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Vcgct<iblc Tannins-A Review 
~t SANTA!'!'A 8:. V S SLJND,\RA RAO 

C~lIlral Leather I{c~earch tnslilutc. Adyar. Madra, (,lH11I211 

The term 'tannin' denotes the substances which 
convert the putreliable hide or skin il,lto imputrl:scihle 

'leather. Thet,annins are mostly amorphous, astringenl 
in taste and feebly acidic in character. They develop 
colour with metalliC' salts and can comhine with 
albumin, gelatin and variolls alkaloids, Aqueous 
tannin solutions or infusions known in thc trade as 'tan 
liquors' arc colloidal in nal'Ure with a wide range of 
particle size, While Putnam ane! Gensler I and 
Putnam 1 had erroneously assigned a single strlll't lire 
to the tannin extract. their heterogcnic and mixed 
character was well estahlished hy Whitl'.l. Kirhv ,'I 

({I. ,I • Hillis s and ROllx" hI: Chr1l11l,tltlgr;l\~hic 
techniques and later corroboraled by H~lth\Vay", III 
general, the term 'tannins' include" mixtures (,I' 

,polyphenolic substances't'hal have limiled solubility in 
water and tend to form sllj)ersaturated solulions H

, II is 
rather diflicult~to single but any plicnolic ~ompollnd 
and define it as the respective tannin or the concerned 
plantl1)aterial. In view oi' this complexity in the n;\lllre 
of tai111ins, the tcrm 'tannin extract' is used, TIH:ir 
molecular weight is ill the range SO()-3000 7 .'1 "II . 
Though Jones el al. 12 isolated cOI~~lensed tannins with 
moJccular weight 7000-8000 and iIi" some exceptional 
cases,even as high a~ 28000, the ll10iccula r weight range 
of 500-3000 7 •9 -II seems to be reasonable. as low 
molecular wcight phenols arc tpo ~;Illall for clTectivc 
crosslinking and high molecular weighl compollmh 
arc either almo;;t insoluble or are too large for 
crosslinking" between suitahly oriented polypej)titie: 
chains 13.-

Tannins ()ccur in most parts of the vegetable 
kingdom and arc more prevalent among the higher 
plants or angiosperms, specially in certain dicotyle~ 
dcnous families 11.14, Important tannin-bearing 
dicotyledenous families arc: Le,f!. U/II ill (lS(/('. 

A 11(1(.'(1 rd iaceae, RIt i :oplio/'aceue, li1.1'/'/ ac('al'. 

Polygonaceae and CO/llhr('/(I('('(/('. Commercially 
important tanning materials occur in temperate, 
tropical.and sub-tropical countries; tropics, however. 
produce the major, portion! I . Wattle (Acacia 

illeal'llsit), quebracho (Sc/Zillopsis /orclI/:ii), valonea 
(Quereus aegi/ops, Q. va/onea and Q. /I/(/C/'Olepsis), 
chestn u t( Castallea sal ilia), a va ram (Cassia (ll/rieulata). 
konnam (C.jlslula), babul (A, (/rabica), myrobaian 

(Terlllillu/ia clil'hl/llI) , di,:i divi (ClIt!SlIlpilllll CIII'/I/I;II1. 

etc. are some or the popular tannin!! materials. 
Though tanllins arc distributed in all parts 'Ii' til.: 

plants, ranging from roots to leavcs and fruits. in a 
particular plal11. they are usually cOllCelltrated ill a 

specific portion oi" the plant. 
The exact role played by tannins in plants is not yct 

understood clearly. though it has beell suggested thit .. 
tl1\:Y function as protective, :lj!cnts (tIue I,ll. Ihell' 
astringency). \oxic agenb (being pi1enoli,;) ~Ind ;l,~"111:, 
tll provide resista Ilce t u rrl )st In telll pera I,~ 1,,)1 leS : ! ,II I', 
interesting to note that the uldest ~llld iaq!eSI Irl:"~ III 

the world, C(lund III Sequ,)ia Natlun~d I';lrk. ll~,,\, ;11\: 

said to owe their I()n!:~ lire III 1 h,~lr haJ(lv,u,HI ,111-11,1 III<: 

protection or their t<1llnil1-illlpl'Cgl1;l!cd 1,;11'1. ,,',h,,' \, !', 

often 3 flthick.lt is,:~ti11lated tl1;lll1h l ',1 "li!Il,"".' i!""'" 

arc over 3500 years uld I,' , 
It is known that plants s)llllll'si/l' ;lII"I;ICI',' 

polyphenolic substances. sume (II 11111l'lt 111;:,\ 

contribute tl) the .f'lHIll'lti()1l \,1' 1;lll1lil1.' 
Frcudenberg's~ classil'lcllic<n or Ih,':;" \ (,'!:\'i:! I"",' 
tannins, based on their chemical natulc :111.1 :,trlll! \11:,[ 

characteristics, inlo' (i) hydrolysable t<ll1l1lll~ :1I!d I iii 
condensed (or f1avonuid) tannins prol'ilk:; ;1 

convenient basis ror the chemical studics on thcse 
vegetable tannins. While the hydrolysabk talllli:l\ 
undergo hydrolysis with mineral acids or cnl.yrnes.llll,· 
condensed tannins. which arc non-hydroly,,:d.lk. 
produce coloured solutions and/or precipitates kiH)WIl 
as 'phlobaphenc:; {)j' tannin r(~ds' with these reagents. 
Besides. tannins based on hydroxystilbenes, e,g. spruce 
bark (l'ieca ahie.l') I h. arc aisu known, The close 

. metabolic rdationship of hydroxystilbenes with the 
,condensed tannins was suggested by Ertltnwn 17 ~Ind 
Lindstedt and MisiOJ'lly!H. 

Hydrolysablc TanniAs 
These are based on esters or phenol carboxylic acid, 

(gallic acid and/or hcxahydroxydiphcnic :Icid ,)I 

related acids) with a ccntral carbohydratc core. 
Depending on the polyphenolic acids that arc obtained 
as products of hydrolysis, these arc again sub-divitkd . 
into: (i) gallotannins and (ii) ellagitannir;s. 
Gallotannins yield gallic acid and glucose on' 
hydrolysis, e.g. (a) Chinese gal10tannin (plant galls 
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produced by Aphis c"inens/x on the le<lves of RllI/s 
.\"C'II/ilila/a, (b) 'I'll rk ish gallotannin (CYllliJ.f/illco/rill 
galls on twigs or Q. illke/oria). (c) Sumach gallotallnill 
(leaves or R. ("()rriaria and R. /),pililla). (d) Dhava 
gallotannin (leaves of AlloKei.ulf.l" /ott/o/ia). (e) M;illgo 
gallotannirl (seed kernel of MlIlIgilera illdica). (I) Tara 
gallolannin (p()ds of" ClI('.wlpinia .1/liIlO.l'lI) and (g) Tcri 
(Coesulpillia diKYlw) pods. The el/agilannins. on the 
other hand. produce ellagic acid in addition to gallic 
acid and glucose on hydrolysis. e.g. (a) myrobalan 
(1"('rll1ill(llio cliebu/a) nuts. (b) divi divi (c. coriaria) 
pods. (c) algarobilla (c. hre/I{!o/ia) pods. (d) valonia (Q. 

aegilops) acorn c~ps, (e) chestnut (Cas/lIl/ea satim) 
wood, (f) oak (Q. sessilijlo/"(/) wood, (g) pomegranate 
(Punica granatum) rind, (h) knoppern (Q. p('dul/clf/ata) 
galls. (i) sal (SllOrea robllsta) seeds. etc. 

Gallo/(Jllnins----Though' the chemistry of g'allotan
nins d,ites back to the eighteenth celllury. il became the 
subject or classical researches by a .Iarge number of 
workers. sllch as Fischer 19. Freudenberg 2f1 and. 
Karrer 21 on Chiilese gallotanni/l <l/1d Turkish 
gallotannin, Lowe 22 and Karrer:23 on sumach 
gallot,lnnins and Burton 24 on the tara gallotannin. 

R -0-;;-;'+ 1 , 
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As' 'there were some conllicting 'ideas about the 
struotures ()f gallotannins, it was rcinvcstigatcd by 
Haworth and coworkers 2s -28. ihe methylated 
gallotannin was hydrolysed and the resulting 3,4-di-O
m6thyl and ,3.4,5-tri~O-methyl gallic acids were 
analxsed' for their ratio. The methanolysis (If the 

,g,!lJolanilin' Was carried out and the products of 
'methanolysis were analysed at both intermediatc and 
ti~~i'J 'stages: The amounts of gallic acid and glucose 
were :eslimated. Enzyinaticdcgradation studies were 
carried6utoilgallolal1l1lil 'using an enzyme (produced 

, .~bX~~~JjJ.,ergilhls'l1iKi·(! ori::amediurit ~ontaining tannin) 
;~,··;,~r!..¢~~~lcavesthe gallotan'nin into glucose' and gallic 
::;ad~,L13a~e,d:611',thesestliaies, together with NM Rand 

.• J:. "~I ~ .. ;:... ',' ',.' I" .' . 

,,:masSiJspeCtral' data, the, structure of the Chinese 
g~iiohrrtniri'wi(s established. The structure of Chinese 
gallotarinin '(1) was, 'based on /J-penta-O
galloylglucose :core to which two gallic acid units arc 
att;\ched depsidically chainwise at p'osition-2 of the 
glucose. ' . . 

The structure of Sicilian and Stagshorn sumach 
~IIOl.annins is sirililar to thaI of Chi/lese gallotannin. 

The Turkish gallotannin (2) w,i's shown to be a hexa
galloyluted glucose based upon a; Ictra-O-galloyl 
glucose core in which the second hydr6xyl group of the 
glucose was llnesterifled: .the depsidit linkage in thi~ 
ca~e was shown to be ill C 6 of the gl;ucosc. 

,TI.le cQnstiltilion of lhe:.acidic.taht gallotannin (3)' 
,,;a5 ft>li'~(f'~'S,2ij' (0 huvelhb' averagercomposirionof . 
p'eiila-O-gallbylquinic acjd~ . 

Recently,gallolannins; similar to C.hinese galJotan
. nin;' have been ,isolated frol1l' cihilv~1 ·.Ieaves~!I and 
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ma/lgo seed kerncl 30 . However. the dh~!va gallotanin 
was found to be an octagalloyfated glucose (with one 
more extra gallic acid compared to the Chinese 
gallotannin). All the hydroxyl groups in the glucose are 
esterified by gallic acid and having one depsidic chain 
containing at least three galloyl grollps. 

Ellagi/(lllllil/s,--The ellagitannins are different frllill 
gallotannins in that they deposit on standing/hyd
rolysiscllagic acid in addition to gallic acid and gillcosc 
froin their tannin infusions. They.: show I hc 
characteristic phenomenon or the formation of' sludt,c 
or bluolnon leathers. Structure elucidation stutlics. on 
dlagit:lnnins were carried out by Schmidt lind 
coworkers·H "~7. Constitllents prcse!ll in eliagitannins 
are: chcbulagic acid (4). cl.lebulinic acid (5). coril(lgin 
(6), tcrchebin (7), pcntagalloyl gilicose (H). I.JJI
trigaHoylglucosc (9). 3,6-digalloylglucose (HI). /1-1). 
glucogalJin (I J), chebuiic acid (12). isolalcd frorn 
ITtyrobalan nuts and divi divi pods 31 ... 3". brevi"Igi;l-
I 39 (13), brev~lagin-24!J (14), algarobin 41 (15).' 
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hn:virolin (16) and hrc\'irolin carb()xyhc acid": (17 i 

frum algarobilla (c. hr(';,!/lIlia). casl;dagill (I HI. 

caslavaloninic acid (19). vescalagin (ZII), \\:sc;I\;II,.· 
n in ic acid (21). valolaginic acid (22). isova lol;lgi nil' ;Ic'irl 
(2J), valolinic acid-l·, (24), valoJlcaic acid dii<tcIUIIC"" 
(25) from valonca (Q, lIcgi/Ofls. Q, i'(//tllI('(/;IIHI (J. 

1I/IiC/'O/l'fI.I'is), pcdunculagin (26) frolll K 1l0PPCI'Il L~;III:; 
(Q. j1l'illIllclI/afaI 45 . caslalagin (is), casulin (27), 

vcscalagin (20) and vcscalin lZH) from n:lk \V(),1(1 1«( 
.l('l'scli/lllra) and Chestnut' w(lod ((', SUIl,rll"', 

plillicalagin (29) and punicalin (3{}) from JWlllcgr,1I1;lk 

(1'lIl1iw KrlllwllIl11) rind 47 , 
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Ol"er memb£,rs 6/.I"£' "yd"(I~l'slib/e "allllill grClUp,-
These include (i) Hamameli ,Wnnin ... based, on 0;

oxymethyl-D-ribosc,(31), to which, iw()galloyl groups 
are attached. Th!s ;.tannin was. isolai.ed,fron,t wilch 
hazel. Hamamelis virgilli(I//{I4ll, ches.tnul (C. J'otiva) 
bark49 and American red oak (Q'::"'!.h~(/) burk"9, (ii) 
ucerllannin (32), obtained from dricd.lcuve~OfKorean 
maple (Acel'-lartariclIlII) (= AcC'I' gi;/IIale)Si ;s~,iU1d has 
IlO value as tannin H • (iii) gayuba lannin;'b~lsed on a 
mixture of penta-'and hexagaJloyl glucoseS 4 • isolated 
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from leaves of Arctoslaphylos lwa-ursi, (iv) geraniin 
(33). isoiated along with corilagin from the bark of 
GeralliulIl thelllbergii55 , (v) mallotusinic acid (34). 
which occurs along with geraniin in Mal/Olll.\' 
japollica 56 • (vi) eugeniil1 (35) isolated from the dried 
flower buds of SyzygiulII tlrO//latiulII (syn. EugC'lIia 
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caryap/zy/fa/a)57 , (vii) jugalanin from walnut skin 5K
, 

(viii) hippomunin-A (36), isomer of corili:\gin, isolated 
fr0111 lfippomallo malliz'e/lll~9, (ix) deriviltives of 

hydroxycinnamic acids (37)60, etc. 
IlIt,,/'reiatiOl/ship be/lI'c'(,Il· ga/fotclIIIlill.t anti 

('II{/~itallllil/S-The two groups of hydrolysahle 
lannins often occur together in nature and it is very 
likely that c\lagitannills arc funned from gallotannins 
by oxidative coupling of ga\loyl groups hy enzymes, as 
evidenced from the slIIdics llf i la!hway'd ,and 
Schmid t l>2 in the aerohic oxidation of gllll:ogallin ,inti 
chcbulinic add ~it pH 7·H, wherein c\lagic acid gets 
formed by the oxidation. of ga\loyl groups (Schemel). 

. Raichel and c(lworkcrs(~}. obtained l'orihlgin· hy the 
aerial oxidatiotlof 1;3,6-trig,!lIoyl glucose at pH 7.4-

8.6. 
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Some of the cllllllnon condensed tanning ll1aterial~ arc: .
Wattle (Acacia lII('arll.~i;), quebracho (Sci1illop.l'i.l'· 

.• lorelll:;/). gambier (UncClr;a gClll1bir), spruce (Ph'C'{I 
. llbies). culch (A. calechu), hemlock (TSllgli calladellsis), 

• +to - .. 0 
, .. 

. . ° 
Ello,1e acid 
~ 

Interrelationship 11('/II'('el/ -el/aKitwlllill acids--·With 
thc elucidation of the structure of chcbulic acid 
(prescnt in chebulinic acid, chebulagic, acid. etc. of 
myrobalan) and brevifolin carboxylic acid in algarobin 
(one of the wnnin constituents of ulgarobillu). it is now 
clear that there is a close interrelationship be\ween the 
e lIagi ta 11 ri i ,,·ud.cis· (Scherile 2). . 

... ·'-~langroves (Rhi;;opl/CIrCl specics), ba hui (A. arabica), 
avaram (Cassia emriculow), konnam (c. ./istula), sal 
(Shorea robllsta), ghat bor(Zizyplzus xylopyrus) , arjuna 

(Terminolia OIjilna) and a host of others. 
Structurally related to l1avonoids, these tannins an; 

distributed widely in naturc and constitute a 

heterogeneous group, The C I ~ skeleton of the 
flavonoids is made up of tWO distinct units, viz. '''' ring 
(consisting of a C6 unil) and 'B' ring (made up of C{t-C.1 

unit) (38): 

Condensed T~n~ins '~'" O!.~B~ A' .'-:.-.. 
Con~merciaJiy •. condensed tannins are more 

::,,~.;:.important fronlHie leather manufacture point of view . 
. ;" :: i; '. ~ ';.. : ..... " .', " :' . ~. : ~ : . . . 
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Based on the cOlifigufation and the state or 
oxidation or the central C 3 lInit in the I11qlecule, the 
lla lJolloids are broadly GIilssificd into: (i) chalcones and 
o:-hYdroxychalcones, (ii) aurones, (iii) llavones and 
llavonols, (iv) Ilavanones and flavanonols, (v) 
llavanols, 'and (vi) isoflilv~)f1es. We have also nco
tl;ivolles. billavonoids, auronols, lignollavones. 
pe/[ogynols, Jlavllnllid sulfates, ctc. belonging to this 
group. In addition, the gJycosides of these flavolloids 
also occur. Of these, the. flavanols are the most 
important compounds frain :.theroint of view of 
vegetable tannins ~ J,64.;. They possess the property of 
being transformed into the amorphous poJymei"ic 
tannins by the action of ellzymes, mineral acids or even 

'. by mere warming in aqueous solutions as well as in the 
. solid statc. . .... '.' • 

" rll~'llavanoJs are r~rtlier classified into fla van-3-ols 
(39); navan-3,4-cliols (40) and proanthocyanidins (41, 
42). The IeI'm 'proallthocyanidin', was coined by 
Freudenberg and Wcillges6S to collectively define all 
the colourless subsi,i,;ccs ,isolated from the plants 
which form anthocyanidin when heatcd with acid. 
Weinges el al. h

(' used the term leueoanthocyanidin 
(Ieucoanthocyanidin is the trivial name used to refer to 

...... fla,van-3: 4-diol) for the monomeric proanthocyanidin 

~~. 81 

vpON 
HO~O).~OH _ 

~OHppOH 
HO~y~OH 
'~" 

Ofl . ON 

~ 83 

r~o~yanidin .Oirn"~s"':":".,. <:' ... 

,.":,-.:;,'\ .: ... ;: '~;'.\ ::·:'::-ji:rr;.;.;~;~~'ri.:,~:}.y~'t.·f·\Jft:, f ' 

flO 

.. "'; I~;'~;~';:~"'~: .... 

NO fl 

~ Cl 
NO' .. 

.~.C2 

'Procyonidin Trimer$.;·, •. andthe namc"condensed proanthocyanidins" for the 
I various flavan-3-oldi;riers and higher oligomers. The 

proanthocyanidins are supposed to be formcd by the 
. oxidative polymerization of flavan-3-o1 precl;rsors(.7. 

Theproanthocyanidins; which arc dilllcric or 
oligomeric. are further classified into Type A(41), 
Type 8(42), etc.; depending upon the type of linkage. 

Foima(io/l ol/lavo/loid. ((I/ll1il1s,-- Bate-Smith 'S(iX.I,<I 

'. is,tudi~~'on the' id~ntifieationof leucoanthocyanidins ill 
:' ,:;:an'u!I?berof dicotyledenous plants using phlobaphclle 

.: ~,. test led to the'finding that the red colour produced was 
' •••• ~. • .' ': 1 • ';' • 

. . R3 

.HO.~~Ofl 
y'yOH ';:' .. 

.,',/:~I::;~~,o,H .... P..,' 

," ,~;,::~. r.~AVA~,-~-:C!I.{,R1cH 1,,' , 

.. :; " O:~~OBI~e:TN:?,~,l.\R, ~R2:::.H, If)=~ ... =?H 
.. :~~.:~ALLOCATEC~(lN,R, :::H)A2=R:{::. R<t;OH 

:CCATECHi~;~t~·=H ." 

. . ~ . :: ; ;.~.>, R~.~ t~: ~::: .. ' . 
~ nAVAN;3;~'~~.LS.(~, =-OH) 

O.LEVC~8IN~.NI?IN~·Ri~; ~, = RJ= R4 :OH 

. b.LE·vcofistT·I:~iDIN; R2 ;~4'N; R, = R3 •. OH 

,due to the fo.rmationof anlhocyanidins from the 
corresponding Icucoanthocyanidills in thesc extracts 
(43). This was further indicated by the identification of 
leucoanthocyanidins in a number of tanniferrous 
plants like eucalyptus, mangroves, \vattle, etc.70 
I-IiI/is 71.72 observed that synthetic flavan-3,4-diol 
yielded anthocyanidinsand; therefore, concluded that 
eucalyptus tannins are based on flavan-3,4-diols. 
However, Hillis did not distinguish between the 
monomeric and polymeric leucoanthoeyanidins. King 
and coworkers 73.74 isolated a novel typc of 
leucoanthocyanidin, mclacacidin (44) from wattle 
heartwood and drew the.gcneral conclusion that ihe 
'phlobaphenes' wcrenavall-j~4-diols. However, their 
statemenls were not correct/siilce the polymeric nature 
of the condensed tannins (some o[ v,:hich do not yield 
anthocyanidin upon boiling with acids) was .ignored. 
The difference between monomeric and polym.c.ric . 
ta.nninswas established by Roux and coworke?s 7S -'79. 

They isolated and identified, in the ·Iow· molecular 
. weight fraction, a number of compounds . like , ..... ~.).~'£:A.~ ~.': ~ .. ~';/::. 1·.;:~~ 

(j) 

~ OH 

~~"H,+ 
"'I H \--... Ii-

0 .. 

1,J leucoonthOCYOflidin Anthocyonidin 

011 011 

"O~"'O ~\ ",I _ 

0... OH' 
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. ~ Procyonidi.n A 

~ ,MelfJcoCldin 
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robinetinidol (39a), 1cucorobillctinidin (40a). 1110 IIi sa
cacidin (40b); gallocatechin (39b); catechln (39c). etc. 
With the: isolation and idcntification of pro
cy:widins66:8~; the views hcld earlier about navan-3.4-
diols and their oligomers nccd revision. As mentioned 
earlier, the capacity to tan depends to a large extent on 
molecular weight and for maximum tanning capacity, 
the suitable. range is 500-3000 7 ,9 ··11 . It is, thercfore, 
relevant' to note that the condensed proan
thocyanidins, dimers, trimcrs and tetramers are 
classified as tannins since thc\' have molecular weights 

: .,'C" in thisra~g~J 3: Thus, it is ~Icar that the condensed 
i\~;:>:;';'c::::: ,tan,niJ~s l!-~e derived from thc polymerization of Il.avan
I:' ::,:,:Y;";::):' .... 3~ols and :fltivan·3A-diols. leading to the rornmUoll of 
( .;'::';."1,,:<::.:. proanthocy~nidii1s and other polymers. However. the 

. exact mode or linkage is yct to be clearly understood. 
though the mode or linkage in the case or dimeric and 
trimerie proeyanidins is well established, 

, . , ,. 

I 

'.,.: .. -:- ,.,' 

'f". .. 
! 
\ . 

I " -'~ -" 

.1 

Slruclllre of jlOlJolloid lannim--Three· slructuml 
theories were 'prpposed for the formation or tannins. 
viz. (i) condensation by acid, suggested by H~idclberg 
group81 -8R ,(Scheme 3). (ii) enzymic cond~nsation 
through 1\ quinone ,plllymeri7.at ion. proposed by 
H'athway89,90(45) and (iii) an unspccilied mechani~11l 
to give polymers with ether linkages. which h.is been 
advanced on the basis of the work of Kirby and 

......... 1. .,." 

,',' 

:\ ... 
. ,' : 

01< 

o 

~ Head to \all Oim.~~ of 
. catechin. . . 

" . ,.',', 

t>'T:·;', ,>. :.:' 

tiO«:c60' ~ \ O~H HO~'1_~ Ot~1i 
I-----+- ~ " 

'" OH 

. 0" 0"0" . ."0 ~;:;;P?;H 

OH Oli 
LEUCOCVANIDIN OIMER 

Sch~m~ 4·Unsp~c"ied mechanism Ihrou9h'~lher linkoge 

White91, ROUX92 and others (Schcme 4). Btll these 
theories arc not free from controversy. 

Wilh the isolation (Jndcharacteriz~ilion· of some of' 
the plant proanthocyanidins (dimers and trimers; ill 
their free phenolic form, the mode of linkage ill the 
polymers is rairly well established. specially in the case 
or dimers lind trimers66,KO. A number or pro
nnthocyanidin dimers, trimers and oligomers have 

f . b' I' t fll"flU been isolated rrom many rUlt- eaTIng p.1I1 S . 

The structures of dimers' and trimershave been fa.irly 
well established, but comparatively little is kl'IM,(.n· 
about the structure or higher oligomcriC·' [()I'inS. 
However, the principles: th;it . govern "'slrlll:turt' 
rormation arc thought to be the same as f"r .the Silllpk 
dimt:rs and Irimers. 

Slilb(,II(,.I'.-GrasSm(lnn el 01.11> observed that the 
tannins or spr·ucc bark are made lip \).1' the 
polymcri7.atioll producls (11' picc:ilallf11l1 (\,~, .1' S· 
tctrahydroxystilbene)(46) which occurs inlhc fn:(: ;;1 ;1; t: 

or as glycosides. Latcr, hydroxystilhc.ncs were i:.1 d;, i~'d 
from the tannin-bearing plants. like EIICI1/YI'~II,~' 

I 93 C 1- I 89 94 C . . '117"~ etc '. . I\'all( 00 • . Islu a ' , .. m(/rg/~h .. t. .' ..-

The close ;netabolic relationship of hydn,lxystil· 
bcnes with the condensed tannins was firsl suggc>!l'd 
by Erdtman 17 . It was also observed thaI in botl, 
groups. one aromatic ring is derived via the acetate 
pathway and the other from sl,likimic acid 17,1 K.~·h , F(.r 
example, pinosylvin (47), 'chrysin (48) and pinoccmbnn 
(49). all having the unsubstituted Bring, occlIr.-ill.the 

pine species . 
.'\>f~.:':-.~ ." ~, .. ~ ,. 

H~O '1~ I -
'" 
·o~ 0 

~ ,pinocembrin 

position of Veg~tnblc ,Tnnl!agcs in India . 
,I",dia, with its trqpical: and sub-tropical dim~lt'c 

conditions is rich in . fauna and flora and there IS a 
goodsco'P~ ror ex pl()dng' t~n~ing mat~rials, OlJ1cl'. tl~an , 
wattle.,most of which are .. not useful as self-tannmg , . " ' .' . .' . . 
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Ihese indigenous tanning materials have been modified 
to minimize the defects ttssodated'with' them an.d to 
bring tll'em nearer to wattle in tanning quality: These 
modified 'maierialsare now used in the production 'of 
E.r. leathers; heavyleathers;-' etc.::"as '. full/partial 
substitutes of' wattle: iModifications' hilve'lalso ,been' 
introd~~ed in' the IIctukl tanriing processes' i~ respect of 
E.!. leathers,"through full or partial substitution of' 
wCltlle l24 ; - , ',: ' 

In anothermodificalidri, v..egetablc tannins are used 
as raw matcHals"iri'tne'i11a'n~ra<:t'iIre:'0(sYPtans 121.122. 

Using myrobalan:tann'ini:oneprodiiti;systan MB, a 
retanrii~'g" syntan',' , was' , developed" by i' Sastry cl 

materials, due to certain inherent defects (lSSocialed 
with them. The hydrolysable tanning materials, such 
as myrobalan nuts, s-al' s'eeds, etc., which are available 
a()undanlly, are associated wiLh eertaindefecLs like 
formation of sludge dlidng Lanning, hydrolysis of tlie 
tannins by acids or enzymes, resultlllg in the forma tion 
of carbohydrates and gallic acid and/or e/lagic acid, 
fcrmcntation, mould growth of the liquors, etc; as a 
consequence, empty, spongy leathers having a high 
tendency for water'absorption arc obtained. The sludge 
which consists ofellagicacld, chebulinic acid, etc. 
pre,vents. furLher . p~~~·~r(ltio!1.::. or. ... tannins; The' 
cond.t!.nsed tanninsfr9.'P c,utch,l!1angroves, karada,sal , 
bal."~, ,c,tc:!. on, t~eother"llan~,ynd~rgo,progressive' 
polYll1~riiati()n;Aesu~til1g ::, in ;'; the.';' formation .;,of 

ph'jb.~a'phdn~s 0;, ian~.jl~:;'e(is,'.~n(j·~ue' to ,their high' .Biogenesisa~d,.BiosYJlthesis:or:~ait~ins:';t:::;;~,~:;.;;;::.,., ' .• " .. 
mol~cl;Ilar;~eightsttey dql10t ha v~good peneira tion.' ,. Hydro/ysabi~" ia~ltitin~ c,; Hydrblysabie:~tanniris 'are 

. Becallsep[ ,t,~e, pr~sellc,(! ,or certain colouring mallers derived frbm gallid:-andhexahydro)cydiplleriic ':acids, ' . 
. lik.e,an~ho~yanidins",qiIinones" etc., these materials present in tannifcrrousPlantsas;est~'rs:\vitlistigarand ' 

a/'21.122' .~: ',:.. -', '. i~' ~.: "i
l 

t 

:" . ";' :('/!~b,;igj'ii\(':i,;"!,;,, ';";.'~i'~::i::::;:'i'i~'::;:' .~:,;. ' 

' produce darke~coloured,<I~aihers.:It is the association the biosynthesis oftheseiwc> acids :is':likely~togive a ' 
of 'th~se defectS ~ithlh~:t~~~ing inaterial~ that limits clear picture of the formation of theselwota;nnins(the 
propeL utilization, oC: these materials. For better hexahydroxydiphenic;'acid., being"unstabledoes not 
utiliz~tion,ri ' fU~da~~Cll;ta(: k~o:wledgc about lI,le occur in the free state; it is isolated as itsdilaclone, 
chemistry of thctannlll'us :well as non-tannlll' ellagicacid, which'ism()rc ·stablc) .. <,jsj~g imtopic 

,constituentsprescllt· in:,tJ1em is ess~niial. With this feeding"experiments;; several :workersl ~5: studied the 
.• poiridn view,' studies ha've been carried out on the biosynthesis of.gallic,:-acidiniplants . .It was observed 

' .' ch~misiryo(i pdi$enous lanning mal.rial, like. v"<am,' ',h. I gallic acid CQuid bi: fo,med by dehydmge.nation of 
': (C;j'irliriculaia),97 ,bi:tbIJl. (A; ~rabica)97, kQnnam.( C< ' 5-dehydroshikiinic acid.' Zenk 12~; <wo'rking on the 
"flJ'/iJla>~,8~,~,~",:ghat . bor. (Zizyphus· zY/Of1Yrus) I 00, sal biosynthesis of gallic acid in Rhus typhilla, concluded 
,(SI10rCQ', rabus/a). 'bark.lol and 'seeds lol -IO~, sain' that this acid was formed through the metabolism of ,(iernli~'f1/i~i_: /O'IIt!II/osa) 99:.J;Q6 " cashew (!lnacardiulI1 phenylalanine, as,_shown ,in Scheme 5 . 
. : oCC/rl.e.~It,ale)ly~ ,vclgai (C(~ssiamargina/{/) I 00, mango 
(Mal'gi/ero' 'indicq) 30 " ,.~hawa(Allogei,\'sus la/i-

."Voiifj)!:8,:~~9 .. ; ;'Iyal ,.vagal ,:(P.~('().I{lI'um /eml!{C'lIilllll) I or, " 

·::.'i'iln.~,!,~~t~~:~:V:{i~{'.~I1/I!;il,s:::~·,~~llb//ca),1 07; and casua ri nu 
'.r !(Cf1.suar.il.laJ!(juisclif.olia)r~~:.Jn,thc light of the results ( "." ',". ',,, '. .' '., "" '. ,', "', '. 

'J; '.;ob.t~lit~d~~::JJO~~,:these.,slUdics, ,the, m()dilicatioJJs 
iipt~hb~~~d:~;:~:;d)bleridi~g 'may 'be done with other 

, "ta'n'ilil1g~n~terlalsI09 "':i'4;(Ii) treatment may bedonc 
' 'with synthetic tannins ,II 5.116 and/or chemicals J 17-120 

';and(iii) pther,mcthi)ds like,(a) preparation of syntans 
.,:u_sin'g;y~g~tu~l~ 'tanni~~"a:; 'rawmaterials in placc of •. , - "h ., "'I"'1'2'i'122' 'b)': 'c' 'f'"'' 

,.:p .~h,Q ~:,: . '.' ,;' ,J, ... ,'.grei (. copolymerization of 
:!L,y:~ge't~~i~,Otannin' ext~ild's: with acrylic 'acid 123, etc. 
::: ?fhe~e<:i:ii!lp.r6yements"'.'cOUld ,be achieved by 
:··j~R~i[Xj~1·~!'?'VCge~~,bI9~r,;~~:nnin~:."mat,crials at 
:;';'il,pPJopnat~<stages~"duqng,';.the :preparatlOIJ of the 

~~r:. '00' ~. <DO. , -', l~ 
j:;iOH ~ O.¢Of. ~'O'¢OH -. ~ 

Oti OH OH HO H 
5 'DE HYDRO QUINIC S-DEHYDRO 

ACID 

ElLAGtTANNIN GALLIC ACID 

COO" , 
CHN"2 
I 62

' 

PHOIYLALANI"t 
ClNHAMIC loCI 0 

Sch~m(! 5-BIOSYNTHESIS OF HVDROLYSABLE TANNINS ):'f!:ltq~j~~a;:4~~;~~tt~te~;~!,l)i~il?~9'~:~>fa?g~:;of.'iJ~lprOv~d 
l?tM.l!£ts;\l?q~\!cl()1lIndlg(!t19US tannmgmatcnals, VIZ: OmdclIsed IQ/II/ill.l'--Robinson 12 7 w,i~' the first to 
my.:tp..~~!~h\~'ikA8WlUg~p:9.,i,Y!!.:'SU.tc.~"mangrO\;es" sal suggest that Ilavonoids, which may be considered to se(;diFdishe\vtt~;;(a;~:ta'ful:irmdl1s~~d'!tEs'fli; krirad<i bark,' have been deri ved basically from 1,3-diarylpropane. 

:,;~it~1~?l~~~~~~!pp~4~Fg~{ti~~~~~fJ'JiY':'~;ranslated iinto could' be formed in plants by the condensation of one 
~coi:rlrlie:rclaFPl'bducti6ii,~}:~,J~~These'productsare being C6 and one Cr;-CJunit. It was further stated 64 that C

I
, 

,'milr~e'i~H'i1iid~f!:ditfe;idll:tii';aa~'i{'~'rne~/~uch as Wasub; unit (ring A) (38) is derived by the acetate pathway and 
~yc6W~t,:;'M6'rta'n,':' Casht~t6':'Ta"~~llix>"etc~ Sonic' of 'the C(>-C3 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 (Fegopyrrtlll 
rafer;cul1/ and F. escUICII(Um)128-DO cyanidin (51) in 
red cabbage and buck wheat do ---I J2. etc.. using 
isotopic tracer technique. Hence. the more probable 

OH 

HO~O~H 
~OH'=' , 

Oli 0 

~,Quercetin 

HO 

()~ 

~ ,Cyanidin 

route for the biosynthesis of Oavolloids starts from 
cinnamic acid or'related ~ompounds (derived from the 

, : ' _ shikimic acid pathway),:with the addition of three 
, ":\_\':::": i_aCetate units. The basis C6-C3-C6 compounds arc likely 

.!:, ,~:.-' " - ,to be the .chalcone~1 although other oxidation lev_cIs of 
'i-- ',: ,- ': the C 3 unIts' ara not excluded, since evidence in other 

-, series shows that a variety of acids can add acetate 
, units' (Scheme 6). 

; 

. "i'-

'.: 

SHIKtJoAIC ACID--- - - - - - - - -- .. HOOC·I .. ·CH2--W 
NHZ'_ 

P>lENVLALANINE 

.. 0 

kim) 
HOOC-CH=C .. --o COOH' 

1 
l CHfCOSCoA + ClNNA""C ACID 

MALONATE COCNZ ..... £ A " /-

~/ 
o C"z 
''c/ c ..... SCoA 

I ""~ CH Z 0 - jr ,="J 

;
' 'rCH2 ", ,r 

, ,C-1S INTERI-'EDIAT E 

1'8~ HO~O V8~ ____ • AI --
,. ... ..... - . 

-_. ,OH- 0 '," ',,':: olf 0 
CHAlCOIolES ; FlI\VANONES,EIL __ , 
~_6-eIOSYN1HESIS or C1SSKELETON fLAVONOroS 

Based on ,the concomitant occurrence of different 
closely relat~d flavoooids having similar oxygenation 
pattern in:the rings A and fl, many theories have been 
put forward favouring, the' sequentia}:-,formation of 
Oavonoids - from a single precursor lik~ ch"l
cone 133.134. 'However, with the isolation _ and 
identification 'of-~~hydroxychalcones and" relat~d 
compounds 1 3,5 ,-I~~ " the theory- that chalc'onc is''thc 
intermediatecoll)pound in the formation of condensed 
tannins needs revisIon. Roux and coworkers isolated 
cx-hydroxychalcone (52-54) 135 - ~ 38, cx-hydroxy-

',:" 

HOy.0;fH9H HH 

~ 
0'" 0 

55 

~R'OH 

... 0 " "I R2 
l' I 

" 0 
o 

~, f~1: H, R· 2::OH 

~, R,:OH,R{H 

dihydrocha1cone (55) 13'.1 , the pehogyn6id equ_ivalcn I 
of a:-hydroxycha1cone corresponding_ to mopanol 
(56)140 and its isomer. corresponding ,to pcltogYliol _ 
(57)141 . In a recent review on -!X-hydroxychalc(~nes as ' 
intermediates in Ilavonoid biogenesis. - Roux and 
Ferreira 142 concluded thal.o:~hydroxychalcones arc 
probably involved in the biogenesis of 3-h)'
droxynavonoids, from which the formation oft:lnnins 
takes place (Scheme 7), i 

Thus. there seem to be several opinions on the 
biogenesis of Oavonoids- One point not yet clarified i~ , 
whether a precursor with a complete flavonoid skeleton\· 
is forllled first and then further oxidation stages ("(_lO;-; .... : 
or whether the oxidation levels ,ire already fixed ilt til<: 
formation of the Ilavonoid structurc i4 -'_ To 
understand the exact mode offonnation. some mort' 
experiment~ll evidence usi,ng enzymic, tracer tech
niques. etc, is necessary, 

Mechanism of V c.gctahlc Tannage 
The mechanism of vegetable tannage can h.: vin\.:d 

as a two-phase system l44: (i) the liquid phase of tannin 
solution and (ii) the solid phase of.colfa~ensuhstrilh:, 
The interaction between the tWl; is ViSIWlizcd 011 Ihl' 

reactive groups present in both the phascs_ Reactive 
groups availahle in collagen for interaction wilh 
vegetable tannins as listed out by Whitel4~ are: (i) CO 
and NH group 011 the backbone. (ii) OH groups .. I' 
hydroxyproline, serine. etc. for H-bonding, (iii) NH:! 
groups for H-bonding and NH;- groups fr-om arginim::
..lysine and: histidine for electrostatic linkages, (i\') 

COOHgroups for H-bonding and -COO- grours-~lr 
aspartic and glutamic acids ror electrostatic linkages. 

'~and (v) those parts of collagen thal permit van der 
Wmils forces, including dipoles. In the case or 
yegetabletannins, the reactive groups available for 

- interaction with collagen are: (i) phenolic hydroxyls,(ii) 
alij)hatic hydroxyls; (iii) ether' oxygens. (iv) carbonyl 
groups of phenolic carboxylic acid. and (v) other sites 
suitable for H-bondin,.gor van'der Waals forces. 

'In addition to the above, the factors which are also 
interlinked with ,reactive .groups'ithat govern tanni~ 
fixation on .-collagen are: ,(i) ,the 'as,lrigency of tannins 
,which depends,:on the mole~ular size,: (ii):the physico-
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H~~H OXIDATION' 
, 'HC$".O', OH, ' --__.' __ + 

FI.AV':)NOI.S 

;', . . ",. 

c!"mical . P'op'''ies'' of 't~#~;;'~,. 'uch., moloeul., soeondacy chemical reactions and ." th, . fixation of 
';dght ',' .", '" lying in th,,~~g, 500.3000, hydrogen tannh", The specific reactive gro uPS.' of prot';ns lIDd 
i9PwnccntcaUon;conCent!~tion of tannin" duraUon thel, e/Tect on tannin fixation 'wen;' invesUgat,d 
(It.-tanning and ,icmpcniiuie.:o{:the.ianningbath:, (i;;) ext,nsively by. Thomas,; <'I al-" '; Bowes and 
"f-I .of the ~ollagin substn,t, a:Jd its naiu';' brought out 'Ken ten''', Lolla r eI ;ul.~ 'hnd Gustavson ','~ who 
by modification ~f its reactive groups by esterification, revealed that" basic,'amin~ g;OUpS 'take :'part in the 
deamination, etc. and,the'steric"factors~4,6 involving fixation of tannins mor~ pronounccdlY in hydrolysablc t~"spaee and; "olum,· bet Ween collag,n chains andty", of tan nins, whildnth' case of cond,nsed tannins, 
fibte"'.;,,,::,,, "·'·ii,; .,' ... , ,> 'ilis aU dbu ted to gceatecavailabmty of coordination 
. iiIerice.' in vi.", ottbe. coniplex nature of vegetable si to, '" used by deomination, GUsla vson '~' .,., and 
anni,;s>rid eol/agen and iheir nimificaUons,a numbe, B.atm e/ at. '" 8Iso investiga ted the e/Toet of carboxyl "f;me~hanlsms have been proposed,'which arc broadly and non-ionic groups on normal collagen, denaturated 

' lti~,jfic~,'in to,. (a),deposition:/heory;(b) el"'trovalent col/ag'n H". "'. t ceated under hC'dt and Iyot,.pic 
'~iiiji:j;';d'(c)cheinicalthcorYiComprising H'bonding salts, estcdfied p,otdn and polydmide a, ·to the ';di!'i!dlp61~'dipol" ,;nier;i~ti()n", ;. "'1any'" wo,· fixation of ta nn ins and concluded that the non.ionic '~;i·tt'\\i,i';i;~~:~onsidenidita;'rii" fii<alio~ a~ physical Prot,in gco ups (",pli.de bonds) «r<i!riliiiJ!iia.s ,ites ro~ 

,1?,~$)tip',~i:aridf;~ut",aJqS~!ubj'«-f.ati~~;, 9Y} 'pcptiza lion H-bollds. linking vegetable tannins. ' f~i~}" , '.,,!, 

iij flep~,~ition:IIFc'oJJttgen;.J~J~F.~;t, "r":" , ... ,,; ~ StUdies on the shrinkage temperature of vegetable' 
P'rocloralld Wilsoii'I.:S?c6'nSidered the m'echanislri as tanned leathers in<iicated that hydrolysable tannins are 'dticat;rieutcali'"'tio,;"<iii~hiirgeS;;;f tannins and fixed mainly by non,ionic gcoups. resulting in slight ·i .. ::,· .• ·i ·~·:.i,I::i:':'. ,.r·)~·;t'.y.}7i.\O. . ": '. ~. '. .:. ';. 

?~~J~iN::~~q.ups:'jr'f.I?w~v~rl';r;~~Js ;';co~ce~t was ,not increase in shrinkage temperature, while condensed 
Y~~~~9.f;~Y,::r9.(jrnas:::~nd'.~,~I~r:~},!,I,,~~ aJ~d VogI15.J. tannins fix with basic groups multipointly and help 
:T.he~chemJcal; ~heory,~.whJch,takes;lOto:account the increase the shrinkage temperature considerably over fifQ1Mi1#~'oi i?nic~nd,~?~1&hi.~ !,,~u~ of col/ag,n. the ,tanned col/ag,n "':'" -''', These findings were the,(ixa,tion,oftan,nins;1isAJ~I~,to.·:~xplain'to'a large corroborated by the investigations on the stripping :e'nt:tl1e!t:6~PJi~ate~'rea~~iQh~~~~9!Vedii~ Nege,table ,action ofui-ea 1.74 and organic solvenfs 175.176 on "i\#g~";l;hifp.j'(t'o"!.h.;;;ji¥mJ.>'lPJ~y~,it"rit.('i>le, in ,v,getabl, tanned leath"" ShuUlewonh ... and 'etll~i~I"~~."~!~,"J'·· {'ill.dili" •• ";iliD ·of. oih", '" . '" .", f u'ther considered tMt protein '"" ",", "~;:'."""""'.,., !t",.".",~., .,L, .. v~""" " , , , ' .. , g, 

i8g.il~1{c'''siib'i1itWo ·.chifCllii:oiip. iand "he' aCcepto, oxygen atoms and hyd ,0,Ylg".ups oftannin iii)iji;~ff~qi~~~~ffjL ~~ii~~g'ids'ihei'· may react by hydrogen bonding throughpc~tide. rg',ii"f"rifZaU6ii[f!deg~ (!f;aggregillioh, c and" charged amino, u nionised carboxyl . lieoupi _ and 

I •••. , • ;'.'~'~ ".' ..••.• ···;'~>':~~J~cf.;,~r, <r' 
'0, to. 
o. l' 

........... 
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-' . 

I~ •• ,.", 



·.r""." ....... '.'F~ :·';~~t:'?~·~::~ ":;",,,,!-~,,:7~::~·';:~;;:;::3i"::j;,. '~;.~:r~;:;"";·'"r~;\!~~0\"!',?;;".---r' . --:' ,:' '~' ". ' -" c '''; 

i,,*.;~I:j%;;7!l: ... ~+'Yl!~2r~ikH~Ac.c~~~g1:~;';~~':U~1~G'\~~I~S~~ · .. VI.W· 
:W:':hydroxyl groupsofcoi.Iagen, uJtimalely involving Ihe . Rccen(lY;,.a.ne~ eUagitannin.based ~m leuc(lde\phi
}'::~~J?n~c and n6n~19tiic:&r.()up~':of.~ollagen. ":.;.:~. nidi~;~:ga~Ii~~1iCid;··~n·digallic.·acidand hexahydroxy
.3(~:~Another;~; mccJllii1isrn~:~ suggested' on the: .b~sis of' diphcfuic add. esterified with glucose. wus reported fr()111 

. \!:dJpo la r gf6U};s;::iil\6Ives·. in'teractipo' wi Ih hyd r'o'xy J. ti n d you~g ~tem ~ ba'rk or Ca('.I'lI/pin ia plI/~'I,erriIlUlll1 ~. 1 H h , . 

, /:! ~~~:~iriipo'groupsijr;:aipoiar'g~9tips~ suchas:~ Cltthere. However~~'ihe exact attachrrlent 'of the. galloyl; /11-

. ;Jf;!~l:;~i/'l .. ldrt~{a·r~'!!:twoH~c(iy~~,~.I.~~~~rt;:~pai~';'d~I,~ctr~ns!a~d' 7[- ~igallo~l.a~d ~exahydrox~diphenoyl units' on the 
'. "i·:':;·: .. i·~:?··-i·.:·eJectrons, .. betweel1::·the':'·carbon aloms.',WhIJe (J'- glucose mOIety IS not cstabhsheu c1carly~ .' 

r~ ! ; ..... : .;~ " ':electro~s are fl'fi-rifY:1i6un·d·'to'positivel·y charged nuclei . (2):}~~~ntssynthesite: different· polyphenoiics. but 
.a: . : of . carbon," ihe:~:'7[~eleCtrQns" are ·m6bile:.·an'd cari lanriiiis.isOtalcd so far are'.based. essc~tially on gallil.: 

: partici pa'{e ict' asY~~letric <il'sii-ibU'tion in the p~escnce acid; 'hexaiiydroxydip!lenic acid or.·related acids and 
of a substituent group, such. us hydroxyl and amines on C-15 flayonoid compounds. It may be that there arc. 
one of the carbon atoms; resulting in a negative charge tannins based on other types of phen~lics synthesizei'!" 
on the carbon atom. Thus, . a ,molec.ule with weak by plants. e.g. stiloencs in Pice(/ ahi('slb ,phlor,)taiillilis . 
dipoles is formed and the dipoles bind the tannins with present in Holidrys siliqllosa 11<7- ,(rsw.w·ira h(/;:mlu. 
dipolc.groups.ofthe protein 182 -184. It can, therefore. Lamilloria ochrolellca I HH,etc. 
be concluded that the mechanism of vegetable tannage (3) Scveral routes were suggested for the biosynthesis 
involves the coordination of the peptide CONH; basic and biogenesis of hydrolysable and condensed tannins. 
NH z and NHiand -COOH through H of the Although in principle it is possible that more than 0111.' 

phenolic hydroxyls' of, : tannins by H-bonding. route operate for the formation of natural produC-I~ . 
. Similarly. oxygen. aloin~:':.of phenolic hydr~~yl of th.e exact pathway is yc: to be understood. dearl). 

:, ' tannin may. acl as' coordinating ucceptor ,with any particularly making usc of enzymic, tracer technique! .. 
. ~. --' ¥ hydrogen utc:;>ms:'6n.va~jous gr'oups of collagen as per etc. . 

.j .:: .. ;.;\:;t. the illustration below: ~,:'. ';" (4)Itisnotclearwhetheraprecursor\yitha.compk'!c 

·.:.i ... :.·.· .. :,!~.:~~ .. ~.':·.~,'.·>:.: . . '., :. ... N' ~:;~~~~~:~~~~~nO~~i:;~~:~~el~~~~ :~:.ltl~~;d~xl;~~~:':I': 
, the formation of the nuvonoid structure I4l •· 

;' .. ' 
:- . 

", .,,", 

.. ;. 

~. , .. :. ". -
l' <:~> :';.-::'''! Conclusio~ ond' Suggestion for Future Work 
r ,. . . (I)"ln tanniferrous plants, the tannin~ are usually 

_ ..... concentrated in' a particular part of the plant, though 
"', ... ' they are present in smal.i quantities in other partsalso. 

. Tannins present~ in .. 'each part belong 10. either 
:~:. '. ')lydrolysable,. typ~.~~r .. co~·densed type" e.g. IheJruits . 

, ; , .. , : .; ~.::~' may ccmtajn·. hydrolysabl~ :type and the bark inJaY 
! '-' ::::i' . :.::,i:-: contain conci'erlsed' type.~ However, the presence ()f 

~;i'~('H~!~i~:E~~:f~r~t,~~E,~!;~!~~~~i~~t~ 
: ,")it';:;',. ".:'::';'''~·ne and the same part 'of the tanhiferrous pianfisnot .' 
·:)M';';): ?:':),~~tiCed yet. though' the .' presence~ .. of . hydrolYsable·· 

" ~ir:.·J ,';' I •. ~. : ..... "!,. . .. :' • .-, .' I ", .. ' • ' '. . '. •.. ..• 

·:·:{,:6i,~.;"j;~~.:.~.,tar-;~w,:;.~onstl!~:~n!,s; .. along . with .. m;o!1omcrs:. or 
··t::~·:;· '.<precursors of the condensed -type or vice .Versals " 

I : :'::;<.; .... ", . co~mot'J' phenomenon. The so-called' mixed' type of 

!. ;J'.i;;i·::·)tannj'~s, e.g. babuJ(Acacia arabic:a) bnrk;contnin 
. ' :Pt,>:--, :iFess~ntially:onl)i!'on{type'along wi~h' ~he; pr'cci,usors or . 

\ __ ~ ~.r!ii:;::.'>~··:;~op.o:mers of th,e9Fher type.TI.le sIglllJic.ance of such a 
, .. j:','S:,::,;/;:,;,.:phenomenon must be looked ·lIllo. . '. . . ., 

:'t'1i~~;~;."· . . 
" " :>:' ~:. ~.: .... "'~j.'::., .• :. J • 

(5) As regards the material balance and mcdmnlslll 
oftannage~fuilher work is necessary to understand as 
lo how such ~ large quantity of tannin, almost equal to 
the qu~ntity' of the h'ide substance, :15 fixcd and wh:l-l 
amount of it is entering into reaction by H-bondin~ or 
dipole-dipole activity and causing crosslinking" M 
protein structure. 

Summary 
The present day knowledge. on lhe chemistry and 

biogenesis "~f vegetable: tannins 'and:their' reaclions 
with hide pro.lein is reviewed. ~he position of vcgetablc 
tannage in Jndi" w(th regard .to the avaiiabililY or 
vegetable.tannins. lhe,defects associated with them an~1 
the .suitable mOdilicationsleading to their beller 
u'tiliza:tic;n!a~e;discussed:'::': ...... ;i~' . 
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