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TaBLE 1
Minikits by rice varieties

Variety No. States Farmers

IET 1991 .o 17 20,360
IET 1039 ‘e 12 9,960
IR B79-48 . 4 6.050
Galmidge Resistant Varieties.. 10 4.650
IR 20 . 4 6,600
Vijaya .s 4 4,150
14466 oo 1 3,300
New Sabarmati . 4 2,950
Basmati Dwaris . 5 2,475
Bala .o 2 2.000
Pankaj .o 2 1,700
Tungfﬂ Vil‘us . > e -a
Resistant Varieties ‘o 5 500
Cauvery .o 1 500
CR 36-148 .e 1 HOuy
Malinja . 1 500
CR 44-1 . 1
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variety or technique which has successfully passed
through so many sieves becomes a success In the
field. This does not mean that a new variety may
not succumb suddenly to a new disease or a new
strain of an already prevalent pathogen, e.g., this
is what happened with the famous miracle rice
varietics in the Philippines when they were badly
damaged by the Tungro virus outbreak during
1971. This is only a warning that there is no
room for complacency and no time to relax as
far as agricultural research, education and
extension efforts are concerned.

Agriculture is becoming an increasingly sophisti-
cated occupation. With the growing awareness of
the ecological dangers arising from -the Inappro-
priate and unscientific use of agricultural inputs
like pesticides, fertilizer and water, steps arc
under way to develop techniques like integrated
pest control, watershed management, etc., which
will ensure that productivity is continuously
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enhanced without any danger to the long-term
production potential of the soil. We witness foday
two major kinds of agricultural growth in the
world. In one system. like that prevailing in

North America and Europe, more and more land
is being cultivated by less and less number of
people and farming i1s therefore a labour-displacing

occupation. This has been achieved through
extensive mechanisation and highly organised
management. In contrast. in our country, agri-

culture has not only to be a source of food to
the people but 1t has also to be for many years
to come the most important instrument of eco-
nomic growth and productive employment. To
achieve agrarian prosperity, an increase in the per
capita productivity 1s essential.

Modern agriculture rests upon four major revolu-
tions : (i) agronomic (including genetic). (i7)
chemical, (iif) engineering and (i1v) management.
It is only when all these four revolutions are syn-
chronized in a perfectly coordinated manner that
agriculture becomes highly efficient and competitive.
While we may be justihably happy at the progress
that has been achieved during the lJast 25 years,
the country needs even morc significant results in
the years to come. The investment on agricultural
research and education made in the last few years
will start giving a “pay off” only in the next few
years. A dynamic production programme can be
sustained only by a dynamic research and tramning
programme. Unless the many complex and urgent
problems arising from deficiencies in soil fertility,
inadequacies In water management, poor pest con-
tro!. improper storage and marketing arrapgements
and problems in animal health, nutrition and
genetics are all faced and solved soon. the euphoria
caused by the Green Revolution will be short-lived.
Jawaharlal Nehru's stalement “Agrnculture cannot
wait” is even more relevant today than when 1t
was made 25 years ago.
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INTRODUCTION

is a significant capacity of human beings that

I'

having entirely different climates and environments,
they have exhibited somewhat the same needs and
have made independent discoveries of materials 1o
satisfy these needs. These materials have cither

though they may be living in far off places

the same chemical components or closely related

ones. As an important example of this type mu
he mentioned  beverages  used  as  stimulants
various parts of the world from  famly anciem
times.  Tea which bhad its origin in China, coffee
which originated  from  Arabia, cola-nuts from
South Africa. maté or Paraguay tea from South

America and cocon. all provide stimulants which
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have cither caffetne or 1ts near relative theobromine
as active principle. In the case of mate the South
Americans have used an ingenious method of
brewing it and drinking 1t out of contact with air.
The main objective is stimulation of the central
nervous  system. creating a feeling of well-being
and fitness for greater activity, The beverages also
seem to act as diuretics probably arising from
increased bloodflow.

The use of caffeine is not
favourable for human health. 1t is habit forming
and taken in excess can cause disabilities. More-
over, in the use of tea, taste and favour are
important. Tea tanmns, a term loosely employed
for a muxture of chemical components, play an
important part on taste. It is now known that
these are composed of catechins. tropolones and
proanthocyanidins which are considerably affected
by the processing of tea; they have been estimated
in various ways. The aroma is largely dependent
on volatile components,

More recent work on the chemistry of tea has
utilised modern methods of analysis which are
capable of great precision and effective separation.
Consequently a large volume of new results have
been obtained during the past fifteen years. Com-
pounds belonging to the group of flavonoids and
their O- and C-glycosides, some biflavanols,
coumarins, gallic and ellagic acids and their
derivatives have been obtained. They constitute an
impressive list of important components. The presence
of saponins and protein complexes have also been
noted. Many of these play an important part on
the consistency (body and thickness) of tea brew.

There is reason 1o believe that they all have
significant physiological properties. Some of the

always considered

components have already been studied to some
extent. Flavonoids and their glycosides have
Vitamin P action. Some biflavonoids regulate

blood-flow but detailed study of this aspect of tea
has not been adequately made. In the following
paragraphs the important chemical components
belonging to each of the categories mentioned
above are briefly discussed. A few reviews have
appeared on the chemistry of tea earlier: this
present review lays emphasis on the recent
advances in the chemistry of the polyphenotic
components of tea.

MANUFACTURE OF BLACK AND

GREEN TEA

PAarT 1.

The quality of made tea is dependent not only
on the soil in which the plant is grown, but also
on the methods of manufacture in the factory,
and even small errors seriously affect the best
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grown tea. The manufacture of black tea is a
complex process. After the tender tea leaves
(preferably a bud and two leaves) are plucked
from the fields and brought to the factory, there
are several stages in the processing. They are (i)
withering, (ii) rolling and/or CTC machining,
(iii) putting 1n rotorvane, (iv) fermenting and
finally (v) drying. The first step withering 1is
intended to take away moisture from the leaf so
that it becomes less brittle, will roll well and
take on a twist. Withering is generally done by spread-
ing the leaves in troughs which are allowed to remain
for some time under controlled conditions of
humidity and temperature in a steady but gentle
stream of air. The withered leaves are them rolled
or distorted in a roller where they undergo a
twisting action and the macerated leaves are now-
a-days passed through a rotorvane for further
distortion. In many factories in recent times the
withered tea leaves are passed through CTC
machines designed to crush, twist and curl the
leaves. By either process the withered tea leaves
are mangled and at this stage are known as “Tea
Dhools’.  All these operations are designed as
preliminary and preparatory to the next step fer-
mentation and this is the core of the whole manu-
facture. Methods of fermentation are age-old
and have not undergone any significant change
from the early times. The basic method has been
to spread the tea dhools on the floor, in as thin
layers as possible and to allow them to ferment in
a humid and cooled atmosphere. The process is
static. But recently a new method of fermenta-
tion using rotating drums has been introduced ;
this method has been claimed to yield uniformly
good grade of tea. The fermented tea dhool is
then passed through a drier where further changes
are arrested, the wet tea is dried and made capable
of withstanding long storage and transit. On
account of the efficient fermentation the black tea

differs markedly from that of the original green
leaves.

Green tea 1s made from leaves plucked from the
bush in the same manner as the leaves used for
black tea. The process is different in that wither-
ing and fermentation are completely omitted. The
leaves are directly heat-treated, rolled and dried.
The heat treatment consists in either pan-firing or
steamning to nactivate the enzymes. The heating
1s completed within a few minutes and the treated
leaf is kept bright green without anv sign of
scorching or reddening. The leaf is then rolled
as in the case of black tea and taken immediately
to the dryer. The product made by pan-firing is
said to be of better quality than that made by



Vol 41, No. 16
Aug. 20, 1972

steaming. It will be clear that the conditions
emploved do not permit any chemical chapge In
the tea leaves and green tea has practically the
same composition as the original leaves.

ParT II. POLYPHENOLIC COMPONENTS OF TEA

A considerable amount of work has been done
on the identification of the polyphenols of tea
leaves and made tea. A number of flavanols,
flavonols, leucoanthocyanidins and organic acids
have been identified in green tea ; the main com-
ponents identified so far are listed below.

Flavanols and Their Gallates—(i) Among the
flavanols and their gallate esters could be
listed as important (+) catechin (Ia), (4) gallo-
catechin (I b), (—)catechin (I1a), (—) gallo-
catechin (II b), (—) catechin gallate (Ilc¢),
(—) gallocatechin gallate (IId), (—) epiafzelechin
(Il a), (—) epicatechin (III &), (—) epigallocate-
chin (Ill¢), (—) epicatechin gallate (IIId) and
(—) epigallocatechin gallate (IITe). Of these (—)
epigallocatechin gallate (IIl¢) and (—) epicatechin
gallate (III d) predominated.

OH

} R=H
[1] o) ®=OH

= OM HE.-H
{a] ¢ Ry =H, Ry = Golvy.
d) Ry =OH, Rp=Galloy!

bl Ry

Q) H_1=R2:H3=H

b} Ry = QH, H2=R3=H

E} H.'[ =R2; OH , Rj-H

d}y Ry =0H, Ra= H, Ry = Galloyl
e) Ry ¢ Rp = OH; R4 2Golloyl

[m]

Flavonols and Their Glycosides.—(ii} Kaempferol
(IV @), quercetin (IV b), myricetin (IV ¢}, kaemp-
ferol-3-glucoside (IV d), kaempferol-3-rhamnoglu-
coside (IVe), kaempferol-3-rhamnodiglucoside
(IV f), isoquercitrin (IV g}, rutin (IV h), quercetin-
3-rhamnoglucoside (IV i), myricetin-3-glucoside
(IVj) and myricetin-3-rhamnogiucoside (IV k) and
myricetin-3-galactoside (IV!) are the important
compounds of the group of flavonols and their
glycosides.

(iii) Among the leucoanthocyanidins, leucocya-~
nidin (V a) and leucodelphinidin (V 5) and the
guinic acid derivatives, chlorogenic acid (VI a),
neo-chlorogenic acid (VI b), p-coumarylquinic acid
(VIE), and theogallin (IX) have been identified.
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Ellagic acid (VIII) and 5, 7-dihydroxycoumarin
(X) are also reported to be present.

(ﬂ) R1:R2=R3=H

(é) R]_:OH; Rg':Rﬂ—_—H

(E) R1=R2=OH; R3=H

(£) Ri=Ry=H; R;= Glucosyl

(e) Ry=R,=11; Ry= Rhamnoglucosyl
(/) ky=Re=H; Rzy=Rhamnouiglucosy!

(z) Ry=H: R;=0H; Ry= Glucosyl
(£#) ky=H; Ry=0H; RKz= Rutinosyl
(/) Ry=H 1 R;=0ll; R3= Rhamnoglucosy!

(7) K=R,=0H;
(4) Ry=Ry=01I;
(f) R1=R2=OH‘.

R;= Glucasyl
Ry= Khamnoglucosyl
K ;— Galactosyl

[vi1] 3) Re=H
Ry = Caffean
) R = Caffeayl
O =
4 Ry= H
HO o—C (vii] R=H
HO Q Q OH Ry= p=-Coumarayl
[x} R =M
¢ -—O OH R> Galloy!
4
o [vit]
HO G*ﬂ'
—
OH [x]
Studies on the Variations in the Catechin

Content.—Studies relating to the catechin content
(generally referred to as tannin content) of the
several varieties of Indian, Chinese and Japanese
teas have been made!. Teas of Indian ongin
showed the highest total catechin content, Chinese
varieties being second and Japanese the least. The
Indian teas were rich in the gallate esters and
lowest in the simple catechins. Within the Indian
varieties a comparative study was made and ‘the
Assam tea leaf had the highest content of tannins,
catechins and total extractable substances=, There
was no qualitative difference among the different
varieties : only quantitative differences  were
observed. The tea leaves from Assam and China
were found to be very similar biochemically but

different morphologicallys,
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The content of catechins was higher 1n two-
leaf shoots than n three-leaf shoots ; the concen-
tration in the buds was 20%%, in the first leaf 17%,
second 167 and third 12-5%+. An examination
of lIapanese green tea indicated the presence of
(—) epicatechin. (—) epigallocatechin and their
gallates but no (4 ) catechin or (-4) gallocatechin
as found in Ceylon tea’. Variation of catechin
contents with season during the growth of the
tea leaf was also notedt.

Method of Studv.—Two-dimensional paper
chromatography was extensively wused for the
identification of flavanols." The application of
circular paper chromatography for the separation
of flavanols was found to be successful and the
catechins were obtained in crystalline formS. The
catechins and their gallates have also been
separated by chromatography oven Sephadex? 10,

Flavornol and Flavone Glycosides and Their
Changes.—As mentioned earlier the glycosides of
myricetin, quercetin and kaempferol were found
in tea leaves; they were also identified in green
tea by two-dimensional chromatograpby and they
could be separated by this techniquell. They
were found to be present in black tea alsol>. But
there was a marked fall in their content compared
to green tea. Conversion of these flavonols during
the production of black tea was studied using com-
mercial samples!d, They were determined by
reaction with boric acid in the presence of citric acid
in various stages of tea production. The flavonol
content was found to decrease gradually., Black
tea contained 15-20% less than the green leaves.
The cootent of myricetin glucosides underwent the
greatest change. The flavonol triosides were less 1n
the intermediate and final products than n the
inittal leaves. Flavono! loss was therefore not
necessarily associated with the occurrence of free
flavonol aglycones. The flavonols and their glyco-
sides are regarded as the important constituents
responsible for the yellow colour of black tea
infusion.

Flavone glycosides have also been identified ip
green teal*.  These glycosides belong to the
special type known as C-giycosides. They are
stable and are not hydrolysed by acids or enzymes
and they are water soluble. They are, therefore,
considered to be important constituents related to
the colour of tea infusion. Three pigments in
small quantities along with 15 minor components
were isolated by preparative paper chromatography.
Spectral  studies indicated that these pigments
belonged to the apigenin family. One of them
was purified and obtained as an amorphous powder.
The spectral and chemical evidences identified i
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as 5, 7, 4-trihydroxyflavone derivative. It i
reported to differ from the known C-glucosyl-
flavones in properties like melting point and solu-
pility. This pigment seemed to be important for
the colour of green tea as it gave a deep greenish
yellow aqueous solution. There is also another
report of the occurrence of 19 flavone glycosides
i tea infusionl® detected by paper chromato-
graphy. Vitexin (Xl a) and 1sovitexin (XI b)
have been found in the mixture. Thetr UV spectra
and c¢olour reactions suggested that all of them are
very closely related and all are C-glucosylfiavones.

al Ry = Glucosyl, HE:H
PR, s H, REtGlucn:ﬁfl

[:m]

Polymeric Polyphenolic Compounds in Made Tea.
—The flavanols present in fresh fea leaves are
converted nto different types of polymeric com-
pounds during black tea manufacture by the action
of an enzyme present in plucked tea leaves. The
polymeric compounds include three bis-flavanols
(XIIa), (XIIb) and (XIlc¢) which were imifially
detected paper chromatographically by Roberts?
and later on obtained by cellulose column chromato-

graphy.

OH
HO O .
7 Non
OR O
‘ HO CH 8} R =Ry H
40 O / \ b} R =H ; R{=Galoyl
or ! R =Ry : Galloyl
GE-; o+
HO

{xn]

The coloured compounds fall under two important
categories ; (i) theaflavin, its isomers and thea-
flavin gallates and (i) a complex brown mixture
called thearubigins. Recently a few more mem-

bers in the group of theaflavins have been
obtained. They are discussed in the succeeding
sections.

ParT III. THE CONSTITUTION OF THEAFLAVINS

Development of Ideas Regarding the Structure of
Theaflavins —During the fermentation of black tea
many chemical changes of importance take place.
Roberts reported that catechins originally present
in the tea leaves are oxidised during the fermenta-
tion process of tea manufacture to form coloured
substances and named them theaflavins (yellow)
and thearubigins (red). These two pigments have
been considered to be important in determining
the quality of tea. He thought that epigallocatechin
and its gallate are the only polyphenols affected
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during the fermentation process and suggested that
theaflavins originated from the coupled oxidation
of epigallocatechin and its gallate. He recogniscd
the presence of a benzotropolope system in the
nucleus and with the available limited ewvidences
proposed the following structure (XIIIa) for thea-
flavin and (XIII b) for its gallate?.

al} R = H
D] R = Gatloy)

Later, Bhatia and Ullah observed a decrease in
the content of epicatechin and also of its gallate
during the fermentation process; hence 1t was
concluded that they too should be participating In
the above oxidation!8., As the tentative structural
formulae assigned to theaflavin and its gallate were
not definite, a detailed study of the oxidation pro-
ducts of individual catechins and related com-
pounds was taken up by Takino and co-workers.

Synthetic Work Directed Towards the Under-
standing of the Structure of Theaflavins—Takino
et al. carried out the oxidation of a mixture of
two substrates having different hydroxyiation
patterns : (i) vic-trihydroxy phenolic compound
(having pyrogallol system) and (ii) an ortho
diphenolic compound (having catechol system)?7.
When epigallocatechin alone was incubated with
tea oxidase the product was found to be a simple
colourless dimer (XII ). The addition of epi-
catechin resulted in the formation of a new orange
coloured product. The same product was formed
when the oxidation was carried out in a non-
enzymic way by the use of alkaline potassium ferri-
cyanide. Since the addition of epicatechin to the
reaction mixture is necessary for the formation of
the new pigment it was propased that the reaction
involved oxidative condensation of the two cate-
chins resembling the oxidation of a mixture of
pyrogaliol and catechol to form 3’, 4’-dihydroxy-
benzotropolone!?®,  On this basis a tentative
formula was assigned for this pigment and the
following reaction scheme was formulated.

This synthetic pigment (X1V) was found to have
the same properties as described for theaflavin by
Roberts. It was identical with the ecthyl acetate
soluble fraction of black tealf, It was also
observed that most of the theaflavin pigment in
black tea was present as the gallate ester. On its
treatment with the mould Aspergillus niger which
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hydrolysed the gallate group only one product was
obtained which was fmmd to be identical with the
synthetic pigment. he presence of theaflavin

H{]HC{:}&

o

OH Tea pa 1:1‘;.::-
(I‘ 0 "”’
O

OH (xiv)

gallate in black tea has also been proved by its
formation in the oxidation of a mixture of epigallo-
catechin gallate and epicatechin. The structure is
further supported by the close resemblance of the
UV and IR spectra of theaflavin with a substance
called ‘categallin’ (XVII) produced by the oxidative
coupling of epigallocatechin and catechol.

Configuration of the Flavan Uniis of Theaflavin.—
The structure of theaflavin has been supported by
NMR and mass spectrometric datal®, From the
NMR spectra of theaflavin, (4 ) catechin and (—)
epicatechin and the relative position and splitting
pattern of 2 and 2” proton signals in theaflavin
it was suggested that the pyran rings of thea-
flavin have the epicatechin stereochemistry. Later
Brown et af. provided a more conclusive evidence
for the proposed constitution of theaflavin=". They
suggested a configurational formula (XVHla) dif-
ferent from the one suggested earher (XVI) which
was based on the assumption that the formation
of theaflavin takes place with the preservation of
absolute configuration at the chiral centre in the
precursors. But in view of the possible epimerisa-
tion at C-2 of the catechin series. the consequences
of this change during the formation of theaflavin
from (—) epicatechin and (—) epigallocatechin was
also considered, The benzylic protons at positions
2 and 2” appeared as singlets in the NMR spectrum
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of theaflavin.  This behaviour required axial-
equatorial orientation (between C,—H and C,-H
and C.” and C,"-H)} resulting from cis-stereo-

chemustry.
wl .
;k:Ijﬂuj an
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" S
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ldentification of New Members of the Theaflvin
Group.—Recently Ollis and his co-workers have
reported the Isolation and structure determination
of the galloyl esters of theaflavin (XVII b),
(XVII ¢) and (XVIH d) by spectroscopic methods?!.
They confirmed their structures by synthesis starting
from theaflavin heptamethyl e¢ther and trimethyl
galloyl chloride. As it was considered that the
enzyme catalysed oxidative couplings may not be
specific, a search for the i1somers of theaflavin was
made and actually an isomer named 1sotheaflavin
( XVIII &) was isolated. Since the chromatographic
behaviour of isotheaflavin was similar to that of
theaflavin gallates, the i1so-compound could not pos-
sibly be 1dentified earlier. The IR and UV spectra
of theaflavin and isotheaflavin were very similar
but NMR spectra showed some significant differences.
The mass spectral fragmentations of theafiavin and
that of isotheaflavin heptamethyl cther were similar
thereby indicating that isotheaflavin is a diastereo-
isomer of theaflavin. It was considered to be the
condensation product of ( — ) epicatechin and
{ +) gallocatechin. From a study of the coupling
pattern of the two sets of 4 protons H2, H3, H4, H4*
associated with the cings of flavan-3-ol the struc-
ture of isotheaflavin was arrived at?2. Recently
there is another report of the isolation and charac-
terisatton of apother isomer of theaflavin
(XVI1f}) by spectral data and also by synthesis23d2
It was shown to be formed by the condensation
of (—) epigallocatechin and () catechin,

Y xvnre HO

(XYt
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Three more components have been isolated in
pure form and named ‘theaflavic acid® (XIX) and
‘epitheaflavic acid® (XX a) and epitheaflavic acid-3’-
gallate (XX b). These pigments have been identi-
fied as the condensation products of (4 ) catechan
and gallic acid, (—) epicatechin and gallic acd
and (—) epicatechin gallate and gallic acid
respectively. The structures have been confirmed
by spectral data and also by synthesis2d-23¢,

[xx)

b} R - Goltoyi

Theaflavin  formation involves an enzyme
catalysed process during the {fermentation pro-
cess of black tea manufacture. Its novel C,q
structure is derived by oxidative coupling of C,;
flavonoid precursors and <¢an be regarded as a
new variant of the Cg,-structures characteristic of
the biflavonoids and the dimeric proanthocyanidins.

ParT TV. THE CONSTITUTION OF THEARUBIGINS

Earlier Proposals for the Structure of Thearubigins.
—The thearubigins constitute about 10-20% by
weight of black tea?. They have been examined in
several laboratories, but there was no agreement
about the class of natural products to which they
belonged. Roberts suggested that the acidity of
thearubigins could be due to the presence of carbo-
xyl groups. He considered the thearubigins to be

the oxidation products of theaflavins and envisaged
the destruction of the benzene nucleus thereby
leaving behind the tropolone part in the process.
He proposed this in analogy with the oxidation of
purpurogallin (XXI a¢) and purpurogallin carboxylic

R b OH
O
a) RaH a) R=H
O o
[xxt)

H H

by R:- COOMH C\\

& RCOOH
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acid (XXI b)) to yvield 2-carboxy and 2, 6-dicarboxy
derivatives of 4-hydroxy-3-keto-cycloheptatrienyl
acetic acid (XXIIa) and (XXIId») respectively.
On these considerations the following structure
(XXTIII) was proposed.

Using aqueous ethanol (80% ) for extraction,
Vutz and Brandenberger concluded that thearubigins
are partly composed of substances related to humic
acids. They also indicated the presence of nitrogen
in the thearubigins to the extent of 0-55% which
could not be accounted for by cafieine alone.
The identification of fourteen amino acids obtained
by acid hydrolysis of thearubigins was also recorded
leadng to the suggestion that the o-quinones formed
out of 3, #-dihydroxy and 3%, 4, 3-trihydroxy-
flavone derivatives being reactive condensed with
amimo: acids or proteins yielding humic acid-like
substances.  Wickremassinghe has described in-
vestigations at the Tea Research Institute, Ceylon,
regarding an association of the thearubigins with
chebulinic acid, corillagin and glucogallin which
have been earlier obtamned from tannins. Millin
and Rustidge have referred to thearubigins as a
complex mixture of predominantly acidic substances
varying 1in molecular weight in the range 700-
40,000 or more. They also expressed the view
that the thearubigins may be produced by the
interaction of o-quinones with the components of
the leaf other than polyphenols but no further
evidence was presented by them regarding their

chemical nature2+,
Recent Developments on the Structure of
Thearubigins.—Subsequently Ollis and co-workers

have examined thearubigins using Roberts’ isolation
methods2+25, The nitrogen associated with these
fractions has been shown to be present as caffeine
and the cafteine could be removed either by direct
extraction with chloroform of each fraction or by
prior extraction of the tea liquor with chloroform.

Successive extraction of an aqueous extract of
black tea was made with chloroform, ethyl acetate
and n-butanol. The chloroform extract vielded
mainly caffeine. The other two extracts were
purified by dissolving the residue in acetone and
precipitating with chloroform, dissolving the preci-
pitate in acetone and precipitating with ether and
finally dissolving the precipitate in methanol and
precipitating with ether. Five main fractions could
be obtained and they showed similar behaviour.
The chemical and chromatographic behaviour of
these five fractions suggested that their constituents
belonged to one general structural type; hence
instead of further separating each mixture, selective
degradative experiments were carried out on each
one of the five fractions. The following reactiony

4
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and observations gave the clue for the understand-
ing of the nature of thearubigins.

(i) Hydrolysis with 0-035 N HCI in anhydrous
isopropanol yielded c¢yanidin (V a), delphinidin
(¥ b) and their isopropyl derivatives. They were
identified chromatographically by comparison of
their R, wvalues in various solvent systems.

(ii) Treatment In aqueous ethanol with sulphur
dioxide yielded (<) catechin, (—) epicatechin,
(—) epicatechin  gallate, {(-+4) gallocatechin and
(—) epigallocatechin gallate but not all of these
were 1solated from each thearubigin fraction.

(iii) The presence of gallate esters was also
confirmed by the isolation of gallic acid on acid
hydrolysis of thearubigins.

{(iv) The IR spectra of the methyl ethers of

thearubigins indicated the presence of alcoholic
hydroxyl  groups. The methyl ethers could
be acetylated. These results suggested the

presence of phenolic and alcoholic hydroxyl groups
in thearubigins.
(v) Colour and spectral data of the thearubigins

suggested the presence of o-quinonoid residues.
This was evidenced by reduction with sodium
dithiomite. It was inferred that two types of

o-quinonoid residues associated with rmg B of the
flavanoid units (XX1V) and (XXVI)} could be

visualized and the acidity of the thearubigins could
be explained satisfactorily as due to the presence
orthoguinone

of hydroxy residues (XXV) and

(XXVII).

n*l . - r.'_i =

proantho-

polynieric
cyanidins i1s well known and the chemistry of these

The wide occurrence of

compounds has been well studied=4.
structures of proanthocyamdins are  given  below.
Some of them have catechin units. The results
obtained in the above experiments coupled with
the properties of these tvpes of compounds known
carlier have led Ollis and hts co-workers to sug-
pest that  thearubigins  belong to proanthocyanidia
class of compounds.

The Possible Linkaves  in Thearubigins.-—The
isolation of two types of products from the reduvtive

Some typical
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hyvdrolysis. that s, the catechins and the sulphur
containing compounds which yield cyanidin  and
Jelphinidin on acidic treatment indicales a muni-
mum of two types of bonding in the polymeric
proanthocvansdin structure. By bond  cleavage
rcactions at 4 position of the flavanoid residues
sulphur-containing compounds could arise whereas
catechins could be envisaged to arise 1n the reduc-
tive hydrolysis from flavonoid residues which are
not bonded vig position 4. However the indi-
vidual polymeric entities have not been isolated ;
hence the evidence for the interflavonyl linkages

is only circumstantial.
v H OH

e

HO LS -:{L HO L. D ’_{—\?—— CH
> ‘vT—-| . - L1 Tr"'* T ™ /
L&}JL i N ::-\!H . N

Some compounds of the thearubigins type are
not extracted from aqueous solution by organic
solvents. They are considered to be substances of
polyphenol protein type in which the polyhenot
concerned I1s a polymeric proanthocyanidin.

Recently Sanderson and co-workers studied {he
onidation of (—) epicatechin and 1its gallate
separately with gallic acid and  obtained
epitheaflavic acid (XX a) and 3-galloylepitheaflavic
acid (XX b). They also observed that the presence
of (—) epicatechin helped the transformation of
epitheaflavic acid into thearubigins. These results
possibly give clues for the formation of thearubigins
in black tea.

PART V. METABOLISM OF FLAVANOLS OF TEA PLANT

Among the polyphenolic constituents of tea leaf,
six flavanols are found to form a substantial pro-
portion of the total polyphenol content. The
earlier work on the estimation of these compounds
at various growth stages indicate the graduval lower-
ing of catechin content (measured by the Lowenthal
method) during the developmeéent of leaves. Fur-

Recent Advances in the Chemistry of Tea

" Current
Science
thermare the influence of seasonal changes on
the increase of catechin content, e.g., from spring
lo mid-summer have been observed. This study
indicated a considerable variation of individual
flavanol content such as the greater predominance
of galloyl products in the vounger parts of shoots
and during mid-summer. These results have been
supported by the work of Nakagawa and Torii2s.
In general, younger shoots were rich in catechin
gallates and poor in free catechins as compared
to more developed ones. Stems were distinctly
poor in flavanols except (--) epicatechin. The
samples of the second or third season (in mid-
sumimer) contained more flavanoils than those of
the first (in spring), gallates especially accumaulat-
ing i mid-sumimer.

The earlier work on the variation in catechin
content has generally found a gradual decrease
with leaf growth. This fall is actually due to the
variation in the relative proportion of flavanols in
this investigation. Methods usually employed for
determining total (catechin) content, such as
Lowenthal’s method, estimate the number of pyro-
gallol groups in the molecule. Therefore a
decrease in the proportion of galloyl flavanols
causes a consequent lowering of the total catechin
valve. By comparing the values of galloyl and
total flavanols determined by paper chromato-
graphic and Lowenthal methods, it can be seen that
the values of tannins in leaves correspond appro-
ximately to those of galloyl flavanols.

Further it was found that there were increases
of (<) catechin, (4 ) gallocatechin and certaim
flavanols during the development of leaves. Hence
it may be concluded that the most characteristic
figures of variation with growth are the decrease
of catechin gallates and the increase of catechins
s0 long as the shoot i1s developing or the leaf is
expanding.

ParT VI, PHARMACOLOGICAL PROPERTIES OF

BiaCk TEA POLYPHENOLS

Among the numerous types of compounds that
come under the category of polyphenols the
flavonoids have attracted the attention for over
three decades as Vitamin P components which are
capable of keeping the blood capillaries efficiently
functioning. Many of them are used clinically.
A more recent development is the imyportance of
the size of the polyphenol. Bifiavonoids have been
found to have specially useful properties??. Since
theaflavins and thearubigins conld be considered as
the structural variants of biflavonoids we carried
out the pharmacological assays and found that
they have pronounced bradykinin antagonism and
anti-spastnogenic action against prostaglandinsse,
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STRAIN SELECTION IN CITRIC ACID FERMENTATION?*-A REVIEW
ARATI DAS##
Department of Botany, University of Calcutta, Calcutta, India

NUMBER of organic acids are produced by

moulds and bacteria through the process of
fermentation, and citric acid is one of the most
important metabolic products now produced com-
mercially by fermentation with specific moulds,
mostly strains of Aspergillus niger.

Wehmer?? was the first to report that citric acid
was produced from sugar through fermentation by
moulds named by him as Citromyces pfefferians and
C. glaber. Later, many other fungi have been found

* The sarvey of the literature pertaining to this review
was concluded in December, 1071.

# Address for postal correspondence: 135, Regent

Estate, Calcutta-32, India.

to ferment sugar to produce citric acid, but today
some strains of Aspergilius niger are used for com-
mercial production of citric acid in many countries
and the problem has been attacked from diverse
angles by various investigators. The present paper
is intended to report the several techniques adopted
by various investigators to improve the yield of
citric acid in the laboratory.

When one is to improve the yield of a product
elaborated by a microorganism. two general pathways
are open : (a) improvement of the parent strain
and (b)) itmprovement of the enviropmental con-
dition. That means. an organism capable of
synthesizing more of the compound in question is
of prime impoctance, which should then be studied



