voL. 2 (1959) JOURNAL OF CHROMATOGRAPHY 173

PLANT PHENOLS

1. SEPARATION OF THE TEA LEAF POLYPHENOLS BY
CELLULOSE COLUMN CHROMATOGRAPHY

A VUATAZ, H.BRANDENBERGER AND R, H.EGIL1
Researclh Laboratovy of Nestlé's Producls, chcy (Switzerland)

INTRODUCTION

Immediately after plucking, tea leaves are subjected to a series of operations (with-
ering, rolling, fermentation, drying) which convert them to black tea”. The organo-
leptic characteristics of this manufactured tea depend to a large extent on 1ts
polyphenolic constituents, which include the followmg classes:

A. Flavanols and their gallic acid esiers

Six compounds belonging to this class have been isolated from unfermented (green)

tea and crystallized (Formulas I toIV).The work in this field has been summarized by

RonERTs!; for the configuration of some of these substances see HERGERT AND K URTHZ,

RoBERTS? %, BIRCH ¢t al.5, FREUDENBERGY, HARDEGGER ef al.? and BrowN et al.’2,
O
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(I; Ry = R, = H)
(-+)-Catechin
(—)-Epicatechin

(1L Ry = OH, Ry = I1)
(+)-Gallocatechin
(—)-Epigallocatechin

111 R, = H, R, = galloyl)
-—)-Epicatechin gallate

(
(
(IV; R, = OH, R, = galloyl!)
(—-) }:.plg'xllocttcchm gallate

B. IFlavonol-3-glucosides

ROBERTS ¢t al.8 have identified 3- glucomd(,s, 3-rha.mno-g1ucos1des and 3-rhamnod1g1u-
cosides of the flavonols (V) to (VII) in green Assam tea. Numerous flavonol glucosides
have also been detected in Japanese teas®,

B uo ,/ I__.</ \OI-I
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OI—I
(Vi R, = Ry, = Ry = H) (V1L; R, = Ry = OH, R, = H)
Kaempierol - ‘ Myricetin
(VI; R; = OH; R, = Ry = H) (Va; Vla; Vlla; R; = glucoside)
Quercctin ‘ ' The corresponding 3-glucosides

* By "'tea leaves” we designate the leaves as they are harvested by the pluckers and by “‘green
‘tea” the manufactured tea which has been dried without fermentmtlon :
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- C. Leucoanthocyanins

RQBERTS el al‘.‘ld have shown the presence, in green tea, ol leucocyanin (VIIIa) and
‘leucodelphinin (IXa), which, upon hydrolysis, yield cyanidin (VIIIb) and dclphlmdm

(IXD). ' OH N Ok
HO —/ﬁ/ \’——< >ou - Molf? | ~Os \>o.|.--.r.
/\/\ N N QL R.
O OH O-glucosulc OH
(VIlla; R = H) (VILIL; IR == k)
- Leucocyanin Cyanidin
(IXa; R = OH) ‘ (IXb; R = OH)
- Leucodelphinin Delphinidin

D, Acids
Theogallin (galloyl-quinic acid)!! 1% is found in relatively large quantities, but it has not
‘yet been obtained in crystalline form. Allother phenolic acids occurin small quantities.
~ Gallic acid.

Chlor ogenic acid (3- caticoyl—qumlc ou,ld)“ 14,

Neochlorogenic acid (a chlorogenic acid isomer)!t,

p-Coumaryl-quinic acid*4,

m-Digallic acid!1,15,

‘ HO op
Jl()< > CH=CH—COOI uo/_‘\/
NEd e COOU
(N3 R == M) (X1 R == OH) (X11)
p-Coumaric acid Caffcic acid Quinic acid

E. Oxidized and polymerized substances
These compounds, which are present only in small quantities in tea leaves, make up
the major polyphenolic part of black tea. They give it its colour and, together with

.._...._I.I...‘_..._’ ‘

Epigalluocatechin gallate
Epicatechin gallate
Lplg \llocatechin
Gallocatechin

-Lpicatechin
( -}-)-Catechin
] 7 Gallic acid

@ 8 Chlorogenic acid

9 Nceochlorogenic acid

® 10 p-Coumaryl-quinic acid
‘ “ & @ 11 T'heogallin '
1 Nnas ° ZAG @ ‘ ® - 1z m_,-l)ignllic acid, éLCC()I:(lng‘ to I'{ouj‘sm’s’-l-lc‘
‘ i3 .l\dompfcxol 3-glucoside (astragalin)

1 @22 ‘ 14 Quercetin-3-glucosicde (1soqucw1t1m)

—)-
—)-
—)-
+)-G
—)-
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15 \lvucctm -3-glucoside
16-20 Leucoanthocyanins
21 Myricetin

‘ 22 Quercetin
Fig. 1. Paper: Whatman No. 1, Solvent 23 Kaemplerol
systems for first dimension: butanol— <24 Anthocyan |
acetic acid-water (4:1:2.2); second =25 Anthocyan 1l ‘
dimension: 29, acetic acid in water. H ‘Substance I’
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the volatile aroma constituents, determine its o1gdnolcpt1c properties. Jlu,y are

‘ ‘founcd mainly from the flavanols and their gallic acid esters during the manufac-
ture of black teal. Their structure has not yet been elucidated.

Several authors® 10:11,18-10 haye jdentified the phenolic substances belonging to

“groups A to D by paper chromatography. Fig. 1 shows a two-dimensional key-

chromatogram which is based on our own Rp-values except for m-digallic acid!!.
According to WirLL1aMs®?, cis-trans isomerism could be responsible for the double
spotting given by the derivatives of cinnamic acid in the sccond dimension (aqueous
solvent). Table I lists the u.v. fluorescence of the substances present on the key-
chromatogram, as well as the colour which develops on spraying with bis-diazotized
benzidine,

TABLE [

Stbstance

(spol in Fig. 1) U fluorescesice Colour with bhis-dinzolized benzidine
1—- 0 violet red-brown*
7 : blue yellow turning lcd DLrown”
S— 9 green” yvellow
10 violet” yellow turning brown
11 blue* ‘How
13—15 purple” pink”’
10-20 violet brown®
21—-23 yellow? pink-brown
24 pink* ‘ nao reaction
25 mlmrm no reaction
F violet " vellow

llldlb:l.tt‘b the more sensitive reactions,

Tea polyphenols are generally divided into two groups, according to their behaviour
upon extraction of an aqueous solution with ethyl acetate:

(a) those passing into the organic phase,

(b) those remaining in the water layecr. :

- The latter are separated [rom the other constituents of a tea extract (salts,

sugars, amino acids, etc.) by precipitation as lead salts.

The composition of the tea leaves used as starting material in our study is given
below (percentage calculated for dry leaf weight).

Substances not extractable by S8o0%, ethanol: Y%
proteins (Ijeldahl N ¥ 6.235) . ‘ 15.25
- fibers (by difference) ‘ ’ 30.25

Substances extractable by 8oY%, cthanol:
insoluble in water:
pigments (chloroformic extract minus ccmunc)
soluble in water:
caffeine (according to M anvel Suisse des denvées: alunculaara 1939) 4.03

n
wn
8]

polyvphenols soluble in cthyl acetate 20.70
polyphenols insoluble in ethyl acetate 5.20
amino acids (Ijeldahl N X 6.25) : 4.15
ash - , : , 4.40
sugars (by dlltucncc) o _ 3.85

' 100.00

Refevences p.. 187. .



76 ‘ L. VUATAZ, H, BRANDENBERGER, R. H. EGLI ~ VOL. 2 (1959)

“The total polyphenols amount to 66% of the water-soluble substances and the
polyphenols extractable with ethyl acetate amount to 83%, of the total polyphé;;ols.
The repartition of the polyphenols upon extraction with ethyl acetate depéndé
on the conditions prevailing during extraction of the aqueous phase. Our proccdur )
(see EXPERIMENTAL PART) gave the following results: | ‘

1. The flavanols (A) are almost completely extracted. o

2. The flavonol glucosides (B) and the leucoanthocyanins (C) are distributed}
according to the nature of their glucosidic component. As far as the flavonol deriv- -
atives are concerned, the 3-glucosides are completely extracted while the others
remain in the aqueous phase. It is probable that the same is truc for the leuco-:
anthocyanins. | ‘ o

3. As 1'egai'ds the acids (D), at pH 5.5 theogallin remains alimost entirely in the
aqueous solution while the others are found in both phases. ‘ ‘

4. The same applies to the polymerized substances (I£), of which only a part is
extracted.

Of the polyphenols that arc not extracted by the organic solvent, some precipitate
completely with lead acetate at pH 5.5 (theogallin, leucoanthocyanins, polymerized
substances), others at pH 8.5 (p-coumaryl-quinic acid, flavonol-3-glucosides), while
the rest (gallic, chlorogenic and neochlorogenic acid) can be found in both precipitates.

TR

g, 2. Device for producing concentration gradients. This device, although not yielding lincar
concentration gradients as others do2p, has, however, the advantage of greater versatility, By .
changing the solvent volume in the mixing chamber, the gradient rate may be varied according

, ‘ to need. ‘ Sl
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Yor studymg thc polyphenols of green tea, BRADFIELD ¢f al.*h?2 have used
par tition chromatography on silica gel columns. This technique has also been applied
by Russian authors®. Furthermore, Roux? has shown that chromatography. of
‘these polyphenols from water on a collagen column yields a separation identical to
that given in the second dimension of the paper chromatogram described previously.

We have now developed a technique of partition chromatography in which wet

. cellulose powder is used as stationary phase, and a series of solvents of increasing
polarity as mobile phase; these solvents are applied by means of the device sketched
-in Tig. 2, to yield concentration gradients. The solvents are (in order of application):
1. Ethyl propionate-petroleum ether (9:1), saturated with water.
2. Iithyl propionate, saturated with water.
- 3. Ethyl acetate, half saturated with water.

4. Butanol, half saturated with water.

5. Methanol, containing 10% water.

6. Water,

The fractions obtained [wm this partition chromatogram arc then further

separated by adsorption chromatography from water on a cellulose powder column.

The topic of this first publication is a description of the separation of the tea
leaf polyphenols by means of these techniques and their study. |

| EXPERIMENTAL PART
I. Isolation of polyplenols

(a) Starting material. Tea leaves, plucked in the fall of 1956 in Ceylon near the coast
south of Colombo, were immediately cooled to 4° and shipped by air. They were
received in a perfect state of freshness and were extracted 55 hours after leaving the
plantation. | | | |
(0). Extraction. The tea leaves (450 g, containing 100 g solids) are homogenized
with ethanol (1400 ml ethanol yield, with the leaf moisturce, an 809% ethanolic solution).
T'o avoid oxidation, 100 mg K,8,0; as a 10% aqucous solution are added. After desin-
* tegration, the mixture is stirred for 2o min at 40°, then filtered. The residue is ex-
~tracted twice more with 750 ml of 809%, cthanol (zo min stirring at 40°). The three
" filtrates arc combined and concentrated to 300 ml in a rotating cvaporator under
reduced pressure. The caffeine and the pigments which partially precipitate are
extracted with CHCl, using a rotating flask to avoid emulsion formation.
(c) Separation of polyphenol soluble in cthyl acetate. The aqueous phase is freed
. of the residual CHCI; by vacuum evaporation, then extracted six times for 5 min
“with one-liter volumes of e¢thyl acetate. The cthyl acetate extr acts are combined and
concentrated under reduced pressure (CO, atmosphere) to oo ml. 200 ml of H,0O
@ are added, and the remaining ethyl acetate is removed under reduced prcssuw The
i polyphcnols are freeze-dried. Yield: 26.7 g of an orange powder.
(d) Sey‘mratwn of ;bolyf)henols insoluble in ethyl acetate. The aqueous phase re-
maining after ethyl acetate extraction is freed from dissolved organic solvent by
References p. 187. B '
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vacuum cvaporation. A few ml cthanol arc added to dissolve tlu, sparingly solubl(, _
‘polyphenols. A saturated solution of Ph(OAc), is added. ”
‘ The precipitate is filtered and washed with 31 of distilled H 4,0 with continuous
agitation. On gradually adding Dowex 50 (H-form) to the suspension, the Pbh++ js
bound to the cation exchanger and the free polyphenols go into solution. A little
ethanol is added to prevent re-precipitation. The mixture is filtered and the resin
thoroughly washed with 20%, ethanol. The combined filtrates are concentrated under
vacuum in a rotating cvaporator and the polyphenols freeze-dried. Yield: 3.6 g of a
brown powder. | :

The filtrate and wash water from the Pb-poly phono}atcs are combined, con-
centrated under vacuum to 300 ml and adjusted to pH 8.5* with 2 NV NH,OH. The
yellow precipitate which forms is filtered, washed with distilled H,0, suspended in
methanol and treated with Dowex 50 (H-form). After filtration and washing, the
solution is concentrated under vacuum. A small amount of ethanol is added. The
resulting white precipitate is discarded and the filtrate is freed from ethanol and
freeze-dried. Yield: 1.6 g of a yellow powder. |

The total amount of polyphenols precipitated by Pb(QAc), is 5.2 g.

11, Adsorptivn chromudograply with water as solvent (for cthyl acetate-soluble
‘ polyphenols only)

(«) Preparation of coluann, Whatman or Schleicher aund Schuell ashless cellulose powder
is suspended in distilled water and allowed to scttle. The supernatant, containing the
colloidal material, is discarded. This process is repeated until the wash-water is clear.

The glass column (68 < 3 cn) is filled with an aqueous suspension of wet cellulose
corresponding to 110-130 g of dry powder. The column is packed to obtain a flow

rate of 1 mi/min and washed with H,O until the optical density at 275 mu (= £ ,,;) :
of the effluent is below 0.05 (I3Beckman Spectrophotometer DU). ‘ :

(b)) Addition of substance. 1 g ethyl acetate-soluble polyphenols in 4 ml H,0O are
placed on the top of the column. After 2-3 washings with a few ml H,O, the top of .
the column is fitted with a piecc of cotton wool and the elution started.

(¢) Elution. A drop-counter fraction collector (H. Hosli, Bischofszell, b\wt/u-‘
land) was employed. 4 ml fractions are collected. The elution is followed by measuring
L 555 of each fraction. ‘

‘ () Analysis of fractions. The fractions are analysed by two-dimensional paper

chromatography on Whatman paper No. 1 with butanol-acetic acid-water (4: I...,...) '
in the first dimension and 2% aqueous acetic acid in the second dimension. The spots

are detected by their u.v. fluorescence (lamp emitting at 253.5 mu) and by means of

bis-diazotized benzidine?s, ‘ ‘ |

The curve which is obtained by plotting £,,, against the fraction number,
together with the results of the paper chromatographic analysis, permit the individual ‘

Al pxcvxous opcratlcmb were carried out without pH adjustment, thnt is at a pH of <Lppr0\-
“ imately 5.5.. ‘ ‘

~ References p. 187.
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fractions to be pooled into a few main fractions, These arc concentrated under vacuum
aud freeze-dried.

111. Partition cliromatography of cthyl acctatc-sobuble polyphenols

() Preparation of column. Ashless cellulose powder (Whatman or Schleicher and
~Schuell) was used. The dry cellulose is suspended in the organic solvent and, with
‘ vigoroué stirring, distilled HoO (half the weight of the cellulose) is added gradually.
The resulting slurry is used to fill the column (68 % 3 cm). Too much water is retained
when the column is filled with a suspension of ccllulosc in water and the latter dis-
placed by an organic solvcnt The column is washed until E275 of the effluent is
Dbelow o0.0s5.
() Depusit vf substance. 1 g cthyl acetate-soluble polyphenols are blended with
4 g cellulose powder. The mixture is moistened with a few ml H 20 and placed on the
top of the column which is still covered with a small layer of solvent. The preparation
s well dispersed (no air bubbles) and allowed to settle before the clution is started.
() Elution. Gradient elution was applied by mceans of the apparatus sketched
in Fig. 2. Ground glass or teflon joints arc essential to avoid contamination of the
organic solvents. The level of the solvent container is adjusted to permit an effluent
- flow rate of 0.6-0.7 ml/min. 10-ml fractions are collected and the clution followed as
described under 1lc. In order of application, the following solvents are used:
1. Ethyl propionate—petroleum cther (g9: 1), saturated with water.
2, Ethyl propionate, saturated with water.
3. Ethyl acctate, half saturated with water.
4. n-Butanol, half saturated with water.
5. Mcthanol, contaiuing 10%, water,
6. Water. :
Ethyl propionate (Fluka or Light) was redistilled over a Widmer fractionating
“column prior to usc and the [raction boiling at ¢8.5° (with I, below 0.08) was
“employed. The other solvents were Merck reagents for chromatography (purissimum
pro analysis). Petroleum cther with the boiling range of 60-80° was used.
(d) Analysis of fractions. This is carried out as described in IId. The principal
* fractions are concentrated to a small volume under reduced pressure. A few ml of
- water arc added, the remaining organic solvent is cvaporated, and the substances
“are freeze-dried. _ ‘
(e) Re-c/wawmtugmj)/zy of principal fractions. The method described in Ila-d is
utilized with a 60 X 1.3 cm column. The optical densities are measured at:
275 mu for indication of flavanols, ‘ |
321 my for indication of chloro- and ncochlorogenic acids,
350 mp for indication of flavonol glucosides,
m 380 my for indication of oxidized and polymerized substancea,
" 500 mu for indication of anthocyanins. :
Polymerized substances rcmammg in the column may bce eluted by adding
ethanol to the watc1 ‘

- Refevences p. 187,
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IV, Partition chromatography of polyphenols precipitaled as lead salts at pH 5.5

(@) Preparation of colamn. As described under IIIa, except that the organic solvent .,

is ethyl acetate saturated with water. . : L
- (b) Deposit of substances. As described under ITID. | o
(¢) Elution. As described under IIlc, except that both [ a75 and Ifg,, are cl(,t(,r '

‘mined, the latter for indicating chloro- and neochlorogenic acids. In order of apph-f’ ‘

cation, the following solvents are used:
1. Ethyl acetate, saturated with water.
2. Butanol, half saturated with water.
3. Methanol containing 10% water.
4. Water.

(@) Analysis of /'rczotum.s. As described under I1d and ITId, except that dL,t(,ctlon
is carried out with aqueous 1% I eCl;-1% KyFe(CN)g (1:1).

RESULTS AND DISCUSSION
The data arc shown graphically in Figs. 3, 4 and 5.
A. Recovery

1. 82% of the polyphenols applied to the adsorption column are eluted with water
(see Tig. 3). The remainder, consisting to a large extent of polymerized substances,
may be eluted with ethanol or methanol. |
2. The elution of the partition chromatograms (see IFig. 4) is nearly quantitative,
‘Note: Owing to the different extinction coefficients of the various components,
the quantities of the eluted substances are not proportional to the area under the
elution curves.

‘ E 275mu
50 -+ 7
40+
304

204

-
(]
—

see fig.1
Joaw cusuma O

ty

Iig, 3.1 & polvphenols gives approximately: 1-V, 160 mg: V1, go mg; VI1I, 170 mg; VI1I11, 25 mg‘;
; ‘ IX, 145 mg; total 820 mg. ‘ s
Jt‘e/erc;nces P 187.
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W* E 275mpu ,
50¢
40t
30
A B (o D 3
20 i
10} ‘ /\
0 = —/
10 50 100 140 190 | 220 17260 | 280
J )/4 m r |rimmewm | X | X puig
£ - - " . PP I - :
2 ‘ L :
L E . .
S § . Sm— LT =
Soglb ooy o
R —
'i - | _
19 gives approx.: mg 120 20 | 440 .35 __J _5_J1_§_ 30| 140 | 10 60 20 120 |

'Fi‘p:. 4. Beginning of the gradient with: (A) ethyl propionate; (B) ethvl acetate; () n-butanol;
(1) methanol; (I2) water.

B Flavanols

1. Table II shows the Rp values of the flavanols and their oxder of elution from the
~column.

| In the adsorption chromatogram, the order of elution of ( (-+)-gallocatechin and
(—)-epicatechin does not correspond to the Rppr values. Inversion also occurs between
(+)-catechin and (—)-epigallocatechin gallate in partition chromatography.

TABLE IT

| Flavano! Ry ren a0
(—)-Epigallocatechin. gallate T 0,04 0,206 2 6
(—)-Epicatechin gallate 0,70 0.28 1 5
(—)-Epigallocatechin 0.37 0.31 6 4
(+)-Gallocatechin 0.48 ‘0,40 5 3
(—)-Epicatechin 0.58 . 0.37 4. 2
(-+)-Catechin ‘ 0.60 0.41 3 T
" Rpr = Rp of first dimension \

. . . of the two-dimensional paper chromatogram.
- Rp1r = Rp of second dimension | ! al pay atogr

TP = order of clution from partition column.
A = order of elution from adsorption column,

2. With ethyl propionate as eluent, separation of the two gallates is very difficult
to achieve. Addition of petroleum ether lowers the distribution coefficient of (—)-
epigallocatechin gallate more than that of (—)- (‘plC'Lt(‘Chln gallate, thus facﬂltatmg
4the11 separation.

m In the same manner, the distribution coefficient of (-+)-catechin is lowered less
on addluon of petroleum ether than that of (-—)-epigallocatechin gallate. With ethyl
ploplon'l.tc alone as c]ucnt ( }-) -catechin can bc found in the tail fraction of the

References p. 48
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(—)-épiga]locatecl1i11 gallate; if the eluent contains 10% petroleum ether, (--)-catechin -

is eluted in the head fraction of the ester; with 20%, petroleum cther, the two sub- o

stances can even be separated. Nevertheless, we prcfcr an addition of only 0% and
subsequent scparation of the two compounds on a small adsorption column, becnuqc
with higher percentages of petroleum ether elution proceeds too slowly. y

3. For analytical purposes, we recommend starting with a separation by par-
tition chromatography in ovder to climinate first the two gallic acid esters which

E 275 P —
A 321 ,ﬁ smmes
40
304
20- i
P 1 l
70+ ni/\':
N :
0 " t"'l i /r:"-.\ /.\ _j.\'
10 : 50 140 180 = 200 250 300
19 gives approx.: mg:| 40 |30{ 70 30 220 65 140
-9
o 2
Ty
[T}

Fig. 5. Beginning of the gracdient with: (1) #-butanol; (2) methanol; (3) water,

prcdominate quantitatively. Substances present in small amounts can then be

.

detected more easily because they represent a higher relative percentage of the

following fractions. :
IFor a preparative separation, we prefer to begin with adsorption chromatography
in order to eliminate a large amount of the polymerized substances which are retained

on the cellulose. Then it is possible by partition chromatography to isolate f rom the

combined main fractions IIT to V in a perfectly separated state:

with ethyl propionate: (-+)-catechin and
‘ (—)-epicatechin
with cthyl acetate: (--)-gallocatechin and
: (=—)-epigallocatechin

The combined main fractions VI to IX give:

with ethyl propionate—petroleum cther (g:1): (———) -epicatechin gallate and
‘ , - ‘ : —)-epigallocatechin gallate
with ethyl acetate: (—}—)-gallocmtechin and
(——)-eplgqllocateclun.
By this ptoccdure we h'wo obtained the 6 flavanols in their crystalline state. :
- References p. 187, :
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4. Analytical data for the cryqtdlline flavanols are réportcd in Table III.
5. From paper chromatography, ROBERTS AND Woon3! concluded that catechin
‘and gallocatechin occur in tea leaf in the (-+) form and not in the (4-) form as in

green tea. Our [a]p values of the two compounds are a direct confirmation of this
~assumption.

TABLIE 11T

a. (—)-Epigallocatechin gdlhtc , crystallized from H,O.
b, (—)-Epicatechin gallate™”, m\\ta\h/ul from MeOH~C H,LCL, mixture by gradual addition of
CHCl,.
c. (—)- Lplgallocatcchm crystallized from 11,0,

-~

Lo (~F)- (:'Lllocatcuhm, Lryst‘tlluccl from AcOFt=CH 2Cl, mixture by gracual addition of CH ,Cl,.
c (-+)-Catcechin® "", cxyst'\lll/u_l from 11,0,
. (—)-Epicatechin***, crystallized from 11,0,

I\m and fopqy are given in Table IT, Zpnx. and Fuax, inCable TV, Infrared spectra will be published
clsewhere.

a h [ d C e /
M.p.
T.iterature 215—-216°2  a523-254°2  a217-218°% 183080 e i
213°28 251°  ayz-n)5oue
23538 21808
253027 2]80‘.'.” .
Tound**** 218° 253° 217° 186°
‘ | TFormula Coa 14,0, (OIS & PYN O PN CpaH 1,04 CyaH 304 “nw FOF
Analysis
n/ c calc. 57.64 50.73 58.82 58.82
© found 57.07% 50.32 59.34 58.25
Ot cale, 3.00 g 1o 4,01 4.01
" found 4.08 4.28 4.08 175
[alp
Literaturc ——179°42 —19g0°®22 —Go°® -13.1°% VA R ~—68, 2P0
—177.57% —G67.5%8
Found*****  —185° 4-2° —190° :}2° —59.5%° 4-2° -}13.8° 42° +13.8° -}-2° —065° -}-2°

*On exposure to air and light, the crystals remain white for 10 days, in contrast to the report

of BRADFIELD e/ al.?® that they readily become brown under these conditions.

" "™ The crystals turn light Drown on exposure to air and light for a few days.

*** We did not attempt to obtain (+)-catechin and (—)- epicatechin from tea leaf in an ab-
solutely pure state, because these two substances were available in large amount from other
-sources,  We only compared them by paper chromatography with the pure compounds .m(l

mcasuu,cl their [u]n.
* M.p. measured with Kafler block.

tempuatmc.

TEEET A b, cand T [o]n cletm mined in ethanol;

Crystals dried over 17,0, under high vacuum at room

d and e: [u]p determined in acetone—~water (r:1).

6. BRADFIELD et al.2? have isolated from green tea a flavanol different from
‘the six. aformentioned, which they called gallocatechin-a-gallate. RoBERTS ¢t al.’t
“have shown that the substance appears when an aqueous solution of (—)-epigallo-
catechin gallate is heated. The transformation which t_ak'es place during heating is an

References p. 187,
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cplmcru,dtlon glvmg rise to (—)-gallocatechin gallate (BRADFIELD’S a-gallate). We
did not find this substance in our leaves, which confirms the assumption of ROBI‘RTq
that this a-gallate is formed during the manufacture of green tea.

7. The results of the u.v. spectrophotometric investigation of the six flavanols
are summarized in Table IV,

TABLRE IV

Flavanol ‘ Lit, values Our values in ethunol

lmaz. Emae, ‘ Amnz. Emazx.

o gt . 275 0 50022 275 11 500 11 500
(—) ‘].‘plgalloc,ateclun gallate 270.5 0 25022
(—)-Epicatechin gallate 280 13 60022 270 14 000 13 500
(—-)-]Epiga]locat(_}chin 271 1 340%8 271 T 450 275
(-+)-Gallocatechin 271 1 734% 271 I 460 1 285
(—)- ]’picatcchin 280 3 300°%% 280 3 580 3100
(4-)-Catechin 280 4 06128 280 3 585 3120

We did not find the double peak for (—)-epigallocatechin gallate reported by
BRADFIELD of al22,

On the basis of the g4,5 values of the different flavanols and the total density at
275 mu corresponding to the area under the different peaks (after re-chromatography),
we cstimate that the following quantities of the flavanols occur in our tea leaves:

In 1 g ethyl acetate- e af the cry weight

soluble poly phenols of the leaf
(—)-Epigallocatechin gallate 300 mg 10.55
(—)-Epicatechin gallate 103 2.75
(—)-Epigallocatechin . 88 2.35
(-F)-Gallocatechin ‘ 1.4 0.37
(—)-Epicatechin 2.4 0.63
(-+)-Catechin 13 0.35
Total 632 My 16.900

C. Acids

1. The acids present in the polyphenolic fraction soluble in ethyl acetate (gallic, -
chlorogenic, neochlorogenic and p-coumaryl-quinic acids) are all found in the first
peak cluted from the adsorption chromatogram. This is not surprising, for their
Rpy1 values in paper chromatograms with water (containing no acetic acid) as eluent!®
are high. o ‘ |

2. Gallic, chlorogemc and neochlorogenic acids are well separated by partmon
chromatography. The purification of chlorogenic and neochlorogenic acids from
Fractions III and IV (Fig. 5), however, could not be achieved by adsorption re-chroma-
tography Most of the brown impurities are clutcd at the same rate as these acids, A
Refe:ences p. 187, ‘
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determination of their quantity, carried out by a new differential spectrophotometric
method developed in our laboratories.(to be published), indicated that they make up
~ about 45% of Tractions III and IV respectively. A total chlorogenic acid content of
approx. 0.3% of the dry leal weight can be estimated, which include the portion
present in the ethyl acetate-soluble fraction.

3. While chlorogenic, necochlorogenic and p-coumaryl-quinic ‘acids yield two
spots in paper chromatography with an aqueous developing agent, no double peaking

* could be detected in column chromatography. Chlorogenic acid yields one single peak
in a column chromatogram with 2% acetic acid as eluent, Its head, center and tail

" give the double spotting on paper with the same solvent and it may be concluded that
this separation is due to the physical structure of the paper sheet,

4: From paper chromatograms of Fraction V (Fig. 5) it can be assumed that
1 g of the polyphenols precipitated with lead acetate contains about 30% theogallin.
Thus, this substance represents approx. 1% of the dry weight of tea lc1vcs We haye
not yet been able to obtain it in a crystalline state.

-5. The phenolic fraction which does not precipitate with lead acetate at pH 5.5,
but at pH 8.5, has been investigated by paper chromatography only. It contains
mainly p-coumarylquinic acid, accompanied by chlorogenic, neochlorogenic, cafteic,
and p-coumaric acids (the last two acids probably arise from hydrolysis at this high
pH).

D. Authocyans

RoBERTS ¢t al.l® have found several leucoanthocyanins in Indochina tea leaves, but
they do not report having detected anthocyans. The Ceylon leaves used in our
investigation contain two substances appearing together as a pink band, which, on
‘partition chromatography, moves very slowly with ethyl acetate, but remains at the
top of the column during the entire adsorption run. They may be recovered from the
isolated pink section ot the chromatogram by eluting the cellulose with ethanol:

Anthoeyan T Aanthocvasy IT
I in butanol saturated with 2 NV FICI 0.42 0.01
poin butanol-acetic acid—-water (411 :2.2) 0.53 0.69
Amux. in ethanol containing o.01%, conc. HC! 510 Myt 495 mpu

Considering our mild cxtraction conditions, it does not seem probable that

" hydrolysis of leucoanthocyanins could have occurred. The two anthocyans must,

therefore, have been originally present in our tea leaves. (I) might be identical with
substahcﬁ (P) identified by RoBERTS! in black tea. = ‘

E‘ff‘]‘ I chmwl glucosulcs

Adsorption chromatograplly of partition l“lactlons V, VII and X (Fig. 4) reveals the
ﬂavonol glucosldcs as yellow bands descending rather slowly Upon (,oncentratmg the

J"efe; mu:cs P 187,
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cluates, these glucosides crystallize. Hydrolysis with 2 IV HCl yiclds the corresponding
flavonols myricetin, quercetin' and kaempferol, which were detected by paper
chromatography.

I, Unidentified substances

1. Paper and column chromatography of tea leaf polyphenols show a number of still
unidentified minor substances. For example, chlorogenic acid is often accompanied
by compounds giving a blue or violet u.v. fluorescence and yellow reaction with
bis-diazotized benzidine. |

2. In Traction II {from partition chromatography of cthyl '1cctatc,-solublc
polyphenols (Fig. 4), the so-called ““Substance H> is paramount. Purification of this
compound by re-chromatography is difficult, because its affinity to cellulose is almost
as great as that of the accompanying polymerized substances. Therefore we have not:
yet obtained it in a crystalline state. Substance H yields a yellow colour with bis-
diazotized benzidine (reaction of acids), a violet u.v. fluorescence (reaction of flava-
nols), and a violet reaction when sprayed with ferric sulfate (which might indicate a-
pyrocatechol structure). In ethanol, it exhibits a emux at 279 mu. The substance is
different from gallocatechin-a-gallate, m-digallic ’LC]d pmpulogallm, and purpurogal-
lincarboxylic acid.

3. On concentrating Fraction IX from an adsorption chrom'ltogmm (IFig. 3) to -
2 ml, a fine crystalline precipitate appears before the crystallisation of the main
component of this fraction, (—)-epigallocatechin gallate. These fine crystals can be
separated by centrifugation and washed {ree from polyphenols with ethanol. 'l‘h‘ey_‘
represent approx. 0.29% of the ethyl acetate-soluble tea fraction.The white substance
is not polyphenolic, contains neither N or S, does not melt up to 300° (but turns.
brown at about 250°), and reduces neither Fehling solution nor ammoniacal silver
nitrate. The distribution coefficient ethyl acetate/water is near zero, and it is, therefore,
to be expected that therc is a much larger amount of this substance in the aqueous
phase remaining after elimination of polyphenols.
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SUMMARY

The polyphenols of tea leaves have been studied by column chromatography on
cellulose powder. Partition and adsorption techniques were applied in succession. In -
the paltltlon chromatoglams the mobile phase consisted of solvent systems of pro-
gressively increasing polarity, and water was used as cluent in the adsorption chro-
matograms. This technique permlts the isolation of ncarly all polyphenolic substances
of tea leaves. ‘ ‘ ’ - | '
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