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PFPOREWARD

leather industry hes at its disposal a large number of organioc
tanning materdals of which the natural tannins form the major part.
The vegetable tanning proceass is of' ancient origin in which the animal
skin or hide is treated with 3olution€$ggetabla tannin extracts to
give a asclid compact leather. The tannins are polyphenolic substances
giving colloidal solutions and having an average molecular weight in
the range of 500 - 3,000,

Thejreact with collagen through hydrogen bonding, although other
mechanisms, such as dipole-dipole interactlon are not ruled ocut. A
study involving the chemistry of the most popular and potential
indigenous vegetable tanning material has been taken up for a better
understanding, The studies form the subject matter of the present
thesis,

The thesis desls with the studies on the chenistry of vegetab;e

'tannins-polyphenolic constituents of bagaruwa pods,
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CHAPTER 4

+

STUDIES ON 'HE POLYPHENOLIC CONSTITUENTS OF AN INDIGENQUS VEGETABLE
TANNNG WATERIAL ~ BAGARUWA TODS - ACAGIA NILOTICL VARIEGY LDANGONTI

INTRODUCTICN

The word "Tannin”, often referred to as "Tannins", relates to

a particular group of substances of vegetable origin , The term
"Tamnin" was first introduced by Sef;uin1 to indicate various plant -
extracts whioch have the capacity to convert hides and skins into
leather: only substances having this property are termed "Tannins”,
This property was noticed by human beings as far back as 10,000 B.C.2

' Barly men used the tanned sninel skins for clothing, foot wear,
hérﬁesa for enimals, etc. Then they started equipping their armies
with shields, and helmets made out of leather.5 The twrin EBgyptologist,
C. Schiaperelli found the garad pods, collected from jars at Gelels,
to oontain as much tannins as in fresh pods.1+ These pods are
recorded to be the remeins of an Egyptian tannery. Ieather articles
have alsc been identified from Bgyptian tombs dating around 5000 B.C,
One can also find the mention of tenncries in fthens by Homer,
Pliny end other writers. The Groeks are said to have learned the
use of Acacia pods from the Egyptians.5 Oak bark was traditionally
and extensively used by the British during olden days. This was,
however, replaced gradually with imported Valonea, Myrobalan, Sumeo,
and later with Quebracho and Vattle, With the advent of world wars
in the 20th century, thers have been remarkable advences in the

tamning industry, mainly in the development of tannin extracts,

Lo 1 -



and the modification of tannins to suit the desired needs.

The tannins are widely distributed in nature and ocour in
different parts of the plants, barks, wood, fruits, otc. A strict
chemical definition of tannins has not yet been made. In general
the name "tannins" implies: substences which contain numerous
phenclic hydroxyl groups; are of limited solubility in water in
their crystalline state, and tend to form super saturated solutions.6
It is difficult to single out any phenolic substance and a1l it
as the rospective tannin of the concerned plant. In view of this
complex nature it is generally safer to use the word "tannin extract”
to include many substances which £re responsible for the tanning
charscter., The commercial tannin extracts are usually obtained by
leaching the plant materisls with water,

The tannins are astrinrent in taste and fully acidlc in
charecter; they give coloured solutions with metallic salts; they
combine with albumin, gelatin and various alkaloids; they have a
molecular weight in the range of 500--2500.7’8 Though the leather
industry is the main agency to utilise the tannins, their use,
however, is not restricted to this industry alone, They arc also
used as ink ingredients, astringents, and mordants in the dye industry,
in the manufacture of plastics, resins and adhesives, in the
prevention of corrosion, and caustic cracking, in steam boilers;
to condition the clay suspension used in oil well drilling; in the

production of ceramics, and refractories, in the manufacture of
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cament by the wot slurry process; in mineral floatation; as anti-

virus and anti-fungal agents, and in the preservation of fish nets,

etc,

Unf'ortunately, in Nigeria, where n number of potenfial ;ouroea
.of tannins grow in abundance, knowledge about their chemistry is
sadly lacking, The leather industry whioh is the main agency to
utilize the tannins in the country, faces many proﬁlems, ohe of which
is the defeotive leathor produced by many of the indigenous tanning
meterialss In view of the increasing imporiance of tannins, a .
fundamental knowledge about thelr chemistry has bhecome necessary for
understanding and rectifying the defecta, and for better utilization
of materials. Studies have been therefore undertaken to get a first
hand knowledge of the chemistry of the commereially important

indigenous tanning material - pods of Acagia. nilctica variety

adansonii, loeally known as bagaruwa pods, This, in fact, is the
only material being used by the rurel as well ss the mechanized
tanneries for production of vegetable tanned orust leathsrs at the
present moment,

The chemistry of tannins of this material forms the subject matter
of the present thesis. On a preliminary examination, the tannins
in this material have been found to be complex mixturcs of both
hydrolysable and condensed natures Before procceding further it
would be worthwhile to briefly review our present knowledge about
the ohemistry of the vegetcble tannina.

Tannins occur throughout the greater part of the vegetable
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kingdem, and are more prevalent among the higher plants or
anglosporms, especially in certain dicotyledenous families.10
Important tannin bearing dicotyledenous femilies are: Lgﬁggjnosae,"

(e.g. wattle, burma outch) Anacardiacese, {Quebracho), Rhizophorscea

(mangrovea), Myrtaceae (eucalyptus), Polygonaceae {conaigre) and

Combrataceae (myrobalan). Monocotyledons are generally devoid of
tamnins, There are tannin bearing plants in both tropical and |
semdl tropical climates. However, the commercially important materials
like wattle, Quobrachoy myrobalans, mangrove, etc. belong to the
warmer ceountries, and there arc twice as many speoies containing
appreolable smounts of tanning within the tropics, as there are
cutaide them.7 In tanniferocus plants, though tannins are distributed
all over the plant, ranging from roots to leaves and frults, they
usually concetrate in certain portions of the plant. Txrmples
would include: bark (wattle) fruits (myrobalans) pods {tara),
leaves (sumac) beards and cups (valonea) and rocts (canaigre).

Though it is suggested that tannins play several functions
in plants, such as:

(a) protective agents (due %o their astringency)

(b) toxic agents (being phezolic)

(¢) resistance to frost in temperete zones, etc.,

the exact role played is not yet clearly underatood.7

CLASSIFICATION OF TANNINS

Plants produsc different types of phenclic substances, some

of which may contribute to the form of tannins, In approaching &
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study of the chemistry of the various tannins, it must be borne

in mind, that one is not dealing with a single substance of unique
oharacter: not even a group of compounds very closely related.

The tamnins from different plant species may not all be the same,
The procedurss for the study of tennin chemistry might be said to
have been laid by Emil F&scher11 in the early years of t»is century.
However, as Professor Haworth has aptly roemarked, "Tha spirit of
oeptimism produced by Fischer's work on Chinease gallotannins has
since died, and this study haes been considered as an untidy section
of Organic Chemistry".

Zarlier attemmts to classify the vegetable tennins, based on
their astringenoy, or such other properties, were unSucccssful.7
Howaver, Freudenberg'36 clasaification of vegetable tannins Into:
(a) hydrolysoble, and (b) condensed tannins, provides a convenient
basis for a study of the chemistry of vegetsble tannins, While the
hydrolygable tannins undergo hydrelysis with mineral acids or
enzymes, the condensed tamnins, which are nor -hydrolysoble, would
produce coloured solutions and/or precipitetes known as

"Phlcbaphenes" with same.?

HYDROLYSOBLE TANNINS

These are based on estors of phenol carboxylic acids {gallic
a0id and/or ellagic acid), or reloted substances with a central
carbohydrate core, Depending on the polyphenolic acids that are
cbtained as products of hydrolysia, these are again sub divided

into: (a) gallotannins, and (b) ellagj tannins.
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Gallotannins are those that give gallic acid and glucose on
hydrolysis:
¢sg+ (a) Chinese gellotannins (galls produced by Aphis Cinensis
on leaves of Rhus semialata)

(b) Turkish gallotannin eynips tinctoria (galls or twigs of

Quercus infectoria)
(¢) sumach gnllotannin (leaves of Rhus Coriaria) and

(d) Dhawa gallotannin (leaves of Anogeissus jatifolia), etc,

On the other hand ellagi tannins on hydrolysis, give ellagic
acid and glucose; ex~mples of ellagi tannins would include (a)
myrobalan nuts, (terminalia chebula) (b) divi-divi pods (ceasalpinia

coriarea) etc,

Studies have been made on the hydrolysable tannins paperchromato-
graphically, usin; the solvent pair:13 (a) 6% acetic acid in the
first way, followed by (b) sec butanol-acetic acid-water (14:1:5 v/v)
in the second way., The spots are studied under ultra violet, (galloyl
and hexahydroxy diphenoyl esters absor@ or fluoresce under the
ultrs violet light, both characteristics being enhanced by fuming with
ammonia vapor), and are usually developed using the spray reagents
(a) a mixture of ferric chloride~potassium ferricyanide (b) bis-
diazotised benzidine,1h (c) Gibbs rengent15 and (d) potassium iodate
solution.1

Gallotannins: Studies on the chemistry of gallotennins started

16 1 18
with the observation of Macquer and Monnet  Scheele, 7 Kunsmuller,

9

Berthollat1 and others who isolated from plant galls the materials
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termed by Schoele "gallapfelﬁe.ure" » by Proust,"tannin" ,20 and by
other workers, "gallotannin" and "tannic acid",

The subject matter of gallotanning formed the classica]%v-
Bearches of Fisoher,m’zz Freudenborg,z'a'zh and Karrer, et a1.25
Karrer, ot al, suggested the presence of polygnlloyl chains in the
Chinese gallotannin, as they had found considerable difference in
the optical rotation of the various fraotiocns obtained by the gradual
precipitation of the tannins with aluminum hydroxide. Based on his
experimental evidsnce, 1’*‘1‘euc‘!.erﬂ:uaz:‘gz6 concluded that mwany arrangements,
varying from the p.penta-o-g-ﬁ di=galloyl gluccse (1) structure
to the extreme 1,2,3,4, tetra~c-galloyl 6~o0-m hexagalloyl glucose (1)
were possible, R i

Similar studies ocarried on Murkish gallotannin led Fischer
and Fr-emiembtarrgg;31 to sugzgest an average composition eorresponding
to ﬁ-p;enta-o-galloyl glucose, and a synthetic specimen of the lat#er
prepared from tri ortha acetyl galloyl chloride and R-glucose, with
subaequent hydrolysis, using soddwm hydroxide, exhibited many
variabilities with the natural tarnins., However, with the
identification of significant quantities of ellagic acid in Turkish
gollotannin by Fischer and Freudenbergz? and later by Karrer and
his ¢o Workers,zs the problem was again open for questions

As.fagurda sumach gallotannin Iowezg suggested its identity
with Chinese gallotannin, but Karrer, et a1,28 suggested a olcse

resemblance with Turldsh gallotannine
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glucose is unesteritied, - A3 regards the constitution of' the

30,33

acidic tara gallotannin, it was found to have the average

composition of a penta-o=galloyl (uinic acid as shown in the

structure IV,
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In view of the conflicting idezs on the pfoblem of 5a1iotannins,
and in view of the complexity of tannin extracts, esrlier work was
30,31,32,33

reinvestigated by Haworth, et al, with the aid of

recently developed techniques. These workers heve not only established
the carbohydrate core of the Chinese, Sicilian, and Staghorn sumach

and Turkish tannins, but established their structures to a large
extant,

By a study of the hydrolysis of the methylated tannins; and
then analyzing the ratiom of the 3,4=di-~o-methyl and Syl 5-tri-o-methyl
gallic acids, liberated by hydrolysis, methanoly=is of the gnllotannins
at neutral pH, and analyzing the products of methanolysis, both in
the intermediate and final stages, and estimation of gallic acid and
glucose in the tannins, together with the aid of N.M.R. and mass
spectral data, these workers have estsblished the structure of the
gallotanndns to a large extent, unravelling the sarlier anamolous
ideas, According to these workers, the structure of the tannins of
Chinese, Sicilian and Staghorn sumnch was hased on =  PBepenta—o—
grlloyl glucose core (III) to which two gallic acid units are attached
depaidically chain wise at 2-position of the glucose, The Turkish
gallotannin was shown to be a hexa galloylated glucose based upon

e tetra galloyl-glucose core in which the two hydroxyl groups of the
30,32

30,33

glucose is uneatorified. As rogards the constitution of the

acidic tara gallotannin, it was found to have the average
oomposition of a penta-ow-gnlloyl Quinic acid as shown in the

structure IV,
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Recently, Reddy, et al,jh have iaclated » gallotannin from the leaves
of Dhawa (anogeissus latifolia) which is an indigenous tanning material
of Indias From analysis and other degradation studies this gallotannin
was found to be an oota-or-nona galloylated glucose.s All the hydroyl
groups in the glucose are esterfied by gallic acid, having a dapaidios
chain containing at least 3-L galloyl groups. Other members of this

group would include Hammameli and acer tannins,

ELLAGITANIINS
The ellagi tannins are different from the gallotannins in
that they deposit, on standing, ellagic acid from their tannin
infusions, The characteristic phonomenon of the formation of bloom
on leathers is due to the deposition of ellagic acid on hydrolysis,
These produce gallic acid in addition to ellagic acid,
Knowledge about ellagi tannins has been considerably advanced by

the elaborate studies of Schmidt end his co‘narkarsss

on myaobalan
nuts and divi-divi pods. Chebulagic acid, chebulinic acid,
corillagin, glucogallin and di .galloyl glucose were isclated and
identified from the plants, Recently Schmidt36 reported the isolation
of terchebin and trd galloyl jlucose from mywobalan nuts, The
importance of the above compounds lies not only in that several of
these compounds were isolated for the first time, but also in that

it was possible to assign structures to most of them.
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Schmidt and Bernauers? isolated from algarobilla (caasalaina
brevefolia) extract, three crystelline products: brevilagin, brevirolin

sarboxylic acid and brevifolin. From Valonea (quercus valonea)

extrect Schmidt and Kcmarok38 reported the isolation of o new
dilactone which they name "Valonea-di-lactons",. Mayar39 obtained
from chestnut leaves a dehydrodigallicaeid, Jurd isolated “"Juglanin",

and ellagi tannin from walnut skin.(JuglEEEﬂregia)Lo !

Minor polyphenols of hydrolyaable tannin group

Mention may be made of the minor polyphenols in the veéatable
tannin extracts, which are less important, s¢ far as the tanning
acticn is concerned; however, they are important from the E
biogenetic point of view, These ney be present as such or tLey may

have formed as artifacts during isolation, Txamples would include

1 .
p-D-plucogellin (rirst isclated from (thym Officianalq)h !

3,6=d1~0-galloyl-D~Glucose, and B-1;3,6-Tri-O-galloyl-Dwglucose

.(both isolated from Terminalia i:*.hIsebuil.a.)h2 derivatives of hydroxy
cinnandic acids.hj |
Thus, our knowledge about hydrolysable tannins has been greatly

advanced by the brilliant researches of Schmids, Haworth and cc workers.

Biosenesis of hvdrolyseble tannins i
It may not be out of place at this stage to briefly indicate

the biogenesis of the hydrolysahle tannins. From the above review, '
it i3 clear that the hydrolysgble tannins can be assumed to be

derived from gallic acid, and or hexar hydronoxy diphenic acid,
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present as ester with & sugar molecule usually glucose and that a
probeble bio-synthetic route for the two acids is enough to understand
the formation of these tannins. It is to be noted that hexa-
hydroxy diphenic acid, being unstable, does not occur in the free
state, It is isolated as dilactone, ¢llagic acid, which is more
stables | _ | |
Using isoﬁiic feeding experiments, several workers studied
the bio synthesis of gallic aoid in plants, and the work was
reviewed by Haalam.au Haslam, Haworth and K’novu'].esilF5 proved that
5-dehydroshikimie acid was the immediate, and S~dehydre quinic
and shikimic acide were near precursors of both grllic and
protocatechulic acids, I-ha.ealar:l;"u!‘L later vnroposed that gallic acid
could be formed from 5-dehydroshikimic acid by dehydragenation.
Recently, Eenlcms concluded thet gellic acid was derived from
the meﬁabolism of phenylalanine as shown in 3cheme I, Thus it
is msaen thet more than one route operates for the formation of a
natural product, But the exact pathway is yet to be clearly

understoods

CONDENSED _TANNINS

These are commercially mere impertant than hydrolysable
!

tanrins. Tanning matordals like wattle (Acacia mearnsii),

guebracho (schionopsis loventzii) gembier (uncaria parbier), cutoh

{Acacia catechu) Hemlock (Tsusn canadensis) spruce (picea sbies)
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mangroves (rhizphorecesa spacies) avaram (cassia auriculata), ete,,

beleng to this group of tannins. !
Structurally related to flavancids, these tennins are widely
distributed in nsture and constitute a heterogeneous group,
po2aessing the common characteristic of foming scluble
"phlobaphenes" on treatment with hot, dilute mineral acid in
aqueous medium,
The C-15 akeleton (V) of the flavanoid compound is made up of
two distinet units: viz: A-ring (consisting of a C6 unit),
and the B-ring (made wp of Cg=~C3 unit), Based on the configuration
and the state of oxidation of the C3 unit in the molecule the
flavanoids are broadly classified into six major groups, namely:
(a} Chalcones
(b) aurones
(¢) flavones and flavonols
(a) flavenones and flavanonols
(e) flavanols 5
(f) isoflavones, I

In addition, the glycosides of thesa Plavonoids are alsc known,

CHALOONTS
In this class two aromatic rings are linked by an aliphetic
03 unit, as represented by (VI), The C3 unit does not participate

in forming & hetero ring as ocontrasted to other classes of flavonoids.
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AURONIZS

The awrones (VII) are the most rceently discovered eroup of
flavanolds, and are, as their name implies, essentially golden

yellow flower pigments.47

FLAVONTS /ND FLAVONOZS

Von Kostanecki and TamhorﬁB were the first to suggest the
name "flavone" to compounds having the structure {VIII), Flavonols

are 3-hydroxy flavones (IX),

FLAVANONES AlND FLAVONONOLS

Flavanones (X) differ from flavones in that the former are
saturated at oarbon atom 2 and 3. These are colorless, natural
compounds having a single center of gaymetry. The 3-hydroxy

compounds are Tlavanonols (XI).

FIAVANOLS
These are the most important class of compounds from the point

of view of vegetable tannins.49 They possess the preperty of being
transformed into amorphous polymd¢ tannins by the action of enzymes,
mineral acids, or even by merely being in aquecus solution, or
in the so0lid atate.BO Thers are mainly two such groups of
compounds in this class, namely:

(1) flavon-3ola (XII)

(2) flavon3,i~diols (XITI) with two asymetrdic

centers at atoms 2 and 3.
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!
flavonoids from the point of view of their being the precursors
4
of* condensed tanning 9 and as ducn thelr biosynthesls and visea=vis
the blosynthesis of other flavanocids has been subject of greater
importance, i
.60 .

Robinson  was the first to suggest that flavonoids, which
may be considerecd to have been derived basically from a 1,3-diaryl
propane could be formed in plants by the condensation of & C6 and
C6~C3 units. Alsc it was statedhg that the C-6 unit (ring 4) is
derived by the acetate pathway and ring B (C6-C3 unit) from the
shikimic acid pathway. Thig hypothesis was further confirmed
by the formation of Quercetin (in buck wheat, Fagopyrum tatericum
61,62,63

and ¥, esculentum, and Cyanidin.ﬁ?in red cabbage and crude

whes't, EA*gggglgggg7 using isctopic tracer studies, Hence the more
probable route for thoe bicsynthesis of flavonoids would be starting
from a cinnamic acid (or related compound), derived by the shikinio
acid pathway) with the addition of threec acetic acid units., The
basic $6-C3-C6 compound on this view could be the chalcone although
other oxidation levels of the C3 unit are not excluded, aince
avidence in other series show that a variety of aclds can add
aoetic acid units, (Scheme IX). Bascd on the concomittant
gocurrence of different closely relatcd flavonoids this similar
oxygenation pattern in the A and P rings, many theories have been
put forward favoring the sequential formetion of flavonoids from a

67,68
single precursor like chalocone, 8
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More recently,working on wattle tannins, Raux69’70’71
isolated & number of related compounds like fisetinidol fustin,
fisetin, from the heart wood of wattle. Based on this he proposed
an entirely different ideca of flavonoid biosynthesis, According
to him, a flavan 3,4=dicl is first formed, followed by its
conversion to other flavonoids by a combination of reducticn.
and dehydrogenation. {(Scheme III).
49,66

Thus, there seems to be saveral, opinions rogarding the

biosynthesis of flavonocids, However, it appears that to understand

more claarly,mora experimental evidenco using enzymatic trscer,

technigues, etc,, is necded,

FORWTION OF FLAVONOID PANNINS

Bate Smith?2 identified the presence of leucocyanidins in a
number of dicotyledencus plants by applying phlobaphene test and
corcluded that the ved color produced was due to the generation
of anthocyanidins from leucocenthocyani(dd jns present in these
extracts. The presence of leuco anthocyesnadins in euoalyptus,

o noticed

mangrove, wattle, etc. was noticed by Hillis.75 {illis
that synthetic wonomeric flavan 3,4~diols yielded anthocyanidins
under a set of conditions as they were obtained from encalyptus
wood and bark extracts and he concluded that eucalyptus leuco
anthocyanidins are flavan 3,h=di¥ls and precursors of condensed
tamnins, Howover, Hillis made no attempt to distinguish between

monomeric and poiymeric levco anthocyanidins., The isolation of

a novel type of flavan 3,k-dlol, melacacidin from the heart wood
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of wattles led King and co—woxﬂmra75 to conclude that phlobatannins,
were flavan 3,4-diols. Their statements were incorrect since they
ignored the polymeric mature of condensed tannins, some of which

do not yield anthocyonfling upon boiling with acid,

Reux and co-workera76 on their studies on black wattle tannins
have been able to differentiate between monomeric and polymeriec
leueo anthocyanidins, Tn the low molecular weight fractions,
they isolated and characterized a number of compounds like robine-
tinidol, leucorobinetinidin and mollibacacidini, gallocatechin,

" catechin, ete, They also carried out the quantitative msasurement
of the generated robinetinidin from the high molesular weight
fraction of wattle and concluded that the structure of pelymerio
oondensed tannin present in these extracts are besed on polymers of
both fisetinidin and robinetinidin. From oak bark extractives,

Hathway77

, Mayer and Bauni?B reported the isclation of leuco
Qelphinidin and a number of catechins. H&thwayTg suggested

that gambicr and acacis catechu tannine may be formed by |

i
aerobic oxidation of catechin pracursord. E

The significant role of flavan 3,4~diol in the produbtion of
condensed tannin is recognised to a greater extent by the isclation
of a number of lecucoanthocyanidins in a number of tannin bearing
plants, like eucalyptus,go quan'mr-r-tcm::o,8‘i babu1,82 avaram,a5 eto,.

Thus, a review of all work reported up to date definitely

proves that a large majority of condensed tannins sre eszentially
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derived through the polymwerisation of flavan 3-4~diols and flavan
8l

3-0ls. ZFreudenberg = pointed out that it would be mere appropriate

to neme condansed tamningas "{lavencid sannins” sinoce they are

meinly derived from flavanoid compounds.

Structure of condensed {flavonoid) tannins: Irom the sbove review

though it is clear that condensed tannins are primarily derived
through the polymerization of flavan 3-ols and flavan 3,4~diols,
the structure of these polymers (i.e. the mode of linkage betweeon
the flavanoid units) is yet to be understood fully. There are
three theories viz: {a) condensation by acid as suggested by the

~ Heidelberg school; (b) ensymic condensation through quinone
polymerization mechardsm as proposed by Hathway;85 (¢) unspecified
mechanism to give polymers with ether linkage which has been

advoanced in the work of King, Roux, Hergert and others,

&) TANNTH FORMATION BY #CID CONDENSATION
87

Freudeﬂberg,86 Yeyer  and Sehmi&tas maintained that.the
catechin tannins are formed in nature, just as in the laboratory,
Yy the post mortem action of acid on caicohinse They proposed two
mechand sma for the polymerization process. In one of these, the
basic structure mey roact as a pair of tautameric diphenyl propanes
to form a polymer. In the second mechandsm the molecule reacts

bifunctionally in the presence of hydrochloric acid and condenses

tc form a dimer capable of further polymerization.



In the case of flavan 3,4-digls, it was FPound that the r;te
of polymerization is greater than the catechina. The greater |
reectivity of the 3,i-diocls in the condensation reaction lead £o
the supposition that $he 4-hydroxyl group of the leuse anthooyanadins
participltates directly in the resotion. It is the hydroxyl group
of a p-hylroxybenzyl alcchol and as such is extremely reactive,
Obvious conjecture is that this hydroxyl greup would recact readily
with the loss of water between the 4~position of cne molecule and
the 6 and 8 positions of a second, Such a probsble condensstion
product for leueoanthocyanidin mey be represented as shown in (xv)

In criticism of this hypothesis, it has been ncinted outB9

that
the acid catalysed resction suggested by Frendenberg requires a
low pH (£ 2) and high temperature ( % 50°C,)., Both the in vivo
and extract pH are rarely lower than 4, and elevated temperatures
are not encountered in vivo. .
However, the earlior findings of Freudenberg were furthe;
confirmed by Weingesgo who suggests that the majority of flavaneid
tannins that occur in tanning woods very probably originate by
acid catalysed intermolecular condensation of catechins and leuco
anthocyanadins without the participation of engymes. The
mechaniom for the formation of flavanoid tanning conalsts of
a primary polymerization step and a secondary condemsation with
the elimination of water as represented by (XVI). It cannot be

decided whether the dehydration step oceurs after the addition of

each new molecule of catechin to the growing tannin. For this
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reason the constitution of flavanoid tannins is represented by

e combination of the formulae shown in (XVII),

{(b) ENZYMIC CONDENSATION

Hathway and co~workers studied85’9

! the autooxidative and
engymio polymerisatidn of flaven-3~ols and 3,4-diols, and as

- & result suggested a quinone polymerization mechanism as an
alternative to Freudenberg's hypothesis. They proposed the
following structure (XVIII) to the catechin polymer. The
presence of c-c linkage in the Z-position was subsequently
oonfirmed92 by the isclation of small amounts of m=hemiphinic acid
by the oxidation experiments on the methylated product of the

- polymers,

There are certain valid criticisms about this hypofhesis.

uinones show n strong carbonyl stretching band at 1650-1685 en~1

| in their infrared spectra, a band that is lacking in the infrared
spectra of naturally occurring condensed tennins tested to date.

Nor are the ultra violet spectra of most condensed tannins typicel

of quinones.93

(&) UNSPECIFIED MTCHANISY

In the third general structurel theory, the linking of
flavanols or other phenols through ether linkagos has been proposecd.
Kirby and White,ah exapined the untrs violet spectra of acetate

derivetives of gquebracho tannin fractions and concluded that
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approximately one half of the oxygen atoms were occupied in the

ether linkages, In his recent worik Rouxs5

has suggested that

the mode of condensation is such that the flavans-3, 4-diol
structure remain intact, Tither links between flavanoid units
through the 4-position of leuco anthocyanidins to the 6 or 8
position of some other or similar flavanoid nucleii were consi-
dered to be a likely mode of linkage, It is reasonsble to assume
that more experimental evidence will have to be brought forward
before any mechanism can be accepted as generally applicable to

biosynthesis of condensed tannins,

Stilbenecs
Stilbenes belong to the group of compounds which exhibit
an intense blue florescence under ultra violet light, The
hydroxy stilbenes of plants are gaining importance because of
their fungicidal and fungistatic prOperties¢96 Their effect on
pulping under acid oonditions,97 cause oolouration in pulps, etc.98
Grasman and other399 have observed that the tannins of spruce
bark (picea abies) are made up of the polymerization products of
piceatonol (3.4.3', 5' tetra hydroxy stilbenes) which occurs in
the free state or as glycoside, Later hydrogenized stilbenes have

100
been isolated from the tannin bearing plants like eucalyptus wandoo,

101
and cassia mrrginatas  me glose metmbolio relationship of hydrogenized

102
stilbenes with the condensed tanuins was first suggested by Frdtman
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and corroborated by later workers.#O} FPurther it was indicated

that in both groups one aromatic ring is derived via the acetate

pathway, and the other from the shilcimic .mid.JIOLF

Present YWork

It 4is seen, {rom the above survey that detailed stedtes on the
nature of polyphenclic constituents nresent in various tanniﬁg
materials of commercial importance are nvailable in various
parts o the world, This knowledge, apart from giving insight
inte the formation of tannins and the tamniferous besring plants
c¢ould be useful from another angle alaso, viz: with regard to
tannage machanism, For it would be then poasible to picture the
chemical entities taking part in the interactiona involved in

vegetable tanning and to have a better understending of the I
process of vegetable tannmage; also the various post tanning
changes cccuring on and in leather can be properly understood.

Nigerie is wich in flore and since tannins ocour in many
plants, it would not be surprising if tho country has resources
untapped yot. The only tanning material being uscd by the

industry at present is the pods of acacia nilotica wvarlety

adansonii, popularly ¥nowm as bagaruwe pods » 4 recent survey;
of the various indigenous tanning materials available in the
vafioua perts of the country has, however, revealed that apart
from begaruwe pods which is the most potentlal and mopularly

used tanning material, other species containing sufficlent tannina

.
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(though comparatively less tannins) are availsble and eould be
exploited for use in the leather industry. No chemical studies,
even on bagaruwa pods, the most potential tanning material, have
been made so far. A complete knewledge of the various polyphenolic
constituents present in this material is not availeble. This
knowledge, as earlier pointed out, could be very useful for a
better understanding of the properties of this materdial, and
therefore a better utilisation of the material. Therefore, in
the present work studies have been carried out on this indigenocus
tanring material - bagaruwa pods, A systematic apprusch to the
stuty of tannin extracts could involve the following steps:

(a) 2tudy of the occurence and distribution of tannins in the
verious parts of the pod.

(b) separation of the tannin extracts inte various fractions by
extraotion with suitable solvents. :

{(c) isolation and idontification of polyphenolic components in
the various fractions, and

(d} 4isolation and identification of intermcdiate and degradation
products of the tannin compound.

{e) tanning chracteristics of the various fractions extracted

with solvents in ocomparision with agueous extracts.

Aczcia nilotica varicty adanéonii

05

Exoept for tan, non=tan content of this materia11 there is

no other systematic work carried out with the same. A complete
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exanination of the material for fannin, non~tannin, acid/bélts,
sugar, ete., has bheen initially carried out.

Extracts of the pods have been prepared and analysed for their
tannin contents, as well as their leather making properties. The
extracts have been analysed for the difforent components present
in them., Gallic acid, protocatechuic acid and leuco oyanidin
and glucose have becn isolated and/or identif'ied from the pods,

The presence of bhoth gallic acid and leucocyanidin in the
peds is oxtremely interesting. That the components coaracteristic
of both the hydrolysable and condensed are present in the peds
indicating that thc good leather malcing characteristics could be
explained by the presencc of both these in the bagaruwa pods. It
also throws light on the probable biogenetic path of the formation
of the tannins as well aaz the struecture of the tannin preseont in

the pods,
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BOTANIC/ L FTi# TURES

(2) Classification: The biological olassifiontion © of e tree

under study is as followus:

Division: Spermatophyta
Sub-division: Angiosperm
Class: Disotyledon
Family: Leguminosce
Sub-family: Mimosoiderse
Cenus: fecacin
Species: niloticn

Voariety: Ldcnsonil



- 29 -

(b} local names: In Nigeria, acmoia nilotica (adansonii) has
been given different names by different tribes. The following arc

a few ol tham:

Hausn ! Bogaruwa (or Gabaruwa)
Yorubai Bonii

Kenuri s Kangar

Fulani Gabai

Aretic: - Sunt-garad.

(u) E@Mﬂg&lnw Acacia nilotica is said to heve furnished a
veluable wood exported from ancient Egypt and used for house~beanms,
furniture, panelling, statues, implement handles, ete. It was
regarded as lmpermeable and incorruptible, and was speecislly used
in the construction of boasts from times of remote antigquity.

This tree was anlso the originel source of gum-arabic before
the latter's detoction in acacia scnegal. The leaves, boiled,
with addition of a small piece of tamarind pod, are used as a
cure for a disease of the eye which causes the lashes to fall ocut.

The sap of the leaves and cspeeclally of the young fruits,
being rieh in tannin, yield an astringont extract which was long
ago exported from Tgypt under the name acecia vera, and had much

the same reputation as Indian cutoch.

Silvicultural Features of Acacia nilotica - variety adangonii:

Silviculture108 is the art of applying the knowledge of the
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requirements of different trees, in tending and regenerating
existing woods or in rearing fresh wood-land crops., In this study
it is the requirements, climatic or othorwise, nceded for a

healthy acacia nilotica (adansonii) that will be considered,

(a) ﬁa_l;_@_t_a-g:“og This tree, like other acacias, is found in abundance
in the Sudan Savannah and Northern Guinca Savannah Zones, In these
zones the average annual rainfall falls between 25 and 30 inches.
Bauchi area from where the pods used for this study were collected
falls inside Northorn Guinea Savannah, near the border with the
Suden Savannah zones, In this area, as in other areas in the twu
zones involved, the variation in temperature is not excessively
sreat thoughout the year., The temperature vary from as much as
a maximum of 95°C. (March-April) to a minimum of 48°F, (during the
month of January).

The soi15110 in the area under study have low content of
organic matter because the latter is continually destroyed during
the annual bush-fire, It is in this area that we have great
accumulation of salts in the upper layers of the soil leading to
alkaline reaction because the rate of evapo-transpiration always
exceed the amount of rainfall, The tree does well without much
phosphorus or nitrogen since the soils in the savannah generally
are doficient in these minerals,

09

The tree abounds1 very well in areas clothed with loamy

or sandy soils, The seed germinates freely in low lying country
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liable to submergence by rains or floods and the tree flourishes :
in such situaticns,

The tree is very frequent around towns where it is utilised
for tho tanning propertics of its pods. It varies largely in size,
reaching ¥o a height of about 50 feet in some cases. The average
height, however, is about 30 fect. It could be up to & feet in
girth with erown which may very from umbrclla shape to high rounded.
It may be found occuring gregariously in olumps or small forests,
growing densely, with the crowns meeting overhead. It flowers
during the period of November to March and fruits during December
to June., Thus it can be acon that flowering and fruiting spread

over periods of time which overlap cach cthers

(e) Morphological features: With its fairly black stem and branches,

" bluish green foliage, and graceful, symetrical form, it is

readily distinguished from other dcacia species.10

The BARK is dark, almost black, mith long stringy ridges
and narrow longitudinal fissures, The branchlets sre dark
reddish brown, covered with very short soft heirs, £ clesr yellow
gum exudes from the slash whichhs a pale pink colour, The slash
is red brown and blackish in streaks.l ' _ .

The THORNS are in pairs on the branchiets and twigé.
They can be up to 3 inches long amd projecting at a very wide
angle to cach other on the older wood, They are slender, taperdng

to s sharp point, quitec short, greyish, st narrow angle end sometimes
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even curved on the brachlets,

The WOOD is R deep red brown with almost purple bands,
The sapwood is yollow, In transverse section, the colour is
darkast, the rings show as dark, ill-defined bands, the pores
are small, fow and scattered about between the fine straight rays
which are visible against the dark ground of the hard tissue,
There are many double and nested pores and zones with very few
pores. The contents nearly close thems In vertical secction, the
grain is twisted, there are dark bounds and the pores have black
contents, The wood is very hard to saw and plana. The grain picks
up hadly in places, | _ K
The LEAVES are often densely but finely hairy; with a2 common staik
1,5 to 3 inches long; 3 to 6 pailrs of pinnae up to 3 inches long;
usually 15 to 20 pairs of leaflets up to 0,2 inch long; narrow,
with parallel mergins, rounded at the apex and with a central
midrib, closely crowded, They are dark bluish green with grey
bloom and soft textures Figure i

The FLOWERS are bright yellow, in arillary hoads, about 0.5
ineh across on the stalks, about one inch long covered with very
short hairs and with a vhorl of minute bracts half way up.

The FR7'II8 arc flat, straight @r sickle-shaped, 4 to 6
inches long by about 0.75 inch troad with a thick wavy margine Fig,ii
They are sometimes fairly deeply, but usually irregularly?

constricted between the seeds and arc densely covered with velvety,
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very short vhitish heirs; singly or in amall clusters arising from
the remains of the flower-head, Fach ped is with a stalk of
about half-inch long; containing up to 12 smooth flattencd, shiny

brown socds about 0.75 inch across.
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RESULTS AND DISCUSSIONS

In the present work, studies have been carried out with a view
" to understand the neture of components present in the pods.

Semple of tho pods has been collected from Bauchi (North
Eastern State of Nigeria) and the whole pods were analysed for
their tannins, non—tans,111 moisture, insolubles, acida, salts, weok
acids end salts of weak acids, The pods, composed of grains, husk,
and secds, were then crushed and separated into the three portions,

The grains prosent in between the inner and outer pod coata
ponstitute (50.00) tannins, while the husk {(42,0%), and the
sasds (25.Q%). The Hrree portions have alsc been analysed for
their tans, non-tans, etc, ,;ontants along with the whole pods,

The poda have been crushed and extracted with acetons-water
nmixture. The residue extracted subsequently with water and the
aqueous extract was repeatedly cxtracted with ethyl acetate.

The ethyl acetate extract was fractionatod into phenclic and
carboxylic fractions. 4£11 the solvents were evaporated at low
temperature (in vecuo) in an inert atmosphere to minimise
secondary oxidative changes to a large extent. All the extracts
were exanined by two dimensional chromatography in the solvent
systems (a) 6% acetic acid in the first way followed by (b)

Sec-butancl-acetic acid~water (14:1:5) in the second waye

- 35 ~
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The phenolic nature of the components waa ascertained by

spraving with (2) ferric chloride and (b) a mixture of ferric
chloride-potassium ferricyanide; flavancid nature of the
polyvhenolics was confirmed by spraying with (¢) vanilin-ethanolic
hydrochloric acid, and (d) 1% ethanolic hydrochloric acid,
Preliminery colour reactions and paper chromatographic exsmination
of the eittracts indicated that bagaruwa tannins belong to the
mixed (hydrolyseble and condensed) group of tannins, This was
confirmed by the formaldehyde~hydrochloric acid reaction, though
it was not posaible to determine the exact pfoportion of each

type of tanains, »

Chemical analysis of the bagaruwa vods (whole) (grains, husk,

and seeds),
The vhole pods havs been analysed chemioally for tan, non-

tan, insclubles and moisture contents, following the International

112
Society of Leather Trades® Chemists {S.L.T.C.) methods,

e total aeid and salt contents have been datermined

3

and the smount of weak acids

14
and their s3alts according to the method of Atkin and Burton. b

11
according to the method of Okell

The reaulis are given in Table I
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Table I

Analysis of Bagaruwa Pods and its various Parts

—"—-—- il
=0k i % % | ots o Total [Total|Yeak s?-lta
Mate~ Non= “ | Insolu-| Colour | FH oval (COEkil 6 i

Tans ture Acids |{Salts|Acids| Venk
w.ho].a Y=1 .0
Polds 29,8 118,0 | 12,0 50,2 A ;'0 Le5 | 40 N02,0]35.0 | 55,0
. Y=10,0
Grains | 50,0 22,6 | 10,8 16.6 Re 2.0 (&3 ]40.0 110,0|38,0 | 50,0
Husk [18.0 117,5 | 12.5| se.0| B8O L5} - | -t - | -
4 R: 6.0
~ Y=10.0
Seeds 2'°Jl 6.5 | 13.5 78.0‘ Re 1.0 La.s - - - -

From the results, it can be seen that the tannin content of
the whole pods is fairly high (30.0%) and compares favourably with
other commercially important tanning meterials, such as mimosa
(Loacia mearnsii) which hes 30 - 357 tannins, and myrobalans
(Terminalia chebula) which also has 30 - 35f tannins.

It is very interesting to note that the grains present to
the extent of 33% on weight of the whole pods contain a much
higher percentage of tannins 50.0%, as high as some of the commercial
tamnin extracts. It is a unique phenomenon that a highly concentrated
tannin is produced by nature and it would be interesting to study
the biosynthesis of the formation of the same, This could be a

subject for further investigation on this material, However, since

* mg/100 gn Total Solubles
#* pesults expressed as mg-equivalents/100 gm Total Solubles,
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the whole pods are normally used for tanning in industry, all the
studies made on the polyphenolic constituents of this material
have been on the extracta of the whole pods,

Another interesting point that has been observed in the
chemical analysis of the pods is the quantitiecs and mature of
acids and salts present in the material. bMost of the acids and
salts present are in the form of weak acids and salts of weak acids
and their presence in a tanning material will have a protective
action against oxidative changes. '~

The presence of salts of weak scids in tenning materials
impart greater resistance to darkening of the colours of the
leathers tanned with such meterials, and such materials are
ideally suited for »roduction of leathers for export where they

are prone to darken during transportation to overseas countries,

Leathers tanned with bagaruwa arc more resistant to oxidative

changes due to the presence of these salts gud ®hercfore is an
excellent material for tanning vegetable :. : export.
Qualitative analysis showed it to be composed of pixcd tannins

(hydrolysable and condensed).
A brief reference may at this stage be made to other
indigenous tanning materials available in Nigeria besides
bagaruva not presently being utilised by the industry which may
at a later date be exploited for use in the tanning industry.
A few of such materials have been collected and analysed for their

tannins and non-tan contents, and the results are given in Table II.
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Table II

Comparison of its properties with those of other

commercially important tanning materials

Tanning Average |Average % .
Materdal % Tans |Non=Tans iz:zi:\;l;a ﬁ::go% Coleur | F!
oselsfUlotics | 300 | s | 468 | 8.6 | 38 |nece
adansonit Fods ' I ’ B 0.6 |
R= 2.0
Acacial nilotica _ 8.0
m 12.8 6e7 7348 67 ]é-; g:w Le3
2his T B= 547"
Lnnogeiosus $ehi- =1 4,58
waril - Leaves 19.8 13.0 58.0 9.2 ‘11;; 26:2 5
Annogelosus Sohi- | 1.6 6.0 | 70.2 28 beias like
mperii - Bark B= 0,00
A AR YR el v S ‘“*.Mk““.4 -
Acacia griabgigana % 3.4
Hausa: Fara Kaya = Lq
_: Bark o 2007 6.0 6&-.6 B.? Y- 8.1 5‘65
mainly condensed l_ _“B= E--OE -
P rosonis Q f- R= 3.5
na; Hausa: a 19,1 5¢3 6649 8.7 Y= 4,0 [4.05
= Bark Be =
™" arpus - BALD
naceus li-t"d‘r*i.czer.n . =14, 25
rosewood) Hausa: 180 %3 393 ol Y=19,0 |7*%
Madcbiya - '
Bark i
1
Lanuncularia ya= "
cemosa (white 137 9.6 61.6 1541 - -
mangrove )-Bark )
Rhizaphora he 10,0 & 13,0 - -
riscnii- (Bark #0a | %7 ’
Agacie nilotica ,; )
vargellotice-Fods | oo o 17.4 | Wk 14,0 -
Hausa: Bagaruwa
Namiji or Marje i i
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it con be seen from the teble thot apart from bagaruwa pods,
there are other indigenous tanning msterdials with sufficient amount
of tanning and oould be commercially exploited at n later date.

The pods of Aoanoia nilotica variety niloticn contein a high
percentage of tannin comparable with bagaruie pods but the pods

are not available in suffleient quantities for commercial exploitation
in view ol' the ract that this speccies is nol commenly grown in
Nigeria. So, 2s polnted out esrlier, bagaruwa is the most important
commercial tanning material in the country and studles have therefore
been carried out on the sano.

The pods were extractod with ascetone-water mixture. The
residue was taken up with water and the aqueous extract was .
filtered to free it from chlorophyll and other gummy metter, anﬁ
concentrated, The concentrated extraet, free from chlorophyll
and gummy matters wasz subsequently extracted with etlyl acetate and
evaporated to dryness, The solid obtained was subjected to two
dimensional paper chromatography. The chromatogram (Figure I)
indioated the prosence of aix well defined apots together with a
atreak of polymeriec tannins.

Threc of the spots wore identified as rsllic acid,
protocatechuic acid and leucocyanidin - from the Rf valucs and
colour of the svots when asnrayed with different roagents. N

Since tannins are not the sole constituents of the vegetable
tanning liquors some of the phenolic non-tans may be among the

wnidontifiod green spots (when sprayed with ferric cholide)s
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The tost of the fraction with gelatin salt reagent gave a
brownish precipitate indicoting the prescnce of tannins, but it
was not as copious as was obtaincd for the phenolic fraction under
similar conditon of test, indiomting that the phenolic fraction
contains higher proportion of tannins,

The test with ferric elhloride gave a greenish yellow solution,
with a tinge of viclet, This, being A characteristio test for
phenols, show that most of the acids present in the fraction may
be phenolic, Gallic and pretocatachuic acids sre, in actual fact,
eromstic polyhydroxy acids.

Further separation of zsllic scid and protoceatechuic acid
from the ether extract wes effected taking the advantage of the limited
solubility of gellic acid in icecold and cold water as compared
to orotocatechuic seid, The ether extract was washed in ice ocold
water followed by cold woter. Fhe ice water soluble portion was
. concentrated and subjected to twe dimensional chronatography,
Figure IV,

The chroanatogram on spraying with dilute ferric chloride
gave one dlatinet spot, 32353516 and feeble black aspot. OColour
reactions and Rf values indicated them to correspond to
protocatechuic acid (green spot) and gallio acid (black spot),

+ Attempts made to orystallize protocatechuic acid from the
aqueéus solution have failed as it s perhaps present in small
quantities. However, the confirmation of protocatechuic acid
was made by co~chromatography as detailed in the exverimental

procedures,
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16,1
116,117 The ether extract lef't after

Isclation of gallic scid
vashing it with cold water was crystallized from hot water at
?OOC; (charcoal) to give galiic acid neadles, m.p. and nixed
mepe 250°C. (decomposition).
' Analysis found ~ C:49.7; H:3.6
C?H6O5 requives C:49.5, Hil.5

When a solution of the erystals wns subjected to two dimensional

chhomatography, a cleer single spot was noticed. Figure V,

Methylation ~ The acid in methanol was treated with diazomethane
and the methyl derivative - methyFiri-o -methyl gellate was
obtained as fine needlos mep., and mixed m.p. 82,5°¢C, confirming
that the compound izolated was gallic acid,

Jince hydrolysable group of tannins normally contain ellagic
acid associated with gallic mcid, work has therefore heen carried
out to confirm conclusively the absence of this congtituent,
Hydrglysable group of tannins often deposit ellagic acid along
with gallic acid, Though the chrometograns of the various frac-
tions have not indicated the present of this acid, further
confirmatory work with the phenolic and carboxylic fractions, by
hydrolysis and chrometographic studies, have been carried out and
have conclusively proved the sbsence of ellagic aoid in the

various fractions.

Jtudies on the phenclic fraction - The phenclic froction was

subjected to two dimensional chromatography in solvent system
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6% acetic acid in tho first way followed by scc-butanol-acetic
scid-water (14:1:5) in the second ways Tho ohromatograms were
sprayed with (a) ferric chloride (b) mixture of ferric chloride
and potessium ferricyanide, (¢} vanilin/ethanclic hydrochloric acid.
Four spota were noticed - Figure II.

This fraction, from the paper chromatographic studieas
indicated that it 1s mado up of one lencocyanidin together with

other minor components. Catechin, etc., were absent,

Identification of Leucoqygqjdin1ﬁ8- The leuco anthocyanidin was found

to be leucocyanidin, The idontification of the compound was made
by converting it into corresponding anthocyanidin chloride by

¢
treatmont with butanlie hydrochloric ecid following the methed

11
of Bwain and Fillis 7

with subsequent unidimensional paper
chormatography in the solvent system (a) acetic acid-wster-
hydrochlorie aeid (30:10:3 v/v) and (b) 9% formic acid-3N
hydrochloric acid (4:1v/v). 'The Rf values 0.5 in (a) and 0.35
in {b) correspond with those of authentic cyanidin chlorlde run
under identicel conﬂiﬁbns. Figure Vis, Further confirmation

of the sompound was obtained by taking the Amax values

()\max 545 mu ) in the visible region of the cyenidin chloride.
The anthocyanidin present must therefore be leucocyanidin,

The sign of rotation of the leucooysnidin could not be determined

duc to its wrosence in small quantity.



- 48 -

Though the phenolic fraction did not indicate chromatogra-
phically the presence of catechin or quarcetin,120 further
confirmatory work of their absence in the material was carried
out as follows:

The pods were successively extracted with petroleum ether
and acetone, The sootone extract was further fractionated into
ether and ethyl ecetete. The sther solubles were examined for
quercetin by (a) reaction with msgnesium/hydrochloric acid
(b} chromntography and co-chromatography with authentic quercetin.

Both the above tests indicated that thore is no guercetin

confirming the original finding.

Isolation of glucosSe = The aqueous solution after the removal of

the gallic eeid in the phenolic fraction was Pound {0 contain sugars
by colour tests, It was subjected to unidimensional chromatography
along with model compounds and it was idontified to be glucose,
with the RF value of 0.23 in solvent system‘Efg-butanoluacetic
acid-water (14:1:5 v/v). Sec—Eigpuee—3,
Mtempts to isolate and prapare derivatives were not successful,
as the quantity of glucose present was in very small quantity.
From various components isolated and/or identified in the
bagaruwa tennins, gallic scid, protoeatechuic, leucocyanidin and
glucoge, the earlier observation based on colour reaction, that
it is a mixed type (condensed and hydrolysable) is thus confirmed,

Gallic acid is a typiesl component present in the hydrglysable
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class of fammins and leucocyanidin, a typiscal component usually
present in condensed tannins, The prescnce of both these in the
materdial conclusively proves that the tannins are of mixed type.

The absence of ellsgic acid further indicates that the tannins
are not ellagi tennins, However, the presence of glucose and
gollic acid indicates that the tannins may be present as gallotanning -
usually present in hydrolysable group of tannins, The presence of
leucocyanidin indicates the possibility thet part of the tammins
may be present as leucocyanidin gallates =28 well, The leucocyanidin
may perhaps be the product of degradation of leucocyanidin gallate
upont heating.

The prezcnce of both types of tannins in bagsruwa perhaps
explain its excellent leather making properties and the light colour
of the lcathers produccd. Gallic acid present in tanning materials
generally has a lightening of'fect on the ecolour of the extracts
and ultimately on the colour of the leathers produced using such an
axtract,

Tho studics on the isclation/idontification of the phenclic
samponents off the bagaruva pods and the components identifled also
throw light on the possible biogenesis of the formation of tannins
in the pods. The prescnce of gallic and protocatechulce acids
slong with glucosc indicates as earlier pointed out thai part of
the tennins belong to the hydrolysable olass and these can be assumed

as derivod from gellic acid wresent as csters with glucose. It
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oan nlso be assumed that zallic aoid might have been formed from
S-dehydro~shikimic acid by dehydrogenstion rs proposed by Haslam ar
from phenylalanine proposed by Zpnk as shown in Scheme I in the
intreduction,

The presence of leucooyanidin as pointed out earlier
indicates the presence of condensed group of tannins as well along
with the hydrolysable tannins, These may heve been derived

through the polymerization of flavan 3,L~diols and flaven 3-o0ls,

Diagram I
Constituents of Bagaruwa Pods

BAGARUWA PODS
i
Extraction with aqueous acetone followed by ethyl acctate
T
1
r
Light browm ooloured extract
)
1

: ' )
! Adjusted to pH 6.3 {Adjusted to
! and oxtracted with ypll 2.2 and
! ethyl acctate lextractaod
} twith ethyl
1 lacetate
4 o
Thenolic fraction Carboxylic Acid
H Fraction
! Hydrolysis with N HEBOL E
' or O,5N, Nall Hydrolysis
' |
: ]
~
Gallic Acid Protocatechuic Acid
Glucose Gallic Aedd

leucocyanidin Glucose
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FRACTICAL TANNING STUDIZS ON BAGARUWA EXTRACTS

121
It is reported that extracts of tanning materials prepared

out of orgenic solvents are gemsally lighter in colour and higher

in tannin content as compared to agueous extracts,

reported1 21

as compared to aqueous extracts,

It is a

1s0

Studies have therefore been

carried out with various solvent extracts prepared from bagaruwa

pods to analyse them for their tannin and non ten contents as well

as study their tanning properties with a view to see if & similar

trend is observed with this material,

Extracts with the pods using acetone, methyl dcohol, ethyl

acetate and water have been prepared and analysed {or their tannin

and non tan contents and the rosults are given in Table III,

Table III

Analysis of Bugaruwa Extracts prepared from various solvents

Sample T [ Tans | “None tans

1. Etayl acetate 82.0 10,0
extract

2. Acetone extract | 72,0 20,0

3. llethyl Alcohol |[68.C 22,0
extract

L, MAqueous extract (£5,0 25.0

- —

-5 -

that these extracts have better tanning characteristics

“Moisture| Insolubles|Colour :‘;’;1'-'.“‘"

S i Iy Ll
7.5 0.5 .1:: g LT
2.0 1.0 ;:‘g:g 50
7.5 88 1res |k

SR G 1 b
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From the results it is cobserved that the ath}l acetate extract
has the hlghest tannin content, 82% as compared t¢ agueous extract,
next in order being scetone (72%) and methyl alcohol (68%). This
confirme the earlier findings on another tanning material, myrohalans.12

Practioal tanning testa have been carried out as follows:

An airdried goetskin, after the usual liming, unhairing,
fleshing and &liming, was taken and cut into small pleces. These
pleces were tanncd with the various extracts prevared, using 16%
of tannins on pelt weight and 300% water as float. The extract
solution was added in to instalments. After complete nenetration
was obtained, the pieces were washed well, semmed, set, oiled with

groundnut oil and dried, The dried leathers were examined for their

physical properties like feel,fullness, etc., end are tebulated below:

Physiocal Characteristics

e R L A RA A A bl e b R SR R, S ST SR P I

Extract leathery character Colour

lqueous - 4*41‘45;;;£;£y but some what tiny Yellow with
brown casts
Methyl Alcohol Lrathery and full Cream yellow
Acetona Leathery and full Bright cream
Ethyl Acetate ! Ieathery and fuller Creamish white

a PE—— R SN P -

The better leather tanning properties of the sclvent extract may
perhaps be explained as follows: During the cxtrastion of the tanning
with water from the bagaruwa pods, hydrolytic and oxidation ohanges

are likely to take place resulting in the breakdown of some of the
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tennin molecules, whereas extraction with solvents, especially the
non-hydroxylic ones, hydrolytic changes are not likely to take placs
and the tannin moleculcs remain intact without breskdown during the
process of extraction. It may therefore be reasonable to assume
that the leathers produced using these solvent extracts with their
tannin molecules intact will produce fullter and better quality
Jeathers as compared to aqueous eoxtracts where the Lannin molecules

are likely to be broken down during extractions.

Summary

Studies on the chemistry-polyphenollc constituenta,
isolation/identifioation have revealed that the pods contain both
hydrolysable and condensed tannins. The followlng oomponents,
gallic acid, orotocatechule acid and leucocyanidin, have, for the
first time, been isolated/identificd in this material,

These studies explain the svecial tanning characteristics of
the pods. They also throw light on the possible biogenetic path of
the formation of the tannins which may have to be confirmed by further
detailed studies. '

The tanning studies with the solvent extracts revealed that
extracts prepared from solvents pensrally produce leathers of
better quality. This may be due to the non bresk down of the tannin
moleoules during leaching with solvents in contrast to agueous
extracts where hydrolytic changes are likely to teke place during

leaching and conver$ion into solid or spray dried extractse



CHAPTER L

EXPERTMINTAL

Preparation of samples for anslysis

Bagaruwa pods which has long been used for tanning purposes
throughout the sndan zone of North /frica were quantitatively
anglysed in sowe details in order to determine their tannin

and nen tan contents,

Very numerous gquantitative methods have been suggested but
cnly the gravimetric method,122 based on the absorption of tamninas by
hide powdar, is of serious practicsl importance, The hide powsdor
method, however, is of the nature of a laboratory tanning experiment,
and is necessarily largely empérical, requiring the stricteat
adherence to every detail of the regulation in order to obtain
concordant results. It haa nevertheless, been brought to a high
degree of perfection, and gives quantitative information of the
utmost use.

The main orop of pods were collected during the months of
December and February (the mature trees yield from 80 - 100 1bs of
these pods per tree). Since the adansonii varlety is not as heavily
constricted as some other varieties (e.g. Nilotica), the pods are
ususlly intact when collected and as such, mch cen be esaily
collected.

For this study, ripe fruits from Bauchi in the North Rastern

Statc of Nigeria, were collected {green fruits are usually collected

- Gip =
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in some other cases, but overripe fruits are known tc have tannin
content which is significantly lower than in the unripe ones) and
ench pod was thoroughly ecleaned by the use of brush to get rid of
extraneous matters. They were then crushed, using Apex grinder.

A known quantity of the resulting fine powder that would give,
A3 nearly as possible, hgm per litre of tanning matter absorbablp
by hilde powder was always taken for ertraction using Procter extractor.
Two litres of the extract of the required analyticsl strength, were
normally collected per sample,

The material was first sosked, in cold distilled water
overlying a layer of sca=-sand in the extractor, overnight (for
condensed tannins) before commencing the extraction. In the case of
hydrolysable tannins, immediate extraction was carried out at such
a uniform speed that 2 litrey of the extract werc obtained in 4 hours,

After collecting the first 150ml at room temperatura, the
temperature was raised to 5000. and the next 750ml was collected,.

The temperature was agein raised, as rapidiy as possible, to

boiling point, when the remainder (to make 2 litrea) was extracted.

A clear solution of the extract could be ensured because apart from

its passing through a fine layer of sea sand, the delivery tube ingartcd
into the sand-bed always had a wide funnel-shaped end round which

was tied 2 piece of finely woven filter cloth,

By the time the two litres of the remuired tarmmin extract
would have been cbtained, the sample must heve bveen wholly leached

of its tannins. "The last few drops of' the extract mist show no
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positive tamninz test with gelatin salt (this was the major reason
why the extraction was spread over 4 hours). The axtract used to
cool to room temperature under wunning tap, and then made up o

the mark with distilled water.

Moisture determination - 2 Gm of the finely ground materisl was

dried to ognstant teight at 98.5 - 10000. in a vacuum oven, {The
constant weight was rocorded vhen the last two welghings differ
only y’ less than 2 mga)e

Ir say, x gm. of moisture has been driven off, then the

rereentage moisture content is calculated by % X 100,

Daternination of totil 80lids - 50 M1, of the unfiltered tamnin

extract was evaporated to dryness on a water-beth and dried to

constant weight in a vecuum oven at 38,5 ~ 100%,

y = the smount of s50lids in 50cc of the extract
z = the origina) weight of test paterial (crushed) extracted
then % total solids = 2000 x y x 100

S0 x 2z

Determination of total sclubles - 50 M1, of the filtered tannin

extract was evaporated to dryness over 2 water bath and dried to
o
constant weight in a vacuum oven at 98.5 ~ 100°C,

If 2 = the amount of total solubles found to be present din

2000 x a x 100 .
50 x =

K0ce of the filtered extract, then % total solubles =
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The Insclubles - This is the difference between the percentagesfor
total solids and the total solubles. Altsrnatively, it is the
difference between percentage total solubles plus percentage moisture

and 1 00.

. 111, 12
Determination of non~tens - * ? In this dctermination it is neces-

sary to first prepare chrome tanned hide powder. 6.25 gm. of the dry
hide powder waz diluted ten times its weight with distilied water
and shaken for about one hour, 1 M1, of stock chrome alum aolution
per groamme of the dry hide powder tnken was then stirred into it
and this continmued for several hours before leaving it to
stand overnight,

The powder was trensferred to a filter cloth, allowed to drain,
and wos then sgueezed., A quantity of water, 15 times the weight
of dry powder taken, was poured on to the powder in the filter cloth,
and the mixture thoroughly stirred for 15 minutes, The cloth
containing the powder was then lifted ocut, allowed to drain, and
then squeezed to about 75% moisture content., To the powder was
added water, and again stirred as above. This procoss was repeated
three times, At the end, the powder wss squeezed again to about
795 moisture content and it was then broken up, mixed unifiormly,
before it was weighed. |

A juantity of wet chromed powder, containing 6.25 gn. of
dry hide powder was added to a suitable shake bottls containing

100 mle of the unffltered tannin extracts, The bottle was then
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violently shaken by nand for 1% segonds before it was transferved
to 5 mechenical rotobory shakey? nt an average speed of 60 r.p.m,
for 10 minutes, after which the content of the bottle was wholly
transferred on to m filter cloth supported by & funnel. Vhen

the powder had drained, it was squeezed with hand, and to the fil-
trate 1 gn, of kaolin was added.

Arter allowing the kaolin to mix thoroughly, the mixture was
Tiltered, the filirate was returned for refiltering, until the solu-
tion was clear. At this stage it was tested with gelatin-salt to
confirm whether or not the whole uf the tannins had been absorbed
by the hide powder.

50 ml. of this filtrate was then evaporatad to dryness and kept
in the vacuum oven at 98.5 - 10000. until a constant weight was
obtained,

When tae oalculation for the non—taﬁjggrried out, the residue
wedght was multiplied by a factor, 1.2, because of the dilution of
20 ml, of water introduced into the 100 ml., of tannin solution by
the wet hide powder.

If ¢ = the amount of non-ten in 50ce of the soluble fraction

000 100 x 1,2
off the extract then % non-tan = 2000 x ';Oxx - X

The tannin natter absorbed by the hide powder was the
difference between the percentages of the total solubles and non-
tzns, The percentage tannin was calculated az follows:

2000 x 100 (a = c)s
B0 x 2
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Colour measurement - This was carried out using a freshly

filtersd tannin extract. Iovibend tintomoter was used, applying
artificial light source. The test solution wns teken in 1 cm,

cell, and the result was expressed in terma of red and yellow,.

»ll determination - £s in colour messurement, the filtered tannin
sglution was employed, and the pi determined was determined by means
of the glass electrode using a pH meter, after it had been standardised,

using = buffer solution.

fcids and salts determinations - One litre of distilled woter was

boiled, to make it CQ, froo, and immediately corked up.

Acid determination -~ 100 ml, of the filtered test solution was

diluted to 200 ml., using the 002 free water,

Tais solution wns titrated with g5 NaOF until a pH of 5.8 i
reached. This was determined by the use of a pf meter, (N.B. It is
nacessary to stop the titration at a pH of 5.8 because it has been
eatablished that at this pH 21l the acids in the solutlon must have
got fully dissociatad). The volumdjglkali ased was at this stage

racorded,

Salt determinaticn -~ The cation exchanger was thoroughly washed with

——

100 ml. 002 free distilled weter. This was dene by allowing the

water to run through the exchanger for about 10 minutes,
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Another 100 ml. of the Filtered tannin soluiion was taken and
diluted to 200 ml. with 802 free woters 100 31, of this sclution
vas also run through the exchanger for another 10 minutes, followed
by 100 m1, of G0, frec water, alsc running through for 10 minutes,
to wash down all free Ty that might still be hanging on to the resin,

The combined solution ccllected was then titreted withE

5o NaOH, £ill

the pH of 5,8 was reached.

(The volume of the alkali required for this titration is
always much grester than the one for aeid determination, because the
tegt-solution has all its cations replaced by He on the resin as tho
solution passes through the column, thereby inereasing the Hs
soncentration in the solution),

The amount of salts was determined by subtracting the titration
figure obtained for acid deterination from that obiained for anlt

deternination and using the figure for ealeulation.

Determination of sugorg - To some few srammes of the ypaenelie fraction
of the ethyl acetate extract of the test-material, say 2 ym. some 30cc
of NaOH were added and heated st 70°C. for 2 hours. The lot was
allowad to cool with the help of blocks of ice, and then acidified
with dilute }Eﬁi%k. No noticeable precipitate was formed. However,

the solution was filtered. The filtrate was then repeatedly extracted
with ether and the residue was again filtered, neutralized with solid
barium chloride, and concentrated., At this polnt, the test for sugars

wss oarried out (Molisch Test) and was found to be positive end



- 61 =

further test confirmed it to be = reducing sugar, i.e. one that
contains a {potential) carbonyl group (e.g. fructosc, glucose,
lactose, cte.)}s On running s shromatogram (unidimensional) the
R value was 0.23 in.fEE-butanol—acetic acidewater (14:1:5 v/v)
salvent system (c.f. Iiterature of Q.24 ),

Sinece {he nresence of other sugars could not be ruled out they
vere quantitatively detsrmined in terms of gluoose.122 This waa done
by boiling with Fohlings solution and precipitating copper oxide
vhich can be weighed, The tannins were removed by precipitetion
uding lead ascetate golution, the sxress lead salt was removed by
precipitation with sclid potazsium exmlate and the non-reducing
sugars "inverted" with HCl acid. The sugar content was determined
from the weight of copper oxide by means of Munsen and Talker's

Pables.

Preparation of extracts = 3 kge of the clean fresh bagaruwa

pods {crushed) wewe token up in 500 ml. of water. This was allowed
to stand for one houwr at room teumpersture. 6 litres of acetone were
added to the mixture and kept at room temperature for 48 hours.
After decanting the supernant, which was distilled ‘off completely
(£20°%, N, atmosphere}, and the residue wes ngain trested with

6 litres of water and kept at 0°C. for 2 hours. The sclution

was then filtered off from the resulting gummy matter and

ohlorophylls. The filtrate was concentrated in vacuum to 200ce
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(< 40°, N, atmosphere)s It was theu repeatedly extracted with ethyl

acetote {acetic acid froe). Tie ethyl acetate was then distilled off
in vaocwo (<;A0°, K, atmosphere). The residusl extract dark brown in

solour, was dried in a vacuum oven kept at o temperature below 1,0%,

The final produet {light brown granular solids) was then kept in

e vacuun desiccator.

The solution of the extract in water was separately tested
with gelatin and iron salts when precipitates and colour
changes were observed. Another portion of the extract in ethyl
acetate was subjected to two dimensional chrometogrephy on
"hatman No.1 paper using the following solvent systems:

IT (c) &% ‘cetic fcid containing 2% Formic /fc¢id in the first
direction, followed by (d) Benzyl +lechol = Tertiary Butanol -
Isopropsnol-Water {3:1:1:1 v/v) containing 2% Formic /eid in the
second way; I (a) 6% fcetic feid in the first way, followed by
{t) sgc-butanol-acetic acid=-water (14:1:5 v/%v)} in the second way.

6 spots were noted when the chromatograms were sproyed ferric

chloride-~ferricyanide reagent. .

Characterization of the conatifuents of the phenpolic fraction -

25 gm. of theethy) acetate extract were taken 1n water (180cc)
and the pH adjusted to 6.3 by the addition of s0lid sodium
carbonate and the whole mixture was then repeatedly extracted with
ethyl acetate until the acetate layer became almost colourless,

™o conbined extracts were dried over Nazsoa and the solvent
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evaporated to dryness in vacuo (4:&00, N, atmosphere) to yield the
phenolic fraction, which on paper chromatographic analysis, revealed
the presence of loucoeyanidin, gallic acid and two unidentified spots.

Colour of the aolid extract = Bright light brown
Veight (yleld) = 16.40 g,

Characterdzation of the constituents of the carboxylic fraction - The

pi} of aqueous solution left after the removal of the phenolic fraction

was brought down to 2,2 by the addition of aqueous ortho~phosphoric
acid (50‘}@). The mixture was then extracted repestedly with ethyl
scetate and the extrocts wore combined and the ethyl oacetate distilied
of f in vacueo (4400, N2 a.tmoaphere) and the resultant so0lid metter
was the cerboxylic fraction,

Colcur of go0lid exiract - Creyish brown

Weight (vield) = 3.65 gm.

Solubility of the extract in acetone and alcohol was
determined and found to be considersble, Scme solids of the extract
was talen in water and tested with gelatin salt., & heavy pale
yellow precipitate was obteined. "hen ferris chloride solution was
added to another solution of the extract, a greenish yellow colour
with o tinge of viclet developed.

A solution of the extroct was subjeced 4o two dimensional
chromatography and spots corresponding to galiie acid and
protocatechuic acid were located. These vers later isclated and

sharacterized,



(11} Isolation and identification of individual constituents in
$he phenclic fraction

(a) “gasting for .- ellagic acid - 20 Gm, of the phenolic

fraction were dissolved in 20¢o of N‘H?&)L and heeted over water-bath
for 60 hours (hydrolysis), The dark brown asolid obtained was
separated from the $ solution by filtration, The s50lid was
taken in pyridine, warmed to dissolve any available ellagic acid and
riltered (using hot-water funnel), The resultant solution was
reduced in volume and allowed to cool to room temperature. No
erystals were formed., The volume was further reduced and cooled
under blooks of ice for many days, yet no erystals were formed.

The solution was run on two-way ehramatogravhy (6% in the first

way and seg-butanocl~acetic acid-water (14:1:5 v/¥) in the second
wayJ)e. No spot could be located on spraying with Terric chloride,

further sonfirming the absence of ellagioc acids

(b) Isolation of gallic acid - The aqueous solution left,

after the removal of the brown solid in the above experiment, waas
repeatedly extracted with ether, and the extract dried over
anhydrous NA2301+. The ether was removed by distillation and the
groyish white residue, lef't after recrystallisationfrom water,
gave gallic acid (map. and mixed m.p. 250d). When the crystals were
subjected to two-wey chromatography, the Rf values were O,47 in
aolvent system " and 0,8 in B,

Its acetyl derivative, aysteliised from & mixture of slcohol
and weter (2:1) gave a m,p. of 167°c, (c.f. literature velue of

1?000.). Tith all the above results there seemed to be no doubt
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taat gallic acid had been isoclated.

() ZIdentification of glugose - The aqueous solution after

the removal of the gnllic acid above, was neutralised with bariuc
cerbonate and filtored. Yhe filtrate was shaken with A1203 for one
hour and then filtered, The filtrate was concentrated in vrcuo,
and the tests for sugars carried out.

Molisch Test wes carried out by taking a2 few cc's of the
filtrate and adding 20% p-naphthel to it in drops, “hen concluded
H,S0, (about 1ec)} was cerefully poured down the side of the inclined
tube, a layer of red ring, chenging to violet at the interface of
the two liquid layers formed, indicating the presence of a carbo-
hydrate or a related compound, The mixture was shaken up and kept
for two minutes before emptying the tube into water, A dull
violet precipitate emerged, thus confirming the presence of a
carbohydrate in the test-material.

The ozmzone derivative was attempted but no so0lid crystallised
out, The acetyl derivativewas alse tried, and yet no crystals.

Then some of the originel filtrate was further evaporated in vacuo
%o a syrupy consistency. The concentrated matter was subjected to
unidimensional .paper chromatography using authentic samples, as

markers, in the solvent ayatem(é)c The chromatograms wre developed
with 3% p-anisidine hydroohloride in butanol saturated with water,

followed by heating at 10500. for 5 minutes, It was discovered
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that the testematerial moved approximately the same distance as

glucose (Rf. 0.23 as compared to 0.24),

(431) ZIsolation mnd identification of individual gonstituents

il el

in the carboxylic fraction.

(n) Jalotion of zallic acid ~ Some s0lids of this fraction were

dissolved in minimum of water and heated at a temperature of between
70° and 80°%C. for half-hour. Any sclid left vas filtered off waile
hot, and the filtrate allowed to cool to room tempersture. The
concentrated agueous solution was then repeatedly extraeted with
ether, and the ocombined extracts were dried and evaporated. The
s0l1id residue, after recrystallisation from water, gave gellie
acid crystals (Rf O.48 in solvent system and 0,8 in B). Its
m.p., and mixed m,p., was at 25006', and from this was prepared the
acetyl derivative which melted st 167°C,

(bJ Isolation of protocatechuic acid - The solid ether extract
of the carboxylic fraction waa dissolved in a minimum quantity
of water at ?000. It was filtered and kKept at room temperature
overnight. Sowme s0lids separated and were identified as gallic
acid, The solution was decanted off nnd slightly concentrated
under vacuun (& ?OQG). The concenfrated solution was kept at
room temperature overmight during which the second portion of
gellic aocid erystallised outs These were filtered off and the
solution tested for protocatechuic by runing three two-way

shromatograms, On the firat tae test-solution alone was spotied.
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Fach chromatogram gave a single clear spot, dark green on
spraying, but pale purple after sometime had elapsed (Rf 0,48
in A and 0.85 in B), The first and third chromatograms erch gave
an additional feeble spot corresponding to gellic acid due to

imperfect separation (GO*ChPOm&tOgrphy).

Hydrolysis of the phenolic fraction with J2  NaOH

2 §o. of the fraction were taken and 30ce of N2 waow
addeds The mixture was heated to ?OOG. (Né atmosphere) for 2 hours.
The seclution was cooled with ice and then acidified with dilute
HZSOu' No aolid was precipitated at this point, and after
Piltration to remove the poasibility of any solid contamination,
the filtrate was repeatedly extracted with ether, The ether was
evaporated off and the residue exsmined and found to contain,
principally: gallic =2cid which wos isclated as in the previous cases.

The aqueous solution (the filtrate in the sbove, was neutralised
with s0lid barium carbonate, filtered and the filtrate concentrated.
The concentrated sclution gave & positive Molisch Test for sugars.
The guentity of the sugar wes however, found to be so small thab
further meaningful characterisation, such as isolation and
proparation of derivatives, was prevented,

Another portion of the phenolic fractlion (& gau.) wes takon
in LOcc of water and repeatedly extracted with cther., The squeous
solution was fractionally precipitated with 20% lead acetate. At

first, Secc of the acetate were added and the precipitate obtained
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was rejected, Then 30ce of the acetabe were added to the Piltrate
and remultent precipitate was filtered of " and the filtrate again
treated with 20cc of the acetate, but no ureeinitate came out,

The precinitate obtained by the additon of 30cc of acetate
solution was suspended in 50cc of water and then treated with
DOEX 50%xB8(H+ ) Resin, The mixture was maintained at temperaturs
of AGOC., sunjeoting to rdgorous stirring for half~hour and then
filtered, The filtrate was concentrated in vacuo (N2 atmosphere )
and the regidue left was subjected to two-dimensional paper
chromatography, using (o) 6% acetic acid containing 0.2% formie
acid in the first way and (f) Benzyl alechol-t-butanol-iso-propanol-
water (3:1:¢1:1 v/v) containing 1.8% formic acid.

Two blue spots ceme out very clearly when sprayed with

3
Rf values: 71st spot (0.422 in {e) and 0,51 in (r))

FaCl, ~ KSFe(cN)6.

ond spot (0,373 in () and 0,242 in (£})
These values could not be verified because there woas no tabla

of such Rf values in literature 1o compare.

Isoletion of leueooyanidin

2Kg, of cleaned bagaruwa pods were crushed and 1light petroleum
(b, po40-60°, 2x3 1itres) added and the mixture kept at room
temperature of 2 days with daily renewal of solvent., At the
end of the period, the petroleum was decanted, 90% acetone (3x3

litres) added, and the whole contents were allowed to stand for
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7 days at room temperature,with remewal of acetone every two days,
except the last 5 litres which was allowed to stay on for three
days. After decanting the acetone, methyl alcohol (332 litres)
was added and left at room temperature for 7 days with renswals

as in the case of acetone,

The acetone extrnct was evaporated in vacuwo (¢ 40°, N,
atmosphere) so as to reduce the volume to shout 200ecc, #1though
no precipitete was observed during the concentration process,
the solution was still filtered, to make sure it is particles-free,

Further evaporation was reaumed until all the selvent was
gones The solid left bvehind was successively extracted with ether
and ethyl acetate, The extracts were each evaporated to drynesas

and labelled fraction I and fraction IT reapectively,

Separation and characteriszation of polyphenolsw-guercetin -~ 5 Gma

of the ether fraction (fraction I) were dissolved in 70% ethenol

(17 ml,) and kept at 5°C, for 5 days, during which some yellow
necedles were cbserved to be present in the solution. They were
howaver, found to be very unstable and this prevented further
meaningful characterisation especially to confirm whether or not they
were quercetin needles.

Jewsocyanidin = 5 Gms of the cthyl acetate solubles (fraction II}

were re-dissolved in ethyl acetate (25cc) and dried over Na2SOL-

Petroleun ether {m.p., 40°-60°C.) wes sdded to the filtered solution
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in sm=ll quantities and the sticky, coloured precipitate (impuritics)
deposited was rejected by filtration. Turther addition of the

ether, dropwise, to the filtrate until 1t was in cxoess and then the
vhole lot cooled, gave some light, pinkish coloured aoclids which
wero separated {'rom the supernc;.n't. These wore purifisd from a
mixture of ethyl acetate and light petroleum ether and an almost
white poﬁ%r was obiained., Its m.p., was found to be 230°C, and

Rf volues were 0,385 in A and 0,789 in B, The colour of the spot

on the chromatogram whan sprayed with ferric chloride was pale

parple or pinkt.
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