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Résumé

/TREMHGEWLFH WUDYDLO DGHWWKgSHRGXLUH GHV PDWpWLDX[ H[SD
SDUWLU GH SURGXLWV GTRIUZDUQH RSN MBHW OB LQV

$X PRPHQW R+ FHWWH WK @i O XCIpBEKONH Q WHSX E O LV VLELOLW p
GIpODERHHW\SHP®NWpPULDXHF GHY IRUPXODWLRQWVHO®HY DA UHV
FROOHV XWLOLYVpH\PBRFUL FHR ERR VW DILRHPVD G3%HH 8HOD DOODLW |
OfHQFRQWUH GX FDUDFWQqUH QD W XQ HIDL BPHXW H O EX P LS LOHK BHU R C
QDWXUHOV HW OHV PpODQJHDLW RX OHV IDLVDLW UpDJLU DYHI
LUULWDQWY WR[LTXHV YRLUHQREPWBRLWR JGRGINV S IEEHO H V
SUpVHQARIPBH GPIMWpULOXHUVW

$XVVL QRXV DYRQV YRXOX DX FRXQIEGH HWH GHMDFDW@ULDX[ H[SE
XQLTXHPHQW j SDUWLU GH SURGXLWVY QDWXUHOV RX HQ GpFRXOI
/HV WDQLQV VRQEW\G B QBMMOYHPKLPLTXHPHQW DFEIWSHXYHQW rWUH
XWLEM\WDILQ GH UHPSODFHU GHV SURG KUMWG X 5P RGREPHY H
SKpQBDU H[HPBXISUpPpVHGWK FDUDFW pUEH W h DX MWK IPWFWH g V
VLPLOW [FHHO/GHH Y WDQLQV RPRQGHQV

'HV IRUPXODWLRQV FRPSWDWDQW FQRHAGRMQVGIDLOOHXWWpP GpM]
PWXGLPHVpORERGHY PDWpBLBERVpV

(QFRQVLGpEID@W FH WUBKDMPHEZM GpURXOpOD IRUBH IBHHQW YV
SURMHWY FRQYHUJHQWYV YRRPP XQORE BILIR@/X F WALRXQV \GHHV[ D X
WDQLQV SOXV QIWSOMMVOOMWpHHVVDQWHY SRXU OTLQGXVWULH

&LQFURMHWYV R @WPBIQWVL
DQDO\WVHYV GH GLIIpUHQWY WDQLQV FRQGHQVpY K\GURO\VDEO}!
SURGXFW LFRRXGWH WRQLQV XWDIQMMIEBRUPDOGpK\GH
SURGXFW LFRRXGWH\ WRQLVPWY VROYDQWYV
SURGXFWLRQ GH PRWDWQHIQV L RKYODVWLTXHV
SURGXFWLRRXGWHV[ DWOQLQV VDQV DFLGHVXQHEDW DY\WH
DOFDOLQH

Vii



viii
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 QWURGXFWLRQ

/JHV WDQLQYV

JHV WDQLQV VIQWKpPWLTXHV

/HV WDQYL®IWWDX{RQGHQVpPY HW K\GURO\VDEOHV
5{OH QDWXUHO HW SURSULpWpYV

SURFHVVXV GITH[WUDFWLRQ

&ODVVLILFDWLRQ JpQpUDOH GHV WDQLQV
5pDFWLYLWp GHV WDQLQV FRQGHQVpV
5pDFWLRQ DYHF OHV DOGpPK\GHYV
5pDFWLYLWp DYHF OH JO\R[DO
$XWRFRQGHQVDWLRQ DFLGH
$XWRFRQGHQVDWLRQ DOFDOLQH
$XWRFRQGHQVDWLRQ DOFDOLQH FDWDO\VpH SDU
/T$OFRRO )XUIXU\OLTXH
&DUDFWpPULVWLTXHV 3K\WLFR FKLPLTXHV
SURGXFWLRQ GH Of$OFRRO )XUIXU\OLTXH
5pDFWLYLWRPFRRG® JRUIXU\OLTXH

SpDFWLYLWp GH OfDOFRRO IXUIXU\OLTXH DYHF O
/IHV ORXVVHYV

/IHV PRXVVHV VROLGHYV
/IHV PRXVVHV QDWXUHOOHYV
SpVXOWDWY HW GLVFXVVLRQV

&DUDFWpPULVDWLRQ GHVY WDQLQV

6WUXFWXUH PROpFXODLUH GHV WDQLQV VI\QWKDpV
VSHFWURPpWULH GH PDAJVH 0%/,

6WUXFWXUH PROpFXODLUH GHV WDQLQV K\GURO\
SDU OD VSHFWURPpWULH GR)PDVVH 0%/,

0$/', 72) &," SRXU OYpOXFLGDWLRQ GH OD PLFURYV
WDQLQV K\GURO\WVDEOHV SRO\PqUHV

6WUXFWXUH HW GLVWULEXWLRQ GHVY ROLJRPqQUH
K\GURO\VDEOH GH 7DUD &DHVDOSLQLD VSLQRVD
I1RXYHOOHY UpVLQHV GH WDQLQV pFRVRXWHQDEO
SPpVLQHY SRXU DGKpVLIV SKPpQROLTXHYV EDVpV VX
K\GURO\WVDEOHY GH FKKkWDLJQLHU

8QH QRXYHOOH UHFHWWH GH UpVLQHY SKpQROLT
GH FKkWDLJQLHU



ORXVVHVY GH WDQLQV pFRVRXWHQDEOHYV
ORXVVHYV j EDVH GH WDQLQV VDQV IRUPDOGpPK\G
ORXVVHYV YHUWHYV VDQV IRUPDOGpPK\GH SRXU Of
WKHUPLTXH
ORXVVHYV j EDVH GH WDQLQV VDQV IRUPDOGpPK\G!
VROYDQW j EDV SRLQW GIpEXOOLWLRQ
ORXVVHV DX[ WDQLQV HW DOFRRO IXUIXU\OLTXH
RUJDQLTXHYV YRODWLOV HW VDQV IRUPDOGpPK\GH

&RQFOXVLRQV

&RQFOXVLRQV JpQpUDOHYV
$QDO\WHYV GHV WDQLQV FRQGHQVpV K\GURO\VDE
VIOWKpWLTXHYV
ORXVVHYV DX[ WDQLQV VDQV XWLOLVDWLRQ GH IF
ORXVVHYV DX[ WDQLQV VDQV VROYDQWYV
ORXVVHV DX[ WDQLQV ULJLGHV RX pODVWLTXHV
ORXVVHYV DX[ WDQLQV SRO\PpULVDEOHYV DYHF XQ
RX DOFDOLQ

SHFRPPDQGDWLRQV
SHUVSHFWLYHV

S5pIpUHQFHYV



Introduction

'DQV XQ PRQGKWHRPHVVRXUFHV SpWH RIDLYMHMQW HW GDQV OHT)
PDWpULDX[ SRO\PqUHV WLHQQHQW XQH WUqgV JUDQGH SODFH Of
SDUWLU GH SURGXLWVY QDWXUHOV VIDYqUH GHV SOXV LQWpUHVYV
/H ERLV HMWUXIVVRXUFH WUGFW SRV GEEDYRH TXJLO HVW FRPSR
GHPDFURPROpPFWOMY XH OD FHO WXKORMHF HOM XORVHY HW OD OLJQL
OHV WDQLQV TXJLO UHQIHUPH \SROWP BUHW FR®SBYPOHXUV LO H
SRVVLEOH GYREWHQLU | SDUWLU GH GLYHUVHV ELRPDVVH\
SRO\PpULVBROAMH IXUIXURDFRRO IGUTXHVRRIOpPpFXQBWXUHOOHYV

VRQW HQ WUDLQ GH GHYHQ M DOV CLPLSRIMWVIQMH GHV SRO\PqUH



Les tanins

/IH WHUPWDRQP@AMWQIOREH GH PDQLgUH ODUJH OfHQVHPEOH GHV FR
TXYLOV VRLHQW VIQWKpWLTXHV RX YpJpWDX[ FRQ&RILMIVGRX K\
YXH FKLPLTXH LOV FRWPWYWRXYLMRITLSOMVHQWHYPWURXSHRBEHQWYV
2+ SKPQROLTXHWHW VRQWYUWDAWHEFSURWPLQSH DFLGH KW
FRORUHQW RQLBOBXHF OHV VHOV GH IHU

Les tanins synthétiques

/JHV WDQLQV VIQWRIEMWI®MYPWBRBRWUVOBIQQDJH GHV FXLUV ,0V RQ
VIQWKpWLVpV SRXU OD SUHRQyWBRIR VY gIF® N DF R P® B WDLONM HIUX |
WDQLQV YpJpWDX]

&HVRQW SR®\PQUMKL UpVXOWHQW G HG X DS KD BGVQ R K W DHOW Q H

GH OBLR[\GpSKOMRQN XU GRUPD O G p K\ G HOMI HR X
&ODVVLTXHEKGWPQRO HVW PLV | GPDPRBLBHHEXOIXUGRRBHER X U
GX SOROXOIREGW RX ®DLR[\GABWVROH VHGRQ FRQGLWHRQ
WHPSpUDWXUH GH SUHVVLRQ HW OHV SURSRUWHRQSUGB X LW\D FV
VXOIRQpY VRQW HQVXWVVDY HFERHDBHRD/@GpK\GH HQ SUpVHQFH RX
GXUpH /HV UpDFWLRQV FKLPLTXH\ R DWE B AR XWR Q W
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Lest anins végétaux : condensé s et hydrolysables

6XU OD EDVH VEBBXFWRKRGINFXODLUHVD GHMWIpWDX[ DFWXHOOHPHC
FRQQXW OHXU RUNJQBXU U{OB GDO\GHY SIODGWHQLWLRQ VXLYDC
GHV WDSHRW rWUH HPSOR\pH

/HV WDQLQW GWRQ PpPWDEROLWHY VHFRQGDLUHGHYRODSKPQROLT
VXSpULHXNMRQW VGRHW HVWBOO®RHWWOHXUV GRDQ VPBHYE H V
IUDJPHQW'D GRARDX OHXUV GYEDQWW\DWWD¥®HHVVpU LIS RGN REH
QR\DXFDWpFKH@WULWHUSp JROGHRW DIQQQBJLWBWLGHY WDQLQV
FRPSOH[HWVRLW QM JRPqUHV HW SBORDYQUWMNR F\D GSIRXLYDHW
SRVVpGGLUIpUHRRKE OV IBWHUIOWDQ@VBIDEH VXEVW L WXOMLLRXY
FRQGHQVWpNUDPDOL .KDQEDHXQMHWSHH @



Réle naturel et propriétés

/HV WDQLRYW GHV HRVBROWSKpQROLWHMMSDU OHV S ODRNWH VH
GpIHQGUH GHV LQVHFWHY HW GHBMRAKBRSLDQROWDVYWWWQT K B FG
GHV WDQHQW® OD SSIOXYWGILIILFLOHPHQW DVVLPLODE®NVEOU OHYV
HVW SRVVLEQPHAUGEIWH WDQLQV FRPRMWDERXFOLHYAREELQV HW DO
@
&HW SURGXLWY VH WURXYHQW G D QVHQRXWHW CWRE/BSBW QRGIW /HV
PFRUWFHSHY DUEUHV HOQFHRQRUHDIV SRKUFHQWESI®IXV VLIJQLILFDWL
PDLV VOMVD@SHXYHQW VH WDRXYBH F\WRSOBRRMHEW FHOOXOHV
YpJpW D:OHDW OD P @
/JHVGLIIpUHRNY VWRFNHQ W GDHW VERLQIpQRQWMGHY OD SODQWH
/H SLQ 3LQXV UDGLDWD OH FKrQH HPUHPRRDV SREKILD AMWDOQVLL
PROOLVVLPD QARUBWLIQGLSDOGRWOWMDQLQV GDQV OB pIRPUER i U
8QFDULD *DPELU GDQV OHV IHXLOOHV OH SHFDQ &DU\D LOOL:
PRHOOH WDXHOHVFKKWBLERVWDQHD VDWLYD HW OH TXHEUDFKR
EDODQVDH VWRFWBDQWQWHXD QVDWRAKWXF W X U H
/HV WDQLQV YPPWIPXPHYV GLIIpUHQFHV GH OHXUV FRQVWLWXWL
HQVHPEOH GH FDUDFWQqUHV FRPPXQV HW SHXYHQW VH FRPELQF
GRQQHU GHV FRPSOH[HV VROXEOHY RX LQVROXEOHYV

X ,0V SUPFLSLWHQW OHV SURWPLQHY GH OHXU VROXWLRQ HQ SI

X ,0V GAH@WHF OHV VHOV GHV PpWDX[ ORXUGV GHV ODTXHV GH
HQ SDUWLFXOLHU DYHF OHV VHOV GH IHU LOV GRQQHQW GHV

X ,0V SUPFLSLWHQW DYHF OHV PDWLqQUHV FRORUDQWHY FDWLRQ

X ,0V VRQW SOXV RX PRLQV VROXEOHV GDQV OfHDX OHXUV
DFLGHV (Q UDLVRQ GH OD JURVVHXU GH OHXUV PROpPFXOHV
SRO\PpULVHU SDU R[\GDWLRQ OHV VROXWDMRQ ¥ RPBRIUNWHIYWG |
FRPPH GHV GLVSHUVLRQV FROORWGDOHYV

X ,0V VRQW DPRUSKHV HW VDQV SRLQW GH IXVLRQ SUpFLV

X ,0V VRQW FDSDEOHV GH VH IL[HU VXU OD VXEVWDQFH GHUPLT
GH OD WUDQVIRUPHU HQ EXLU



Processus d’extraction

IHWUDWQDQW HVW OH UpVXOWDW GH OD FRQFHQWUDWLRQ SD!
VROXWLRQ REWHQXH SDU OHVVLYDJH PpWKRGLTXH GH OD PDWLq
/TH[WUDLW REWHQX SHXW rWUH OLTXLGH FYHVW DORUV XQH VR

GH PDWLQUHV VgFKHV ,0 HVW DXMRXUGJTKXL OH SOXV VRXYF
UHQIHUPH i GH PDWLQUHV VqFKMNVNRQWVQRSHYWDLUHY SF
SUpSDUHU XQ H[WUDLW WDQQDQW VRQW VHQVLEOHPHQW OHV
PDWLqQUH WDQQDQWH FRQFHUQpH 3RXU GpFULUH FHV RSpUDWI
H[HPSOH OD IDE U{ MDDAULRBXEW DLIQLHU GH TWGHE BDFRRDH



Fabrication  dutaninde C hataignier

/H WDQLQ GH FKKWDLJQLHU SURYLHQW GX ERLV GH FKkWDLJQL
SRXVVH QDWXUHOOHPHQW XSBUHK[HPS\OHPRQWDJQHYREG FHQWUH
QWDOLH GDQV OHVBGRYQWIOH FHQWUH GH OD )UDQFH

2Q XWLOLVH VXUWRXW GHVDIRUWETUKYN GRIWHBOVWEDWWXV j FDXVH
SUREOQPHV GILQVWDELOLDNP MW BRDWWDMARKD QTHVWUEBDN QpFH)
i OD WHQGORWMNUB®XOFMKKWD L) Qp@p UKW VG UDJHRQSD UWLHNV
UDFL@HIW DUEUHV DEDWWXV

/JHVWURQFRQW WUDQWSRUIWEHENY LQVWDOODWLRQV G H[WUDFWLR
VWRFMOSOHDQU HQYLURPRLWYDQW GXWIPBLVH ERRSUqV DYRLU
PWp GpSRXLOOp GH VORREKWAHQ SHWLWV PRUFHAPXXIGHWRQW
FKDUJpPGDQV XQH EOWWUDRF WHXSYLY DYHF GH Of EDHXQYLURQ

/H WDX[ GH PDWLQqUH VqFKH GH GDQV OfH[WUDBDW HVW
SUPpFRQFHQWUDWOQRRQGEEHQWUDPWHMRXKOWLS®RHY DSUQqV XQH SKDVF
GH VPGLPHQWDWLRQ OHV KpPLFHOOXORWVHBUHYWY R W RXFSISHM. PYix
JLOOHPHQW [WHWINVMRQFHQWUpP MXV WO XIH@ILURQ GH PDWLQUH
VqFKH&HWHG HUWQIHVROXWLRQ DTXHXVH ARQFH@WEDPBY XQ
DWRPLVIHXNSHUPHW GH UpBXISPUHDLW HQ SRXGUH



/D IDEULFDWLRQ FRPBUGT ® SPRIPMWLRQV SULQFLSDOHYV

X 'PFRXSDJH GX ERLV

x ([WUDFWLRQ GX WDQLQ

x 3UpFRQFHQWUDWLRQ HW GpFDQWDWLRQ GHV ERXLOORQYV
Xx &RQFHQWUDWLRQ GHV ERXLOORQV

x 2EWHQWLRQ GH OfH[WUDLW VROLGH

5DSSHORQV TXH OTRQ H[SORLWH VHXOHPHQW OH ERLV GX WURQ
&HYV SDUWLHV GH OYDUEUH VRQW UHIHQGXHV HW GpFRXSpHV HC
ORQJXHXU VXU OHV OLHX[ GH OfH[SORLWDWLRQ &THVW GRQI
SUpVHQWH OD PDWLQUH SUHPLgUH SRXU OD SUpSDUDWLRQ GH Of

Coupage du bois

/IH ERLV GIyAMRXSp HQ FRSHDX[ WDLOOpV SHUSHQGLFXODLUHPHQYV
GH OD E€FKH /fpSDLVVHXU GHV FRSHDX[ D XQH JUDQGH LQIOXI
GLIIXVLRQ GH OYfHDX HW SDU FRQVpTXHQW VXU OD YLWHVVH
VROXEOHYV FRPPH OH PRDXWVUMNKLOB QWD EO

Epaisseur des copeaux en mm 18 15 10 5

Tarin extrait en 4 heures 47 50 60 62

(en % de la teneur totale en tar)

Tableau 1: Extrait de tanin en fonction de la taille des copeaux.

(Q JpQpUDO OTpSDLVVHXU GHV FRSHDXHMVW FRPSULVH HQWUH
2Q XWLOLVH SRXU FHWWH RSpUDWLRQ X GH B\WHIRMPHM NN YHNV D P EF
(OOH FRPSUHQG XQ WDPERXU $ FRQVWLWXp SDU GHX[ WURQ
DVVHPEOpPV SDU OHXU SHWLWH EDVH ,0 SRUWH GHV ODPHV %
UDSSRUW DX UD\RQ GX WDPERXU HW G SOTYSDQWHKOXEpVLUpH S
FRSHDX]



Figure 1: Dé coupage du bois pour I'extraction du tanin

'"HYDQW OH WDPERXU RQ WURXYH XQ FRXORLU ' GDQV OHTXHO
] GPFRXSHU & &HV E€FKHV VRQW SRXVVpHV FRQWUH OH WDPEF
FRPSOHW SDU OH SRXVVRLU ( /HV FRSHDX[ WRPEHQW GDQV XC
LOV VRQW WUDQVBRUXWGEHWXD EDWWHULH GYH[WUDFWLRQ SDU X

Extraction :

/[ THIWUDFWLRQ HVW FRQGXLWH PpWKRGLTXHPHQWRXHODRAQV GGH SU I
IDRQ j H[WUDLUH OH PD[LPXP GH WDQLQ HW j REWHQLU GHV
FROQOFHQWUpHVY SRVVLEOHV 3RXU FHOD OHV FRQGLWLRQV GH O
ERLVY ON $6XLVp VRLW HQ FRQWDFW DYHFFER A ROXWAIHR @ VO O X¥HR K
ERLY OH SOXV ULFKH VRLW HQ FRQWDFW DYHF OD VROXWLRQ OD
/I TRSpUDWLRQ HVW UpDOLV pH I®OXWR KQBIY MPUUHOLPpY SDU GHV W
SHUPHWWDQW GH IDLUH FLUFXOHU OHV VROXWLHRQM RED HO T XC
FRQWXH OD EDWWHWDLHWAIRQ



Figure 2: Schéma d'une s érie d’extracteurs en contre -cour ant

/D WHPSpUDWXUH YDULH DX FRXUV GH OfRSpUDWLRQ GH i
EDWWHULH GH DXWRFODYHV UHSUpPVHQW pl ANKFKpPDWLTXHPHQW
(Q RUGUH MWFRH OYDXWRFODYH Qf UHQIHUPH OH ERLV OH SO»
OD SOXV FRQFHQWUNH WQRXYH GX ERLV GH SOXV HQ SOXV pSXL
GH VROXWLRQV GH SOXV HQ SOXV GLOXpHV (Q VH WURXYH OH
VROXWLRQ OpPBOXV GLOX

/D FLUFXODWLRQ GHV VROXWLRQ\OHKDGHRRBQWHEB N ER IBWVH IRQ
GHX[ SKDVHYV

6XLYDQW OHV IOqFKHV  GX VFKpPD RQ pYDFXH OD VROXWL
VXLYDQWH j VDYRLU SUpFRQFIDQWUDWERQHUWOHY VROXWLRQYV
GDQV
GDQV
GDQV
GDQV
RQ pYDFXH OH ERLV pSXLVp GH

6XLYDQW OHV IOgFKHV GX VFKpPD RQ FKDUJH  DFMLHF )GXHERLYV
OHV VROXWLRQV GH

GDQV

GDQV

10



GDQV

GDQV
2Q HQYRLH GH OYHDX FKDXGH GDQV 2Q UpFKDXIX@HFKDTXH
WHPSpUDWXUH FRQYHQDEOH i f& SDU LQMHFWLRQ GH YDSH

$LQVL SRXU VH UDSSRUWHU DX[ SRVLWLRQV GH GpSDUW
HVW GHYHQX T ERLV OH SOXV ULFKH DX FRQWDFW GH OD VRO
HVW GHYHQX 1
HVW GHYHQX 1
HVW GHYHQX 1
HVWHGHQX T ERLV OH SOXV pSXLVp DX FRQWDFW GH OD VROXW
FRQFHQWUpH

$SUqV ] KHXUHVY GH FRQWDFW RQ UHFRPPHQFH OHV PrPHV
VROXWLRQV GpFKDUJHPHQW HW FKDUJHPHQW GX ERLV (Q KH
SHXYHQW rWUH HIITHFWXpV

Préconentration et décantation:

$ OD VRUWLH GH OD EDWWHULH GJYH[WUDFWLRQ OD VROXWLRQ |

GHQVLWp GH f %DXPp %p HQYLURQ FH TXL FRUUHVSRQG \

FRQFHQWUDWLRQ GH j GH PDWLQUHV VgFKHV /D WHPSpUDW)>
f& &HWWH VROXWLRQ HVW j SHX SUqV OLPSLGH 3DU UHIURLGL

WURXEOH HW ODLVVH GpSRVHU GHV LQVROXEOHYV

6L RQ SRXUVXLW OHV RSpUDWLRQV F{HVW j GLUH OD FRQFHC

H[WUDLW TXL PLV HQ VROXWLR®RSQUY UDH GMYQQRIZXYWLRQV ULF

LQVROXEOHV FH TXL RFFDVLRQQHUD TXHOTXHV GLIILEXOWpV DX

GRQF QpFHVVDLUH GYpOLPLQHU FHV LQVROXEOHYV

/TH[SPULHQFH D PRQWUp TXH OD TXDQWLWp GILQVROXEOHV Gp

FRQFHQWUDWLRQ HW OD WHPSpUDWXUH HQ SDVVDQW SDU X

FRQFHQWUDWLRQ FRPSULVH HQWUH HW HW XQH WHPSpUDW

$LQVL SRXU REWHQLU OfpOLPLQDWLRQ FRQYHQDEOH GHV LQVRO

x $PHQHU OD FRQFHQWUDWLRQ GHY ERXLOORQV GH

Xx 5HIURLU OHV ERXLOORQV DLQVL SYRFRQFHQWUDpYV j

X 'PFDQWHU HW pOLPLQHU OHV LQVROXEOHV IRUPpV
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/ID SUpFRQFHQWUDWLRQ VH IDLW DX PR\HQ GY{DSSDUHLOV VHPEO
OD FRQFHQWUDWLRQ GpFULWH GDQV OH SDUDJUDSKH VXLYDQW
SURRQFHQWUDWLRQ D XQH WHQH&H 6BWLqUHV VgFKHV HW X
WHPSpUDWXUH f&H $ SDUWLU GH Oj HOOH YD SDUFRXULU OH FLU
ILIXUH , O GYDUMMWWURLGLU FHWWH VROXWLRQ HW GH OD IDLUF

WHPSV OD VROXWLRQ GpFDQWpH HW OLPSLGH HVW UpFKDXIIpt
FRQFHQWUDWLRQ

Figure 3: Sch  éma de dé cantation de la solution préconcentr ée.

/D VROXWLRQ SUPpFRQFHQWUpH WUDYHUVH XQ pFKDQJHXU GDQV
SDU OD VROXWLRQ GpFDQWpH FLUFXODQW HQ VHQV LQYHLI

SUpFRQFHQWUpH VH UHIURLGLW GH j f& LQYHUVHPHQW OLC
UpFKDXIIH GH i &
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/D VROXWLRQ GpFDQWpH SDVVH HQVXLWH GDQV XQ Upf&KDXIIHXU
SRXU rWUH HQYR\pH j OD FRQFHQWUDWLRQ
/D VROXWLRQ SUPpFRQFHQWUpPH WUDYHUVH HQVXLWH XQ UplULJp
f& (OOH HVW DORUV HQYR\pH GDQV GHV FXYHV Re HOOH UHYV
/HV LQVROXEOHVY WRPEHQW DX IRQG VRXV IRUPH GH ERXH /RUV
DXUD pWp UHQYR\pH GDQV OH FLUFXLW OD ERXH HVW SRPSpH S
OD EDWWHULH GJH[WUDFWLRQ DX QLYHDX GH OJDXWRFODYH UHC
$LQVL OHV LQVROXEOHY VRQW UHWHQXV SDU OHV FRSHDX[ OH
GDQV OHV ERXLOORQV GH ORDFE@WWHULH GTH[WUDFW

Concentration :

/ID FRQFHQWUDWLRQ GHV VROXWLRQV FRQVLVWH j IDLUH pYDSRL
WHQHXU HQ PDWLQUHV VqQFKHV GH OD VROXWLRQ

'DQV XQH SUHPLQUH SKDVH RQ DWWHLQW XQH FRQFHQWUDWLR
PDWLQUHV VQFKHV  f %PpQW2RQRHJWUDLW OLTXLGH 3HQGDQW O
H[WUDLWV IXUHQW OLYUpV VRXV FHWWH IRUPH j OD WDQQHULH
'DQV XQH GHX[LgPH SKDVH RQ SDVVH GH OfTH[WUDLW OLTX
JpQpPUDOHPHQW HQ SRXGUH UHQIHUPDQW PRLQV GH GIHDX

/TpYDSRUDWLRQ GH OfHDX HVW FRQGXLWH VRXV SUHVVLRQ Up¢
XQH WHPSpUDWXUH UHODWLYHPHQW EDVVH LQIpKLEBXNBB\VH f&

HW OfJR[\GDWLRQ GX WDQLQ 'HX[ W\SHV GI{DSSDUHLOV SHXYHQ
RSpUDWIOR)Y pYDSRUDWHXUV j FDLVVH YHUWLFDOH HW OHV pYDSI
/fpYDSRUDWHXU j FDLVVH YHUWLFDOH HVW FRPSRVp HVVHQ\
F\OLQGULTXH VXUPRQWp GTXQ G{PH pJDOHPHQW F\OLQGULTXH '
GH OD FXYH VH WURXYH XQ IDLVFHDX WXEXODLUH GDQV OHTXHC
SRXU FKDXIIHU OH OLTXLGH FRQWHQX GDQV OfDSSDUHLO 'DQV
FKLFDQHV EULVH PRXVVH SRXU HPSrFKHU OHV PRXVVHV IRUPp
OLTXLGH GIfrWUH HQWUDVQpPHY GDQV OH FLUFXLW YDSHXU

/HV DSSDUHLOV VRQW JHRXISpVWVRNHQ VFHQVHPEOH SUHQG OH QRP

HIITHW RX TXDGUXSOH HIIHW 3RXU GpFULUH OH SULQFLSH GH
DSSDUHLOV RQ pWXGLHUD OH FDV WULSOH HIIHW UHSUpVHQWp \
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Figure 4: Schémad’ un évaporateur & caisse verticale

(Q RGUH GH PDUFKH OHV FDLVVHV UHQIHUPHQW GHV VROXW
FRQFHQWUpPHY GH & j & 'DQV FRWWREWHHQGEYDHOTH[WUDLW O
HQYLURQ GH PDWLQUHV VqQFKHV VRLW HQYLURQ [ %p

/H IDLVFHDX WXEXODLUH GH & HVW DOLPHQWp SDU GH OD Y
SURYHQDQW GH OD VRXUFH GH YDSHXU GH OfXVLQH (Q FKDXIII
GDQV & OD YDSHXU VH FRQGHQVH HW OTHDX FRQGHQVpH HVW
FLUFXLW JpQpUDO GH SXUJH /D VROXWLRQ HQWUH HQ pEXOOLW
GDQV OH IDLVFHDX WXEXODLUH GH & (Q FKDXIIDQW OD VROXW
YDSHXU VH FRQGHQVH SURYRTXDQW XQH GpSUHVVLRQ HQ & /1
IDLVFHDX WXEXODLUH GH & HVW H[WUDLWH SDU OD SRPSH 3 /L
& HQWUH HQ pEXOOLWLRQ OD YDSHXU IRUPpH SDVVH GDQV C
& (Q FKDXIIDQW OD VROXWLRQ FRQWHQXH GDQV & OD YDSHXU
XQH GpSUHVVLRQ HQ & /fHDX FRQGHQVpH GDQV OH IDLVFHD)
H[WUDLWH SDU OD SRPSH 3 /D VEBD®W LR QHDRQWHIQXHEXOOLW.L
YDSHXU IRUPpH DUULYH GDQV OH FRQGHQVHXU EDURPpWULTXI
SURYRTXDQW DLQVL XQH GpSUHVVLRQ HQ & /D SRPSH 3 HVW X
PDLQWLHQW OD GpSUHVVLRQ HQ pOLPLQDQW OHV LQFRQGHQVDE(
$LQVL VIpWDEOLW XQ pTXLOLEUH GHV FRQGLWLRQV GYpEXOOLYV
VRQW DSSUR[LPDWLYHPHQW OHV VXLYDQWHYV
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3RXU & WHPSpUDWXUH GITpEXOOLWLRQ EOE GpHVYWVYRIORQ PP
GH PHUFXUH

3RXU & WHPSpUDWXUH GITpEXOOLWLRQ EOU SPHWVILRQ PP
GH PHUFXUH

3RXU & WHPSpUDWXUH GITpEXOOLWLRQ EOE GpSFVYWVYRIORQ PP
GH PHUFXUH

/D VROXWLRQ j FRQFHQWUHU DUULYH GDQV & SDU OD YDQQH ,
YDQQH ,, HQ & SDU OD YDQQH ,,, HW RQXW RRQHIRQUPH QWD NV H|
OLTXLGH | GH PDWLQUHV VqFKHV DX PR\HQ GYXQH SRPSH 3
OD GpSUHVVLRQ TXL UgJQH HQ &

&HWWH FLUFXODWLRQ VH IDLW HRQ FIREIW HQ® T BBRKHURMXQIH GHV Y|
., ,,, HW ,9 DILQ GH PDLQWHQLU OH QLYHDX GH OLTXLGH j SHX
WURLV DSSDUHLOV

/fpYDSRUDWHXU .HVWQHU HVW WUqV GLIIpUHQW GH OD FD
IRQFWLRQQHPHQW HVW EDVp VXDVEH GKIPRRP OQ FXE B H V

3UHQRQV XQ WXEH IHUPp | OD SDUWLHE QK IGUDAXWHHGHV WUqV
HQIRP GDQV XQH MDTXHWWH FKDXIIDQWH 2Q UHPSOLW FH WXE!
KDXWHXU HQYLURQ DYHF OD VROXWLRQ j FRQFHQWUHU (Q FKD:
PEXOOLWLRQ OD YDSHXU GYHDX IRUPpH VTpGuQr®H] MMV DIQHQG
OLTXLGH GDQV XQ PRXYHPHQW DVFHQGDQW OH SODTXDQW HQ X
OD SDURL GX WXEH $X IXU HW j PHVXUH GH OYDVFHQVLRQ FRQV
VIpYDSRUH HW OD VROXWLRQ TXL DUULYH DX VRPPHW GX W.
FRQFWQpH TXH OD VROXWLRQ GH GpSDUW 7RXWH FHWWH DFW
YLWHVVH HW OH UHQGHPHQW GH OfpYDSRUDWLRQ HVW WUqV pO
8Q pYDSRUDWHXU .HVWQHU HVW FRQVWLWXp GTXQ IDLVFHDX W
KDXWHXU HQIHUPp GDQV XQH HQFHLQWHQ FiKBFRIQFH QWU H/UR CHXWW
LQWURGXLWH j OD EDVH GX IDLVFHDX $ OD SDUWLH VXSpULH
JUDQGH YLWHVVH OD YDSHXU HQWUDVQDQW OD VROXWLRQ FRQF
HW YDSHXU OH PpODQJH SDVVH GDQV XQ VpSDUDWHXU WDQJHC
GIXQH FKLFDQH FHQWULIXJH /H OLTXLGH HVW SURMHWp VXU O
IRQG GX VpSDUDWHXU OD YDSHXU V{pFKDSSH DX FHQWUH SDU
DSSDUHLOV SHXYHQW rWUH JURXSpV HQ PXOWLSOHV HIIHWV Y
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IRQFWLRQ@HGDQRUOHV PrPHV FRQGLWLRQV GH WHPSpUDWXUH H
OHV PXOWLSOHV HIIHWV j FDLVVHVY YHUWLFDOHV GpFULWYV SUpFy

Figure 5: Evaporateur de type Kestner

Obtention de I'extrait solide (poudre)

/HV H[WUDLWV WDQQDQWY QH VRQW TXH UDUHPHQW OLYUpV |
JPQPUDOHPHQW j OTpWDW GIH[WUDLWV VROLGHV HQ SRXGUH ,C
OfH[WUDLW OLTXLGH REWHQX SUpFpGHPPHQW

/H PR\HQ OH SOXV UpSDQGX DXMRXUGTKXL HVW OYDWRPLVHXU
SXOYpPULVHU OfH[WUDLW OLTXLGH VRXV IRUPH GH WUQV ILQHV .
GDQV XQH HQFHLQWH WUDYHUVpH SDU XQ FRXUDQW GYDLU FKDX
LQVWDQWDQpPPHQW HW OHV JRXWWHOHWWHY VH WUDQVIRUPHQW
GH VpSDUHU FHV SDUWLEXOHVY VROLGHV GH OfDLU HW GH OD YDSE
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Figure 6 : Atomiseur

6 FKpPDWPHXQW ILIXUH OTLQVWDORRPSBIURMM@ G XQH FKDPEUH
F\OLQGURFRQLTXH DWRPLVHXU VXLYLH GH GHX[ RX WURLV \
F\FORQHV /THQVHPEOH HVW WUDYHUVp SDU XQ FRXUDQW GIDL
ID VROXWLRQ SUpDODEOHPHQW UpFKDXIIpH HVW SXOYpULV
JpQPpUDOHPHQW SDU XQ GLVSRVLWLI PpFDQLTXH /HV JRXWWHOF
SDUWLFXOHV VROLGHY XQH SHWLWH SDUWLH VH UDVVHPEOH DX
JUDQGH SDUWLH HVW HQWUDVQpPH SDU OfDLU HW OD YDSHXU GT
OHV VpSDUDWHXUV WDQJHQWLHOV OHV SDUWLFXOHV VROLGH
WRPEHQW DX IRQG GHVY DSSDUHLOV OfYDLU HW OD YDSHXU GYHD
FHQWUDOH YHUV OH VpSDUDWHXU VXLYDQW SXLV GDQV OYDWPF
pPYDFXpH YHUV OTHQVDFKDJH
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Fabrication du tanin de Quebracho

/HWDQLQ GH TXHEUDFKR HVW H[WUDLW GX ERLV G XQ DUEUH
6FKLQRSVL EDODQVDH TXL SRXVVH QDWXUHOOHPHQW GDQV OD L
OH QRUG GH OT$UJHQWLQH HW OH VXG GX 3DUDJXD\
/JHV DUEUHV TXXWYROWY GRLYHQW rWUH kJpV GIHQYLURQ D Q
GLDPgWUH VXIILVDQW SRXU XQ/KVDDHEUMHYXQ@W ORIV SDV UHSOI
FDXVH ®HR®BQF\FOH GH QHARIPSDVEIEDHOD JHVWLRQ GIXQH HQWUHL
RQ XWLOLVH VHXOHPHQW OHV SODQWHV TXL SRXVVHQW QDWX
LQGLTXpHV
/JHV WURQFV GX TXHEUDFKR VRQW DEDWWXV HW pFRUEBQV GDQV
POLPLQW @HPHQW O DXELHU SDXYUH HQ WDQLQ PDLVHWUQV DW
WURQWRQW HPSLOpV HW VWRFNpV HQ SOHLQ DLU TXHOTXHV PRI
$YDQW OfH[WOBFRRRQ HWVNVHERXSLSY G HQYLURQVXIARHHMWY WQ
FKDUJp GDQV O DXDVRS DOMBIH[WBRFWLOLHX DYHF GH O HDX j HQ
f& &H WDQLQ HVW H[WUDLW j XQH WHPSpUDWXHBXHHQVLEO
OWSUPFPGHQWHY GX PRPHQW TXH OH ERLV HVW EHDXFRXS SOXV
SOXV pOHYpH / H[WUDLW HVW FRQFHQWUp MXVTX j HQYLURQ
SHXW rWUH VXOILWp GDQV OH U p B RIVMIRXIWDH WXOXLWDOWLRG® GH V
/ HHIWUDLW QRQ VXOILWp D OD SDUWLFXODULWp GH QH SDV rwutl
O HDX IURLGH HQ SDUWLFXOLHU j GH IDLEOHV FRORWBWUDWL
SUpVHQFH GHV SRBREDSK(
/ HHIWUDLW FRQFHQWUpP HW pYHQHVX\HEQNMRHWW N ®ORR RV U
SRXU REWHQLU O H[WUDLW HQ SRXGUH
/D WHFKQLTXH GH VpSDUDWLRQ GH OfH[WUDLW HVW VHQVLEO
GPFULWH SRXU OJH[WUDLW GH FKkWDLJQLHU &HSHQGDQW SRXU
SKDVH GH GpFDQWDWLRQ
/TH[WUDLW REWHQX DSUQqV pYDSRUDWLRQ j VHF SUpVHQ®H XQH
QYHVW SDV VROXEOH GDQV OYHDX IURLGH WHPSpUDWXUH DPE]
OfHDX FKDXGH fj& HW SDU UHIURLGLVVHPHQW OD VROXWLRQ VH
ILOWUDWLRQ RQ SHXW FRQVWDWHU TXH OH ILOWUDW QH UHQIH
WDQLQ &HW H[WUDLW V{DSSHOOH H[WUDLW GH TXHEUDFKR EUX"
IRUPH FH SURGXLW HVW GLIILFLOHPHQW XWLOLVDEOH GDQV
FODVVLTXHV Re OTRQ RSqUH j WHPSpUDWXUH DPELDQWH RX DX P
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,O0 HVW GRQF QpFHVVDLUH GH VROXELOLVHU OfH[WUDLW EUXW
'ROIXV HW *DQVVHU RQW EUHYHWp XQ SURFpGWPHWWDGW V)
GIDWWHLQGUH FH EXW 2Q WUDLWH XQH VROXWLRQ FRQFHQWUp
GIH[WUDLW GH TXHEUDFKR EUXW SDU GH OfK\GURJpQRVXOILW
VRGLXP 1D+62FKDXG VRXV SUHVVLRQ HQ DXWRFODYHR®SUQqV FF
REWLHQW XQ SURGXLW SDUIDLWHPHQW VROXEOH GDQV OfHDX
VHF RQ VH WURXYH HQ SUpVHQFH GH OfH[WUDLW GH TXHEUDFKR
/TH[WUDLW GH TXHEUDFKR VXOILWp HVW XQ WDQLQ GRX[ ,O Sp
SHDX HQ WULSH OH FXLU REWHQX QYD SDV XQ LQGLFH GH WDQQ
FRXOHXU FODLUH (Q PRGpUDQW OH WUDLWHPHQW GH VXOIL
GLPLQXDQW OD SURSRUWLRQ GYK\GURJpQRVXOILWH GH VRGL)
VROXELOLVDWLRQ SDUWLHOOH 2Q SUpSDUH DINROXBJH[WR QWY
OHV VROXWLRQV WURXEOHV j IURLG UHQIHUPHQW XQ IRUW SR
&H JHQUH GH SURGXLW HVW XWLOLVp HQ SDUWLFXOLHU SRXU O
DX FKURPH SRXU OHVTXHOV RQ UHFKHUFKH XSRWIMDQ\GH UHPSOL
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Fabrication du tanin de Mimosa

/H WD @HQPLPRVD HVW H[WUDLW GH O pFRUF k JBH ©PIEFDFH OpP HD U ¢
DFDFLD QRLU RX PLRARWDFXDXULYp SUL QKL SO MPEKHMW T} G X

6XG SRED SURGXFW LRWRX B ROL W [W U D FWWDLR@ G HV

'DQV FHV UpJLRQV LO \ D GHV SODQWDWLRQV GH FHQWDLQH\
JpUBYV DYHF OH VHXO EXW GH HIMBBXIWBQER ERLV

/| pPEFRUAMW VpSDUpH GX WURQF GHV DUEUHV G HQYLURQ DQV LP
GH FRXSHU OHV(SOD@RWXWHMpFRUFH HVW UpGXLWH HQ PRUFHDX]
/TH[WUDFWIOR® X GDQV GHV DXWRFODYHV BY XMP@®IOH | PXYQMDYHUV
ODYDJH j FE@GWUBIDWHF GHHIRXGH O HDX DYHF XQ SHWLW SRXUFH
VXOILWH GH VRGLXRQVNBROUWRIGXLUH XQ H[WUDLW QDWXUHO R
VXOILWIW[WUDLW QRQ VXOILWp D OD SDUWLFXODULWp GH QH SDV
GDQV O HDX IURLGH HQ SDUWLFXOLHU j GH IDLEOHV FRQFHQ\
SUpVHQFH GHV SRBREDSK(q

/ HIWUDTMHX[ HVW FROKNVIWYpHQYLURQ GH PDWLQUH VgFKH H
i XODWRPLVIHXUGRQQH O H[WUDLW HQ SRXGUH
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/TH[WUDLW GH PLPRVD HVW SUpSDUp j SDUWLU GH OfpFRUFH GH
VHPEODEOH j FHOOH GpFULWH SRXU OD SUpSDUDWLRQ GH OfH[W
Qf\ D SDV GH SKDVH GH GpFDQWDWLRQ SURSUHPHQW GLWH O
WRXWHY OHV WHPSpUDWXUHV &RPPH OHV DXWUHV H[WUDLW\
FRPPHUFLDX[ VRQW JpQpUDOHPHQW SUpVHQWpPV VRXLVRUPH GTH
&THVW XQ WDQLQ GRX[ TXL SpQqWUH UDSLGHPHQW GDQV OD SH
TXDQWLWp SOXV LPSRUWDQWH TXH QH OH IDLW OH TXHEUDFK|
FRXOHXU FODLUH PRLQV URVH TXH FHOXL REWHQX DYHF OH
WDQQDJH HVWPHQOD WQMY p
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Classification générale des tanins

'X SRLQW GH YXH GH OD FRPSRVLWLRQ F&HRK[ TIXH QR \G LY LA K
GH WDQ@BV WDQLQV K\GURO\VDEOHV HW OHV WDQLQV FRQGHQVp

Tanins hydrolysables:

/JHVDOLQV K\GURO\WVDEOHV VEBOW BROXWLWSKWYWQROLTXHY VLPSOH
GHV HVWHUV GYDFLGH JDOOLTXH HW GH VHV GLPqUHV DFLGH GL
GH PRQRVDFFKDULGHV VXUWRXWQQB W BXERR 6\ \RMBEND MRVY HQ W

GLYLVpV HRWDIYO FRQGXLVDQW j GH OfYDFLGH JDOOLTXH DSUQq\
HOODLQWDQLEpUDQW GH OYDFLGH HOODJLTXH DSUQqQV K\GURO\VH

OH
HO
? . p=o
COOH O—C\ O=C @]

on O

OH
OH

HOOC OH
$FLGH JDOOLTXH $FLGH GLIJDOOLTXH $FLGH HOODJLTXH

Figure 7: Différent s types de tanins hydroly  sables

,OV R@WMj pWp XWLOLVpV FRPPH VXEVWLWXWYV SDUWLHOV GX SK
GH UpVLQHV SKpQRO I|RKuRID 0@H K\OH @ QpDQPRLQV OHXU XWLOL
UHVWH GHV SOXV OLPLWpHV GDQV OH GRPDLQH GHV FROOHV GX
DYHF OH IRKP®MGHFKRQWUDLUH OJXWLOLVDWLRQ GHV WDQLQV G
7DUD HVW LPSRUWDQWH GDQV OJLQGXVWULH GX WDQQDJH
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Tan ins condensés :

/IHV WDQLQV FRQGHQVpPV VRQW FRQVWLWXpV GIXQLWpV IODYRQI
GHJUpV GH SRO\PpULVDWLRQ LOV VRQW DVVRFLDW pfF KLHDHW S
IODYDQHRWY OHXFRDQWKRF\DQH \G LIRS Et\Roux, 1963

Roux et Paulus, 1961@ HW j GHV FDUERK\GUDWHV GRQW OD SOXV RX
SURSRUWLRQ LQIOXHQFH OD YLVFRVLWp HW OD UpDFWLYLWp GX

(OH)

(OH)

Figure 8: Sch  éma d'un flavonoide et sa num érotation

&RPPH OH PRQWUH OH VFKpPD SUpFpGHQW ILJ LO HVW SR\
W\SHV GIDQQHDX $ HW GHX[ W\SHV GIDQQHDX %

X $QQHDXB¥HKQ VHXO JURXSH K\GUR[DQI HmMX&U pVRUFLQRO

X $QQHDXBHEHX[ JURXSHV K\GUR[\OHV HIQQHBW 8KORURJOXFLQ
X $QQHDXVHEHX[ JURXSHV K\GUR[\OHV HO QQHBIX RDWpFKRO

X $QQHDXVHWURLY JURXSHV K\GUR[\OHV HQD&Q QH® X $I\WRRIFOORC

$ SDUWLU GH FHV GLIIpUHQWYV W\SWHV GPTDQR KX QFRPBQF ODW X L
SRO\IODYR [PR&rGLH88 @

$QQHDX $ W\SH SKORURJOXFLQRO HW DQQHSYR®HWSEHQSBLRH
OfpOpPHQW GH EDVH HVW OD JDOORFDWpFKLQH

$QQHDX $ W\SH SKORURJOXFLQRO HW D QSUHDM DR MG HEPHF QEMPFK R O
GH EDVH HVW OD FDWpFKLQH

$QQHDX $ W\SH UpVRUFLQRO HW DQQHDX S¥WRWREHQ B WILRYJIDOLA
OfpOpPHQW GH EDVH HVW OH URELQHWLQLGRO

$QQHDX $ W\SH UpVRUFLQRO HW DQQHBNXRY¥L W SH GFLOGN K ROT p O
GH EDVH HVW OH ILVHWLQLGRO
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/HV WDQLQV FRQGHQVpV VRQW WRXMRXUV FRQVWLWXpV GIXQ
GLYHUVHYVY GHV TXDWUH W\SHVV&H I8 Q DEIFB\DWRWQ RM.@N L SRXU OH W
GIDQQHDX $ OD IUpTXHQFH GYDQQHDX GH W\SH SKORURJOXFL
UpVRUFLQRO SIBpRHM.Q3HJ OD UpDFWLYLWp GX WDQLQ YLV j YLV
GH SUpVvVDJHU GH OD TXDOLWp GX UpVHDX GTHQFKHYrWUHPHQ!
I UpTXHQFH GHV DQQHDX[ GH W\SH S\URJDOORO YLV j YLV GH F
LQIOXH VXU OTRXYHUWXUH GH OYfKpWpWGCHMHOIRLGHIDOH TWMHSH
UpDUUDQJHPHQW j HQYLVDJHU SRXU OD VWUXFWXUH VRXV F
E DV LT XAik¥ et Stephanou, 1994 (1), (2) @
8QH WHFKQLTXH GY{DIDROGHIW &/DQLQV FRQGHQVpPV D SHUPLV GH
PYLGHQFH OHV W\SHINVYRBORBBBYORQWUpPY SRXIWLQ X®p WHUPLQp
1pDQPRLQVY FHWWH PpWKRGH QH SHUPHW SDV GH GLIIpUHQFLHU
SURF\DQLGLQHYVY QL OHV SURURELQHWLQLGhogpsen &HPZziSURILVHW L
1995 @ &THVW OD UDLVRQ SRXU ODTXHOOH QIQGLBRRIFSDUH
SURF\DQLGLQHV |j SURURELQHWLQLGLQHV SURILVHWLQLGLQHYV
'fDSUBRMX etal. HQ 1975 VHXOV OHV IODYRQRWGHV FEH WASIWDPD 9D Q
GLROU®SMFLSHQW j OD IRUPDWLRQ GHV WDQLQV FRQGHQVpV
FDUER[\OH HQ SRVLWLRQ GHV DXWUHV WWESXIVWGEHI GDYREG R/W
QXPABSKLOH HW RFFXSH XQH GHV SRVLWLRQV GH FRQGHQVDWLRQ
OYDHIXX $ GH W\SH UpVRUFLQROGGEROVOEIDM\DQQHY JURXSHV K\GUR]
OfR[\JgQH GH OJKpWpPURF\FOH FQXROPRSKLOGY ISRIMIHOHY SRVL\
HW & $LQVL OHV XQLWpV GHV WDQLQV FRQGHQVpPV VRQW SULC
OLDLVRQWW /ID SUHPLqUH pWDSH GH UpDFWLRQ GH FRQGHC
IRUPDWLRQ GH SURDQWKRF\DQLGLQHYV GLPqQUHV DSSHOpV DXVVL
2Q SDUOH UpHOOHPHQW GH WDQLQV FRQGHQVpPV SRXU XQH UpSrk
IODYRQRWGHVY 'H QRPEUHXVHV pWXGHV RQW pWp UpDOLVpHYV
WDQLQV FRQGHQVpPV >BRX][ HW DO HW3L]]L @
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Figure 9: Exemple de réticulation de trois flavonoi des

,O D pWp PRQWUp TXYLO H[LVWDLW GHV UpDFWLRQV UDGLFDOD
WDQLQV SROVMIODYRQRwWGHY FRQGXLVDQW j OD IRUPDWLRQ HW D
GIHQFKHYrWUHPHQW VDQV DGGLWLRQ GYDOGpK\GH PDLV HQ ¢
GIDFLGHYV IDLEOHMeié¢hanter aly 1994 ; Pizzi et al., 1995  (1); Pizzi et

Meikleham, 1995 ; Merlin et Pizzi, 1996 ; Masson et al., 1996 (1), (2) : Masson

et al, 1997 3) @ B8QH UpVLQH HVW DLQVL I8pPRPH BBV GHH
IRUPDOGpK\GH OLEUH PDLV TXL HVW QpDQPRLQV XWLOLVDEOH
Pizzi et al., 1995 (2) ; Pizzi, 1994 @ /IfDQDO\WH WKHUPRPpPFDQLTXH HQ 10
SRLQWYV D SHUPLV GH TXDQWLILHU OfHQFKHYr'WUHPHQW GX UpV
QREUH PR\HQ GH GHJUp GH OLEHUWpP GHV VHJPHQWW G3H SRO\)
OfDXWRFRQGHQVDW L RGarcia etvPixiD1998Q ) > @ 'DQV OYDQDO\VH GH
WKHUPRJUDPPHY REWHQXV OfDXJPHQWDWLRQ GX PRGXOH Gf<
SKPpQRPQQHD SURJUHVVLRQFEHRQDGYPXWRFRQGHQVDWLRQ GX
SDOLHUV VXFFHVVLIV FRUUHVSRQGDQW DX[ GLIIpPUHQFHVY GH
GLVSRQLEOHV VXU OYDQQHDX $ HW OYDQQHDX % PDLV DXVVL O
WHPSpUDWXUH LQLWLDOH TXL FRQGXLW j OD IRUPDWLRQ GH S|
ORQJXHXU DXJPHQWH MXVTXTj] XQH YDOHXU OLPLWH TXL GpSHQG
OD FRQFHQWUDWLRQ ORQJXHXU FULWLTXH j SDUWLU GH ODT
GIHQFKHYrWUHPHQW GH FHV SRO\PqUHV OLQpDLUHYV TXL FRUUHYV
OD FRREKH GX ORGXOH G%hreiR XQRizzi 1998, (2) @ 'DQV OH FDGUH GH
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UpVLQHVY GH W\SHIBKPORGpPpK\GH OYDQDO\VH 70%$ D SHUPLV GH
pPYLGHQFH OH SRLQW GH JHO FRUUHVSRQGDQW DX RBGERW GH O
GT<RXQJ HW OH GpEXW GH OD YLWULILFDWLRQ GH OD UpVLQ
GILQIOH[LRQ GH OD FRXU¥Het@IX1PR G, XRidserret Sommeraurer,

1983 ; Hofmann et Glasser, 1990 @ 'DQV OH FMD@HYV FRQGHQVpPpV TXL V
GHV FRPSRVpV SKpQROLTXHV FRPSOH[HV LO QYfHVW SDV SRVVL
FRQFHSWY SXLVTXH ODPREBXOHHGEXRXQJ FRPSRUWH SOXVLHXU
SOXVLHXUV SDOLHUV $LQVL RQ LGHQWLILHUD OHV GLIIpUHQWYV
VDYRLU OHV SLFV GH OD GpULYpH BXIHPDLQWHOGX P REXQH GIDSSI
OH SUHPLHU SRLQW GYLQIOH[LRQ HVW LGHQWLILp FRPPH OH GpE
SRO\PqUHV OLQpDLUHY VRUWH GH SVHXGRYLWULILFDWLRQ V X
YLWULILFDWLRQ GXH j OD IRUPDWLROQWGHKPHQ@WH DU LCIIHRHFKWHLYR
LQGXSIDW OD UpDFWLYLWpP GHV VLWHV GH OfDQQHDX $ HW HQILQ
SUpFpPGHPPHQW IRUPp SDU UpDFWLRQV VXU @Grdia¥tPHY GH OfD:
1998, (2) @

(Q FRQVLGpUDQW OHV PpFDQLVPHV UpDFWLRQQHOV UDGLFDODL
GHV SKpQROV j SURBXAWADZEHSKPQR[\OHV+ BZEHSWXS\HW VWDEOHV T.
VRQW FDSDEOHV GH UHWDUGHU RX GYLQKLEHOQ\PPDLYDWILIRIQVV
UDGLFDODLUH GAHdocRAeDL@QEg V1990 ; Seymour et Carraher, 1992 @ ,0
HVW GRQF LQWpUHVVDQW HQ VH EDVDQW VXU OHV FRQQDLVVD
ILQLWLRQV SRXU OD SURWHFWLRQ GX¥ERLNLVGH ARGWLE[P GBQ O Hi\
WDQLQV SURSULpWp pYDOXpH SDU OYDSWLWXGH j IRUPHU U
UDGLFDX[ VRLW SDU WUDQVIHUW GH UDGLFR®V FWRFPHVQRXQW V F
YHQRQV GH OH YRLU YHUV XQ UDGLFDO SKpQR[\OH SOXV VWD
OfLUUDGLDWLRQ OXPLQHXVH VXU OH WDQLQ PDLV SURSULpPWp
YLWHVVH GH GLVSDULWLRQ GHV UDGLFDX[ SKpQR[\OHV IRUPpPV ¢
SbU 6SHFWURVFRSLH GH 5pVRQDQFH 3DUDPDJQpPWLTXH (OHFWU
GpWHUPLQHU GDQV OH FDV GH OYpWXGH GHV WDQLQV TXDWU
RUGUH GpFURLVVDQW GYLPSRUWDQFAD R E LMD XOHOQW. R[X® DQMA \
WDQLQV j VDYRLU
X /fpWDW FROBR®MID/®ROGKHW MRIQLQ OLp j OD SUpVHQFH GH FDU
Masson et al., 1996 (1) (2@
X /D WpPUpPRFKLPLH)IGHW pMWDXGLpV OLpH j OD IDFLOLWpP GH IRUPD!
LQWHUIODY RaeRan@tHhN, 2002 @
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x /D IDFLOLWpP GIRXYHUWXUH GH OfKpWpURF\FOH S\UDQLTXH
x /H QRPEUH GH JURXSHV K\GUR[\OHMV BSQQMBRVEVHWX®TDQQHD X
WDQLQ

$LQVL RQ SHXW HQ GpGXLUH TXH OHV WDQLQV FRQGHQVpV SF
DQWLR[\GDQWHV LQFRQWHVWDEOHPHQW VXSpULHXUHV DX[ WDQL
WDQLQ GH TXHEUDFKR HVW XQ PHLOOHXU DQWLR[WN&ferQgty TXH OH
al.,, 1997 @

'LYHUVHVY WHFKQLTXHV GYDQDO\WH RQW pJDOHPHQW SHUPLV G
PROpFXOHVY FRQVWLWXDQW OHV WDQLQV DLQVL TXH OHXU GH
FKURPDWRJUDSMUGH KD XWH SHUIRHeywEKQ etHal.,> 1999 @ SDU
FKURPDWRJUDSKLH j SHUPpOatdhir @ & H19961O@ /D VSHFWURVFRSLI
GIDEVRUSWLRQ GH ifhy @t\al) 958 R © WMWwaligharan, 1997 @ SHUPHW
GITLGHQWLILHU JOREDOHPHQW OD IDPLOOH GTXQ WDQLQ DORUV 1
i WUDQVIRUPpPH GH JRXULHU SHUPHW GH GpILQLU XQ WDQLQ GRQ
1999 @ /D VSHFWURVFRSLH GX SURFKH LQIUDURXJH D pJDOHPHQ
HIWUDLWD@HHQ GpWHUPLQDQW OD SDUW GYH[WUDFWLEOHY GH \
SRXU XQH HVSg®HQGHE RWMObpkKih et Pearce, 1995 @

&HV GHUQYLDQBHOMKQH WHFKQLTXBWIK YAUDW GpYBOR®DILM GH OD
VSHFWpPNRPLGH PDVVH FRXSODQW XQH VRXUFH G LRQLVDWLRQ OD
PDWUIHAM XQ DQDO\WHXU j] WHPSV$GH RYRDXL SHURPNWOEHU OH
SRLGV PROpFXODLUH GHV IUDJPHQWY GH SRO\PgqUH /TLQWURGX
GDQV OYLQYHVWLIDWEROVEKVHWDDQQQV @ D SHUPLV XQH FRQQ
HQFRUH VXSpULHXUH VXU ONV EBNQFEDYRN RMWDAW OH SRO\PqUH
WDQQLTXH

/HV WDQERYGHWQVVRQW EHDXFRXSWHPAHWVDQWYV GDQV OD FKLP
DGKpVEDU LOV UpDJLYVN PQRWD®RTDXH OBKpPQROV VXU GHV GXUFLVYV
FRPPH OHV DOGpPK\GHV HQ PLOLHX DFLGH RX EDVLTXH

/HV UpDFWLRSRO\GRQGHQVDWLRQ GHV W HYNE X OHPEE BHRYQ X
1952 JUKHFj McLean et Gardner SRXU GHV XWLOLVDWLRQV GDQV OHV T
ERLBOXV UpFHPPHQW OfXWLOLVDWLRQ GHV WDQLQV VIHVW Gp
DSSOLFDWLRQV GDQV OH FROODJH GX ERLV GH FDUWRQ RQGXC
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SDQQHDX[ GH SDUWLFXOHV 26% HW FRQWUHSODTXp DX SRLQW -
GpMj GHYHQXHV FRPPHUFLDOHYV

(Q WpXP LVW SRVVLEOH GBHV FSUL\QWH S D X [ GIHWUDER®RG H'Q V
HQ SUpPFLVBARMIDWRGERPLQDQMW W\SHQEKDVQHPH@MW GHIUp GH
SRO\PpULVDWLRQ TXQRBEUDRWEEEM X YGWRV OTRUEHIRP

Extrait Type de flavonoide§ Enchainement | Dege de Aspect
polymérisation

Mimosa @Acacia | prorobinetindine | 4-6 Elevé

Mearnsiior

mollissima)

Quebracho profisetinidine 4-6 Elevé

(Schinopsis

Balansag

Pine Pinus procyanidine 4-8 Trés Elevé

Radiata)

Pecan Carya procyanidine 4-8 Tres Eleve

lllinoensi$

Gambier procyanidne 4-8 Bas

(Uncaria

Gambip

Tableau 2: Classification des diff érents types de tanins  condensé s.
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Ré activité des tanins condenseés :

/D UHODWLYH DFFHVVLELOLWp HW RX UpDFWLYLWp GHV IODYRQF
EURPDWLRQ VPOHFWLYH GDQV OD S\W LBRIQMHOGBN BRGIIOHRUEG JO X F
GX UpVRUFLQRO 2Q SHXW DORUV REVHUYHU OD EURPPWWRQ SUy
2 PpPWK\OFDWpFKLQRWHeDaIZ975 @ HW FTHVW XQLTXHPHQW ORUVT
HVW RFFXSp TXH OD VXEVWLWXWLRQ FRPPHQMH SDY & p DAWQR\D »
PRLQV TXTLO QT\ DLW XQ H[FqV GH UpDFWLI GH EURPDWLRQ RC
GHJUp GH VXEVWLWXWLRQ HQ & 9§ /D VpTXHQFH VGHWEDRPDWLF
PPWK\OFDWPpPFKLQH ! !l § HVW SUpVHQWpPH VXU OD ILJXUH $
&HSHQGDQW SRXU OH UpVRUF (-R RiCO-miekfiidi@H Q\WD Op TXHQFH
GH VXEVWLWXWLRQ GHYLHQW ! Il q %

Figure 10:  Représentation des sites réactifs des flavonoides par bromation

ID VXEVWLWXWLRQ SUpIpUHQWLHOWD\ K IBKARDRRQRMGHRO GHY &
W\SH UpVRUFLQRO HQ & GRLW YUDLVHPEODEOHPHQW rWUH
DFFHVVLELOLWp GH FHV VLWHV (Q XWLOLVDQW OH UpVRUFLQR
DSSDUDVW TXHNOHHW @IpWUDPgqUHV IRUPpV ORUV GH OD UpDFWLRC
RX DOFDOLQ BH FHOXIOH IRUPDOGpPK\GH QH SULYLOpPJLHQW SI
ortho GHV GHX[ JWPRQSMHY K\GCBWRRHWWH VXEVWLWXWLRQ SUplpUHC
VHPEOH rWUH UHVSHFWpH GDQV OD VWUXFWXUH GHV ELIODYRQ|I
UpDFWLRQV GH PRGgQOHV SKpQROLTXHVY QYHVW FHSHQGDQW SD\
UpWLFXODWLRQ VXSpULHXU
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Réaction avec les aldéhydes

/HV WDQLQV pWDQW GH QDWXUH SKpQROLTXH LOV UpDJLVVHQW
SKpQROV DXVVL ELHQ HQ PLOLHX DFLGH TXYHQ PLOLHX DOFL
OYDOFDOLQLWpP GX PLOLHX DXJPHQWH OD QXFOpPpRSKLOLH GX SK|
S+ Re GHV LRQV SKpQDWHV VRQW IRUPpV J/HV VLWHV QXFOpRS:S
QR\DX $ GH QYLPSRUWH TXHO IODYRQRWGH WHDGHGWX] GKUH St
QR\DX % &HFL HVW G€ DX[ JURXSHPHQWY YLFLQDX[ K\GUR[\OHYV
DFWLYDWLRQ GH OD JOREDOLWpP GX QR\DX % VDQV ORFDOLVDWLF
VH SURGXLW VXU OH QR\DX $

/IH IRUPDOGpK\GH UpDJLW DYHF OHV WDOQLWQWDWWRY GHXQBQV
LOWHUYHQLU GHV SRQWYVY GH W\SH PpWK\OgQH HQWUH OHV VLW
SULQFLSDOHPHQW FHX[ GHV QR\DXJ[ $

'DQV OHV PROpFXOHV GH WDQLQV FRQGHQVpV VHXO VXEVLVWH |
OIDXWUH pWDQW HQJDJp GDQWDXORIQBWHBLH RIGIL. QDR QRWGHYV | G
GH W\SH UpVRUFLQRO WDQLQV GH OLPRVD PRQWUMQ®X XQH
IRUPDOGPK\GH FRPSDUDEOH RX OpJqUHPHQW LQIPULHXUH | F
*Rossouw et al,1980 Pizzi, 1978 @ /HV QR\DX[ % GH W\SHR $S\HRWDOORO
QH VRQW GRQF SDV UpDFWLIV VDXl ORUVTXYLO \ D IRUPDWL
UHODWLYHPHQW pOEBgyxVet §,19755@ 3DUIRLVY OHV QR\DX[ % GH W
FDWpFKRO VRQW UpDFWLIV j WHPSpOdianXanti PR2) X002p Q@ YpH >
ODOKHXUHXVHPHQW OD UpDFWLYLWYLFZFHEXQRDKXD GGHIKYGH HVW D
WHOOHPRPPAWIKH OD WURS IDLEOH GXUpH GH FRQVHUYDWLRQ (
IRUPDOGpPK\GH OHV UHQG LQGXVWULPRIABMBH@W LQXWLOLVDEOHYV
(Q SUDWLTXH VHXOV OHV QR\DX[ $ LOWHUYLHQQHQW GDQV O
WULGLPHQVLRQQHO &HSHQGDQW LO VXIILW G{XQ IDLEOH GHJL
IRUPDOGpK\GH SRXU TXH OD WDLOOH HW OD FRQILIXUDWLRQ G&F
LPSRVHQW OfLPPRELOLWpP FHFL j XQ SRLQW WHO TXH OHV VLW
PORLIQpPYV SRXU TXH SXLVVH VIpWDEOLU XQR&UWR&W,16M@V\SH PpWtk
/H UpVXOWDW HQSROWpPXQMDWLRQ LQFRPSODWHDHE YW OHN

I UDJLOLVDWLRQV VRXYHQW FDUDFWpPULVWLTRHVWDGGPK\@HGKpV
&HSHQGDQW FHUWDLQHV LQGLFDWLRQV VXJJqQUHQW TXH GDQV
DFLGHVY RX EDVLTXHV DYHF XQ H[FgV GH UpVRUFLQRO OHV QR\LC
VRQW FDSDEOHV GH UpDJLU DYHFizQ H9TR @P DI A@NWH\GBIRYYV GH Ofp)
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GH PROPFXOHV PRGqOHYV j WHPSpUDWXUH DPELDQWH 3L]]L D RE
GLPqUHV S\URRD®ORGpPK\GH DLQVL TXH GH GLPqUHV HW GH WUL
IRUPDOGpPK\GH &HFL LQGLTXH TXTHQ GpSLW GTXQH SDUWLFLSD\
GDQV OD IRUPDWLRQ GfXQ UpVHDX WRUBDPBQ K LR QXD WH® IUP V
UHVWH WRXMRXUV IDLEOH
$ILQ GH UpVRXGUH FH SUREOQPH GHV DJHQWYV GH UpWLEXODYV
SKPQROLTXHV RX DPLQRSODVWLTXHV j IRUW WDX[ GH SRO\PpUL
HOOHV SHUPHWWHQW OfpWDEOLV\GH\HFUWVGIY QUDRS BQV VHIDAWUW S
UHOLpV SDU XQ SRQW GH Wi&it Bgharfistiad, q.a78; Bizzi et Roux,
1978 @
%LHQ TXH OH FDWpFKRO HW OHV QR\DX[ % GH W\SH FDWpPFKRO (
IRUPDOGpPK\GH j GHV S+ LQIpULHXUV j OfDGGLWLRQ GIDFpWED
QR\DX[ % GH W\SH FDWpFKRO GH UpDJLU DYHF OH IRUPDOGpPK\G
RSWLPDOH GH S+ pWDGWPPH OH PRQWUH OD SOXV JUDQGH TX
IRUPDOGPK\GH FRQVRPPpH >Hilis et U@ach, 1B pWDWH GH JLQF SHUPHYV
XQH UpWLFXODWLRQ GX V\WVWgPH VDQV HPSOR\HU GH UpVLQHV \
RX DPLQRSODVWLTXHV $LQVL OfXWLOLVDWLRQ GTXQH SHWLWH
SDU UDSSRUW j OD UpVLQH VGHGEGH{QEBHPHUW GH UpWLFXODW
POHYPH FRQIPWFBGSHQGDQW SDV DX UpVHDX XQH IRUFH FRPSE
REWHQXH JUKFH j OTDGGLWLRQ GH Ogahand Rizx\ZDOZK p@'LTXHV >
6L OTRQ FRQVLGQqUH OD GpSHQGDQFHIBHPOD GipkD BWLRIQGXD QL Q \
S+ LO HVW JpQpUDOHPHQW UHFRQ QGH VXWD@MDL QM BFHWDLPRVD DY
IRUPDOGpPK\GH HVW SOXV OHQWH HQWUH HW HW SRXU OHYV
HW /ID TXDQWLWp GH IRUPDOGpPK\GH UpDJLVVDQW DYHF Fl
GRPDLQHV GH S+ HVW WRXW QDW XU HRo@leyP 19§6W @D SOXV IDLEOH
$ S+ QHXWUH OH IRUPDOGpPK\GH UpDJLW UDSLGHPHQW DYHF OH
& HW & PDLV pJDOHPHQW HQ & T HW & T GHV QR\DX[ % GH \
S\URJDOORO ELHQ TXH SOXV OHQWHP HQW1980D @ L J PURH) W GHD @\D >
GpSHQGDQFH GX WHPSV GH JHO GX WDQLQ GH OLPRVD DYHF
IRQFWLRQ GX S+ | f&
/H IRUPDOGpPK\GH HVW OYDOGpPK\GH JpQpUDOHPHQW XWLOLVp OR
GXUFLVVHPHQW GIDGKpVLIV j EDVH GH WDQLQV ,0 HVW QRUP
WDQLQV HQ VROXWLRQ DX S+ GpVLUp VRXV OD IRUPH GH IRUP
IRUPH GX SDUDIRUPDOGpPK\GH SRO\PqUH FDSDEOH GH VH GpSRC
HQ PLOLHX DOFDOLQ
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JTKH[DPpWK\OqQHWpPWUDPLQH KH[DPLQH SHXW pJDOHPHQW r\
GpFRPSRVH HQ HIIHW GqV fEK\BE IRMKMHDDBLQH LQVWDEOH HQ
PR\HQQHPHQW MOHYIGHOQW SOXV VWDEOH ORUVTXH OH S+ DXJPHQW
PLOLHX DOFDOLQ OD OLEpUDWLRQ GH IRUPDOGpPK\GH SHXW QF
HIILFDFH TXH G p FSddymvad, i@ >

(Q PLOLHX DFL®WLOHMKNWROXEOH GDQV OfHDX MXVTXT]j HQ
GpFRPSRVH HQ PROpFXOHV GH IRUPDOGpPK\GH HW PROpFXOH
PLOLHX DOFDOLQ VHXOHYV PROpFXOHYV GH IRUPDOGpPK\GH VRQ\
SDU OD IRUPDWLRQ GH WULPpWK\ODPLDOIFDOL@QVLOTHKMUH[PROQH X
OLEpUDQW GX IRUPDOGPK\GH TXYj SDUWLU GH f& OHV VROXYV
WDQLQVY GH OLPRVD RQW XQH GXUpH GH YLH HQ SRW WUQqV LPS
DPELDQRKH 977 @ ,0 D FHSHQGDQW GpMj pWp UDSSRUWp TXH OH
ORUV GH OfXWLOLVDWLRQ GH OYKH[DPLQH FRPPH GXUFLVVHXU
ERXLOOSaaydh, 3971 @ FRQWUDLUHPHQW j FHX[ IRUPpVY ORUV GH O
OD IRUPDOLQH RX GX SDUDIRUPDOGpPK\GH /TDPPRQLDTXH OLEpL
GH FHWWH |IDAXIDOIVXHIV D XPAH,AQrY, McLean et Gardner, 1952 @ RQW
PRQWUp TXH OD SUpVHQFH GYKH[DPLQH SHUPHWWDLW OfH[LV
VROLGHY VL FH QYHWAMOSBXVREMIHQXHY HQSBUPVRIQAEBOGIHK\GH
PDLY VHXOHPHQW HQ PLOLHX DOFDOLQ FHFL SHXW rWUH DW!'
WULPpWK\ODPLQH HW QRQ GIDPPRQLDTXH DYHF PRLQV GH GF
IRUPDp

/ID UpDFWLRQ GX IRUPDOGpK\GH DYHF OHV WDQLQV SHXW rWUF
GITDOFRRO XQH SDUWLH GX IRUPDOGpK\GH HVW DRXRUV VW
GTKpPLDFpWDOV SDU HPHPR2@H &%¥L OYRQ XWLOLVH OH PpV
Scharfetter et al, 1977 @ /IRUVTXH OfYDGKpVLI HVW GXUFL HQ DX
WHPSpUDWXUH OIDOFRRO HVW OLEpUp | YLWHVVH FRQVWD
SURJUHVVLYHPHQW UHIRUPY KpPLDOWpWDGM VIpYDSRUH PRLQ\
DEVHQFH GIDOFRRO /D SUpVYHIQHH BW BHRQ¥XLGH UHQGUH OH IRUF
QRQ UpDFWLI FH TXL D SRXU FRQVpPpTXHQFH GY{DXJPHQWHU OD ¢
WHOV DGKpVLIV

6L OTRQ QH SHUG SDV GH YXH OH IDLW TXH OHV VLWHYV UpDFWLI
OHV XQV GHVY DXWUHV SRXU SHUPHWWUH OTpWDEOLVVHPHQW GH
DLQVL OD FUpDWLRQ GTXQ UpVHDX RSWLPXP GIDXWEHIHY DOGpK
FDUDFWqQUH ELIRQFWLRQQHO SHXYHQW r'WUH XWLOLVpV FRPPH \
3DUPL HX[ OfTXQ GHV SOXV IUpTXHPPHQW HPSOR\pV HVW OH I>
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UpDJLVVH OHQWHPHQW DYHF OHV SK@ QRGIVIXRIdREAGH VH Up
r wuH ORUVTXTLO HVW XWLOLVp FRQMRLQWHPHQW DYHF OH |
WWLFXODWLRQ HIILFDFH HW XQ H[FHOOHQW SODVWLILDQW SRXU
Pizzi, 1978 @

/IH JOXWDUDOGpPK\GH UpDJLW TXDQW j OXL DYHF OHV PDRYQLQV HQ
EHDXFRXS SOXV OHQWHPHQW TXH OH IRUPDOGpPK\GH /HV FLQp
IRUPDOGpPpK\GH GH OfYDFpWDOGpPK\GH GX SURSARIPDOOCEPKKBCIH HGH
GX IXUDOGpK\GH DYHF OHV WDQLQV FRQGHQVpV GH W\SH UpVRUF
pWp pWXGLpHV >Ross@w,19¥®V PrPHV pWXGHV RQW pWp PHQpHYV

PRGqOHV VLPSOHV JOWDYRYHRUFLQRO OH SKORURJOXFLQRO HW
wWDQLQV VRQW pJDOHPHQW FDSDEOHYVY GH UpDJLU DYHF OH EHQ]D
'HV GLIIpUHQFHV QRWDEOHV RQW pWp REVHUYpHV GDQV OHV )
WDQLQV GH W\SH UpVRUFLQRO HW SKORURJOXFLQRO DYHF GLYHI
WDQLQV GH W\SH SKORURJOXFLQRO OHV YLWHVVHV GH UpDFWLR

H\ /CFb CHO
HCHO >> CHCHO, CHCH,CH,CHO > CHCH,CHO > c— ¢l > \
o// N\ :

CHs

3RXU OHV IODYDQRWGHV GH W\SH UpVRUFLQRO OfYpFKHOOH GH U

HCHO>>  (\  / >> CH,CHO > CHCH,CHO > c—
O// N

CHj

(QWUH FHV GHX[ pFKHOOHVY GH UpDFWLYLWp OD SOXV JUDQGH G
IXUDOGpPK\GH 6L VD UGDAWLEHWPUFDFWLIV SKPQROLTXHV HW GH)
SRVVpGDQW XQ QR\DX $ GH W\SH UpVRUFLQRO HVW LPSRUWDC
OLPLWpH SDU GHV SUREOQPHV GIHQFRPEUHPHQW VWpULTXH GD¢
D\DQW XQ QR\DX $ GH W\SH SKORURJOXFLQRO 'DQV OH FDV GH
UpVRUFLQRO OYDWWDTXH GH OfDOGpPK\GH D OLHX HQ & $
PRLQV HQFRPEUp VWpPULTXHPHQW TV OEBDYRQYRW@HY GH W\
SKORURJOXFLQRO %
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Figure 11 . Sites dattaque du formaldéhyde sur des flavonoides de type

ré sorcinol (A) et de type phloroglucinol (B)

8Q FRPSRUWHPHQW VLPLODLUH SHXW pJDOHPHQW rWUH REVHUYp
HW OH UpVRUFLQRO VRQW XWLOLVpV FRPPH PRGQqOHV GDQV FHW
IXUDOGpPK\GH GDQV OfpFKHOOH GHGHXDFKIpQIRDY DMMW HHDOHP
GpSHQGDQWH GH FRQVLGpUDWLRQV VWpULTXHV VD UpDFWLYLW;
FDV GX UpVRUFLQRO TXH GDQV OH FADS0GWXIFE@RURJOXFLQRO >

/D UpDFWLRQ GHV WDQLQV DYHF OHV DOGpK\GHV HQ PLOLHX DO
GX VHFRQG RUGUH GDQV ODTXHOOH OD YLWHVVH HVW OD VXLYD(¢

ILWHVVHDOGPpK\GH@2+\@D Q¥RQROGpK\GH@2>5@VDQLQ

DYHF

$ GHV S+ VXSpULHXUV | OD UpDFWLYLWp HVW HVVHQWLHOO
IRUPpV /MHIFRQG WHUPH GH OTGRAXDWVYR@ITAPSRUWH GRQF GHYDQ!
SUHPLHU FRQVLGpUp FRPPH QpJOLJHDEOH $ OYLQYHUVH | GH
FIHVW OH GHX[LgPH WHUPH TXL HVW FRQVLGpUp FRPPH QpJOLJ
OMpTXDWLRQ rWSH XMEGLYLVpH HQ GHX[ pTXDWLRQV HW I
S+

9LWHVVHDOIGpK\GH@2*\@D G1Q
ILWHVVHDOGPK\GH@ >@ D GLQ! 2
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/ID UpDFWLRQ GHV DOGpK\GHV DYHF OHV SURGXLWV GH OD UpDF
VXLW pJDOHPHQW XpMLDODRH EX VHFRQG RUGUH

9LWHVVH >DOGNPGE@WDQL@

—e— Formaldéhyde, pH alcalin
Formaldéhyde, pH acide
] \%\ Acétaldéhyde, pH acide
N —— Propionaldéhyde, pH acide
) I \ —%— Furfuraldéhyde, pH acide
%‘ \ X\K\_X
ie]
= \ M *—H—y
\\\ —
\‘\.\’\‘ |
0 100 24 h
Temps (min)
Figure 12 :. Représentation schématique de la consommation d’aldéhydes en

présence de tanin de Mimosa.

Temps de gel

¢ Ouéhracho modifié

Mimosa modifié
== pine radiata

Temps de gel (s)
=
(4
o

55 6,5 75 8,5 9,5
pH

Figure 13 : Temps de gel tanin/paraformaldéhyde en fonction du pH [ Pizzi,
1994].

/D ILIJXUH QRXV GRQQH XQ DSHUoOX GH OD FLQPWLTXH GH
IRUPDOGpPK\GH HQ SUpVHQFH GH WDQLQV GH OLPRVD /D SDUWL
HVW OD VRPPH GHV pTXDWLRQV HW /D SDUWLH WHUPLQDO
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PTXDWLRQDQV OfpTXDWLRQ OHV WHUPHV GpSHQGDQW GH OI
WDQLQV K\GUR[\PpWK\OpV REWHQXV DSUqV OYDWWDTXH LQL\
SHXYHQW rWUH QpJOLJpV DX QLYHDX GHV XQLWpV IODYRQRWGH\
OLEUH VXU OH QR\DX $ SRXU XQH DWWDTXH GX IRUPDOGpPK\GH

&HWWH DSSUR[LPDWLRQ QH SHXW SOXV rWUH IDLWH SRXU XQ I
TXH OHV WDQLQV GH W\SH UpVRUFLQRO HW SKORURJOXFLQRO VF
SRXU SHUPHWWUH XQH UpDFWLRQ DYHF OH IRUPDOGYNK\WWH YLELC
XQ DXWUH Q RIA2iX9%7 >@

/[ fpTXDWLRQ GH OD YLWHVVH JOREDOH SHXW rWUH UHSUpVHQWQpPFE

9LWHVVH >NOGpK\GH@2*WDQMIQLA 2 >DOGpK\GKE® WDQL@

2« >SWDQE@ HVW OD FRQFHQWUDWLRQ H@°WDNQLOD HRQFMDQLUD &/

HQ WDQQDWHV $ f& HW S+ OHV FRQVWDQWHY FLQPWLTX
IRUPDOGpPK\GH DYHF OHV IODYRQRWGHYV GHV WDQLQV GH OLPRV
N [ O PROWHFHWN, [ O PROWHFSRXU XQ UDSSRUW

IRUPDOGpPK\BIHWVHY UpDFWLIV VXU OHV XQLWpV IODYRQRWGHV O
WDQLQV GH OLPRVD OD PR\HQQH GHV VLWHYV UpDFWLIV VXU OHV
(Q PLOLHX DFLGH OD UpDFWLRQ HVW pJDOHPHQW GX VHFRQG R
DORUV WUQqV FRPSOH[H XQH JUDQGH YDULpWp GIHVSQFHV FRC
JOREDOH

'DQV OH FDV GX IRUPDOGpPK\GH

ILWHVVH+&+2@ >WDHELQ N &+2+ @
N>+&+2@ >WDQRLQ N&+2+ @ >WDRQL®
N>+&+(2LE[@p >+&+R2AN, > &+ WDQlQ@
>&+2+ @q Ny > &+ WDQL®@

$ SDUWLU GH OD ILJXUH SRXU OHV S+ DFLGHYV LO HVW

FRQWULEXWLRQ GX WHURBPHQGM OD FRXUEH PHW HQ pYLGHQFH ¢
IRUPDOGpK\GH HVW OLEpUp SOXV TXYJLO QYfHVW FRQVRPPp (Q FI
N HW MW HQ QpJOLJHDQW OHV WHWHVTXIQO M\RQW HIIHFWLYHPH
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QpJOLJHDEOHV GH S+ j OfpTXDWLRQ j S+ PR\HQQHPHQW
VIH[SULPHU DLQVL

ILWHVVH>+R+2@DOWQ @ >+M+2 ¢ @, >&2+ @ o N, > &+ WDQL@

/IHV FRQVWDQWHYV FLQpWLTXHV GH OD UpDFWLRQ GX IRUPDOGHDP!
GHV WDQLQV GH OLPRVD SUHQQHQW j S+ HW | & OHV YDOF
O PROWVWHFHW, N [ O PROVYMHFHW N [ O PROYIHF

SRXU XQ UDSSRUW IRUPDOGpPK\GH VLWHYVY UpDFWLIV VXU OHV X

1RXV SRXYRQV YRLU VXU OD ILJXUH TXH OD FRQFHQWUDWLRQ
GX WHPSV PRQWUH AFGBLEHRHQMDFWLRQV FRPSpWLWLYHV FRH[L
OD UpDFWLRQ GH OTDOGpK\G i HIOMHH P D MWD QUR GMMLWYV GH IDLEO
PROpFXODLUH GH OD UpDMWDIQR@ DWW HI pDFWLRQ HVW | OfR
FRQVRPPDWLRQ GTDOGpPK\GH
/TDOGPK\GH TXL VIHVW OLEpUp HVW j QRXYHDX SUrw j UpDJL
SUREDEOHPHQW GXH j OD WUDQVIRUPDWLRQ GHV SRQWV GH
LQVWDEOHV LQLWLDO&HP H@W IIRQPRQWY GH W\SH RpWK\OqQH
,O HYW LQWpPUHVVDQW GH QRWHU TXH PrPH VL OHV S&QWV GH W
2 &+ RQW GpMj pWp LVROpV ORUV GH OD UpDFWKWR® SKpQRO
1977 @ OHXU H[LVWHQFH ORUV GH OD UpDFWLRQ GH SURGXLWYV
FRPPH OH UpVRUFLQRO RX OH SKORURJOXFLQRO W $XpWXB SRV
PLVH HQ PpYLGHQFH 8QH DQDO\WH GHV SURGXLWV
UpVRUFLQRO IRUPDOGpPK\GH HW SKORURJOXFLQRO IRUPDOGpPKN\C
GLIIpUHQFH HQWUH OHV SURGXLWV REWHQXV HQ PLOLHX DFLGF
DOFDOLQ >5RX[ HW DO 6FKDUIHWWHU HW DO @
/D ILIXUH QRXV GRQQH SHXW rWUH OHV SUHPLqUHV LQGLFDW
GH FHV SRQWV GH W\SH PpWK\OgQH pWKHU ORUV GH OD UpDF
SKORURJOXFLQRO HW GHV QR\DX[ $ GHV IODYRQRWGHV /D YL
IRUPHQSWLY GLVSDUDLVVHQW H[SOLTXH ELHQ pYLGHPPHQW OD
DORUV TXH OHV SURGXLWY GH OD UpDFWLRQ VRQW LGHQWLTXH"
DOFDOLQ ,0 DSSDUDvVW SDU DLOOHXUV TXH OHV pWKHUV IRUPp
IRUPDOGpPK\GH VH GpFRPSRVHQW UDSLGHPHQW j GHV WHPSpUD
f& DORUV TXH OD UpDFWLYLWp GX UpVRUFLQRO GX SKORUR.
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GHV IODYRQRWGOHYV BXVIRUPDOGpPK\GH HW SDU FRQVpTXHQFH OD
GpFRPSRVLWLRQ GH SRQWV GH WVBKHWpPpWK\Wq@D[LPDOH | G
WHPSpUDWXUHVY ELHQ SOXV IDLEOHYV f& &HFL HVW WRXW

WHQGDQFH WRXMRXUV SUpVHQWH TXL SRXVVH OH SRQW GH W\
UHFRPELQHU HQ SRQW GH W\SH PpWK\OgqQH DYHF OLEpUDWLRQ C
/TDXJRHWDWLRQ GH OD PDVVH PROpPFXODLUH GH OfDOGpPK\GF
HQFRPEUHPHQW VWpULTXH SURYRTXH XQH GLPLQXWLRQ GX QF
DLQVL TXH GH OHXU YLWH VRddscBu{19P @P D&HFRQHYW ELHQ YLVLEOF
OD ILJXURe OD SHQWH FRUUHO®ROQOGHBLUDWLRQ GIDOGpPK\GH GLI
IRUPDOGPK\GH SHQWH OD SOXV UDLGH j GHV DOGpPK\GHV
VWpPULTXHPHQW /D VWDELOLWp GH OfpWKHU IRUPp DXJPHQW
VWpPULTXH GH FH GHUQLHU DLQVL GDQV OH FDV GX IXUDOGpK\
rWUH OH SOXV VWDEOH ,0 HVW LPSRVVLEOH GYH[FOXUH OH IDL
SHQGDQW OD UpDFWLRQ SXLVVH DYRLU GYDXWUHV RULJLQHV TX
W\SH PpWK\OqQH pWKHU HQ SRQW GH W\SH PpWK\OqQH

'DQV OD SUDWLTXH HQ IDLW VHXOV GHX[ DOGpPK\GHV OH

IXUDOGPK\GH VRQW XWLOLVpVY GDQV OD SUpSDUDWLRQ GYTDG
'"I{DXWUHV DOGpPK\GHV VRQW ELHQ HQWHQGX SDUIRLV XWLOLV/
IRUPDOGPK\GH ORUTXH FHUWDLQHV SURSULpWpV SK\VLTXHV VR
i GX IRUPDOGpPK\GH SHXYHQW rWUH UHPSO\DPO/GERUGB X TXL HV
K\GURSKREH JUKFH j VD FKDVQH FDUERQpPH LQVDWXUpH FH TXL C
GHV DGKpVLIVRWPROGPK\GHYYYVGH OfHDX HQ PRGLILDQW OD VW
UpVHDX IRUPp WRXW HQ pYLWDQW OfXWLOLVDWLRQ GIDJHQWYV V
Rossouw,1979@ /HV DGKpVLIV j EDVH GH WDQLQV SUpSDUpV DYHF G
TXH OH IRUPDOGpPK\GH RX SUpSDUpV DYHF GX IRUPDOGpPK\GH HV
GIDXWUHV DOGpK\GHV GRQQHQW XQ UpVHDX SOXV IRUW TXH
IRUPDOGpPK\GH VHXO RX PpODQJpPRK IRUM@O GpK\GH >

/HV YDOHXUVSBXUNXQ UDSSRUW IODYRQRWGHYV GH OLPRVD IRUP
i XQ S+ GH VRQW VXSpPpULHXUHV j FHOOHV REWHQXHVYXHXQ S+ G
TXH OD UpDFWLRQ HVW SOXV UDSLGH j S+ pOHYp (Q FRQVpTXH
FRUUpOHU OD YLWHVVH GH UpDFWLRQ RX SOXW{W OHV FRQVWDC
JHO /TLQIOXHQFH GHV GLIIpUHQWY WHUPHV FRPSRVDQW OfpT
UpDFWLRQ SHXW IDFLOHPHQW rWUH GpGXLWH GH OYDOOXUH GH
WHPSV GH JHO SURSRUWLRQQHO j OD YLWHVVH JOREDOH GH OD
8QH FRXUEH UHSUpVHQWH OD UpDFWLYLWp YLV j YLV GHV SKpQR
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FKLPLTXHV IRUPEBVYWLU GX IRUPDIQRGKKWSH I fDXWUH FRXUE

UHSUpVHQWH OD UpDFWLYLWp GHV GLIIpUHQWHY HVSgQFHV Sk

IRUPDOGpK\GH /D WURLVLgPH FRXUEH HVW OD UpVXOWDQWH GH

rWUH FRPSDUpH j OD FRXUEH GHV WHPSV GH JHO H[SpULPHQWD X
HVW XQLTXHPHQW TXDOLWDWLYH

Figure 14 : Représentation qualitative de la réactivité de phénols vis a vis du
formaldéhyde et des espéces générées a partir du formaldéhyde vis a vis des

phénols [Plomley, 1966].

3RXU FRQWO®D YLWHVVH GH UpDFWLRQ GpSHQG pJDOHPHQW Gt
FDWDO\WHXU JpQpUDOHPHQW 1D2+ HW DLQVL GX S+ 3RXU FHWW
N VH GRLYHQW GTrWUH GRQQpPV j GHV S+ GpILQLV 'DQV OH FDV (
GH FDWDO\VH DFLGH EDVH LQWHUYLHQW FRPPH GDQV OD UpDF\
HW OH IRUPDOGpPK\GH XQH FRQVWDQWH FLQPWLTXH SHXW rWUH |

N N N >+@ N >2+@
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Réactivite  avecle glyox al

'"HV WXGHFHQWHY RQW TRPRIQWHY WDQDQMQRXYU DFHFJO\R[DO

GH SUPHQHFEMNDQG OH S+ HVW HOHYp

/H WDQLQ H pS\KiY [pGBIRXpY DOXHU OH WHPIS® SHpMH®MFH GH JO\R[D
HW OH FRPjSPHGIX)L REWHQX DYHF O H>BRAJif Bt@l®p06\ G @

&H/ UpX O WHDQWR X UD JH D @ WRAHDp )LIXUHRQW SHWMLYDEULFDWLRQ Gl
SDQQHDX[ GH SDUWLFXOHV SUpVHQWDQW GHV SURSULpWpV VDW
FROODJH DWMBIBDIEWH GXUFLVVHXU SHXWr WL RN \G\BIS/MH V
DSSOLFD®RRQ\OHVTOHROPNMEEGH HVW LOMWHBSBUWHW GTREWHQLU
SURGXLW LQQRYDQW

Gel Time

300

250 “~ Formaldehyde

\ —&—Glyoxale
200 \
150 \

Gel Time (sec)

=
o
o

J

o

pH

Figure 15: Com portement du glyoxal par rapport a celui du formaldéhyde a

diff érents pH dans le processus de durcissement du tanin de Pin.
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Auto condensation acide

$ FKDXG HW HQ SUpPVHQFH GIDFLGHV PLQpPUDX[ IRUWV OHV WD(
UpDJLU GH GHX[ PDQLgqUHV GLIIpUHQWHY 8QH GHV UpDFWLRQV C
PgQH j OD IRUPDWLRQ GH FDWpFKLQH HW GIDQWKRF\DQLGLQ
ELIODYDQRWGH W\SLTXH ILJXUH /D GHX[LqPH UpDFWLRQ H\
UpVXOWDQW GH OJK\GURO\VH GHV KKWG®@URPEHMVO ROBHYROV S
etal, 1975 @ /HV LRIQGWBR[\EHQ]\OFDUERQLXP ILJXUH FUppV VH F

DORUV DYHF OHV VLWHV QXFOpRSKLOHV GIDXWUHV XQLWpV
phlobaphenes R Xanins rouges

OH

(+)-catéchine

Figure 16: Dégradation des tanins a catéchine et anthocyanidine.
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Figure 17:  Autocondensation acide par hydrolyse des hétérocycles
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Autocondensation alcaline

(Q PLOLHX DOFDOLQ OHV WDQLQV VRQW pJDOHPHQW VXVFHSW
PDQLQUHV GLIIpUHQWHY /D SUHPLgqUH UpDFWLRQ ILJXUH HV W
LQWHUIODYDQRW®WMH UpDFWLRQ LQWHUYLHQW GDQV OHV WDQLQ
3pFDQ PDLV SDV RX WUQV SHX GDQV OPizziNeD Stépanéui OLP RV D

1993 @ /H FDUERFDWLRQ IRUPp SHXW PHQHU j XQH DXWRFRQGHQV

Figure 18 : Autocondensation alcaline: rupture de la liaison interflavanoide et

autocondensation finale.
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/D VHFRQGH UpDFWLRQ HVW XQH DXWRFRQGHQVDWLRQ SDUWLHC
UpDFWLYLWp SURYRTXpH SDU OfRXYHUWXUH GH OfKpWpURF\FOH
TXH OHV WDQLQV GH QRL[ GH 3pFDQ PDMRULWDLUHPHQ
VIDXWRFRQGHQVHQW UDSLGHPHQWDXWDQW IRUPHU XQ Up
WULGLPHQVLRQQHO FRPPH XQH UpVLQH GXUF L H@>Pi&zHe% IStdphamsu, 1
FODLUHPHQW YLVLEOH ORUVTXYHQ PLOLHX DOFDOLQ OD FDWpF
VIDXWRFRQGHQVH ORUV GX UpDUUDQJHPHQW PDRaMpEKLQLTXH
Hemingway, 1991@ FRPPH LQGLTXp VXU OD ILJXUH
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Figure 19:
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Autocondensation alcaline catalysé e par la silice

(Q PLOLHX DOFDOLQ OHV WDQLQV FRQGHQV pW) X RRWRERBGIM VHUF
SRXU GRGHNUSRO\PWKHWPRGXUFLVVDB@BVWELRW W W FDWDO\Vp
ODVLOLEFIHR VHQROHPpPFDQLVPH VXS\SRWD Odklekham, Pizzi et

Stephanou @

Figure 20: Meécanisme de réaction d’autocondensation proposeé pour expliquer le
durcissement des tanins condensé s a pH basique en pré sence de petites

quantité s de SiO ,.

'HV FLQPWLTXHV FRPSDUDWLYHV GH O DXWRFRQGHQVDWLRQ UD
G XQ WDQLQ SRO\IODWREWRWGHIHRFWXpHY SDSDUPPRQQ®OWHT XH
POMRURQLEZH /HWDQLQITGHEUDFXR HYWLQFLSDOHP HYWQHGR Q V
SURURELQ MWL QWG LIQM XGBMMDW QDWXUHO VX O QMEH WG B DQX PG H
IRUPH LQWHUPpPGLDLUH DGKpVLI /HWRQWRROWDVOWH REQWH GRQ I LU |
O H[LVWHQFRH IBH.WVPHV UDGLFD G DURNAMR GRRUWADWLRQ HQ SUpVHQF
6L2 GLVWRKPDLRQWIJDOHPHQW VRHQRXYHDX[ HIIHWWr\V& GOWV
XQH WHOOH UpDFWLRQD X RPPEG &/H R @ DOVL K QXY U R PHEBHNVDO D
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VRO X WAHRDD Q LGHA LH QW FROXOR w G PWDHV  FE&RIDAD KBS H GV MRRD VHPEOH
GSHQGUH SULQFLSDOHPHQW PDLV SDbiU DH PR KAHHSHROND WV
JOXFLGLGRAY O HHM\OWIRMHUOLQLHW @
/HV LQWHQVLWpPY UHODWLMBY3GGE \D QIR QWD X D G LGH XJDIBWF D X [
SKRR[\OHQYGLTXHQWOWRHUWXUH GHVS\WABQHVXHV GHVHWDQLQV
CDIXWRFR QG HQARMW URWIGIHQV GHV FRQGLWLRRINDEOMDIO L H V

@
/D SUPpVHQFKW BEVHQFH G LQWHUIpUHQFHV VXU OD UpDFWLRQ
UDGLFDODLUH GHV WDQLQV SROWUYDFBQRWEBHT XEHY GOUWFGVVHPH
LRQLTXH VU DF@pDFWLIV LRQMW W pWXGLpHVDRNUFHI(WDLQV FDV
OH GXUFLVVHPHQMIDFOMLIFRLRQLTXHYV SHXW rWUH FRXSOp DYHF
VLPXOWDQp GX WDQLQ SDU DU INRIEFRIQERQNPIA leR Merlin +

@

/D UpDFWICR® X HQ GHX[ pWDSHV OD SUHPLQUH ODDI@RUPOWLRQ
OD GHX[LgPH OD FRQGEQRBOWHRIQW BVHOHIHVY DXWUHV XQL\
IODYRQRWGWHIMVEINVUPDFWLIV IRUPpPV /TpWDSH FLRPWHJ®BD GpWHU
IRLGH OD VWUXFWXUHGBUOQRQEDPRQRWGH GH FKDTXH WDQLQ
SDUWLFEOIHYHDX GH O pWDW FROORwWGDO GH OD VROXWLRQ GH
GH SRO\PpULNQWIRRREUH '®QD pWp PROWUWDRHQWYHK\GURO\VDEO!
QH VXNHQWUpDFWGRQIRUPDWLRQ GH FODWILHF\¥HPU ODELRL
DXWRFRQGHQVDWLRQ FRPPH RQ SRXUUDLW HV D\HRWW N@QGIXH W X3
Masson, Pizzi et Merlin + @
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L’Alcool Furfur  ylique

Caract éristigues Physico -chimiques

JPOFRAUIXOLTXH ¥VBURGXLW OWHHSSHWXUH D P EWN@SEH HQ W
HW LQFRRORMDXQH FODLMWDWORE PRQVHUYDWLRQ GX SURGXLW
GIRULJLQH QBWWUHGIBRHYPH. UULWDQW SRXU OHV 8 LD YFRIEW H
HQ FDV G LQ MW \8 DRIQF RIQMABFOW SMMXTXH SDU LQKDODWLRQ VRX

GH SURYRTXHU OBDPIQFHHY LQFRQYpQLHTHWW QWRIR LIUGIW p WH V VI
FDUSUPVHEWM UGFERQQH UpDFWLYLWp

&H FRPSRWIDQLTXH SHHWWHEWUD FW pADLLRNPIDIVER WHD OFRROLTXH

° OH
\

/JHV FDUDEWWLTXHV BKLPLRRIDHVSOXV LPSRVWBDHWGIDOFRRO
IXUIXQLTXH VRQW VD IRUWH VRO XEGODRWpOE Y QO EFTRDY RE B V
PREFXODLUH HW VD KDXWH VHQVLELOLWHD WAKR P DX¥W DX[ F
SRO\® LVDW LERQS/U R GKWWX WISMLVQFLSDOHPHQW GDQV ODQH\LPLH G

GHV SHLQWXUHV WHDXN\RIWWE.TXHY HW VXUWRXW GDQV OfLQC
IRQHE LHV
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Production de I’Alcool Furfur ylique

/TDOFRRO\@XIXIKWHVW XQ FRRBRIVPHQWDO SRXU OD FKLPLH GHV PF
WDQLQ SDUFRH IXFYBQWH HQYAXSRQ GV GHV PRXVVHYX{®I®ORNVY
VR QW R G X\ W H

&HFRPSRVKLPLTXH HVW JpQpUDO HjP 8§ QUW R B WBHIPHIO XORVHV GH
GLIIpUHQWYV W\SHV ®HUIFEROXMVFRPPH OH EOp RX OH PDwV RX

FRPPHD VFLXUHOHWHNH IDERQVLGPRIPHPPH X SURGXLW QDWXUHO L.

Figure 21: Exe mples de produits naturels pour la production du furfural . mais,
avoine et blé.

/ITDOFRRO\OAUIKMW REWHQX YLD GHX[ UpDFWLRQV SULQFLSDOHYV 1
/I TK\GURO\VH GHV Y6@IWRPEEBE O XIORVKVIXUDO
0]

H H
@) @)
{

HO OH
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SOXVLHXUNVGSHRFVXEVWR@QMWY¥ULWY GODIQVWPLDDWXUH SRXU OD SUR
G X I XUIXSpbul etal,1986; Pessoa et al, 1997 @
/ITK\GURJpQDWLRQ FDIDXOWM ISTXHHVLRQ GX IXUIXUDO

H
O o H, /cat. \O oH
\ —

/IHV FDWDO\WVHXUV VRQWp ¢ ROVOHPNHXPW SDU GHNVPpWRGHV
UpFHQWOW PRQ@NHpPILFDFLWpPp GHN&RERO HAQWJ W6 >Chen et al., 2082 HW
& X0J2 Magaraja et al.,2002 @
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Réactivité¢  de I'alcool Furfur ylique.

/ITDOFRRO\OALUXKKHYXEMWUH WUDRWIRUPELY K\GURBRWR\O IXUD@H S
IR UP\O D Wa&aRdni et Belgacem, 1997 @

O HCHO
SR OIS

&HWWH UpDFWLHR QR DP/HEG PSBBPHW GIDFWLYHU XOWpPULHXUHPF
IXUIXALTXH HW SHXW rWUH XQ LQWHUPpPGLDLUH WUQV FRPPXQ C
PUWH DYHF OHV WDQLWV FRQGHQVp

/I NDOFRRO\OALUOKMNBDU DLOPRIXQ@X SRXU VXELU XQH KRPRFRQGHQVLE
HIRWKHUPLTXH HQ PLOLHX DFLGH VHORQ OH PpFDQLVPH VXLYDQ

on_H

8QH IRLV TXH OfpQHUJLH GYDFWLYDWLRQWGWHH [FIMVNE HIRB pIY W /R (
VIDXWR DOLPWQWRXW O D OB6 RRXHHI XNWU BV LROJFPLHG H PH@SR O\
DOFRRO IGUTXH\

3RXU FRPSUHQGUH OH PpFDQLVPH GH SRO\PpULMOWHRHV GH OfI
DQDO\VHV SBWURSHRSLHV 89 )7,5 HW 501 RQW pWp UpDOLVpHV V
IXUDQLTXHV HQ SKDVH VROYDQW HW VRXAWKBWPRWHIKPUWH GT@ RWEFH

/D UpDFWLRQ GH SRO\FRQGHQVDWLRIV SHKOA PRRIGIGEXHMR LG) D
SUPVHQFH GH WWUXFOALRBI®VLRQQHOOHVY QIfHVW SDV UDUH
%HDXFRXS GIRWMGHWpP PHQpHV RRUPFBINVSFDU LOV SRVVQGHQW
DXWUHV SURSULpWpPV XQH WUQV JUDQGH UpVLVWIR@FHW XQHKDO
IDLEOH LQIODPREMENV®LWRXUTXRL FH SURGXLW HVW XWLOLVp GI
IRQGHULHY HW OD IRUPXODWHRRQUEMLYWUQLY DQWL
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Ré activité  de I'alcool furfurylique avec les tanins

'HVY pWXGHH EDVH RQFMRQG XLWKHN OD UpDFWLYLWp GHLONDXOHRRO
DYHF OHV W@idMemingway, 1985 @

3RXU FHV UHFKHUFKHYV OD FDWPpPFKLQH D pWp FKRLVLH SRX
IXUIXUR®H HQ PLOLHX DFLGH HQ SUHQDQW HQ FRPSWH OD UpDFV
VXU ®XBH TXDQG OH S+ HVW WUqV EDV $XVVL OD UpDFWLRQ D ¢
VROXWLRQ GYDFLGH DFpWLTXH j XQH WHPSpUDWXUH GH f& '
RQW pWp REWHQXV SDU BPBW§WH VPISARVMMWR@RQ HWDIHSUEHFEDWLRQ
SKDVH LQYKQVIMODRRGH VXEVWLWXp SDU XQ JURXSHPHQW IXUDQ\
ILJIXUHS HW XQ DXWUH HQ SRVLW%RYHROLUX QS HPHQW \@H

UHVSHFWLYHPHQW

A

Figu re 2 2: Produits obtenus apres réaction de [lalcool furfurylique sur la

catéchine : A- 4% etB - 1,5% rendement.

/D SOXV JUDRIBAHW LY OWMpSKRN LWERQ UDSISRDWSRVLWRRIpMj pWp
PRQWUPHUWRXW SRXU GHMWWKENRWQWKPEUHPHQW VWpULTXH
'YDXWUHV pWXGHV RQW pWp PFWIpHMWWXEGHOO T DGRLFTRKRIO DIKHIF XO M
WDQLQ GH PLPRVD

/ID )LIXUHPRQWUWGORWHQWMPSY GH JHO HQ IRQFWLRQ GX W\SH GH
XWIpHW GX*
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Figure 2 3: Evolution du temps de gel selon le pH pour un mé lange tanin-
formaldehyde (vert); un mélange tanin- alcool furfury lique (rose); un mélange

tanin- formaldehyde -alcool furfuryique (bleu).

&HVUPVOOMWP RQWQW TXHIRUPDOGPKRXMXRU{OH ®W SUHPLqUH
LPSRUWDQFH GDQV OD | RUPXWILRMHEKRXEW S UR G XEMP RRKY VH
GH WDQLQ
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Les Mousses

/HV PRXVVHV VRQWULBX[PRRWPISIKL UpVXOWHQW GH ORQGLVSHU)\
JD] GDQV XQ PLOLHX FRQGHQVp 6HORQ OH W\SHVGRRRVOHNX F
SKKYHQWUH O LV RIVGRHH\G

/D IRUPR@IGHY PRXVVHV HVW XQLSYBBMVMXUQUNHQWDQV OD
QDWXUH TXDQGVRQWBIMQYSDU DFWLRQ PpFDQVYTXH OLTXLGH

8Q H[MSOH EDQDO HVW OD IRIPFXBHRQYBHXHY GDQV OODTRXHWOH C
UHVWH SSRXpP TXHO/MERPG DQV OTHDX

/JHV PRXVVHV ONVRQSGEHWPDWLDXXL IRQW SDUWLH GH QRWUH TXRW
PRXVVHV GH WHWQVQRDFRYMYBVHU OD PRXVVH GX ODLWXGX FDSS
GH OQUEMQVRQW BHRSOHSDUODQWYV

/JHV PRXVVHV VRRQWHSOX\LUGHWURXGHDOV @DWXUH PDQLgUH
JpQPIHO HOOHVSYRQWISDHVGHIDIHPHQW GIXQ JD] GDQ@VTXQ PHOLH:
WUYENWXHXTXL GXBFHIQGDQW TXHVEHOLERFRXWHY OHV PRROMNGHN
VRQW SUROGKQWH V

,O H[LVMDBIXERXS HEBIOIHG HFHV PR/VHAD QV OD YLH TXRWHGIH@QH
OD PDMRULWPNBBXPDk PRXVVH DX RKRKRFRODDMY PRXVVHNV VROLC
SKKYHQWUBHXVVL SURGXIOM-DW EDWV HPX@\®RIUH /HV RDDW HQ
ODWH[ OHVVADN) DT VMRI PRXVSRO\PWKDQIHY PRXVY$H W& 38
SRXUVOWHPHO®HY FKDXV\GHVBRUW VR QWHRSHWHTK[IPRQWUHQW
FRPELHQ OD WHFKQROR MHV®HYGEBOHLH GH OTKRPPH

$X ;,; VLQFOH OH PDWKpPDWLFLHQ EHOJH -RVHSK 30DWHDX VIH
PDWpULBW[DLOWH QRPEUWMVXGHY VXU OHV PR XV \&HN\H DWFTHKLIG H
OXL TOHIV SULQRIQSHMR WD X[ RQFR PSWHLV
AXDWUH SRR@GDPHQW QMW B G XVEDU 30DWHDX
/HV VXUIBAHHWPRXVVHY VROMHPRBPSEOLYV
ODRKUEXUH PR\H@E®BTXH SRUWLRQ GH SDURL HVW FRQVWDQW
OHV ILOPV GH PRMMMARYWUHQW WRRMRXUW [RUPHQW XQ DQJ
f
'DQVOTHVSDPHDWUH SDURLV GHH PFRRXASHDW WRXMRXUV VRXV X
GH f 1
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/HV PRXVVHN @RW SDV FHWW HQWWRIX /DX UWW W GBIR/UK D QQWH
UDSLGHPHQW

'"HV pWXGHV VXU OD GLVWULEXWLRQ pd\W QOBHVIRWCGID GV VX GHI |
VWUXFWKPRXVVHWDWLTXH FPOM)pHEPQV OHV D Q Qyedife et

Phelan, 1996 @ (OORWYW SHUPLV GH FRPSBHRGUXRTIXAH GRQQp OHV
FHOOXOHV DGRSWHQW GHX[ W VS$HR/O KH GIpEEHROMWU U G XLUH OH XL
VXUIDRH )LIXUH

Figure 2 4: Dispositi on sch ématique d une mousse: Id éale (constituée

uniguement de té trakai décaedres) R éelle (comportant 25% de dodé caedres).

Figure 25:. Structure tridimensionelle d’ une cellule de mousse: dod écahédre et

tétrakaidé cahédre.

/H YROXPXQEJPRXVVH HVW GROPFSFRQVWGWWWDNDLGp¥FDqGUH
SROGJMNH IRUPV SDU SHQWBJRIGH KH[DJRIQWVSDU GH
GRGM@MGHMVMRUPpPV GISHQWDMQH
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Les mousses solides

/HV PRXVVHV VROLGHV VRQW XpQ H DX CADVHPBWPOPMO HPHQW SDU
XQH JUD QuEmu HWHIWX Q HV W U X F W XFJHHO O X O H '@ HTKXUD U D QWH.QGAAH V
DSSOLFDWLRQV LQWpUHVVDQWHY HQ LQJpQLHULH

,OVHSHQWWUH FODWMHOIRY OH W\SH GH FHOOXO i \FHOHWKPHRX VYV
RXYHURG®HSRUHY FRQQHFWHQW OHMWM®OXEMXBH W\SH VRQW
UHODWLYHPHQWMOXV O

IHV PRXVYHWHOOXOHV IRQWpMX@WMUXFWXUH EHDXFRXS SOXV ULJLC
SDURLV QH VRQW SDV WURXpHV HW SHXYHQW VXSSRUWHU GHV F
LPSRUWDQWW HBHQW PRXVVHV VRQW S&HWGEHRYH VRQW SOX\
FR&VHXWHVRQ FRIQWUHGSUL[ SDU P

/IHV PRXVVHROLGFH/XYHQW DXVVL rWUH FODVVpPSURSWNHORQ OH

SK\VLTXHV

- /HVPRXVVHODVWLTXHYV RQWNE BG $URSBH IG pYRAURPXOE GHHQ UHSUHQDQ
OHXRUPH RUIHILRWTXH ODQMROQWXHR @ SBZOLTXH GWVSBUDYV
PDUFK®H WHPRXVVHVWPRLRpPp SDU OHV WRRXMKKWDQMH PDLYV OHV
OWHMHW OHV PRXVVHV (9% VRQW DXNWVGED QYW YSWEKMN VLV
VFLILTXHV FRPPHHOBY PDWOHYV DFEFHH VB R IUWH

Figure 26: $SSOLFDWLRQV FRBRNUFGEBO PRXODMWWLTXHYV
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/HV PRXVVHV ULJLGHV DX FRQW U NIXIHTXR & W K5I i@\ FPHDQWY S DV
HW TXMURXYHQW FRPPH \56DISSRLISTDOMMRIQARODWLRQ WKHUPLTX
DRXVWLTXH KW\ HEQ W V
/HV PRXVVHV UWLHIGXW YHQWGKGW OH VpBRKO\QAHYV HW QRDL BXKV

Figure 27:  Applications commer ciales pour des mousses rigides.
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Les mousses naturelles

/IHV PRXVVHOWMWLTXHYV GR@WWLDX[ DVWRXUDQWYVY (Q UHYDQFKH
PRXVVHV QDWXUHOOHYVY VRQW SOXW{W UDUHYV

)DFH DX[ SRO\XUpWKDQHYV PDMRULWDLUHYV VXU OH PDUFKp GHV
DOWGDWLYHV QDWXUHOOHV WHOOHYVY TXH OHV ODWH[ VRQW HQ W
TXL HVW GHV PRXVVHV ULJLGHVY HQ UHYDQFKH WUgqV SHX GH
HQYLVDJHDEOHYV

'H RPEUHXWAWGHRQW WP OLBRXW XWLOLVHU GHV SURRBXULWY QD
OfLVRODWIKREL®BWDWwD \t al, 2004 @PDLV MDPDLV VRXV IRUPH C
PRXVVHYV ULJLGHYV

$XVVL OTDSSOLFMRKRH VG HM GIHG WD QUIDSVIBQWKHOH LQQR®DWL
WHFKQRORDAXPILGPQN FHFWHXU

Figure28: Mousser LJLGHDVH @B QLQPDWH FRPSOpPHQWDLUH DJUDQG
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Résultats et discussions

'DQV FH WUDYDLO ®H RPISRWHL\WKRBLTEH WDQLQWKpWLHWHYV
YpIJDX[DpWp pWKBKRV FGIMIpUHQWAGWYSWDRQ®VpWp XBRXOWVpV
IDLUH GHV PDWpDRINH[WDQW ULJIpGBVWLIINFHMOOXOHYV RXYHUWHYV
IHUPpHWQ SUpVHQFH RX HQ DEVHQFH GH VROYDQWYV RUJDQLTX}
DFLGH RX DOFDOLQ

$ SDUWLWUDXYDLO WHMOIGHPDQGHY GH EUHYHWYV LWDOLHQV HW
3&7 RQW pWp GHSRRQWVDFW XHOOHPHEM OH EXUHDX HXURSpPHQ
EUHYH@WY? VHORQ OD SURFpPGXUH VWDQGDUG LQWHUQDWLRQDO

'HV PDWpULDX[ QRXYHDX[ TXL SUpVHQWHQW GH QRPEUHX[ DYDQ\
YXHpFRORJLTXH WH F KgFIRTXRIP HIRAGIW pWA QW KpW LD PILW GH
PRXVVH¥EDVH SULQFLSDOHPHQWCBGIFRRQ LGV IX&HY LAXWpULD X
VXVFLWHQW QXWp®BPWY OH PRQGH VFLHQWIH LSHXEHO G BVBMPAIRY H

GH PDMRUGWPQRY UHFKHUFKHV VXUURBN XYOWWBWMQIKXV SHQGDQW O
GpYHRSSHPERSWRMH Vi VREW | FOLpVJI q U H PRIRGAL I Lp\DIR)QVD X I XU HW

i PHVXUH TXH GHV LQIRRPOOWARHONVSDXA/PW D L ROQPW WWWIR X Y p H V

IHV SXEOLFDWRR@V UHEYHWV S Up VGIMWWp HAH W U D YADKLDY HG H
FROWQHQWHY LQIRUPDWLREVPHAWWHYWOXGHDQV GHWDLBV
FDUDFWpUL\GMIVT XGIM I pURB@WWWHY RUJDGWUIPSDW WY GH OHXUV
DSSOLFDWLRQ\VOHY®XVR\PPLHAESIFOVHQWLHOOH YV

8Q ODUJH SDQHO GH WHFKQLTXHWRQYPOSWXUXHEHRQWLILHU Of
SURSULBWpPFHOMRXYHDPOWpULDX[L SDU GHIRSBWLpWpPYV H[FRSWLRQQ}
FRPPHQFH QWUSULVH\FRQVLGpUDDLR®MPPXQDXWWhHQWLILTXH HW Of
HQWUHSULVHYV

$ILQ GH PLSIMYPVHQWHIW WUDYDKHWOMH W REHWH S X E O L FDW IORQYV
GHPDQGHWEWBHYHW VRQW HQRW SRRHIVS LW U H V

- Caractérisation des tanin S

- Nouvelles résines de tanins écosoutenables

- M ousses detanins € cosoutenables
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/HV DUWLFOHWYRRMLY GDQV GHV GIRXUOHEROLY G R QW KogHP\H V
VRQFRPSOpPPHQWIDLQH@WURGXLUH OHV PRXVVWVS G pV VORI HYV
SRWHQWLDGLWKEOLF OH SOXV OPXUHOGIRXEHPOBGGH EUHYHW
GPpSRVPKWQHD GpMj pWp pWHK@QGANXMDX LQWHUG@BWLWQD®DX[ RQW
VXVFLEMDXFRXSGGHUFXVVIGRHUYXQLRIQW GH FRQWUDWY GH FROODE
HQW WDH 8 QLY HEN LAR p) U BIVRIHO Y DWHDRVUHSULVH [WID GIUHRGH W
WDQLIQW GIDXWUHV HRDXQUMBDEWHMJQDWLRQDO
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Caractérisation des tanins.

Structure moléculaire des tanins synthétiques par la
spectrométrie de masse MALDI -TOF.
$XWHXUV 6 *,29%1'2 $ 3,==, + 3%$6&+ . 52'(

- $SSO 3RO\PHU 6FL

'DQV MMIBWXGPRXYV DYBRWHUPQRPFRPSRVDWLRIYHDX PROpPFXODLU
GHV WD@LQWKpWLRXHMQWBRWDNVHFKQLANH 72) GpMj XWHLOLVp
SRXU OHV WRDIpMIDWY EHDXFRXS GIDXWUHV SRO\PqUHV

1RXV DYRQVORPY VXEVWDQFRQIUNIQFLSD O HPHROW PG ULY pV

GH OD FRQGHQXDSKIpR®O QDSKWDOqQH HWGGER\G RK VR QH
DYHEXIRUPD OG pK\G HGH VWX

/D GLVWULEXWLRQ GHV ROLJRPQUIMBRD GDQGEAXPHDOWLYH GHV RO
i SDUWBNUWULPYMMVTXT] GHV GHJUpV GH SRO\PpULWDWLRQGSOXV
j SOXV GH VHORQ OHV GYWPQHQW V\QW MHMMIX H V
&HWWWMXGHSIBUPLWMW\GNLPHU OD TXDQWLWp GH FKDTXH WHWMUXFW XL
YpPULILHU VL OHV WDQLQV VIQWKpWLTXHV DQDO\VpV VRQW GHV S
VSPFLILFDWLRQV GH OD UpJOHPHQWDWLRQ HXURSpPHQQH 5($&+

6 *,29%$1'2 $ 3,==, + 3%$6&H52'( 6\QWKHWDRLYWUXFWXUH EX2p$/',
PDVV VSHFWURRdpMWdaMmer Sci
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ABSTRACT: The structure, polymeric nature, and
oligomers distribution of six types of commercial synthetic
tannins (syntans) were determined by MALDI-TOF mass
spectrometry. The syntans examined were: (i) polyconden-
sation oligomers of sulfonated phenol and 4,4 “dioxydiphe-
nylsulfone with formaldehyde and sodium bisulbte; (ii)
sodium salts of polycondensation oligomers of phenol and
sulfonated phenol with formaldehyde and urea; (iii) sodium
salts of polycondensation oligomers of sulfonated phenol
with formaldehyde and urea; (iv) sodium and ammonium

salts of polycondensation oligomers of sulfonated naphta-
lene with formaldehyde; and (v) a sulfonated phenolic
novolak resin. The oligomers distribution indicated that the
relative abundance of oligomers from trimer to higher
degrees of polymerization varied from 70% to more than
90% according to the different syntans tested. ¥ 2009 Wiley
Periodicals, Inc. J Appl Polym Sci 114: 133991347, 2009

Key words: syntans; MALDI; resins; tannins; polyconden-
sation; structure

INTRODUCTION

Vegetable tannins have been used to tan leather
either alone or accompanying other tanning agents
for several thousand years. Forestry derived vegeta-
ble tannins have however a considerable disadvant-
age, namely, they present marked darkening
problems when exposed to light and even worse
they give leather that does shrink already at rela-
tively lower temperatures than chrome tanning. 2
Conversely, synthetic tanning agents (syntans) give
either lighter colored leathers and high resistance to
degradation induced by light.

Synthetic tanning agents (syntans), namely,
sulfonated phenol-formaldehyde resins, sulfonated
melamine-formaldehyde resin, ** and sulfonated
naphtalene-formaldehyde resins are today prepared
and used industrially in great amounts for tanning
hides into leather presenting special properties or
having a particularly light color or improved light
stability. 2 Although their general structure is
known from the materials and the preparation pro-
cedures used, their exact oligomeric structures and
in particular their structure distribution have not
been investigated before. This article deals with the
investigation of commercial syntans oligomer struc-

Correspondence to:A. Pizzi

uhp-nancy.fr).

(antonio.pizzi@enstib.

Journal of Applied Polymer Science, Vol. 114, 133991347 (2009)
¥ 2009 Wiley Periodicals, Inc.

tures and structure distribution by MALDI-TOF
mass spectrometry.

Since its introduction by Karas and Hillenkamp in
19873 matrix-assisted laser desorption/ionization
(MALDI) mass spectrometry has greatly expanded
the use of mass spectrometry toward large molecules
and has revealed itself to be a powerful method for
the characterization of both synthetic and natural pol-
ymers.*®1® Fragmentation of analyte molecules on
laser irradiation can be substantially reduced by
embedding them in a light absorbing matrix. As a
result, intact analyte molecules are desorbed and ion-
ized along with the matrix and can be analyzed in a
mass spectrometer. This soft ionization technique is
mostly combined with time-of-Bight (TOF) mass ana-
lyzers. This is so as TOF-MS present the advantage of
being capable to provide a complete mass spectrum
per event, for its virtually unlimited mass range, for
the small amount of analyte necessary and the rela-
tively low cost of the equipment.

EXPERIMENTAL
Tannin types

Six types of commercial synthetic tannins (syntans)
were used for MALDI-TOF analysis, all supplied

from Silva Chimica, S.Michele MondoviO, Italy,
namely (i) Blancotan BC, polycondensation oligomers
of sulfonated phenol and 4,4%dioxydiphenylsulfone
with formaldehyde and sodiumbisulbte; (ii) sodium

Blancotan HLF, sodium salts of polycondensation
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Figure 1 Positive ion mode MALDI-TOF mass spectrum of polycondensation oligomers of the reaction of sulfonated phenol
and 4,4%dioxydiphenylsulfone with formaldehyde and sodium bisulbte. (a) 40002600 Da. (b) Details of the 600D1150 Da.

oligomers of sulfonated phenol and phenol with

formaldehyde and urea; (iii) sodium Blancotan HLF/

PC, sodium salts of polycondensation oligomers of
sulfonated phenol with formaldehyde and urea; (iv)

sodium  Blancotan SN, sodium salts of
polycondensation oligomers of sulfonated naphtalene
with formaldehyde; (v) ammonium Blancotan SN,

ammonium salts of polycondensation oligomers of
sulfonated naphtalene with formaldehyde; and (vi)

Blancotan PRV, sulfonated phenolic novolak resin.

Journal of Applied Polymer ScienB®l 10.1002/app

MALDI-TOF-MS

The spectra were recorded on a KRATOS Kompact
MALDI AXIMA TOF 2 instrument. The irradiation
source was a pulsed nitrogen laser with a wavelength
of 337 nm. The length of one laser pulse was 3 ns.
The measurements were carried out using the follow-
ing conditions: polarity-positive, Right path-linear,
mass-high (20 kV acceleration voltage), 1000150
pulses per spectrum. The delayed extraction tech-
nigue was used applying delay times of 200D800 ns.



STRUCTURE OF SYNTANS BY MALDI-TOF MASS SPECTROSCOPY

MALDI-TOF sample preparation
Positive mode

The polymer samples were dissolved in acetone (4
mg/mL, 50/50% vol). The sample solutions were
mixed with a acetone solution (10 mg/mL in ace-
tone) of the matrix. 2,5-dihydroxy benzoic acid was
used as the matrix. For the enhancement of ion for-
mation, NaCl was added to the matrix (10 mg/mL
in water). The solutions of the sample and the ma-
trix were mixed in the proportions 3 parts matrix so-
lution p 3 parts polymer solution p 1 part NaCl
solution and 0.5 to 1 | L of the resulting solution mix
were placed on the MALDI target. After evaporation
of the solvent, the MALDI target was introduced
into the spectrometer. The dry droplet sample prep-
aration method was used.

Negative mode

The polymer samples were dissolved in acetone/
water (4 mg/mL, 50/50% vol). The sample solu-
tions were mixed with a tetrahydrofuran (THF) so-
lution (10 mg/mL in acetone) of the matrix.
Harmin was used as the matrix . The solutions of
the sample and the matrix were mixed in equal
proportions, and the resulting solution mixes were
placed on the MALDI target. After evaporation of
the solvent, the MALDI target was introduced into
the spectrometer. The dry droplet sample prepara-
tion method was used.

RESULTS AND DISCUSSION

The oligomer types and oligomers distribution for
the Blancotan BC syntan are derived from the posi-
tive ions MALDI-TOF spectra in Figure 1(a,b) and
the negative ions spectra in Figure 2(a,b). In the pos-
itive ions spectra the main series of peaks is the 536
Da, 798 Da, and 1062 Da corresponding after sub-
tracting 23 Da for the NaP matrix additive to the
oligomers of molecular weight 512, 774, and 1037.
These are respectively the dimer, trimer, and

1341

tetramer of the polycondensation reaction of 4,4%
dioxydiphenylsulfone with formaldehyde. Thus, the
structure of the 1037 Da tetramer is

Also visible is a small peak at 606 Da (a cluster at
601, 606, and 610 Da) that is instead the most abun-
dant peak in the negative ions mode in Figure
2(a,b). In Figure 2(a,b) instead, the negative ions
mode in which the peaks indicate directly the molec-
ular mass of the oligomer without need to subtract
23 Da for the Nap, it is noticeable the series of peaks

at 344 Da, 512 Da, 606 (601D610) Da, 700 Da, 794 Da,

869 Da, 963 Da, 1057 Da, 1131 Da, 1225 Da, and 1319
Da. These are a series of 4 %3dioxydiphenylsulfone
polycondensates with formaldehyde some present-
ing on their structure one, two, or three methylene
sulfonic acid groups linked to the structure of the
oligomer. The only oligomer that does not present a
methylene sulfonic acid group is the one at 512 Da,
the structure of which is identical to that of the
dimer observed in Figure 1(a) at 536 Da. Thus, the
series above corresponds to respectively methylene-
sulfonated monomer, dimer, monomethylenesulfo-
nated dimer, dimethylenesulfonated dimer,
trimethylenesulfonated dimer, monomethylenesulfo-
nated trimer, diomethylenesulfonated trimer, trime-
thylenesulfonated trimer, monomethylenesulfonated
tetrameter, dimethylenesulfonated tetrameter, and
trimethylenesulfonated tetrameter. An example of
the formulas of the three trimers being:

Journal of Applied Polymer ScienB®l 10.1002/app
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Figure 2 Negative ion mode MALDI-TOF mass spectrum of polycondensation oligomers of the reaction of sulfonated phe-
nol and 4,4%dioxydiphenylsulfone with formaldehyde and sodium bisulpte. (a) 40002600 Da. (b) Details of the 600D1150 Da.

Even more interesting are the results of the poly-
condensates of sodium Blancotan HLF PC, a syntan
formed by the cocondensation of sulfonated phenol,
urea, and formaldehyde. These are cocondensation
products with formaldehyde of sulfonated phenol
and urea. In the positive ions mode in Figure 3, the
main peak at 601 Da corresponds to a cocondensa-
tion pentamer of three ureas and two sulfonated The peak at 483b485 Da corresponds to
phenols having structure PhA CH,AUA CH,A PhA CH,OH. The rest of the peaks

Journal of Applied Polymer ScienB®l 10.1002/app



Figure 3 Positive ion mode MALDI-TOF mass spectrum of sodium salts of polycondensation oligomers from the reaction
of phenol and sulfonated phenol with formaldehyde and urea.

TABLE |
Sodium Blancotan HLF and HLF/PC Oligomers
Method
positive or Relative

Peak  negative proportion
Da ions (%) Oligomer type
246 Neg. 11 HO;SAPhA CH,ANHCONH ,
330 Neg. 7 (HOsS),APhACH,ANHCONH ,
(352 Neg. HLF) HO3SAPhACH,ANHCONH ACH,APhH
(403 Pos. HLF) 0O3SAPhACH,ANHCONH A CH,APhACH,OH
408 Neg. 9 (HOsS),APhACH,ANHCONH ASO;H
422 Neg. 22 (HO;S)A PhACH ,ANHCON( ACH P )ASOsH or HO 3SAPhACH,A[NHCONH A CH,],APh
432 Neg. 18 HO,SAPhACH,ANHCONH ACH ,APhASO;H
(458 Neg HLF) HO 3SAPhACH,ANHCONH A[CH ,APh],
(475 Pos. HLF) O3SAPhACH,ANHCONH ACH,APhACH,ANHCONH ACH,OH
483 Pos. HO;SAPhACH,ANHCONH A CH A Ph(A SO;H) A CH,OH
504 Neg. 14 HO;SAPhACH,ANHCONH A CHAPh(ASOsH)ACH,ANHCONH », or

Neg. HO 3SAPhA CH,ANHCONH A CH,ANHCONH ACH,APhASO:H
(508 Pos. HLF) 03SAPhACH,ANHCONH A[CH ,APh],
(530 Neg. HLF) HO3;SAPhACH,ANHCONH ACH,APhACH,ANHCONH ACH,APh
(581 Pos. HLF) 0O3SAPhA[CH ,ANHCONH] ,A [CH A Ph],A CH,0OH
601 Pos. HO,SAPhACH,ANHCONH A CH,APh(ASO;H)A[A CH,ANHCONH A],AH
(636 Neg. HLF) HO3;SAPhA[CH ,ANHCONH] ,A[CH,APh]3
(687 Pos. HLF) O3SAPhA[CH ;A NHCONH] ,A[CH A Ph];ACH,OH
690 Neg. 8 HOsSAPhACH A NHCONH A CH A Ph(A SO;H)A CH,ANHCONH A CH ,APhASO;H,

Neg. or all type HA NHCONH ACH,ANHCONH A CH,A[A Ph(ASGO;H)] 3
(759 Pos. HLF) O3SAPhA[CH ,ANHCONH] 3A [CH A Ph]sA CH,0H
(742 Neg. HLF) HO3SAPhA[CH ,ANHCONH] »A[CH ,APh],
763 Neg. 8 HO3SAPhACH,ANHCONH A CH,APh(A SO;H)ACH,A[NHCONH ACH,A],APhASO;H

Neg. or all combinations type H/A NHCONH ACH,A],ANHCONH ACH,A[A Ph(ASO:H)] 5
(814 Neg. HLF) HO3SAPhA[CH ;ANHCONH] sA[CH ,APh],
(865 Pos. HLF) O3SAPhA[CH ANHCONH] 3A[CH ,APh],ACH,0OH
942 Neg. 1.8 all combinations type HA[ANHCONH ACH,A];ANHCONH ACH,APhACHA[APh(ASOsH)] 5
(971 Pos. HLF) O3SAPhA[CH A NHCONH] 3A [CH A Ph]sA CH,0H
1023 Neg. 1.2 all combinations type HA[ANHCONH A CH,A];,ANHCONH ACH,A[A Ph(ASOzH)] 4
(1077 Pos. HLF) O3SAPhA[CH ,ANHCONH] 3A [CH A Ph]gA CH,0OH
(1183 Pos. HLF) O3SAPhA[CH A NHCONH] 3A [CH A Ph],A CH,0OH

The oligomers belonging only to HLF and not to HLF/PC are indicated between parenthesis. U: urea residue; Ph: phe-
nol residue.

Journal of Applied Polymer ScienB®l 10.1002/app
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Figure 4 Negative ion mode MALDI-TOF mass spectrum of sodium/ammonium salts of polycondensation oligomers
from the the reaction of sulfonated naphtalene with formaldehyde.

are shown in Table | for both Blancotan HLF and Blan-
cotan HLF PC. The series of phenol-urea-formaldehyde
oligomers and of sulfonated phenol-urea-formalde-
hyde oligomers for these two syntans are shown in
Table I. In general, a single sulfonic group per chain is
present on these oligomers with the exception of the
series of peaks at 690 Da (3 ASOsH), 763 Da (3

ASO;H), 942 Da (3 ASG;H), and 1023 Da (4

A SO;H). As regards the oligomers dimension, oligom-
ers up to seven phenolic rings and three urea residues
linked together by methylene bridges are observed as
well as oligomers up to four ureas with four phenols
(1023 Da). The relative proportion of these oligomers as
indicated in Table | shows that about 70% is constituted
of trimers and higher oligomers of higher molecular
mass, these being predominant in this tannin extract.

Figure 5 Positive ion mode MALDI-TOF mass spectrum of sodium/ammonium salts of polycondensation oligomers
from the the reaction of sulfonated naphtalene with formaldehyde.

Journal of Applied Polymer ScienB®l 10.1002/app
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TABLE I
Sodium and Ammonium Blancotan SN Oligomers
Relative
proportion
Method: positive (%)
Peak Da or negative ions Na NH 4 Oligomer type
428 Neg. 11.7 10.9 NaphA[CH ;A Naph(ASO;H)A]
496 Pos. b HOCHANaphACH,A NaphACHg
648 Neg. 30.9 26.0 NaphA[CH ,ANaph(ASO;H)A ],
689 Pos. b Naph A[CH ,A Naph] 2A CHg
717 Pos. b HOCH >A Naph A[CH »A Naph] ,A CHg
868 Neg. 27.2 23.4 NaphA[CH ,ANaph(ASO;H)A]s
1089 Neg. 16.1 135 NaphA[CH ,ANaph(ASGO;H)A],
1310 Neg. 7.7 104 NaphA[CH A Naph(ASO;H)A]s
1530 Neg. 3.7 6.8 NaphA [CH ,ANaph(ASO;H)Als
1751 Neg. 2.1 3.9 NaphA [CH ,ANaph(ASO;H)Al,
1971 Neg. 0.6 2.6 NaphA[CH ,ANaph(ASO;H)A]g
2190 Neg. b 15 NaphA[CH ,ANaph(ASOsH)Alg
2411 Neg. o) 1.0 NaphA [CH ,A Naph(A SOsH) Al

As regards, the syntans (sodium and ammonium
Blancotan SN) these were prepared by the sulfonated
product of the reaction of condensation of naphtalene
with formaldehyde, the MALDI-TOF spectrum of
which is shown in Figures 4 (negative ion mode) and
5 (positive ion mode). The series of peaks of the two
compound are very similar and are both reported in
Table Il. The repeating motive in the spectra is of
220 Da. This is a monosulfonated naphtalene to which
is linked a methylene bridge. The type of oligomers
formed are shown in Table Il. The main series of
oligomers noted correspond to a succession of linear
oligomers of up to 11 naphtalene units linked to each

other by methylene bridges, all repeating units being
sulfonated, with the exception of the brst one. The
main series of oligomers can then be represented as
having the following general structure

Where n is an integer number between 1 and 10
and where the sulfonic group is found both as

Figure 6 Negative ion mode MALDI-TOF mass spectrum of a sulfonated phenolic novolak resin syntan.
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TABLE 11l
Sulfonated Phenol-Formaldehyde Novolak Oligomers of Syntan Blancotan PRV
Obtained by MALDI-TOF Negative lon Mode

Method: negative
ions. Relative

Peak Da  proportion (%) Oligomer type
254 3.4 HOCH ,A Ph(CHE)A CH,APhACH A
360 16.3 HOCH,A Ph(CH% YACH A [PhACHA],A
466 13.0 HOCHA Ph(CH%)A CH,A[PhACH,A]:A
546 54 HOCH,A Ph(CHE)A CH,APh(ASOsH)ACH,A[PhACHA]LA
572 10.1 HOCHA F>h(CHg YA CH A Ph(A SOH) A CH,A [PhA CH,A A
652 5.9 HOCH,A Ph(CH%)A CH,A[Ph(ASO;H)ACH,A[PhACHA]A
678 7.5 HOCHA Ph(CHE)A CH,APh(ASOsH)ACH,A[PhACH,ALA
758 5.4 HOCH,A Ph(CHg YA CH A [Ph(A SO;H) A CH ] ,A[PhACH,A]A
784 5.4 HOCH,A Ph(CH% YA CH A Ph(A SO;H) A CH A [PhA CH A JsA
864 4.4 HOCH,A Ph(CH%)A CH,A[Ph(ASOsH)ACH,A[PhACHA]LA
890 3.8 HOCH,A Ph(CHﬁ YA CH A Ph(A SO;H) A CH A [PhA CH A J6A
971 3.6 HOCH,A Ph(CH%)A CH,A[Ph(ASO;H)ACH,A[PhACHA]A
996 2.6 HOCH,A Ph(CHY)A CH,A Ph(ASOsH) ACH,A[PhACHA]-A
1077 2.9 HOCHA Ph(CHﬁ YA CH A [Ph(A SOsH) A CH 5] ,A[PhA CH A J6A
1102 1.6 HOCHA Ph(CH%)ACHZAPh(ASQ,H)ACHZA[PhACHzA]gA
1183 2.3 HOCH,A Ph(CH% YA CH A [Ph(A SO;H) A CH ] ,A[PhACH,A],A
1208 1.1 HOCH,A Ph(CH% YA CH A Ph(A SOsH) A CH,A [PhA CH,A oA
1289 1.6 HOCHA Ph(CH%)A CH,A[Ph(ASO;H)ACH,A[PhACH A A
1369 1.3 HOCHA Ph(CH% YA CH A [Ph(A SO;H) A CH]sA [PhACH A A
1475 1.0 HOCH-A Ph(CH% YA CH A [Ph(A SOsH) A CH 5] sA[PhA CH A 1A
1581 0.7 HOCH,A Ph(CH} )A CH A [Ph(A SOsH) A CH ] sA[PhACHA]11A
1688 0.5 HOCH,A Ph(CHE)A CH,A[Ph(ASOsH)ACH]sA[PhACHA] 1A
1794 0.2 HOCH,A Ph(CHB )A CH A [Ph(A SOsH) A CH | sA[PhA CH A ] A

ASO;H and as ASQ;. In both cases in Table I, the
relative proportion of oligomers from trimers
upward is of just under 90% of the total.

The last syntan, a sulfonated phenol-formaldehyde
novolak, (MALDI-TOF Spectrum in Fig. 6) present
the oligomers shown in Table Ill. This is composed
of two main parallel main series. The Prst of these
presents general structure:

HOCH, Ph3CHyp CH,
%Ph  CH»

Phd SO;HP CHy

n

In which n % the sequence of integer numbers
between 1 and 10, thus oligomers of up to 13 pheno-
lic moieties. In this series of oligomers only one sul-
fonic group for each oligomer is present.

Parallel to this, there is the series of oligomers that
are heavily sulfonated. Their general structure is

HOCH, Ph3CH3p CH, %Phd SO;HP CH,
Y%Ph CH,
Where m is an integer number between 0 and 2,
and n is an integer number between 1 and 9. Thus,
for this series, oligomers of up to 12 phenolic rings
are linked to each other by the methylene bridges

Journal of Applied Polymer ScienB®l 10.1002/app

formed by reaction with formaldehyde. In Table llI,
the relative proportion of oligomers from trimers
upward is of 96% of the total.

CONCLUSIONS

The structure of the six different syntans analyzed
by MALDI-TOF indicated that the products obtained
by commercial synthesis were composed of resin
oligomers up to degrees of polymerization higher
than what thought previously for these materials.
The oligomers distribution indicated that the relative
abundance of oligomers from trimer to higher
degrees of polymerization varied from 70% to more
than 90% according to the different syntans tested.
Furthermore, these syntans are often composed of
mixtures in which parallel series of sulfonated and
nonsulfonated oligomers both occur.
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Structure  moléculaire des tanins hydrolys ables commerciaux
par la spectrométrie de masse MALDI -TOF.
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ABSTRACT: The structures of six commercial hydrolyz-
able tannins, chestnut, oak, tara, sumach, chinese gall,
and turkey gall tannins have been examined by matrix-
assisted laser desorption/ionization-time-of-"ight
(MALDI-TOF) mass spectrometry. Their oligomeric struc-
tures and structure distributions have been de“ned. Deg-
radation products of rather different structure than what
previously reported were present. Different galloyl glu-
cose monomers were observed for chestnut and oak tan-
nin extracts and in chinese gall gallotannin extract.
Combination of positive- and negative-mode MALDI-
TOF showed that most galloyl residues of the galloyl glu-
cose chains were stripped from a skeletal glucose chain.
Oligomers, in some cases up to 16 or 17 glucose units
long, almost totally stripped of galloyl residues were
observed. This indicated that a wide distribution up to
very long galloylglucose chains exist in most commercial

hydrolyzable tannin extracts. This indicated that these
commercial tannin extracts are mainly composed of long
galloyl glucose chains of mixed di-, tri-, and pentagalloyl
glucose repeating units being present in the same chain.
The presence of long glucose chains where most of the
galloyl residues have been stripped indicates that their
linkage may be sugar residue to sugar residue. Commer-
cial tara and turkey gall tannins have been shown to be
mainly polygallic oligomers of up to eight gallic acid resi-
dues linked to each other in a chain. Commercial sumach
extract revealed itself a more complex mixture of glucose
oligomers up to 13 repeating units. ¥ 2009 Wiley Periodi-
cals, Inc. J Appl Polym Sci 113: 3847...3859, 2009

Key words: structure; hydrolyzable tannins; MALDI;
oligomers distribution; chestnut; oak; tara; chinese gall;
turkey gall; sumach

INTRODUCTION

Vegetable tannins have been used to tan leather ei-
ther alone or accompanying other tanning agents for
several thousand years. They are natural products
obtained from plants and are very diffuse in the
whole plant kingdom. The term natural vegetable
tannins is used loosely to de“ne two broad classes
of chemical compounds of mainly phenolic nature,
namely, condensed or poly"avonoid tannins and
hydrolyzable tannins. To the recognized oligomeric
nature of condensed tannins®* corresponds the
mixed nature of hydrolyzable tannins in which pre-
dominantly nonpolymeric but also polymeric struc-
tures are present?-*Hydrolyzable tannins, including
chestnut, tara, sumach, chinese gall, turkey gall, oak,

Correspondence toA. Pizzi (antonio.pizzi@enstib.uhp-
nancy.fr).
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and some other commercial tannin extracts are of
two types: (1) mixtures of sugars with oligomers of
simple phenols such as gallic and digallic acids, and
(2) ellagitannins mainly formed of esters of a sugar,
mainly glucose, with gallic and digallic acids, and
with more complex structures containing ellagic
acid. Many studies on the structure of these tannins
have been carried out and in general their structure
is known. ?-°However, the structure of commercial,
industrially extracted tannins appears to differ from
what shown in the literature, the process of indus-
trial extraction quite clearly changing the composi-
tion of the extract. Except for a very few articles on
the structure of one major commercial hydrolyzable
tannin extract, namely, chestnut wood tannin
extract,?® the structure of the other commercial tan-
nins has not been reported, especially the type of
oligomers present and their distribution. Thus, stud-
ies on chestnut tannin extract,™? an ellagitannin,
identi“ed that its main constituents are castalagin ( I)
and vescalagin, positional isomers of identical 935
mass, composing, respectively, 14.2% and 16.2% by
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mass of chestnut tannin and the structure of which
is as follows.

The rest of the tannin is composed of 6.6% castalin
and vescalin (positional isomers of structure (1)), *?
6% gallic acid, and 3% pentagalloyl glucose
monomer.

However, between 25 and 50%2° is formed by a
fraction that has been found to be a series of much
higher molecular mass pentagalloyl glucose oligom-
ers. The trimer of this was already identi‘ed. ° Previ-
ous work sustained that structures of type (1) and
(1) were only degradation products of the original
structure of the tannin. °

As different gallic and ellagic tannins exist and are
sold commercially, this article concentrates on the
structure of four of the most common commercial gal-
lic tannins, namely, (1) tara, chinese gall, turkey gall,
and sumach, and of two mixed commercial galloella-
gic tannins, namely, (2) chestnut and oak bark tannins.

Since its introduction by Karas and coworkers in
19871° matrix-assisted laser desorption/ionization
(MALDI) mass spectrometry (MS) has greatly
expanded the use of mass spectrometry toward large
molecules and has revealed itself to be a powerful
method for the characterization of both synthetic
and natural polymers. *--17

Fragmentation of analyte molecules on laser irra-
diation can be substantially reduced by embedding
them in a light absorbing matrix. As a result, intact
analyte molecules are desorbed and ionized along
with the matrix and can be analyzed in a mass spec-
trometer. This soft ionization technique is mostly
combined with time-of-"ight (TOF) mass analyzers.
This is so because TOF-MS presents the advantage
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of being capable of providing a complete mass spec-
trum per event, for its virtually unlimited mass
range, for the small amount of analyte necessary
and the relatively low cost of the equipment.

MATERIALS AND METHODS
Tannin types

Six types of commercial hydrolyzable tannin extracts
were used for MALDI-TOF analysis, namely, (1)
Sumach (Rhus corariq leaves commercial natural tan-
nin extract, a gallotannin; (2) tara (Caesalpina spinoga
tannin, solvent-extracted with ethylacetate/acetone/
water to eliminate the sugar fraction, a commercial
natural tannin extract, a gallotannin; (3) chinese gall,
the abnormal growth (gall) produced by parasitic
aphids of Melaphis chinensis; a commercial natural tan-
nin extract, a gallotannin, it is obtained from the galls
solvent-extracted with ethylacetate/acetone/water to
eliminate the sugar fraction; (4) turkey gall, the
growth (gall) on the stems and branches of certain
oaks (Quercus spp.) produced by a wasp Cynips tincto-
ria); a commercial natural tannin extract, a gallotannin,
it is solvent-extracted with ethylacetate/acetone/water
from the galls to eliminate the sugar fraction; (5) com-
mercial chestnut (Castanea satiyawood tannin, water-
extracted, and cold-sul“ted with 3.5% ammonium sul-
“te, a galloellagitannin; (6) commercial Oak ( Quercus
spp) extract both water and solvent extracted. All
these tannins were commercial tannins supplied by
Silva Chimica (S.Michele Mondovie, Italy).

MALDI-TOF-MS

The spectra were recorded on a KRATOS Kompact
MALDI AXIMA TOF 2 instrument (Kratos Analyti-
cal, Shimadzu Europe Ltd., Manchester, UK). The
irradiation source was a pulsed nitrogen laser with a
wavelength of 337 nm. The length of one laser pulse
was 3 ns. The measurements were carried out by
using the following conditions: polarity-positive,
"ight path-linear, mass-high (20 kV acceleration volt-
age), 100...150 pulses per spectrum. The delayed
extraction technique was used applying delay times
of 200...800 ns.

MALDI-TOF sample preparation
Positive mode

The polymer samples were dissolved in acetone
(4 mg/mL, 50/50% volume). The sample solutions
were mixed with an acetone solution (10 mg/mL in
acetone) of the matrix. As matrix, 2,5-dihydroxy ben-
zoic acid was used. For the enhancement of ion for-
mation, NaCl was added to the matrix (10 mg/mL
in water). The solutions of the sample and the ma-
trix were mixed in the proportions of 3 parts matrix
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Figure 1 MALDI-TOF positive ion mode spectrum of water extracted chestnut tannin extract in the 400...2600 Da mass

range.

solution p 3 parts polymer solution p 1 part NaCl
solution and 0.5 to 1 | L of the resulting solution mix

were placed on the MALDI target. After evaporation

of the solvent, the MALDI target was introduced

into the spectrometer by dry droplet sample prepa-

ration method. To each peak value in the resulting
positive mode spectrum must be subtracted 23 Da of
the NaP of the matrix to obtain the molecular weight

of the chemical species of the peak.

Negative mode

The polymer samples were dissolved in acetone/
water (4 mg/mL, 50/50% volume). The sample solu-
tions were mixed with an tetrahydrofuran solution
(10 mg/mL in acetone) of the matrix. As the matrix,
Harmin was used. The solutions of the sample and
the matrix were mixed in equal proportions and the
resulting solution mix was placed on the MALDI
target. After evaporation of the solvent, the MALDI

target was introduced into the spectrometer by dry

droplet sample preparation method. The peak value

in the resulting negative mode spectrum is the mo-

lecular weight of the chemical species of the peak, as
the matrix used does not interfere.

RESULTS AND DISCUSSION

Different types of hydrolyzable tannins, namely,
ellagitannins and gallotannins, exist. Gallotannins in
their polygallic form are often simpler oligomeric
structures derived by the polymerization of gallic
and digallic acids. To the gallotannins belong sum-
ach, tara, chinese gall, and turkey gall tannins.
Chestnut and oak tannnins instead are mixed gallic
and ellagitannins.

A rather different structure and structure distribu-
tion became evident for commercial hydrolyzable
tannins as shown by the chestnut tannin and oak
tannin MALDI-TOF spectra in Figures 1...3. The

Figure 2 MALDI-TOF positive ion mode spectrum of water extracted oak tannin extract in the 400...2600 Da mass range.

Journal of Applied Polymer ScienB®l 10.1002/app
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Figure 3 MALDI-TOF positive ion mode spectrum of solvent extracted oak tannin extract in the 400...2600 Da mass

range.

structure of natural water-extracted chestnut tannin
obtained by MALDI-TOF has already been
reported.® It was found to be composed of rear-
ranged molecules such castalagine and vescaline and
predominantly of oligomers, up to trimers, of penta-
galloyl glucose.® With the exception of the previ-
ously unknown pentagalloyl glucose oligomers
presence all that was found by MALDI-TOF corre-
sponds to what was obtained by other methods of
analysis.? However, a second commercial product is
extensively used, namely, water-extracted chestnut
tannin treated with 3.5% ammonium sul“te after
extraction to improve solubility and hide penetration
in leather making. It is this chestnut extract type the
MALDI analysis of which is reported in this article.
This material should show the same type of spec-
trum as reported previously. ® However, its MALDI
spectrum in Figure 1 is rather different from that of
natural chestnut tannin reported previously and
presents a repeating motive of 132 Da. There is no
possible gallic acid, digallic acid, galloyl, or ellagic
acid residue that can correspond to such a repeating
unit. It was “nally realized that 132 Da is a mono-
saccharide glucose at 180 Da from which three
hydroxy groups have been eliminated (16 3 % 48;
180 48 % 132 Da). Only 16 Da need to be subtracted
because as theAOH is lost an AH is introduced on
the same site of the molecule. This is then a gluco-
pyranose ring residue from which any galloyl esters
have been stripped. The alternative explanation that
the 132-Da unit is formed by the loss of a HCHO
molecule (30 Da) plus one molecule of water (18 Da)
is possible but unlikely starting from the close pyra-
nose ring con“guration of glucose present in penta-
galloyl glucose. Thus, the series of peaks present in
Figure 1 corresponds to a series of glucoses oligom-
ers up to 16 glucose residues long. To each of these
oligomers is linked a single galloyl residue, one per
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oligomer chain only. The only oligomers con“rming
that this was the original con“guration of this tannin
are the peaks at 508 Da (digalloylglucose) and at 656
Da (trigalloys glucose) who are small but present in
the spectrum. The sequence of peaks corresponding
to these long carbohydrate chains observed in Figure
1 starts with the 438-Da peak (1 galloyl residue p 2
glucose residues stripped of AOHs, the 132 Da
repeating unit). Every peak that follows adds a fur-
ther galloyl-residues-stripped glucose repeating unit.
Thus, starting from the 438-Da peak one can observe
a series of peaks as listed in Table I.

These are not hemicelluloses or cellulose frag-
ments; if this was the case, the repeating unit would
be of 178...180 Da, and this is not the case.

This result is unexpected and merits discussion in
depth. In MALDI-TOF, one can obtain positive
ions and negative ions spectra. The one shown in
Figure 1 is the positive ions spectrum. The negative
ions spectrum is shown in Figure 4. The only two
peaks of any note that are observed in Figure 4 are
those of ellagic acid at 302 Da (negative ion peaks
are not subtracted of the 23 Da for NaP, as a differ-
ent matrix is used) or of a digallic acid residue, and
the peak at 483.5 Da, an ellagic or digallic acid resi-
due linked to a glucose. There are traces of a couple
of other compounds. These are at 631.5 Da, a mono-
mer composed of a glucose to which are linked an
ellagic acid residue and a gallic acid residue, and
traces of pentagalloyl glucose at 933 Da. The 1086-
Da peak indicates the presence of traces of a penta-
galloyl glucose, to one of the galloyl residues of
which is linked a sixth galloyl residue stripped from
another pentagalloyl glucose. In fact, only the 300- to
302-Da peaks corresponding to ellagic or digallic
acid residues appear in the negative mode spectrum
after the galloellagic esters have been detached from
pentagalloyl glucose.
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TABLE |
Percentage Distribution of the Different Oligomers Present in Commercial Chestnut Extract
(from MALDI-TOF Positive lon Mode Spectra)

Da Peak intensity Relative abundance (%)

438 32 5.3 1 Galloyl residuep 2 stripped glucose residues ¥4 dimer

508 48 7.9 Digalloyl glucose, monomer

570 44 7.3 1 Galloyl residuep 3 stripped glucose residues Y4 trimer

657 30 5.0 Trigalloyl glucose, monomer

835 58 9.6 1 Galloyl residuep 5 stripped glucose residues ¥4 pentamer

959 100 16.5 Pentagalloyl glucose, monomer

967 30 5.0 1 Galloyl residuep 6 stripped glucose residues ¥ hexamer

1099 34 5.6 1 Galloyl residuep 7 stripped glucose residues % heptamer

1232 38 6.3 1 Galloyl residuep 8 stripped glucose residues ¥ octamer

1364 34 5.6 1 Galloyl residuep 9 stripped glucose residues ¥4 nonamer

1496 23 3.8 1 Galloyl residuep 10 stripped glucose residues ¥4 decamer
1629 35 5.8 1 Galloyl residuep 11 stripped glucose residues % undecamer
1761 22 3.6 1 Galloyl residuep 12 stripped glucose residues ¥4 dodecamer
1893 22 3.6 1 Galloyl residuep 13 stripped glucose residues % tridecamer
2025 14 2.3 1 Galloyl residuep 14 stripped glucose residues ¥4 tetradecamer
2157 14 2.3 1 Galloyl residuep 15 stripped glucose residues ¥4 pentadecamer
2289 13 2.2 1 Galloyl residuep 16 stripped glucose residues % hexadecamer
2312 14 2.3 2 Galloyl residuesp 15 stripped glucose residues % pentadecamer

In previous work natural chestnut tannin extrac-
tion appeared to cause tannin rearrangement to
products such as castalagine/vescalagine and casta-
line/vescaline. ®> The presence of pentagalloylglucose
trimers constituted up to 60% of the extract. This
indicated that extraction may cause the cleavage of
longer pentagalloylglucose chains. This implied the
rather novel concept that such a tannin is present,
in situ in the wood, as a pervasive and extended ran-
dom tridimensional macromolecular network of pen-
tagalloylglucose chains, capable of being extracted
exclusively by its degradation. > The MALDI-TOF
spectra in Figures 1 and 4 appear to support such a
hypothesis. The cleavage and elimination of the gal-
loyl ester residues from the spectrum then shows
the full length of the skeletal glucose chain on which

these were originally linked. This occurs because the
glucose chains, once stripped of their galloyl resi-
dues, are within the range of masses observable by
the MALDI-TOF technique. It indicates that penta-
galloylglucose oligomers of up to 16 repeating units
are present in this commercial tannin extract. This
supports the hypothesis that such a tannin may be
present in the wood as an extended macromolecular
chain.® The only oligomers in Figure 1 con“rming
that this is the correct interpretation, and the original
con“guration of this tannin, are the peaks at 508 Da
(digalloylglucose %23 (Na’) p 152 2 p 180Y4 507
Da), at 656 Da (trigalloylglucose, 657 Da) who are
small but nonetheless present, and the dominant
960-Da peak of pentagalloyl glucose itself (23 (NaP)
b 152 5p (180 3) ¥ 960 Da). The series of

Figure 4 MALDI-TOF negative ion mode spectrum of water extracted chestnut tannin extract in the 400...2600 Da mass range.

Journal of Applied Polymer ScienB®l 10.1002/app
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Figure 5 MALDI-TOF negative ion mode spectrum of water-extracted oak tannin extract in the 400...2600 Da mass range.

oligomers present in this tannin derived from the
MALDI-TOF spectrum in Figure 1 are shown in
Table I.

The same characteristics are noted in Figures 2
and 3 showing the MALDI-TOF spectrum for water-
extracted and solvent extracted oak tannin. The pat-
tern in Figure 3 of the solvent-extracted oak tannin
is the clearer one. The predominant repeating unit is
again 132 Da; hence, glucose stripped of its ...OH
groups and of its “ve galloellagic residues. The sin-
gle pentagalloylglucose peak at 960 Da is again pres-
ent and is the second most intense one. To this is
associated the 1091-Da peak formed by one stripped
glucose residue linked to the pentagalloyl glucose.
In this spectrum (Fig. 3), however, the dominant
peaks are the 577-Da and its associated 607-Da peak.
These are, respectively, a glucose trimer in which
the AOH at the C6 has been stripped but the ACH)
still remains attached (577 Da) and the same glucose
trimer where another complete C6 group ( ACH,OH)
is still attached. The series of peaks is then 703 Da
(three glucoses linked to a single galloyl residue),
and a series of oligomers at 836, 968, 1100, 1232
(dominant of this series), 1364, 1496, 1628, 1761,
1893, 2025, 2157, and 2289 Da. Thus, one galloyl
residue linked to a chain of 15 glucoses. In the
water-extracted oak tannin in Figure 2 even a small
2421-Da peak is present. This corresponds to a 16-
glucoses oligomer. The negative ion mode MALDI-
TOF spectrum of the water-extracted oak tannin is
shown in Figure 5. The trend is the same as in Fig-
ure 4: only monomeric species stripped from the
main sugar chain shown in the positive ion mode in
Figure 2 are present. The series of oligomers present
in this tannin derived from the MALDI-TOF spec-
trum in Figure 3 are shown in Table II.

Thus, the structures that can be proposed for the
main constituents of these two galloellagic hydrolyz-
able tannins is that of mixtures of oligomers up to 15
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to 16 repeating units. The original repeating unit of
these is pentagalloyl glucose (l). However, industrial
extraction has also subtracted or hydrolyzed some gal-
loyl residues from the main chain. Its appearance then
is that of a mix of digalloyl, trigalloyl, and pentagal-
loyl glucoses linked together in oligomers 15 to 16
repeating units long, structure (IIl'), where n varies
between 1 and 16. These galloyl residues are still pres-
ent in the extract, they are part of it.

The implication of this is that the repeating units
in galloyl glucose chains may be linked differently
to each other and then according to the accepted
model of structure (Ill ).>*%*° This is clear as in the
positive mode spectrum the long glucose chains are
linked to each other also when galloyl residues have
been stripped away. Carbohydrates polymerization
has been shown not to occur in MALDI-TOF; thus a
different system of linkage than what was envisaged
in structure (Il ) must be present.

In Figures 6...9 are shown the positive ion mode
MALDI-TOF spectra of the four gallotannins ana-
lyzed. Sumach tannin (Fig. 6) extract is a polygallic
tannin and its MALDI-TOF spectrum shows some
major series of peaks exhibiting a mass increment of
152 Da (Fig. 6). This corresponds to what is known
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TABLE I

Percentage Distribution of the Different Oligomers Present in Commercial Oak Tannin Extract
(from MALDI-TOF Positive lon Mode Spectra)

Da Peak intensity Relative abundance (%)

570 17 3.1 1 Galloyl residuep 3 stripped glucose residues Y4 trimer

576 100 18.2 Unknown

703 22 4.0 1Galloyl residuep 4 stripped glucose residues % tetramer

835 38 6.9 1 Galloyl residuep 5 stripped glucose residues % pentamer

959 67 12.2 Pentagalloyl glucose, monomer

967 45 8.2 1 Galloyl residuep 6 stripped glucose residues ¥4 hexamer

1092 55 10.0 1 Galloyl residuep 7 stripped glucose residues % heptamer
1232 52 9.4 1 Galloyl residuep 8 stripped glucose residues % octamer

1364 40 7.3 1 Galloyl residuep 9 stripped glucose residues % nonamer

1496 31 5.6 1 Galloyl residuep 10 stripped glucose residues ¥4 decamer
1628 27 4.9 1 Galloyl residuep 11 stripped glucose residues ¥4 undecamer
1761 17 3.1 1 Galloyl residuep 12 stripped glucose residues % dodecamer
1893 14 25 1 Galloyl residuep 13 stripped glucose residues ¥4 tridecamer
2025 12 2.1 1 Galloyl residuep 14 stripped glucose residues ¥4 tetradecamer
2157 8 15 1 Galloyl residuep 15 stripped glucose residues ¥ pentadecamer
2289 6 1.1 1 Galloyl residuep 16 stripped glucose residues ¥4 hexadecamer

as regards the structure of this tannin. The repeat

unit is structure (IV)

The series of oligomers in the highest proportion
starts with the 924-Da peak (Fig. 6). This oligomer
corresponding to this peak is exclusively composed
of a chain of “ve glucoses (23(NaP) p 180 5923
Da). The series continues with the peaks at 1076,

1229, 1381, 1532, 1684, 1836, and 1988 Da, thus add-

ing one by one gallic acid 152 Da repeating units. It
is not possible to assume that the peaks of the series
represent linear chains of 1, 2, 3, 4, 5, 6, and 7 gallic
acid residues attached to one of the glucoses only. It
is more likely that the gallic acid residues are linked

However, some differences from this are evident
in Figure 6. The “rst interpretable peak for this tan-
nin is at 508 Da. This corresponds to a glucose to
which are linked two gallic acid residues (23(Na P)
b 180p 152p 152 % 507 Da). Three different series

as single gallic residues or dimers or trimers to each
of the “ve glucoses of the oligomer chain.

The closest interpretation of the 540-Da peak is
based on two glucoses and a gallic acid residue (23

of oligomer peaks are present.

(NaP) b 180p 180p 152v4535 Da). It is not possible
to determine how these are linked with each other.

Figure 6 MALDI-TOF positive ion mode spectrum of water extracted sumach tannin extract in the 400...2600 Da mass

range.

Journal of Applied Polymer ScienB®l 10.1002/app
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Figure 7 MALDI-TOF positive ion mode spectrum of solvent extracted tara tannin extract in the 400...2600 Da mass

range.

The second series in the second highest proportion

The third pattern, the least abundant, also presents

is the 508-, 965-, 1117-, 1269-, 1421-, 1573-, 1725-,a repeating unit of 152 Da. This is the series of peaks

1877-, and 2030-Da series. The peaks correspond to a
single glucose linked respectively to two gallic acid
residues (508 Da), six gallic acid residues (965 Da),
and so on up to a single glucose linked to 13 gallic
acid residues (2030 Da). This clearly identi“es them
as polygallic acid chains of type (1V) because only
one glucose is present in each of these oligomers. A
chain of nine polygallic acid residues linked to a sin-
gle glucose is the predominant oligomer in this se-
ries (at 1421 Da). It is interesting to note that in this
series one passes from the gallic acid dimer linked
to a glucose directly to the hexamer and higher
oligomers, without any trimers, tretramers, or pen-
tamers being present.

at 2358, 2512, 2664, 2817, 2970, 3120, 3273, and 3426
Da. These are higher oligomers, but notwithstanding
the regular 152-Da increment are dif‘cult to inter-
pret. This series does not derive from any of the
other two already described. Thus, the peak at 2358
does not derive from any peak of the other two se-
ries. The only correspondence is that it is formed by
a glucose (or other sugar residue) oligomer of 13
repeating units (23 (NaP) p 180 13 v, 2363 Da). To
these are attached seven gallic acid residues either
as gallic acid oligomers or as monomers or dimers.
The gallic acid residues are most likely linked as sin-
gle gallic residues to each of the glucoses of the glu-
cose oligomer chain, as for the “rst series.

Figure 8 MALDI-TOF positive ion mode spectrum of solvent extracted turkey gall tannin extract in the 400...2600 Da

mass range.

Journal of Applied Polymer ScienB®l 10.1002/app
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Figure 9 MALDI-TOF positive ion mode spectrum of solvent extracted Chinese gall tannin extract in the 400...2600 Da

mass range.

Thus, according to the positive ions mode
MALDI-TOF analysis, commercial sumach tannin
extract is then composed of three types of oligomers.
These are as follows:

1. The pattern of peaks in highest relative propor-
tion corresponding to structure (V) composed
of “ve sugar residues and up to seven galloyl
residues.

2. The pattern of peaks in the second highest rela-
tive proportion responding to structure (VI ),
with n % 2...13.

3. The third and minor series of peaks corre-
sponding to structures of type ( VII '), where m %
6..13x Y413 m,n¥xp m.

The relative abundance of the oligomers corre-
sponding to these three patterns is shown in
Table Ill.

The spectra of the solvent extracted tara and tur-
key gall tannins are shown in Figures 7 and 8. Sol-
vent extraction has eliminated the carbohydrates in
the extract; thus, the polymeric nature of these two
tannins can be clearly observed. The repeating unit
observed is 152 Da, as for sumach, and corresponds
to the same basic structure (V) indicated for sum-
ach extract. In the case of tara tannin this is known
to contain small amounts of ellagic acid and a much
greater proportion of gallic acid. ® The MALDI-TOF
in Figure 7 con“rms this “nding. Thus, the second
dominant peak at 520 Da (23 (Na’) p (302 1H) p
152p 44 Y, 520 Da) indicates an oligomer formed by
one ellagic acid linked to one gallic acid, although
the presence of an additional ACOO cannot be eas-
ily explained. The peaks at 672, 824, 977, 1129, 1281
Da indicate then a series of oligomers each formed
by adding a gallic acid residue to the basic structure
of the 520-Da peak. Thus, the number of gallic acid
total residues indicates a series of polygallic trimers,
tetramers, pentamers, hexamers, heptamers, and

Journal of Applied Polymer ScienB®l 10.1002/app
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TABLE 11l
Percentage Distribution of the Different Oligomers Present
in Commercial Sumach Extract

Peak Relative
Da intensity abundance (%)
540 67 9.45 Dimer
Pattern 1 (all glucose pentamers)
924 60 8.45 Glucose pentamer
1076 100 141 Monogalloyl glucose pentamer
1229 92 12.9 Digalloyl glucose pentamer
1381 58 8.2 Trigalloyl glucose pentamer
1532 28 3.9 Tetragalloyl glucose pentamer
1684 10 1.4 Pentagalloyl glucose pentamer
1836 4 0.6 Hexagalloyl glucose pentamer
1988 1 0.15 Heptagalloyl glucose pentamer
Total pattern 1 50.55
Pattern 2
508 66 9.2 Digalloyl glucose
965 8 1.1 Hexagalloyl glucose (hexamer)
1117 20 2.8 Heptagalloyl glucose (heptamer)
1269 40 5.6 Octagalloyl glucose (octamer)
1421 48 6.8 Nonagalloyl glucose (nonamer)
1573 40 5.6 Decagalloyl glucose (decamer)
1725 23 3.2 Undecagalloyl glucose (undecamer)
1877 10 1.4 Dodecagalloyl glucose (dodecamer)
2030 4 0.6 Tridecagalloyl glucose (tridecamer)
Total pattern 2 35.4
Pattern 3
2358 2 0.3 Glucose tridecamer
2512 4 0.6 Monogalloyl glucose tridecamer
2664 5 0.7 Digalloyl glucose tridecamer
2817 7 1.0 Trigalloyl glucose tridecamer
2970 6 0.8 Tetragalloyl glucose tridecamer
3120 4 0.6 Pentagalloyl glucose tridecamer
3273 3 0.4 Hexagalloyl glucose tridecamer
3426 1 0.15 Heptagalloyl glucose tridecamer
Total pattern 3 4.6
Total 100

octamers starting from the 520-Da peak. Their rela-
tive abundance is 26, 29, 23, 14.5, 6, and 1.5%,
respectively. Oligomers smaller than trimers do not
appear to occur.

A similar repeating unit pattern (152 Da) is
observed for the positive ions mode MALDI-TOF of
turkey gall tannin (Fig. 8). In this tannin the “rst in-
terpretable peak is at 508 Da. This corresponds to a
glucose to which are linked two gallic acid residues
(23(NaP) p 180p 152p 152%: 507 Da). It is not pos-
sible to know if the two gallic acid residues are sep-
arately linked to the glucose or if this is a digallic
acid residue linked to the glucose. This latter
appears to be the most probable con“guration. It
means that the 508-Da peak is a gallic acid dimer

and the series of peaks at 661, 813, 965, 1117, 1269,

and 1422 Da represent a series of gallic acid trimers,
tetramers, pentamers, hexamers, heptamers, and
octatamers, all attached to one glucose. The peak at
642 Da is the 661 peak minus anAOH, thus also a
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glucose p a gallic acid trimer. The same is valid for
the peak at 795 Da, which is the 813-Da peak minus
an AOH group, thus a glucose p a gallic acid tet-
ramer. Due to their relative abundance, these two
peaks (642 and 795 Da) must also be taken into
account in calculating the relative proportion of the
oligomers present in turkey gall tannin. Thus, from
the spectra in Figure 8 the respective abundance is
of 8% (digalloyl glucose, dimers), 26% (monoglucose
galloyl trimers), 32% (monoglucose galloyl tet-
ramers), 18% (monoglucose galloyl pentamers), 11%
(monoglucose galloyl hexamers), 3.5% (monoglucose
galloyl heptamers), and 1.3% (monoglucose galloyl
octamers).

It must also be kept in mind that while the repeat-
ing unit molecular weight is 152 Da, residues of
quinic acid linked in the chain can also be present.
Quinic acid is known to be present and included in
some manner in the gallic acid chains of tara tan-
nin.%8It appears to be linked in the chain in the
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same manner as gallic acid (Il ), hence slightly dif-
ferently than what was proposed in previous
work. "8

The same could apply to turkey gall tannin,
although presence of quinic acid in the chain of this
tannin has not been reported. Thus, this tannin must
be still considered as a purely polygallic tannin
linked to some glucose. This type of con“guration is
rather different from that proposed for residual
quinic acid gallotannins (mainly tara) by previous
authors.”®

The repeating unit pattern is different, however,
for the chinese gall tannin (Fig. 9). Here the repeat-
ing unit is 162 Da. Thus, the series of peaks that can
be seen responding to this pattern is the series 510,

623, 834, 996, 1159, 1321, and 1483 Da. Such an un-

usual repeating unit can have two explanations. In
one case this can correspond to a quinic acid that is
linked to other different quinic acid chains through
its hydroxy groups as reported in much earlier work
for tara tannin,” and in a manner different to that
reported for structure (VI ). Thus, quinic acid,
where the AOR; , are hydroxygroups, has a molecu-
lar weight of 168 Da; if one hydrogen is substituted
with a gallic acid residue such as R4, then the total
weight is of 168 Da 1H p 152p 1H Da % 320 Da.
This is close enough to 162 Da 2 % 324 Da, the
real repeating unit of the MALDI-TOF spectrum in
Figure 9. Such an approach, however, cannot explain
the multirepeating 162-Da pattern. This indicates
that such an explanation is incorrect. Furthermore,
the presence of quinic acid has never been reported
in chinese gall tannins.

The second, more acceptable explanation is closer
to what is already known on chinese gall tannin,
namely, its composition of esters of gallic and digal-
lic acid with glucose. Thus, two gallic acid residues
attached to a glucose yield a repeating unit of [(180

1H Da) p 152 Dap (152p 1 Da)] ¥ 484 Da (simi-
lar to 162 Da 3 ¥4 486 Da). It cannot be determined
if this is a digallic acid linked to glucose or two gal-
lic acid residues each linked independently to glu-
cose. This appears then to be the real repeating unit
of the oligomers. The oligomeric structure of com-
mercial chinese gall tannin is then rather different to
what is observed for turkey gall tannin. The repeat-
ing unit appears to be either structure (1X) or most
likely structure ( X)
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where the parentheses indicate the manner in
which the two (only) gallic acid residues can be
attached to the glucose residue. Thus, the repeat-
ing units are formed by digalloyl glucose if the
structure is interpreted on the basis of the MALDI-
TOF-positive ion mode spectrum in Figure 9. It has
been reported in the literature’ that all the
hydroxyl groups of chinese gall tannin are substi-
tuted by galloyl residues and thus that the repeat-
ing unit should be pentagalloyl glucose. The
positive ion mode MALDI-TOF analysis of the
commercial chinese gall extract does not support
this structure as only two galloyl residues are
clearly attached to the sugar residues, as in struc-
ture (1X). Whatever the mode of linkage to each
other of the repeating units then, the peak at 510 Da
is close enough to be the same as in turkey gall tan-
nin, namely, a glucose to which are linked two gallic
acid residues (23(Na") p 180 p 152 p 152 ¥ 507
Da). The series that starts with the 510 Da (digalloy!
glucose) continues with the 996 Da (digalloyl glu-
cose dimer) and 1483 Da (digalloyl glucose trimer)
oligomers. The other 162-Da repeating peaks belong
to similar molecules in which alternatively a galloyl
or two galloyl residues have been lost together with
some part of the sugar residue. However, a better
interpretation of this spectrum can be the same
given for the two galloellagic tannins (chestnut and
oak tannins).
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Thus, in Figure 9, the 162-Da repeating unit can
be interpreted as a glucose in which a single AOH
has been lost. This indicates that in commercial chi-
nese gall tannin a single monogalloyl, or digalloyl
or trigalloyl residue, may be linked to each glucose
of the main sugar skeletal chain, as already
reported by earlier authors. ® Thus, starting from the
510-Da peak (digalloyl glucose), the series that fol-
lows is formed by the 672-, 834-, 996-, 1159-Da
peaks. This is, hence, a series of oligomers of up to
glucose hexamers on which two galloyl residues
are still linked onto a single sugar residue of the
chain. To this series is superimposed the 510-Da
(digalloylglucose), 996-Da (digalloyl glucose dimer),
and 1483-Da (digalloyl glucose trimer) series. The
965-Da peak is likely to be a pentagalloyl glucose,
although this is not at all dominant in this spec-
trum. This implies that monogalloyl, digalloyl, and
trigalloyl groups were initially linked to this tannin.
This is supported by the earliest previous work ° on
this tannin. Previous authors have shown that in
chinese gall tannin and in sumach tannin the prod-
ucts isolated were essentially octa- and nonagalloy-
lated glucose.” They estimated that the gallotannin
contained a pentagalloylglucose nucleus to which
some three or four additional galloyl groups were
attached. The MALDI-TOF analysis presented here
shows this not to be the case, or at least not the
only case, and brings to the fore the skeletal poly-
meric nature of the carbohydrates of the galloyl
glucose chains.

CONCLUSION

The structure of six commercial hydrolyzable tan-
nins has been examined by MALDI-TOF MS. Their
oligomeric structures and structure distribution
have been de“ned and have in some cases been
found to be similar to results reported by other
authors for tannin extracted for analysis. However,
in the commercially extracted tannins some marked
differences from what already reported were noted.
Degradation products of rather different structure
than what was reported were present. Relevant
pentagalloyl, trigalloyl, and digalloyl glucose mono-
mers were observed in MALDI-TOF spectra of the
galloellagic chestnut and oak tannin extracts and in
one gallotannin, chinese gall tannin extract. In the
positive ion mode spectra the most remarkable
“ndings were that most of the galloyl residues of
the galloyl glucose chains were stripped from the
skeletal glucose chain carrying them. This allowed
the observation of oligomers, in some cases up to
16 or 17 glucose units long, totally or almost totally
stripped of galloyl residues, as their molecular
weight came within the range of molecular masses
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more easily observed with MALDI MS. The
stripped galloyl residues were found in the nega-
tive ion mode spectra, these residues being still
present in the commercial extract. This indicated
that a wide distribution up to very long galloylglu-
cose chains exist in most commercial hydrolyzable
tannin extracts. It also indicated that all these com-
mercial tannin extracts are mainly composed of
long pentagalloyl glucose chains in which some gal-
loyl residues have been detached, giving the
appearance of mixed di-, tri-, and pentagalloyl glu-
cose repeating units being present in the same
chain. This supported also the concept advanced
previously by other evidence that such tannins may
be present in the wood as an extended macromolec-
ular chains network.

The pentagalloyl glucose units in tannin chains
are considered to be linked through a galloyl resi-
due of a unit to a galloyl residue of the unit that
follows it and of the unit that precedes. However,
the presence of long glucose chains in the positive
ion mode MALDI-TOF spectra in the cases in which
most or all of the galloyl residues have been
stripped indicates that the manner in which the
pentagalloyl glucose repeating unit is linked may
be sugar residue to sugar residue. This is rather dif-
ferent from the normally accepted form of linkage
of these tannins.

Commercial tara and turkey gall tannins have
been shown to be mainly polygallic oligomers of up
to eight gallic acid residues linked to each other in a
chain. Commercial sumach extract revealed itself a
more complex mixture of glucose oligomers up to 13
repeating units where to several but not all of the
sugar repeating units is linked a galloyl or digalloyl
residue.
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ABSTRACT: High molar mass wood tannin extracts are complex mixtures that are distributed in both molar mass and chemical compo-
sition. Hydrolysable tannins from tara, Turkey gall, and chestnut woods were analyzed and compared using matrix-assisted laser desorp-
tion/ionization time-of-flight (MALDI-TOF) mass spectrometry. Although MALDI-TOF MS reveals the oligomer structure of the tan-

nins, this method cannot distinguish between isomers with isobaric masses and, therefore, ambiguous structural assignments were made
in a number of cases. To determine the actual microstructures present, MALDI-TOF-CID (collision induced dissociation) experiments
were conducted. MALDI-TOF-CID enables monomer sequence determination and positive assignments of isobaric structures can be
made.¥ 2012 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 128: 97-107, 2013
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INTRODUCTION described. In the analysis of tannin extracts, other higher oxida-

Tannins are divided into two major groups, namely, condense ion structures were isolated, such as castalin/vescalin and vesca-
' ’ %qin/castalagin, and the structures are shown in Figifre 2.

and hydrolysable tannins. Condensed tannins (also known
polyflavonoids or proanthocyanidins) are based on flavonoidn the analysis of both condensed and hydrolysable tannins, ma-
units that undergo condensation and polymerization reactionsrix-assisted laser desorption/ionization time-of-flight (MALDI-

to form oligomers with varying degrees of polymerization. TOF) was used very successfully to determine the chemical
Hydrolysable tannins differ from condensed tannins as they a@mposition of complex plant extract8~*>The analysis of tan-
derivatives of gallic acid and are usually esterified to a carbohgins using MALDI-TOF is a relatively new technique and pro-
drate core, mainly glucose? However, these tannins often vides additional information on the structure and molar mass
occur as complex mixtures of simple phenols (e.g., pyrogallofjlistributions in a single experiment. Pasch and coworKers
gallic and digallic acids as well as esters of sugars and oti@@plied MALDI-TOF to analyze polymeric tannins. In the anal-
structures (e.qg., three-dimensional networks) formed as a resiigis of a chestnut extract which is a hydrolysable tannin, the
of oxidative coupling and further esterification of the galloylPresence of vescalin/castalin and vescalagin/castalagin was con-
groups. The simplest of the hydrolysable tannins are gallotalusively determined”*> MALDI-TOF has been successfully

nins that are made up of polygalloyl esters of glucose such agplied offline to analyze fractions obtained from a chromato-
pentagalloyl glucose (PGGS, graphic separation, information obtained from this technique is

very valuable as it can reach very high molar masséSelec-
These tannins are found in various plants and trees such ggspray ionization (ESI)-MS as an alternative method tends to
chestnut, tara, Chinese gall, turkey gall, sumac, and oak tannifgrm multiply charged molecules while MALDI-TOF provides
Monomers that form gallotannins are pentagalloylglucopyranosgostly singly charged molecules thus making the spectra easier
and the precursor for ellagitannins is trigalloyl-HHDP-glucopyr-to interpret. One major problem of MALDI-TOF in particular
anose° The different types of hydrolysable tannins structuresor higher oligomers is that a given mass peak only provides the
are shown in Figure 1. In nature, however, there exist differerfiemental composition. The sequence of these units in the mac-
oxidation products and polymerized forms of the moleculesomolecule, however, cannot be obtained by MALDI-TOF.

¥ 2012 Wiley Periodicals, Inc.
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Figure 1.Typical structures of hydrolysable tannins: gallotannin (1), ellagitannin (2), gallic acid (3), hexahydroxydiphenic acid (HHDP) (4).

A new promising technique for the analysis of tannin monomeand galls while Zhang and Lin analyzed condensed tannins in
sequences is post source decay (PSD) fragmentation wherebpaaific oak leaves.

spe_cmc on 1S selected ffom a .MALDI_TOF spectrum and S a first publication, we reported on the analysis of condensed
subjected to higher laser intensities that result in fragmentano&rmins by MALDI-CID?* The aim of this study is to elucidate
of thelerlr;other on _and the detec_t|on Of.the resultlng frag'the microstructure of hydrolysable tannins that were obtained
ments.” =" When the ions fragment in the field free region, the

. i from various wood extracts. It is known that hydrolysable tan-
process is termed PSH?°Behrens et al® was the first to show yeroly

th licability of thi thod to tanni d q qt nins from different origins have different chemical composi-
e applicability of this method to tannins and condense AMtions. Chestnut tannins are known to contain digalloylglucose

nins from lime and spruce. Another method that performs Awhile tara tannins contain ellagic acid. To elucidate their com-

S|hmllarbty?§ of analy5|s.|s C.OIIISI?H tlnéiufced ?;]SS?F'?“_?SF(CID%Iex composition in detail, three samples were selected for this
whereby he precursor ion Is selected from the firs an Study, namely a chestnut tannin, a tara tannin, and a Turkey

Iy_ztEr _andt mtroduceld |n|to a;;l)llls]:on celltwhferebydlt CO”'?ﬁSBaII tannin. It shall be demonstrated that MALDI-TOF-CID is a
with inert gas molecules. € fragments formed are he nigue method to determine the topology of the oligomers and

reflected a_nd ana_lyzed in_the second TOF anai’)iél_. tt?e arrangement of gallic acid moieties around the sugar core.
Although this technique has not been used for the analysis o

tannins it has been shown to be applicable to biopolymers as

well as synthetic polymers and thus shows great promise fEXPERIMENTAL

analysis of tanning”?! Recently, ion trap mass spectrometryMaterials

has been used for the analysis of tannins. Corke anbhe description of the samples and the types of tannins
coworkerd®?3identified phenolic antioxidants in Chinese rosesinvolved are provided in Table I.

Figure 2.Structures of () castalagin/vescalagin and (Il) castalin/vescalin positional isomers extracted from chestnut tannin [3].
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Table I. Sample List with Description and Tannin Type product ion calibration i9.5 Da. The mass calibration was con-
ducted based on the average masses. Compared to the monoiso-
Sample  Description Type of tannin topic masses and depending on the accuracy of the calibration,
1 T e e g mass differences of .1—2 Da may be ob_served. Th_ls inaccuracy,
i however, does not disturb the peak assignment. Higher resolu-
2 Turkey Gall, solvent-extracted  Hydrolysable tannin . . .
tion can be obtained by using the reflectron mode.
3 Chestnut, water-extracted Hydrolysable tannin

The samples were dissolved in acetone/water 50/50 (% v/v) at a
) concentration of 4 mg/mL. The sample solutions were mixed
Sample Preparation with a 10 mg/mL solution of the matrix in the same solvent.
Chestnut Tannin. The chestnut tannin is an extract of the 5 5_gihydroxy benzoic acid was used as the matrix. NaCl was
wood of chestnut treeGastanea satiyahat grows naturally in - 5qded as the salt to enhance ion formation. The sample and
central Europe. The wood, after being separated from the bark, is5trix were then combined at a ratio of 1 © 1. 5 microL of the
chipped into small pieces of 1-4 cm and is charged in an extract%sumng solution was spotted on a 384 well MALDI-TOF plate,
battery where it is extracted with water at 105-X15This first  fo|jowed by evaporation of the solvent at ambient temperature
raw extract, that contains around 5% of dry material, is concengithout any assistance. The MALDI-TOF target was then ana-
trated to 10% of dry material with a multiple effect concentrator.|yzed to give the resulting spectra. In all cases, for the MALDI
At this concentration, the hemicelluloses and gums are flocke‘% well as for the MALDI-CID experiments, a very good repro-

and eliminated. After this purification step, the extract is concengycibility of the spectra was obtained both regarding the ion
trated to 50% of dry material and spray-dried to powder. peaks and their positions.

Turkey Gall Tannin. The Turkey gall tannin is an extract of
Turkey galls that are produced by larvae of Gallic bee insed®&SULTS AND DISCUSSION

(Cynips gallae-tinctoripevho are parasitized in young branchesThe hydrolysable tannins were analyzed by MALDI-TOF MS

of the Fagaceae Gallic treQuercus infectoria) growing in the and as illustrated before this technique is successful in deter-

oriental Mediterranean coasts. The galls are manually collecteflining both the molar mass and the chemical composition.

air dried, and stored. Then the galls are milled and extracteRlALDI-CID was subsequently used to elucidate the molecular

several times with organic solvents like acetone, ethanol, ethghology and the arrangement of the different gallic acid units

acetate and their mixtures with water to regulate the yield angh the oligomers. The tara and turkey gall tannins are both gal-

the purity. In a concentrator, the solvents are stripped with vaciotannins in the polygallic form, see Figuré 3.

uum and with several additions of water. The obtained water-

dissolved extract is filtered and purified. In this step sugardlALDI-TOF of Tara and Turkey Gall Tannins

hemicelluloses, gums, natural resins, and chlorophylls are elinfiigure 4(a, b) show the MALDI-TOF spectra of the hydrolysable

nated. The purified tannin solution is concentrated to 50% oftannins from tara and turkey gall, respectively. As expected, simi-

dry material and spray-dried to powder. lar repeat units of 152 Da are observed for both tannins confirm-
ing the general structure as shown in Figure 3. The structural

Tara Tannin. The Tara tannin is an extract of the pods of Peru'assignments were done based on the work of Pizzi%t al.

vian Tara Caesalpinia spingsa he pods are manually collected

from the trees of Tara twice a year, air dried, separated from thEe peaks at m/z of 521, 673, 825, 978, 1130, 1282, and 1435 in
seeds, milled, and stored followed by multiple extraction witfhe tara tannin represent the major series with the mass incre-
organic solvents like acetone/water or ethanol/water mixture§ients of 152 Da belonging to gallic acid units. As has been
In a concentrator, the solvents are stripped with vacuum anghown previously, tara tannin is based on an ellagic unit that is
with several additions of water. The obtained water-dissolvegfcorated with different numbers of gallic acid units. In addi-
extract is filtered and purified. In this step sugars, salts andPn, the ellagic acid contains an ester groupGAOA) which
polysaccharides are eliminated. The purified tannins solution gontributes an additional mass of 44 Da to the oligomer mass.
concentrated to 50% of dry material and spray-dried to powderThe ester group stems from hydrolysis reactions that take place

MALDI-TOF and MALDI-TOF-CID Analysis

MALDI-TOF-CID experiments were performed on an Axima-

TOF? spectrometer (Shimadzu Biotech, Manchester, UK),
equipped with a nitrogen laser (337 nm), an ion gate for the
selection of precursor ions and a collision cell. The windows for
separation of precursor ions were approximately 4 Da. Argon

has been used as the collision gas. The pressure within the colli-
sion cell was 8 10 ©® mbar. The pulsed extraction ion source
accelerated the ions to a kinetic energy of 20 keV. All data have
been obtained in positive ion linear mode applying the accumu-

lation of 441 scans per spectrum. The calibration of the linear
mode as well as the reflectron mode for CID analysis was doRgure 3.Proposed structure of gallotannins extracted from tara and tur-
using PEG in mass range up to 2000 Da. The accuracy of tkey gall.
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Table Ill. Dominant Oligomer MALDI-TOF Peaks and Description of
Structures Present in the Solvent-Extracted Turkey Gall Tannin

Calculated Experimental

M p NaP M b NaP Description M p NaP
659 661 Glucose p 3 gallic acid
811 813 Glucose p 4 gallic acid
963 966 Glucose p 5 gallic acid
1115 1118 Glucose p 6 gallic acid
1267 1270 Glucose p 7 gallic acid
1419 1422 Glucose p 8 gallic acid
1571 1575 Glucose p 9 gallic acid

A look at the turkey gall tannin also shows a simple polygallic
structure. The basic structure of the turkey gall is quite similar
to that of the tara tannin but does not include any ellagic acid
groups in its basic structure. The first member of the main se-
ries of peaks is observed at m/z 661 representing the sodium
adduct of three gallic acid units attached to glucose, see Figure
4(b). It is calculated using the following equation: M Na° ¥
23 (N&) b 180 (glucosep 3 152 (gallic unit). The domi-
nant oligomer peak at 965.9 Da is believed to represent PGG
followed by oligomers that contain even more gallic acid units.
Figure 4. MALDI-TOF spectra of solvent-extracted tara (a) and turkeya tantative peak assignment is presented in Table III.
gall (b) tannins with repeat units of 152 Da as indicated. [Color figure
can be viewed in the online issue, which is available 31ALDI-TOE-CID of Tara and Turkey Gall Tannins
wileyonlinelibrary.com ] As has been demonstrated, MALDI-TOF reveals the oligomer
composition and the presence of different chemical moieties
during the extraction process. Thus, the following equation wagnd building blocks. However, the arrangement of the different
used to construct Table IIl: Nb NaP %323 (N) b 304 1H  molecular fragments in a given molecule cannot be provided.
(ellagic unit) p 152 (gallic unit)p 44 (COO). According to As has been shown previously, only CID experiments can pro-
Figure 4, oligomers are detected up to heptamers. The firgide detailed information on the topology of the different
oligomer peak is detected at 521 Da. This peak corresponds dfigomers. In the present case, the interesting question is how
the sodium adduct of an ellagic acid with one gallic acid unithe gallic acid units are arranged around the core fragment

attached. All subsequent peaks are formed due to the additiqghich is a ellagic acid for tara and a glucose for Turkey gall.

of further gallic acid units. ] o ) )
For further investigation of the oligomer structures presented in

A series of peaks with lower intensity appears adjacent to th&e tara tannin, the precursor ions with m/z 824.5 and 839.8
major series also having repeat units of 152 Da. However, thifere selected for fragmentation experiments. The first to be

minor series is shifted by 16 Da from the major series and thugonsidered will be the trimer with m/z 824.5. The MALDI-CID
is made up of different but related structures. These peaks cor-

respond to the major oligomer series plus an OH-group.

Table Il. Dominant Oligomer MALDI-TOF Peaks and Description of
Structures Present in the Solvent-Extracted Tara Tannin

Calculated  Experimental

Mp NaP M p NaP Description M p NaP

522 521 Ellagic acid p COO p 1 gallic acid

674 673 Ellagic acid p COO p 2 gallic acid

826 825 Ellagic acid p COO p 3 gallic acid

978 978 Ellagic acid p COO p 4 gallic acid

1130 1130 Ellagic acid b COO p 5 gallic acid Figure 5. MALDI-TOF-CID spectrum of the trimer ion at m/z 824.5

1282 1282 Ellagic acid b COO p 6 gallic acid from tara t:?mnln, the fragmentation patt.ern is |Ilustr§ted by |nd|cat.|ng the.
. . . i mass loss incurred from the precursor ion. [Color figure can be viewed in

1434 1435 Ellagic acid p COO p 7 gallic acid

the online issue, which is available at wileyonlinelibrary.com.]
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Figure 6.Proposed structures and fragmentation patterns for the parent ion at m/z 824.5 observed in the MALDI-TOF spectrum of the tara tannin, (a)
observed fragment masses, (b) structures that form the observed mass increments (repeat units). [Color figure can be viewed in the online issue, which
is available at wileyonlinelibrary.com.]

spectrum for this oligomer is presented in Figure 5; the made ellagic acid unit as there are no fragments observed that indi-
loss incurred by the precursor ion and the product ions are alscate its attachment to the gallic acid units. As the exact position
indicated. The fragmentation pattern of the oligomer is relaat the ellagic acid cannot be determined, an arbitrary position
tively simple and the dominant ions appear at m/z 673, 502yas selected for the location of the ester group (Figure 6).

328, and 154. These peaks belong to different oligomer series . . L .
for example, m/z 824-673-520, 655-502-350, and so forth shoééilljen:c_ary of some typical fragmentation products is given in
ing losses of 152 Da (gallic acid) or 170 Da (gallic deid

AOA). The peak at 328 Da is obtained from the oligomer afurther investigations were conducted on the parent ion at m/z
m/z 502 by the loss of one gallic acid unit and an oxygen. Th&39.8 which appears in the MALDI-TOF spectrum only as
loss of units of 152 Da occurs three times, representing the lo&8nor peak. This oligomer is related to the preciously deter-
of 3 gallic acid units that form the oligomer structure. Oncemined m/z 824 structure by an additional mass of 16 Da. This
formed, the fragment ions may loseOA or C%O groups, Ion peak was tentatively assigned to the sodium adduct of a tri-
shown by mass losses of 16 and 28 Da, respectively. These tgsdloyl diglucose trimer, see Figure 7. This form of structure
of fragments show that the galloyl ester bond is the most labil&)ay be present due to the polygallic form of the oligomers
and thus the fragmentation may occur before or after the caPresent in the tara tannin extract. As can be seen, the MALDI-
bonyl group of the ester bond. However, as observed in thelD spectra of the two ions show some similarities in the
spectrum, there are no fragment ions resulting from the simulhigher mass region but distinct differences in the lower mass
taneous loss of th& OA and C¥D groups. region indicating that the two ions have different molecular

. . . . . structures of the core, compare Figures 5 and 8.
The loss of the 3 gallic acid units results in the formation of the P g

fragment ion at m/z 350 which can be assigned to a protonhe MALDI-CID spectrum of the ion at m/z 839 in Figure 8
adduct of ellagic acid that still contains the ester group. Thehows mass losses of 152 and 170 Da which indicate losses of
fragment at m/z 301 can then be assigned to the proton adduggllic acid units in a rather simple fragmentation pattern. The

of a single ellagic acid unit. The proposed structure with aioss of two gallic acid units can be observed although it was
ellagic acid unit at the terminal end of the molecule is suppostulated that the ion contains three gallic acid units as is
ported by the present fragmentation pattern. shown in Figure 7. A possible interpretation is that gallic acid

The precursor ion (m/z 824) additionally loses a mass of 44 pghits do not form a trimer that is attached to one glucose side
arising from the ester group to form the ion m/z 779 which thenbut rather a dimer and a monomer that are attached to differ-
undergoes further fragmentation by loosing gallic acid units. Thignt glucose sites. Assuming that all ester bonds of the gallic acid
confirms the presence of the postulated 44 Da mass, and thaeits have the same stability, this interpretation would fit the
presence of the m/z 350 ion indicates that this group is attacheabserved fragmentation pattern.
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Table IV. Structures of Selected Fragment lons Observed in the MALDI-CID Spectrum of the Parent lon at m/z 824 from Tara Tannin

m/z (observed) m/z (calc.) Fragment ion
154 153
301 302
502 499
673 672
779 778

A more complex fragmentation pattern is obtained in the masgal fragmentations of the glycosidic linkage, the presence of
range<300 Da. The observed fragment peaks are assumedttese internal fragments may be indicated by a mass loss of 134
be a result of the fragmentation of the core molecule in th®a. These types of fragmentations are commonly observed dur-
present case the diglucose. Fragmentation may occur via inténg MALDI-CID of carbohydrate$® The internal fragments

102 J. APPL. POLYM. SCI. 2013 , DOI: 10.1002/APP.38156 WILEYONLINELIBRARY.COM/APP



Figure 7.Proposed structure for the trimer at m/z 839 as postulated from the bulk sample MALDI-TOF analysis.

result from cleavage of the glucose ring at bonds adjacent to tiigne fragmentation of the oligomer at m/z 811.6 takes place as a
cyclic ether group. The gallic acid units may be located at arsequential loss of two gallic acid units to form the fragment at
of the OH groups present in the glucose structure; however, due/z 469.1 which is obviously the glucose monomer with two
to the presence of the internal fragments from the glucose mogallic acid units attached. The structure forming the m/z 811.6
ecules, exact locations of these groups may be determined.idm can thus be assigned as a branched structure with two gallic
the present case, one of the gallic acid units must be locatedatid dimers linked to different positions at the glucose mono-
the terminus of the glucose unit; this is shown by the presenaeer, see Figure 10.

of a mass loss of 288 Da observed in t_he spectrgm. This M3 a second parent molecule, the ion at m/z 964.2 was investi-
can only be formed by the loss of a gallic acid unit attached t%

. . gated by MALDI-TOF-CID, see Figure 11. This molecular ion
a 134 Da fragment from the glucose monomer. This assumptio as tentatively assigned to PGG. The CID spectrum shows se-
is further confirmed by the loss of a fragment of 272 Da, se&

. uential losses of fragments of 152/170 Da corresponding to
Figures 8 and 9. gallic acid units. Comparing Figure 5 with Figure 11 it is
In the case of the Turkey gall tannin, it was assumed that thebvious that the arrangement of the gallic acid units must be
gallic acid units are attached to a glucose core. To investigatéferent. While in Figure 5 the consecutive loss of at least three
the structure of the Turkey gall tannin in detail, the parent ionunits can clearly be seen, in Figure 11 the loss of only two gallic
at m/z 811.6 which is assumed to be a tetramer of four galliacid units can be identified. This is similar to the behavior of
acid units attached to glucose was analyzed by CID. The frape parent ion at m/z 811.6. Therefore, it is assumed that the
mentation spectrum is shown in Figure 10. As can be segjallic acid units are not arranged as a trimers or tetramers
there, the fragmentation pattern is relatively simple and resenattached to one position of the core molecule but rather as
bles closely the type of fragmentation observed for the minonomers or dimers attached to different positions of the core
824.5 ion from the tara tannin. In the fragment spectrum of themolecule. The fragment peak at m/z 642 would most likely
ion at m/z 811.6 there are no fragments resulting from the glu-
cose monomer. This is due to the fact that only a single glucose
monomer is present and thus higher energies would be required
to form the 134 Da mass fragment previously shown for glucose
oligomers. In addition, the glucose molecule is more stable
against fragmentation than the galloyl esters and, therefore,
fragmentation preferentially occurs at these positions.

Figure 8. MALDI-TOF-CID spectrum of the parent ion at m/z 839.8 of Figure 9. Fragments observed in the MALDI-TOF-CID spectrum of the
the tara tannin. [Color figure can be viewed in the online issue, which itara tannin trimer m/z 839.8. [Color figure can be viewed in the online
available at wileyonlinelibrary.com.] issue, which is available at wileyonlinelibrary.com.]

WWW.MATERIALSVIEWS.COM WILEYONLINELIBRARY.COM/APP J. APPL. POLYM. SCI. 2013 , DOI: 10.1002/APP.38156 103



104

Figure 10. MALDI-TOF-CID spectrum of the parent ion at m/z 811.6
from solvent-extracted Turkey gall tannin and proposed structure of the

parent ion. [Color figure can be viewed in the online issue, which is avaiFigure 11. MALDI-TOF-CID spectrum of parent ion at m/z 964.2 from
able at wileyonlinelibrary.com.] solvent-extracted Turkey gall tannin and proposed structure of the parent

ion. [Color figure can be viewed in the online issue, which is available at

correspond to a trigalloylglucose, see Figure 11 for the topoloweyonline"brary'com']

of the parent ion.
. o extract, thus this warrants an in-depth discussion. The repeat
Further investigations were performed on a pentamer related Onit of 162 Da is similar to the one observed for Chinese gall

the previous oligomer. As shown for the tara tannin, a smafl, iy The explanation for this distribution was given as

difference in masses between related oligomers can display V6lijomers formed by esters of gallic and digallic units attached

different structures. This point is further illustrated by analysig glucosé. However, it cannot be determined whether two gal-
of f[he _parent lon at_ m/z 947.2, the . sp_ectrum Ofjic ‘acid units are attached to each other or independently on
which is shown in Figure 12. In this case, consecutive losses of

four gallic acid units is observed. This is a clear indication that
these units must have been arranged in the parent molecule as a
tetramer. The topology given in Figure 12 is proposed for this
oligomer.

MALDI-TOF of Chestnut Tannin

The structures of natural water-extracted chestnut tannin and

the chestnut tannin treated with 3.5% ammonium sulfite for

use in leather tanning obtained by MALDI-TOF have been

reported beforé:** The analysis of both extracts proved the oli-

gomeric nature of the extradn situ in the wood, the tannin

was shown to be composed of PGG oligomers with up to 16

units®** In the water-extracted chestnut tannin, the PGG

oligomers were detected up to trimers whereas in the sulfited

sample, glucose oligomers stripped of its galloyl units were

detected® The linear mode spectrum of a water-extracted chest-

nut tannin is shown in Figure 13 being markedly different from

the previously reported spectra for this tannin. The peak assign-

ments were made based on Pizzi etHiThe mode of extrac- Figure 12. MALDI-TOF CID spectrum of the parent ion at m/z 947.2
tion clearly affects the composition of this tannin. The repeatepresenting a pentamerfrom solvent-extracted turkey gall tannin and pro-
unit in this case is 162 Da which cannot be explained by thgosed parent ion structure. [Color figure can be viewed in the online
theories previously presented for the structures present in thissue, which is available at wileyonlinelibrary.com.]
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units are glucose units that lost some of the original OH groups
together with a loss of gallic acid units. Such reactions may take
place during the extraction process as has been discussed previ-
ously. The mass of these units is 132 Da.

In the present sample, a dominant series is composed of glucose
units that are attached to two galloyl units. These may also be
present as an ellagic acid unit. The MALDI experiment alone
cannot give a conclusive answer here. The distributions that are
seen in the spectrum indicate that the main composition here is
long chains of glucose units (up to 9 units) with the terminal
group being a digalloyl glucose unit. The peak observed at 438
Da can be assigned to a single galloyl unit attached to two
stripped glucose units. This forms another distribution of peaks
at m/z 438, 727, 879, and 1036, which have a mass increment
of 152 Da indicating galloyl units. The difference of 388 Da
observed between the peaks at m/z 1972 and 2310 indicates the
presence of an ellagic acid unit attached to a OCO group added
to the oligomer chain, (2310 D& 23 (N&) p 2 152p 180

p 162 9 p 302p 44). This assignment may also be made
according to Pizzi et &.as 2 additional galloyl units being
added to the stripped glucose skeleton structure. The former is
less likely, however, it is possible that these structures may be

Figure 13.MALDI-TOF spectrum of water-extracted chestnut tannin (lin- present as the chestnut tannin is a known eIIagltar?nln.

ear mode). Mass range: (a) 400-2600 Da (b) 650-1200 Da. The peak

assignments are indicated and the details shown in Table V. [Color figuMALDI-TOF-CID of Chestnut Tannin

can be viewed in the online issue, which is available &arhe chestnut tannin is composed of glucose units, gallic acids,

wileyonlinelibrary.com.] and possible ellagic acids. The main constituents in this tannin
are galloyl unit oligomers stripped from their glucose core. The

the pyranose ring of the glucose. In addition, ellagic acid unitapplicability of the MALDI-CID has shown to be able to distin-

may be present. The proposed structure of the oligomer iguish between the various oligomer structures and thus it will

shown in Figure 14. be applied here to note the sequence distribution of the oligom-

The most abundant oligomer distribution is observed with theS™s N this extract. The fragmentation spectrum for the oligomer

series of peaks beginning at 508 Da. This peak is known to beogak at 672.3 Da is shown in Figure 15.
digalloylglucose monomer (digalloylglucoge23 (N&) p 152 There are only two fragments formed from the oligomer at m/z

2 p 180% 507 Da), the series with 162 Da is completed a672. The fragmentation patterns have been discussed and ana-
1972 Da. The 162 Da increment represents an additional gllyzed for the tara and Turkey gall tannins. However, the present
cose unit being added to the oligomer structure. A list of peaklsagment spectrum for the chestnut tannin does not resemble
and assignments is shown in Table V. As can seen there ararg of the previously discussed spectra. The fragment mass that
number of units that are indicated as “stripped glucose.” Thess lost by the precursor ion is not consistent with gallic acid

Figure 14.Representation of the possible oligomer structure present in chestnut tannin. With the values of x, m, and y differing according to chemical
structure, n represents the total chain length.
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Table V. Observed and Calculated Oligomer Peaks from the Linear Mode MALDI-TOF Spectrum of Water-Extracted Chestnut Tannin

Experimental (M p NaP) Calculated (M p NaP) Description Oligomer
508 @ 507 Digalloyl glucose Monomer
5712 571 1 Galloyl unit p 3 stripped glucose Trimer

655 2 659 Trigalloyl glucose Monomer
673 2 669 Digalloyl glucose p glucose Dimer

836 835 1 Galloyl unit p 5 stripped glucose Pentamer
968 967 1 Galloyl unit p 6 stripped glucose Hexamer
998 993 Digalloyl glucose p 3 glucose Tetramer
1161 2 1155 Digalloyl glucose p 4 glucose Pentamer
1233 1232 1 Galloyl unit p 8 stripped glucose Octamer
1323 @ 1317 Digalloyl glucose p 5 glucose Hexamer
1364 1364 1 Galloyl unit p 9 stripped glucose Nonamer
1485 2 1479 Digalloyl glucose p 6 glucose Heptamer
1630 1627 1 Galloyl unit p 11 stripped glucose Undecamer
1648 1641 Digalloyl glucose p 7 glucose Octamer
1764 1759 1 Galloyl unit p 12 stripped glucose Dodecamer
1810 ? 1803 Digalloyl glucose p 8 glucose Nonamer
1972 @ 1965 Digalloyl glucose p 9 glucose Decamer
2310 @ 2307 2 Galloyl units p 15 stripped glucose Pentadecamer

2Dominant oligomer peaks.

units linked via a galloyl ester bond. The most likely structur@xpected structure in Table V and the fragment mass of 312 Da
represented by the fragment at m/z 312 is a diglucose that\ghich would be the protonated stripped diglucose. The mass
completely stripped from gallic or ellagic acid. A proposed fragloss of 360 Da corresponds to the mass of the ellagic acid resi-
mentation is shown in Figure 15 being consistent with thelue plus the sodium cation.

Figure 15. MALDI-TOF-CID spectrum of the parent ion at m/z 672.3

CONCLUSION

MALDI-TOF-CID experiments have been demonstrated to be
uniquely powerful for the monomer sequence determination
and positive assignments of oligomer structures in wood-based
hydrolysable tannin mixtures. Although standard MALDI-TOF
MS measurements reveal the oligomer structure of these tan-
nins, this method cannot distinguish between isomers and,
therefore, ambiguous structural assignments are obtained in a
number of cases. In most cases, the actual microstructures pres-
ent can unambiguously be identified by MALDI-TOF-CID. In
other cases, most likely structures can be proposed.

Three representative hydrolysable tannins were investigated,
namely tannins from tara, chestnut, and Turkey gall wood
extracts. It has been shown that the tara and Turkey gall tannins
show a number of similarities in their MALDI-TOF spectra.
MALDI-TOF-CID, however, proofed that the tara tannins con-
tain ellagic acid while the Turkey gall tannins exhibit arrange-
ments of gallic acid units around a glucose core. The chestnut
tannin has been found to be composed mainly of digalloyl glu-
cose, glucose, and gallic acid units.
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Structure et distribution des oligomeres dans le tanin
hydrolysable de Tara (Caesalpinia spinosa).

$XWHXUV 6 *,29$1'2 $ 3,==, + 3$6&+ 1 35(725,86
3UR/LJQR

'DQV PMM/WXGERY DYRBNMPLQPQWDQLQ GH 7DUD FRPPHUFLDO T.
REWHSONU H[WUDFWLRQ GHV JRXGWHUIOHE UM XEMHV DO PDQLD VSL
PR\HQ GH VROYDQWY RUJDQLTXHV

/HV VXEVWDQFHYV FRINAWHQXBIRQWY pWp H[BWPIS®R VSHFWURPpWULH
PDVVBYHF OPK@IHTXH GEWUL[ $VVLVWHG /DVHU 'HVRUSWLRQ ,RQL
RI)OLJKWOS$/', 72) HWDWKURPDWRJUDSKLH OLTXLGH j KDXWH St
+3/& ,0 UHVVRUW GH FHV DQDO\VHV TXH HWWRWPSRM GH
PDMRULWDLURIPHR®P Q@ HY GH O DFLGB VSR DFKPO®LTXHQH OLDLVRQ
i XQ DFLGH TXLQLTXH ' DXWUHV FKDVQHV SRO\JDOOLTXHV HQ \
OHY/ j XQHXROX GHX[ PRWLIV UpSpWLWLIV WHOV TXH @XBIRGH FDIpl
OfDFLTGH QLTHXW DE.GHDOOLTXH PpWR\®WYpIJDOHPHQW SHpVHQWH
0$/', 72) HQPRGH LR/ LRAPIDWLPRQWUp TXH FHUWDLQV UpVLGXV J(
VHPEQWVRXMRXUV BUPVHQW PDWLqUH SRO\SKPQROLTXH GH O HJ
OHXU SURSRUWLRQ HVARPPWRQ IDREEHDLOOHNUDWWHQGUH G XQ
WDQLQ H[WUDLW SDU VROYDQW

6 *,29%1'2 $ 3,==, + 3%$6&+ 1 35(725,86 6WUXFWXUH DQG ROLJRPHUV G
FRPPHUFL D OC&eddlpiha spinosa K\GURO\WDEQIHpoLigno
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Rezumat:

Taninul extras cu solvent din specia
lemnoas tara (sortiment comercial) a fost examinat
printr-o tehnic de spectroscopie de mas asistat
de desorp ief/ionizare cu laser (MALDI-TOF) i
cromatografie de lichide la presiune ridicat (HPLC).
A rezultat ¢ extractul de tara este compus dintr-o
serie de oligomeri ai acidului poligalic legai printr-o
leg tur esteric de acidul quinic. Ace tia constituie
oligomerii Tn proporie ridicat Tn compoziia
taninului. Sunt prezente de asemenea i alte lan uri
de acid poligalic legate de una sau dou unitai
repetate, reprezentate de acidul cafeic i acizii quinic
metilat, galic metilat, cafeic metilat. Modul ion
negativ MALDI-TOF a ar tat ¢ unele reziduuri de
carbohidrai ar fi inc prezente, legate de materialul
polifenolic al extractului, dar propor ia acestora este
foarte sc zut , cum era de a teptat la taninul extras
cu solvent.

Cuvinte cheie: extract de tara; tanin; taninuri
hidrolizabile;  structur ; lemn; MALDI; HPLC;
oligomeri poligalici; acid quinic; Caesalpina spinosa.

INTRODUCERE

Inc de la introducerea sa de ¢ tre Karas i
Hillenkamp in 1987, tehnica de ionizare utilizat in
spectroscopia de mas (MALDI) a extins
considerabil utilizarea spectroscopiei de mas c tre
studiul moleculelor mari i s-a dovedit a fi o metod
avansat pentru caracterizarea atat a polimerilor
sintetici, cat i a celor naturali (Bahr .a. 1992,
Ehring .a. 1992, Danis .a. 1992, Danis i Karr
1993, Pasch i Resch 1996, Pasch i Gores 1995).

Abstract:

Solvent extracted commercial Tara tannin
extract have been examined by Matrix Assisted Laser
Desorption/lonisation  Time-of-Flight (MALDI-TOF)
mass spectrometry and by High Pressure Liquid
Chromatography (HPLC). The Tara extract has been
found to be composed of a series of oligomers of
polygallic acid attached by an ester link to one quinic
acid. They constitute the oligomers in higher
proportion in the extract. Other polygallic chains linked
to one only or two repeating units such as caffeic acid
and methylated quinic, methylated gallic and
methylated caffeic acids are also present. Negative
ion mode MALDI-TOF showed that some
carbohydrate residues appear to still be present,
linked to the polyphenolic material of the extract but
their proportion is very low as would be expected of a
solvent extracted tannin.

Key words: Tara extract; tannin; hydrolysable
tannins; structure; wood; MALDI; HPLC; polygallic
oligomers; quinic acid; Caesalpina spinosa.

INTRODUCTION

Since its introduction by Karas and Hillenkamp
in 1987, Matrix-Assisted Laser Desorption/lonization
(MALDI) mass spectrometry has greatly expanded the
use of mass spectrometry towards large molecules
and has revealed itself to be a powerful method for
the characterization of both synthetic and natural
polymers (Bahr et al. 1992, Ehring et al. 1992, Danis
et al. 1992, Danis and Karr 1993, Pasch and Resch
1996, Pasch and Gores 1995). Fragmentation of
analyte molecules upon laser irradiation can be

" Autor corespondent / Author to whom all correspondence should be addressed
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Fragmentarea moleculelor de analit prin iradierea
laser poate fi redus Tn mod substanial, prin
Tnglobarea lor Tntr-o matrice ce absoarbe lumina. Ca
urmare, molecule intacte de analit se desorb i
ionizeaz Tmpreun cu matricea i pot fi analizate cu
un spectrometru de mas . Aceast tehnic de
ionizare bland este combinat cu prec dere cu
analizoare de mas TOF (viteza ionilor — timpul de
zbor depinde de masa particulelor). De aceea,
spectroscopia TOF-MS prezint o serie de avantaje,
cum ar fi: capacitatea de a furniza un spectru de
mas complet per prob , un domeniu nelimitat de
mas , cantitatea mic de analit necesar i costul
relativ. sc zut al echipamentului. Recent aceast
tehnic s-a dovedit util pentru elucidarea structurii
taninurilor naturale complexe, precum taninurile
flavonoide condensate (Pasch .a. 2001, Yeoh Beng
Hoong .a. 2010, Navarrete .a. 2010, Oo .a. 2009)
i taninurile hidrolizabile (Pasch i Pizzi 2002, Pizzi
.a. 2009).

Taninul de tara este un agent tanant pentru
piel rie, apreciat in mod particular prin culoarea lui
foarte deschis , culoare pe care o imprim i pielii
tratate cu acesta. Acesta este un produs comercial
obinut prin extracia cu solveni din p st ile
arborelui Caesalpina spinosa, aceast industrie fiind
dezvoltat Tn Peru. Taninul de Tara este un
exponent important al familiei taninurilor hidrolizabile
derivate din lemn, coaj sau alte materii vegetale
(Haslam 1966). Cu toate ¢ structura aproximativ a
acestui tanin este tiut , exist doar cateva publica ii
referitoare la structura sa (Garro Galves .a. 1997,
Armitage .a. 1961). Dat fiind valoarea lui ridicat
nu s-a incercat niciodat o investigare detaliat i o0
distribu ie a oligomerilor in acest extract hidrolizabil.

Aceast lucrare examineaz 1n detaliu
aceste aspecte prin HPLC i metoda spectroscopiei
de mas MALDI-TOF.

STUDIUL EXPERIMENTAL
Spectroscopia de mas MALDI-TOF a fost
realizat pe probe Tn condi ii prezentate mai jos.

Metoda MALDI-TOE-MS

Spectrul a fost Tnregistat pe un instrument tip
Shimadzu Biotech AXIMA TOF 2. Sursa de iradiere
a fost un laser pulsatoriu cu azot cu lungimea de
und de 337nm. Lungimea unui puls de laser a fost
de 3ns. M sur torile au fost fost realizate utilizand
urm toarele condiii: polaritate pozitiv , deplasare
liniar , puterea (voltaj 20kV), 100-150 pulsuri per
spectru. Tehnica de extrac ie intarziat a fost folosit
aplicand timpi de intarziere de 200-800ns.

Preqg tirea probelor pentru metoda MALDI-TOF
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substantially reduced by embedding them in a light
absorbing matrix. As a result intact analyte molecules
are desorbed and ionized along with the matrix and
can be analysed in a mass spectrometer. This soft
ionization technique is mostly combined with time-of-
flight (TOF) mass analysers. This is so as TOF-MS
present the advantage of being capable to provide a
complete mass spectrum per event, for its virtually
unlimited mass range, for the small amount of analyte
necessary and the relatively low cost of the
equipment. Recently this technique has proved
particularly useful for the elucidation of the structure of
complex natural tannins such as condensed flavonoid
tannins (Pasch et al. 2001, Yeoh Beng Hoong et al.
2010, Navarrete et al. 2010, Oo et al. 2009) and of
hydrolysable tannins (Pasch and Pizzi 2002, Pizzi et
al. 2009).

Tara tannin is a valuable tanning agent for
leather particularly appreciated for its very light colour
and the very light colour it imparts to leather prepared
with it. It is commercially derived by solvent extraction
of the pods of Caesalpina spinosa, this industry being
particularly developed in Peru. It is an important
exponent of the family of hydrolysable tannins derived
from wood, bark and other vegetable matter (Haslam
1966). While the approximate structure of this tannin
has been known there are only very few publications
relating to its structure (Garro Galves et al. 1997,
Armitage et al. 1961). Considering its high value a
detailed investigation and distribution of the oligomers
in this hydrolysable extract has never been
undertaken.

This paper examines in detail these aspects
by HPLC and by Matrix Assisted Laser
Desorption/lonisation Time of Flight (MALDI-TOF)
mass spectrometry.

EXPERIMENTAL

The Matrix Assisted Laser Desorption
lonisation Time of Flight (MALDI-TOF) mass
spectrometry was carried out on this sample
according to the following conditions.

MALDI-TOE-MS

The spectrum was recorded on a Shimadzu
Biotech AXIMA TOF 2 instrument. The irradiation
source was a pulsed nitrogen laser with a wavelength
of 337nm. The length of one laser pulse was 3ns. The
measurements were carried out using the following
conditions: polarity-positive, flight path-linear, mass-
high (20kV acceleration voltage), 100-150 pulses per
spectrum. The delayed extraction technique was used
applying delay times of 200-800ns.

MALDI-TOF Sample Preparation

Proba a fost dizolvat 1in aceton (4mg/mL,
aceton 50% vol. solu ie apoas ). Solu ia cu proba a
fost amestecat cu o soluie de aceton (10mg/mL
Tn aceton ) a matricei. Ca matrice s-a folosit acid 2,5
- dihidroxi benzoic. Pentru intensificarea form rii

The sample was dissolved in acetone
(4mg/mL, acetone 50% vol. water solution). The
sample solution was mixed with an acetone solution
(10mg/mL in acetone) of the matrix. As the matrix 2,5
- dihydroxy benzoic acid was used. For the
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ionilor s-a ad ugat in matrice NaCl (10mg/ml n
ap ). Soluiile cu prob i matricea au fost
amestecate in propor ie de 3 p ri solu ie de matrice
+ 3 p risoluie de polimer + 1 parte solu ie de NaCl
i probe de 0,5 la 1pL din soluia rezultat prin
amestecare au fost plasate in inta MALDI. Dup
evaporarea solventului MALDI a fost introdus fin
spectrometru. S-a utilizat metoda de preg tire a
probei cu pic tura uscat .

Pentru a obine masa molecular a
componentelor chimice corespunz toare maximelor
din spectrul de mas Tnregistrat in modul pozitiv, din
valoarea acestor maxime trebuie s fie extras
valoarea 23Da (1Da = 1,660 538 86 (28)x10™’ kg)
corespunz toare ionilor Na* din matrice

Spectrul ob inut i interpretarea rezultatelor
sunt prezentate in Fig. 1-3, 6 i Tabelul 1.

in limea maximelor de absorb ie din spectrul
MALDI-TOF este proporional cu num rul de
molecule care formeaz acel varf, de aceea, pentru
a caracteriza substana din punct de vedere
cantitativ, cantitatea este multiplicat cu masa
molecular a structurii corespunz toare.

Cromatografia de lichide la presiune ridicat
(HPLC)

HPLC din extractul de tara s-a realizat Tn
urm toarele condi ii:

- s-a folosit ap ultra-pur (tratat cu un sistem
Millipore Milli-Q sau similar);

- sistem HLPC Waters Alliance;

- Coloana: Merck - LiChroCART 125-4 -
Lichrospher 100 RP-18 (5 m);

- Detector: Waters 2996 PDA,;

- Faza mobil :
A: Solu ii apoase (NH4),HPO,4 / H3PO,.

S-au cint rit la 0 balan analitic 5.765g de
HzPO, i 6.603g de (NH ,),HPO, intr-un pahar de
m sur de 100 ml i s-a umplut cu ap . Soluia a
fost ulterior diluat 1:100 cu ap (10ml de soluie
concentrat la 1000ml intr-un balon cotat).

B: Acetonitril — grad de puritate HPLC
C: Acetonitril / Ap  1:1

500 ml de ap la 1000 ml solu ie acetonitril,
preparat n balon cotat
- eliberare solvent: Waters 2695.

- Eluie (procedeu chimic de eliberare a unei
substan e de pe absorbantul s u prin sp lare): vezi
Tabelul 1.
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enhancement of ion formation NaCl was added to the
matrix (10mg/ml in water). The solutions of the
sample and the matrix were mixed in the proportions
3 parts matrix solution + 3 parts polymer solution + 1
part NaCl solution and 0.5 to 1uL of the resulting
solution mix were placed on the MALDI target. After
evaporation of the solvent the MALDI target was
introduced into the spectrometer. Dry droplet sample
preparation method was used.

To each peak value in the resulting positive
mode spectrum must be subtracted of 23Da of the
Na" of the matrix to obtain the molecular weight of the
chemical species of the peak.

The Spectrum obtained and the interpretation
of the peaks are shown in Figs. 1-3, 6 and in Table 1.

The height of a MALDI-TOF peak is
proportional to the numbers of molecules giving that
peak, therefore, in order to characterize the substance
guantitatively, the amount is multiplied by the
molecular weight of the corresponding structure.

High Pressure Ligquid Chromatography (HPLC)
HPLC of tara extract was done under the
following conditions:
- ultrapure water was used(treated with Millipore Milli-
Q system or similar);
- HPLC system Waters Alliance;
- Column: Merck — LiChroCART 125-4 — Lichrospher
100 RP-18 (5 m);
- Detector: Waters 2996 PDA;
- Mobile phase:
A: Aqueous solution (NH4),HPO,4 / H3PO,.

Using an analytical balance weight exactly
5.765 g of H3PO, and 6.603g of (NH,4),HPO, in a 100
ml glass measuring flask and fill with water. Solution
is further diluted 1:100 with water (10 ml of
concentrated solution to 1000 ml in volumetric flask).

B: Acetonitrile HPLC grade
C: Acetonitrile / Water 1:1

500 ml of water to 1000 ml acetonitrile solution
in volumetric flask
- Solvent delivery: Waters 2695.

- Elution: see Table 1.

Tabelul 1/ Table 1

TIMP/TIME™ | DEBIT/FLOW ™ [ % A % B % C % D CURV
1 1,00 95 5 0 0
2 |25 1,00 35 65 0 0 7

@ minutes - @ mL/min
- Gestionare date : Waters — Empower 2.

REZULTATE |DISCU I

Tn limea varfului spectrului MALDI-TOF este
proporional cu num rul de molecule care
determin acel varf, prin urmare, pentru a cuantifica

- Data handling: Waters — Empower 2.

RESULTS AND DISCUSSION

The height of a MALDI-TOF peak is
proportional to the numbers of molecules giving that
peak, therefore, in order to quantify the polymeric
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frac ia polimeric prin mas , intensitatea relativ a
varfului trebuie s fie multiplicat de masa
molecular a structurii corespunz toare. Se cunosc
un num r de monomeri diferii care fac parte din
structura extractului de tara. Ace tia sunt:

Q= o)
X OH
OH
5 3
HO OH
OH

Acid quinic/Quinic acid
MQ = O~_ _OH

OH

HaC—O OH

OH
Acid quinic metilat / Methylated Quinic acid

C=
HO OH
2 Va
HO O

Acid cafeic / Caffeic Acid

Moleculele de acid quinic i galic sau
structurile metilate sunt legate intre ele printr-o
grupare esteric format Tintre gruparea acid a
acidului galic i gruparea alcoolic a acidului quinic.
Acela i tip de leg tur se formeaz intre gruparea
acid a acidului cafeic i gruparea alcool a acidului
quinic (ca i la acidul clorogenic) sau structurile
metilate corespunz toare.

In secvena moleculelor de acid galic
(structuri de acid poligalic), o molecul este legat
de alt molecul prin gruparea ester dintre gruparea
acid aunuia igruparea alcool a altui acid galic.

Tn Fig. 1-3 sunt prezentate spectrele Tn mod
pozitiv MALDI-TOF ale extractului de tara. Se poate
observa ¢ 1n acest tanin hidrolizabil sunt prezente
molecule repetate de 152Da de acid galic.

Tabelul 2 indic interpretarea spectrelor
MALDI-TOF din extract de tara ce rezult din Fig. 1-
3.

Vol. 9 N°1 2013
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fraction by weight, the peak relative intensity has to be
multiplied by the molecular weight of the
corresponding structure. A number of different
monomers are known to take part in the structure of
Tara extract. These are:

G=
o) OH
N
5 3
HO OH
OH

Acid galic / Gallic acid

MG =

O« _OH
l :1 CHs
HO o~
OH

Acid galic metilat / Methylated Gallic acid

DC=" e
N
o

OH
A\
Ha,C—O o

Acid cafeic di-metilat / Dimethylated Caffeic acid

Quinic acid and gallic acid units, or the
corresponding methylated structures, are linked
together by an ester group between the acid group of
the gallic acid and an alcoholic group of the quinic
acid. The same type of linkage is formed between the
acid group of caffeic acid with an alcohol group of the
quinic acid (as in chlorogenic acid) or their
correspondent methylated structures.

In the sequences of gallic acid units (polygallic
acid structures), one unit is linked with another by an
ester group between the acid group of one and the
alcoholic group of another gallic acid.

In Fig. 1 to 3 are reported the positive MALDI-
TOF spectra of Tara extract. It can be observed that
in this hydrolysable tannin repeating units of 152Da
(gallic acid unit) are present.

Table 2 shows the interpretation of the MALDI-
TOF spectra of Tara extract derived from Figs. 1 to 3.

25



ONLINE ISSN 2069-7430 Vol. 9 N°1 2013

ISSN-L 1841-4737

3 saos peren 6120329 TaraBive oAl To0 A OIS G WS e
o
zzzzzz
asa7200
104
osd  emam
9999999
sasaze
,,,,,,,
333333 [
e R RV PR PO 1 e . 1
oo
%o oo 60 T o0 e o0 e
o0

Spectrul de mas  MALDI-TOF a taninului comercial de tara extras cu solvent (mod pozitiv cu NaCl);
domeniul de mas : 300-1850Da / MALDI-TOF (positive mode with NaCl) of solvent-extracted
commercial Tara tannin extract; mass range: 300-1850Da.
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Fig. 2.
Spectrul de mas  MALDI-TOF a taninului comercial de tara extras cu solvent (mod pozitiv cu NaCl);
detaliu pentru domeniul de mas  : 390-900Da / MALDI-TOF (positive mode with NaCl) of solvent-
extracted commercial Tara tannin extract; zoomed range: 350-900Da.
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Fig. 3.
Spectrul de mas  MALDI-TOF a taninului comercial de tara extras cu solvent (mod pozitiv cu NaCl);
detaliu pentru domeniul de mas  : 785-1175Da / MALDI-TOF (positive mode with NaCl) of solvent-
extracted commercial Tara tannin extract; zoomed range: 785-1175Da.
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Tabelul 2 / Table 2
Interpretarea maximelor spectrale ale extractului de tara cu solvent ob inute prin metoda MALDI-TOF /
MALDI-TOF peaks interpretation for Tara solvent extract
M+Na+ Structura molecular  / Num r de molecule Propor ii Propor ii
(exp) Molecular structure monomerice/Number relative Date relative % de
of monomeric units primare/Relative | mas /Relative
Proportions Proportions
Raw data % by weight

351.2 G-Q (negative ion mode) | 2 2 0.1%
368.7 G-Q (negative ion mode) | 2 2 0.1%
375,0 C-Q (Chlorogenic acid) 2 4 0,3%
519,1 Q-G-G 3 9 0,8%
541,1 Q-Q-G 3 15,5 1,5%
572,1 DC-Q-MG 3 6,5 0,7%
671,1 Q-G-G-G 4 40,5 4,8%
685,2 B MQ-G-G-G 4 45 0,5%
693,1 Q-Q-G-G 4 23 2,8%
723,6 DC-Q-G-MG 4 10,5 1,4%
823,1 Q-G-G-G-G 5 124 18,2%
837,2 M MQ-G-G-G-G 5 7 1,0%
845,1 Q-Q-G-G-G 5 24 3,6%
875,2 DC-Q-G-G-MG 5 7 1,1%
975,1 Q-G-G-G-G-G 6 160,5 28,1%
989,2 B MQ-G-G-G-G-G 6 7 1,2%
997,1 Q-Q-G-G-G-G 6 14 2,5%
1127,1 Q-G-G-G-G-G-G 7 107 21,7%
1141,2 B MQ-G-G-G-G-G-G 7 4 0,8%
1149,1 Q-Q-G-G-G-G-G 7 6,5 1,3%
1279,1 Q-G-G-G-G-G-G-G 8 27 6,2%
1431,2 Q-G-G-G-G-G-G-G-G 9 5 1,3%

TOTAL | 100%

Varfurile de 519, 671, 823, 975, 1127, 1279
i 1431Da (Tabelul 2) din extractul de tara reprezint
principala serie de structuri care sunt esterii acidului
quinic cu incremente de mas de 152Da.

Varfurile de 541, 693, 845, 997 i 1149Da
(Tabelul 2) reprezint a doua serie de esteri
constand din dou molecule de acid quinic i o
secven de molecule de acid galic avand
incremente de mas de 152Da.

Varfurile de 375, 572, 723 i 875Da (Tabelul
2) aparin unei alte serii minore in care acidul
clorogenic (acid quinic+acid cafeic) este legat de o
secven de molecule de acid galic. Unele molecule
sunt par ial metilate.

Varfurile de 685, 838, 990, 1142 (culoare roz
in Tabelul 2) apar in unei alte serii minore in care o
secven de molecule de acid galic este legat de
acid quinic metilat.

Din toate cele de mai sus i incremental
evident repetat de 152Da al masei moleculare in
seria principal de oligomeri se pare ¢ taninul
comercial de tara extras cu solvent conine fin
principal  taninuri  hidrolizabile compuse din
galotaninuri, Tn care structura acidului poligalic este
esterificat Tn acid quinic (Fig. 4).

The peaks at m/z of 519, 671, 823, 975,
1127, 1279 and 1431Da (Table 2) in the Tara extract
represent the main series of structures that are esters
of quinic acid with the mass increments of 152Da.

The peaks at m/z of 541, 693, 845, 997 and
1149Da (Table 2) represent a second series of esters
consisting of two quinic acid units and a sequence of
gallic acid units having a mass increment of 152Da.

The peaks at m/z of 375, 572, 723 and 875Da
(Table 2) belong to another minor series where a
chlorogenic acid (quinic acid + caffeic acid) is linked
with a sequence of gallic acid units. Some units are
partially methylated.

The peaks at m/z of 685, 838, 990, 1142 (pink
series in Table 2) belong to another minor series
where the sequence of gallic acid units is linked with a
methylated quinic acid.

From all the above and the evident 152Da
repeating jump in molecular weight in the main series
of oligomers it appeared that solvent extracted
commercial Tara tannin contains mainly hydrolysable
tannins composed by gallotannins, where a polygallic
acid structure is esterified on quinic acid (Fig. 4).
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Fig. 4.
Structura principal  a galotaninurilor prezente in taninul de tara / Main structure of gallotannins
present in Tara tannin.

Prin urmare, cel mai fnalt varf (maxim) Thus the highest peaks detected in the
spectral detectat in extractul comercial corespunde | commercial extract corresponds to the series of
unei serii de structuri prezentate in Fig. 5, respectiv | structures shown in Fig. 5, namely a sequence of
0 succesiune de molecule de acid galic, unde n din | gallic acid units, where n of Fig. 4 can vary from 0O to
Fig. 4 poate varia de la 0 la 8. Tn loc de acid quinic | 8. Instead of quinic acid, there can also be other
pot fi de asemenea alte molecule de monomer, | monomeric units among the other indicated above on
dintre celelalte indicate mai sus, la care aceste | which these polygallic acid chains can be attached by
lan uri de acid poligalic pot fi ata ate prin leg turi | ester linkages.

esterice.
192 366 519 671 823 975 1127 1278 1431
OH OH OH OH OH OH OH OH OH
HO [e] o o o o] o] o o W
(e} (o] OH
OHO
OH OH OH OH OH OH OH OH OH
Fig. 5.
Serie de oligomeri reprezentand cele mai Tnalte varfuri i masele moleculare corespunz  toare in

taninul comercial de tara extras cu solvent. Secven a moleculelor de acid galic, unde n poate varia de
la O la 8, poate filegat de alte molecule de monomer in loc de acid quinic, similar structurii din figur
corespunz toare principalei serii de oligomeri / Series of oligomers representing the highest peaks
and their respective molecular weights in solvent extracted commercial Tara tannin extract. The
sequence of gallic acid units, where n can vary from 0 to 8. can be linked to other monomer units
instead than to quinic acid as shown in the figure for the main series of oligomers.

Spectrul Tn mod ion negative arat cum o The negative ion spectra defines how some
serie de carbohidrai pot fi prezeni i legai la | carbohydrates may be present and linked to the
frac iunea polifenolic a extractului. De aceea, din | polyphenolic fraction of the extract. Thus from the
spectrul In mod (Fig. 6) se poate observa o serie de | negative spectra (Fig. 6) one can notice a series of
varfuri minore care corespund aduc ilor carbohidra i - | minor peaks that correspond to carbohydrates
polifenoli. Seria de varfuri indicand leg turi cu | polyphenolic adducts. The series of peaks indicating
carbohidra ii, este reprezentat prin varfuri foarte | linking with the carbohydrates is represented by very
mici. Acest lucru este exemplificat prin varfurile de | small peaks. This is exemplified by the peaks at
839Da i 855Da. Primul dintre acestea, prezentat | 839Da and 855Da. The first one of this, shown
mai jos in Fig. 7, spre exemplu, reprezint aductul | hereunder in Fig. 7 for example, represents the
sodiului la structura diglucozei la care se leag un | sodium adduct of a diglucose structure to which is
lan rezidual din trei unit i de acid galic, iar al doilea | linked a three gallic acid residues chain and the
un compus similar, minus o grupare —OH. Cel mai | second the same minus a -OH group. The smallness
mic dintre varfuri arat c¢ proporia de carbohidrai | of such peaks indicates that the proportion of
in extractul de tara cu solvent este intr-adev r foarte | carbohydrates in tara solvent extract is indeed very
sc zut , cum era de a teptat. Aceleia i serii 1i | low, as would be expected. To the same series
apar ine i virful mai pronun at 687Da reprezentand | belong the more pronounced 687Da peak
o diglucoz legat de dou reziduuri de acid galic i | representing a diglucose linked to two gallic acid
535Da (diglucoza legat la un singur acid galic). | residues, the 535Da peaks (a diglucose linked to a
Varfurile de 368Da i 350Da corespund dimerilor | single gallic acid). The peaks ar 368Da and 350Da
acidului quinic i galic (Tabelul 2, Fig. 5) f r | correspond to dimers of quinic and gallic acid (Table
carbohidrai ataa i. De remarcat este varful de | 2, Fig. 5) without carbohydrates attached. Noticeable
700Da care este o unitate Q-G-G-glucoz . are also a peak at 700Da that is a Q-G-G-glucose.

28



ONLINE ISSN 2069-7430
ISSN-L 1841-4737

Vol. 9 N°1 2013

www.proligno.ro pp. 22 -31

sos.oss

Z0120319_Tarasilva_nosalt_gateZ00_DHB 0:D9 MS Raw

o T T T T
EY-Y) ado so6o b0 zb0

s00 EY-Y:) 1000 1100
m/z

Fig. 6.
Spectrul MALDI-TOF al taninului comercial de tara extras cu solvent (mod negativ, cu NaCl); domeniul
de mas :300-2000Da / MALDI-TOF of solvent extracted commercial Tara tannin extract
(negative mode, with NaCl); mass range: 300-2000Da.
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Fig. 7.
Structura propus  pentru trimerul corespunz  tor varfului minor 839Da, rezultat prin analiza MALDI-
TOF n mod ion negativ a taninului comercial de tara extras cu solvent / Proposed structure for
the trimer at 839Da, minor peak, as postulated from the bulk sample of negative ion MALDI-TOF
analysis of solvent extracted commercial Tara tannin extract.

Interesant este i cromatograma HPLC a
taninului de tara extras cu solvent prezentat 1in Fig.
8. Varfurile ce apar in acidului galic cu un timp de
reten ie de 2,2 minute i acidului clorogenic cu un
timp de retenie de 1,5 minute sunt clar vizibile.
Suprafa a picului indic o propor ie de 1,6% de acid
galic liber i de 0,48% de acid clorogenic liber in
compozi ia taninului de tara estras cu solven i. Este
interesant de notat ¢ num rul de varfuri prezente in
Fig. 8, aproximativ 20, corespunde unui num r
similar de oligomeri identifica i prin metoda MALDI-
TOF. Cum picurile de absorb ie cu arie maxim din
cromatograma din Fig. 8 sunt la 10, 13.5 i 15.25
minute ca timp de eluie, se poate presupune c
acestea corespund oligomerilor prezen i in propor ie
mare, identificai prin metoda MALDI-TOF, prin
urmare corespunzand valorilor 823Da, 975Da i
1127Da, de i nu s-a putut face o atribuire clar .

Of interest is also the HPLC chromatogram of
solvent extracted Tara tannin shown in Fig. 8 The
peaks belonging to gallic acid of retention time 2.2
minutes and of chlorogenic acid of retention time 10,6
minutes are clearly visible. The peak areas indicate a
proportion of 1.6% of free gallic acid and of 0.48% of
free chlorogenic acid as present in solvent extracted
Tara tannin. It is of interest to note that the number of
peaks present in Fig. 8, approximately 20, correspond
to a similar number of oligomers identified by MALDI-
TOF. As the peaks of major area in the chromatogram
in Fig. 8 are those at 10, 13.5 and 15.25 minutes
elution it can be postulated that such peaks
correspond to the oligomers present in greater
proportion as obtained by MALDI-TOF, thus
corresponding to the 823Da, 975Da and 1127Da,
although a clear assignment cannot be done.
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Fig. 8.
Diagrama de elu ie HPLC a taninului comercial de tara extras cu solvent. S ge ile indic  picurile

corespunz toare monomerilor acidului galic

i acidului clorogenic / HPLC elution diagram of solvent

extracted commercial Tara tannin extract. Arrows indicate the peaks of the monomers of gallic acid
and chlorogenic acid.

CONCLUZzII

S-a determinat ¢ taninul comercial de tara
extras cu solvent este compus dintr-o serie de
oligomeri ai acidului galic ata ai prin leg tura
esteric de acidul quinic. Ei constituie oligomerii cu
cea mai mare proporie in extract. Alte lan uri
poligalice legate la una sau dou molecule repetate
precum acidul cafeic i acidul metil-quinic, metil-galic
metil-cafeic sunt de asemenea prezente. Unele
reziduuri de carbohidra i apar ca fiind inc prezente,
legate de structura polifenolic de baz a extractului,
dar propor ia lor este foarte sc zut , a a de cum era
de a tepat la taninul extras cu solvent.
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Nouvelles résines de tanins € cosoutenables.

Résines pour adhésifs phénoliques basé s sur les tanins

hydrolys ables de chataign ier.
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'DQWH WUDPBKX®Y DYRWXGAP SRVVLELOLWp GIXWLOLVHBIWH WDQL
FRPPH VXEVWLWXW SSBUWQRO GDQV OD SURGXFWLRQ GHV UpVLQ
/H WDQLQ GH FKKWDLJQLHU HVW GH W\SH K\GURCPADWROHDKW LO
SKPQROLTXHV TXL RQW pWp FRQVLGpUpKRRPH TXIR RBBGWHIQD QW
SRXU rWUH LQWpUHVVDQWY GDQV OH PDUFKp GHVDGBEKYNQHN SKf
SRXBDQQHDX[ H[WpARABUWGXVWULH GX&HIEWMIQRFDIRWY GH OD
SUHPLQUH FULVH SY@ UROLGBBIH GpFULYDQW DQV G DSSOLF|
LQGXVWULHOOH GH WDQL@H KRGKVRODLYIPEDWYGLTXp OKKU
UpDFWIQr pWPLWLSPYXYD&MHNUDYDLO GpMj XQ SHX DQFLHIQ D pW
HQ XWLOAWYRUWP XODWLBR®HVHSKpQROLTXHY GH TXDOLWp VXSpULL
IDEULFDWLRQ G DGKpVLWDR E®VGH GAK k BMOLJRRWRDOGpK\GH R
XQH VXEVWLGWXBKR@ERXYDQW DOOHU MXVTX j HVW SRVVLEO
UpVXOWDWY UHPDUTXDEOHPHQW ERQVQ NHRRXQMW DoRMpL FBHQ BBUBLLI Y pi V H
& 501 HW 0$/7,2)

(Q IDLW SRPQRO V\QWKHWLDKHQLQ K\GURO\WDEOH GHWRFKKWDLJ
WDJLVVBYMF OH IRUPDOGpPK\GHV SROMDQAp BWKIBQQBQW OH SKpQR
HW OHV QR\DX[ SKIQ®ILJIX®V&HOD V HVW DYpUp UHPDUTXDEOH
UDLVRQVHQ GpSLWDGHPDFWLYLWp UHODW®H YV HPH Q¥RA DWELJ N H V
SKPQROLTXHV GRHWPIFIRPWDILVVBYWF OH IRUPDOGpPK\GH SRXU IR
GHV SRQWV PpWK\OgQH DYHF GH $KoR@OR HWSBXNUTXDEOH O
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WDQLQ K\GURO\VDEOWNUYDWIEW BMDXBESRUYWWIH PRLQV UpDFWLIV PL
VHXOV VLWHV D UGRRDDNMUTXHYFRUH GLVSRQLEOHYV SRXU OD UpDFW

(Q FRQFOXNHWRWXGH PROYWHJIHY WDQLQV K\GURO\VIVEDMHY FRPP
GH FKKWDLJQLHU H\OHPHUKQMW GH VXEVWLWXHU XQH IRUWH SURSR
VIQWKpWLTXH GPQVQBNV3) SRXU OHV SDQ@HBXP AWM
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Phenolic resin wood panel adhesives based
on chestnut (Castanea sativa hydrolysable
tannins

S. Spina-?, X. Zhotf, C. Segovig&, A. Pizz#?, M. Romagnolt, S. Giovandd,
H. Pascl, K. Rode and L. Delmotté

Chestnut hydrolysable tannins are phenolic materials that have been considered too unreactive to
compete in the phenolic resin adhesives market for exterior boards for the building industry.
However, an article in 1973 describing 3 years of industrial application of chestnut hydrolysable
tannins during the first oil crisis indicated that this was not the case. This previous work has been
extended by using superior phenolic resins formulations and producing phenol-formaldehyde—
chestnut tannin adhesives where a substitution of up to 80% of the phenol is possible with
remarkably good results. The reactions involved were clarified by **C NMR and MALDI-TOF

mass spectrometry.

Keywords: Chestnut tannin, Hydrolysable tannins, Wood adhesives, Wood panel adhesives, Phenolic resins

Introduction

In 1973, as a consequence of the Pbrst oil crisis, Nor-
sechem, a Norwegian paint group subsidiary in Malaysia
that produced phenol formaldehyde (PF) resins for
Southeast Asia plywood manufacturers, was forced to
implement a technological change that was utilized for
three years in industrial production (Kulvik 1976). This
technology consisted of substituting 33 wt-% of phenol
with chestnut tannin extract in the PF resin during its
preparation. Up to 50% substitution in the laboratory
was claimed but no glue mix or other information was
given (Kulvik 1976). The motive of this was purely
economical, as phenol prices had skyrocketed and the
cost of chestnut tannin extract was much lower. In the
only written reference that exists relative to this develop-
ment (Kulvik 1976), results and basic material propor-
tions are reported, but resin formulations are not
disclosed.

The use of chestnut tannin extract in this context is
particularly intriguing, as this is the most expensive of
all the natural tanning agents for leather due to the very
light coloured leather it yields. Its use is even more
intriguing if one considers: (1) the development of
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cheaper and more abundant condensed or Ravonoid
tannin adhesives, which are far more reactive than
hydrolysable tannins, and were in extended industrial
use at the same time (Pizzi and Scharfetter, 1978; Pizzi
1977, 1979, 1983, 1999); and (2) the low reactivity of the
phenolic rings in hydrolysable tannins and relatively
high proportion of carbohydrates that are inseparably
linked to their phenolic part.

Hydrolysable commercial tannin extracts are mixtures
of esters of a sugar, mainly glucose, with simple phenols
such as gallic and digallic acids, and also with more
complex stuctures containing ellagic acid (Fengel and
Wegener 1984; Pasclet al. 2001; Pizziet al. 2009)
(Scheme 1).

For many decades, hydrolysable tannins were con-
sidered to be mainly formed of phenolic esters of simple
sugars such as glucose. Their alleged lack of a polymeric
structure, although it could still result in complex
structures, caused them to be considered unsuitable for
adhesives (Pizzi 1983). Once the Prst oil crisis had passed
and the price of phenol became affordable again, the
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phenol formaldehyde (PF)Bchestnut tannin adhesive
production was stopped, and interest in this resin had
waned by 1977. Recently, however, their extensive
polymeric structure based on pentagalloyl glucose repeat
units has been clearly determined (Pizzét al. 2009).
Thus, in a situation where other types of tannins, e.qg.
condensed tannins, are relatively scarce due to the
growing interest in environment friendly adhesives,
revival of the PFDchestnut tannin extract technology is
a useful exercise, given the abundance of chestnut trees
in Europe.

This study re-examines the PFBchesnut tannin extract
technology by: (1) developing and optimizing the resin
formulation and synthesis using modern PF resins
formulations; (2) drastically and progressively decreas-
ing the relative proportions of phenol and increasing
those of chestnut tannin extract to obtain even higher
proportions of natural material; (3) determining if
coreaction of phenol and phenolic tannin occurs or
not. This is a crucial question as (1) the hydrolysable
tannin aromatic rings (both monomer as well as bound
in natural oligomers), are less reactive than the reactive
sites of phenol; and (2) only the much less reactiveeta
sites are still free in the main phenolic unit of chestnut
tannin, namely, gallic acid, of structure

and (4) applying for the prst time such improved and
optimised adhesives to wood particleboards, more
complex but much faster pressing panels than plywood
for which these adhesives were originally developed.

Experimental

Resin preparation

Commercial chestnut Castanea sativa wood tannin
extract spray dried powder obtained from SILVA
Chimica (S. Michele Mondovi, Italy) was used for the
purpose. The resins based on PF/chestnut tannin extract
were prepared according to the following procedure:
85 g chestnut tannin extract and 85 g 90% phenol were
dissolved in a solution of waterbmethanol (6% g water
and 9% g methanol) to which were then added 9579
paraformaldehyde powder (96% purity; Degussa N,
Dwsseldorf, Germany) premixed with 4 g water. The
reaction mixture was Prst heated at 4@ for 30 min,
under continuous mechanical stirring in a glass reactor
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equipped with a reRux condenser. The mixture was then
heated until the temperature reached 94, and then
452 g of 30% aqueous NaOH solution was added in
four equal lots at intervals of 15 min. After the addition
of the last lot of NaOH solution (45 min from the start
of NaOH addition), the reaction mixture was heated for
additional 15 min to reach a total of 1 h reaction time.
After a further 15 min reaction, the mixture was cooled
and stored. The resin obtained had viscosity at 2& of
550600 cP, solid content of 61% and pH of B which
was then adjusted to pH 11 by addition of 182 g 30%
NaOH aqueous solution. This pH adjustment caused a
decrease in solids content to 58% and of viscosity to
375D400 cP.

Resins in which the effective weight proportions of
phenol/chestnut tannin extract were 50:50, 45:55,
40:60, 30:70, 20:80, 10:90 and 0:100 were prepared
and tested, while the relative proportions of formalde-
hyde, water, methanol and sodium hydroxide were
maintained constant for all resins.

MALDI-TOF sample preparation

The resin was dried in two different ways. For the prst
sample, water/methanol was evaporated under vacuum at
40uC on a rotary evaporator, to minimise curing and to be
able to better examine the resin oligomerOs distribution.
The second sample was allowed to dry in the oven at
105.C for 16 h and then ground to bne powder to study
oligomerQs distribution once the resin had cured.

These resin samples were dissolved in acetone/water
(4 mg mL?%, 50:50 acetone/water by volume). The
sample solutions were mixed with an acetone solution
of 2,5-dihydroxy benzoic acid (10 mg m?* in acetone).
For the enhancement of ion formation, NaCl was added
to the matrix (10 mg mL?* in water). The solutions of
the sample and the matrix were mixed in the proportions
3 parts matrix solutionz 3 parts polymer solutiorzl
part NaCl solution. A small amount (075B1ni.) of the
resulting solution mix was placed on the MALDI target.
After evaporation of the solvent, the MALDI target was
introduced into the spectrometer. From each peak value
in the resulting positive mode spectrum, 23 Da of the
Na* of the matrix must be subtracted to obtain the
molecular weight of the chemical species of the peak.

MALDI-TOF-MS analysis

The spectra were recorded on a KRATOS Kompact
MALDI AXIMA TOF 2 instrument. The irradiation
source was a pulsed nitrogen laser with a wavelength of
337 nm. The time period of a laser pulse was 3 ns. The
measurements were carried out using the following
conditions: polarity positive, Bight path linear, mass
high (20 kV acceleration voltage), 100D150 pulses per
spectrum. The delayed extraction technique was used by
applying delay times of 200800 ns.

CP-MAS$3C NMR

Solid state CP-MAS (cross-polarisation/magic angle
spinning) *C NMR spectra of the oven-dried resin
were recorded on a Bruker MSL 300 spectrometer at a
frequency of 7547 MHz. Chemical shifts were calcu-
lated relative to tetramethyl silane. The rotor was spun
at 4 kHz on a double bearing 7 mm Bruker probe. The
spectra were acquired with 5 s recycle delays, al®fulse
of 5nms and a contact time of 1 ms. The number of
transients was 3000.
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1 CP-MAS ¥C NMR spectrum of oven dried 45/55 PF /chestnut tannin adhesive: band at 37? 3 ppm corresponds to calcu-
lated NMR shift for methylene bridges linking two gallic acid aromatic rings

Thermomechanical (TMA) analysis

The hardening reactions of different resin systems were
evaluated by TMA, by following the progressive hardening
of a resin bonded wood joint as a function of temperature.
All experiments were conducted under the same condi-
tions: heating rates 10,C min?*, 30 mg of resin system,
and temperature range of 25b25%C. TMA analyser used
was a TMA40 instrument from Mettler Toledo. The
software used for data treatment was STARe. Def3ection
curves that permit modulus of elasticity (MOE) deter-
mination were obtained by three-point bending of the
joint formed by two beech wood veneers, dimensions
216 66 0% mm each, between which the liquid resin was
inserted. The MOE of resin bonded wood joints gives an
indication of the performance of the adhesive.

It has been shown that the maximum MOE value and
its increase as a function of time or temperature for resin
bonded wood joints gives a good indication of the
possible end performance of the adhesive system tested
(Pizzi 1997, 1999; Pizzet al. 1997; Laigle et al. 1998;
Garnier et al. 2001; Lecourtet al. 2003). Values in excess
or close to 4000 MPa have been shown to indicate the
applicability of the resins for the manufacture of wood
particleboard (Laigle et al. 1998; Garnier et al. 2001,
Lecourt et al. 2003).

Wood particleboard preparation and testing

One-layer laboratory particleboards of dimensions
3506300 6 14 mm were prepared using a wood mixture
of core particles of beech Fagus sylvaticgand Norway

spruce Picea abie} at 28 kg cnf 2 maximum specibc

pressure and 198C press temperature. The resin solids
content was maintained at 10% of the total mix. The
total press time was kept at % min. All particleboards
were tested for internal bond (IB) strength on an
Instron 3369 test machine (Instron, High Wycombe,
UK). First, a 45/55 PF/chestnut adhesive was formu-
lated to prepare 10 laboratory panels. Afterwards,
triplicate panels with adhesive formulations containing
a decreasing proportion of phenol were tested. For
accelerated ageing tests, specimens were boiled in water
for 2 h, dried at 103uC for 16 h and tested for residual
internal bond strength using an Instron 3369 test
machine (Instron).

Results and discussion

The CP-MAS **C NMR spectrum (Fig. 1) of the oven
dried 45/55 PF/chestnut tannin extract resin indicated
the following: the band at 151 ppm belonging to the
aromatic carbon linked to a phenolic DOH, for both the
tannin and the PF resin. The very pronounced 130 ppm
band belongs to all the unreactedneta-sites and reacted
ortho and parasites on the aromatic phenolic rings. The
bands at 120 and 115 ppm, which are characteristic of
still free, unreactedortho and para sites respectively, do
not appear at all, indicating that these sites had
completely reacted. The large band at 70 ppm is given
by the superposition of the carbohydrate part of the
chestnut extract and of the methylol groups 2CH ,OH)
present on the reactedortho and para sites of both
phenol and the phenolic fraction of the tannin. Finally,
the band centred at 34 ppm is composed of a series of
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2 MALDI...TOF spectrum of air dried 45:55 PF/chestnut tannin adhesive

superimposed bands one of which is clearly visible as a
separate peak at 37@ppm. This one corresponds to
methylene bridges linking gallic acid ring sites (theore-
tically calculated values for these methylene bridges is
3733 ppm (ChemWindows, 1998) and is indicated with
an arrow in the spectrum in Fig. 1. The band at 40 ppm
belongs to the para—para methylene bridges between
phenols of the synthetic PF component of the hardened
network. The band at 34 ppm belongs toortho—paraPF
methylene bridges that are in greater proportion. These
methylene bridges are between phenol and phenol (40
and 34 ppm), phenol and tannin (373 ppm), and tannin
and tannin (373 ppm). Thus, given the broadness of
these bands, the phenol and the phenolic fraction of the
tannin appear to have coreacted, conbrming the reason
why such a resin had hardened.

Further and depPnitive conPrmation of coreaction of
tannin and phenol is obtained by the MALDIBTOF
spectrum of the same resin. MALDIDTOF analysis can
be performed in either positive or negative ion modes
(Pizzi et al. 2009). In the case of hydrolysable tannins,
the positive mode spectrum shows what happens to the
phenolic component of the material, while negative ion
mode analysis shows what happens to the polymeric
carbohydrates of the system (Pizzét al. 2009). Positive
mode MALDIBPTOF analysis is commonly perform-
ed, as is the case in this article, while negative mode is
used rarely. Thus, Figs. 2 and 3 and Table 1 shows the
oligomers that are formed from the phenolic component
of the phenolbtanninbformaldehyde resin during the
preparation and hardening of the resin. Table 1 also
shows the relative percentages of an air dried resin (not
cured but simply dried after preparation) and of an oven
cured resin. The Pbrst conclusion that can be drawn is
that a number of coreacted phenolbtannin oligomers are
formed, conbrming the NMR result (Fig. 1). The tannin
contribution is indicated as OGO (for gallic acid) this
being calculated as gallic acid equivalents (Table 1).

at 327 and 403 Da. The rest of the peaks belong to pure
PF oligomers.

The Prst point of interest of all these observations is
that a species such as gallic acid (structure 1), which has
both sterically hindered sites and those imeta position
to some of the phenolic POH groups, is rather reactive
and forms through thesemeta sites methylene bridges
with the ortho and para sites of the synthetic phenol.
This indicates that hydrolysable chestnut tannin pheno-
lic aromatic rings are far more reactive than originally
thought (Pizzi 1977).

Table 2 shows the maximum MOE values obtained
during TMA curing of the PF/chestnut extract resins. It
can be observed that the maximum MOE value obtained
is 4135 MPa for resins in which the PF/chestnut extract
weight proportion is 40:60, which strongly demon-
strates their capability for use for the manufacture of
particleboard panels of good quality. Table 2 also
reports the average values of maximum MOE obtained
by TMA for resins in which the relative proportions of
phenol to chestnut varied during the preparation of the
resin. Thus, the average maximum MOE value, which is
directly correlatable to the IB strength of wood particle-
board panels (Zhao et al. 1998; Garnier et al. 2001)
varied only little when chestnut tannin was up to 60% of
the total material and decreased with greater propor-
tions of chestnut tannin in the resin. The maximum
value of the MOE starts to be slightly lower, but still
very good for the 35: 65 adhesive formulation but starts
to decrease rather markedly for the 30:70 adhesive
formulation and for formulations with even higher
proportions of hydrolysable chestnut tannin. The results
for the experimental laboratory particleboards (Table 3)
support the TMA results. Thus, wood particleboard
prepared with a 45:55 PF/chestnut tannin extract
adhesive yielded average dry IB strength of B8 MPa
for an average density of 688 kg m> (Table 3). This is
considerably above the @5 MPa required by interna-

Thus, debnitely belonging to coreacted mixed species are tional wood particleboard standards for the same type.
the series of peaks at 299, 312, 406, 480, 493, 510, 534,The 40:60 adhesive formulation also produced panels
552, 566, 577, 59, 607, 620, 769, 782, 799, 888 andthat satisPed well the dry IB strength requirements of

958 Da, constituting 66% of the total number of species
of the polymer and 50% of the total mass of the
polymer. Mixed species may also contribute to the peaks
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relevant the European Norm (P2) (EN 312, 1995).
However, the 30: 70 phenol/tannin adhesive formulation
gave results that were just close to the European Norm
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3 MALDI...TOF spectrum of oven-dried 45:55 PF/chestnut tannin adhesive

Table 1 MALDI...TOF spectrometry peaks, corresponding oligomer s formed, and their relative percentage proportions for
a 45:55 PF/chestnut tannin resin reacted for 68 min

Relative proportion/%

Mz Na* (expl.) Mz Na* (calc.) Air dried Oven dried Oligomer type
2330-235 236 35 187 PCH,PCH,”
2637 264 71 16-3 HOCH,PCH,PCH,*
2778 277 0-7 2:8 HOCH,PCH,P(CH,* ),
299* 38 6-8 GCH,P
312%5* 4-7 11 GCH,PCH,*
327* 35 0-8 GCH,;PCH,OH
or GCHzoCHzp
329 PCH,PCH,P
3437 99 PCH,PCH,PCH,”
3584 359 2-8 2:3 PCH,PCH,PCH,OH
3735 3737 9-8 28 HOCH,PCH,PCH,PCH,*
375* 375 27 4-4 GCH,G
4035* 403 4-7 2:4 (HOCH,),PCH,PCH,PCH,*
or GCH,0OCH,G
4065* 4-8 6-3 GCH,PCH,G
419-6 0-4 (HOCH,),PCH,PCH,PCH,OH
430D 432 4-4 39 (HOCH,),PCH,P(~CH,? )CH,PCH,OH
449-9 15 (HOCH,),PCH,PCH,P(CH,OH),
480-1* 481 9-6 GCH,PCH,G
493-4* 1-8 GCH,PCH,GCH,*
510-3* 3:0 GCH,;PCH,GCH,0H
534 f 07 (CH,? YGCH,P(=2 CH,? YCH,GCH,OH
E* 12 49 HOCH,GCH,P(-CH,* )CH,GCH,OH
5664* 568 0-5 HOCH,GCH,P(-CH,OH)CH,GCH,0OH
577%* 2 29 HOCH,G(-CH,* )CH,P(-CH,OH)CH,GCH,OH
599-1* 599 2 03 GCH,PCH,GCH,PCH,*
6072* 4-2 57 (HOCH5),PCH,P(-CH,G)CH,PCH,OH
or (HOCH,),PCH,P(~CH,OCH,G)CH,P
620* 37 0-3 (HOCH,),PCH,P(-CH,OCH,G)CH,PCH,*
7527 16 15 GCH,;PCH,GCH,PCH,G minus 1(-OH)
769* 0-8 0-3 GCH,PCH,GCH,PCH,G
7828* 09 13 GCH,PCH,GCH,PCH,GCH,*
8153 0-8 11 HOCH,GCH,PCH,GCH,PCH,GCH,*
888-9* 888-8 05 GCH,PCH,GCH,PCH,GCH,PCH,*
9284 1-0 GCH,;PCH,GCH,P(—CH,G)CH,G
958%3* 10 GCH,;PCH,GCH,PCH,GCH,G

*Peaks where G (gallic acid) is present.
Underlined are the peaks present as well in the oven dried specimens.
Underlined in bold are the peaks that are present in the oven dried specimens but not in the air dried ones.
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Table 2 TMA results: average value of maximum MOE and temperature at maximum MOE at which full curing occurs for
different proportions of PF/chestnut tannin in adhesive formulations

Phenol/chestnut tannin ratio

Average value of maximum MOE/MPa

Temperature at max MOE/  WC

50:50 4109
45:55 4002
40:60 4135
35:65 3866
30:70 3264
20:80 3117
10:90 3162
0:100 2231

170
170-180
185
170-190
180
185-220
200-230
. 240

Table 3 Laboratory particleboard internal bond (IB) strength results for resins with different relative proportions of

phenol and chestnut tannin

Board density/kg m

23 Internal bond strength/MPa

Resins pH

45% phenol-55% tannin 11.02 688
40% phenol-60% tannin 11-02 677
30% phenol-70% tannin 11.02 681
20% phenol-80% tannin 1101 682

European Norm requirement

0-58; 0:09
0-40; 0-04
0-35; 0-06
0-31j 0-05
>0-35

limit for P2, indicating that such a formulation cannot
be used industrially for P2 type panels because even
small variations will push its internal bond strength
below the standard requirements. However, all the
panels in Table 3 pass the European Norm specibcation
limit for P1 type panels, an encouraging result.

Conclusion

Hydrolysable tannins, e.g. chestnut tannin, appear to be
able to substitute a high proportion of synthetic phenol
in PF resins for wood particleboard*C NMR and, in
particular, MALDIDTOF spectrometry have determined
that synthetic phenol and hydrolysable chestnut tannin
do coreact with formaldehyde, forming methylene
bridges linking phenol and the phenolic rings of the
tannin. This was found to be remarkable for two
reasons: (1) notwithstanding the relative low reactivity
of the phenolic aromatic rings of the tannin these still
managed to coreact with formaldehyde and to form
tannin to phenol methylene bridges; and, (2) even more
remarkable is that the hydrolysable tannin reacted
through their meta sites, supposedly less reactive, but
as is demonstrated, these were the only tannin aromatic
ring sites still available for reaction.
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Une nouvelle recette de résines phénoliques a base de tanins
de chataignier.
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)XOO WHUPVY DQG FRQGKWWRBQVZRIZ XWBQGIRQOLQH FRP SDJH WHU
FRQGLWLRQV




7KLY DUWLFOH PD\ EH XVHG IRU UHVHDUFK WHDFKLQJ DQG SUL

VXEVWDQWLDO RU VIVWHPDWLF UHSURGXFWLRQ UHGLVWULEX
VIVWHPDWLF VXSSO\ RU GLVWULEXWLRQ LQ DQ\ IRUP WR DQ\H

7KH SXEOLVKHU GRHV QRW JLYH DQ\ ZDUUDQW\ H[SUHVV RU LF

WKDW WKH FRQWHQWYV ZLOO EH FRPSOHWH RU DFFXUDWH RU XS
LOQVWUXFWLRQV IRUPXODH DQG GUXJ GRVHWVKRXHIEG ZE M K (BAJHL §
VRXUFHV 7KH SXEOLVKHU VKDOO QRW EH OLDEOH IRU DQ\ ORVV

GHPDQG RU FRVWV RU GDPDJHV ZKDWVRHYHU RU KRZVRHYHU
LQGLUHFWO\ LQ FRQQHFWLRQ ZLWK RU DULVLQJ RXW RI WKH
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