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“The term ‘tannin’ denotes the substances which

. convert the putrefiable hide or skin into imputrescible
* leather. The tannins are mostly amorphous, astringent

in taste and feebly acidic in character. They develop
colour with metallic salts and can combine with
albumin, gelatin and various alkaloids. Aquecous
tannin solutions or infusions known in the tradc as “tan
liquors™ are colloidal in nature with o wide range of
particle size. While Putnam and Gensler' and
Putnam? had erroncously assigned & single structure

_to the tannin extract, their heterogenic and mixed

character was well cstablished by White! . Kirby ¢/
al . Hillis® and  Roux" by chromatographic
technigues and later corroborated by Hathway . In
general, the term ‘tannins includes mixtures of
_polyphenolic substancesithat have hmited solubility in
water and tend to form supersaturated solutions™ . {1is
rather difficult-to single out.any plienolic compound
and define it as the respective tannin of the concerned
plant material. In view ol this complexity in the nature
of tanpins, the tefm ‘tannin extract’ is used. Their
molecular weight is in the range 500-30007" '
Though Jones ef al.*? isolated condensed tannins with
molecular weight 7000-8000 and in some cxceptional
cases.evenas high as 28000, the molccular weight range
of -500-30007 " scems to be reasonable, as low
molecular weight phenols are too small for eflective
crosslinking and high molecular weight compounds
are” cither almost insoluble or are too targe for

crosslinking  between suilably oriented polypeptide.

chains'3. . .. :
Tannins occur in most parts of the vegetable
kingdom and are more prevalent among the higher

plants or angiosperms, specially in certain dicotyle-

1194 [mportant - tannin-bearing
families  arc:

Rhizophoraccae,

denous Tamilics
dicotyledenous

Anacardiaceae, Myriaceac,

" Palygonaceae  and  Combretaceae. -Commercially

important tanning materials occur in temperate,
tropical.and sub-tropical countrics; tropics, however,
produce the major: portion'!. Wattle  (Acacia

“mearnsii), quebracho (Schinopsis {orentzii), valonea
(Quereus acgilops, Q. valonea and Q. macrolepsis),

chestnut (Castanea sativa), avaram (Cassia auriculata).

_konnam (C. fistula), babul (A. arabica), myrobalan

Leguminosae,

s (OO 020

(Terminalia cheluda), divi divi (Caesalpinia coriarial,
cte. are some of the popular tanning materials.
Though tannins arc distributed in all parts of the

- plants, ranging from roots 1o Jeaves and fruits, in i
particular plant. they are usually concentrated &

specific portion of the plant.
The exact role played by tannins in plants is not yet

understood clearly. though it has been suggested it
they function s protective agents (due Lo thei

astringency). toxic agents (being phenohce) and age
to provide resistance to frostm temperate zonest -
interesting to note that the oldest and larpest trees 1
the world, found in Sequoia National Park. UUSA e
said 1o owe their long life to thew hardwood and to the
protection of their tannin-impregnated bark whin It o

often 3 11 thick. Itis estimated that most of thess Do

are over 3500 years old'?

I is known that plants  synthesize dittorest
polyphenolic  substunces.  some of '
contribute  to  the
Freudenberg's®  classilication ol
tannins, bascd on their chemical nature and structurs!
characteristics, into (i) hydrolysable Gannins and (i
condensed  (or  flavonoid) tannins  provides @

Tormation - ol ranunins,

these v \fg!(_‘ii![\h;

convenient basis for the chemical studics on thesce

vegetable tannins. While the hydrolysable tannins
undergo hydrolysis with mineral acids or enzymes, the

condensed  tannins.  which arc non-hydrolysable,

produce coloured solutions and;or precipitates Known

*as ‘phlobaphenes or tannin reds’ with these reagents.

Besides. tannins based on hydroxystilbenes, €.g. spruce
bark (liceu abies)' . arc also known. The close

“metabolic relationship of hydroxystilbenes with the
condensed tannins was suggested by Erdtman'” and

Lindstedt and Misiorny'®.

Hydrolysable Tunnias -
These are based on esters of phenol carboxylic acids

(gallic acid and/or hexahydroxydiphenic acid or

related acids) with a central carbohydrate corc.

Depending on the polyphenolic acids that are obtained

as products of hydrolysis, these are again sub-divided |
ellagitannins.

into: (i) gallotannins  and (i)
Gallotannins yield gallic acid and glucose on

hydrolysis, e.g. (a) Chinese gallotannin (plant galls.
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produced by Aphis chinensis on the leaves of Rhus
semialata, (b) Turkish gallotannin (Cynips tincotria
galls on twigs of Q. infectoria), (c) Sumach gallotannin
(leaves of R. corriaria and R. typhina), (d) Dhava
gallotannin (leaves of Anogeissus latifolia), (c) Mango
gallotannin (seed kernel of Mangifera indica), (1) Tara
gallotannin (pods of Cuesalpinia spinosa) and ( g) Teri
(Caesalpinia  digyna) pods. The cllagitannins, on the
other hand, produce cllagic acid in addition (o gallic
acid and glucose on hydrolysis, c.g. (a) myrobalan
(Terminalia chebula) nuts, (b) divi divi (C. coriaria)
pods, () algarobilla (C. brevifolia) pods, (d) valonia (Q.
acgilops) acorn cups, (e) chestnut (Castanca sativa)
wood, ([} oak (Q. sessiliflora) wood, (g) pomegranate
(Punica granatum) tind, (h) knoppern (Q. pedunculata)
galls, (i) sal (Shorea robusta) seeds, elc.
G(lllolc1/1117/1s---—T11ough ‘the chemistry of gallotan-
nins dates back to the eighteenth century, it became (he
subject of classical rescarches by a large number of
workers, such as Fischer'?, Freudenberg?® and
Karrer?' on Chinese gallotannin  and  Turkish
gallotannin,  Lowe?? and Karrer?® on  sumach
gallotannins and Burton?* on the tara gallotannin.
As therc 'were some conflicting ideas about the
structures of gallotannins, it was reinvestigated by
Haworth and coworkers2® =28 The methylated
gallotannin was hydrolysed and the resulting 3,4-di-O-
methyl "and .-3,4,5-tri:O-methyl gallic acids were
- ‘andlysed for their ratio.’ The methanolysis of (he

'fn'll(l:‘_tlh_a'nblysis‘wcrc analysed at both intermediate and
final stages. The amounts of gallic acid and glucose
were jés‘l'imatcd‘ Enzyii;zjlit; degradation studies werc
cirried out-oi gallotannin using an enzyme (produced
F sergillus nigre on‘a“medium containing tannin)
which'cleaves the gallotannin into glucose and gallic
Based on thesc stidies, together with NMR. and
speciral’ data,” the: structure of the Chinesc
annin Was establishied. The structure of Chinesc
gallotarinin = (1) was " based on  fi-penta-O-
galloylglucose core to which two gallic acid units are
attached depsidically chainwise at pfo'silig)n-Z ol the
glucose. e -
The structure of Sicilian and Stagshorn sumach
gallotannins is similar (o tha{ of Chinese gallotannin.
The Turkish gallotannin (2) was shown 1o be a hexa-
galloylated  glucose based’ upon a: tetra-O-galloyl
- glucose core in which the second hydroxyl group of the
glucose was unesterificd: the depsidic linkage in this
sase was shown to be at Cy of the glucose.

penta-O-gatloylquinic acid- y
. Recently, gallotannins; similar to Chinesc gallotan-
~nin, have been isolated from: dhava ‘leaves?? and

%06
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allotannin® was carried” out and the products of

The constitution of the’ acidic.tara gallotannin 3
was found?*28 o have the average ‘composition of
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mango seed kernel’® . However, the dhava gallotanin
was lfound to be an octagalloylated glucose (with onc
more extra gallic acid compared to the Chincse
gallotannin). All the hydroxyl groups in the glucose are
esterified by gallic acid and having one depsidic chain
containing at least three galloyl groups. '
Ellagitannins-—The ellagitannins are different from
gallotannins in that they deposit on standing/hyd-
rolysis ellagic acid in addition to gallic acid and glucose
from their tannin  infusions. They “show  the
characteristic phenomenon of the formation of sludge
or bloom on leathers. Structure clucidation studies on
cllagitannins  were carricd  out by Schmidt and
coworkers™ “*7_ Constituents preseint in ellagitannins
are: chebulagic acid (4). chebulinic acid (5), corilagin
(6), terchebin (7), pentagalloyl glucose (8). 1.3.0-
trigaHoylglucose (9), 3.6-digalloylglucose (10),  fi->.
glucogallin (11), chebulic acid (12). isolated  from
myrobalan nuts and divi divi pods®' 3% brevilagin-

1YY (13), brevilagin-2*% (14), algarobin*' (15). -
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o et . hrevifolin (16) and brevifolin cirboxyihic acid® (17
~2—(’Z\}~o-. YR "'-i',-w from algarebilla (C. hrevifolic). castalagin {(18).

,,c' o "o I e C‘“" ) castavaloninic acid (19). vescalagin (20), vescavilo-
| [l 0 b ninic acid (21), valolaginic acid (22), isovalolaginc acid
HoCogm o ou [ Lot e - (23), valolinic acid*? (24), valoncaic acid dilactone™
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Other members of the. hydrolysable tannin group—
These include (i) Hamameli tannin, based on g-
oxymethyl-p-ribose (31), to which.two galloyl groups
are attached. This.tannin was isolated from witch
hazel, Hamamelis virginiana®® , chestnut (C. sativa)
bark*? and American red oak (Q. rubra) bark>°, (ii)
accritannin (32), obtained from dried leaves of Korean
maple (Acer-tartaricuni) (= Acer ginnale)®132 and has
no value as tannin®? | (i) gayuba tannin; based on a
mixture of penta-‘and hexagalloyl glucose’*, isolated
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from leaves of Arctostaphylos uva-ursi, (iv) geraniin

(33). isoiated along with corilagin from the bark of
Geranium  thembergii®s (v) mallotusinic acid (34),
which occurs along with geraniin  in Mallotus
Japonica®® | (vi) eugeniin (35) isolated from the dricd

flower buds of Syzvgium aromativin (syn. Eugenia
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caryophyllata)®”, (vii) jugalanin from walnut skin®®.
(viii) hippomanin-A (36), isomer of corilagin, isolated
from Hippomano manivella®®, (ix) derivatives of
hydroxycinnamic acids (37°°, etc.

Interrelationship between  gallotannins — and
ellagitannins—The  lwo  groups of hydrolysable
(annins often occur together in naturc and it s very
likely that cllagitannins arc formed from gallotanning
by oxidative coupling of galloyl groups by cnzymes. as
cvidenced from the studies of flathway®' and
Schmid(®? in the acrobic oxidation of glucogallin and
chebulinic acid at pH 7-8, whercin cllagic acid gets
formed by the oxidatiom of galloyl groups (Scheme .
"Raichel and coworkers®? obtained corifagin by the
aerial oxidation of 1;3,6-trigalloyl glucose at piH 7.4-
8.6.
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Interrelationship benween ‘ellagitannin acids—With

the clucidation of the structurc of chebulic acid

_(present in chebulinic acid, chebulagic acid, etc. of

myrobalan) and brevifolin carboxylic acid in algarobin

" (onc of the tannin constituents of algarobilla), itis now

.. clear that there is a close interrclationship between the
. ellagitannin ‘acids (Scheme 2).

. Condensed Tannins

" Commercially, ~condensed {annins are more

mportant from the leather manufacture point of view.
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Some of the comimon condensed tanning material§ are:
Wattle (Acacia  mearnsii), quebracho (Schinopsis
lorentzii), gambier (Uncaria gambir), spruce (Picca

__ubies), cutch (4. catechu), hemlock (Tsuga canadensis),
_mangroves (Rhizophora species), babul (4. arabica), -
- avaram (Cassia auriculata), konnam (C. fistula), sal

(Shorea robusta), ghat bor"(Ziz yphus xylopyrus), arjuna
(Terminalia arjuna) and a host of others.
Structurally related to [Tavonoids, these tanning are

“distributed widely in nature and constilute’” a

heterogencous group. The C,s skeleton of the
flavonoids is made up of two distinct units, viz. ‘A’ ring
(consisting of a C¢ unit) and ‘B’ ring (madc up of Co-C,
unit) (38).

o
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on the configuration and the state of
oxidation of the central- Cy unit in the molecule, the
fNlavonoids are broadly elassified into: (i) chalcones and
a-hydroxychalcones, (i) aurones, (iii) Mavones and
flavonols, (iv) flavanones and flavanonols, (v)
flavanols, and (vi) isoflavones. We have also neo-
flavones. biflavonoids, auronols, lignoflavones.
peltogynols, flavonoid sulfates, etc. belonging to (his
group. In addition, the glycosides of these flavonoids
also occur.” Of these, the flavanols arc the most
important compounds. from " the point of view of
vegetable tannins! %, They possess the property of
being transformed

Bascd

into “the amorphous polymeric

. tannins by the action of enzymes, mineral acids oreven

- by mere warming in‘aqueous solutions as well asin the
-solid state.. e ’
- The flavanols are furtlier classified into flavan-3-ols
39); ﬂavan-}.4-diol§ (40) and proanthocyanidins (41,
42). The term ‘proanthocyanidin’. was coined by
Frcudcnhcrg:and Weinges®* to collectively define all
. the colourless substinces Jsolated from the’ plants
“which form anthocyanidin when "heated - with acid.
. Weinges er al.°® used the term leucoanthocyanidin
k (leucoanlhocyzmidin is the trivial name used torefer to

L flavan-3, 4-diol) for the monomeric proanthocyanidin .

.and the name “condensed proanthocyanidins™ for the
various flavan-3-ol dimers and higher oligomers. The
: proanthocyanidins are supposed to be formed by the
‘ '-"qxida'ii.vc polymerization of flavan-3-ol precursors®? .

The. “proanthocyaniding:  which are  dimeric  or

oligomeric, are further . classificd into Type A(41),
* Type B(42), etc., depending upon the type of linkage.
S Formation of flavonoid Lannins-~Bate-Smith's 0409
s"lli'djgis,fon the identif ication of leucoanthocyanidins in
a_n:ijy')I?er-’of(iicolylcdex1ods plants using phlobaphene
test ledto tli'é’:ﬁnding.th.al_l‘htez red colour produced was
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. duc to -the formation of anthocyanidins from ‘the
~corresponding leucoanthocyanidins in ‘these extracts
(43). This was further indicated by the identification of
leucoanthocyanidins in a number of tanniferrous
plants like cucalyptus, mangroves, waltle, etc.”®
Hillis™7? observed that synthetic flavan-3,4-diol
yielded anthocyanidins and, therefore, concluded that
-cucalyptus tannins are based on flavan-3 4-diols.
However, Hillis did not distinguish between the
monomeric and polymeric leucounthocyanidins. King
and  coworkers”™ jsolated a novel type of
lcucoanthocyunidin,_,melacucidin (44) from wattle
heartwood and drew the_gencral conclusion that (he
‘hlobaphenes’ were flavin-34-diols. However, (heir
statements were not correct#ifice the polymeric naturc
of the condensed tannins (some of which do not yicld
anthocyanidin upon boiling with acids) was ignored.

The dilference between monomeric and polymeric
tannins was established by Roux and coworkeis s -9 -

'They isolated and identified, in the low: molecular
a number
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Co robinetinidol (39a), leucorobinetinidin (40a), mollisa-
- cacidin (40b),"gallocatcchin (39b), catechin (39¢). ete.
Lo With the . isolation and identification ol pro-
cyanidins®%:%% , the views held carlier about flavan-3.4-
“ - diols and their oligomers need revision. As mentioned
P carlier, the capacity to tan depends toa large extenton
moleccular weight and for maximum tanning capacity,
the suitable range is 500-30007 -~ s, therefore,
relevant o note that the condensed  proan-
thocyanidins, . dimers, trimers and tetramers are
classified ‘a's:.t_an_nins, since they have molecular weights
- in this range!®. Thus, it is clear that the condensed
v:;_lan,nins qijé derived from the polymerization of flavan-
“3.0ls and Navan-3,4-diols, leading to the formation of
* proanthocyanidins and other polymers. However, the
. . exact mode of linkage is yet to be clearly understood,
' ' though the mode of linkage in the casc of dimeric and
trimeric procyanidins is well established.
Structure. of flavonoid rannins—-Three -structural
theories were proposed for the formation of tannins,

P viz. (i) condensation by acid, supgested by Heidclberg
=y group®! ~#* (Scheme 3). (i) cnzymic condensation

through a quinonc polymerization, proposed by
Hathway®?:2%(45) and (iii) an unspecificd mechanism
to give polymers with ether linkages, which has been
advanced on the basis of the work of Kirby and
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Scheme &-Unspecilied mechanism through ether linkage

White?!, Roux®? and others (Scheme 4). But these
{heories are not frce from conlroversy. : i

With the isolation and charactenzation of some of
the plant pro:mlhocyunidins' (dimers and trimers) in
their free phenolic form, the mode of linkage in the
polymers is fairly well established, specially in the case
of dimers and trimers®®*%. A number of pro-
anthocyanidin dimers, trimers and oligomers have
been isolated from many fruit-bearing plants®®*’.
The structures of dimers and trimers have been fairly
well established, but comparatively little is kiewn®
about the structure of higher oligomeric~ forins.
However, the principles” that govern strugtuic
formation arc thought to be the same as for the simple
dimers and trimers.

Stilbenes— Grassmann ¢f al.1® observed that the
tannins of spruce bark are made up of the
polymerization products of piceiatannol (348
tetrahydroxystilbene) (46) which occursin the free sty
or as glycosides. Later, hydroxystilbenes werce inabiied
from the tannin-bearing plants. like Eucalvplus
wandoo®®, C. fistula®®**, C. marginata”® . ete. o

The close metabolic relationship of hydroxystil-
benes with the condensed {annins was first suggested
by Erdtman'’. It was also observed that in both
groups, one aromatic ring is derived via the acetate
pathway and the other from shikimic acid* "' R0 oy
example, pinosylvin (47), chrysin (48) and pinocembrin
(49), all having the unsubstituted B ring, occur dn. the
pinc species. v

oM el oM ) B
</—\>-r_u=cw@oﬂ Qcmcn(_>
' HO
o e 47 PinosyWin
=
HO 0 HO. o

SORY
HO © OK O .
48,Chrysin 49 Pinocembrin
L ==

P,oéition of ‘\’e‘g'elablc;'l“annagcs in India )
. India, with its tropical, and sub-tropical climatic

good scope for exploring tanning materials, other than .

wattle, most of which arc .not useful as self-tanning
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materials, due (o certain inherent defects associaled
with them. The hydrolysable tanning materials, such
as myrobalan nuts, sa} seeds, elc., which are available
abundantly, are associated with certain - defects like
- formation of sludge during tanning, hydrolysis of (he
tannins by acids or enzymes, resulting in the formation
of carbohydrates and. gallic acid and/or ellagic acid,
fermentation, mould: growth of the liquors, cte; as a
conscquence, cmipty, spongy leathers having a high
tendency for walcr"albs_orptior; arc obtained. The sludge
which consists of _.ella}giq_.a‘cid,j‘.chc'bulinic acid, etc,

prevents. further penctration. . of, tannins. The
i;\tc__h,‘r:xv_langroyes, k'arada,_sal :
ndergo, progressi ve'

condensed tannins from
bark, etc,

i

.on ’;thq_'ot.h"e;rw} hand,
polymerization.;. resulting .
phiobaphens of tannin fods

.an

he ! formation.: of
d due. to Atheir_high

‘molecular weights they do.not have good penetration.

prbdqcc dgrk_ef colourqd,[@g@hcrs. Atis the association

of these defects with the tanning materials that limigs

proper. utilization . of; these.

Constituents present: in: them

malterials. For better

- utilization, .a fu'ri_dafﬁ'c,lll‘lgl-,: knowledge about (he
- chemistry of the lannin: as ‘well . as. non-tannin -

is esscntial. With (his

“ pointiin, view, studies have been carried out on the .
- chemistry ,of.indigchqus tanning materials like avaram.
(C.; au a)?7 babul (4. arabica)®’ | konnam (C;"
ﬁslil_la.)?,'-”-f,-;,.:_gha't"bér.(Ziz)Jpltus-zylopyru.v 100 " sal .

(Shorea, robusta). ‘bark 10! and ‘seeds!0Ot-10s i

(Terminalia; tomentosa)®®:19s

. “cashew (Anacardium
occidentale)'o! | vagai (Cassia rmarginata)'°° | mango

(Mangifera - indica)®® ;| dhawa (Anogeissus  laii-
99 ;

5 lyal vagai, ( Ré{(q/&)i'ufﬂ Jerrugenium)'o6
Phyllanthys . mblica)'°7, "und casuaring
:2%.:In.the light of the results
M. .these. . studies, .. the, modifications
¢’ (i) -blending, ma

y be done with other

Fra ey Zi1de .
tanning ‘materials 09 =114:; (i) treatment may.be done
with synthetic tannins! "> and/or chemicals 117 ~120

22

I e\

L wit

diy

-.and (iii) ¢ ther. methods likiqg(a) preparation of syntans
ing veget ble tannin ‘a3 raw materials in place of
' (b) il copolymerization of
‘with acrylic -acid'23, ete.
‘could . be achieved by

o materials  at

he “preparation of the
ad’range;of -im proved
ligenous tanning materials, viz:

ch,” nangroves, sal

stully-translated ‘into
productsare being

amluk, eté ‘Some of

ENT. IND. RES.; VOL. 41,

- Biogenesis and
" Hydrolysable: taannins
Because ¢ the presence .of certain colouring matters

,li_lge;_‘gr‘it;ljgg:y‘fi_njqrins,:.‘,'quirngncs,, etc., these materials -

karada bark, -

es;/such as Wasub;”

Trete

«

these indigenous tanning materials havc‘bccn modificd
to minimize the defects associated ‘with them and (o
bring‘lh'cm nearer to wattle in tanning quality. These
modified materials are now used in the production of
E.I. leathers, heavy leathers, etc.: “as - full/partial
substitutes of: wattle. "Modifications" have'also ‘been
introduced in the actual tanning procésses in respect of
E.1. lcathers, through full or partial substitution of
watlle!24; o Co '

In another modification, vegetable tannins arc uscd

as raw materials in'the manuf; acture of syntans!2+.122
Using.myroba_la'n-' hn'in"-"'onc'produél;'sy§tan MB, a
retanning ™ Syntan’ + wa; developed™ by “ Sastry ¢/
‘al121422 P P A

Hydrolysabl ‘tannins. are -
derived from gallic'and *h xahydroxydipheric ‘acids,
present.in tanniferrous plants fas"é'sté'r’s“m'{i_ith,suéari.an'd '
the biosynthesis of these two acids is'likely’to give a -
‘clear picture of the formation of these'two tannins (the
hexahydroxydiphenic:acid . being “unstable ‘does not
oceur in the free staté; it is isolated as its dilactone,
ellagic ‘acid, which-is ‘more:stable). Using isotopic
fccding"expérimchlﬁ;;§_éy¢ral :workers' 25 studied the
biosynthesis of g'aillic'"ﬁacid,.'in';‘plantls.-;.It‘-was observed

 that gallic acid could be formed by dehiydrogenation of

S-dehydroshikimic - acid. Zenk!'2$; “working on the
biosynthesis of gallic acid in Rhus typhina, concluded
that this acid was formed through the metabolism of
phenylalanine, as shown in Scheme 5.

CARBOM YORATE ' COOK

1
. o
HO _cOOM . Coow goom mooc, gy,
07 "on 0T Yol T 67 o P
on oH ou HO
5 -DEMYDRO QUINIC S5-DEHYDRO SHIKIM!C ACID PREPHENIC ACiD
ACID SHIKIMIC AClD 7
s !
- HYOROGENATIOR  coom coom
- . v e t ¢
'l 'y J‘_L:’,‘ . (.:H CHNNz
‘coon .7 CH - RSNV

1
: cH
GALLOTANIN o ~ e @
" HO O wo OH
"0 S O o sz
ELLAGITANNIN  GALLICACID  TRINYOROXY ~ PHENTLALANIE
' | CINNAMIC ACID :

" Scheme 5-BIOSYNTHESIS OF HYDROLYSABLE TANNINS

Condensed tannins—Robinson'2? was the first (o
suggest that ﬂavoﬁoids, which may be considered (o
have been derived basically from 1,3-diarylpropanc.
could be formed in plants by the condensation of one
Cs and one C4-C; unit. It was further stated ®* that C,
unit(ring A)(38) is derived by the acetale pathway and
the C4-C, unit(ring B) from the shikimic acid pathway.
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This hypothesis was further confirmed by the
formation of quercetin (50) in buck wheat (Fegopyrum
tatericum and F. esculentum)'?® =13 cyanidin (51) in
red cabbage and buck wheat'3® M2 cte.. using

3 jsotopic tracer technique. Hence, the more probable

’ OH + OH
Reuwia e eeass
O : O om '

OH O O
?_O,Quercetin 51,Cyanidin

" route for the biosynthesis of flavonoids starts from
cinnamic acid or related compounds (derived from the
shikimic acid patlxway),:'wilh the addition of three
.acetate units. The basis C4-C;-Ce.compounds are likely
to be the chalcones, although other oxidation levels of
the C; units are not excluded, since evidence in other
© series shows that-a variety of acids can add acetate
~ units (Scheme 6). "

a . : SHIKIMIC ACID === = = = = e = - HOOC.C M.CMZ
: |
NHy

! v PNENVLAU;N!NE
. ‘f“"]
<l:oon‘ o uooc—cn:cu-@
3 CH,-COSCoA + CINNAMIC ACID

; : 7' COS
! MALONATE COENZYME A

[ LA -_...Gi- o . AT ARTL A I oK 0
N - N FLAVANONES, ETC. ...
! Scheme GBIOSYNIHESIS OF C‘SSKELETON FLAVONODS = -

. Based on-the concomitant occurrence of different
s closely related flavonoids having similar oxygenation
" pattern in‘the rings A and B, many theories have been
L put forward favouring .the  sequentiak-formation of

(lavonoids’ from a single precursor like chal-

cone'33134 " However, with the isolation. and

identification ~of a-hydroxychalcones and.. related
. compounds*3* 4 the theory that chalcone is th¢
~  intermediate coppound in the formation of condenscd
(annins needs revision. Roux and coworkers isolated
a-hydroxychalcone- (52-54)135 ~13% - a-hydroxy-

SANTAPPA & SUNDARA RAO: VEGETABLE TANNINS—A REVIEW

“° "
oK O

‘__5_(2‘ y By M,R_,‘,::OH

;‘;_Z. R ZOH,R,=H

.dihydrochalconc (55)'*Y, the pcllogyndi‘d equivalent

- of a-hydroxychalcone corresponding. to mopanol
(56)'4° and its isomer. corresponding (o peltogynol
(57)**'. In a recent review on a-hydroxychalcones as

intermediates in flavonoid biogenesis, Roux and
Ferreira!®? concluded that a-hydroxychalcones are
probably involved in the biogenesis. of  3-hy-
droxyflavonoids, from which the formation of tannins

~takes place (Scheme 7). B

Thus, there scem to be scveral opinions on the

biogenesis of flavonoids. One point not yet clarified ts .
. . L}
whether a precursor with a complete flavonoid skeleton™

is formed first and then further oxidation stages folliw
or whether the oxidation levels arc alrcady fixed at the
formation of the [avonoid structurc** . Teo
understand the exact mode of formation. some meorc
experimental evidence using enzymic, lracer tech-
niques, clc. is necessary. -

Mechanism of Vegetable Tannage o
The mechanism of vegetable tannage can be viewed

as a two-phase system'**: (i) the liquid phase of tannin: ..

solution and (if) the solid phasce Q('.cull'ugcn_suhstr:‘uc. "

The interaction between the two is visualized on the
reactive groups present in both the phascs. Reactive

‘groups available in collagen for interaction with

vegelable tannins as listed out by White'** arc: (1) CO
and NH group on the backbone. (i) OH groups of
hydroxyproline, serine. etc.. for H-bonding, (i) NH,
groups for H-bonding and NH3 groups fromarginine?

Jysine and: histidine for clectrostatic linkages, (1v)
COOH groups for H-bonding and —COO- groups of

aspartic and glutamic acids for clectrostatic linkages.

“and (v) those parts ol collagen that permit van der

Waals forces, including dipoles. In the case ol
vegetable -tannins, the reactive -groups available for

“interaction with collagen arc: (i) phenolic hydroxyls, (i1)

aliphatic hydroxyls; (iii) cther oxygens, (iv) carbonyl
groups of phenolic carboxylic acid, and (v) other sites
suitable for' H-bonding or. van der Waals forces. .

‘In addition to the above, the factors which are also
interlinked with reactive groups’that govern tannin
fixation on.collagen are: (i)-the astrigency of tannins

-which depends;on the molecular size, (ii) the physico-
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chemical ‘Properties- of “taninins,  such as molecular

| weight 79

annin

“H44)ying in therange 500-3000, hydrogen

8.and temperature fthe tanning bath..(iii)

‘iqj_yco‘n_c_'c,ntration;-cohét_:n_(j_’é_&_tion of tannins; duratior

secondary _chen_iical reactions and the fixation of
tannins. The specific reactive groups of proteins gnd
_their cffect on. tannin fixation “were" investigated

- extensively by Thomas:" ¢ al 137

»- Bowes and

/J,‘Fi!o,f:th'c collagen substrate arfd jis nature brought out

~Kenten'*® | Lollar et /a1, 15

‘and -Gustavson 9% whe

by modification of its reactive
d‘eamiAna}ion, etc. and the
the ‘spdce and:

of

¢

silie

47149

mutualzso

imechanisms have been pr

nd depositionin ‘collagen: Ja
Proct r.and Wilson!*9,co;
Gt ralization  of charges:of tannins ‘and

tive groups by esterification,
“steric.*factors'*€ involving

volume: between collagen chains #nd
B B Lo . - -

e, in viéw of .the complex nature of vegetable
anninsand collagen and their ramifications, a number

posed, which arc broadly

to: (a).deposition; theory, (b) electrovalent
vand (c) chemical thep__'r):,-’ co

mprising H-bonding

polé-dipole - “interaction, - -. Many - wor-
K ‘considered.tannin fixation as physical

v

lﬁbﬁ[ﬁ;ation'. by: peptization

ed the mechanism as

ivithis:iconcept was not
ly!31:152 ap4 Vogl 133

- H-bonds, linking vegetable tannins. :
* Studies on the shrinkage temperature of vegelable®

revealed that basic<amino’ groups take part in the
fixation of tannins more pronouncedly in hydrolysable
type of tannins, while in the case of condensed t:inm'ns,
it is attributed to greater availability of coordination
sites caused by deamination.. Gustavson 161 ~163', 4
Batzer er af 164 also investigated the effect of carboxyl
and non-ionic groups on normal collagen, denaturated )
collagen !5 -166 4roafed under heat and lyotropic
salts, csterified . protein Aand- polyamide as (o the
fixation of tannins and concluded that the non-ionic
protein groups (peptide bonds) contributcras sites for

et 1.

tanned leathers indicated that hydrolysable tannins are
fixed mainly by nori-ionic groups, resulting in slight
increase in shrinkage lempcrature, while condensed
tannins fix with basii:.'groups multipointly and help

increase the shrinkage temperature considerably over

 thetanned collagen 146.167

corroborated by the inves

=173 These: findings were
tigations on the stripping

..action of ‘urea 174

and organic solvents!?5.176 on

. vegetable tanned  leathers. ‘Shuttleworth!”  4nd ,
'-,,oihers‘;""‘”"_"" further considered thdy protein’ hd -
- aceeptor oxygen atorms and hydroxyl groups of tannin '
ir may’ react by hydrogen® bonding lhr(_)u_gh_-pcp_tidc.
charged amino, unionised " carboxyl groups ~and

!
) | .
|

Se -
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K

ydroxyl g,roups of coll.lgcn ulumalely mvolvmg the
lomc and non lpmc groups of colldgcn B

ves micractwn with hydroxyl and

. - between: ‘the* carbon atoms Whlle o-
"electrons are fi rmly bound to posmvely charged nuclei
of carbon, _the -elcctrons ‘are’ mobile “and can
partlcxpate in asymmetnc distribution i m the prescnce
of a substituent group, such.as hydroxyl and amines on
onc of the carbon atoms; resulting in a negative charge
o on the carbon atom. Thus, a -molecule with weak
- dipoles is formed and the dipoles bind the tannins with
dipole groups.of the protcin*®? ~'#¢ [t can, thercfore,
be concluded that the mechanism of vegetable tannage
involves the coordination of the peptide CONH, basic
NH, and NH3 and —COOH through H of the
phenolic  hydroxyls of. .tannins by H-bonding.
- Similarly, oxygen . .noms .of phenolic hydroxyl of
tannin may act_as’ coordmaunl., acceptor .with any
hydrogen ‘ltoms on vcmous groups of (.olldgcn ds per
the llluqtrdllon below

=0
\

T--0

: Conclusion and Suggestion for Future Work -

(1)*In tanniferrous plants, the tannins are usually
concentrated in'a particular part of the plant, though
~ they are present in small quantitics in other parts also.

dennms present. in_ each part belong to. either

may contain’, hydrolysablc type and the bark _may
contain condensed .type,. However, the pres of
hydrolysable tannms (fo xample, _chebgnmc acid,’

chebulagic acid;

tanmn _constituents ; along . with . monomers,
~_precursors of the condensed type or vice .versa is a
= common: phenomenon The so-called mixed-type of
;Etannms, e.g. babul (Acacia arabica) bark; contain
"essentxdlly only! one ‘type along with the precarsors or '
monoimers ofthe other type. The sx;,ml"cance of sucha
"henomcnon m»usl be Iooked mto. L e

e e e

xpolar groups. such as > CH there .

‘hydrolysablc type or condenscd type,-e.g. the.fruits -

;;etc.): and; condensed:.tannins ;(like; - References
proanthocyamdms'%dlmers,..mmers, etc) together s o PutnamRC&Gcmlch JAm Icalh Clu'mAu 46(I‘)5!)6|3

one and the same part of the tanniferrous plantisnot -
notlced yet, though the “presence. of hydrolysable

INS~—A REVICW

a new cllagltannm based on lcucodclphi-

Rcccntly,
cid; qulgalhc acid and hexahydroxy-

nidin;" gall

it

: dlphcmc acid, esterified with glucose, was reported fr rom

young stem_bark of Caesalpinia pulclwnmm““ e
However, ‘the exact attachmient of the _galloyl, m-
digalloyl and hexahydroxydiphenoyl units -on the
glucose ‘moiety is not established clearly. -

'(2)’Plants synthesize- dlffcrcnt polyphenollce but
tannins isolated so far are based eessentially on gallic
acid, hexahydroxydlphcmc ‘acid or related acids and
C-15 flayonoid compounds. It.may be that there are

tannins based on other types of phenohcq syn(thm‘d » .

by plants,e.g. stilbenes in Picea uhic &, phlorotainnins
present in Halidrys siliquosa*®™, Cystoscira haccata,
Laminaria ochrolenca'"® ctc.

(3) Scveral routes were suggested for the biosynthesis
and biogenesis of hydrolysable and condensed tannins.

Although in principle it is possible that more than one

route operate for the formation of natural products,
the exact pathway is ye! to be understood clearly.
particularly making use of cnzymic, tracer lcchniqu(::‘..
etc.

flavonoid skeleton is formed first and then oxidation
steps occur or the oxidation levels are already lixed at
the formation of the flavonoid structure '

(5) As regards the material balance and m«,dmmsm
of tannage, further work is necessary to understand us
to how such a large qudnllly of tannin, almost cqual to

the quantity of the hide substance, ‘is fixed and what -

amount of itis entering into reaction by H-bonding or
dipole-dipole activity and causing crmslmkmz~ of.

protein structure,

Summary .
The present day knowledge on the chcmlslry and

- biogenesis of vegetable tannins ‘and "their reactions
‘with hide protein is reviewed. The position of vegetable

tannage in India with regard .to the availability of
vegetable tannins, thedefects associated with them and
the suitable modlfcauons ]eadmg o their better
utilization’ are'dlscussed
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