ; ‘, ’ “. ::“, ‘, .’ :, ,_,,,;:, : ,, ‘, 
G ‘. -, : :‘; 

,, ; ,_ .,. 
: ‘,..: ,:,,; ; : : :,; , ,a: . :: 

.: - :’ 

P ‘. 
,, . 

: : 
;. ,’ white 

white 

; 

; 

,.) white 
white 

“white 
‘, ,:: tiiiite . . ; 

‘. .,, . :ivhite 
‘White 
tihite 
white 

“84 
r,o 

white 
white 

2 
3 
3 

yellow 
yellow 
yellow 

T 
%I 
SIL 

thearubigins~lr~r’ 
thearubigina, 11.11 : 1 ,,_ ‘,” : :: ,, ,:‘. 

I ,2 

284 
2~4 
183 
183 
* 83 
3 
I 

5 

234 
, 2,s 

3;4;5 

white 
white 
white 

orange 
orange 

orange-red 
orange 

orange-yellow 
orange-yellow 

pink 
brown 
brown 
brown ‘..., ,., ,, ;: ,.: r’ ., ‘:: ., : (‘, , .,,. 

.,,.. .‘. : .,. 
., , ,:_ ,, .:... .’ ,:. ,I ., ., 

,,_‘. ‘, 
(I) Monomers. (-)-Epigallocatechi$ :,gallate and (--)-epicat~~hin’,gali~~e; can be 

obtained quantitatively as described~~;~$%ction ,$V:. I. Chi 1 the “l$& 6f !dr&~~:~&eight, ,.‘, 
the two substances are present in the ,following pdr~~~t@&, : 

,...,‘,. 
“““Y.‘y~.:’ ‘y;_ ‘, il. 

:’ ,; .‘.,, ,’ ‘,;, 
(I. 

.*’ 
.,’ ,‘4 

: ,r 
,.j 1’: Teh .IiavetP 

,.. 

; ,’ : : F&e~&d & .i: :_ > “Y.‘::: ,’ 

(I) (_)_Epigallocatecllin;gillnt~ :;: ‘y, .,;~J..:.+o 
::.,2’ ,:, 

; ,:.. ~’ . : 
“.. ‘.:I :+:...c. . 

(“1 (-y---)-EPicatecl~i~ J3ally’: :‘, .: :. 
0,s ,,$ ::: : .j; 
0 3:o/o’:.‘. ‘,,‘,l, 

.,, ;, : >:: 
‘I: 

. 
,, ‘::.; . y5 yq:, : ,. _, :_‘q :: ,,‘:,i’ ,_ i ,;;,$y, 

, 
4.;. ;., ., ..‘. .J 

‘_,* .;; r .f , ., 

: ‘; .“, 
., ‘.A’.‘. “, :i .,,;. ‘) : :,: (I ,...,. I ;,l,‘.y;., 

“I’..‘, , y’.,- .‘/.I ,,; ‘,,, ~ ;,.,;, 
95 e/o of (I) an!d Sg o/o of (2) disappear:‘!n,:2~;:~~,~~s:,,~f ferf”enta~ion,::~~e~~~~~~~ know 

.( 
what happens to, (2) which is report&_@’ .R%E’&LTs,~~ 

.:’ :‘,!.,!,. ,:. :, ..;, 
not3tiking:;ptir.t G-Mi&&menta- . .: .: ;,, ,..,,‘.:-., t.‘.l., 7: . ..!‘.L’, ‘, I ,‘.:“:‘..: ;,y. ‘, ., .j‘... ,.,..., i ,,,,_ :,,,p ::‘; :. <s :: ,:(. !’ 

tion of Assam,tea. .It might be pq+sil+e, that _the enzymic*gysfems of Assam and Ceylon 

J. Chromatpg., 5 (1991) 17-3 I 
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., : 
., : ..:; 

5.. :! 
. . . . . 

Substa11ce @ Ti 
(from water) ., ‘.;:,I 

,’ 

Substance A 
.:, (from ether) 

-. 
.- 

. . .._. 
.,; ;‘:’ 

,,.,,,,t.,.i,““i:“,,.“r:;.,:,.:‘,, 
. . :,. .).’ :;,: 

J. CibrokbCog., 5 (1961) 



HO 

HO 

2 
= R, = galloyl : substance ,A 
= galloyl, R, 

R: = R, = 
H : 

H= : 
substance I3 
substance C 

,. ), 

They \bould be formed by dimerisation of: ,.’ 

2 molecules ‘of (-)iepigallocatechin gallate 5. : , 

27 

teas are different. Furthermore, it has been reported by DZHEMUKHADZE AND 
MILESHKO~* that (-)-episatechin @late is. oxidized during processing of Georgian 
tea leaf. 

Although we do not have any quantitative results with regard to the other 
four flavanols (which are much more difficult to isolate from’ fermented tea than 
from fresh tea leaves) we can say‘ that (-)-epigallocatechin is almost completely 
oxidized ,‘whereas (+)-catechin, (+)-gallocatechin and (-)-epicatechin seem to 
escape oxidation. : 

(2). PresumecE dimers (biflavanoZs). Substances A, B and C have been obtained 
in a crystalline state,‘A from ether, ‘B and C from water (see Fig. 6). 

ROBERTS suggests 12 that substances A, B and’C have the structures (I). 

I molecule of (-)-epigallocatechin gallate and I molecule of (-)-epigallocatechin 
2 molecules of (-)-epigallocbtechin; I’ : 

respectively, in the juinone form, the dim& being reduced in the course of a coupled 
reaction. 

,’ . 

‘-7 ,_‘1 

-. P 
/ 

G- 

0 /O 
-L : 

OH 
I’ i 

rO 
7 

OH = OH L /OH 

H, l 

f-Q:; _- 

/OH 
NO 

c5= 
1, 0 

=\OH 

‘--uo-~ 

i 
~+~oH 

‘OH 

,: . ‘. :, 

Physical data are reported’in,Table III. I’ ,’ ; ! ‘9’ j ” 

The surprisingly, high ,hydrogen. content of substance A- could be explained >by 
the assumption that this substance crystallizes witly two ~xiolecules :of :ethek; This is 
supported -by the’ fact .tliat at iis O ‘the crystals decompose ‘very’ violently. ,Froni ‘the 
dakbon atid’,hydrogen’contents,‘of Bit it cantiof be ascertained tihetlier this substance 
crystallizes wit11 one molecule of water or ,fiot. : :’ I ” : .“‘. ’ ,’ . . . . e:i -” :‘: ““*” ‘Y.; 

,; ., . . . , J. Chronzatog., 5’ (1961) 17-31 
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; ,., TABLE, III 

.PHYSICAL DATA 

Szrbstarrccs 

A B C 

, 
Crystallized from ether water water 
Formula.* 

. . C44H,4%? C,7J3&,8 CB”I-rSl@IO 

Analysis “’ 
914.71 762.61 610.50 

talc. for anhydrous product %C 57.90 58.27 59.01 
,%H 3.75 3.97 

talc. with 2 molecules’ tryst. ether 
4.29 

for A and \&;I molecule tryst. 
%C 58.76 56.93 
% H 5.12 4.13 

I-120 for .B ‘) 
,’ 

found (for A .an’d B’ two different % C 58.24 59.61 56.98 57.45 59.06 
crystalline preparations were analysed) o/o H 5.74 5.40 4.22 4.06 4.71 ’ 

Af.p.** decomp. at decomp. at can be heated 
around 215~ around 200~ to 3oo” 
without melting without melting without decomp. 

or melting 0 
2.50*** 

b& -247O ‘-& 2O -183~ & z” -660, & 20 
f *** 
-mnx 277 rnp 274 in,u 270 rnp , 

&maxt 20,500 15,500 4,500 

* According to ROBERT’S assumptioni”. 
** The substances have been dried over P,O,-NaOH ‘under 0.01 mm Hg at 60~ for. ‘4 h. The 

crystals turned slightly brown. M.p. measured with Kofler~block. ,‘,. 
l * * For the determination of [~r]n and for the U.V. ,spectra we have used white-crystals dried 

o,ver P,O,-NaOH under 0.01 mm Hg at room temperature for I h. -[a]n determined in ethanol. 
,j- Calculated on the basis of the molecular.weights given under, “Formula”. The’spectra have 

been taken in ethanol with a Beckman DK-2 spectrophotometer. ‘:. ‘. 
. 

‘. 

If tie &+re the [alo, a&,, 
.’ 

and Emax ‘with the corresponding values of (-)-ej+ 
gallocatechin and of its gallic ester13: 

(-),-Ep~~iI;dcchin (-) -EpignllocntecLi~l 

. - [a]gbo -185’ f 2O -5g.5O f 2O 
. “Amax .’ 275 nlP 

&mnx 11,goo ’ 

271 mp 
* ,450 

._ . . .’ 

.’ ” 

we see that:. I~OBER&’ ‘assumption is consistent with our physical data. 
In addition, to. that, the :I.R. ‘spectra (to be published ,elsewhere) show a strong ,.,, 

ester band,.at5S:9’.C_i .for, A. X%is’ band is reduced in ,I3 and absent, in C. ’ .:.,_,I.‘,. ‘. . ; 
It isinteresting ,lto~:,not.e:, that, ‘4 cannot :b,e crystallized .from water: because its 

a,ueo,us~.~~~~fionJ.Ije~ome : : too:,viscous’ on co,oling (for instance a x.5 o/o solution at, 4,“). 
Sul+ij-$+ ~$$ti,dy.,~, 1 ke very sensitive~ The dry crystals. turn slightly brown 

within a f&;;t d;+i, e2en at 4;. 
Substance C ‘is stable: .,,. ,, )I ; :‘, .: 

I,“’ ., .” J. Chromatog., 5 (xgGr) 17-31 
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(b) Coloured substances 

(I) Poly;thenoLs with three absov$tion bands*. Fig. 7 shows the spectra of 
stances Y, YII and X. Our EP;g2 “/D values for X and Y do not agree too well 
ROBERTS' valuesll~ 12. 

29 

sub- 
with 

Substance YII 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 O!~ of 
crystalline and 50 o/o of amorphous material, as can be seen with the polarising micro- 
scope. 

(2) PoL$$henols with two absor$tio?z bands*. We have been able to isolate four 
compounds belonging to this class. 

It is certain that our substance P corresponds to that of ROBERTSON: their paper- 

chromatographic behaviour is the same and both have an Emax at 520 mp. 
Substances F, G and S have not been obtained chromatographically pure. They 

all have an E,,, between 370 and 3So mp. 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 2. 

(3) PoZy$&enols with one absor$tion band*. This class is made up of substances 
SI, and SII which are brown and have been called thearubigins by ROBERTS~, According 
to this authorll, they are oxidation products of the theaflavins. They have an E,,, 
at around 275 rnp and a more or less pronounced shoulder at about 370 nip. 

Thearubigins (which must be viewed as a mixture of different substances) make 
up the whole Group 5 of polyphenols (see Fig. I). Our thearubigins contain 0.55 %N 
which cannot be accounted for either by caffeine or amino acids. Hydrolysis with 
5 N NC1 at 120~ for I 2 hours (sealed tube containing 250 mg thearubigin and IO 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 coulcl indicate that thearubigin is partly composed of substances related 
to humic acids. 

The o-quinone forms of the 3’,4’-dihydrosy- and the 3’,4’,5’-trihydroxyflavan 
derivatives are known to be highly reactive. One of their fates is to dimerise to 
substances A, 13, 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 ektractability by So oh 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. Chrotmtog., 5 (I 961) I 7-31 
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Partition chromatography of Group 5 according to Fig. 5 yields four fractions. 
Sr, 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 yO of the N-containing substances remain 

and can be eluted with alkaline solutions. 

E O.OQP~I. 
lcm 

E0.GQ8=l. 
1 cm 

Fig. 7. Substances Y and YII 
are paper-cl~romatographi- 
tally pure. Subktance X is 
contaminated with very 
small amounts of glucosidc 

15 and substance S. 

J . I I 
220 350 

ml\ 
SO0 rnv 

I I 

1 . , I 
,220 350 300mp 

adsorbed on the cellulose 

Substance Y 
A mnx EpO,O$% 

275 n=p 0.98’0 
372 m/d 0.22 3 
453 m/d o-074 

Substance Ylr 
A max E’:.O,&! 

270 m/k O.S_jO 

373 m/i 0.2 72 
455 “l/k o.ogG 

Substance S 
E .tIlUX ~-~*‘dOl% 

270 m/L 0.520 
375 “l/J 0.197 
458 m/i. .. 0.076 

(4) Substames without absor$tio?z batids*. Substances T seem to be oxidative 
breakdown products of thearubigin. They have lost their polyphenolic characteristics 
and do not even possess an E,,, at about 270 rnp. 
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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 
-_-.-- 

l Set the footnote on p. 24. 
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recently described for the preparation of (unfermented and unfired) tea leaf poly- 
phenol@. 

(-)-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 ROBERTSON, could be prepared 
in a crystalline state. Their analytical data support the view12 that these compounds 
are biflavanols resulting from osidative 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*~~~~~~. 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 ROBERTS in Assam tea. 

(d) The fraction called thearubigin by ROBERTS** llp l5 possesses only one masimum 
in the U.V. This brown frktion is a very complex mixture. It has been found to 
yield 14 amino acids on hydrolysis with I-TCl. 

NOTE ADDED IN PROOF 

Since this paper was submitted, substance C has been subjected tc 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 z’--2’ 
C-C linkage as was postulated by RoBEIt-&?. This work which is to be published else- 
where, has been carried out by Mr. J. MOSXIS. 
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