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&HWWH SDUWLH GHV UHPHUFLHPHQWY HVW ORQJWHPSV GHP
6L WDQW GTKRPPHV RQW FRQWULEXp j FHV WUDYDX[ GH UHF
AXPRRPVIDOOX OD SHQVpHR®TXQUB Y WDVRGW HIQNX $H FEFR DX RQ
SDV GISWXU HNXHIDHAXM YV PRW

OHV WRXV SUHPOMHUGURQW GRPISQRTKM VHXKRMXMIHFNRKPU G X
/(5&% PRQ GLUHFWHXU GH WKqgVH

ORQVLHKWBURIHVVHXU MIDL WRXMRXUV WURXYp SHX H[FHV\
TXL PIRQW SUpFpXGCW RURXAWP WRAK H B WOLM IHTURQ WHRVHBWDQND MRH QW PR
SULH WRXWHIRLYVY GH ELHQ@ R®SOR)FERAUHRA \P BHHE WK [F BBWOQMT X L V
VFLHOQWLILTXHVHODKIREXNOGRQ@WBLYRXVGHULHOUGBHWY XXBIQEH EULQ GH
OXPLgUH VH YHUUD DG WDPE}WBXKWUXEORULDP

“H YRXGUDLV pJDOHPHQW UHPHUFLEH BHR WLRRROBLYG%b U R F Wi
SRXU PRROQVWDQW H GWK R/SDILMW FSHXYAL @D SUpJQHUWHgPBIUTRHAXE O C
PID |IFROXBIHWVW GHIFPHFXRpGHYV VLIQOKWEBMWOMWNBHLOOHQW GH Of
-fDL pJDOHPHQW TKPSPIUQPW R W ODL FR QBINMF@PFGHHQRXRMHY OHV RS
RITHUXWQSW pVHQWDWLRQ RUD GI) FDQGGUBOBQW.KEH PDVWHU GH UHF
KHXUHV GTHQVHLJQHPHQW«

+XPEOHWFRQQDLVNOMFXY GHV PMRBUKN BXOJUp OHXUV PX
RFFXSDWLRQV RQW DFFHSWp GH MXJHU FH WUDYDLO

-{DL pJDOHPHQW pWp pPX SDU OTHQWKRXWEGDYPH GX SURIHV

4XH FH SFRQ® FRQVROLGDWLRQ GHV UHODWLRQV HQWUH OH
/(5&$ HW OH /(508RXTX®HYV W U D YOI qWHO VR QMVI.RAVEDOHFH PID pW
SUPFLHXVH 4XJLO YHXLOOH ELHQ DFFHSWHU FHWWH WKqVH FRP

'‘DQYUD PrPH OLJQpH TXH OHV PHPEUHV GH OYDVVRFLDWLRQ
OH %pQLQ (3$% VRLHQW UDVVXUpV GH PD JUDWLWXGH

6SPFLILTXHPHQW MH WRXGHWDG\H QW P IOBHENEHRRBRW BX UHW VQ IHP
DLQVISQQUHUHMID Q &ODXGH SRPBWHNU FRQVWDQWH VROOLFLWXG
$ WRXVpPpBGBEICHQV 2 PHARPAV IWWURXYHU LFL XQH UDLVRQ YDODEOL
GYDPLWLp HW GH FRUGLDOH IUDWHUQLWpP HQWUH QRV GHX[ SD\V

$X /(50$%MH YIRANGNIDOHPHQW UHPHUFLHU

"$QWRLQH 5LYDUROL (FULYELW) 5 MRXWRXAD OLVWH HVVDA\LVWH HW S
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/JHSURIHBKHRUSSH *QUDHWBWEXU GERXBO®HB SURPSWLWXGH
DFFXHLO 4XfLO YHXLOOH FURLUH HQ PHV SURIRQGHV UHFRQQ
KXPDLQ TXH ORJLVWLTXH TXL PYD pWp JUDFLHXVHPHQW RIIHUW

/H SURIH\WDH)QJ 5RIDXIPHHFWHXU DGMRLQW GX /(50$% SR>
GLVSRWIRQLRDXLSH GMXUHGKHWVIFKH |G KS DPIWAWHFXOLqUHPHQW
DSSUpPFRHAKDOHXUHXVH FRQWULEXWLRQ GX 'U 3LHUUH *,52'6
HW RX IUDLAD B\RBWHXVYYqUH oMWY RIHE R QB ED % 2D Q GOHDAWH. W Q
7TKHE®XOWHVWH FRQYDLQFX GY\ DYRLUPRUPWHY X Q DIDAMUTX € LR Q T
OHOK\DV .S@phHQY/ WRPEW JUDQGH

IDXUHQW &KRPUOALTHKG! BHDWIUUQ FH , VIDEBEAW S KDQH 'XPDUOD\
&KULVWLQHHSpHME WEHY HQVHLJQ DWW HXU /ERIBGLDOH SUpVHQFH
PW VPMRXUV QDQFpLHQV

JUDQORLV *®REIRM LQEFWX &Y O D RODDYMERRIQH TXYj 1DQF\
OHUFL GH W R QWHRWNLY W p H

/A\QH 'HVKD,GQD$XGX <DNLQGUD 7LPLOVHQD ORKG +D]zZDQ
,PDQH ,GDGX ODUDRURY OXWBMBL HW 0BG D%R VDK BEXH VO HX U
PXOWLSOHV,¥P FMHULPH\ERIQL]LQJ WR \RXU IULHQGVKLS 7KDQNV

6HUGWPSKDQH .28%RZB |UqUHSRWKRIL OHYQROPXTUXHW GHRRQWUH C
FKDUERQVORFEMXILIR ®RX®EHU OfpFKLQH GHYDQW XQH WHOOH UpV]

&RULQQH &RXUWHKRX[ /DHWLFLD &KODQWIRM¥U OHROD
DVVLVWDQFH WHEKQLTXH HW DGPLQLVWUDWLYH

$ OHWIRXW FRPPH j &RPSLQIJQHR*,68HG H BIREHUMNDGH YDORUL)
ELRPDVVHV RQWHpWRXGLQQ ENHYIHHRMAMA IH *1LD.ELD % REXWHAUHMVAW D
%WRXUBRXU OHV HITRUWYV IRXUQLYV

$X 1,%,2 | ON(FRBGHYVDBALRH@QIRRY TXKHM W ,QGCXHWNUHOHSOLP
VLWH GH %YUDERLV XQ YLEUDQW PHUFL

$ /LRQHO OXSRXOWLDMH FRXS G H< ELDQIH W WW 8 CEHR-.QOW V' WXULH
« ELHQ PDJLTXHYV

&HGULF 3DULV OH PDHVWUR GHV WRFROV HW SK\WRVWpU
WRUFRO OMHEFL W& FRUGLDOH FROODERUDWLRQ

$X SURIHVVHXU OLFKHO /LQGHU 'LUHFWHXU GX /,%,2 GH V
DSSDUHLOV GYLGHQWLILFDWLRQ GHV FRPSRVpV FKLPLTXHV GHV

$ SQQHORUH *KQIDYIVXPH SIFRRE®R Q-DHPEHSGRXU PIDYRLU
FRQIHFWLRQQp XQ FRLQ GH ODERUDWRLUH

Valorisation chimique de la biomasse oléagineuse d’origin€héapaois¢ « phira
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(QILMX /(5&H YRXGUDLY UHPHUFLHU

/JH SURIHVVHXWYOHUMEVSRQYDEOH GH Of8QLWp GH 5HFKH
9pJpWDX[ HW DU{PHV QDWXUHOOHV 'LUHFWHXU GH OT(3$& SR
FRQVHLOV

OHV SUR+H\OQWHXORKORPHG 0 6 RXPORRAVDEOHYV GIXQLWpV
85((4 HW 85QX /(5&%H OHXU SUpVHQFH VFHH@WYIETWHPHQW UDV

OHP\DLWUHV GH -KR/QMpQH @GRV RWWRQIRBBERQOIHY DKRXpQRQ
SKRXVYXLS$ S$OLWRQRREsSO 'HIXNHMRIPHIMPELDQFH WRXMRXUV FRQY
VIHIIRUFHQW GYLQVWDXUHU GDQV OH ODERUDWRLUH

OHV PDWWUMWBRQWNVGqOH 7FKRER /pRQFH 'RYRWMRKLGHRQLI
$LVIRXU OHXU JUDQGH GLVSRQLELOLWpP OHXUV UHPDUTXHV HW
GH FHWWH WKqVH

/H PDDNVWHV¥RPOORQ -DQYLHU HW OHV PDVWUHV GH FRQIpL
<pGRPRORPQ O HXE XIRODIQWLOOORQDJH GHY SODQWHYV

/H\G RFWS$DEDQ JQDQ & R NSFOXD 8 U B BB GXIRPORLIURT  * B DB K ILHXL
6DW]RGBRXKQH 6 %RJQLQRX $JELGLQRXNRXOSHLBBWYRIR WKFOR JH
9IpQpPUBD@O®RIRXQ 6gqQD IRGRXQK B Q-XIVANL %R VMR BRQBIHMWV L VW D

4XH OHV SOXV SURFKHV GRFWRUDQWYV DPLV GN\IULOODV
$SNLERXYLV $GMDOLDQ $0HVQREDWKRRQEPEBRXKPEYD 0qGRDWLQ)
(VSpUDQFH ODUWL DOVWDFR¥RXGRXKLDY .SDNSR $PHGMUDQD V
GHV PDUTXHV GH PRQ DPLWLp HIITHFWLYH

ORQVLHXU 6DJER $UQDXG SRXU VD SUpVHQFH UDVVXUDQW

3HX PYHQ FKDXW TXH VRLHQW RGXAEFOWSPARIMIO/N D WH GEBINQ KR XX
BIHYHQX *GRIPBSRYR *DXGHQV HW 'RG]\ 'MLKRXHVVHD®YHV 'D
(XGHV 7TR8RXD OHXU DPLWLp WRXMRXUV UHQRXYHOpH

4XH OHV 3qUHV +HUYp &KDQKRXQ HW *X\ /HVFDQQH WURXY
JUDWLW X G MRRMKIUH Q HIXBE D IO

&H SURJUDPPH GH PHFHIUGUOH D LEPMQFHPHQW GX JRXYHUC
WUDYHUV OH 6HUYLFHFOHR@RSPWIDOQR Q6B P& GEH OJDPEDVVDGFH
%pQLQ -H VDLVLV FHWWHMWRKMOH PRQUSIRRQ GIDSVVPIQEH DX[ UHVS]

HW DX[ JHVWLRQQDL U HVHE XGIHD W\Q B & F-PHSXW )UDQFH

Valorisation chimique de la biomasse oléagineuse d’origin€héapaops¢ « phira
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9DORULVDWLRQ FKLPLTXH GH OD ELRPDVVH ROpDJLQHXYV
Lophira lanceolata H@&rapa procera

/JRSKIOMDQFHRODWBUDSD SURWNIRQDV &8V SODQWHV ROpPDJLQHXVH
%pQLQ HOOHV VRQW SRXUWDQW XWLOLVpPHV j GHV ILQV DOLPHC
YLVH OD FDUDFWpULVDWLRQ GH OHXUV JUDLQHV FRT»WW HW ER
GLIIpDUHQWHY PpWKRGHV GRQW X\ HD PHOOM GHU B S LOVLIR @ Y/ OB
GYKH[DQH 'H IDORQ JpQpUDOH OHV KXLOHV GH /O PRQWUHQW
SRO\LQVDWXUpV ! PP PDXYWHWSEBRSBDYWPY FKLPLTXHV PHL
REWHQXH SDU OH SURFpGp WUDGLWLRQQHO HVW SOXV ULFK
SK\WRVWPpPUROLTXHV FRPPH OH OXSpRO HW HQ WRFROV /D WRUU
SHUPLV GYpYDOXHU OfLPSDFW GH FHV PpWKRGHV VXU OD FRPSF
JUDLQKEDUDD S HOOHV SUPVHQWHQW XQ SURILO SOXW{W DEF
WRFRWULpQROV PP HW HQ ODQRVWPpPURWWHW ERLWP ®HV /G
HVSqFHV PRQWUHQW XQH YDULDELOLWp FKLPLTXH HQ FRPSRV
FHOOXORVHVY HW OLJQLD® VGEM KpPLE B BW X0 RWHNV LG FE W HK\D DW |
SHUPLV GH PRQWUHU TXJHOOHV VRQW HVVHQWLOOHPHQW GH
SODQWHY RQW pJDOHPHQW RIIHUW XQH ODUJH JDPPH GH FR
SKDUPDFHXWLTXHV SRVLWLYHV (QILQ OHV FRQGLWLRQV RSWLF
V X U FIRHIX H\R SSKHRWWDW p J D O H P H Q \& HpAWWY Hp ¥ DDSIRKBRLLMVR GH PHWW UH HC
OD SRWHQWLHOOH XWLOLVDVBRRKQ GH FE YV HUSRMWDEO B YURHRK BIDX |

ORWAOpPMRSKLUD OROUIHDEBODWRFHUD KXLOHV YpJpWDOHYV H[WUDEF
FRPSRVpVY OLIQRFHOOXORVLTXHV H[WUDFWLEOHYVY KpPLFHOOXO|
PpWK\OqQH

Chemical enhancement of the oleaginous biomass from Benin:
Lophira lanceolata and Carapa procera

7KH FKHPLFDO FRPSRVLWLRQ/RS KQDI3FRIRIDIBHIBM QDX K DRHUD &
RI %HQLQ LV PRV¥HW KNGO RZMG MUIRQWWDWIWREY IRU IRRG FRV
WKHUDSHXWLKLYXWERFHVR FKDUDFWHUL]H WKHLU VHHGV KXOO\
GLIIHUHQW RLOV KDYH EHHQ H[WUDFWHG 2QH RI WKHP KDV EHH
DQFHVWUDO PHWKRG 2Q WKH ZKROH RLOV RI /O KDYH SUHVHQ
ULFK LQ SRO\XQVDWXUDWHG IDWW\ DFLGV ! PP PDVV IRU PI
SURFHVV %H\RQG LWV JRRG FKHPLFDO SURSHUWLHV LW SURYI
OXSHRO DQG PRUH WRFROV FRPSRXQGV 5RDVWLQJ DQG WKH XV
WKHVH PHWKRGVY RQ WKH FKHPLFDO FRPSRVLWLRQ RI /, VHHG\
SUHVHQFH RI 08)$ WRFRWULDHQROWKH ULFKHVW FRPSRVLWLRQ |
PP 7KH VHHGVY FDNHV KXOOV DQG ZRRG RI ERWK VSHFLHV V|
FRPSRQHQWYV H[WUDFWLYHV KHPLFHOOXORVH FHOOXORVH DQC
IURP GLIITHUHQW SDUWYV RI SO D CHOW KD® O KIFODGF XAUKROQR [WKIHQ VD Wit
DOVR RIIHUHG D ZLGH UDQJH Rl FRPSRXQGV PRVWO\ DSSUHFL
SXUSRVHV 7KH FKHPLFDO FRPBRIYIBE RIQ K MX R UIKHAGVFRP SR X
OLJQLOQ JIGW\ YRLWKHLU ELRVRUEHQW FDSDFLW\ ZDV HYDOX
JRRG DGVRUSWLRQ FDSDFLW\ LQ DTXHRXV VROXWLRQ ZKLFK KL.
RI ZDVWHZDWHU

.H\ZRUGRSKLUD ODQFHRODWD &DUDSD SURFHUD RLOVHHGV DT
HIWUDFWLYHV KHPLFHOOXORVH JOXFXURQR[\ODQV DGVRUSWLF

Valorisation chimique de la biomasse oléagineuse d'origin€Chéaqiaois¢ vi Pphira
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1RQYLKR * 3DULV & 0XQLJOLD / 6HVVRX 3 $JED!
6RKRXQKORXp &KHPLFDO/RFXDULLF WHIM@ @ /0 B DR |
SURFWYHIBG RLOV $QDO\WVLV RI )DWW\ $FLGV 6WHURO\
SHVHDUFK -RXUQDO RI &KHPLFDO 6FLHQFHYV

1RQYLKR * 3DULV & oXQLJoLDb [/ 6 ARSROLQIOO R X
ODQFHWRODGNRLO HIWUDFWLRQ PHWRRBGILBIYFWKW AR RH
WKH RLQGXVWULDO &URSV DQG SURGXF WYV
KWWS G[ GRL RUJ M LQGFURS

1IRQYUIKR3DWLVOXQLJOLD / 'MgQQRQWLQ 6 7 7FKRE
'& . %URVYBORULVDWLRQ FKLPLTXH LQWpJUpH GYRO
EpQLQRLY 6pPLQDLDEF3 YUDQFH

1IRQYL*KR3DWLVOXQLJOKRXHORQ -DHQGHO & 6RKR.
'& . %URVVH 1 1XWUUWESRDQWDD QPSBAWODRIDYIV VHHG
WUDGLWLRQDO PM{MXRIGY QDWW %R@LQ &RQIHUHQFH IRU <
3HQDQJ ODODLVLH

IRQYEKRBADWBLVOXQLIJOLMgQRQWIBGKRBER ) 3 %URVVH
BRKRXQKORXDUERFWpPpULVDWLRQ GHV WRFAR QD GOTKXHEHDRIC(
SDU /& 06 gPH &ROORTXH GHV 6FLHQFHV HW &XOWXUF
6HSWHPEUH
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. 'PWHUPLQDWLRQ GHV SRLGYV PROPFXODLUH\
., (VVDLV GIDGVRUSWLRQ GX EOHXRSKPP W IODQ 8 HRSIDUNO
., &RQGLWLRQQHPHQW GHV FRTXHYV
., (YDOXDWLRQ GH OfDGVRUSWLRQ DX EOHX GH PpV
. (YDOXDWLRQ GH OJLQIOXHQFH GH OD TXDQW
. (YDOXDWLRQ GH OJHIIHW GX S+ GX PLOLHX I
. (YDOXDWLRQ GH OD FLQPWLTXH GIDGVRUSW
&RQFOXVLRQ SDUWLHOOH
5pVXOWDWY HW GLVFXVVLRQ
&KDSLWUH ,,, $QDO\VH GHV KXLOHV Ypdp

,QWURGXFWLRQ

,,, &DUDFWpPULVDWLRQ FKLPLTXH pOpPHQWDLUH

.., $FLGHV JUDV GHV KXLOHV YpJpWDOHV

,,, 3URILO HQ WRFROV

.., 3URILOV SK\WRVWpPUROLTXHV GHV KXLOHV pWXGLpHYV
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&ERQFORXRVWURVMQRHOOH
&KDSLWU&SDWDFWpULVDWLRQ SDULpWDOH GHV E

,QWURGXFWLRQ
,9 &RPSRVLWLRQ FKLPLTXH SDULpWDOH GHV ERLV GHV GI
L9 &RPSRVLWLRQ FKLPLTXH GHV H[WUDFWLEOHYV

.9 ([WUDFWLRQ HVGHDKPpPWHPHQOBEE®RRAYV
.9 ORQRVDFFKDULGHY GHV KpPLFHOOXORVHYV
.9 &DUDFWpULVDWLRQ SDU 501 6(& )7,5 HW 7
D $QDO\VH )7,5
E DQDO\VH 501
F $QDO\WH GHV SRLGV PROpPFXODLUHV SDU ¢
G $QDO\WHV GWKISURISTUHW pV
,9 &RPSRVLWLRQ FKLPLTXH SDULpWDOH GHV WRXUWHDX]
.9 (IWUDFWLRQ HW FDUDFWpPULVDWLRQ GHV KpPLFF
D ORQRVDFFKDULGHV GHV KpPLFHOOXORVH)V
E (WXGH GHV VSHFWUHYV )7,5
F (WXGH 501
G DQDBO&VH
H$QDO\WHV WKHUPLTXHV
&RQFOXVLRQ SDUWLHOOH
&KDSLWUH 9 9DORULVDWLRQ GHV FRTXHV HW
,QWURGXFWLRQ
9 &DUDFWPpPULVDWLRQ GHV FRTXHYV
9 &DUDFWpULVDWLRQ FKLPLTXH
9 &RPSRVLWLRQV BXV&A[WUDFWLEOHYV
9 BUPFLSLWDWLRQV GHV Kp®RBEOD SWURFHWIBH FRT;
9 $GVRUSWLRQ GX %OHX GH PpWK\OgQH HQ VROXWLRQ G

9 ,QIOXHQFH GH OD TXDQWLWp GIDGVRUEDQW VXU
9 ,QIOXHQNKXGBGXOB+DSDFLWp GIDGVRUSWLRQ HW F
9 ,VRWKHUPHV GIDGVRUSWLRQ HW PRGpOLVDWLRQ

&RQFOXVLRQ SDUWLHOOH

&RQFOXVLRQ JpQPUDOH HW SHUVSHFWLYHV
5pIlpUHQFHYV ELEOLRJUDSKLTXHV
$QQH[HV

Liste des Tableaux

7LWUH 3DJH

7DEOHDIKVFULSWLRQ ERWDQLTXH HW T/ARMSET X BVOWSXRISWR U DMWY
7DEOHBXDJHY HWKQRERWDQLTXHVY GHV GHX[ HVSqFHV YpJp
7DEOHBXRSULpWpPV FKLPLTXHV /RBK REDE HRDEEMIY DD ISV FoH
7DEOHBRLGHV JUDV VDWXUpV HW LQVDAWXUpV UHWURXYpV
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7DEOHDMXXHOTXHV H[HPSOHV GH SKRVSKROLSLGHYV
7DEOHD&RQGLWLRQV GH 6 B fpMKREHV & SHFWURPpPpWULTXH'
7DEOHBBUDFWpPULVWLTXHV GHV IUDJPHQWY GJLRQV VXU O
GURLWH GH UpJUHVVLRQ GHV FRPSRVpV TXDQWLILpV
7DEOHDXHQGHPHQW GYH[WUDFWLRQ HW FDUDFWpULVWLTXF
/IRSKLUD O $9%2 (%652 &WSGRFHUD

7DEOHBXRILOV DFLGHV JUDV GRIS/KK X DOGI M@ UPGMMVEHI\R GHU L
7DEOHD&RPSRVLWLRQ GHV KXLOHV YpJpWDOHV GH /RSKLUD
7DEOHD3K\WRVWHUROV HW FRPSRVpV WHUSPQLTXHV GHV K
7DEOHDRRPSRVLWLRQ FKLPRSKHU®HYEEDHDSHWIU RFHUD
7DEOHDXWUDFWLEOHY REWHQXV SDU (RS IGLLUF B GDFDHEHERM
SURFSDD &* 60

7DEOHDMRQRVDFFKDULGHY GHV KpPLFHOOXORVHYV SUpFLSL'
7DEOHD%XDQGHY GIBEBVRBWWURWWLTXHYV GHV KpPLFHOOXOR
7DEOHDSWWULEXWLRQ GHV S+ M\ IB\H V Kip PWIIHHYOSO0ARVHV G
7DEOHD3RLGY PROPFXODLUHV GHV +pPLFHOOXORVHV GH ER
7DEOHDERPSRVLWLRQ FKLPLTXRSG& HYDWRNEMHADSIPVERM R FH U L
7DEOHDXWUDFWLEOHY GHV WRXUWHDX[ GH /RSKLUD H[WUD
PWKIOB®RGqQH 9 9

7DEOHDIMRQRVDFFKDULGHV KpPIPFHOOXORVHY SUPFLSLWpHV
7DEOHD3RLGY PROPFXODLUHV GHV KpPLFHOOXORVHV GH Wi
7DEOHD&RPSRVLWLRQ FKLPLMXSKGHY 6 BEOHPGBIWSI R FH U
7DEOHDXWUDFWLEOHYV DX 'LFKORURPpWKDQH GHV FRTXHV
7DEOHDMRQRVDFFKDULGHY HW SRLGY PROpPFXODLUHV GTKpl
7DEOHDXRQVWDQWHY GH YLWHVVH HW PRGqOHV FLQPWLTX
7DEOHDXRQVWDQFHY GH GLIIXVLRQ H[WHUQHV HW LQWUDSE
7DEOHD3OUDPqQWUHY GH /DQJPXLU GHV FDSDFLWpV GIDGVR
/RSKLUD

Liste des figures

/7LWUH 3DJH

)L /LHX[ GIRFFXUUHQFH GX /RSKLUD ODQFHRODWD DX %pQLQ

)L 3KRWRV GH IOHXUV MHKREKSRX\OMH AMWRIGHXWOO F
)L 6WUXFWXUHV GH PROpFXOHV LVREHHW B KD DHXFLHR
)L '"HVVLQV GHVFULS&DUWD $HIW SSKRRAMHRD G X

)L 1RPHQFODWXUHV GHWPFOEHVHIOMBFLGH SDOPL

Valorisation chimique de la biomasse oleagineuse d’originéChémaost
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OYDFLGH KHRDGYHHRX DFLGHQEQRPH®FODWXUH QXWU|
)LJ 7\SHV GYDF\JO\FpUROV HW QRPHQFODWXUHYV

)L )RUPDWLRQ GHV SKRVSKROLSLGHYV

)LJ ([HPSOH GH SKRVSKROLSLGHV pWKHU SODVPpQ\
)LJ )RUPXOH FKLPLTXH GX SUpPFXUVHXU GHV VSKLQJI
)L 1R\DX VWpPUDQH GHV VWpPURWGHYV

)L 4XHOTXHV 3K\WRVWHUROV GX JHQUH GHPHVWK\
)LJ 1R\DX FKURPDQH FRPPXQ DX[ WRFROV

)L ,VRIRUPHV GHV WRFRFKURPDQROV RX WRFROV
)LJ 3DURL FHOOXODLUH YpJpW DO HOH QOBIPHIRVH PRI
SULPDLUH 6 6 6 SDURLV VHFRQGDLUHYV

)LI 6WUXFWXUH GHQOHVAWHO D XGHRVE GH UpSpWLWLRC
)LJ ORQROLJQROV GHV OLJQLQHYV

)LJ )RUPXOHV GHV GLIIpUHQWY W\SHV GH PRQRVDFF
)L $UDELQRJOXFXURQR[\ODQHYV

)LJ 'LIIpUHQWHYV IRUPHV GHV LVRWKHUPHV GJDGVRI!
)LJ 'LDJUDPPH GH SUpSDUMRBKRQDGON QEKR WY WIH
)LJ 'LDJUDPPH WHFKQRORJLTXH GH IDERSRKDWIURQL'
S U R RZ@Da@P D

)LJ $ 6FKpPD GX ELRUpPDFWHXU GH W\SH OHWURKP §
)LI 'pS{W GIKpPLFHOOXORVHV SUPFLSLWpHV GDQV ¢
)L )RUPXOH FKLPLTXH GX EOHX GH PpWK\OqgQH

)L &RXUEH GIfpWDORQQ®BGIHEGH XO§BENRUISWGR® HQ
)L 3KRWR GX UpDFWHXU DGLDEDWLTXH XWLOLVp SI
)LJ &KURPDWRJUDPPHV REWHQXV GHV )$0(6 GHV KX
)LJ  6SHFWUHV )7,5 GYKpPLFHOOX@PWH\S [H [SHIRES I
ODQFHRODWD

J)LI  2PpWK\OJOXFXURQR[\ODQH *;

)L 6SHFWUH¥ GHY KpPLFHOOXDBWHERGD GHOHVSqF
)LJ  7KHUPRJUDPPHV $7* HW '7* GHV KpRDEHGOX SHB
/IRSKLUD ODQFHRODWD

)L 6SHFWUHV )7,5 GHV KpPLFH DRSO RNBHSU B $IDWR X U’
)LJ B6SHFWUHV 501 + GYKpPLFHOOXORYRSYKS UHBROSD S
)LJ 7KHUPRJUDPPHV $7* HW '7* GTKpPLFHO O X&RMH
)LJ &KURPDWRJUDPPHV GTH[WUDFWLEOHV DX &DEE
SURFHWDRGSKLUD ODQFHRODWD

Valorisation chimique de la biomasse oleagineuse d’originéChémaost
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Y)LJ &DSDFLWp GIDGVRUSWLRQ GX EOHX GH PpWK\C
FRTXHV GH /RSKLUD j f& DSUqV KHXUHV GH FRQWDFW
YL (IIHW GX S+ VXU OYDGVRUSWLRQ GX EOHX GH Py
GH /RSKLUD j f& DSUqV PQ GH FRQWDFW
LI &LQPWLTXH GIDGVRUSWLRQ GX EOHX GH PpWK
f& USP S+ HW HQ IRQFWLRQ GH OD FRQFHQWUDWLRQ LQLWLCL
)L 'PWHUPLQDWLRQ GHV FERXWWYO@ W R G q®H YA MDIGWN
/IRSKLUD VXLYDQW XQH UPIRRUMGLURY GH W\SH SVHXGR
)L 'pWHUPLQDWLRQ GHV FRQVWDQWHYV GH YIHFRQWG
GIDGVRUSWLRQ GHV FRTXHV GH /RSKLUD
YLJ 'PWHUPLQDWLRQ GHV FRQWQINDWMA F&8 D GUH!
FRQFHQWUDWLRQV
J)LJ ORGQqOH GH /DQJPXLU GYDGVRUSWLRQ GX %OHX
/IRSKLUD
J)LJ ORGQgOH GH JUHXQGOLFK GHV LVRWKHUPHV GfT
FRTXHV GH /RSKLUD
LI (IIHW GH OD WHPSpUDWXUH VXU OfDGVRUSWLRC

Annexes

$QQH[BBISHFWUHYV GH TXDQWLILFDWLERQ$G&,)Y VEREBURDAD R
PDVVH

$QQH[BEIRXUEHY GIpWDORQQDJH$GEHPEWRFROV HQ 06 /&
SQQH[BIRXUEHYV GIpWDORQQDJH GHMI&VMFFRWULpPQROV Hi
$QQH[BISHFWUXVGHY H[WUDFWLEOH%DXD'&D SWRERIND GIH
ODQFHRODWD

$QQH[EKURPDWRJUDPPHY GHV PRQRVDFFKDULGHV REW|
$QQH[HWDORQQDJH GHV VWDQGDUGY 3XOOXODQ SRXU
$QQH[BIRXUEHV GH GLVWULEXWLRQ GHV KpPLFHOOXORYV
PWXGLpHV

$QQH[BISHFWUHY 501 + GTKpPLFHOOXO&RD/UHYS B[WWMD E MUH
SQQH[K®RXUEH )7,5 GI{KpPLFHOOXOR%BV BIREFBIUWHY GH
$QQH[H7TKHUPRJUDPPH GHV KpPLFHOOX@RVIB'G MH SVRD IHW
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&S

/O

&3*

&3*60
+3/&

/& 06

/& 06 $3&,

501
&26<
&,
6(&
'7$
)7.5

7$33,

/$3
,62
)$0(V
6)$
08)$
38)$
)$ 2
(3%
'rs
7%%
'&0
7&3
7&7
$7*
89

'3
0Q

0z

f&

&
oLQ
6
+

PJ J PLQ

Liste des abréviations

&DUDSD SURFHUD

/IRSKIODIMFHRODWD

&KURPDWRJUDSKLH HQ 3KDVH *D]J]HXVH
&RXSEKIURPDWRJIJUDSKLH HQ 3KDVH *D]JHXVH j O
&KURPDWRJUDSKLH /LTXLGH GH KDXWH SHUIRUF
&KURPDWRJUDSKLH /LTXLGH FRXSOpH j OD 6SHF
&KURPDWRJUDSKLH /LTXLGH FRXSOPMHFOXQGIS H¥F
&KLPLTXH j 3UHVVLRQ $WPRVSKpULTXH
SPpVROQDQFH ODJQpPWLTXH 1XFOpDLUH
&RUUHODWHG 6SHFWURVFRS<
&KURPDWRJUDSKLH LRQLTXH
&KURPDWRJUDSKLH GYfH[FOXVLRQ VWpULTXH

JRXULUDRVYP ,QIUD5S5HG VSBHWWRRNVNERSLHUDAUD!
GH )RXULHU

THFKQLFDO $VVRFLDWLRQ RI WKH 3X0OS DQG 3D¢
LQGXVWULHY GX SDSLHU HW GHV

/I DERUDWRU\ $QDO\WRBBB6pIHIXRWHGRH\BGH /DERUI
2UJDQLVDWLRQ ,OWHUQDWLRQDOH GH 1RUPDOL
DWW\ $FLGV OHROWE& \OHNAIBMYY GUDYV
6DWXUDWHG )DWW\ $FLGV $FLGHV JUDV VDWXU
ORQRXQVDWXUDWHG DWW\ $FLGV $FLGHV JUDYV
BRO\XQVDWXUDWHG )DWW\ $FLGV $FLGHV JUDV
JRRG DQG $JULFXOWXUH 2UJDQLVDWLRQ

$FLGH HLFRVDSHQWDgQRWTXH

$FLGH GRFRVDKH[DgQRWTXH

7ULDF\OJO\FpURO

'LFKORURPpPpWKDQH

7TRFRSKpUROV

TRFRWULPQROV

7TKHUPRJWGO®BPW®H O\VH 7TKHUPR*UDYLPpWULTXH
8OWUBOHW

'HJUp GH SRO\PpULVDWLRQ HQ SRLGV
ODVPRODLUH RRYHROREUH

ODVYPROMIPIROVH Q QD M QH

IRPHQFODWXUHYV

'HIJUp &HOVLXV

HOYLQ

&RQFHQW QDPARICR Q

OLQXWH

6HFRQGH

+HXUH

8QLWp GH OD FRQVWDQWH GX PRGgOH GH GLIIX'
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$SUQV OD VHFRQGH JXHUUH PRQGLDOH OHV SD\V
FURLVVDQFH pFRQRPLTXH &HOOH FL VTHVWV GIHQMOR S
JORULHXVHV HW IXW D[pH VXU OD VRFLpWp GH FR
PDOKHXUHXVHPHQW VRQ DSRJpH VXLWH DX FKRF SpwU

/H FKRF SpWUROLHU D VXUWRXW PLV HQ H[HUJXE
IRQGpPH VXU O DERQGDQFH GHV pQHUJLHV IRVVLOHV Q
&HV VRXUFHV VRQW QRQ UHQRXYHODEOHV HW OHXU
HQYLURQQHPHQWDX[ &fHVW HOH QREMIDRIERG WY O RS Spi F
GIpFRQRPLH YHUWH RX GH To{LY 50 R §RHIFHD W QG X B P B O
PTXLWDEOH OHV DVSHFWV pFRORJLTXH pFRQRPLTXH H

'DQV FH FRQWH[WH Of$IULTXH GLVSRVH GH UHVYV
GLYHUVLILpHV PDLV UHVWH WRXMRXUREM IODBPWWIWVD 8Q K L
'PYHORSSHPHQW &KBDBOMN VRXYHQW DWWULEXp DX ID
VRLHQW LQH[SORUpHV VXU OH SODQ VFLHQWLILTXH HW

$LQVL OHV SODQWHV ROpPDJIJLQHXVHV VRQW UHF
GLVWULEXpHV /M@ $ULLTXHY GH FHWUBSOQODIRWRYHVRGW
WUDGLWLRQQHOOH HQ KXLOHV YpJpWDOHV SDU GHV ¢
FRVPPWLTXHV HW WK FRMHDOUNVVOFHY VFLHQWLILTXF
SODQWHY TXH VXU OHV LQFLGHQFHV UpHOOHV GH OH
UHVWHQW KpODV HQFRUH PDO pOXFLGpHV

6SpFLAHQWO H[LVWH DX %pQLQ XQH ODUJH JDPPH
PFRSK\OpWLTXHV WHOOHYVY TXH /RSKLUD ODQFHRODWD |

IRSKLUD O DHQ/FMH RK@HWHDV SqFH ROpDJLQHXVH TXL DS
RFKQDFHDH (OOH D XQH UpSDUWLWLRQ JpHR\I SIDIKRNLITEKWAH
DPpULHQQHV MXVTXYDX[ UDFLQHV XQH H[SORLWDWLRQ
QDWLR@DOHOH WUDLWHPHQW GHRXHWUWHELDXLY FSDUFKIRX
GHVFULSWLRQV VFLHQWLILTXHV GHV KMROMV HHWOYD LG
WUDYDX[ HIIHFWXpV DX G@HJEGIIDQLRQWHWHURSULpW
POpPHQWDUBNVDFLGHY JUDV OHV FRPSRVpV YLWDPLQ
SK\WRVWpUROV VRQW SHX FRQQXV

/I fHVS&BHKHDSD SUBFHWYWWDEFPHOOIDH GHYV PHOLDFHDH H\
HQ $PpULTXH ODWLQH HW HQ $IULTXH DX 6XG GX 6D
HIWUDLWH GHV SODQWHV HVW EHDXFRXS SOXV XWLC

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos¢ - Pphira
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SRSXODWLRQV LQGLHQQHSXD %[p QL@ P Pps 6 HDOENTEHORL W
SRXU VRQ ERLVY GRQW OD GXUHWp HVW DSSUpFLpH HQ |
EURVVH YpJpWDOH 'H UpFHQWVY WUDYDX[ RQW SHUF
FRQWULEXHQW j OD GLVSDULWYLR[@'SDRWULIRYDVHWHODHFD
GYKXLOHV YpJpWDOHV GHV JUDLQHV SRXUUDLHQW IDY
HW RX LQGXVWULHOOHV (Q RXWUH HOOH SRXUUDLW D

pPFRORJLTXH FDU OYfH[SORLWDWLRQ UDWLRQQHO
V\VWpPDWLTXH GHV SODQWHYV VXU SLHG

VRFEDO OD UpGXFWLRQ GH OD SDXYUHWp FDU O
HI[ISORLWDQWY SRXUUDLHQW DLQVL GLYHUVLILHU OHHX
DJURIRUHVWHULH

PFRQRPWHXHH TXH OD FDUDFWpPULVDWLRQ VFLHQ
GH GplLQLU OHV FRPSRVpV FKLPLTXHV LQGXVWULDOL
GHYLVHYV

'DQV XQ DXWUH VHQV OfTH[SORLWDWLRQ GHV 1UX
LPSRUWDQWHYVY GH FRSURGXLWYVY WHOV TXH OHV FRTHX
ELRPDVVHV WURXYHQW OHXU YDORULVDWLRQ GDQV GH

/HV 1TUXLWV SDU H[HPSOH FRPSRUWHQW SOXV C
WUDQVIRUPDWLRQV BRQ &XHQ WV GHM pWRXOHWHD X[ TXL V
GDQV OD QDWXUH ,0 LPSRUWH GH GpILQLU OHV SDURL
OHXU YDORULVDWLRQ FRPPH SRWHQWLHOOHYV VRXUFH\
HQFRUH GDQV OHV PpWKRGHYV GH GpSROOXWLRQ GHV H

,O HVW HQ HIIHW UHFRQQX TXH OHV WHFKQLTXHV L
OD GpJUDGDWLRQ GH OfpTXLOLEUH SODQpWDLUH F
SXLVTXfHOOHV HQJHQGUHQW GHV SROOXWLRQV PDMH
PWGEDQHV G THDX

/TpOLPLQDWLRQ GHV PLFURSROOXDQWY FKLPLTXH
GDQV OfHDX HVW XQ VXMHW GH SUpRFFXSDWLRQ PDM
OHXU SHUVLVWDQFH GDQV OTHQYLURQQHPHQW %LF
ELRORJLTXHMFRRIGMOAD FHY LOV SHXYHQW rWUH GHYV
SROOXDOWW¥RQVPTXHQFH GHV WHFKQRORJLHV GH WUD
UHQRXYHODEOHV FRPPH OHV FRSURGXLWYV GH ELRPDV\
DOWHUQDWLYHV FUPGLEOHYV

Valorisation chimique de la biomasse oléagineuse d’origin€bépagms¢ s Pphira
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&THVW GDQV FHWXRU®WGL K WMHDPWH V8 RXWH REMH/RW
JpQpODOFDUDFWpULV®IWWL RQX BEYRUAMAG MM V' F FKGSHUI/R G K IX\V V
HVSgFHV 6SpFLILTXHPHQW LO VIDJLUD GH

FDUDFWMHWLKXNUOHY YpJpWDOHYV H[WUDLWHV GHV
GRQW FHX[ DUWLVDQDX]

FDUDFVOHULBDWRLY YpJpWDOHV GHV ERLV pFRUF
GpOLSLGDWLRQ GHV JUDLQHV

PYDOOHHW FDSDFLWpPV GIDGVRUSWLR QO piS/X BB TKLHRV
GHV HDX[ XVpHV DYHF OH EOHX GH PpWK\OqQH FRPPH F

/ID SUpVHQWH WKgVH HVW VWUXFWXUpH HQ FLQT FK

/IH SUHPLHU DERUGH OHV FRQQDLVVDQFHYVY DQWpU
QRWLRQV HVVHQWLHOOHY UHODWLYHV DX[ OLSLGHV D
GH OD ELRPDVVH GDQV OHV HVVDLY GH SRWDELOLVDW|

/H VHFRKISSLWUH GpFOLQH OfpFKDQWLOORQDJH O
POPWKRGHV UpIlpUHQFpHV XWLOLVpHV DX FRXUV GH QRV

/IHV FKDSLWUHV VXLYDQWY DERUGHQW OHV UpVXOW

'‘DQVFKEKW SLWUH ,,, VRQW GLVFXWpV OHV UpVXOWDW
KXLOHYV YpJpWDOHYVY H[WUDLWHYV SDU GLIIpUHQWYV SURF

/IH FKDSLWUH ,9 DERUGH OHV UpVXOWDWY GH FDU
WRXUWHDX[ REWHQXV GH OD GpOLSLGDWLRQ GHV JUDL

/IH GHUQLHU FKDSLWUH GLVFXWH OHV UpVXOWDW
FRTXHWR&SKLUD O DQRWROIDMWDOHXU SRWHQWLHOOH YDOR
GHVY FRORUDQWYV

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos¢ - Pphira
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Chapitre
Etat des connaissances

7TD[LQRPLH ERWDQLTXH HW HWKQRERWDQLTXH

ILSLGHYV

%RLVY SDURLV YpJpWDOHV HW FRPSRVLWLRQV FKLPLTXHV
9DORULVDWLRQ GH W EERROSWHRWN HVVDLV

Valorisation chimique de la biomasse oleagineuse d’origin€Chémpaost s _;jsphira
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'‘DQV FH FKDSLWUH OHV HVSqFHV FLEOpHV VHURQYV
OTpWXGH FKLPLTXH GH OHXU YDORULVDWLRQ SUpFLVp

/ID SUHPLqQUH VIpWDOH VXU OHV GHVFULSWLRQV E
GH UpSDUWLWLR QJ BSHMHEOIMPHIQW CHOXHIV XVDJIHV HWKC
FHWWH SHUVSHFWLYH OHV GLIIpUHQWY WUDYDX[ LQ
GpFULWYV &HFL SRXUUD SHUPHWWUH GH UHOHYHU OH\
MXVWLILHU OHV FKRL[ TXH QRXV DYRQV SRUWpV VXU F|

(QVXLWH OD GHX[LgPH SDUWLH FRQFHUQH OHV F
OLSLGHV (Q HIITHW QRWGHNGPMDN[UR@NYV FHBVMIOLOYV OLSI
YpJpWDOHV H[WUDLWHV GHV JUDLQHV 1RXV DYRQV D
HPSOR\pVY GDQV FH GRPDLQH DLQVL TXH FHUWDLQV WU

$XMRXUGTKXL j OTDQDO\WH GHV OLSLGHV HVW DV
HQ YXH GH OHXU YDORULVDWLRQ GDQV GH QRPEUH!:
OTpOXFLGDWLRQ GH OD FRPSRVLWLRQ GHV SDURLV FH
SDURLYV YpJpWDOHYVY HW OHXUV FRPSRVDQWHYV FKLPLTX
OHV KpPLFHOOXORVHYV

(QILQ QRXV DYRQV GplLQL OHV SKpQRPgQHV U
PLFURSROOXDQWYV | O YIHYWE UNIPEH QVRIOV. GoHT XIDW LR Q V
PRGGQOHV GILQWHUSUrWDWLRQ GHV SKpQRPQOHBXREY
GpILQLV

, (D[LQRPLH ERWDQLTXH HW HWKQRERWDQLTXH
: Lophira lanceolata

$ FH MRXJH HVSgFHV GRSKLQ@WH DSSDUWHQDQW | C
RFKQDFHDH RQW @Wp WDDYNYIIGHW DSSHOODWLRQV XW
SHXYHQW GpVLIJQHU GHVRIBXSYyPH D DEEGHHIRWDIODFXBIMD\ HV
/IRSKLUDYDIXINVDH[ & ) *DHUWQ RQW SDU H[HPSOH ORC
PrPH HQ 9DQ 7LHJKHPODHRIPRIX IR SWEUR X0 HWHROL

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos¢ « Pphira




These de Doctorat/UAQIL—-Guévara NONVIHO

/RSKLUD VSWBEEOW WBRH HWWFK L QWROERSKQWD SHWVRFHUD
/IRSKLUD D&BWIHVW TXJHQ TXH &KHYDOLHU D UHFI
PWDLHQW pFRSK\OpWLTXH VGHW+ X @/ WG GIDBERX D W XML
DWWULEXHU GH IDoRQ SUpFLVH '§B X WATHDLY DK@ GMRIFHQ W
TXHRSKLUD SWUR&EKHY OQYB®LSWpVpDQFH IRUFRBKILYDH D
ODQFHROWVBPFLILFDWLRQ DEMWDQHFROAH VHQV /HWRX]
SHQVH/ TRBBWRYGHRXRWWH DGDSWDW L R QO DRRFOHRIQ DRUD WS X
GHQVH KXPLGH

(Q $IULTXH XQH UpSDLRSIKW UR QD BB YOIDHLWSHHSMD U % L
DO BHORQ OHXU pWXGH HF BYWWWHUHE SWER® RPQL JX
DYHF XQH DLUH GH UpSDUWLWLRQ TXL VIpWHQG GX Gl
6LHUUD /HROQPIDMBM VWXV GX EDVVLQ LQIPULHXU$SBH Of2J
%pQLQ PrPH VL OfHVSqgFH DODRWOV HI B %S$H B W DRWLVR Q) I
OfHVSgFH SUpPGRPLQDQWRSKNW VOIYF GRXDWHD O FFRP S\
FRXYHUWXUH IRUHVWLQUH EpQLQRLVHDHN H QAL LGIHO\OWHRP
PRQWUH OHV OLHX[ GYRRRXULUDQE EDQG RO BIY 58 DHQ R W F
IRUWH FRQFHQWUDWLRQ GDQV OD ]RQH N\RKIWHH R MW LRH
SRSXODWLRQV pSDUVHV RQW pWp UHFHQVpPHV XQ SHX
UHWURXYH j $KR]JRQ $ H@RWRQRX .P

Valorisation chimique de la biomasse oléagineuse d’origin€bépagms¢ - Pphira




These de Doctorat/ UACL—Guévara NONVIHO

/pJHQGH

X 3UpVHQFH GH W
/IRSKLUD ODQFF

)LJ ILHX[ GTRFFXUUHQFH GX /RSKLUD ODQFHRODYV
6RXUFH 'U *LOEHUW/BERUDWRIGKXH G pWXGH HW BGHSOHFKpIM FK
HELRPpVOLMHUVLWRBOPERP H\

, 'HVFULSWLRQ ERWDQLTXH

&RPPH pQRQFp/BOSXKVUKDRIWQGRERODIWBQGIW®HY HVS(q
] WUDLWYV FDUDFWpU,IO/ W VWX HG L\M IGHFINEHRM W L Q¥ XHU OHYV
MXYpPQLOHY GHV GHX[ WD[D VXUWRXW HQ ER®IGEGRUH GH

Valorisation chimique de la biomasse oléagineuse d'origin€aémpaos¢ s phira




These de Doctorat/ UACL—Guévara NONVIHO

GH PLHX[ GpFULUH OYfHVSgFH ODQFHRODWD XQH FRPS
KRPRORJXH DODWD

$ OD GLIIpUHQFH GH OfDODWD FHWWH HWSGHH DUE
KDXW PXQL GIXQ I€W UHFWLOLJQH UDUHPHQW WRUW X
VRQW PXQLV GYpFRUFHV H[WHUQHV WUqV JURVVLqQUHV
LOQWHUQH j FRORUDWLRQ LQWHUPpPpGLDLUH HQWUH OH M

/HV pFRUFHV VRQW JUDQXOHXVHV FRPSWH WHQX C
VFOPURWLODXKEY WG LQWHUQH /HV EUDQFKHV DVFHQ
SDUWLU GTXQH PKDWRMHX W IBLHDOODQWHY HW j FLFDWULFH
DOWHUQHYV PDLV JURXSpHV j OfH[WUpPLWp GHV EUD
OLQpDLUHYV ODQFpROpHY GH + PP GH ORQJ FDGXTXH
VHPL RYDOH VRQW SLULIRUPHV j OD GLIIpUHQFH GH
FLUFXODMDU)XHNVYUHY FDUDFWpPULVWLTXHYVY DWWDFKpHV DX
SXLV DX[ SODQWXOHV VRQW GpWDLOOpHV GDQV OH WD

%UDQFKH IOIWXWY ,PDIJHV GH MHXQHV )HXLOORSKEDIHFHRODWD
BRXUP®RUH DQDC j %RULEDUYSLIDLOH 6RXUEHEZ HWKQRSKDUP IFIRRORIQ
%pQLQ OH

)LI 3BKRWRV GH IOHXUV MHX®&BKIR)V U B HA¥H RIDOMDOD H V

Valorisation chimique de Ta biomasse oléagineuse d’origin€héapaost o Phira




These de Doctorat/ UACL—Guévara NONVIHO

7TDEOHDXKVFULSWLRQ ERWDQLTXH HW TIRE OEY/F WRHRISW 1 UHD®LO |

&DUDFWqUHV Lophiraalata % DQNV H[ *DH Lophiralanceolata7LHJK HJ .

JHXLOOHV $OWHUQpPHV JURXSplt
EUDQFKHYV

/ILPEH + FP i FP 2EORQJ

2EORRXYIDOH ODQFpROp

LPHQVLRQV IRRR'QJIXH TXH ODUI!H P GH ORQJ IRL\

UJH
3pWLROH i FP i FP
JOHXUV %BLVH[XpHV
6pSDOHV H[Wpl 2YDGHDWQFpROpPRP GH C 2YDMHFXPLQpPY | PC
i PP GH ODUJH i PP GH ODUJH
6pSDOHV DXWU j PP GH ORQJ PP GH ORQJ
i PP GH ODUJH PP GH ODUJH
(WDPLQHYV JLOHWPP jGH ORQJ JLOHWPP jGH ORQJ

$QWKQUHV REOFRRQJXH) $QWKQqUHV REORRQJXH

2YDLUH j PP GH ORQBP GH PP GH OR®JGH GLDPqWUH

GLDPgWUH _
6WLIJPDWR GH ORQJ 6WLIJPDWRP GH ORQJ

JUXLW HW JUDLQH

$NgQH XQ VPpSDORYYD@HPL j XQ VPpSDORRQVHERH |
ORQJ | FP GH ODUBH OGRI@XWUYH FP GH ODL
VpSDOH i FP GH ORWQESDOH FR FP GH ORQ
GH ODUJH FP GH ODUJH

3ODQWXOH
eFRUFH GHV QRQ VXEpUHXVH

v VH
UDPHDX] GLVSRVpHV KRUL]RQWDW QW

3UHPLQUHV IHXLOPHWP GH ORQJ VLPSOH B é’SVOEBLJ’W)'(-SESXHHP'
eSLFRW\OH j PXOWLFDXOH J

3pWLROH i FP GH ORQJ i _FP GH ORQJ

: 8VDIJHV HWKQRERWDQLTXHVY HW WUDYDX[ DQWpU

, D $SSHOODWLRQV GLYHUVHYV
JUDQoPR@p IDX[ NDULWp FKrQH UDERXJUL

$QJODINRQ ZRRG IDOVH VKHD

IDQJXHV QDWLRQDOHV GX %pQLQ

%DULED NRUH SDVD GLDZXOH NQGRVR NI
GDUX

:DDPD QDDQJD QDDB®PPNDPD NRR\X

<RUXED HW 1DJR LSRQKRQ SDUD IDUD SDC
JRQV ZXJR DVX ZXJRVX [ZD DORJD WRJR

Valorisation chimique de la biomasse oléagineuse d'origin€aémpaost o Phira




These de Doctorat/UAQIL—-Guévara NONVIHO

: E 8VDIJHV HWKQRERWDQLTXHV

/H WDEOHDX SUpPVHQWH XQ FRQGHQVp GGWVGLIIp
SDUWLHV GRSKLH\DSOPHHFHRODWD /H ERLV FRQVWLWXFE
OD IDEULFDWLRQ GHV PREWLWUMWWHGH® GFHK\D HER @V G
OHV UDFLQHV VHUYHQW GDQV OH WUYXD\NPBRWKEHO
HWUDLWHVY GHV JUDLQHV SDU GHV SURFpGpV WUDGL
DVWULQJHQWHY GDQV FHUWBU®M QW GO D [5)S Up S pWI
WUDGLWLRQQHOVOTRSVpSRUBMALIRY WUDGLWLRQQHOOF
FHWWH DVWULQJHQFH HW HQ SHUPHW XQH XWLOLVDWL

Valorisation chimique de la biomasse oléagineuse d’origin€bépags¢ 1. Pphira




These de Doctorat/ UACL—Guévara NONVIHO

7TDEOHBXDJHV HWKQRERWHDQEJGPHW YPRHYWHXHY pWXGLpHV

Lophira lanceolata Carapa procera
3DUWLHV GH 8VDIJHV WKpUDSHXWLTXHV

&RQVWLSDWLRQV HW IODWXOHEMMHNWWR[EEOW IKP@RUURW
S5DFLQHYV 3ODLHV LQFXUDEOHV GRXOHR®RYEWHQVWUXHOOHYV
LQWHVWLQDOHYV JDVWWETXtI - 5KXPDWLVPH 'HF

$IITHFWLRQV SXOPRQDLUHV IL8FWH YMBWHYHD QWRXW U\ ST
(FRUFHV GH UDFLQHV - YHUPLIXJH
" IDWLJXH JpQpUDOH

$SKURGLVLDTXH LQIHFWLRQVSFBVL ¥ QWO X\SHW J DM Y H
PEFRORUDQW GHV LJQDPHV FRL\HWLRQXQXM QOHVS HD
(FRUFHV GH ‘ﬁ?ﬁ“\nﬁL‘QYLva ODUYLFLGHV FR QW R & MPROFAMLYTDGHY
- SODLHV
- FKW\RWR[LTXH IpE

1RXUULW OH EpWDLO VDLVRGMYWEXHWEDX]QGMWLFEQ I
SDOXGLVPH - )PEULIXJHV
IXWWH FRQWUH OHV HFWRS - & RORUD QWY LLZIWXF

JHXLOOHYV

J)DEULFDWLRQ GH PRUWLHU V- &KREIQUVWBRUNFGEHRERLGLYH
%RLV GXUDPB®DUERQ GH ERLV ERLV GH-IHKDUERQV

J)DYRULVH OD FXOWXUH GH FKRPBS QFERQY VHBRP B R VWLHEY

7TRQLILDQW %U - (EHQLVWHULH PHXE

'HUPDWRVH PDX[ GHQWDLU H\$ QGQRXNOHXLY H
PXVFXODLUHV pPROOLHQWYV -D/DX P H QFXIDVRIVRIQ V
6\SKLOLV SODLHV
$FDULFLGHV LQVHFWLF
$FWLYLWpV DQWLPLFUR
JUDLQHV FRQWUH 6 D
IXWWHV FRQWUH OHV U
YLHLOOHVVH OHV SVRU

- 7UDLWHPHQW SK\WRVD
FRWRQ
JOHXUV )ODJUDQWHYV VRXUFHV GH -

*UDLQHYV HW +XLOH
YpJpWDOH

7UDLWHQW OTLFWQqUH LQI pFREQWYHOOHNQWKUD[ /L
(FRUFHV VRLJQHQW OH GLDEJWHODPPDWLRQV
$VVRFLDWLRQSFRXWUDWYY DQWL WU\SDQRVR LU LEQH HUYHXVH
SWPLRQV 6RXODJH GLDUUKpHY HW PDXGWIY B Q WIbH) LOFX HV
3HQQLVHWXP JODXFXP - 7RXWHV SDUWLHV DQW]
7UDLWHPHQW G HHOL HROOE KHG 1 IO D UF
*RXUR @I{WHRLUH

Valorisation chimique de la biomasse oléagineuse d’origin€béapaos 1. ghira




These de Doctorat/ UACL—Guévara NONVIHO

: F 7UDYDX[ DQWpULHXUV

'"HV VXEVWDQFHV FKLPLTXHV RQW pWp H[WUDLWH
/JRSKLUD O DSYFWHRIHD\WRPEUH X[ FOLE WHKRIXN | L3HW QDIDP E

RQW LGHQWLILp GHV LVRIODYRQHV HW GHV JOXFR
FKDOFRQHV ORSKLURFKDOFRQHVY GHV ELIODYRQRWG
VRQW pJDOHPHQW H[WUDLWV GHV IHXLO ®MH PPAHRUNEH V
$OMW DO RQW LVROp OYJDFLGH EpWXOLQLTXH GHV IHX
TXL \ DYDLW GpMj pWp UHWURXYp

7UqV SHX GH WUDYDX[ VRQW UHODWpPV VXU OHV KX
6HORQ (URPRVHOH HW 3DVFKDO FHWWH KXLOH H\
PDVVH YROXPLTXH YDX®W VHX®GW OHV LQGLFHV GYILRG}H
PWp GpWHOPIDXW DWWHQGUH OHV WGHY)DMMWS K. GDK L

SRXU FRPSOpWHU OHV LQIRUPDWLRQV VXU OH
POPPHQ®HD FHNMWWH KXLOH YpJpWDOH &HV WUDYDX[ RQ\
GHV LQGLFHV BW SHURDSRQLILFDWLRQV pOHYpHV PDI
YDULDEOH BIXFRQSESWURQYV GIH[WUDFWLRQ HWHW FRQ\
DFLGHV JUDV DLQVL TXH OHV FRPSRVpV LQVDSRQLILD
7RXWHIRLV HAM PORHVRQMW TXDQIVWRPRGHKY URIDI SDU
PpPWKRGH VSHFWURSKRWRPpWULTXH

8QH FDUDFWpPULVDWLRQ FKLPLTXH GHV SDURLV Yp
DLQVL TXTXQH YDORULVDWLRQ GHV FRSURGXLWYV QYD i

Valorisation chimique de la biomasse oléagineuse d’origin€béapaos s ghira




These de Doctorat/ UACL—Guévara NONVIHO

la: R=MeCO Lophirone L peraaétate

2a: R=MeCO Lophirond hexa-acétate

)L 6WUXFWXUHV GH PROpFXOHV LVREKHL\W G KD DHYFLHIRHMNV BW
,PDIJHV GX &XSUHYV\OVDIEEHR § pWHKBIBBOAIWHD REVE M OXHO RSKLURQHV
7LK HW DO

Valorisation chimique de la biomasse oleagineuse d'origin€hémpaoms 1. ”JEphira




These de Doctorat/ UACL—Guévara NONVIHO

7TDEOHBXNRSULpWpPV FKLPLTXHV /[R5 BERINEG HHROIERMOY DO 13V RAH

/RSKLQD &DUDSD S
3DUDPgqW!L 9DOHXU $XWHXUV 9DOHXU' $XWHXUV
. 9LHKW DO
SHQGHPHQW DILHO * HW OLUDO
ADUL YD
SFLGLWp .LGDK 'M H Q REDWY D@D
, 3HUR[\GH (URPRWYMOBIO HW
(URPRVHOH HW (URPRVHOH
» ,LRGH J J ADUL 'M H Q RIQW/ ID®
(URPRVHOH 9LHW[
VDSRQLILFDWLRQ YDULNX HW .LGDK DO SXLV

OLUDOOHYV

: Carapa procera

/H JHQUH &DUDSD GH OD IDPLOOH GHV PHOLDFHDF
SDU $XEOHW HQ GEOHIOR QH RNQWERSIL F V SXLV FH
FRQWLHQW j SHX SuqV HVSqFHDIGIRRDE QH \GHIDYLLHQM
HVSqF&DWHSD DNXUL GH FDUDRW SUIREMIIBXBYQSURFKH\
PWp UHWURXY pH/ H\NQ GRPDVQEHY HVSGFHV SURYLHQQHQW
OLHX GTRFFXUUH Q F&D WD/ W X D@D WKW FRPPH GTRUL
JXLQPH@WQGHY IRUrWY WURSLFDOHV DSEKEDIDQMYS UR YRR
OfDUFKLSHBVEODQDENUDEXHQVYSPFLILTXH j Of$PpULTX
SULQFLSDOHPHQW GX 1LFBUSJRBVS URXB QMDD URED
WRXORXHARE QDD QG LHDPOHY SYEXWLWQ®H SUpVpPpDQFHV I
DIULFDLQH& VURUVQDHAHQVIHWSGFH LGHQWLILpH DX 6)
SUpGRPLQDQFH JX\DQDLVH 8QH HVSqPHp®iH ERQROBIYD
JHQUH &DUDSD SRXU FHOOH GHV :\ORFDUSXV

(Q $IULTHEHUW DO SHQVHQW T X% WOHS DHMDBSGLVWULE
DX QLYHDX GH OfpTXDWHXU HQ DOODQW GX ULIW G
MXVTXIDX 6pQpJDO HW DXDQ@DVORHY OMQKNVWRQ OHV
KDELWXHOOHPHQW GDQV OHV VRXV ERLV GH IRUrw KX
'"HV FRQIXVLRQV VRQW VRXY H& WX ILIDLQHRAS IB\R FBAUDH W IR
GHX[ FRPPXQpPHQW DSSHOpHV DQGLURED PDLV RQ SH
H[WUD&/WIDGB SWHRFMUMD GH PHLOOHXUH TXDOLWp TXH F

Valorisation chimique de la biomasse oléagineuse d’origin€béapaos 15 ghira




These de Doctorat/ UACL—Guévara NONVIHO

HQ WHAPSANHVHY SURSULpWpPV PpGLSX@PIOMH\Q S GKVI PIDA
SRSXODWLRQV VRQW SURWpPJpHV GDQV OD IRUrW FODV!

., )JHXLOOHV GH &DUDSD

&DSVXOHYV j IUXLWV GH &DUD

, JLIXUH GH¥BSDUWLIYNXUL

)LJ '"HVVLQV GHVFULS&DUD SV SSKRAHRD G X
$ %UDQFKHY DYHF LQIORUH VIPHHXREHP B0 HH X LD Q BM KKIX FH A(H O (
IDFH ) 6HFWLRQ PpGLDQH * *\QRHFLXP PRQWUDQW XQ QHFWDU j V
LOWHUQH GIXQHDIYQKWH- -YXH GH SURILO . YXH ODWpUDOH DYHF K|
., HIKWWS 7Z7ZZ ODQVWFY FRP B&FRDYXO WKHWPH

Valorisation chimique de la biomasse oléagineuse d’origin€béapaos 1 ghira




These de Doctorat/UAQIL—-Guévara NONVIHO

: '"HVFULSWLRQ ERWDQLTXH

/1D UE WD BBISD SSHEWM DDV W H L QRS GHI MBXTWHIXU DYHF
FRXUW XQ WURQF GURLW HW F\OLQGULTR®H GH/ GLDP
SUHPLqQUHV EUDQFKHV F\OLQGULTXHV VRQW KDELWXHZ(
GH P &HORLHVRQW SRXUYXHV GYpFRUFHV JULVKWUHYV
WDQGLVTXJfHOOHYV VRQW IDFLOHPHQW G pW DIFHKXD ED@HW
WHUPLQDOHV VXU OHV EUDQFKHV RQW j SHX $®qV  FF
/HV SpW L FORMM W BGWRQFHUQDQW OHV YUDH QWM Q W HIVX Dj
PDWXULWp OHMBDSEXIXHWYREHQWVHEW HQ YDOYHV DOF
& SURFHUD FRPSRUWHQW YDOYHV GYDX PRLQV JUD

, 8VDJHV HWKQRERWDQLTXHV HW WUDYDX[ DQWpU
, BSSHOODWLRQV GLYHUVHV
)UDQoDLV %RLV FUDEH DUEUH j KXLOH GH WD
$QJODLY &UDEZRRG
/IDQIJXHV QDWLRQDOHV GX %pQLQ
<RUXED DER RJDQZR DER DJDQZR HIX

: E 8VDIJHV HWKQRERWDQLTXHV

7RXWHV OHW SBURER@DGXWLOLVpHY SDU OHV SRSX
GI$PpULTXH ODWLQH VXUWRXW SRXU OHV VRLQV GH V
OfXWLOLVDWLRQ GHV JUDLQHV HVW EHDXFRXS SOXV
DPQUHD YHQWH GH OJKXLOH YpJpWD O H RERMHIFDHG]DRV
FHUWDLQHVY UpJLRRN\IBW$DWL RWRUHFHQVpP GHV SULJ[ ¢
ILROHV DOODQW IGHD VRLW j SHX SUGY $PpULTXH ODWL
OTH[WUDFW LIRQMGEH \D If KXW 15 M V® E LIGIDRIH \G RDUURQV H
DPPULQGLHQV TXL OJXWLOLVHQW SRXU GLYHUVHV DSS
FRQWUH OHV SRX[ OHV SRX[ G YD BROHWVWW QHRR GOHIVX N V H
DXUDLW FRXWXPH G{XWLOLVHU OfKXLOH SRXU PRPLII
FRPPH WURSKpHVY GH JXHUUH /HV FDERFORV FRQIHFWI
i EDVH GH FHQGUHV GH ERLV HW GH UpVLGXV GH SHD>

Valorisation chimique de la biomasse oléagineuse d’origin€béapaos 1, ghira




These de Doctorat/UAQIL—-Guévara NONVIHO

GH OJKXLOH HVW GpMj HQ FRXDEURXKEHWURY RQHMWE B K K
FRQGLWLRQQpPH VXUWRXW j SDGHVDWD G RIBHOFNDIVR GG KV |
%pQLQ OfXVDJIJH GH OfKXLOH HVW WUQqV SHX FRQQX
ULWXHOOHV HW SHUPHW GH FDOPHU OHV SLTXUHV GTL

: F 7UDYDX[ DQWpULHXUYV

&THVW (XJqgQH &DYHQWRX FR GpFRXYUHXU GH OD T
SULQFLSHY DPHUV WRXORXFRXQLQH FDUDSLQH OD P
GIDPLGRQ GH OfpFRUFH GH &DUDSD O®HV FRPBRWPW
FKLPLTXHV GHV&JUDURAHWBHX[ FL RQW LQGLTXp OD
FRPSRVpV GILQWpPUrW WHOV TXH PREP¥RGXDHRQHO]
PHWK\ODQJROHQVDWH HW OH OLPRQRWREHWXFNP (G 5 LA
JUDLQHVGXHUPLAD SUpVHQF HU KBHR QQUXLWV IH B B @OHIMH V
LQVHFWHRL GHVOLPRQRLGHYV j DFWLYLW p¥/Q QN HDQI OD |

RQW LQGLTXp OD SUPVHQFH GH \DH\XKIPXLOV WIS GO I\
OHV IOHXUYV

/IHV KXLOHV YpJpWDOHV H[WUDLWHV GHV JUDLQHYV
/JHV FDUDFWPULVWLTXHV SK\VLFR FKLPLTXPIYLYRRQHPF
FDUDFWpULVDWLRQ GHV FRPSRVpV WHOV TXH OHV DF
IDLEOH 6HBRQDDLHX[OLWBXQUHV O 118X IGOXH &R RO DL
XQH FRPSRVLWLRQ HQ DFLGHV JUDV VSpPFLILTXHPHQW

HQ DFLGHV SD®PLWLHWHYQ DFLGHV OLQROPLTXHV
OLQ]DQHWLDO RQW SOXW{W WURXYp TXH FHWWH KXLO
VDWXUpV GRQW OfTDFLIGW B WHOUHTXH RUPDWLRQ QTH\
FRPSRVpPY LQVDSRQLIAPEQWYV G M KX KL BRSPS B LEH
'MHQRIW DO RQW GpFULW TXH VRQ SURILO HQ DFLGH)
GpFULW SIBW BIOHX$XLV OLUDOQ®IW RQW pJDOHPHQW FDL
+3/& OHV WRFRSKpPUROV HW TXHOTXHV VWpPUROV GH
RQW PRQWUp XQH SUpGREVNQWAFMW (AR O KW LIO® BIQSKD

Valorisation chimique de la biomasse oléagineuse d’origin€béapaos 1 ghira




These de Doctorat/ UACL—Guévara NONVIHO

SURSRUWLRQV HQ WRFRWULpPQROV QH VRQW SDV HQI
TXDQWLILFDWLRQ GH FHV FRPSRVpV SHXW YDULHU VXL
GH FDUDFWpPULVDWLRQ

, ILSLGHV

/HV OLSLGHULSRAVIWHBQLILDQW JUDLVVHV VRQW G
RX WRWDOHPHQW K\GURSKREHV PDLV VROXEOHV GDQ\
JRUVTXTLOV VRQW DSRODLUHV GBYDSIGH W FREIW UWV F
GIDXWUHV FLAHRQYMWDQ BHYHORSSHQW XQ FDUDFWqUI
FRPPH PROpPFXOHV DPSKLSKLOHV RX DPSKLSKDWKLTX}
FKDVQH IRUWHPHQW (S RORQDWHN FRIPSMWH GH OHXU pWD
VROLGH j WHPSpUDWXUH DPELDQWH OHV WHUPHV C
FRXUDPPHQW XWLOLVpPV SRXU OHV GpVLJQHU

&HV PROPFXOHV RQW IDLW OJREMHW GH QRPEUHX\
OHV FODVVH HQ FDWpJRULHV GH VXEVWDQFHV OHYV
OHV VSKLQJROLSLGHV OHV WHUSPQRWGHY OHV VWpU
ODLV FHUWDLQV SUplIqUHQW OHV FODVVHUQMW G IS IFIDW D
RQ GLVWLQJXH OHV WULDF\OJO\FpUROV IDFHGQGWVILp
SKRVSKDWLGLTXHV HW GpULYpV OHV VSKLQJROLSLGH
VWUXFWXUH SXLV GHV OLSLGHV j YRFDWLRQ GH PR
SURVWDJODQGLQHYVY HW OHV KRUPRQHV VWpURWGH
FODVVLILFDWLRQ EDVpH VXU OD VWUXFWXUH VHORQ C
FRPSOH[HV HVWHUV GYDFLGHV JUDV HW GYDOFRRO GF
FRPPH FHX[ SKRVSKRUpV 1RXV GpILQLURQV TXHOTXHI
OLJQHV VXLYDQWHYV

Valorisation chimique de la biomasse oléagineuse d’origin€béapaos 1o ghira




These de Doctorat/ UACL—Guévara NONVIHO

: $FLGHV JUDV HW HVVHQWLDOLWpP

/IHV DFLGHV JUDV VRQW GHV DFLGHV FDUER[\OI
K\GURSKREHV 'LIIpUHQWHY FODVVLILFDWLRQV VRQW II

- BHORQ OD ORQJXHXU GH OD FKDVQH FDUERQpH OH
DWRPHV GH FDUERQH OHV DFLGHV JUDV j FKDVQH
OHV DFLGHV JUDV j FKDVQH PR\HQQH i DWRPH
i FKDVQH ORQJXH QRPEUH GYDWRPHV GH FDUERQH

- /HV DFLGHV JUDV LQVDWXNHNVORXFRRWXKHQ@W®YHMHD R
OLDLVRQYORXVERR® DORUVQURWUYNVEA@WHR R+ QRPEU
GH FDUERQH HW P OH QRPEUH GH GRXEOHV OLDLYV

- /HOFLGHWURXWUDQV VHORQ OD SRVLWLRQ HW O
GRXEOHV OLDLVRQV

+DELWXHOOHPHQW GHX[ W\SHV GH QRPHQFODWXU'

/ID QRPHQFODWXUH V\WWpPDWLTXH LVVXH GHV W
,QWHUQDWLRQDO 8QLRQ RI 3XUH DQG $SSOLHG &KHPL
8QLRQ RI %LRFKHPLVWU\ &RPPLVVLRQ RQ %LRHKKHPLFLC
UHFRPPDQ@@WHIHPLQHU OH QRPEUH GYDWRPHV GH FDUE
GX FDUERQH GX JURXSHPHQW FDUER[\OH WRXMRXUV QI
QXPpUR GJYRUGUHM YRLU ILJ

/ID GHX[LgPH QRPHQFODWXUH HVW FHOOH FRXUDPP
(OBIWW GpVLJIQpHGSD @ FOAH HWPWN XIWH SRRpRIBW GH UHJU|
DFLGHYV LQVDWXUpV HQ VpULH 'DQV FH FDV OMH FDUER
HVW QRWp HW OHV SRVLWLRQV GHV GRXEOHYV OLDLVF
QXPpUR GTRUGUH SDUXWDQ@W GH FHWWH SRVLWLRQ
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Nomenclature officielle; Carbone COOH en C1, chaine
linéaire la plus longue avec liaison éthylénique en position 9

>

«

O

>

Nomenclature nutritioniste: Carbone C16 numéroté Z
d'ou liaison éthylénique: Z

)L 1RPHQFODWXUHYV GHV DFLGHV JUDV HIHPSOH @O LM FLGH
KHIDGpRAWWJI RBFLGH & HOQRQRPHQFODWXUH QXWULWLRQLVWH

3bU DLOOHXUV OHV DFLGHV JUDV IRQW OfTREMI
QRPHQFODWXUBFKS@KHIOUDH & HVW DLQVL DSSHOp G
DFLGH SDOPLWLTXH &HV QRPV XVXHOV QH VYDSSOLTX
OfpWDW QDWXUHO ORUVTXH GHV LVRPqQUHV GH OD PRO

'"{DXWUHV VSpFLILFLWpV VRQW pJDOHPHQW REVHUY

3DU H[HBHIBRPV XVXBBNVGEMVIUDYV VDWXUpV j FKDV(

SUpIL[pV LVR ®RRUNDXIPLY RIUR X S H RIHHY\S H E YWNLK pOPHX@INW W
OfDYDQWREHOMROAWpPSpQXOWLQGP H @ VBR RN BEHW F O ¥ ERDR-
PPWK\OH WHUP IGRIDOJIH{H®IS QNRYDOpPULTXH RX DFLGH

$X QRPEUH GHV DFLGHV JUDV VDWXUpV RX 6)$%$ 6D

ODXULTXH & SDOPLWLTXH & HW VWpDULTX
UHQFRQWUpPV j OTpWDW QDWXUHO 8QH GHV VRXUFHV ¢
GH FRSUDK ] TXL FRQWLHQW pJDOHPHQW ]

&H GHUQLHU IRUPH GHV DFLGHV JUDV/YSIHIGEZH PD

SDOPLWLTXH H\VIN FBWHR/MHWY MW COHW JUDLVVHYV YpJpWDOH
FRQVWLWXDQW PDMHXU GX VIH @QERX[ G GHX SIXQAPLV W
EHXUUH GH FDFORLQ OYDFLGH VWpDULTHRBW\XOWMVWUBR®}
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GDQV OD SOXSDUW GHHQKRRQMAL Y@ QpVODM@AEHXUUH G
FDFDR j HW DXVVL GDQV OH VDHWSRX[ HW OH VXLI |

'‘H PrPH OHV DFLGHV JUDV LQVD®WIXUpWHBHANYWQ V2
GLVWLQJXH

JHDFLGHV JUDV PRQRLQVDWXUpV RX 08)$ PRQRXQ
VHXOH GRXEOH OLDLVRQ GDIO/XWQHXU VWIBYE VRQIWH
LGHQWLILpPY GDQVOBN QBMGHM ROV XH & & H
& & VR QW UM\ pSIBHQMV p VEL OB VG RRNVOHV YpJp!
TXYDQLPDOHYV

BHORRQQWDJ RQ UHWURXYH i GIDFLGH SDO
GIDQLPDX[ PDULQV HW GHV WBIQWXOHN LKQX h O HN X[
JUDLQHV j OTH[FHSWLRQ GH OJKXLOH GJROLYH

&HWWH GHUQLgqUH SUrWH VRQ pSRHWH R XD BIHG HD
SOXV TXDQWLWDWLYH ] IYDFLGH ROPpPLTXH F
KXLOHYVY GY{DUDFKLGH HW GH SpFDQ

6HV LVRPqQUHV OWDFBFQGHXHWEDQV WUDQYV HW
WUDQYV QH VH UHQFRQWUHQW SDV GDQV OF
SRXUUDLHQW FRQVWLWXHU HQWUH HW GH OD

/IHV DFLGHV JUDV SRO\LQVDWXUpV RX 38)% 3RO\X(
GITXQH GRXEOH OLDLVRQ GDQV OHXU VWUXFWXU
LPSRUWDQWY GDQV OHV KXLOHYV YpJpWDOHV VRQW

2Q SHXW FLWHU FRPPH H[HPSOHV OHV DBLGHV O
OLQROpPQLTXH & TXL DSSDUWLHQQHQW
Z HW
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/INMDFLGH OLQROpPLTXH HVW TXDQWIGDREV OHV KXLC
UHVSHFWRXYQENRO FRWRQ VRMD PDwV HW VpVI
IDLEOHUIMHBQUWVHQWpP VXUWRXW GDQVj MHW [FUHSMW/LVRLC
GX FKHYDO DX SBIWXORUNTXTHOOH VH WURXYH j XC

OfKXLOH HVW GLWH VLFFDWLYH &YfHVW OH FD\

/HV LVRPQUHV FERIVPLH VOARKERO pAR X 6P P PHIPNV SDU
OHXU DEEUpPYRRWQMXFIDWHG /LQAOCHHLF & SDANRLIX H

SDU GHV OHWWUHV JUBF HNOVY QRO pEHM XIHAL GHIN'V S
DFLGHV HW OLQROPQLTXHV /HV &/$ IRQW
PWXGHV FRPSWH WHQX GH OHXU DSSRUW EpQpll
LOQWHUYLHQQHQW DX QLYHDX GX PpWDEROLVPH OL
OD FDUFLQRJpQgVH HW GDQV OD PRGXODWLRQ G
3DUPL OHV &/$ OHV SOXV IUpTXDOWRLENUBWUYR XY
RFWDGpPFDGLpQRWTXH & WUDQV RX DFLGH

/JHV DFLGHV JUDV SRO\LQVDWXUpV j SOXV GH GFR

DFLGH LFRVDSHQWDpPQRWTXH (3$ O
DFLGH GRFRVDSHQWDpPQRWTXH HW OH &
GRFRVDKH[DP@RWTXRQW SUpVHQWY GDQV OHV K
SURSRUWDRIQUHKY RQW WRXWHIRLVY pWp UHFHQVp
YpJpWDOHYV QRQ FRQYHQWLRQQHOOHYV

&KH] OJKRPPH FHUWIZLQNWDFLROW BUDW HVVHQV
LQGLVSHQVDEOHVY FRPSWH WHQX GH OHXU DSSRUYV
$ OD GLIIpUNRFEUBBH[GHY JUDV LOV QH VRQW SC
OYRUJDQLVPH HW OHXU HVVHQWLOWLWRQ\W BRQ VLW
FRPPH D\DQW XQ U{OH HVVHQWLHO GDQV OHV IR
FDUGLDTXHMY SULQFLSDX[ DFLGHV YURIW GOHH @ D FD |
OLQROPLTXHMHQ &Q &OLQROPQLTXHKQ & Q &
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& HW DUDFKLGRQOBXH & &Q & DORUV TXH OHV
OLQROpPQLTXH BQ & Q & OH&FRVDSHQWDQgQRWTXH (:
Q HQ & & & & GRFRNWKH[DGQRWTXH '+$ &

HQ & & & & & & VRQW GH OD IDPLOOH Q F

,O H[LVWH pJDOHPHQW GHV DFLGHV JUDV DW\SLT
JUDLVVHV DQLPDOHV HW OLSLGRFNEBHFURERHQ\G HI FEUDRJ
GRQW OHV FKDLQHV FDUERQpPV SRUMHRUWR QW LT WD X
H[HPSOHV

8Q DFLGH 08)$ j QRPEUH LPSDLU GH FDUERQHV &

HQ ILQ GH FKDVQH YpULWDEOH DQWLIRQJLTXH FR

JUDLVVH GHV FKHYHX[ GIXQ DGXOWH

/TDFLGH pU\W&URYHO LXQH GRXEROHWLDWYRSOHY OL

FROQMXJXpHIWHE& GpULYpV DFpW\OPQLTXHV WUQV L

/TDFLGH JUDV j FKDLQH FDUERPRHVLEBREDGHBAD LV V

FRQVWLWXp GH WULSOHRKYV GIW &V R BWK [F\R Q 16 RIOEIHHA

HQ & HMW&E&HQILQ GRXEOHV ORDIHWR @V RRRREWHXMDXD H

GH FRQIRUPDWLRQ WUDQV

'HV DFLGHYV JUDV DON\OpV HQX&R & W5 KX GLURH\ ® R \H

G DFLGHV P\FROLTXHV HVVHQWLHOOHPHQW SUpVH

'HV DFLGHV JUDV F\FORSHQWpPQLTXHV HQ & RX &

GH &KDXOPRRJUD DUEUH WURSLFDO G ,QGH HW I

PGLDWHXUV IRUPDQW OD IDPLOOH GHV DFLGHV JUE
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DWHXDRG $SSOLHG &KF
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: $F\OJO\FHUROV HW WULJO\FpULGHV

/HV DF\OJO\FpUROV VRQW GHV PRQRHVWHUV PRQ
RX GLHVWHUV GLDF\OJO\FpURO RX GLJO\FpULGH R
WULDF\OJO\FpURO RX WULJO\FpULGH REWHQXV j SDU
GLDF\OJO\FpURO RX WULDF\OJO\FpURO KRPRJgQH OR
FRQVWLWXDQW OfJHVWHU VRQW LGHQWLTXHV GDQV Ol
IRUPHQW OH FRQVWLWXDQW SULQFLSDO GH O KXLO
KDELWXHOOHPHQW DX QLYHDX GX F\WRSODVPH GHV |
DQLPDO

/D IRUPDWLRQ GHV 7%$* SHXW VH IDLUH j SDUWLI
OYRUJDQLVPH RX GYDFLGHV JUDV SURYHQDQW GHV OL!
GX V\WWgPH GH QXPpURWDWLRQ VWpUpRVSpPFLILTXE
FRQILIJIXUDWLRQ GHV 7%$* PL[WHV QDWXUHOV SHXW rWw
JO\FpUDOGpPK\GH 'DQV XQ SUHPLHU WRIPSN GRQ LFFODWL
/| JONFpUDOGPK\GH HW OD IRUPXOH GX 7$* HVW+pFULW}
VHFRQGDLUH HVW j JDXFKH HQ SURMHFWLRQ GH )LVKF
JO\FPURO GH KDXW HQ EDV SXLV RQ GpFOLQH OHV JUR
FDUERQH GX VIXHOHWWH GX JO\FpURO VXU OHTXHO D

/H FDUERQH & RX GX VITXHOHWWH GX JO\FpURO
GLJO\FpPUROV RX OHV GLJO\FpUROV P P[IWWW \R XHM®FR
FDUERQH FKLUDO &HWWH VWpUBRLYIFLEHF WX HKW U
SXLVTXH OHV OLSDVHV GLJHVWLYHV OLEQUHQW OHV C
SRVLWLRQ
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(1) D H,C—OH H,C—O—CO—R H,C——OH H,C—O0—CO—R"
*
£ HC—OH HC—OH HC—O—CO—R HC=—OH
o H,C—OH H,C—OH H,C——OH H,C—O—CO—R”
Glycérol Dmonoglycéride Emonoglycéride D D'- diglycéride (mixte)
H,C—O0—CO—R"
H,C—O—CO—R H,C—0—CO—R 2 .
HCE—0—CO—R HC—O—CO—R ';'C—O—CO—RS
- O— - H,C—O—CO—R
H,C OH H,C—O—CO—R 2
D Ediglycéride (homogéne) triglycéride (homogéene) trilycéride (mixte)
A: Type d'acyglycérols *Carbone chiral
- 1
CHO H,C——OH H,C—O——CO—R
2
HO H - HO—(|3H RZ—CO—O——CH
3
H,C——OH H,C——OH H,C—O0—CO—R">
L-glycéraldéhyde Glycérol

B: Exemple de configuration des TAG

Ex de 1-palmityl-2,3-dioléyl-sn-glycerol avec R'= HzC—(CH,);—CH=—CH—(CH,),- et R*= - (H2C)14,——CHj;

)L 7\SHV GIDF\JO\FpUROV HW QRPHQFODWXUHYV

'HV DEUPYLDWLRQV VRQW pJDOHPHQW XWLOLVpHYV
332 /Q/Q/Q [/l 222 VHUYHQW j GpVLIJQHU UHVSHFWLY
GLSDOPLWYO\FRORM W UQ FIHQURMH QRXOWULOLQROHQLQ
IRUPp j SDUWLU GH OfDSPQBHWEULROpP\O &G\ HBUHRIG L H U
VRQW OHV SOXV TXIDQWLIAWV KXLOHV YpJpWIXXH® HXV X
GYDUDFKLGH HVW UpSXWpH FRQWHQLU SOXV GH GLII
DFLGHV JUDV DORUV TXH OfKXLOH H[WUDLWH GHV J
YLQJWDLQH REWHQXV GH YHIX OF POIONFY URDNL GR @ W UFD
GLIIpUHQWHY SURSULpWpPV TXL GpWHUPLQHQW pJDOHP
KXLOHV YpJpWDOHV TBEXWEW ERQWLSHQYHDW LOV IRUF
PPXOVLRQV WUQqVWD/QWD R OPN QW IHQHV\VWgPH ELSKDVL
H[SORLWpH GDQV OJXWLOLVDWLRQ GHV WHQVLRDFWLI
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OHV 7$* UpDJLVVHQW DYHF OHV EDVHV HQ VROXWLRQ
GI{DFLGHVY JUDV GH VRGLXP VDYRQV GXUV RX GH SRW
UpDFWLRQ SHUPHW GH GpGXLUH OYfLQGLFH GH VDSRQL!

: *O\FPURSKRVSKROLSLGHYV

/IHV JO\FHURSKRVSKROLSLGHYVY 7DEOHDX VRQW
JO\FpURO FRPSRUWDQW XQH OLDLVRQ HVWHU RX pWKI
WHQDQW FRPSWH GH OD IRQFWLRQ HVWHU RX pWKHU

OHV SKRVSKROLSLGHYV HVWHUV TXL VRQW GHV Gpl
&RPPH VWUXFWXUH OH JO\FpURO HVW HVWpULILp SDU
j R X DWRPHV 8W RDUBRDRGH JUDV LQVDWXUp GH
FDUERQH HW SDU XQH PROpPFXOH G DFLGH SKRVSKRUL
PRWLI 2+ HQ ERXW GH EUDQFKH TXL FRQIgQUH XQH IR
GpWHUPLQH OHXU RUJDQLVDWLRQ FDUDFWpPULVpH ¢
K\GURSKREH HQ GRXEOH FRXFKH DX VHLQ GHV PHPEU
GpULYHQW GH OfRULJLQH GH OHXU SUHPLQUH F
JUHFTXH GpVLJQDQW OH MDXQH GY°X| HW VG RIQM LQH] X
FKROLQH FpSKDOLQHV GRQW OH JURXSHPHQW SKRV
OD VpULQH SUpVHQW GDQV OH WLVVX FpUpEUDO HW
JURXSHPHQW SKRVSKRU\OH OH SOXV VRXYHQW UHOLp
1pDQPRLQV FHUWDLQV XPDNKINQIHR @MR XGKHWHERNW D@ F H

GH OLSLGHV SRODLUHV SKRVSKROLSLGHV HW JO\FF

1
H,C——O0—CO—R
, H,C——O0—CO—
R—CO—0—CH —> r%Xco—o—cCH

0—PO;—OH 4 HO—R’

HoC H,C——0—PO3-

1,2-diacyl-sn-glycérol-3-phosphate 4  Alcool Glycérophospholipide

)LJ JRUPDWLRQ GHV SKRVSKROLSLGHYV
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7TDEOHBXHOTXHVY H[HPSOHV GH SKRVSKROLSLGHV

$OFRRX 5 *O\FpPURSKRVSKROLSLGHV
1RP FRPSOHW 1RP GYXVDJH

6pULQH V@KRVSKDWLG\O Vpl &pSKDOLQHV

(WKDQRODPL( V@KRVSKDWLG\O pWI &pSKDOLQHV

&KROLQH V@KRVSKDWLG\O FKF /pFLWKLQHYV

,QRVLWRO V@KRVSKDWLG\O L( ,QRVLWLGHYV

S3KRVSKDWLG) ELVV@KRVSKDWLG\C &DUGLROLSLGHV RX &l

OHV SKRVSKROLSLGHY pWKHUYV

'‘DQV OHV SKRVSKRG®L SOGHHW R WHHU VAWK FRRXQU/HH LGY
DYHF VRQ JURXSHPHQW DON\O HQ & (Q & OD IRQFWL
JUDV HW RQ UHWURXYH O DFLIGH SRRVIRRGRDKHUH U
PrPHV SRVVLELOLWpV GH UpDFWLRQV TXH SUpFpGHPF
DERXWLVVDQW j XQH PXOWLWXGH GH OLSLGHV FRPSH
G DFWLYDWLRQ GHV SODHApWWWGOIW pOB S KIRO/MKORFKROLQ

Liaison éther

\

HoC——O——CH=CH—(CH,);5—CHs
R—CO—0—CH
CHy
HZC—O—PO3_—(CH2)2—I$I+—CH3
CHg
)L ([HPSOH GH SKRVSKROLSLGHVY pWKHU SODVPpPQ\OFK

SOXVLHXUV XVDJHV VRQW IDIW® GCILN HEKYHXEXW DR
LOV SHUPHWWHQW OD UpGXFWLRQ GH OD YLVFRVLWp
ERQQH GLVWULEXWLRQ GH OMHPDW ISKRYV SKDWVY B\GC D QY
FRQvVLGEREBPH OH S/MXISHFRUWBEWOGH OD PpPRLUH HW OH Ft
pWDQW OH WLVVX OH]JSOXWGHVFKKIREROR®ASLGHYVY WRWL
UpJLRQV FHUYLFDOHYV
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: 6SKLQJROLSLGHYV

&H VRQW GHV PROPFEDHY PRIQGMWWIWXYHW GIXQ GL
FDUERQpH OD NSKLOHRWRXOHPFXOHV OHV SOXV FRXUDQ
GH OLSLGHV FRQVWLWXHQW OHV FpUDPLGHV TXL VRQYV
JUDV VXU OH JURXSH DPLQH /HV VSKLQJROLSLGHV VR
IRUPpH VXLWH j] OD UpDFWLRQ HQWUH OH JURXSHPFE
JURXSHPHQW FDUER[\OH GH OYDFLGH JUDV

NH,

7
OH OH

)L J)RUPXOH FKLPLTXH GX SUpFXUVHXU GHV VSKLQJROLSLG

/IHV VSKLQJROLSLGHV VRQW WRXW FRPPH OHYV
FRQVWLWXDQWY GHV PHPEUDQHV ELRORJLTXHV ,0V
UpJXODWLRQ GHV IRQFWLRQV SK\WLRORJLTXHV OfYDGK
OTLPPXQLWpPp HW OHV PpWDEROLVPHYV JOXFLGLTXHYV

) THUSPQRWGHYV

8Q JUDQG QRPEUH GHV FRPSRVpV GH FHWWH IDPLC
HW GHV UHPDQLHPHQWY GH OfLVRSUqQH XQ FDUEXUH
SOXV GH W\SHVY GH FRPSRVpV WULWHUSpPQLTXHV
LVRSUPQLTXHYV GRQQH QDLVVDQFH DX[ SUPFXUVHXUV
OLDLVRQ GH GH FHV XQLWpV GRQQH OH VIKWOqQF
VWpPpURWGHYV
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, 6WpUROV HW VWpURWGHYV

/IHV VWpURWGHVY UpVXOWHQW GH O HVWPpPULILFDWLHF
VIXHOHWWH HVW XQ FDUEXUH WpWUDF\FOLTXH OH VYV
LVVX GH OD FRQGHQVDWI R Q@M SKPBORMMUQWBQHRI ILJ
OHV XQV GHV DXWUHV SDU OD QDWXUH HW OD SRVLWL
QR\DX HW OD SUpVHQFH pYHQWXHOOH GH GRXEOHYV
ELRORJLTXHV VSRRBL LLIISTHIWLW OHV VWpURWGHY QDWX

OHV VWpUROYV

OHV DFLGHVY HW VHOV ELOLDLUHYV

OHV VWpURLGHYV KRUPRQDX]

OHV YLWDPLQHYV ' HW DXWUHV GpULYpV

* Carbones chiraux

)LJ 1R\DX VWpUDQH GHV VWpURWGHYV

/ID PPWKRGH KDELWXHOOH GH FODVVLILFDWLRQ GH
HQ WURLV JURXSHV SULQFLSDX[ HQ WHQDQW FRPSWH
OH FDUERQH GX QR\DX VWpUDQH /RUVTXTLO QT\
GHVPHWK\OVWHUROV 67LO \ D XQ JURXSHPHQW PpWK\
HW GDQV OH FDV GH GHX[ JURXSHPHQWY PpWK\OHV RC
VWPUROV GHV GHX[ GHUQLHUV JURXSHV VRQW DGPLYV

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos 1 ghira




These de Doctorat/UAQIL—-Guévara NONVIHO

YRLHV GH VIQWKgVHV ELRORJLTXHV GHV WLVVXV GH S
GDQV OHXU VWUXFWXUH 2Q SHXW QpDQPRLQV FLWHU
VPpULH GHVY ODQRVWDQHV IRUPDQW OHW PGBWUWKROQW
JURXSH GHV VVGLWPR® KNW O BREQRPYWKUROWpURO

/IHV GHVPHWK\OVWHUROV

&THVW OD VpULH GHV FKROHVWDQHV IRUPpV GH
VWpPpURWGWHWWRQW JpQpUDOHPHQW DGPLV FRPPH VWpUR
JUDLVVHVVRQWIOMHFKROHVWPURO HW OfJHUJRVWpPURO
VRQW DSSHOpV © SK\WRVWpPUROV & /D SOXSDUW GHYV
OLDLVRQ HQWUH OHV FDUERQHV HW 'GSKOWFRDWYWRO
PDLVPORPHQWY OHV SOXV DERQGD QW B KD B/SRD/EWY IDHRQH (
GRXEOH OLDLVRQ HVW ORFDOLVHN KRMWIUHV OH R WIDTUDER
OfKXLOH GIDUJDQ OH EHXUUH BOW DHEWR® QW & RKXR.IO |
ULFKBVFRPSRYWWRVWpPUROV DORUV TXH OHV KXLOHV Y
HW GH SDORHRQW PRLQYV

/JHV UHFKHUFKHV RQW SURXYp TXH FKDTXH KXLO
VWPUROLTXH SDUWLFXOLqQUH &H TXL D IDLW GH OD C
FULWQUH GH GpWHUPLQDWLRQ GH OfDGXOWpUDWI
YpJpWDOHV (W LO D PrPH pWp SURXYp TXTRQ SRXYDLW
HQ VWpPUROV SRXU GLIIpUHQFLHU OHV7RBWIHIWPV GH
SK\WRVWpPUROV OHV SOXV DERQGDQWYV GHV KXLOHV °
FDPSHVWHURO /H VWLJPDVWpPURQ@ S3HIXVO TH QY Ul P\EHDGIV
GHVPHWK\OVWHUROV GJXQH KXLOH 8QH WURS JUDQGI
VLIQH GIXQH DGXOWpPUDWLRQ GDQV DLIAKXOEDUUNG DRHO/L Y
KXLOHV GH VRMD HW GH JUDLQHV GH FRWRQ (Q Jp
YpPULWDEOHYV PDUTXHXUV GIDXWKHQWLFLWp VSpFLDO}
FRPPH OH UDSSRUW GH OD WHQHXU HQ %rwWD VLWR
FDPSHVWpWpUROV HW VWLJPDVWpURO 5 VLWRVW
WURLVLGPH SOXV LPSRUWDQW SK\WFR\HXWW RW U D H VARG

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos 2 ghira
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EHDXFRXS G{KXLOHV YpJpWDOHV j GHV SURSRUWLRQV
VLWRVWHURO SDU OfH[LVWHQFH GI1XQ JURXSHPHQW Pp

/JHV SK\WRVWpPpUROV MRXHQW XQ U{OH SUpGRPLQDQ
HW LO HVW UHFRQQX TXYXQH FRQVRPPDWDREQMRRNUGSB
FRQVLGPUDEOHPHQW UpGHKLWBX[SGHVFEROHVWpPURO /'/
ILSRSURWHLQ GD@VI DIHRYpIXBONFFERYWMPW RO D pWp Y
FRPSRVDQW SULQFLSDO GH OD JUDLVVH GH OD ODLQH
IL[HU O HDX OH WLHUV GH VD PDVVH HVW XWLOLVp!
FRVPpWLTXHV 'H PrPH OH GHK\GURFKROHVWpPURO H
VIQWKqVH GH OD YLWDPLQH

IHV VWUXFWXUHV GHV SULQFLSDOHV GHVPHWK\O
YpJpWDOHV VRQW SUpVHQWpPHV VXU OD ILJ FL GHVVHF

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos 3 ghira
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P1: Cholestérol

P10: ',-Avenasterol P11: 's-Stigmastenol P12: Campestérol

)LJ 4XHOTXHV SK\WBHWHYREVOFXY BHQON

Valorisation chimique de la biomasse oleagineuse d’'origin€&héampaons




These de Doctorat/ UACL—Guévara NONVIHO

: 7TRFROV RX YLWDPLQHYV (

/IHV WRFRSKpUROV DSSHOpV DXVVL YLWDPLQHV (
FKURPDQHVMVKEVWLWXpV SRUWHXUV G XQH FKDVQH LVI
LVRSUgQHV ILJ

&HWWH FKDVQH HVW LQGLVSHQVDEOH SRXU OHXU O
(Q HITHW (YDQV HW %LVKRS RQW GpFRXYHUW OD YLWI
LQGLVSHQVDEOH GH OD UH'S$WUR GPH WALRIF WK M| V@ YULDAAD
PWWWULEXpH DX[D EVRWHRFRIOW TXL VH UHWURXYHQW
OD QDWXUH VRXV OD FRQILIJXUDWLRQ 555 ,0 H[LVWI
DQWLR[\GDQWH GH O . WRFRSKpPURO HW GHV SURGXLW
TX j XQH FRQFHQWUDWLRQ GDQV O KXLOH GH VRMD \
WRFRSKpURO MRXH OH U{OH GH SUR R[\GDQW &LOO
JPQPUDOHPHQW XQH pFKHOOH G DFWLYLWp DQWLR[\GD
WHV@'YR®RUV TXH OTRUGUH GH Y SHRWMB WWWKNK]DZD
HW DO %XUWRQ DQG ,QJROG % X UW RQ @L@G DD E
$SSHOTYLVOWDL®HY WRFRSKpUROV GH V\QWKqVH VRQW
GRQW OH SRXYRLU YLWDPLQLTXH HVW LQIHULIMDW | FH
FHWWH DFWLYLWp YLWDPLQLTXDXYDURS pWpWpR QD Q/\NH P
(SVWHHW QD O ,O HVW U HFHR\Q QWR HRS Kip HRAD \T XSHJ R W
OYR[\GDWLRQ QDWXUHOOH GHV DFLGHV JUDV HQ SD
$*3, Re LO D pWp GIDLOOHXUV VLIQDOp TXIXQH PROf

j PROpPFXOH®($*3,

Noyau chromane des vitamines E

)LJ 1R\DX FKURPDQH FRPPXQ DX[ WRFROV

2XWUH FHV SURSULpWpV DQWL R[\GDQWHV GHV p\
UpGXLVHQW OHV PDODGLHY FDUGLRYDVEXODLUHV HW [

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos s ghira
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'f DXWUH SWRMARSXKHURO HVW XQ QXFOpRSKLOH TXL SLq.
GDQV GHV FRPSDUWLPHQWY OLSRSKLOHYV

Chromanol
1 Phytyle

Chromanol Chaine hydrocarbonée Phytyle
Tocopherol/tocotrienol :  R*  R? - OLDLVRQV FRY DVRFRE K UR®
D CH, CH, - OLDLVR G FEFRVRORM WLHQ R
E oH, H -~ OLDLV RGBS RERHDYMWU HV
o, ;  WRFRPRQRPQRO
G . . - OLDLVAREYHRMRM W ORI WHX
WRER®GR O

)L ,VRIRUPHV GHV WRFRFKURPDQROV RX WRFROV

&HUWDLQV DXWHXUV RQW GpPRQWUp HQ XWLOLVD
TXH GDQV OHV KXLOHV YpJpWDOHV LO \ D XQH FRUU

OTDFLGH OLQROPpPLTXH & HW SUREDEOHPHQW HQWU
& ODLV DXFXQH FRUUpODWLRQ QYYD pWp WLUpH H
WDX[ GHVY DFLGHV JUDV VDWXUpV & HW & HW PR

/ID SUpVHQFH GH FHV FRPSRVpV GDQV O KXLOH HYV
VHORDIHQUH OYHVSqFH OH OLHX OD SpULRGH RX OD
OTKXLOH HW DYDQW 6HXOHPHQW GH OD OLWW;y
WRFRWUUIQRWRFRWULHQRO HVW OD |RAUIPGVBYRGCRHR LGH
O RDODHRRUV TXH TRFRWULHQRO HVW UHWURXYp EHDXF

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos 3 ghira
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/IHV KXLOHV YpJpWDWORIQVHGW UD LW WHEIQRMHI/H ¥ (5 @DV IRU I
WRFRWULHQRO

: OpWKRGHYV GIH[WUDFWLRQV HW GH FDUDFWpULVDW

/HV SODQWHV FRQVHUYHQW OHV OLSLGHV GDQV
&HUWDLQHV UHFKHUFEKHYV SAHUW O PWPHDW \G MR QLW PRHRUQ M
LGLREODNWHRWpPRVRPHY VHUYHQW j VWRFNHU OfpQHUJ
WHOV TXH OD JHHWPUQDMQHRWY GHV SODQWHV RGW GHYV
FRXFKH GH OLSLGHV QHXWUHV SURWHFWULFH HW GH
HW FKLPLTXHV 'HYWNYWLEXBFpGpPY VRQW XWLOLVpV SRXL
OLEpUHU OHV OLSLGHLN ®WHRXWUDRBMY O&WXPpWKRGHV G
VRQW SDV VDQV LQIOXHQFH VXU OD TXDOLWp GHV W\
TXHOTXHV XQV GH FHV SURFpGpV SK\VLFR FKLPLTXHV

: OpWKRGHV G{H[WUDFWLRQ

'"LIIpUHQWHYV @WWHKNRIG KW LROLVpPHY SRXU OJH[WUDFW|
IDORQ DQFHVWUDOH OHV KRPPHV RQW pODERUp GHV S
GH JUDLQHW BOOIRQW UpFHPPHQW GpFRXYHOWDGWYWIU
VXU XQ VLWH DUFKpRORJLTXH KLWWLWH FRQILUPDQV
FHOPIHWBHSXLYV SOXV /GIN WHRKILTXHY FRXUDPPHQW XV
FRQOXHV SDU GHV IHPPHV HW FHOOHV FIDVYDRIL\HQGWX®
SD\V | XQ DXWUH &HV WHFKQLTXHV WUDGLWLRQQHC
VWDQGDUGLV®HWHY SDVVHQW SDU OD UpFROWH SXLV C
HW GH SUpSDUDWLRQ GHV JUDLQHV FRPPH OH QHWWR\
OD PRXWXUH SXLV OD FXLVVRQ /HV PpWKRGHV GH SUp
SDURLV GHV RUJDQHOOHV FRPPH FHODTXLp W@ W HOHG
OTLQIOXHQFH PRUSKRORJLTNP GHWXDUXBMHXHN FRHP SRV |
FRPLTXH UHOHYDQW SDU H[HP®®HODHY OHYHYUBR®ME
DXJPHQWHU OH WDX[ GDHLGOMYHWBQW IPMROWMRQQp T

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos v ghira
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LQIOXHQFHU OHV LQGLFHV SK\VLFR FKLPL T&HYWDHQV
HQFRROW GpPRWOMY PpWKRGHV DTXHXVHV WUDGL!
UHQGHPHQWYVY IDLEOHV HW SRXUUDLHQW rWUH VRXUFH
FRPPH GYIDXWUHV QH SDUYLHQQHQW SDV j pOLPLQ}
OYDVWULQJIJHFHVW DLQVL TXJLO D pARS KLEUIDY ¥ iy RRODAV E
DUWLVDQDOH DVWULQJHQWH DX 1LJpULD 'HV PpWKR(
GIH[WUDFWLRQ HW j FRQWRXUQHU FHV GLIILFXOWpV W
pPPHUJp GDQV OHV JRQHV UXUDOHV /HVWHPSRIEBWURQYV
SUHVVH PpFDQLTXH VXLYLH GH PpWKRGH VHG H FOLXIpHIVD
SDU OMSEVDAD/FKLQHY &WUISHQGDQW LO IDXW QRWHU TX
SDU GHV SURFpGpV PpFDQLTXHV QpFHVVLWHQW XOQ

GpJRPPDJH 'H SOXV OYH[WUDFWLRQ PpFDQLTXH SRVH
YLV DX[ JUDLQHV H[WUDLWHV &IHVW GDQV FH VHQV T3
TXH OHV SUHVVHV QYpWDLHQW SDV LGpDOHV SR
FRQYHQWLRQQHOOHYV

"I{DXWUHV WHFKQLTXHV SOXV PRGHUQHV FRPPFL
VXSHUFULWLTXHV RX OTXWLOLVDWLRQ GHV VROYDQW!
SURFpGpV SK\WLFR FKLPLTXHV WHOOHV TXH OD SUH\
OfHI WUDFWLRQ DTXHXVH DVVLVWpH GY{HQ]\P&NOWRRQW
6WDKO FLWp SDU 7D\ORU LO HILVWMWLORNMD GWLC
IOXLGHVY VXSHUFULWLTXHV G \@ \MMLPTLXTHKH VAR P\E D T 0K W
OfHIWUDFWLRQ SDU SUHVVH j OTH[W U DHW IDRID 8QW O K
WURXYp TXH OfH[WUDFWLRQ SDU VROYDQW DYDLW XQ
SUHVVH

/TXWLOLVDWLRQ GH VROYDQWY RUJDQLTXHV SHXW
6R[KOMWF OLOT OMPW@DAR Q SRXYDLW H[WUDLUH MXVTX]
YpJpWDOHV GH FHUWDLQHV HVSQFHV ODLV FHV WHFK
HQI\PHRQW GHV LQFRQYpQLHQWYV FRPPH OD ©DvWUL)
FRQFHQWUDWLRQ GHV HQ]J\PHV OD WHPSpUDWXUH OH

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos 33 ghira




These de Doctorat/UAQIL—-Guévara NONVIHO

: OpWKRGHY GH FDUDFWpPULVDWLRQ

/IHV PpWKRGHV GH GpWHUPLQDWLRQ GHV FRPSRV
SK\WRVWpPUROV« UHTXLqQUHQW GHV SURFpGpV SUpOLP
/JHV DQDO\WHV VRQW VRXYHQW EDVpHV VXU GHV Pg
VDSRQLILFDWLRQ GHV OLSLGHV HW OJH[WUDFWLRQ G
GLpWK\O pWKHU SXLV OH ODYDJH HW OD VpSDUDWLR
7/& ID PpWKRGH FRQYHQWLRQQHOOH GH TXDQWLIL
WULWHUSPQLTXHV HVW OD FKURPDWRJUDSKLH HQ SKD
LRQLVDWLRQ GH IODPPH VXU OD IUDFWLRQ LQVDSRQL
WULPpWK\O HVWpULILpV /D &3* DYHF GIDXWUHV PpW
XWLOLVpH WRXW FRPPH GHV FRXSODJHV j OD VSHFWUR

4XRLTXH OHVFRPWRBWRYUD]SKWHKHWRLHQW OHV SO
HOOHV QH VRQW SDV LGpDOHV SRXU FHUWDLQV FRPS
SUplqUHODORKWRPDWRJIUDSKLH /LTXLGH +DXWH SHUIRU
V\VWqPH\ VGHIF W L&)V FRXSODJHV FEIWOOMDY B QWD HS K [
GpULYDWLVDWLRQ HW TXHOTXHV IRLV GH VDSRQLIL!
OfXWLOLVDWLRQ GX FRXSODJH +3/& 06 SRXU OfDQDC
GIKXLOHV YpJpWDOWRQEHROWLURQBHQRE &HV PpWKRH
IRUWHPHQW UHSURGXFWLEOHV HW SHXYHQW VH IDLUF
LQVDSRQLOOHEOSHUPHWWHQWD &EHH FHG KD MWMH P SW & HSHC
SUREOQPHV GH UpVROXWLRQ LQFRPSOQWH RX GH VpSEC
PROpPFXODLUHYV LGHQWLTXHY SHXYHQW rWUH UHQFRQW
/& 06 06 VH IDLW OH SOXV VRXYHQW SDU LRQLVDWLR
LRQLVDWLRQ FKLPLTXH j SUHVVLRQ DWPRVSKpPULTXH ¢
DLW WU LWH FRBPKVpWMDQBIPHVUHY DXWHXX@HRSWH
PLQLDWXULVDWLRQ GH FHVY WHFKQLTXHV GYDQDO\VH

: %RLVY SDURLV YpJpWDOHV HW FRPSRVLWLRQV FKLPL

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos 30 ghira
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4XH FH VRLW GX ERLV GHV JUDLQHV RX GHV FRTX!
GHPHXUH WUQV FRPSOH[H TXDQG RQ WLHQW FRPSWH G
GX PLOLHX GH YLH GH OYHVSqFHDGHIWH NXUHWDW $6X
DQDWRPLTXH OHV SDURLV YpJpWDOHV VRIRWU PHRIYV WL
GLIIpUHPPHQW GH PLFURILEULOOHY GH FHOOXORVHYV
GIKPpPLFHOOXORVHYV /BWF P VAIRI@LHWUH FHV GLIIpUEL
DVVXUpH DXVVL ELHQ SDU GHV OLDLVRQV IDLEOHV FRHF
OLDLVRQV K\GURJqQH TXH SDU GHV OLDLVRQV LRQLTX
TXYHQ SDUWDQW GH OJH[WpULHXU GH OD SDURL YHUV
/D ODPHOOH PR\HQQH TXL HVW GpSRXUYXH GH FH
HQ SHFWLQHV (OOH DVVXUH OD FRKpVLRQ LQWHUF
/D SDURL SULPDLUH SULQFLSDOHPHQW IRUPpPH ¢
GLVSHUVpPHV GDQV XQH PDWULFH GH VXEVWDQFH\
SURWpPLQHV (OOH FRQVWLWXH SDUIRLV OD VHXOH
/D SDURL VHFRQGDLUH TXL VIDMRXWH j OD SDURL
HW HVW SULQFLSDOHPHQW IRUPpH GH ILEUHV GH F
2XWUH OD FHOOXORVH OfKpPLFHOOXORVH OD OL.
QRQ VWUXFWXUDX[ GHV SDORRRLEBRYWEBW S&RWRQWM
VROXEOHV HQ PLOLHX DTXHX[ HW RX HQ VROYDQWYV
FRPSRVpPV LQRUJDQLTXHYV

)LJ 3DURL FHOOXODLUH YpJpWDOHOH®PPHORPHFRRLHQEXOHF B3/ U
SULPDLUH 6 6 6 SDURLYVY VHFRQGDLUHYV

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos 0 ghira
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: /ID FHOOXORVH

&THVW HQ TXY$QVHOP 3D\HQ D GpFRMNDBY®RI/AX
TXYLO GpFULW FRPPH LVRPQOH BRQJ®PRLRMBEGIRY SULQFLS
SDURL FHOOXODLUH GX ERLV HW DSUQqV H[WUDFWLRQ
PRQGH HQYLUR® WRQQHV&IBVWXQ KRPRSRAWPRUH OL
GIXQLWpV FHOORELRVHY\FRMWNG § DXH®HAEHO IOIREARY\H H
FRPELQDLVRQ GX ' JOXFRS\UDQRVH ILJ HW OD SUg
HQ & & HW & SHUPHW OD IRUPDWLRQ 8RO®EXIOWRQW \
BHORQ OHV pWXGHV LO H[LVWH VL[ SRO)\PRUNSKHY GH
SHXYHQW VILQWHRXRPRQRHYWADHRQWURYHUVH VXU Of
HILVWH HW OHV pWXGHV VH SRXUVXLYHQW SRXU Gy
FHOOXOBVAHHOOXORVH , HVYW JpQpUDOHPHQW UHFRQQX
FHOOXORVH HW OHV DXWUHV SRO\PRUSKHV VIREWLHQ
POPWKRGHV GJLVRODWLRQ GH OD SDURL

~ OH
OH OH OH OH
HO O HO 0 " = o HO
OH OH
OH OH

&HOORELRVH

yLJ 6WUXFWXUH GH)GODY WHOWpGHRAMEY GRIQ GIXQLWpYV FHOORELRVI

, /D OLJQLQH

/ID OLIJQLQH HVW OH VHXO SRO\PqUH DURPDWLTXH (
HVW HQ IDLW XWLOLVp SRXU GpVLIQHU XQ HQVHPEOH
PROpFXODLUHY pOHYpHVY GH FRPSRVLWLRQ HW GH V
SURSRUWLRQ GH OLJQLQH GpSHQG GX W\SH GH SDURL
MXVTXTj] &IfHVW OD OLJQLQH TXL FUpH XQH EDUULQUH
DOFDOLQHVY GH WUDLWHPHQW GH OD SDURL *pQpUDC
SbuwLU GH ODTXHOOH RQ OYLVROH RX VHORQ OD Pp

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos 1 ghira
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OLJQLQHV GHRUVIXERQO VIDILW GHV UpVLGXV LQVRO X
GYDFLGH VXOIXULTXH pY D GXOPWHR S D UH © DS B p ARDKUIRVGHHX
OLJQLQH ILJ VRQW UHOLpV HQWUH HX[ SDU GLI
IUpTXHQFH GHV OLDLVRQV UpVXOWH GH OD VWUXFW)
VIXHOHWWH SURS\OSKpQROLTXH FRPPXQ GpVLJQp KI
VRQW OHV DOFRROV FRXPDU\OLARKGILIXQLOWLF XNG XR[L By
HW VLQDS\OLTXH XQLWp VI\ULQJ\OH FRXUDPPHQW Gp\

J
CH,OH CH,OH CH,OH

E

D = = _—
OCHz  H,co OCHg4

HO HO OH

$OFRRUR QLIPULOLTXH$OFRBUQALIB\OLTXH $OF R RV VBUE RYOR.D X

)LJ ORQROLJQROV GHV OLJQLQHV

+DELWXHOOHPHQW OHV OLJQLQHV GH W\SH * *XD
OHV UpVLQHX[ TXL FRQWLHQQHQW WXBQARXRB O TXIHVX B
XQLWpPV + /HV IHXLOOXV DX FRQW WBL UK CFLROFWQ H Q
VIULQJ\OH GDQV GHV UDWLRYV YDULDEOHYV

: /IHV KpPLFHOOXORVHYV

SURSRVp SDU 6FKRXRE]ANHKEMPHFHOOXORVH VIOBYDLW
SRO\WVDFFKDULGHY GH SODQWHY H[WUDFWLEOHV SDU ¢
LOV RQW pWp YXV FRPPH GHV SRO\PqUHV FRPSOH[HV
SODQWHV IRUPDQW GHV OLDLVRQV K\GURJgQH DYHF O
oOb OLJQLQH HW GHV OLDLVRQV pWKHUV DYHF OF

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos .2 ghira
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K\GUR[\FLQDPLTXHV ,0V VRQW JpQpUEDgHPRMHN DRUP|
DUDELQRVH GIKBIQRWBNMN OKFRIVHIDODFWRVH HW RX C
XURQLTXHV D 'DFQABFHRMURQ@LTXHMHWK\OJDODFWRURQLTXH
JDODEWXURQLTXH ILJ ' D X WKIHH\R VAHRVQ RABR{RIBINY O |
UKDPQR®M/ HY¥FRVH SHXYHQW DXVVL rWUH TXDQWLILp)\
JURXSHPHQWYVY K\GUR[\OHVY VRQW SDUWLHOOHPHQW VXI

'HV KRPRSRO\PqUHV GH [\ORVHV DSSHOpV KRPR[\OI
PWp TXDQWLILpY GDQV GHV DOJXHV 'fDXWUHV KRPRS
OHV [\ORJOXEDQMVWD-OM WD ISV XYHYW WM UXAWKWUHY GHV Kpl
GpSHQGHQW KDELWXHOOHPHQW GH OJRULJLQH ERWDC
OfkJH GH FHV FHOOXOHV DLQVL TXH GH OHX® ORFD
GLVWLQJXH WRXWHIRLYVY GLIIpUHQWY KpWpURSRO\VDFF
GDQV OD EDRPDVOMY KpPLFHOOXORVHV OHV SOXV GL\
GHVY SODQWHV OHXL QOXHYHVREQW OHV JOXFRPDQDQHV
YpJpWDX[ OHV [\ODQHV SHXYHQW HYH K| P Y RGO RINKA
KpPLFHOOXORVHVY GH W\SH PDQQDQHV WHOV TXH
JDODFWRJOXFRPDQQDQHV VRQW @V SK{PRIE HOHF RQFS\DH
UpVLQHX[ 7RXWHIRLY GH PLQHXUHV TXDQWLWpV RQW

1RXV UDSSHORQV TXHOTXHV XQV GHV KpWpURSRO\\

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos 3 ghira
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OH
4
5 0 @)
HO HO OH O
HSS;::;;ig/OH /igiizll% HO OH
3 OH '
HO OH HO

\ORVH ;\0 RX $URQRVH $uD RXLEVH OSRK
E' :\ORS\UDQRVH D' $UDRQRS\UDQRVE SERIXUDQI

OH OH
Ho OH
HO © HO o O
HO HO HO
OH oH OH

OH gH

*OXFRVH *OF 0DQ
QRVH 0DQ *%%)DFWRV

D' *OXFRS\UDQRMM O0DQQRS\UDQRVH, .o t\wRrs

OH
HO O O O ©
HO HO OH HO

OF OH OH OH oH
. $FLGH
$FLOGH JOXFXURQLTXRFLGH .
*OF$ D" 2 PpWK\0JOXEXUHPFWK
*OF$

HiC~ X0 OH HCTN O oH
HO OH
OH
OH OH

/ SBKDPQRS\UDQRVH RX
5KDPORV H / IXFRS\UDQR)
YXFRVH

)LJ JRUPXOHV GHV GLIIpUHQWV GMERYLGH PRQRVD

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos 4 ghira
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: IHV JOXFXURQR[\ODQHV *;

/HV *; RXPHWK\OJOXFXURQR[\ODQH VRQW OHV SUL!
IHXLOOXV TXL SHXYHQW DXVVL FRQWHQLU GH IDLEOHV
/IHV *YRQW GHV FKDLQH\E OLQRBLUBQFROAKX QRXYWPNORVH [
SDU GHV OLDEVRQVI GW RWISGHLTXH 4XHOTXHV XQLWpV G
HQ & HW & HW XQ VXU PROpPFXOHV D XQ JURXSHPH
UHOLp SDU XQH MLDLVKRHV OHKBMBEBHWXDQWY VRQW SOX\
DFLGHV TXH OHV [\OS HW OHV JURXSHPHQWY DFpW\Ol
SHWLWHV TXDQMWLOMRMWHGHV/ GIDFLGHY JDODFWXURQLT X
*» SHXYHQW rWUH GpVDFpW\OpV

, *DODFWRJOXFRPDQQDQHV **0V HW JOXFRPDQQD

/HV **0V HVE DCFFHWDODFWRJOXFRPDQQDQHV VRQW
SULQFLSDX[ GHV UpVLQHX] ON ORRW RRYFHVVGFK
OLQpDLUHE' GDPXFREPYDQRVHO RXPDINFRIAWDQRVH PDQ
OLpHV SDU GHV EGLDLVROMVROH GL\B¥HY SDUWLHOOHPHC
& HW VXEVWLWXpD' SD O DGFNWR SQUIDMRRAN H  J D OOFWRWH
JOXFRVH HW PDQQRVIE SDU &HWOLRNVRQ@VY VRQW K\C
SUpVHQWDQW GDQV FH FDV XQ IRUW WDX[ GH JDODFWR

/JHV JOXFRPDQQDQHV VRQW OHV FRPSRVpV PLQHXU"
FRPPH OHV **0V LOV VRQW F R Q&WKIQE XP® XGAHR FWIDL@RHV |
*OF MWIEQQRS\UDQRVH 0DQ DYHF XQ UDWLR *OF 0DQ

: SUDELQRJIJOXFXURQR[\ODQHV

/HV DUDELRQRV\RJIOXF XU RIQR[VRIDAH®HY FRPSRVDQW
GHV WLVVXVJODPQRIEHYV BW OHV FRPSRVDQWYV PLQHXUYV
GHV VWUXFWXUHV YDULPHV HW VRQW QpDQPRLQV FRQ
[\ORS\UDQRVH FRQWHQDQW [HYOXAUGRIYLTXH P pWW\O

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos s ghira
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DUDELQRIXUDQRVHYV JUHIIp® SDUBGHYV 0QDARARA@RL TBHH W\
I[lUpTXHQFH HW OD QDWXUH GH FHV UDPLILFDWLRQV
DUDELQRVH DFLGH JOXFXURQLTXH [\ORVH 'BIQW @H{IV Of
KpPLFHOOXORVHY GH IHXLOOXV OHV $*; VRQW SHX DI
TXDQWLWpPV GIDFLGHY JDODFWXURQLTXHYVY HW GH UKDF

OH

O
HaCO
HO OH
OAc
AcO O o
O HO OH
HO HO o/m/o
H@Oﬁ\ HO o
O OH
OH

)LJ SUDELQRJIJOXFXURQR[\ODQHYV

, ‘\ORJOXFDQHYV

/JHJ\ORJOXFDQHV VRQW OHV SRO\WDFFKDULGHV GR
IHXLOOXV EHDXFRXS SOXV GDQV OHV GLFRW\BWGRQH
SHXYHQW WRXWHIRLY DSSDUDLWUH HQ WUQV IDLEOH
FRQVWLWXpV BH FKDDQARVEHHDYHF SOXV GH VXEVWIL
' [VORVHV TXL SHXYHQW rWUH SURORQJpHV SDHYV GHV
GHJUpV GH VXEVWLWXWLRQ SHXYHQW YDULHU GYXQH
GRQOQMIHX j GLIIpUHQW YV / H\D RIIOXIPDRGHW . UHQGHQ
PROpFXOH HW OXL SHUPHWWHQW GH VH OLHU DX[ PLF
K\GURJgQH

, SUDELQR[\ODQHV

,OV UHSUPpVHQWHQW OHV KpPLFHOOXORVHV PDMHX
HW FRXFKHV H[WHUQHV GHQ\WI BpYHQVGHQMp XgDH BV D
VWUXFWXUHOOH HW VR X YIHQDE IEQRNDEFFDORNHY $DWHWH U
OHV FKDLQHV OLQPDLORS\GHQRVH VRQW VXE/WLWXpH
DUDELQRIXUDQHY GDQV OHV SRVLWLRQWX&XURQDLRXH&

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos s ghira
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OHXUV GpBPHYWRNO RV HQ SRV ISMXRFMI@W DXVVL RYRLU GF
DFpW\OpV RX r'WUH HVWpULILpY VXU OD SRVLWLRQ &
FRXPDULTXH/HV WDX[ GH EUDQFKHPHQW GHV DUDELQTF
VRXYHQW FDUDFWpULVpVY SDU OH UDWLR $UDELQRV!
PRQRVXEVWLWXp OHV VXEVWLWXWLRQV HQ & VRQW
/IRUV GH OHXU LVROHPHQW SDU GHV VROXWLRQV DOFD
HW RQ D OD OLEpUDWLRQ GHVI@XNRGHKVWHQH D LIEGD FWR
/IRUVTXILOV VRQW SHX VXEVWLWXpV FHUWDLQV DXWH
FDV LQYHUVH GY{KpPLFHOOXORVHV % /HV KpPLFHOOX(
FKDvQH [\ODQLTXH WUqV SHX VXEVWLWXpH SDU GHYV
XURQLTXH VRQW UpSXWpV LQVROXEOHY GDQV OTYHDX

, &RPSOH[HV KpWpUR[\ODQHYV

/IHV KpPLFHOOXORVHV FRPSOH[HV VRQW SUpVHQW\
HIVXGDWYV GH JRPPH HBXOHWP?XHKODIDJIMWRS\UDQRVH V
JUHIIpY GHKWRBOLGEKNY HW GHV DUDELQRVHV SXLV GHV
ROLIJRFKDLQHY JO\FRVLGLTXHV

: /IHV HIWUDFWLEOHYV

&H VRQW GHV FRPSRVpV QRQ VWUXFWXUHOV GH OD
SULQFLSDOHPHQW FRQFHQWUpPV GDQV OH ERLV GH F°
SODQWHY FRPPH DJHQWY GH GpIlHQVH FRQWDH OH)\
FRPSRVLWLRQ HW OHV UHQGHPHQWY GHV H[WUDFWLEO
OD SDUWLH GH OD SODQWH OfTkJH/HW|[\@HDFMWHDE GHVUS F
rWUH FODVVpV VHORQ OHV VLWHV GH OHXU H[@WWDFWL
SHXYHQW DXVVL rWUH FODVVpV VHORQ OHXU SRODULW
/JHV H[WUDFWLEOHY QRQ SRODLUHV RX OLSRSKLOHV
'&0 'Y{DXWUHV VROYDQWY FRPPH OfDFpWRQH RX C
GLWUHQWHY SURSRUWLRQV VRQW pJDOHPHQW XWLOLYV
OHV UpVLQHV OHV DFLGHV JUDV OHV VWpPUROV OHV

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos - ghira
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VWpUROV HW OHEQWILQW@WFMW IGGHBOXV HQ SOXV FURL\
VXEVWDQFHVY TXL VHPEOHQW GRWpHV GH SURSULpPW
WHUPLWHYV

: 9DORULVDWLRQ GH OD ELRPDVVH HW HVVDLV GYDGV

/ID ELRPDVVH HVW OYHQVHPEOH GH OD PDWLQUH
HIHPSWpHVY OHV PDWLqQUHV JpRORJLTXHV RX IRVVLO}
SURJUHVVLYH HW GHV FR€WV VDQV FHVVH H[RUELWDQ
ELRPDVVH IDLW DXMRXUGTKXL OTREMHW GH SOXVLH)
WUDQVIRUPDWLRQ GHV FRPSRVDQWY KpPLFHOOXORVE
LVROpV RX XWLOLVpV LQ VLWX GH OD ELRPDVVH HQ FI
LQQRYpV 2Q SHXW FLWHU OHV WHFKQLTXHV GH IHUPHC(
SDU OD VXLWH SRXU IDEULTXHU GHV ELRSODVWLTXH\
LQGXVWULHOOHYV 'H PrPH GIDXWUHV YRLHV GH YDO
VRXUFHV GIpHQHBRIPFERPV FKLPLTXHV VRQW pJDOHPH
XVDJHV QpFHVVLWHQW GHV PR\HQV TXH OD SOXSDUW
VRQW SDV SUrWV j PHWWUH VXU SLHG 8QH DXWUH XWL
GHV HDX[ XVPpHYWVUVW FRQOXKW SOXV LGpDO GH YXOJDL
HITHW HOOHV RITUHQW OYDYDQWDJH GTrWUH SHX FRE€\
GHV FRSURGXLWVIOQWRWBHNVQORQ GH OD PDWLQUH YpJd
DIJUXPHV GERVDUHMHWY GH QRL[ GH FRFR GHV SHDX]|
VHUYL GH ELRVRUEDQWYV GHV PpWDXD X) RRMPGEW RHXO&EWL
SURFpGpV SK\WWLTXHV FKLPLTXHV HW RX ELRORJLTXHYV
PHPEUDQH O pOHFWURO\VH HWF VRQW XWLOLVpV
WHFKQLTXHV VRFRWWRNEBW XWDRIS GH OD ELRPDVVH EU
FKDUERQV DFWLIV HVW YX FRPPH SOXV DFFHVVLEOHYV
HVVDLV GITXWLOLVDWLRQ GH OD ELRPDVVH FRPPH Gy
XWLOLVpHV 1RXV HVVDLHURQV GH GplLQLU TXHOTXHV

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos s ghira
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, $GVRUSWLRQ

/ITDGVRUSWLRQ RX VRUSWLRQ HVW XQ SKpQRPgQFt
SHUPHWWDQW OD IL[DWLRQ GHV PROPFXOHV SUpVHQW!
XQH VXUIDFH VROLGH &JTHVW GRQF OH UpVXOWDW
OfLQWHUIDFH HQWUH G HXG VRKIDDHRR ODpF XDHS HED HV D C
DGVRUEBEBQMROLGH TXL IL[H FHOOH FLD & QRWMIR GDX\\WH B HH
SRXU PHWWUH HQ YDOHXU OHV LOQWHUDFWLRQV pOHFW
TXH OJR[\GR UpGXFWLRQ OD FRPSOH[DWLRQ « TXL
SK\WLTXH RQ SDUOH GH SK\VLVRUSWLRQ HW GDQV OfD

I TDGVRUSWLRQ SK\VLTXH HVW SDUIDLWHPHQW UpYl
OD VWUXFWXUH GH OD PROpFXOH DORUV TXH OD FKLP
LUUpYHUVLEOH LQGXLW XQH pQHUJLH GH OLDLVRQV
pQHUJLH GH ONFDLD®UPIRO HVW VRXYHQW JpQpUpH DYHF
GLVWDQFHYVY GH OD VXUIDFH &RQWUDLUHPHQW OD
WHPSpUDWXUHYV HW GHVY LQWHUDFWLRQV IRUFHV GH 9
FRXORPELHQQHY VRQW VXVFLWpHV HQWUH GLS{OHV
SRODLUHVY RX HQWUH LRQV 6XU OH SODQ WKHUPRG\QI
YDULDWLRQ GTHQWKDOSLH OLEUH GX V\VWgPH HVW Qj
GHV GHX[ W\SHVY GH VRUSWLRQ GpSHQG GX FRXSOH DG

I TDGVRUSWLRQ HQWUH XQ DGVRUEDW HQ PLOLHX (
KDELWXHOOHPHQW HQ SOXVLHXUV pWDSHV GpYHORSS

'LIIpUHQWHY pWDSHV GH OfDGVRUSWLRQ GYXQ SF
2Q GLVWLQJXH
8QH GLIIXVLRQ GH OfDGVRUEDW GH OD SKDVH OLT>

&HOOH FL SHXW VH IDLUH |j GLIIpUHQWHY YLWHVVHV
PYDOXpHV
X /[T DGVRUSWLRQ j YLWHYRMHGGH W\SH SVHXGR

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos 0 ghira
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'‘DQV FH GDWTXDWLRQ UpJLVVDQW OD FDSDFLWp G
GRQQpH SDU OD ORL GH /DJHUJUHQ
Ln (Q. FQ) Q.= FKxt 2.3

2« . PLQ UHSUpVHQWH OD FRQVWDQWH GH YLWH)
G{DGVRUSWLRQ UHVSHFWLYHPHQW j OfpTXLOLEUH HW

X (OOH SHXW DXVVL rWSRRUGHHW\SH 3VHXGR
/IfpTXDWLRQ HVW GRQQpH SDU

tQ,=(1 2KxQJ+t @
2« . PLQ UHSUpVHQWH OD FRQVWDQWH GH YLWHYV
GI{DGVRUSWLRQ UHVSHFWLYHPHQW j OfpTXLOLEUH H\

8QH GLIIXVLRQ j WUDYHUV OH ILOP LQWHUIDFLDO V

&HOOH FL HVW HQFRUH GLWH GLIIXVLRQ H[WHUQH HW
HVW
Ln (C,,FC) #C, FC) = K =t

2 .1 HVYW OD FRQVWDQWH GH GLIIXVLRQ H[WHUQH
LQLWLDOHV j OTpTXLOLEUH SXLV DX WHPSV W UHVSHF

/ID GLIIXVLRQ LOQWHUQWHUDRNV MRONGEDWQWVO DKW WUXF\
VXUIDFH HIWpULHXUH GX VROLGH

&THVW OD GLIIXVLRQ LQWUDSDUWLFXODLUH GplLQLF

5
Qr: Kixt 6+ C

$YHF .L OD FRQVWDQWH GH GLIIXVLRQ LQWUDSDUYV
/ITDGVRUSWLRQ SURSUHPHQW GLWH VXU OHV VLWH\

/IHV VLWHV DFWLIV GX VROLGH VXU OHVTXHOV VH IRQW
FL SHXYHQW LQIOXHQFHU OYDGVRUSWLRQ GHV FRPS
GLVWLQJXH

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos o ghira
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/IHV PLFURSRUHV GH GLDPgQWUH LQIpULHXU | QP
EHDXFRXS LQIpULHXU YHUYV QP

/IHV PpVRSRUHVY GH GLDPgQWUH FRPSULV HQWUH QF
(W OHV PDFURSRUHV GH GLDPgQWUH ! QP

/IHV VXUIDFHVY GHV PLFURSRUHV HW GHV PpVRSRUH
PHVXUH SDU DGVRUSWLRQ GH JD] %(7 HW FHOOHV SC
PHVXUHU DYHF XQ SRURVLPgQWUH j PHUFXUH

IHV FLQpPWLTXHYV GYDGVRUSWLRQ SHWPrHIVYWHRWNVGE
VXEVWUDW SROOXDQW GH OD SKDVH OLTXLGH YHUV
SURFHVWXND @WHHUW HQ XWLOLVDQW GHYV PRGQqOHYV

, VRWKHUPHY GTDGVRUSWLRQ

3RXU XQH WHPSpUDRRQVW POWOIWHOXH[LVWH XQH
TXDQWLWpUGBMW N@OXVBDPU OH VROLGH 4H j OfpTXLOLEN
SKDVH OLTXLGH /D UHODWLRQ HQWUH FHV GHX[ JUDQC

(A ?n)

Qe=
&R OD FRQFHQWUDWLRQ LQLWLDOH GX SROOXDQW HQ
&H OD FRQFHQWUDWLRQ j OfpTXLOLEUH GX SROOXDQW
9 OH YROXPH GH VROXWLRQ /
(WP OD PDVVH HQ PJ GYDGVRUEDQW XWLOLVpPH
&EHUWDLQV DXWHXUV SHXYHQW pYDOXHU OD FDSDF
UHODWLRQ

ot

2 1)

fi

R(%) = $SYHF

&R OD FRQFHQWUDWLRQ LQLWLDOH GX SROOXDQW HQ
&H OD FRQFHQWUDWLRQ j OfpTXLOLEUH GX SROOXDQMW
(Q WUDFREWEGBIDGH YDULDWLRQ GH 4H HQ IR@FWLR
REWLHQW OJLVRWKHUPH GYDGVRUSWLRQ GX SROOXD
GpGXLVHQW GH OD IRUPH GH FHWWH FRXUEH OHV U
IRUPHV ILJ VRQW JpQpUDOHPHQW DGPLVHV HW

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos s ghira
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3RXU XQH FRXUEH GH IRUPH /DQJPXLU / FRQYHI!
GX VROLGH DX[ IDLEOHV FRQFHQWUDWLRQV GX VR
OITDGVRUSWLRQ
3RXU XQH FRXUEH GH IRUPH + XQH KDXWH DIILQLYV
SROOXDQW /D IRUPH + HVW XQH FRXUEH SUHVTXH
3RXU XQH FRXUEH GH IRUPH & GLWH j SDUWLWLR(
VLWHV VRQW FUppV DX FRXUV GH OTDGVRUSWLRQ
(W OD IRUPH VLIJPRwWGDOH 6 j FRQFDYLWpP WRXUC
DGVRUSWLRQ VXU GHX[ RX SOXVLHXUV FRXFKHYV
'HV IRUPHV SOXV FRPSOH[HV SHXYHQW rWUH REWHQ X
K\EULGHV GHV TXDWUH W\SHV SUpFpGHQWYV

6 / * &
4H
PJ JI
_ _— —_—
&H PJ/

)LJ 'LIlTpPUHQWHY IRUPHVY GHV LVRWKHWPB® GITDGVRUSV

$ WHPSpUDWXUH FRQVWDQWH GHX[ PRGqQOHV GTL\
VIDJLW
, VRWKHUPH GH /DQJPXLU

(Q IDQJPXLU pPHW OHV K\SRWKqVHV TXH OHV SR

SRVVGGHQW OD PrPH pQHUJLH

QH SHXYHQW UHWHQLU FKDFXQ TX XQH PROpPFXOH
RQW XQH pQHUJLH GH OLDLVRQ FRQVWDQWH DYHF
TXDQWLWp GH SROOXDQWY DGVRUEpV

QH IDYRULVHQW SDV GILQWHUDFWLRQ HQWUH OHV

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos 2 ghira
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&HV K\SRWKgVHV RQW SHUPLV GYpWDEOLU OD UHODWLI

5 5 5

U U OuUe G
&H HW 4H VRQW UHVSHFWLYHPHQW OHV FRQFHQWUD\
PJJ GYpTXLOLEUH GHV ELRVRUEDQWYV
4P PJJ OD FDSDFLWp GIDGVRUPWLRYWDJPDP FERK Vh
GIDGVRUSWLRQ HQ UHODWLRQ DYHF OYfpQHUJLH GYDG\
&HWWH FRQVWDQWH HVW FDOFXOpH SDU WUDFp GH C
VROLGH SRXU OH FRPSRVp

,VRWKHUPH GH )UHXQGOLFK

&H PRGFRAWHHVSRQGXQRIXMHUPW FRQFDYH GH OfLVRYV
GITpWDEOLU OTpTXDWLRQ

LnQ; =LnK,+(-)xLnC, R
&H HW 4H VRQW UHVSHFWLYHPHQW OHV FRQFHQWUD\
PJJ GYpTXLOLEUH
/H SDUDPqQWUH Q LQGLTXH OfDIILQLWpP GX VROLGH DX S
3RXU Q! RQ D XQH JUDQGH DIILQLWp HQU H. QHW pGHi
IDLEQB FRXUEH TXL GpFULW /Q 4H HQ IRQFWLRQ GH /Q
GRQW O RUGRQQpH,j O RULJLQH HVW /Q

J)DFWHXUV GILQIOXHQFH GH Of{DGVRUSWLRQ GHV

30XVLHXUV IDFWHXUV SHXYH\ WDLGLQYMWQRFNYH GH B
SROOXDQWYV 2Q SHXW FLWHU O®mDJVR QD RROMM DI \& XG
OH VRIOWDMHW FRQGLWLRQV H[SpULPHQWDDGEGV GH RDAP:
GIXQH pOLPLQDWLRQ GHV FRORUDQWY SDU H[HPSOH

&DWLRQLTXH EDVLTXH
$QLRQLTXH DFLGH

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos s: ghira
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2X QRQ LRQLTXH
GX FRORUDQW GDQV OJLQWHUSUpPWDWLRQ GHV UpVXOV

(Q HITHW GTXQ FRORUDQW j XQ DXWUH GLIIpUHQW
GH OD VWUXFWXUH GH FHV GHUQLHUV 3DU H[HPSOH
JURXSHPHQWY LRQLVDEOHV FRPPH OHVDVYROLR/GDWHQ |
VROXELOLVDWLRQ GDQV OH PLOLHX OLTXLGH 'H PrP*H
LQIOXHQFHU OYDGVRUSWLRQ GHV FRORUDQWV RX G
SKPQRPQQH H[RWKHUPLTXH OD WHPSpUDWXUH SHXW L
GX VROLGH HW RX GpSODFHU OH\ IpTXR O XEULIRD GHI\p ALS

AXDQW DX S+ LO LQGXLW XQH VROXELOLWpP VpOHEF\
SOXV VROXEOHYVY TXH OHV FDWLRQV HW YLFH HW YHUVD

&RQFOXVLRQ SDUWLHOOH

/D ELEOLRJUDSKLH D SHUSKIW B H D REHMDESDWDUHR FWH U
VRQW GLYHUVHPHQW UpSDUWLHV DX %pQLV@ THE ®SIHXT
LGHQWLILFDWLRQ GHPDQGH XQH FRQQDLVVDQFH ERW
FRQIRQGUH j GHV HVSQFHV YRLVLQHYV

'H QRPEWHXPIYDX[ RQW GpFULW OHV PROpFXOHV FKL
pPFRUFHM GHVSgFHV &HWRRROBY XPRFPH pWDQW j OfR
SURSULpWpV PHGLFLQDOHYVY GH OHXUV H[WUDLWYV HQ W

,O QY\ D TXDVLPPHQW SDV GTpWXGHVGHW JUBVY KU
GH FHV GHX[ HVSgFRINUWDQEWDGHYV SRSXODWLRQV UXU|
GHIpPFXSpUHU jFEIMUIKQX QEWULWLRQQHOOHY WKpUDSHX\
JUDLQHRSEHWHDY SDUWLFXOLHU IRQW @MUREMHRU BN WQ
WUDGLWLRQQHO GRQW OHV LPSDFWV QTRQW SDV HQFR

8QH pWXGH DSSURIRQGLH GHV SDWBDLYHHNW GH RFHG
GIH[WUDFWLRQ GRQW FHX[ WUDGLWLRYDORVYL\SRXURO®

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos s« ghira
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(OOH SRXUUubDLW SHUPHWWUH GH PHWWUH HQ H[HU
JUDV WRFRSKpUROV WRFRWULPpQROV HW SK\WRVWpUI
WRXUWHDX[ WUYXYVECRKEBDWRRYRRIMPHEGWHW OHXU XWL
HQ DOLPHQWDWLRQ DQLPDOH RX HQ ELRUDIILQHULH

/ID ELEOLRJUDSKLH QYD pJDOHPPHQW SDV SHUPLV
ERLVY HW GHV FRTXHV LVVXV GHV JUDLQHV GHV GHXJ[ H
GHV FRPSRVpV SDULpWDX[ FRPPH OHV KpPLFHOOXORVI
YDORULVDWURRXCMHRIBPNFHOOXORVLTXHY (OOH SHXW S
UHOHYHU OD SUpVHQFH GH FRPSRVpV QRQ VWUXFWXU
FRXOHXU HW DU{PHYV

/ID FDUDFWpULVDWLRSKX SHHWWW B HXUHPHWWUH SDU H[HF
] XQH XWLOLVDWLRQ GH FHVY ELRPDVVHY GDQV OD SXUL

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos s ghira
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Chapitre,

Matériels et méthodes

&DUDFWpULVDWLRQ GHVY OLSLGHYV H[WUDLWV GHV JUDLC
SURFpGpV /$3 GTIDQDO\WVH FKLPLTXH GHV SDURLV ERLYV
(VVDLVY GIDGVRUSWLRQ GX EOHX GH PpWK\OgQH SDU OF

Valorisation chimique de la biomasse oléagineuse d’originéChéamaoms se_ﬂ)hira
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 QWURGXFWLRQ

(Q OHV ELRFKLPLVWHYV ODUSWIY HRVE B\ 3H RFQXW
SROWXU FRQWULEXWLRQ DX GpYHORSSHP#\QWRWHY ODHN
SURFpPGpPV FXL\WLFRHY GH VpSDUDWLRQ GHV PpODQJH®
JDJHX[ QTRQW FHVVp GH FURVWUH HW OHXU DPpOL
SUpPRFFXSDWLRQ PDMHXUH &fHVW DLQVL TXH GH QRX:
SHUIRUPDQWHY VRXYHQW FRXSOpPHV j GHV GpWHFWHXL
LQQRYpHV

/H FKRL[ GHV PpWKRGRVIIGH V ©S.DH D WIRRGR]LBDD W HF
QDWXUH GHV SKDVHV RX GHV SKpQRPgQHV PLV HQ N\
FDUDFWpULVDWLRQ GH OD ELRPDVVH 'H PrPH OfpFKD
TXH OHV SURWRFROHV QRUPDWLIV GIDQDO\VH SHXYF
GIDQDO\VH

/IH SUpVHQW FKDSLWUH VIHVW DORUV GRQQp FRPP
PPWKRGHV GIDQDO\WH XWLOLVpVY DX FRXUV GH PHV WU

$X SULPH DERUG OfpFKDQWLOORQQDJH DLQVL TX]
YpJpWDX[ VRQW GpFULWYV

(QUXLWH VRQW H[SOLFLWpPV OHV SURFpGpV GH FDI
GHV KXLOHV DLQVL TXH OHV WHFKQLTXHV VpSDUDWLY
JUDV WRFROV HW SK\WRVWpUROYV

3XLV OHV SURFpGpV /$3 /DERUDWRU\ $QDO\WL
DQRDO\WWLTXHVY GH /DERUDWRLUHV GYDQDO\VH GHV FRP

(W HQILQ OHV PpWKRGHV GH FDUDFWpPULVDWLRQ G
PpWK\OqQH SDU OHV UpVLGXV GH FRTXHV GH /RSKLUD (¢

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos s; ghira
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,, &DUDFWPpPULVDWLRQ GHVY OLSLGHV H[WUDLWV GHV J!
. &ROOHFWH HW FRQGLWLRQQHPHQW GX PDWpU|

. Lophira lanceolata

/HV IUXLWV pFRUFHV HWRGXUD B H@®NVQ &6 REFDENRDS W
VRQW FRPRHFWHNY MXLQ GDQV OH YLOODJH GH %RULED
YLOODJHV GH OfDUURQGLVVHPE&RSD GW HFR-XFR XRH R X {\
GpSDUWHPHQW H¥XHVIWGEY BEQRUEQWUH f 1 HW f
f 1( /H YGOHOBRWLEDQVLID GRQW RO RRPWOIRMLY ¥ LFR
XQ FOLPDW VRXGDQR JXLQpHQ IDYRUDEOH |j XQH Ypl
VD[LFROHV &HWWH PRVDWTXH GH VDYDQHV HVW VXUW
YpJpWDOHV PREPHE OMHEQpUp /RSK NN LONDX FMR DEDW D
FRPSWH WHQX GH VD SUpYDOGDW®ODX X B ZGRRERNDRAY P )V F
WRXWH OD FRPPXQH GH 7TRXFRXQWRXQD

$SUqV UpFROWH OHV IUXLWV VRQW VpSDUpV PDQX
DOORJgQHV HW VFLQGpPY HQ GHX[ ORWV /H SUHPLHU
DQFHVWUDX[ GDQV OH PLOLHX ZDDPD /H VHFRQG OR\
YRXFKHU D pWp GpSRVp j OJKHUELHU QDWLRQDO GX ¢

+1%

. Carapa procera & SURFHUD

$ OD GLIIpUHQFH GH / ODQFHRODWD OHV pFKDQW
IUXLWV GH & SURFHUD RQW pWp FROOHFWpV GDQV OD
GH 6DNpWp OX %Y@ HVWHWWH IRUr'W GYIXQH VXSHUILF
f 1T HW f 9 GH ODWLWXGH 1RUG HW f § HW f T GH
JRQH HVW GH W\SH VXEpTXDWRULDO

'DQV FHWWH IRUrW OHV&BVSGHH SWERIEHNDWR X M M QG\H
OHV |BABHADUpPFBYHWXLWY GH & SURFHUD WRPEHQW j P|
SXLV FRQVHUYpV j OfDEUL GH OJKXPLGLWp 8Q pFKD
OfKHUELHU QDWLRQDO GX %pQLQ HW FRQVHUYp VRXV
RQW pWp H[WUDLWHY GHV FRTXHV SXLV VpFKpHV DX OC

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos s ghira




These de Doctorat/ UACL—Guévara NONVIHO

. SURFpGpYVY GTH[WUDFWLRQ GHV OLSLGHYV

&HV SURFpPpGpPV GPpSHQGHQW GIXJW\SH7G® GIND ITXH X
SURFpPGp D pWp XWLOLVp GOMYDSH EDRFGHAD\WE B BE®NM X
RQW pWp pYDOXpHV GDQWR ®KLUFDV $GEVEHOGHY GRDQ
H[WUDLWHYV

(Q PLOLHX DTXHX]
X ((WUDFWLRQ DTXHXVH HQ PLOLHX UXUDO HYV
X ((WUDFWLRQ DTXHXVH DVVLVWpH GIHQ]\PHV
3XLV SDU DVVLVWDQFH GJKH[DQH DX 6R[KOHW
x (Q H{(WUD\DQW OYJKXLOH j SDUWLU GHV JUD
VXU OH VEKpPD FL GHVVRXV RX IUDVFKHYV
Xx (Q HI(WUD\DQW OfKXLOH j SDUWLU GH JUDL
ILJXUH FL GHVVRXV

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos s ghira
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JUXLWV GH /RSKLUD PXQLV

GH FRTXHYV &

&RTXF
JUXLWYV GpFRUWLTXpV

DPDQGHV GH /RSKLUD

!

,9 $PDQGHV WRUUpILpHV GH
IRSKLUD PXQLYV

)LJ 'LDIJUDPH KB UpSDUDWLRRS & HWYDI WDLQNF W REAHD W D

&KDFXQ GH FHV SURFpGpY VHURQW GpFULWYV GDQV

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos « ghira
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. BURFpGpY GIfHIWUDFWLRQ WUDGLWLRQQHOOH HC

'HV WUDYDX[ RQW UHODWp OHV PpWKRGHV GIRSW
GIKXLOHV YpJpWDOHV/HGOPLSIOLWW GXUBPKWY PpWKRGHYV
FXLVVRQ OH WUHPSDJH DLQVL TXH OH VpFKDJH GHV J
GH SOXV HQ SOX&HSURPWHKRGHVY YLVHQW OD IUDJLOLVD
SRXU RSWLPLVHU OTH[WUDFWLRTRK¥WUHDROIH/ MHXOIPHVSE X
VDQV LQIOXHQFHV VXU OHV TXDOLWpV RUJRERGHIVLIRT
GIXQH KXLOEBRQp FRWDY & B WRBEQH D 00D BFHRMEI DWOQ GHYV
SURFpGpY WUDGLWLRQQHOV BWWP® PHR\BURGQEPGH 3DD P/
HWKQLH GX 1RUG GX %pQLQ SHUPHW OfREWHQWLRQ
GH VDSRQLQHV FRPSRVpV FKLPLTXHV MXJpV UHVSRQ
YpJpWDO®VSRXUUDLW DORUV SUpVHQWHU GHV SDUW
GIpWX@UHHBURFpGp HVW GpFULW VHORQ FOQGH\GUL®X YD P

)LJ 'LDJUDPPH WHFKQRORJLTXH GH |DERRAKIODR\RDQVESORRONHOGH Y p.
ZDDPD

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos « ghira
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6XU FH GLDJUDPPH RSpUDWLRQV XQ MARILIDHRY V

NJ GIDPDQGHV WRUURSKIHN PVHYEMHRQEWER G X LW H
PRUWLHU &HV DPDQGHV VRQW SLOpHV SXLV pFUDVpHV
ILQH pWDSHV HW 2Q D MRQEWDHL ® & Vp DX QWD ORHRVO XGH ¥
REWHQLU XQ DJUpJDW TXYRQ EDUDWWH j OD PDLQ MX
JUDLVVH /H PpODQJH REWHQX DSUqV EDUDWWDJH HVW
QXLWDSHV HW HWoDPLJDBOSRRE& HW DDF R SKKWV $wV
DO DYDLHQW GpFULW GHV SURFpGpV VLPLODLU
UXUDOHV7RXWHIRLY OH SUpVHQW GLDJUDPPH GLIIqUH
VXODTXHOOH IOHWLYWBP GH IDoRQ HPSLULTXH SRXU C
TXDOLWpV RUJDQROHSWLTXHV DSSUpFLDEOHV 'YDER
PHLOOHXUH VpSDUDWLRQ GHV OLSLGHV j IDLEOH K\GU
HVW HQ DHJ DHAW p X IQHp AV ISPSpUDWXUH GRXFH SH®KDQW
WHOOHV FRIPUIDMWRQWHW XHY FRPPH LGpDOHV DX[ TX
YpJpWDOHV $XVVL WUQqV W{W OH OHQGHPDLQ OHV \
ORXFKH GDQV XQH PDUPLWH ODYpV SXLV FXLWV DX IH
PWDSHV | /TKXLOH REWHQXH HVW GpFDQWpH SXL
HPERXWHLOOpPH SRXU GHV XVDJHV GRPHVWLTXHV

. S3URFpGpY FRQYHQWLRQQHOV GIH[WUDFWLRQ SD

3RXU FH SURFpGp OTKH[DQH D pWp XWLOLVp ERP
DSSDUHLOODJH J GH JUDLQHV EUR\pHV VRQW SODF]
P/ G KH[DQH RQW pWp YHUVpV GDQV XQ EDOORQ GH
6R[KOHW D pWp FKPE&SH® ER@WHK j H{WUDFWLRQ FRQWL
OYKH[DQH HVW FKDVVp SDU GLVWLOODWLRQ DX 5RWD
OLPLWp j O pW&SHQ®PGDQW PLQ /H EDOORQ HVW UHIU
SHQGDQW DX PRLQjV PK SKQV UKRBNPDWLHRQ RLHEG MPp¥FKPH
SHVDJH HVW SRXUVXLYLH MXVTX j FH TXH OD GLIIpUHQ

" Le Tonglo est une unité de mesure couramment utilisée dans les zones rurales d’Afrique symbolisée par un vase
d’aluminium

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos « ghira
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2Q UHWLHQW OD GHUQLgUH SHVpH GX EDOORQ 7URL)
HITHFWXpV HW OH UHQGHPHQW GYfH[WUDFWLRQ HVW HV

. ((WUDFWLRQ DTXHXVH DVVLVWpH GYHQ]\PH

/H SURFpGp GIH[WUDFWLRQ D pWp UpDOLVp HQ VX
GHVVRXV J GH JUDLQHV RQW pWp EUR\pHV j OfDL
*ULQGRPL[ *0 j OD YLWHVVH GH USB HHBRHRXIVQW F

*UDLQHV WRU
J

; ,QDFWLYDWLRQ GDQV XQ

*UDLQHV DX[ H
,ODFWLYpH

$MRXW GTHDX /

3- T=50°C

Ajout d’enzymes pH=4,45 (4,5<pH<5,5)

4-Malaxage (300<M<528rpm)
5pDFWLRQV HQ]J\PDWLTXHV SHQGI
,ODFWLYDWLRQ HQJ\PDWLTXH fé&

3kWHV KXLOI{

7- Centrifugation (8500 rpm20min) 25°C

—» 3KDVH +\GURO\VVWOXKH Gk

= SKDVH&«XORW

» 3KDVHKXLOH YpJpW

)LJ $ 6FKpPD GX ELRUpDFWHXU GH W\SH OHWURKP $SS

% 'LDJUDPPH GYH[WUDFW\WRRQSIEDY KKV B HVWDIpH
GTHQJ\PHV

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos « ghira
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/ID PRXWXUH REWHQXH HVW LQWURGXLWH GDQV X
GILQDFWLYHU OHV HQJ\PHV 2Q DMRXWH HQVXLWH /
OTLQWURGXLW GDQV XQ ELRUpPDFWHXU GH W\SH OHW!
FDSDFLWp / /D WHPSpUDWXUH HVW DMXVWpH j f& HW
FRPPHUFLDO XWLOLVp 3HFO\YH /L SURYLHQW GH OD
GRQW OHV DFWLYLWpPV RQW GHW jDpOW p DX ERXDpBH S KU
UpDFWLRQ HQJ\PDWLTXH HVW VWRSSpH HQ FKDXIIDQW
FHQWULIXJH OD SkWH KXLOHXVH REWHQXH SHQGDQW
WASH % (&.0%$1 &28/%05 6 GH PRWHXU -$% &HFL SHIL
GpFDQWDWLRQ GH UpFXSpUHU OfKXLOH YpJpWDOH GX
YpJpWDOH DLQVL UpFXSpUpH HVW SHVpH HW FRQVHUY
PPWKRGH D pWp pJDOHPHQW pYDOXp SDU JUDYLPpWULI
FXORW j OTKH[DQH DILQ GJRSWLPLVHU OH UHQGHPHQW
OH UHQGHPHQW REWHQX GH OD SKDVH HQJ\PDWLTXH G

. &DUDFWpPULVDWLRQ FKLPLTXH GHV OLSLGHYV
. '‘PWHUPLQDWLRQ GHV LQGLFHV GH TXDOLWpPp

/IHV LQGLFHV GYDFLGH DFLGLWpP GH SHUR[\GHV ¢
GpWHUPLQpVY VHORQ OHV QRUPHV ,62 2UJDQLVDWLR
UHVSHFWLIV 1) ,62 D ,62 .62 )

) &HV QRUPHV RQW pWp GpFULWHV FL GH\

| 7DX[ GH PDWLQUH VgFKH

/ID PDVVH VgFKH GH QRWUH ELRPDVVH D pWp GpWF
H[SpULHQFH SDU OTLQWHUPpGLDLUH GT1XQH EDODQFH
LQIUDURXJH | f& HW OH SRXUFHQWDJH GH PDWLqUH
PYDOXDWLRQ JUDYLPpWULTXH GX WDX[ GTKXPLGLWp
SRXUFHQWDJH HVW GpWHUPLQpPp DYDQW FKDFXQ GH QR\

. 'PWHUPLQDWLRQ GH O LQGLFH G DFLGH

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos «« ghira
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/ITLQAEAAHFLGH ,$ HVW OH QRPEUH GH PLOOLJUDPP
QpFHVVDLUH SRXU QHXWUDOLVHU OHV DFLGHV JUDV C
LQGLFH HVW VRXYHQW UHPSODFp SDU OYDFLGLWp $
OLEUHVY GDQV OD PDWLqUH JUDVVH [/YDFLGLWpP HVW
KDELWXHOOHPHQW H[SULPpH HQ SRXUFHQWDJH G DFLG

SHVDQW J GYKXLOH GDQV XQ HUOHQPH\HU GH
PpODQJH pWKDQRO pVOKHUHPWEKXBDTXHY JRXWWHV GH S
HQ HDX GLVWLOOPH

GRVIDQWKLWH OH PpODQJH DYHF GH RBWHOXBVNE
GLVVROYDQW J GH .2+ GDQV P/ GYHDX GLVWLOGO
OYfpWKDQRO SUpDODEOHPHQW WLWUp DYHF XQH VRO X\

DUUrWDQW OH GRVDJH GqV OYDSSDULWLRQ GTXQH
UpSpWpV

SDUDOOgOHPHQW HW VDQV FRUSV JUDV RQ HIIHFW
HVW REWHQX j SDUWLU GH OD IRUPXOH

IA= 56,1 ({V FV,) m
(W OJDFLGLWp GpdANMIBaIH SDHFA (%)= IA

9 OH YROXPH HQ P/ GH OD VROXWLRQ WLWUpH
9R HVW OH YROXPH HQ P/ GH OfHVVDL j EODQF
& OD FRQFHQWUDWLRQ PRODLUHGHMK\BWR [HEHP |
GH SRWDVVLXP

P OD PDVVH HQ JUDPPHV GH OD SULVH G HVVD
0 OD PDVVH PRODLUH GH OfDFLGH JUDV OLEUF
ROpPLTXH 0 J PRO

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos « ghira
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' '"PWHUPLQDWLRQ GH O LQGLFH GH SHURI[\GH

&HW LQGLFH HVW OD TXDQWLWp GH SHUR[\GH RJ[\G
GDQV O pFKDQWLOORQ SDU PDVVH GH SULVH G HVVI
PHT2J XQLWp LQGXVWULHOOH RX HQ PPRO .J XQLW
TRXWHIRLY RQ UHFRQQDLIPPR®HJPBR2R2U OTpYDOXHU Q

SHVp J GITKXLOH TXTRQ GLVVRXW GDQV P/ GH

FKORURIRUPH 9 9 HQ UHPSODFHPHQW GH OfL

OD 1RUPH

DMRHQYWXLWH WRXW HQ DJLWDQW RFFDVLRQQHOO

SRWDVVLXP VDWXUp VROXWLRQ EDUERWpPH GDQV C

DMRXWPBY GIHDX GLVWLOOpH HW XQH SLQFHWWH G

GIDJLWDWLRQ

WLWUp OD VROXWLRQ GH FRORUDWLRQ EOHXH REW

VRGLXP 1 MXVTXYT) OYDSSDULWLRQ GH OD FRXO|

WLWUDJH

7URLV HVVDLV VRQW UpDOLVpV SDU pFKDQWLOOF
SDUDOOQOHPHQW HW VLPXOWDQpPPHQW VXU OH FRUSV
/| LQGLFH GH SHUR[\GH ,3 HVW GRQQp SDU OD IRUPXOH

;3 9gr9 1 P
SYHF
9 OH YROXPH P/ GH OD VROXWLRQ GH WKLRVXC
WLWUDJH GH O pFKDQWLOORQ
9:OH YROXPH P/ GH OD VROXWLRQ GH WKLRVXOID

EODQF P OD SULVH G HVVDL GH O pFKDQWLOORQ H
1 OD QRUPDOLWp PRO/ GH OD VROXWLRQ GH WKLI

. '‘PWHUPLQDWLRQ GH OfLQGLFH GYTLRGH

/ITLQGLFH GY,RGH ,2 HVW OD PDVVH G KDORJgQH
XQH PDVVH GRQQpH GIXQH SULVH G HVVDL GDQV GHYV

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos « ghira
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H[SULPp SRXU J GH FRUSV JuDV HW VRQ SULQFLSH
ILIDWLRQ GTKDORJgQHYV SDU OHV GRXEOHYV OLDLVRQV

HQ GLVVROYDQW J GYfKXLOH GDQV P/ GHQpWU
UHPSODFHPHQW GX PpODQJH F\FORKH[DQH DFLG
HQWUDVQHU OH SURGXLW

(Q DILWOQDXL WR PSRROQ pLNE U BIRLRW BEW pDFWLI GH
PRQRFKORUXUH GYLRGH GDQV OYDFLGH DFpWLTXH
(Q ODLVVDO@W HPDVRWWRQ VIRSpUHU SHQGDQW PL
SXLV

HQ DMRXWHDQW P/ GJHDX GLVWLOOpPH HW P/ GTL
(Q WLWUDQW HQ UHWRXU DYHF GX WKLRVXOIDWH G

/IH GRVDJH HVW WHUPLQp ORUVTXH OHV GHX[ SKDV!

8Q HVVDL j EODQF D pWp UpDOLVp GDQV OHV PrPHV
GRQQp SDU OD IRUPXOH

+y 00RatA @ ¢ F )o DYHF

& OD FRQFIQQRPMRIODWGR Q@B VROXWLRQ GH WKLRVXOIDWH
9R OH YROXPH HQ P/ GH OD VROXWLRQ GH WKLRVXOID!
EODQF

9 OH YROXPH HQ P/ GH OD VROXWLRQ GH WKLRVXOIDW
GpWHUPLQDWLRQ HW

P OD PDVVH HQ JUDPPHV GH OD SULVH GJHVVDL

. 'PWHUPLQDWLRQ GH OTLQGLFH GH VDSRQLILFDYV

/IMLQGLFH GH VDSRQLILFDWLRQ HVW OD TXDQWLWp
PLOOLJUDPPHV GIK\GUR[\GWMUBGID\ESIRWPNVLXE® VIRMRLDV O
OLEUHV RX HVWpULILpY SUpVHQWY GDQV XQH KXLOH 3

3HVHU j J SUqV GDQV XQ EDOORQ GH P/ HQY|

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos « ghira
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$MRXWHU P/ GH OD VROXWLRQ G K\GUR[\GH GH S
J GH .2+ GDQV OJpWKDQRO j HW TXHOTXHV UpJ]
$GDSWHU OH UplIULJpUDQW j UHIOX[ DX EDOORQ H
OpJqUH pEXOOLWLRQ
SMRXWHU GHX[ JRXKWOMHYK V/RRWSKWDOpPLQH SXLV
SDU OH KDXW GX UplULJpUDQW HW DJLWHU HQ WRX
7LWUHU DYHF XQH VROXWLRQ G DFLGH &KORUK\G
FRXOHXU URVH GH O LQ®DRDW DX UG IO\DS D/URIDLAMW HF
DPSRXOH j GpFDQWHU GH P/

/ITLQGLFH GH VDSRQLILFDWLRQ ,V HVW GRQQp SDU Ol

_ (Ze?Z)x & 9:5

9R HVW OH YROXPH HQ P/ GH OD VROXWLRQ WLWUjy
OTHVVDL j EODQF

9 HVYW OH YROXPH HQ P/ GH OD VROXWLRQ WLWUpt
OD GpWHUPLQDWLRQ

& HVW OD FRQFHQWUDWLRQ H[DFWH HQ PROHV SI
FKORUK\GULTXH XWLOLVpH

P HVW OD PDVVH HQ JUDPPH GH OD SULVH GTHVVE

/H UpVXOWDW GRQQp DYHF XQH GpFLPDOH HVW O
GpWHUPLQDWLRQV

. &DUDFWpPULVDWLRQ FKLPLTXH GHVY DFLGHYV JUDYV
. SUMBIDR® GHY HVWHUV PpWK\OLTXHYV GYDFLGHYV

/JHV HVWHUV PpWK\OLTXHV GYIDFLGH VXMLV PED\W
POPWKRGH GLWH GHV WXEHV WHVWY \pRUDE O RIE WSIIDX
W UPRVK\ODWLRQ GIDOLTXRWYV GHV OLSLGHV WRWDX]

HQ PDVVH SHQGDQW PLQ | 2J & GRF pX&p BIRIRP H WX

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos « ghira
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[JGTKXLOH YpJpWDOH VRQW SHVpV GDQV XQ WXEH
GIKH[DQH HW P/ GX PpODQJH WULIOXRUXUH GH E
&H PpODQJH HVW PLV VRXV DJRWH SXLV OH WXEH H
&H WXEH HVW SROMX LU ) U KDMpRAFRRQWEIR X TXL HVW
SHQGDQW PLQ |j f& GDQV XQ EDLQ j VHF PRQF
6FLHQWLILF ,0O0ONLUFK )UDQFH 8QH YpULILFDWLR
IXLWHY pYHQWXHOOHYV

$SUQV XQH KHXUH RQ UHIURLGLW OHV WXEHV HW F
GLVWLOOpH

(QVXLWH RQ »S@ RFJ®HDJJH DYHF GH OYD]RWH SXLV
SURFpPGHU j XQH DJLWDWLRQ

2Q0DLVVH GpFDQWHU HQVXLWH DILQ GH SUpPOHYHI
VXSpULHXUH FRQWHQDQW OHV )$0(V

/D SKDVH LQIpULHXUH HVW H[WUDLWH GHX[ IRLV D
/HV )Y$0(V VRQW UpPFXSpUpV GDQV XQ PRRNXUW R BH

GYD]RWH

2Q OHV ODYH HQVXLWH DYHF P/ GJYHDX GLVWLOOpF
&HV )$0(V VRQW HQVXLWH VpFKP¥ DYHF GHV FULVW
ITKH[DQH HVW pOLPLQp VRXV DJRWH HW OHV )$0(6
SRXU rWUH GLUHFWHPHQW DQDO\VpV SDU *& ),"

' $QDO\WH GHV HVWHUV PpWK\OLTXHV DX &3*

/TDSSDUHLOODJH XWLOLVp SRXU OYDQDO\VH GHV
SUpFpGHRPWEQ®XV HVW XQ FKURPDWRJUDSKH HQ SKDV
+3 pTXLSp GIXQ GpWHFWHXU j LRQLVDWLRQ GH IODPP
ORQJIXHXU [ PP GLDPqQWUH LQWHUQH | PP GL
$XVWUDOLD 3W\ /WG /D VpSDUDWLRQ GHV HVWHUV ¢
SURJUDPPH VXLYDQW WHPSpUDWXUH LQLWLDOH GH ¢
PRQWpH GH WHPSpUDWXUH f& PLQ MXVTXYj OD WHPS|

PLQ /H UHWRXU j OD WHPSpUDWXUH LQLWLDOH VIHV
:LQLODE 3pULFKURP 6DXO[ OH &KDUWUHX[ )UDQFH

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos « ghira
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FKURPDWRJUDPPHV REWHQXV /HV DFLGHV JUDV VRQW
OH WHPSV GH UpWHQWLRQ GH VWDQGDUGY DSSURSULPp
$*3, UHI 8 VRXUFH DQLPDOH 6LJPD

&KDTXH H[SpULPHQWDWLRQ HVW UpSpWpH WURLV I|
IRUPH GH PR\HQQH

. &DUDFWpULVDWLRQ GHVY WRFROV HW SK\WRVWpU

IDTXDQWLILFDWLRQ GHV WRFRSKpUROV 7&3 HW W
GHV SK\WRVWpUROV D pWp UpDOLVpH HQ XWLOLVDQW
6FLHQWLILF 6DQ -RVH &$ 86% pTXLSp G XQ SLgJH j LF
FRPPH DHQOW\WH PDVVH /HV GRQQpHV RQW pWp WUDI
'FDOLEXU YHUVLRQ /D VPSDUDWLRQ FKURPDWRJUL
HQ SKDVH LQYHUVH $OOWLPD & *UDFHPP $0OWHF
'DUPVWDGW $OOHPDJQH pTXLSpH G XQH SUpFRGRQQ!
SRURVLWp *UDFH $OOWHFK 'DUPVWDGW $OOHPDJQ

/IHV FRPSRVpPV RQW pWp pOXpV SDU O DXPp@/KRGH GN
P/ PLBQ XWLOLVDQW OH PRAROJH OH2ERPPH SKDVF
PRELOH SRXU OHV WRFROV HW OH PpWKDQRO j GTD

/ITLQWHUIDFH $3&, ,RQLVDWLRQ FKLPLTXH |j SU
VSHFWURPpPpWULH GH PDVVH D pWp XWLOLVpH HQ PRG
TXDQWLILFDWLRQ GHV WRFROV HW GHV SK\WRVWpURO
RSWLPLVpHV SRXU REWHQLU XQH JUDQGH VHQVLELOL
PWDORQV GBPOY OH PpWKDQRO &HV GRQ®LWDEFQNDM)R Q'
GHVVRXV

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos 7 ghira
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7TDEOHBRRQGLWLRQV GHOGDGRPWRROGAHNV&EVSHFWURPpPpWI

&DWPpJRULH 3DUDPQWUH\ 7RFROV
9ROWDJHV &RURQD —3
&DSLOODLUF 9
/JHQWLOOH 9
%LOHQWLOO 9
IJHQWLOOH Il 9
7HPSPUDWXUH 9DSRULVDWF f&
&DSLOODLUF fa&
*D] *DLQDJH PLQ
DX[LOLDLUH PLQ
%DOD\DJH PLQ

/ID GPWHFWLRQ DYHF XQH KDXWH VHQVLELOLWp G
PWp UpDOLVpPH HQ VXLYDQW OHV LRQV ILOV REWHQXV
SDUHQWWBWPRKGRDLUHY >0 +@ &HV LRQV DLQVL TXF
GIpWDORQQDJH VRQW SUpVHQWpPV GDQV OH WDEOHD
PRGJOHV GH IUDJPHQWDWLRQ 06 VLPLODLUHV TXDOL
pPWp SRVVLEOH GH IDLUH OD GLVWLQFWLRQ HQWUH O
7DEOHDX (OOHV RQW GRQF pWp TXDQWLILpHV HQVH

7DEDMX &DUDFWpPULVWLTXHV GHV IUDJPHQWYV GJLRQV VXU OHV VSHF
UpJUHVVLRQ/BHYT ¥RPWRILpV

BDUHQWWRBUBPRG®RDLUHY P 'URLWH GH UpJUHVVL
D U= 137770 T 45= 0,9995
7&3 EJ U= 644591 T 45= 0,9993
G U= 261804 T 45= 09972
D U= 710847 TF386449,1; 4%5= 0,9988
7&7 E J U= 448801 T 4%= 09974
G

U= 562034 T 4%= 0,9986

AXDQW j OD GpWHFWLRQ GHV SK\WRVWpPUROV
VSHFWURPpWULH GH PDVVH j SDUWLU GHV LRQV ILOV
SVHXPROPFXODLUHV B[FHSWIPA@SRXU OH ODQRVWpPURO Gl
IXW >0@ A

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos 7 ghira
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2Q D HX HQ 06P ] SRXUGOGIHK\GURFKROHWVWHSR®OU OH

FKROHVWHBROSRXU OH FDPSHWWHSROU OH VWLJPDVW!
P] SRXU O/HVERNWWHURO HW P] SRXU OH OXSHRO H\
FDOLEUDWLRQ HQ 06 RQW pWp REWHQXHV j SDUWLU
FRPSRVpY GH FRQFHQWUDWLRQ YDULDQW HQWUH H\

i FKDTXH IRLV PRQWUp WREQ EHRQHP FQWUYXQBWLRQ O
PDLV DXVVL XQH ERQQH VWDELOLWpP HQ UpSRQVH 06

., 3URFpGpV /$3 GIDQDO\VH FKLPLTXH GHV SDURLV E
. 3UpSDUDWLRQ HW FRQGLWLRQQHPHQW GH OD ELR

&KDTXH pFKDQWLOORXL IDppW P FIRQWG LWHWR ORPXHV RQ
PDQXHOOHPHQW WULpPHV SXLV EUR\pHV DYHF XQ DSSD
XQH PDLOOH GH PP (OOHV VRQW HQVXLWH WDPLVpHV
EUR\DWV GH PDLOOH VR QW ppWh QWHWHH QXMW SHPPU OHV H\
DX[ GXUDPHQV GX ERLV LOV RQW GYDERUG pWp GpFF
PFKDQWLOORQV GH WBPLRQMD IpWphHXHWHQXV SRXU OH
FKDTXH HVVDL OHXU WDX[ GH PDWLQUH VgqFKH D pWp p

/HV SDURLV YpJpWDOHV RQW pWp FDUDFWpULVp
GIH[WUDFWLEOHY GJKRORFHOOXORVHV KpPLFHOOXOF
XWLOLVDQW GHV SUREpGpV 7$33, &HV SURFpGpV VRQW

. ((WUDFWLRQ GHVY FRPSRVpVY HIWUDFWLEOHV HW FL

/HV H[WUDFWLEOHV VRQW GHV FRPSRVpPV QRQ VWL
SHXYHQW LQWHUIpUHU ORUV GH OfDQDO\VH GH OD EL!
GH OD SDURL LO HVW VRXYHQW UHFRPPDQGpP GIH[WUI
VROXELOLWp OYHDX FKDXGH HW IURLGH OH GLFKOR
WROXqQH 99 RQW pWp XWLOLVpV 3RXU FHUWDLC
JUDLQHV GHV H[WUDFWLRQV VXFFHVVLYHV DX GLFKOR
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RQW pWp UpDOLVpHV /H SURWRFROH 15(/ 73 D
FRPPH DSSDUHLOODJH

8QH PDVVH VqgFKH GH J GH OD ELRPDVVH HVW H[V
VROYDQW HVW VpFKp j O DLGH G XQ pYDSRUDWHXU UR)
SDU JUDYLPpWULH SDU UDSSRUW j OD PDVVH LQLWLE
O H{WUDFWLRQ HVW SUpOHYp SRXU OD FDUDFWpULVI
PFKDQWLOORQ HVW FRQFHQWUp VRXV D]JRWH j WHPSpU
GpULYDWLVpPY SDU 1 WHWLPHWHKWKADO\OWULIOXRURDFF
/| pPFKDQWLOORQ DLQVL SUpSDUp HVW DQDO\Vp HQ XWI
LQMHFWLRQ VDQV GLYLVLRQ / LQVWUXPHQW XWLOLVp
GIXQ GPpWHFWHXU GH PDVVH VpOHFWLYH +HZOHWW 3DF
PP [ P G% JDUQLH G XQ VXSSRUW VROLGH LQHUWH
P GIXQH SKDVH VWDWLRQQDLUH HVW XWLOLVpH SRXU

&RPPH FRQGLWLRQV RSpUDWRLUHV GH OD *& RQ I
WHPSV LQLWLDO PLQ WH RSHOMMHNV&HHP R Q Wfp&l HML Q
ILQDOH f& WHPSV ILQDO PLQ WHPSpPUDWXUH
GH PDVVH HVW H[SORLWp HQ XWLOLVDQW OH PRGH G L
/D TXDQWLILFDWLRQ GHV GLIIHQHQW\O ERPSRVOQW ¥ D R|
,1,67 HVW EDVpH VXU OD VXSHUILFLH WRWDOH GHV SL
*& GH FKDTXH FRPSRVpP LQGLYLGXHO HVW VXSSRVp rwu

. AXDQWLILFDWLRQ GHV WDX[ GfKRORFHOOXORVHYV
SUpFLSLWDWLRQ GHV KpPLFHOOXORVHYV

/H SURFpGp HVW FHOXL XWLOLVp SDU (O +DJH

2Q0 LOQOWURGXLWDW4EKH GH OD ELRPDVVH SUpPDODEC
XQ EDOORQ GH\ DMARR/X\EA8 PO GYHDX GLVWLOOpPH (Q\
VRGLXP 1DHRMP2 P/ GYDFLGH DFp®2aT«HVRQIF LIDVDR X&Wp \
PpODQJH HVW SRUWp j UHIOX[ VRXV DIJLWDWLRQ FRQW
1D&OBW GH.2+#+ HVW UpSpWp SOXVLHXUV IRLV MXVTX!
VROLGH EODQFKKWUH GpOLJQLILFDWLRQ WRWDOH
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KRORFHOOXORVH ,0 HVW ILOWUp VRXV YLGH HW ODYp
OfpWXYH f& SHQGDQW + /fKRORFHOOXORVH HVW \

] f& SHQGDQW K $SUq\W KHCOHXORVWIHG H VWO LGM U
ODYp DYHF GH OfHDX GLVWLOOpPH MXVTXYj S+ QHXWUH

/IHV KpPLFHOOXORVHV VRQW REWHQXHV j SDUWLU
PWDEOL SDU 3HQJ HW DO &HDpLEQWBEHOW VPRGWI L
DMXVWpV j S+ DYHF GH O JORFQ GSIXE K ORWKAIGILIW X\ T
OTpWKDQRO SXK GISUWqVROXWLRQV GIKpPLFHOOXORV!
FHQWULIXJDWBIPRQ PLQ /H GpFDQWKW &I ILJ REWH

f& SXLV EUR\p ILQHPHQW /HV EUR\DWV+VRQW HQV.
)7,5HW OHXU SURSULpWp WKHUPLTWKHPPROUPBRHQ V
GLVVROXWLRQ GH FHV KpPLFHOOXORVHV D pJDOHPHQW

SRXU pYDOXHU OHXUV PRQRVDFFKDULGHV FRPPH UHO

3DUWLH EODQFKH
GIKpPLFHOOXORVHYV

)L 'pS{W GTKpPLFHOOXOFRVHMHNV ¥ K B O\R POH

. AXDQWLILFDWLRQ GH OD SURSRUWLRQ GH OLJQLQ

/H GRVDJH GH OD OLJQLQH HVW UpDOLVp VHORQ
PRGLILpH /D OLJQLQH pYDOXpH SDU FH SURFpGp HVW
.ODVRYQXDOXH OD SURSRUWLRQ GHV FRPSRVpV VROLGH
OYDFLGH VXOIXULTXH FRQFHQWUQpH /ITDQDO\VH F
UHVWDQW DSUQqV K\GURO\VH FRPSOQWH GHV JOXFLGHYV
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GH J GH PDWLQUH VQFKH SUpDODEOHPHQW H[WU
FRQLTXHV DYHF XQ YROXPH GH P/ GIXQH VROXWLRQ
j QRUPDOLVpPH 7$33, SUpDODEOHPHQW SUpSDUp
PpODQJH HVW HQVXLWH KXPHFWp SHQGDQW K GH IDo
i HIWUpPLWp DSODWLH HW j XQH WHPSpUDWXUH GH |
GYHDX GLVWLOOpH VRQW HQVXLWH DMRXWpV DILQ G
VXOIXULTXH GH OMRYBHNA \GRQW EHMQ IHUPpV HW PLV G
VXELVVHQW XQ FKDXIIDJH|j f& SHQGDQW K $SuqV L
HVW ILOWUp VRXV YLGH PRGpUp PH GO X DG VHV/IVD Gt
DOLTXRW HVW FRQVHUYp DX FRQJpODWHXU SRXU DQDC
VROLGHV LOVGDRQW GH DAYXYH j f& SHQGDQW K
UHIURLGLVVHPHQW j WHPSpUDWXUH DPELDQWH /H WL
JUDYLPpWULH GH OD PDVVH VqQFKH GH PDWLQUH LQLWL

. AXDQWLILFDWLRQ GHVY PRQRVDFFKDULGHYV VROXEC

/IHV VXFUHV GLVVRXV REWHQXV GH OD GpOLJQLILF
FKURPDWRJUDSKLH LRQLTXH &HWWH WHFKQLTXH Fk
OTXWLOLVDWLRQ GTXQH FRORQQH FRPSRVpH GH UpVL
GHV DQLRQV RX QpJDWLYHPHQW SRXU UHSRXVVHU GF
DLQVL VXU UpVLQH HW OD VpSDUDWLRQ GHV LRQV H'
POHFWURVWDWLTXH DYHF OD UpVLQH HVW SOXV RX PF
OHV FDWLRQV j VpSDUHU HW OHV LRQV VRQW HQWUD\
O DFWLRQ GH OD SKDVH VWDWLRQQDLUH

'DQV OH FDV GH QRV HVVDLV OD TXDQWLILFDWLRC
XWLOLVDQW XQ V\WWgPH GH FKURPDWRJUDBKQ MW.LRQX [
GIXQ GLVSRVLWLI GXNWRPYMHFWEHNXD GIXQ GpWHFWH X
GIXQH pOHFWURGH HQ RU GIXQH pOHFWURGH GH Upl
GYDQDO\WVH HW GH WUDLWHPHQW &KURPHOHRQ GH YHL
FRORQQH [ PP 'LRQH[ UHOLpPH j XQH FRORQQH .
'LRQH[ HVW XWLOLVpH FRPPH SKDVH VWDWLRQQDL
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GIK\GUR[\GH GHWOVRBEPRF pOXDQW /fpOXDQW HVW SUfp
1D2+ GDQV GH OfHDX XOWUD SXUH TXL HVW C
SHQGDQW PLQXWHV DYDQW XWLOLVDWLRQ $SUQV FK
VROXWLRQ GH 1D2+ PO SHQGDQW PLOQXWHV HW I
RSpUDWRLUHV GH GpSDUW SHQGDQW PLOQXWHV
DXWRPDWLTXHPHQW O HW OD VpSDUDWLRQ GHV V
GpELW GH P/ PLQ 2Q pWDEOLW XQH GURLWH GYpWI
VROXWLRQV pWMH®MRAWLQQWHFW pENMY PpODQJIJHV GH V.
FRQQXH &HWWH GURLWH HVW HQVXLWH XWLOLVpH SR
VXFUHYV

. $QDO\WH GHVY KpPLFHOOXORVHY SUpFLSLWpHV
' $QDO\WVH SDHV&O01

/ITPWXGHPYRQDQFH PDJQpPWLTXH QXFOpDLUH GHV K
PWHIITHEFWXpH VXU XQ VSHFWURPQWUH GH W\SH %58.(5 §
SURWR®V GIKpPLFHOOXORVHV RQW pWp BUDIMHDEKOHP
GHXWpUpH HW  VFDQV UpDOLVpV DORUVPTI¥H GRODMWVRC
PWp XWLOLVpHV SRXU OBV WHVWV OD UpVRQDQFH DX

. $QDO\VH )7,5

/D VSHEWURVFRSLH UQIQ\DI BRKGFHX8DHWU  U7n B ODVpW p
HQ XWLOLVDQW XQ VSHFWURPgqWUH 3(5.,1 (/0(5 )7.,5
DSU3MWSHUVLRQ GDQV OH EURPXUH GH SRWDVVLXP 3F
SXU RQW pWp EUR\pV DYHF PJ GWU®ZQVBQK\EQUWH VHVI
REWHQXHYV DYHF XQH SUHVVH PpFDQLTXH SXLV OHV VS

. 7UDFp GHV FRXUEHV $7*

/D VWDELOLWpPp WKHUPLTXH GHV KpPE®BUQXDRVAHQ
SDNQDO\WH WKHUPRJUDYLPpWULTXH 7*$ HW GLIIpUHG
W\SH 1(7=6%RXV IOX[ FRQVWDQW GT$UJRQ /HV pFKDQV

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos 7 ghira
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PJ RQW pWp VpFKpV | f& DYDQW WRXW HQWUH HOD (
WHPSpUDPEXDRQWH H® DSSOLTXDQW XQH YAWMVHVVH GH
PLQ

. '‘PWHUPLQDWLRQ GHV SRLGYVY PROpFXODLUHYV

/HV PD\WPROWLUHV MR HQRMEU HWOBDVVHZ GHYV
KpPLFHOG®QUORVHWp GpWHUPLQpHVY SDU OD 6(& &KUR
BWpPULTXH &THVW XQH WHFKQLTXH GH FDUDFWpULVE
SRO\PqUHV (OOH SHUPHW OD VpSDUDWLRQ GHV PDFUR
XQ JHO SRO\PqUH FRORQOQHV

/D 6(& D pWp UpDOLVpH DYHF X @ DAFKMDRFDWRJIBROK
GIXQ GpWHFWHXU 89 HW GH FRORQQHV GH 6W\UDJHC
XWLOLVDQW OH WpWUDK\GURIXUDQH 7+) FRPPH pOXEC
GDQV GH OfHDX GLVWLOOpPH (OOHV VRQW HQVXLWH IL
VROXWLRQ ILOWUpH HVW LQMHFWpH GDQV OD 6(& H
UplUDFWRPQWUH j VHQVLELOLWpP VXU 6 'HV GURLWH\
PWDEOLHV H®\WXWROXWDLR®Y VWDQGDUGY GH SRO\WW)
O LQGLFH GH SRO\GLVSHUVLWp ,S RQW pWp FDOFXOp\

. (VVDLVY GIDGVRUSWLRQ GX EOHX GH Pp@K\OgQH SD
. &RQGLWLRQQHPHQW GHV FRTXHV

/HV FRTXHWRSKLHWD O DRIPAM RODWWDpSDUpPHY PDQXHOOH
EUR\pHV DYHF XQ DSSDUHLO GH W\SH *ULP®RRPOQPDENVW
VRQW HQVXLWH WDPLVpHV H®P VEWLBHY EUR\DVBXL&/H P
HQWMWPP RQW pWp UHWHQXV SRXU OHV HVVDLV VXLYD
GH PDWLQUH VqFKH D pWp pYDOXp DYHF XQH WKHUPREI

. (YDOXDWLRQ GH Of{DGVRUSWLRQ DX EOHX GH PpW
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/IH EOHX GH PpWK\OgQH HVW XQ FROWKDDQWQFDWGE R !

OD IRUPXOH FKLPLTXH HVWGBRORYW VXU OD ILJ FL
N
\
CH
H,C 7 s 3
3 \ITI S I?I
Cl
CH, H3C

)LJ JRUPXOH FKLPLTXH GX EOHX GH PpWK\OqQH

2Q REVHUYH OD SUpVHQFH GYDX[RFKURPHV EDVLTX
LOQWHQVH &HWWH VXEVWDQFH SHXW DEVRUEHU HQ
ORQJXHXU GYRQGH GIDEVRUSWLRQ BPP[LPD &M DE pW/IpW
FHWWEVWDAFSpUDWXUH HW S+ FRQVWDQVBQH FBIXW EGip
GIpWDORQQDJH D pWpQPQ SR NWH WMWMHEOKB®H UHODWLRC
HW OD FRQFHQWUDWLRQ GX %OHX GH PpWK\OgQH %0
FIGHVVRXV SUpVHQWH XQH ERQQH OLQpDULWpP HW OD
pWp pWDEOLH 'DQV FHWWH UHODWLRQ OD FRQFHQW!
HQWUH HW SSP j f& 8QH GLOXWLRQ D pWp Up
VXSPULHXUHV j SSP
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yLJ &RXUEH GITpWDORQQDJH GH OTDEVRUSWLRQ GX EOHX GH Pp

/HV HVVDLV GIDGVRUSWLRQ GX EOHX GH PpWK\Oq
pPYDOXpV HQ SURFPGDQW VXFFHVVLYHPHQW j OfpYDOXLE

/I fHIITHW GH OD PDVVH

/[THITHW GX S+ GX PLOLHX DTXHX]
/[THIITHW GH OD WHPSpUDWXUH

ID FLQpWLTXH GYDGVRUSWLRQ

. (YDOXDWLRQ GH OfYLQIOXHQFH GH OD TXDQWL)\
GIDGVRUSWLRQ

3RYWDOXHU OfHIIHW GH OD TXDQWLWp GIDGVRUEI
FRTXHV GBIQFHRODWD XQ UpDFWIBXWY \IRX\D E DWW X B WL
HVVDLVY VRQW UpDOLVpPV j USRPVRRVXI/IONNWLRRP BH VR
P/ 8@ EOHX GH PpWK\OgQH GS$ISPRQ WV HEHWWNDM MRD X W L R
GLVSHUVHU i J GH EUR\DWV GH FRTXHV
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$SUQV  KHXUHV GH WHPSV GH FRQWDFW XQ SUpOqYH
ILOWUHV j VHULP JXHDBWRUEDQFH HW OD VRQWH®NGXD W
JUKFH j OfpTXDWLRRWSEDAHS HDPRQBDFLWp GIDGVRUS
FRTXHV LOWURGXLWHY HVW pYDOXpH HQ XWLOLVDQW C

R(%) = Ge—';ﬁ 2

&R HVW OD FRQFHQWUDWLRQ HQ SSP LQLWLDOH GX EO
&H OD FRQFHQWUDWLRQ GYfpTXLOLEUH REWHQXH DSU(¢

yLJ SKRWR GX UpDFWHXU DGLDEDWLTXH XWLOLVp SRXU OHV HV'

. (YDOXDWLRQ GH OfHIIHW GX S+ GX PLOLHX DTXH

/JHUpDFWHXU DGLDEDWLTXH D pWp FRQGLWLRQQp G
SUpFpGHQWHY $SUQqV IL[DWLRQ GH OD PDVVH D\DQW |
POHYpH OfTHIIHW GX S+ D pWp FDUDFRGWU N p GIHDV DAVLA MM
S+ GH OD VROXWLRQ DTXHXVH GH %0 j OfDLGH G
1D2+ HW GYDFLGH FKORUK\GULTXH +&0 /H SRXUF}L
PopWK\OqQH pYDP@pGBISEHRQWDEFW D pWp FRUULJp DYHF
PopWK\OFGH OKILQLY VDQV DMRXW GH FRTXHV EUR\pV C
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. (YDOXDWLRQ GH OD FLQpWLTXH GIDGVRUSWLRQ

/D PDVVH GYDGVRUEDQW DIDQNQW XHW @ HLEpV R OW LF
GIDGVRUSWLRQ D pWp pYDOXpIR/D¥HFVBOIXWLRQXBHYV E
PoWK\OgQH | GLIIpUHQWHY F8®FHQWQNMWORIYV FRQG
SUPpFPGHPPHQW GpFULWHY GHV SUpO PYH P&HW \FIVRQ Q)
ILOWUpV HW OHV FRQFHQWUDWLRQV UpVLGXHOOHV G
GYDGVRUSWLRQ D pWp pYDOXpH HQ XWLOLVDQW OD IRL

Q;iﬁ%ﬁf DYHF

&R OD FRQFHQWUDWLRQ LQLWLDOH HQ PRO / GH OD VF
&H OD FRQFHQWUDWLRQ HQ PRO / GIpTXLOLEUH GRVpl
9 OH YROXPH HQ P/ XWLOLVp

P OD PDVVH VqQFKH HQ J GX ELRVRUEDQW

&RQFOXVLRQ SDUWLHOOH

/D FDUDFWpPUVDWLRQ GHV KXLOHV YpJpWDOHV |
FRQGLWLRQQHPHQW DGpTXDWV GX PDWpU L&D DYPOpWEL
SURFRQW pWp H[WUDLWHV SDU XQ VHXO SURFpGp O
/IRSKLUD ODREBEWRB@EAE® FRQGLWLRQQHPHQW DLQVL TX
GIH[WUDFWMORQBH&LIQQTHQWHY RQW GRQF pWp REWHQX!
HVSQqFHV

/IHV SURSULpWpV FKLPLTXHV LQGLFHV GYDFLGH
SHUR[\GHV RQW pWp pYDOXpHV/HQ IVXLEBDWY WUGN VGCE R
RQW pWp TXDQWLILpYVY VRXV IRUPH GH PHWK\OHVWHUYV
SDU FRXSODJH FKURPDWRJUDSKLTXH /& 06 $3&,

/IHV SURFpGpV /$3 /DERUDWRU\ $QDO\WLFDO 3URFHGXL
GHV ERLV GXUDPHQV WRXUWHDX[ HW FRTXHV GHV GH

&HV SURFpGpV RQW SHUPLV DSUqV GH OpJqUHYV
FDUDFWpULVHU OHV KpPLFHOOXORVHV GH FHV ELRPDYV
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SURSULpWpPV WKHUPLTXHV DLQVL TXH OHV SRLGV PRO
pPYDOXpV SDU $7* HW '7* SXLV SDU 6(&

/IHV FDSGBADWMRUSWLRQ GX %OHX GH PpWK\OqQH
FRTXHV GH /IRSKLUD RQW pWp pYDOXpHVY HQ VXLYDQW C

&HV PpWKRGHV RQW SHUPLV GTREWHQLU GHV UpV.
FKDSLWUHV VXLYDQWYV
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Résultats
et
discussion
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Chapitre , ,,
Analyse des huiles vége

&DUDFWpULVDWLRQ FKLPLTXH pOpPHQWDLUH
$FLGHV JUDV GHV KXLOHV YpJpWDOHYV
URILO HQ WRFROV

BURILOV SK\WRVWpPUROLTXHV

Valorisation chimique de la biomasse oléagineuse d’originéChéamaoms 84,7prhira




These de Doctorat/ UACL—Guévara NONVIHO

 QWURGXFWLRQ

- SDUWLU GHV ELODQV DOLPHQWDLUHV GH OD )$2
OfKRUL]RQ SRXU OHV SD\V GH 0918(02% FRQQDLWUD

,O HVW SUpYX TXH FHWWH GHPDQGH DXJPHQWHUD
GTKDELWDQWYV VXSSOpPHQWDLUHVOBORMKWHXVIEBPHQW
ILOLqQUHV ROpPDJLQHXVHV DIULFDLQHYV VRQW VXUWRXYV
OTDUDFKLGH TXL FRQQDLVVHQW GHV GplLFLWYV GTRIIUL

&HV IDQWXLVHQW RXWUH OD PDUJLQDOLVDWLRQ G
LQWHUQDWLRQDO OD GpSHQGDQFH DFRQXRPRBDW BERQW
SURGXLWV ROpPDJLQHX[ /f$IULTXH TXL UHSUpVHQWDL
PEFKDQJHV LQWHUQDWLRQDX[ GJTROpPDJLQHX[ GHFQ HVW
SRVGHHY SURE® PIHASRQLELOLWpP GHV SURGXLWV GH EDV
SOXV HQ SOXV H[RUELWDQW SRXU C8-\W IEERKUWNUHRK PR G HB
SURGXLWV GH VXEVWLWXWLRQ SRXYDQW UpSRQGUH D>
FHV SRSXODWLRQV

'‘DQV FH VHQV OHV KXLOHV YpJpWDOHV QRQ FRQ
ROpDJLQHXVHYV IRUHVWLqQUHV RQW pWp YXHV FRPPH SF
UHTXrWH VL XQH LQYHVWLIJDWLRQ GH OHXU FRPSRVLW

/H SUpVHQW FKDSLWUH FRQFHUQH OHV UpVXOWDW\
FKLPLTXHV GHV KXLOHV YpJpWDOHV GH QRV GHX
FRQYHQWLRQQHOOHYV

I NTKXLORSKHUD ODQFHRODWD D pWp H{WUDLWH SDU

8Q SUHPLHU HQ PLOLHX UXUDO TXL H[SORLWH OHYV
&HV GHUQLqUHV SDVVHQW SDU OD WRUUpIDFWLRQ
OfKXLOH YpJpWDOH /H GLDJUDPPH WHFKQRORJLTX
FKDSLWUH ,,

8Q VHFRQG TXL XWLOLVH XQ FRFNWDLO GTHQ]\PHYV

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos ss ghira
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,O SHUPHWWUD GfpYDOXHU OfYLPSDFW GH FHV FL
PPWKRGH GfH[WUDFWLRQ DTXHXVH VLPSOH

IHV GHX]

DSSDUHLOODJH

GHUQLHUV XWLOLVHQW OYKH[DQH FRPP

'DQ VHXQQHSWH PLHUGW W PISAD KQHV UL
VHFRQG GHV JUDREHAN GMRQWpOHpHEXW GIpYDOXHU
OfpWDSH GH WRUUpPIDFWLRQ VXU OH SURFpGp WUD:

AXDQW j O®ROXIDSD GWURFHUD QRV TXrWHV GYLQIRU
QIRQW SDV SHUPLV GH UHOHYHU XQH H[WUDFWLRQ W

1RXV QRXV VRPPHV GRQF UHPLV

VROYDQW

j

OfHIWUDFWLRQ FR

., &DUDFWpPpULVDWLRQ FKLPLTXH pOpPHQWDLUH

BHORQ OH SURFpG/R S®HV DK R DQHEA KEPD WQ WRHQWS UR S
FKLPLTKMNVUpPVXCADDWNpEHRDWLEQpVHQWpPY GDQV OH 7
pWp DOQBDWERPSDUDLVRQ GHVY PR\HQQHV DYHF OH ORJ

7TDEOHDBXQGHPHQW GYH[WUDFWLRQ HW FDUDFWpULVWLTXHV FKLPL[M®

152 652 H& GHRFHUD

9RLH DTXHXVH

9RLH KH[DQLTXH
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,6PJ.2+ J D 1 1 1" 1
,QVDSROQLIL b 1 1 1
PP
/ E “ H F G
&RXOHXUV D G “ F b
E D F G

AO: +XLOH GH /
+XLOH GH [/

/IRSKLUD REWHQXHXEDOH YRH H DR BSK VDI DROEHV H @RI SD U
/IRSKLUD REWHQXH GH JUDLQV W R-+)XUpdHp HOH HW CEIEWHBRUHD!

JUDLQV QRQ WRUUpILpHVY HW SDU DVVLVWDQFH GTKH[DQH

$ ,QGLFHV GYDFLGHV H[SULPR HQ G IGFHDW IGGHSRHUR[TEH

VDSRQLILFDWLRQ

L QGLFHV

/IHV YDOHXUV G XQXH B & I OMWMWUH QH VRQW SDV VLIQLILFDWLYHP
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6HORQ FHV UpVXOWDWY OH SURFpGp GTREWHQWLF
UHQGHPHQWY GYH[WUDFWLRQ YRLVLQV IRSKLUD P
WUDBWPHMHURFpGpY RQW PRQWUp XQH WHQHXU HQ KXL
GIDUDFKLGH &HV UpGXHOMHXW VRERHD XSW R SKHBHBX/ LUDG H .
GX 1LJpULD

/TLQIOXHQFH GX FRQGLWLRQQHPHQW GHV JUDLQH
652 RX GX SURFpGp SDU YRLH KH[DQLTXH RX DTXHX]
DVVLVWDQFH GYHQ]\PHV (2 HVW SOXV YLVLEOH SRX
SHUR[\GH

/HV KXLOHV $2 HW 652 SUpVHQWHQW OHV SOXV ID
652 GIDFLGH ROpPLTXH /YKXLOH RESWDHQWH STHJ JWUMDI
IUDLEFKHVY SUpPVHQWH OYLQGLFH GEQFSBXWOB pSXXV Hp A
WRUUpPIDFWLRQ D SRXU HIIHW EpQpILTXH GH OLPLWHU
OTH[WUMFWILR® HOOH GXIWRHWP BFHWLRQV GIR[\GDWLRC
SURGXLVDQW OHV DFLGHV JUDV OLEUHV

'DQV OH PrPH VHQV OfKXLOH DUWLVDQDOH SUpV
IDLEOH $2 NPO BDRUV TXH OTKXLOH HQ]\PDWLTX
POHT2NJ OH SOXV pOHYp /D WRUUPpIDFWLRQ QYD SD\
SHUR[\GDWLRQ GHV KXL\MD %2 152 &H FRQVWDW YD |j
FHOXL IDLW SDU GH QRPEUHX[ WUDYDX[ TXL RQW PF
SRXYDLW LQDFWLYHU OHV O\SR[\JpQDVHV |j OfRULJL
YpJpWDOHV

7RXWHIRLY OHV SDUDPgWUHV TXL LQIOXHQFHQW
YpJpWDOHV VRQW OH S+ OH UDWLR VROLGH HDX OfI
OHV W\SHV GYHQJ\PHV XWLOLVpV OD WHPSpUDWXUH H
D\DQW pWp IL[pV GDQV OH FDGUH GH QRWUH pWXGH L
VXU OHV TXDOLWpV RUJDQRCGKSBEWRLTXE VHGW 6 DK XILIGHNV
OYDFWLRQ GHV HQJ\PHV HVW VSpPFLILTXH j FKDTXH W\S|

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos s; ghira
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IRWRQV HQ RXWUH TXH OHV FRPSRVLWLRQV FKLI
LQIOXHQFHU OHXU RJRIKWURQ LIGEKEBHSGIHRGH DVVH] Y

PJ J &H FRQVWDW HVW YpULILp HW RQ REVHUYH
GLIIpPUHQWHY GTL$RGLFHV GELRGHV 152 HW 652
PJ J &HOD SHXW UHQVHLJQHU VXU OD FRQVWLWXWL
GH FHV KXLOHV ,0 HVW HQ HIIHW UHFRQQX TXH OHV L
DYHF OD SUPpVHQFH GYDFLGHV JUDV LQVDWXUpV

/TKXLOH DUWLVDQDOH SUpVHQWH XQ LQGLFH GH V
KXLOHV GH SDOPHB J HW GYDUDFKLGH &HFLPSRXUUD
H[SOLTXHU OfXWLOLVDWLRQ ORFDOH TXL HQ HVW IDLW

'H PrPH OD SURSRUWLRQ ! GH FRPSRVpV LQVDSF
KXLOH SHXW MXVWLILHU VD FODUWpP HHW EVROWWLQW
SURQRQFp TXH FHX[ GHV DXWUHV KXLOHV ,0 HVW UHF
VRQW IRUPpW EHYV VERERPHD OHV WRFROWE FOHRWHKQM RTVX
FRQIQUHQW XQH FRORUDWLRQ YLYH DX[ VXEVWDQFHV T

'H IDORQ JORED QRIS KIFIEIWH@K K5 ISDU OH SURFpGp DU
GH PHLOOHXUHV FDUDFWpPULVWLTXHVY TXH FHOOH GHV
PrPH SOXV DSSUpPFLDEOHV TXH FHX[ GTKXLOHV GH /RSK

4AXDQW j OfKXLOH GH &DUDSD GH FRRWRUDWLRQOXYV
YLYH TXH FHOOHRSHKVHMOHO HYVEHREWHQXH DYHF XQ UF
PP &H UHQGHPHQW HQ KXLOHV HVW SOXV pOHY
JUDLQHYV ID SpULRGH GHPpIWKrEBHGM{WUOBWLRQ DLC
GIDXWUHV SDUDPgWUHV pGDSKLTXHV RX HQYLURQQ
LQIOXHQFHU OHV UHQGHPHQWY GYH[WUDFWLRQ GTKXLC

3RXU FH TXL FRQFHUQH OHV SURSULpWpPV FKLPLTX
POHYp HVW FRPOBXMDEOMURXYpHY SDU OLUDOO
HW DO ,0 HQ HVW GH PrPH GH OfLQGLFH GILRGH MXJj
J &HWWH YDOHXXQSEHHXWo U @ i@ BRBRLIGH/U HUG NV QL\Q ¥ B W W
KXLOH FRPSHOMH IO JKPH®OMH GH /RSKLUD

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos ss ghira
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$FLGHV JUDV GHV KXLOHV YpJpWDOHYV

/IHV FKURPDWRJUDPPH&HWHLNPUMQWHYV KXLOHV

SUpVHQWpPV VXUGBINVRXIUH
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$2 SDU YRLH DTXHXVH VXLYDQW XQ SURFpGp DUWLVDQDO

&KURPDWRJUDPPHYV REWHQXV RBSKOYSIWS SSHM BERLD |

(2 S

DVVLVWDQFH GTKH[W&H UDHLHIBIBLLDANWDOVRR YWD QFH GTKH[DQH GF

( +XL&DBMSD SURFHUD
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2Q REVHUYH GDQV OHV SUHPLqQUHV PLQXWHV O
FKDLQHV & DWRFPRRLQpPOVSVRQAWMDFLGH GDX WLDHL G
P\ULVWY.HXM GFR@W OHV SIGXWRRWLEKHFKURPDWRJIUDI
GH OfKXLOH YpJpWDOH GH /RSKLUD REWHQXH GH JUDL(

2XWUH FH FRQVWDW QRS KIMURY WG N X SKMHIRHSD RGIH V
GRPLQDQWYV VRPFWGHNXE ML WRIEH ROHUT XH D§ PLC
OLQROpPLTXH § PLQ HW DUDFKLGRQLTXH 8§ PLQ

/IH FKURPDWRJUDPPH GH OTKXLOH GH &DUDLSD SUp\
PLQ PLOW PLQ FRUUHVSRQGDQW DX[ R®pGHXHVNW
DOLQROPLTXH

/IHV SURSRUWLRQV GHV GLIIpUHQWY DFLGHYV JUDYV
SLFV HW OHV UpVXOWDWY VRGWVIMRPMMWHQWPV VXU OH 7L

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos « ghira
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7TDEOHDBNMRILOV DFLGHV JUDV GRIS/KK X DOGIM@EHID@GMWHR\R SHHU D

9RLH DTXHX 9RLH KH[DQLTXH
Lophira lanceolata

6RXV VTXHC $FLGH $2 (2 152 652 C. procera

FODV"
& /IDXULTXH E E b E
& ODUJDUL b b b b

6)$ & 3DOPLWL b ¢ F E
& 6WpDULT r b r E r E r E

7RWD

6)%

08)% & Q 3DOPLWR r D r P r P r P
& Q 20HLTXH « D « D r D ©« P “
& Q *DGROHL r D r P r P r P “
& Q (UXFLTXH r P r P r P r P 1

7RWD

08)%

38)$ & Q DOLQROH r P r ° r FE F ‘
& Q DOLQROH b r P r P r P “
& Q JOLQROH r r P r F r© “
& Q VWHDULG r E r P « D « D «
& Q S$UDFKLG roF ro°F r FF P 1
& Q (3% F r F r P F 1
& Q $GUHQLT ° ro° ro P ro P 1

,QFRQQX 1 1 1 1
7RWD
38)%

6)$ DFLGHV JUD¥®)YDWFXGBHY JUDV PRODBISGUOWKUPDV SIROAKQUBWEHM p
JRSKLUD REWHQXH SDU+RIOH DG W LV DREXAMW D (REWHQXH $PIUOWR IGH H
/IRSKLUD REWHQXH GHWJ 8D UQIVVW RWWIBR BHKNGIK HEHH /RSKLUD REW
QRQ WRUUpILpHVY HW SDU DVVLVWDQFH GTKH[DQH
/HV UpVXOWDWY GIXQH PrPH OLJQH VXLYLV GIXQH PrPH OHWW

IDoRQ JOREDOH

IRUWH SUpVHQFH GYDFLGHV JUDYV 38)% !

GRPLQpV SDUDMHVW) PGRIGTHWMH $2
HW DUDFKLGRQLTXH $2

GLYHUVHPHQW TXDQWLILpV

(2
(2

OHV/RSKDHN WYREW F PHYHS BIU

&RPPH FHOD DYDLW pWp UHOHYp DX QLYHDX GHYV

HW @852

152
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'DQV OD VpULH GHV 38)$ OTDFLGH (3% $2 (2
HW VRQ SUpFOYUHAXIBHROPpQLTXH $2 (2 15:
652 RQW pJDOHPHQW pWp REWHQXV

'IDXWUHV DBBEEHHFRRRIDVOHY DFLGHW O MOHDOH GLRTCXLHT
DGUHQLTXH RQW DXVVL pWp TXDQWLILpV

/IHV WKgPHV LQGLVSHQVDEOHV *5%$6 *HQHUDOGC
FRQQRWDWLRQV IRUWHPHQW SRVLWLYHV VRQW FHX]
HITHWYV EpQplILTXHV VRTDX JPPHHRRAINX VR @ D@W OHDWGIH [H Q V
VXSSOpPHQWDWLRQ GLpWpPWLTXH

/1(3% SDUWLFXDUIWUDHP BE WG H JUDYRKWYHOWHL IBE  \FRR)
PDULQHV ,0 QYH[LVWH TXDVLPPHQW SDV GHWYRKUFH\
GIDFIBRLTXH GHV SURSRUWLRQV PLQHXUHV DLHQW
YpJpWDOHV GYRULJLQH QRQ FRQYHGHWSER® R W OCRX UFRHP\
PDQHV SRLVVRQG((B®RRMNVGH SOXV HQ S XWD G WF GlHW
VRXUFHV GH SROOXDQWY GLR[LQHV PpWDX[ HW 3&%V

/HV KXLOHV Y/RIDKEBHDH\HGW GRQF YDODEOHPHQW U
QXWULWLRQQHO W®EWGFHRPPHD FH®KIW\SH 08)$ § Sl
HQ DFLGHV ROpPLTXHV § /D SUpVHQFH VLPXOWDQpH
D pWp YXH SDW DWPBIRXU FHV YHUWXV EpQpILTXHV FF
FDUGLRYDVFXODLUHYV

/TLPSDFW GH OD PpWKRGH GYREWHQWLRQ GHV KX
YLVLEOH DX QLYHDX GHY¥RNKIHGW\D QURQWDRR@WYp TX
WRUUpPIDFWLRQ UpGXLW OHV SURSRUWLRQV GMDFLGHYV
PrPH FRQVWDW HVW DLV SSKRQUEDQO W R WD LPFENNV 8 B X V
GIDFLGHV JUDV 6)$ VXUWRXW OfDFLGH ODXULTXH TX

'"IfDXWUHV WUDYDX[ RQW SRXUWDUWDN QHNVS S\IRRIUNp I 8§
GLYHUVHV WHPSpUDWXUHVY HW QRQ TXITDXFERKUGLIIp

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos - ghira
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OHXUV DFLGHV YDUDDWLRHONVN SRXUUDLHQW GRQF Gj
FRQVLGpUpH

/IHV DFLGHV JUDV GH @PKLOLSIH SEHRIpWMUDEDHN GEHH F H X
IRSKLUD ODQFHRODWD

2Q REVHUYH XQH PHLOOHXUH FRPSRVLWLRQ HQ
SULQFLSDOHPHQW HQ DFLGH ROpLTXH

/HV DFLGHV SDOPLWWPRHLTXH OLQROPpLTXHW
OLQROHQLTXH RQW DXVVL pWp TXDQWLILpPV j GH\

BQWHOOH VSpFLILFLWp HQ DFLGHV ROpPLTXH VWg
FRPSRVLWLRQV HQ DFLGHV 9UW N CDMKLXH GP@! Y R R B D H \
FDFDR XGMLOQWLVPYLQGXVWULH GHV FKE&8BRUDGHV BNUDLW
DOQWpULHXUV

OLQ]IDRWL. DO RQW TXDQWLILPpGEREQGHHROpPLTXHV

GIDFLGH VWpDULTXH HW VHXOHPHQW GITDFLGFH
&DUDSD SURFHUD GX &RQJR 'DPQV GH IPFRPEHW HPGYLT X+

GIDFYWPDULTXH HWGHOINOE®H W L TXHD QRO VACPH V
PrPHV JUDLQHWIGYHRWMBVQHV

8QH LQYHVWLIDWLRQ FKHPRWD[RQRPLTXH HQ UDSES
UpFROWH HW OHV IDFWHXUV pGDSKLTXHV HVW DORUYV
YDULDELOLWp FKLPLTXH HQ DFLGHV JUDV

,», S3URILO HQ WRFROV

(Q XWLOLVDQW GRXVESMTPWIORIMDIH HW FKURPE
DQQHHWY OD PpWKRGH GH FRXSODJH /& 06 QRXV DYRQ
GH PDVVH OHV WRFROV/ RBIKIXLD HOVCHYE BEEMIDE/BVS G R FH U
7DEOHD/XYV LVREHWQOW pWp TXDQWLILpY HQVHPEOH |
PROpFXODLURKRHEBEWLPW SDRSRDMVWO SXLV 6XUDL

TXRLTXH GIDXWUHV DXWHXUV DLHQW SX UpXVVLL

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos +: ghira
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7TDEOHD&RPSRVLWLRQ GHV KRSEHVIM RINMDIDIHSBEH QPQDWRFR O

9RLH DTXHXVH | O9RLH KH[DQLTXH
Lophira lanceolata C
$2 (2 152 652 - procera
PJ J PJ J PJ J PJ J PJ J

D 4,46+0,00 60,76/ 1,19+0,00| 34,49 3,43+0,00 | 65,21 1,71+0,00| 38,43 0,92+0,00| 13,98
7&3 E J| 2,28+0,3 31,06/ 1,52+0,19 | 44,06 1,27+0,16| 24,14| 1,85+0,28| 41,57| 0,10r0,0¥ | 1,52

G | 0,06+0,08 0,82| 0,21+0,09 6,09/ 0,21+0,09 3,99 0,23+0,70| 5,17| 0,01r0,00 | 0,15

D | 3,23=+0,00 0,00| 0,07+0,00 2,03| 0,17+0,04| 3,23| 0,12+0,04| 2,70| 0,91r0,1% | 13,83
7&7 E J| 054x0,07 7,36| 0,46x0,07| 13,33/ 0,17+0,04| 3,23| 0,55+0,08| 12,36/ 4,64r0,66 | 70,52

G 0,050,07 0,68/ 0,19+,14 5,51| 0,10+0,14 1,90/ 0,18+£0,14| 4,04| 0,070,072 | 1,06
7TRWDO 0,59+0,08 8,04| 0,71+0,05| 20,58/ 0,46+0,03| 8,75/ 0,84+0,08| 18,88 5,63r0,23 | 85,56
7RWDO 7,34+0,09 3,45+0,06 5,26+0,05 4,45+0,06 6,58r0,18

$2 +XLOH GH /
+XLOH GH /

/IRSKLUD REWHQXHXBSOH YRH H DRWKNVDN DOEHWHQXBE2SD
/IRSKLUD REWHQXH GH JUDLQYSWRNU@PH pEBN HWRSKUWU WD/ VR

QRQ WRUUpILpHY HW SDU DVVLVWDQFH GYKH[DQH
7&3 7TRFRSKHURBGRWULHQROV
/HV UpVXOWDWY GTXQH PrPH OLJQH VXLYLV GYXQH PrPH OHWWUH QH

/[TKXLOH YpJdpWRBHEHNH)XH SDU YRLH DTXHXVH HW
WUDGLWLRQQHO SUpVHQWH OH WDX[ GH WRFROV WRHF
PJ J &HWWH YDOHXU HVW SHHOMHN XJHHROHDQWN HO 19 RGKRUX
NDULWQDP PDEM GHPHDOUWHE GKD AXH FHOOHYV GH FHUWDLQ
GH WRXUQHVRO HW GYROLYH

/H SURFpGp DTXHX[ UHFqOH GRQF OYDYDQWDJH
DQWLR[\GEQMHIRLY OTKXLOH REWHQD\H IS\DWp OGH HPQ P\HP
SUpVHQWH OHDWEBR®HOIH SWPRNRAV &HFL SHXW MXVWLILY
VHORQ OHTXHO FWRBWRBRERHBMD SKV O\SR[\JpQDVHV |
OD FRXOHXU HW GHV LQGLFHV GH TXDOLWp PRLQV DSS

/ID WRUUpPpIDFWLRQRGKV UIDJ DIDPRAEKBEWD /XU WHQHXL
152 HW 652 PJ J /ID PrPH REVHUYDWLRQ I
7UR[ HW DO DX QLYHDX GHV JUDLQHV/GYDQDFDUG

/TLVRPQUH DOSKD WRFRSKpURO15%2 6%2

HVW FHOXL OH SOXV pYDOXp SRXU OHV TXDWUH V
UHFRPPDQGpP SRXU OfDOLPHQDWILARQRWY DIRW KXIPWD p EH. R
SOXV pOHYpH TXH FHOOH GHV DXWUHV W\SHYV

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos «« ghira
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$ OD GLIIpUHQFH /RISKLKYLODQBEBRODWD SUpVHQW
VSPFLILFLWpP HQ FRPSRVpV &MRFRAV Y L pVDRPQ QpH DOROP HH Q
GDQV OTKXLHHY VG HF BEOPH SRXU VHV HIIHWV EpQplLTX!
PDODGLHV QHXURGPJpQPUDWULFHY HW OHV WXPHXUYV

/HV LVRPQUHV OHV SOXV T%D QWS DL SWRRGTMQUEDHO/ KU B
EHW VLPXOWDQpPPHQW plpOHPRL@HY SHWLWH SURSRUWI
WRFRSKpURO D pJDOHPHQW pWp UHOHYpH GDQV

&H FRQVWDW HVW GLIIpUMIQ@R@GWLOBOXL IDITWLSR
XQLTXHPHQW TXDQWLILp SDU +3/& &IHWVD B/MR FBRIKRKEHIRD
RQW WIRKYPHV DRUPHVHG WRFRSKpUROV pWDLHQ
SUpVHQWHY GDQV OJKXLOH GH &DUDSD

&HV GLIIpUHQFHVY GH FRPSRVLWLRQV SHXYHQW
TXDQWLILFDWLRQ WRXW FRPPH j GI{DXWUHYV )30QUDAPLqgW U
HW DO SDU H[HPSOH HQ XWLOLVDQW XQH PpWK
IRLV PJ J PRIRWRFRSKpUROV GDQV OHV KXLOHV YplJ
SOXNHQWLD YROKBIDMW OKXLOH GH /RSKLUD $2

&HV WUDYDX[ PHWWHQW HQ H[HUJXH OD YDOHXU
DUWLVD/EXOHGBGHDRERRIODW® OD VSpFL&IDRLMGD)EH OfK
SHXW rWUH XWLOLVpH HQ FRVPpWLTXH SRXU VD WHQH?)>

o BURILOV SK\WRVWpUROLTXHYV GHV KXLOHV pWXGLp!

/JHV VWpUROV GHV SODQWHV FRQVWLRMR®ERW p®D
LQVDSRQLILDEOHVY GHV OLSLGHV 'HV WUDYDX[ RQW S|
SK\WRVWpPUROLTXH W\SLTXH TXL SRXUUDLW SHUPHWWL

3bu OD PrPH PpWKRGH GH FRXSODJH FKURPDWRJU
WULWHUSqgQH DOR WX SXIHWRQYBYWKOWDWY REWHQXV VR(
TDEOHDXHVHNRXV

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos +s ghira
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7TDEOHD3XK\WRVWHUROV HW FRPSRVpV WHUSpPQLTXHYVY GHV KXLOHV YpJpWDOHYV ¢

9RLH DTXHXVH

9RLH KH[DQLTXH

/IRSKIODMFHRODWD

$2

(2

152

652

C.procera

GHK\GL
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ITHVMMXPOWDWY GIXQH PrPH OLJQH VXLYLVY GH OD PrPH OHWWUH QH VRQW SDV V

QG QRQ GpWHFWpV

'H OYDQDO\VH GH FHV UpVXOWRDYD R S5 pSXLWH @ X
WHQHXUV OHV SOXV IDLEOHV HQ FRPSRV&MWSWHWRX/IMDp
YpJpWDI@DH SDUWLFXODULWpP GIrWUH UDNKH KQ HO DRURW
FRQFHQWENWWRYWQURDPSHVWpURMW VWLIPDVWpPURO
RQW DXVVL pW@ HNX DVDW PIQRRV D H XHKROHVWHWR®R Q

SUpFXUVHEUHK\GH RFKROHVWRWRO j GHV SURSRUWLRQV
PLQHXUHYV

&H SURILO SK\WRVWpPpUROLTXH GLIIqQUHWGIHOFHOXL ¢
TXL RQWKWIRRXYSEHXWPUROV WRWDX[DYHF XQH SURSRUYV
POHYPHHVHY RVWpURXWUH OH VWLIJPBWWPHR®PSHVWHU

' $YHQDVWHURONV 6WLIPDVWDGLRQWOpJDOHPHQW
TXDQWLILpY GDQV FHWWH KXLOH j GHVY SURSURWLRQV

JTKXLOKDEI®SD SURFH®I® GRQF XQH FRPSRVLWLR!
FRPSRVpPVY WULWHUSPQLTXHV 1RWUH pWXGH D VXUWR}
HQ ODQRVWpPURO 8QH VXSSOpPHQWDW IORQ GH[RID G Bl WH.
GHV HQ]\PH¥R$OUHGXFWDVH HW UpGXLW OHXU DFWLY
FHOOXODLUHYV

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos « ghira
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4AXDQW DX[ KKXR®KIW DG H D QFRHQRWODMDJHPHQW D X|
WRUUpIDFWLRQ D SHUPLVY GTREWHQLU SOXV GH FRPSR\

&H FRQVWDW VIDFFRUGH DYHFH®HD ONUDXID >R Q®H
REVHUYp XQH DXJPHQWDWLRQ GH\F XWMEpLUNRDD B BERY X U OGHH
JUDLQHV WRUUpILpHYVY BI@RD® TR W\*HROHVEZUB] TXfj XQH
WHPSpUDWXUH OD WRUUPpIDFWLRQ SRXYDLW UpGXLUH
JUDVVHV,0 VHUDLW GRQF RSSRUWXQ GfpWXGLHU OD
IRQFWLRQ GH OD WHPSpUDWXUH HW GX WHPSV GH WRU

E6LWRVWDPURO (2 152 HW 652
FDPSHVWpPURO $2 (2 HW 63%2 HW VWLJIJPDVWp
$2 (2 152 HW 652 VRQW OHV S|

PDMRULWDLUHY GH FHV GLIIpUHQWHY KXLOHV GH /RSKI

/IHV SURSRUWLRQV HQ SK\WRVWpUROV VRQW JpQpU
REWHPXHYRLH HQ]\PDWIHRBEMWEXGXSERIDU OH SURFpGp
HW $2 PJ J

1pDQPRLQV OfKXLOH DUWLVDQDOH TSXiH \OHHYWBIX B/QJ
WA\SHV GTKXLOHV YpJpWDDGNO D/MHA/D SRR § Ui IVp W WV DIQW [E [
WULWHUSQQH RQW GpMj pWp FLWpHYV

/ID PpPWKRGH DUWLVDQDOH SHUPHW GRQF GH FRQVI
OfKXLOH YpJpWDOH GH /RSKLUD ODQFHRODWD

&RQFOXVLRQ SDUWLHOOH

/IHV WUDYDX[ VXU OHV/KXKOUWHY O MHYANFROEEW B 85CH
SURFHUD RQW UpYpOp TXYfHOOHY SHXYHQW r'WUH XWLO

/TKXLO&DGBSD SWRRHJBRPSRVLWLRQ FKLPLTXH SO
JUDV PRQRLQVDWXUpV SULQFLSDOHPHQW HQ DFLGH F
GLIIQUH GH FHOD®WW WODWPKY DQWpULHXUV HW VH F
WHQHXU HQ FRPSRVpV WRFRWHUMRDRW\VSRXJ FOAM FREP

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos v ghira
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SK\WRVWpUROLTXHVERtWHRY VEHKRU VGEXFDPSHVWpPURO
ODQRVWpPURO D pWp TXDQWLILp ] XQH SURSRUWLRQ UH

/IHV FDUDFWpPpULVWLTXHV FKLPLTXHV DFLGLWp HW
KXLOH YpJpWDIORS OBSUMH FRYPYWRPPDWLRQ KXPDLQH 7R
FRPSWH GH VD FRPSRVLWLRQ HQ YLWDPLQHV HW SK\
SHUPHWWUD OD IRUPXODWLRQ GH FRPSRVpV JDOpPQLTX

'H IDORQ JpQpUDOHR SKHY X XOLDZRRHE S DWW {W ULFKHYV
JUDV SRO\LQVDWXUpV (OOHV PRQWUHQW VXWWRKW GH
POHYpHV

IDWRUUpIDFWLRQ GHV JUDLQHV VXODQ H RPEERYH Q/D Y
SK\WRVWpUROLTXH DORUV TXfHOOH UpGXLW OD WHQH>

ID PpWKRGH DTXHXVH HQ]J\PDWLTXH LPSDFWH Gp
FKLPLTXHV GH Of&XMENUGAROMIDMIHNY DWLRQ GHV HQ]\PE
VDOXpH FRPPH DPpOLRUDQW OHV UHQGHPHQWY GHV S
OHV TXDOLWpV FKLPLTXHV GHV KXLOHV REWHQXHV
GIH[WUDFWLRQ SDU FH SURFpGp HQ UHQDWLQRVDMWW
HQYLVDJpH

/ID FDUDFWpULVDWRRB® L&DYVOKDQYKHBAYBWEHVUBY S@PW \
EpQpILTXHV GX SURFpGp DTXHX[ WUDGLWLRQQHO &H S
FREWHX[ FDU QYfYXWLOLVDQW TXH OYHDX D SHUPLV
FDUDFWpPULVWLTXHY DSSUpFLDEOHYV

&HWWH KXLOH UpYqOH GH PHQGOFKV\G 1 RELEGHY GHt
HW FRXOHXUWHVYXKXEBKXN H[WUDLWHV GHDXOWURNP |
SURFpGpV

(OOH SUPVHQWH XQH WHQHXU HQ FRPSRVpV YLWDP
(OMKQH WHQHXU UHODWHQOPSHIIRD HR/S\R XWD QW\Hp
VXSSOpPHQW DOLPHQWDLUH GDQV OD OXWWH FRQV

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos s ghira
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'DQV XQ FRQWH[WH PRQGLDO GH OXWWH FRQWUH O
OD YDORULVDWLRQ GH FHWWH KXLOH SRXUUDLW SHUPI

'DQV XQ SUHPLHU WHPSV HOOH SRXUUDLW SHUPH!
uxXuboavyD S WDRURUHVWHULH HW OfH[WUDFWLYLVPH GHV
OHV SUHPLqQUHV DFWULFHVY GH VD UpFROWH

(QVXLWH FRPSWH WHQX GH VRQ SURILO FKLPLTXF
YpIJpWDOHV FRQYHQWLRQQHOOHYVY HW UpVRXGUH GHV S
FHV JRQHV (Q HIIHW OHV SUL[ GIDFKDW GH FHV KXLO
GHYLHQQHQW GH MRXU HQ MRXU SURKLELWLIV

2Q SHXW GRQF FRQFOXUH TXH OD YDORULVDWLRQ
SHUPHWWUH GH FUpHU GHV GHYLVHV &HW DVSHFW ptF
pWXGH SDULpWDOH GHV WRXUWHDX[ LVVXV GH OD Gp
IDLWH

/IHV SURFKDLQV FKDSLWUHYV SUpVHQWHQW OHV UpV

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos « ghira
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Chapitre 9

Caractérisation pariétale des bois

et
des tourteaux

&RPSRVLWLRQ FKLPLTXH SDUIHMWMHYHYE HMWBDROHNV G HV
&RPSRVLWLRQ FKLPLTXH SDULpWDOH GHV WRXUWHD

Valorisation chimique de la biomasse oléagineuse d'origin€héapaomsecE
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,QWURGXFWLRQ

©H SDSLHU GH FHW RXYUDJH HVW FRPSRVp GH ILEUHV Q|
IDEULTXpHV j SDUWLU GH ERLV SURYHQDQW &H IRUrwyv

&HV PRWV IRUPHQW OfYLQFLSLW KDELWXHO GHV QRXY
VXU OfLPSRUWDQFH GX ERLVY GDQV OD FRQFHSWLRQ GX
ERLY HQ SDSLHU D pWp IDLWHQRV\MRISOXV\VGHKOV ORY ER
JOREXOXV (XFDO\SWXV JUDQGLV (XFDO\SWXV XURJUDQCGC
VRXUFHV PDMHXUHYVY GH ILEUHV SRXU OD SURGXFWLRQ L
$PpULTXH HQ (XURSH TXfHQ $VLH

2XWUH OHV WHFKQRORJLHVY GH WUDQVIRUPDWLRQ H
pJDOHPHQW IDLWV GX ERLVY VHORQ OD FRPSRVLWLRQ FKL

%LHQ TXTpWDQW GHV VRXUFHV SRWHQWDHOEBY QG
VRQW DEVHQWHY GH FHV YDORULYRXW RQW Uk VRLIE&XVFRIU
WRXUWHDX[ FRTXHV « SURGXLWV j SDUWLU GX ERLV
FRPP&EDUDSBWSSKLUD GRXUWDQW LO QY\ D SDV GpWXG
YpJpWDOHY GH FHV HVVHQFHV OLJQ®ORUM VEORQ\R QO 1[G
QpFHVWQWHHWSORUDWLRQ SUpDODEOH GH OHXU FRPSR
FRQVWGEWXPHOOXORVHY KpPLFHOOXORVHV HW OLJQLQH
FRQVWLWXDQWY PLQHXUV WHOV TXH OHV H[WUDFWLEOH
DQWpULHXUV GH FHV FRPSRVpV

/IH SUpVHQW FKDSLWUH SUpVHQWH OHV UpVXOWDWYV
FeXU/®BKLUD ODRAHRGEDWIURWHWIWPpUDWXUH FRQVXOWDpF
pPWXGH QYD HQFRUH SRUWpPp VXU FHWWH WKpPDWLTXH ¢
FDUDFWpULVDWLRQ GHV WRXUWHDX[ LVVXV GH OD WUDQ\

Valorisation chimique de la biomasse oléagineuse d'origin€hémpaosecE o: ra lan
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,9 &RPSRVLWLRQ FKLPLTXH SDULpWDOH GHV ERLV GHV (

/IH WDEOHDX FL GHVVRXV SUpVHQWH OD FRPSRVLWLR

7TDEOHDRRPSRVLWLRQ FKLPRSXBUBHHREIDWDEGH SURFHUD

&RPSRVLWLRQ Lophira lanceolata Carapa procera

ql

WUDFWLEOH'
'LFKORUR PRW K
7ROXOWKDQRO

+RORFHOOXOF

ORQRVDFFKDU

J

$FLGHV XURQL

J

JLIQLQHYV

)XFRVH “ N (

5KDPQRVH
$UDELQRVH
*DODFWRVH
*OXFRVH
\ORVH
ODQQRVH

JDODFWXURQLTXH
JOXFXURQLTXH “ o (

J 06

J

&HQGUHV WRW

$]RWH

3&6 0- NJ

(Q WHQDQW FRPSWH GH OfYHVSgFH HW GX VROYDC
GIH[WUDFWLEOH YV OLRFEW RRERPKH XKIDWY H HVROYDQW SHX SRC(
SRXU OHV FRPSRVpV TXHS 3K PG BD QN EDRER B X §\Q K H SXKVIDp
VPOHFWLI

&RPPH RQ G HD\WWWWOQAW H G-H WW RN L E O H VH & WV O®H K D X\
LPSRUWDQWH GDQV OH PpODQIWWERIO XZ] @H HORIDWQ ROH /@®L
'&0 /O HW &3 Z ZH PrPH RQ REWLHQW GHX[ IRLV S¢
SRXU OH/RBKWU®BH SRXU FHOXL GX &DUDSD &HV UpVXOWE
WHQHXUV HQ H[WUDFWLEOHY SHXYHQW OD UGH PHDQ %/D YBVULI
H[WUDLWH RX HQFRUH GHV FRQGLWLRQV pGDSKLTXHV HW

&RPSDUpHV j GIDXWUHYVY OHV SURSRUWLRQSOREWHOQ
IDLEOHV &YHVW OH FDV GHV YDOHXUV WURXYpHV SRXU

Valorisation chimique de la biomasse oléagineuse d'origin€hémpaosecE o ira lan
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/IRSKLUD O DFHREBIDINAIXY GIH[WUDLWY OLSKERKRYNMVY RXH
IRSKLUD DODWD

+DELWXHOOHPHQW OHV IHXLOOXV SOXV GHQVHV TX
EHDXFRXS SOXV GTKRORFHOOXORVHV HW SHX GH OLJ
SDUWLFXOLqQUHPHQW UHFRQQXV FRPPH D\DQW GH IRUWH\

$LQVL OHRERWMWBBDUHHWURXYH SOXV ULFKHHWQ&SLIQLQF

PDLV LO PROQ@AL HGHWFKRFPGR N @ O X O R AW & 80 &HV
UpVXOWDWY VRQW HQ DFFRUG DYHF OHV SURSRUWLRQV
GHX[ HVSqFHV /0O HW &S 0- NJ

(Q HIITHW SRXU FH TXL FRQFHUQH OHVH®MRYRLOV F

RQW pODERUp XQH FRUUpODWLRQ SRVLWLYH HQWUF
FDORULILTXH ,0V RQW WURXYp TXH OHV ERLV OHV SO;
FDORULILTXH SOXV pORPU&H. F BBRXW DWH Y RHVG I FEIR/L [ WoH
/RSKISOXV ULFKH HQ OLJQLQHV VH UHWURXYH pJDOHPH
POHYPLY OHV YDOHXUNHERHWVJIpWVLHWHAS GHO- .J VRQW SO
IDLEOHV TXH FHOOHV PHVXUpHV SRXU GTDXWRHVLWKSH YV
QLWLED (W DQGURSKUFJIPDXIE\RQW GHV 3&VWW%EF
0-.J FRQVPTXHQWHY j OHXU WDX[ GH OLJQLQHV %Q

'H PLQHXUHV FRPSRVLWLRQW HWQORMHQ B QWVpWR WX QW
GHX[ HVSQFHV

&RQFHUQDQW OHV PRQRVDFFKDULGBHV RRXWUHHQN HJ
PDMRULWOHYHPOIROWHY HW &S J J @B BX¥pWKJIBHU]
[\ODFRWPPH KpPLFHOOXORVHV P&MRLS DV SEURFRHIEIM HE FELOVX €
PDQQRVH /OHW &S J J GYDFLGH JDODFWXWRWQEBXH /O
J J HW GRQF ORJLTXHPHQW SOXNWGKESUKDP QR V&HW®H
FRPSRVLWLRQ HQ PRQRVDFFKDULGHY HVW JpQpUDOHPHQ

Valorisation chimique de la biomasse oléagineuse d'origin€hémpaosecE oz ira lan
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9 &RPSRVLWLRQ FKLPLTXH GHV H[WUDFWLEOHYV

/IHV SURSRUWLRQV GYfH[WUDFWLEOHYV OLSRSKLOHV Gt
(OOHV VRQW SURFKHV GH FHOOHV GHV ILEUHV XWLOLVpP
NHQDI OH FKDQYUH O DEDFD HW OH OLQ

/IHV FRPSRVpV TXL IRUPHQW FHV H[WUDFWLEOHV ELF
HVSqgFHVY SUpVHQWHQW TXHOTXHV GLIIpUHQFHY GDQV O]
GRQQH OHV UpVXOWDWY GHV FRPSRVpV REWHQXV DSUqV

Valorisation chimique de la biomasse oléagineuse d’origin€hémpaosoecE o4 ra lan
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7TDEOHDXWUDFWLEOHY REWHQXYV $ERL DRESKE L BHO® BAGARHDRAECIND B SSEIAUF Gid) |

J)DPLOOHYV

&RPSRVpV

$FLGHV JUDV DFLGH

7U PL

/10

&S

+\GUR[\LVRFDSURLTXH

$EV

SLFLQROHLTXH

$EV

SDOPLWLTXH

+HSWDGHFDQRLTXH

$EV

ILQROHLTXH

WUDQ¥FHQLTXH

$EV

E (ODLGLTXH

$EV

O\ULVWLTXH

$EV

6WpDULTXH

( 2FWDGHFHQRLTXH

Y%HKHQLTXH

= 'RFRVHQRLTXH

$EV

(LFRVHQRLTXH

$EV

ILIQRFHULTXH

$EV

7TRWDO

$OFRROV DOLSKDWLTXHYV

GLPHWK\O REG[DQ

+H[DGHRORUDQV

$EV

1IRQDRO

$EV

+H[D G H RIDQ

+H[D G H F®

WHWWDGHFDQRO

$EV

$OFRRO ROpLTXH

2FWDGHROQ

$OFRRO SDOPLWLTXH

$EV

$OFRRO OLJQRFHULTXH

$EV

2FWDFRR/D Q

$EV

+H[D G H RIQ

$EV

‘$XWUHVDOFRROV

(ULAWKULWRO

$EV

;\OLWRO

$EV

7TRWDO

+\GURF

DUEXUHYV

'RFRWQH

$EV

SHQWDWUHQHARQW

$EV

+HSWDFRVDQH

6TXDOHQH

2FWDFRVDQH

$EV

THWUDWULDFRQWDQH

$EV

+HQWULDFRQWDQH

$EV

1IRQDFRVDQH

$EV

\7RWDO

Valorisation chimique de la biomasse oléagineuse d'origin€héapaomsecE
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‘ (VWHUV HW JO\FHULGHYV

$FU\ODWB XGH ®@ $SEV
+HQHLFRV\O IRUPDWH $EV

JLQOROHDWH GILVRSURS\O $SEV

+H[DQHGLRLF HDFKG KEL[VO (#8VWHU R X $EV
"LSDOPLWLQH $EV
ORQRSDOPLWLQH $SEV

VROORFKRODWH GTpWK\O $EV

= RFWDGHFHQRGRURPLGUR[\PHWK\O HWK\O $EV
"LK\GUR[\SURS\O HODLGDWH $EV

2FWDGHFDWUELHQRURFBFEGR[\PHWK\O @ | $EV

PRQRVWHDULQ $EV

ORQROLQROHR\OJO\FHURO
7RWDO
7HUSPQRWGHYV HW WRFRFKURPDQROV

&KROHVWHURO $EV

&DPSHVWHURO

6WLIJPDVWHURO

6LWRVWHURO

BLWRVWHURO

IXSHRO $EV

(VWUD WULHRO $EV

IDQRVWOLHQHGLRO $EV

&KROHVWILHRO GLPHWK\O $EV
$P\ULQ $EV

&KROHVWDWULHQH $EV

/IDQRVWQH . GLROFHWDWH $EV
+\GUR[\SUHJQ®RQF DPD&EWRQH $EV
. 7TRFRSKHURO $EV

7RWDO

7TRWDO H[WUDFWLEOHV

/IHV SRXUFGIQWBRR®BRVpY VRQW pYDOXpV SURSRUWLR
POXpMYV UpVXOWDWY PRQWUHQW GHV FRPSRVLWHRQV F
H[WUDFWLE OHS GMRERY. \HGWHHQWLHOOHPHQW FRQVWWWXp
&S DORUV TXH FHX[ GX &DUDSD VRQW PDMRULWDL
WRFRFKURPDQROV /O HW &S

/HV DFLGHV SDOPLWHWX&S /O( pODLGLTXHHMD &S
1' VWPpDULTXH H® &S HW OLQROpPLTXHW/®&S VRQW
PDMRULWDLDHYGHY K\GUR[\FDSURLTXBINFp&QIL TXH &S

Valorisation chimique de la biomasse oléagineuse d'origin€hémpaosoecE s ira lan
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ULFLQROpPLTXH VRQW VHXOHPHQW TXDQWLILpV(GDQV OH®
RFWDGHFHQRLTXH HVW IDLEOHPHQW UHSUpVHQWpP GDQV

S5pFHPPHQW  -HDWD \DKOU H H RQW PRQWUp TXH OHV D
LOQWHUYHQDLHQW IDYRUDEOHPHQW GDQV OD SURWHFWLR
IRQJLT$HFHOD GIDXWUHV WUDYDX[ RQW SURXYp OfDSSF
HWUDQV YDFFHQLTXHYV %D QS RED FMMRH Q¥R GRLPDOLV VXE
PLFURELHQQHV XWLOLVpHV GDQV OD OXWWH FRQWUH O
&URKQ

2XWUH OHV DFLGHV JUuDV RQ QRWH pJDOHPHQW XQ
&DUDSD HQ VLWRVAW &LBO ANMOWLIJPDVWHUROV KB
FDPSHVWHURBW/@&S &HV FRPSRVpV VWpUROLTXHV GpM,
GIDXWUHV HVVHQFHYV OLJQHXVHV VRQW UHFRQQXV FRPPI

'H PrPH OHV H[WRBBRWWBEPBIWDEWpULVHQW SDU OHXU
FRPSRVpV HVWHUHUW &G FRPPH OYDFU\ODWH GH Qa&DXU\(

'(+$ /O OH GLK\GUR[\SURS\OHODLB8WWBH /0O
PRQROLQROHR\OJO\FHURO /O HW &S
/IHV DOFRROV DOLSKBWL&XHWRPPH OH GLPHWK\OK

RO OYKH[DGHFDQ RO OHV DOFRROV ROH\OH HW &8JQRI
WRXW FRPPH GHV DOFDQHV j] ORQJIJXHGBKIL @HHV X
HIWUDFWLEOHV GH &DUDSD RQW pJDOHPHQW pWp R

'H WHOV FRPSRVpV DYDLHQW GpMj pWp TXDQWLILpV
IHXLOOXV

, 9 ((WUDFWLRQ HW FDUDFWpPpULVDWLRQ GHV KpPLFHOO.

/HV KpPLFHOOXOR\BHYRBWWOWHRGHWQV OJpWKDQRO GH
pWp FDUDFWpULVpHV SDUFBOERXSIERWRD SHWHEKY PDV
PROpFXODLUHV SDU QRPEUH 0Q HW SRLGV 0Z DLQVL -
RQW pJDOHPHQW (QWIpQCSOMRMBWR p@pW WKHUPLTXHV RQW p\

Valorisation chimique de la biomasse oléagineuse d’origin€hémpaosecE o ira lan




These de Doctorat/UACIL—-Guévara NONVIHO

OHV PRQRVDFFKDULGHV SULQFLSDX[ FLORIDLFTVX piU L&V p \F B
HQ DQQH[H

9 ORQRVDFFKDULGHYV GHV KpPLFHOOXORVHYV

/IHV KpPLFHOOXORVHV IRUPHQW XQH JUDQGH YDULpPW
SHXW YDULHU VHORQ OfHVSqFH RX OD SDUWLH GH OD S
VRQW FRQVWLWXEBHXQH FKDDQHPEHIQWOXFRVH ErwbD I-
ODWpGBBHOGMNPY GH SHQWRVHV [\ORVH HW DUDELQRVH
PDQQRVH GIDFLGHV KH[XURQLTXHV DFLGHV PpWK\O J
GpR[\KH[RVHV UKDPQRVH HW IXFRVH /D SURSRUWLRQ
SHXYHQW pJDOHPHQW YDULHU VXLYDQW OD PpWKRGH GTI

JHV UpVXOWDWYV GH OD FRPSRVLWLRQ HQ PRQRVDFFK
GHX[ HVSqFHV KREWRQWAH SIDWLTXHSXB®SIUpFLSLWDWLRQ
OTpWKDQRO VRQW SUpVHQWpPV GDQV OH 7DEOHDX FL GI

/JHV SURSRQWLRQY GpWHUPLQpPHYV SDU FKURP BWYR JGHD S
OTDFLGH PpWK\OREXFEHROHDXBIHVY YDOHXUV GRQQpPHV R
GRQQPHW5BDU LQWpJUDWLRQ GHV SLFV

TDEOHDORQRVDFFKDULGHY GHV KpPLFHOOXORVHYV SUpFLSLW,|

/RSKIODQFHR &DUDSD SU
/0 &S
&RPSRVpV
)XFRVH “
5KDPQRVH “
$SUDELQRVF
*DODFWRV}H
*OXFRVH
‘\ORVH
ODQQRVH

~ o~ o~~~

JDODFWXURQLTXH “ “
$FLGHV XUl JOXFXURQLTXH “ ( v
PHWK\0JO X FXWR 6 0 THEHX

/IH [\ORVH /OHW &S DLOQVLIDRHPBH/KROJOXFXURQLTXI
HW &S VRQW OHV PRQRVDFFKDULGHWRDMRILW B KX
WA\SHV GTKpPLPNOOKOQWVRIBEWHQXYV VHORQ OHV UDMM(RYV P

Valorisation chimique de la biomasse oléagineuse d'origin€hémpaosecE s ira lan
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UHVSHFWLYHPHQW SRXU /O HW &S 8Q WHO SURILO HC
KpPLFHOOXORNWVH®RE VG HPYO[M R U L W D L UHPHROW FEQ RN /I /Y
2 PHWK\OJOX AXUBR@RVYIpUHPPHQW VXEVWLWXpV

/D SURSRUWLRQ GH JOXFRVH pOHRESBUWLHXIROGW F
FRPSDUpH j FHOOH GH JOXFXUBGRUODQWM W BHIESSMI [ WN QHF$
G JOXFDQHV &MHPS B RN WBONYV OH SDUDJUDBSKH VXHLWDQW
WHQHXUV HQ PDQQRVH VXS qUHHERD HITXHD @WM L BVRIVW GGH J O X |
SOXV LPSRUWDQWHW VX3HRSRERLIVRON FLQHXUHWGESUDE

GH JDODFWRMW &S HWGEHR[\KH[RVHRQW pJDOHPHQ
pPWp REVHUYpHV DX QLYHDX GHV GHX[ KpPLFHOOXORVHYV

, 9 &DUDFWpULVDWLRQ SDU 501 6(& )7,5 HW 7KHUPRJ

$ILQ GH PLHX[ LGHQWLILHU FHV KpPLFHOOORVHYV
UpVRQDQFH PDIJQpWLTXH QXFOpDLUH 501 HW LQIUDURXJ

JHXUV SRLGV PROpPFXODLUHV 0Z HW 0Q DLQVL TXH
pJDOHPHEOMD BBSHFWLYHPHQW S DAJ (& KO RWPIDRACR BUNDSIKLTHK |
WUDFp GHV FRXUEHV $7* $QDO\VH 7KHUPR*UDYLPpWULTX

D $QDO\VH )7,5

JHV VSHEFWUHV GHV GHX[ W\SHV G YK@PL FLHOHXDRWH V
VRQW SUPVHQWpPHV OHV FPUSHM V SHFWWHI YV FRYILUPHQW
KpPLFHOOXORVHV GHV GHX[ ERLV VRQW GH PrPH W\SH
FDUDFWpULVWLAKEBWLSNHVTEBHY [\ODQHV VXEVWLWXpV

Valorisation chimique de la biomasse oléagineuse d’origin€hémpaosoecE 0 ira lan
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)LJ 6SHFWUHYV )7,5 GYfKpPLFHO CXORVSDV SHIRBHUWDY CCDHQ ERRYD [0

2Q SHXW GpGXLUH 7DEOHDX TXH

TDEOHDDQGHY GY{DGVRUSWLRQ FDUDFWpPULVWLTXHY GHV KpPLF

$EVRUSWLRQ FP 7\SH GH YLEUDWLRQ
&DUDSD S

2 +
/ILDLVRQV GTpWHMHPHQW &
& 2 DFLGH XURQLTXH
& 2 QRQ FRQMXJXp
& 2 FRQMXJXp
& 2 VHO GY{DFLGH YLEUDWLRQ V\PpWULT
/ILDLVRQV GpWLUHPHQW V\PpWULTXH
&2 & &
&+ V\PpWURF X&+
&2 F\FO&H &
&2 2+ YLEUDWLRQW% GH F\FOH &

&+ JO\FRVEGLTLXERDWLRQV GX F\FOH
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/IHV EDQGHY GIDGVRUSWLRQ PD[LPDOH\WR HR/FSIHFWLY
LQWHQVH SRXU OHWKXPDBBEPHROHKIWRRMDYHFISRQGHQW
YLEUDWLRQV GTpORQJIJDWLRQ GHV OLDLVRQV GH F\FC
W\E&EH :

/IHV EDQGHV LQWHQVHYV | &DUDKW SXLAPK HRUISKLUD
FRUUHVSRQGHQW DX[ YLEUDWDRQN ESHVY OLDLVRQV DC

,O D pWp SUPFpGHPPHQW PRQWUp TXH OfLQWWDRNWW p
LQIOXHQFpPH SDU OD VXEVORMWHYWGE RXQQ GW p ¥XQTUMP MVQ R
MXVWLILH OD GLIIpUHQFH GILQWHQVLWp HQ DFFRUG
EDQGHV GHV VSHFWUHV )7,5 GH GHX[ KpPLFHOOXORV|

OHV EDQGHYV | FP HWWSHFWLY ARSHKQMWHESXUWDW SD S
FRUUHVSRQGHQW j OTHDX UpVLGXHOOH DEVRUEpPH

/IHV EDQBHKHYDXFKDQW HRWRIHUHVSRQGHQW DX[ YLE
OLDLVRQV & & HW FHOOHYV JO\FRVLGLTXHV & 2 &

ITDEVHQFH GI1XQ VLEROQOWY PHV GRX[ VSHFWUHV UpYq¢
GHV OLDLYVRQX\W DHQWMW HIUNH [WUDFWLRQ GHV KpPLFHOO
EDVLTXH

ITDEVHQFH GHV EDQGHV FDUDFWpPULVWLTXHV GHV Y
OLJQLQH j HWRQWBP QW OfHIIHW GpOLJQLILDQW G

E DQDO\VH 501

'X SRLQW GH YXH VWUXFWXUHO OfDQDO\VH SDU VS
LQIRUPDWLRQV LQWpUHVVDQWHY VXU OHV KpPLFHOOXOR
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/ID ILJ FIGHVVRXV SUpVHQWH OHV GpSODFHPHQWYV FK
SURWRQ $ HW % UHVSH&DLY HP HQRRFSKIND BRYNYQEH ROD W
FDUER®QHERLYVY GH /O SXLV SDU FRXBOPBUUWD &QRHOQFHRDD W
KPPLFHOOXORVHV REWHQXYV

/IHV VSHFWWYHMW % GHV KpPLFHOOXORVHV GH /O H'
VXSHUSRVDEOHYVY ,0V GpILQLVVHQW FODLUHPHQW OHV G

DWWULEXpV DX[ KpPLFRORHNVOK\NDOH EXGTIEXQEREGHIVE O H D X HW
ILJ

HO
OH
O /Rl
R ©

(1-4)- ED-Xylp "

)LJ 2PpWKV\OJOXFXURQR[\ODQH *;
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%

)L 6SHFWUHY GBY KpPLFHOOXD BWHERGED @HOHMHYVSqFHY pWXGLpHV

$ VSHFWGHKpPLFHOOXORYVHV%GWH HRW\G BKip R DRHDGOXORVHYV GHSHRMMEM JRSKHODX&RVHVY GH /RS
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/IHV VLIQOWHREMHW Y p¥SjP DXVVL ELHQ SRXU /O TXH
GXV j OfHDX UpVLGXHOOH +'2 GIDQDO\VH

2Q REVHUYH pJDOH RBHIQNMR WGV NHNIDAGHED/L WM D V HS S P
EDVDQW VXU OHV GRQQpHV GH OD OLWWpUDWXUH RQ
SSP SSP SXLV SSP+DKJDSURMWRIPM YLD O G
JURXSHPHQWV;\(GB GBRSKLUDH® SHFWL&EBBHEQW SED HD X

/H SLF BSP WDQW SRXU /O TXH SRXU &S SHUPHW GH
+ GHV DFLGHV XURXQLTOS$VUHD DMV DX[ XQLWpV [\ORVHYV

7TDEOHDPMWWULEXWLRQ GHV SLH MW IB\H Y KpPWRHEOS0ARVHY GHV GHX[ H

/RSKLUD ODQFHRODWD &DUDSD SURFHUD
3RVLWL§QGSSP + GSSP & GSSH + GSSP
E' :\GB| 20HD' *O% 1 £ oS 2 0HD' *O%
D
HT
20H
'"f{DXWUHYV VL.‘B(SIBX[SjSP HV% P SSPEXYHQW rWutlt

DWWULEXpV DX[+ HMRVERIQVXQLWHPNV SOEWLYHPHQW /HYV
PpWK\OLTXHVY GX JURXSHPHQW DFLGH 2 PHWK\O ' JOX
SSP

TRXWHIRLY LO HVW j VLIQDOHU SRXU OHV GHX[ H
SSP LQWHQVH GEHESYXMHIIHEHADWFERXS SOXV IDLEOH S
VLIQDO IRUWHPHQW GpEOLQGp HVW WUqV JpHMW UBH HP |
IHXLOOXV /D SUpVHQFH VXU FH VLIQDO GpEOLQGpP SHX

VRLW OD SUpVHQFH IBHO SFROAV®IFFXHD UDGHYPILRQ DQ
SSP E SSP
VRLW OD SUpVHQFH GH [\ODQHVY QRQ FRQYHQWLRQQ

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos 11« ghira
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(Q HITHW 6KDWDORY HW FROO RXFD G\SRWUXW JOR EV
SUpVHQWDQW pJDOHPHQW XQ VLJQDO VXSSOpPHQWDL!
DWHXUV RQW PRQWUp SDU XQH pWXGH 501 ' &26
JOXFXURQR[\ODQH LQKDELWXHO GRQW OHV UpVLGXV |
2 SDU GHVDU p\DLOEXPW R V H

8Q GPEOLQGDJHGHN WpMLIBX W PpWK\OJOXF XGBRQDW

SSP D pWp REVHUY®P G

/HV VSHFWUSH B HBYIGHX[ HVVHQFHYV RQW @HEHS DBV V|
ILJ ,OV SHUPHWWHQW GH BR@WHK\PHO XFKW RQRY XFMN
KpPLFHOOXORVHVY GHV GHX[ HVGmEONVQEWY SLFSPA Q)
FRUUHVSRQGHQW DX JURXSHPHOQW FDIEFR[DXH \HW QBH
JURXSHPHNIMWOH /HV VLIQDX] | HW SRXU
SSPFRUUHVSRQGHQW UHVSHFWLYHPHQW DX[EADUERQH
[\ORVH

ITpPWXGH 501 &26< &I GNSGBWUSH UpDOLVpPH j
KpPLFHOOXRRK/IHWD ®H VSHFWUH ' IDLW DSSDUDLWUH F
SSP HVW FRUUpOp DYHF XQ VLJQDO j SSP H[FO

PPWK\OJOXFXURQDWH HQ 2

,O DSSDUDLW GRQF #XjH OHSYPIJQRXUILOOLW MVUH DW
JOXFDQHVY &HWWH K\SRWKqVH HVW HQ DFFRUG DYHF C
&KURPDWRJUDSKLH ,RQLTXH (Q HIIHW OHV+UDISSRUW\
G SSP DYHF FHOXL GX SURWRQ DQRP®SHA TEHURX W\®
GIfHVWLPHU GHV WHQHXUV HQ JMRSHKIQRPNMVGEHEH&D K PFSIDF |

QHW UHVSHFWLYHPHQW FHV YDOHXUV pWDQW L
pWDEOLHYVY SDU GRVDJH FKURPDWRJUDSKLTXH H W

F $QDO\WH GHV SRLGYV PROpFXODLUHV SDU 6(&

/JHV GLVWULEXWLRQV GH PDVVHV GHV KpPLFHOOXOH
PWWXGLpHY SDU FKURPDWRJUDSKLH GYH[FOXVLRQ VW
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/IHV FKURPDWRJUDPPHV REWHQXV FI $QQH[HV
XQLPRGDOH WpPRIEKRPAW QHLWpPp GHV KHPLFHOOXORVE
0Z OHV QRPEUBROOQLWHIWHOWWLWpPp 0Z 0Q GHV GHX[ Kp!
FDOFXOpHVY 7DEOHDX

/IHV KpPLFHOOXORVHV GH /O HW &S RIG\® DAAHLVY 15 RH C
SURFEHY HW 'D DORUV TXH OHV 0Q VH VLWXHQW
3DU XQ SUpWUDLWHPHQW DOFDHHW BOXV GRXR[QWDREW
SRLGV PROpPFXODLUHV SOXV pOHYpV HQ H[WUD\DQW G
GT(XFDO&RSWKVFRQILUPH OH IDLW TXH OHV SRLGV PRO
GHSHQG GHV HVSQFHV OHV H[WUDFRVPRYVF B DEW [pRW
(Q RXWUH OHV KpPLFHOOXORVHV GH QRV HVVHQFHV R
PWURLWH FRUUHVSRQGDQW DX[ LQGLFHV GH SRO\GLVS
&S HW /S

&RPSDUpPV j GHV PpWK\OGOKFXWUR QRDP\@\D QGHY O LW
KpPLFHOOXORVHV GH /O HW &S RQW GHV SRLIGMH PROp
FHOOHV LVROpPHV GH ILEUHV GH SDOPH 'D GH EO|

7DEOHD3RLGV PROpPFRODEHE BBHRRIHW SHRVHY pWXGLpHV

&S /O
7U PLQ
0Q 'D
0Z 'D

3RO\GLVSHUVLWp

G $QDO\WHV GHV SURSULpWpV WKHUPLTXHYV

/IHV SURSULpWpV WKHUPLTXHVY GHV KpPLFHOOXORYV
WKHUPRJUGRPHOW D 1LJ2Q \ UHWURXYH OHV FRXUEH
WKHUPRJUDYLPpWULTXHV $7* HW OHXU FRXUEH GLIIpl

ID VXSHUSRVLWLRQ GHV GHX[ W\SHV GH FRXUEHYV
VRQW GH PrPH W\SH HW SUpVHQWHQW XQH PrPH GpJUD
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7TKHUPRJUDPPHV $7* HW '7* GHV KEPUAHIDO S URBHVOBHWERLY GH

ODQFHRODWD

'LITPUHQWHYV JRQHV VRQW REVHUYpHV

/ID SUHPLqYW& HVW FDUDFWPpPULVWLTXH GHV HDXJ[ U
GIDGVRUSWLRQ )7,5 DYDLHQW SUpFpGHPPHQW pWp

/IHV SLFV HQWUH HW f& FRUUHVSRQGHQV
PPWK\OJOXFXURQR[\ODQHYVY UHFRQQXV WKHUPRODE

&HV WHPSpUDWXUHYVY GH GpJUDGDWLRQ UHQVHLJQH
GHV KpPLFHOOXORVHYV

(Q HITHW RQ REVHUYH TXH OHV XRPMF IEQOXD® VHIV |
WHPSpUDWXUH PRLQV pOHYpHGH /B& T&IE FRIQOWMYW
VIDFFRUGHW YIXF @H{ IDDWLR OH*OF ;\O SUpPFHGHPF
POHYp SRXU OHV KpPLFHOOXORVHV GH &DUDSD

8Q pPSDXOHPHQW | f& SRXU &DURSKLHD
FDUDFWpPULVWLTXH GHV KpPLFHOOXORVHY DOFDOL
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'HV SLFYVp GWHD GARWIURHY SRQGDQVWH SHUHWH GH PDVVH
/IRSKHW &DUDSD RQW pWp UHVSHFWWYHPHIW REVFE
FRQVWDWY VLPLODLUHYV VXU OD GpJUDGDWLRQ G
IRUPXOpV GDQ VHWDYENMNNMNWKH UPRAKUWHD L HQ WURFGXWMWS |
GH GpFRPSRVLWLRQ GHV PHWK\OJOXFXURQR[\ODQH

, 9 &RPSRVLWLRQ FKLPLTXH SDULpWDOH GHV WRXUWF

/HV WRXUWHDX[ LVVX\G BWHI DIDQ BRISKELIS LIS CVIHORF®! R O D
&DUDSD SQREGWDSDY HQFRUH IDLW OYREMHW GIpWXG
WUDYDX[ PHQWLRQQHQW OfLQWpUrW FURLVVDQW TXL
ORUVTXH OHXU FRPSRVLWLRQ SDULpWDOH HVW FRQQXHI

1RXV DYRQV pYDOXp OD FRPSRVLWLRQ FKLPLTXH
/IHV UpVXOWDWY REWHQXV VRQWGHYP\NRKXKYWpV GDQV OH

7TDEOHD&ERPSRVLWLRQ FKLPLTXRS& OWOWRMIMBNIXD G RFHUD

&RPSRVUWLRQ Lophira lanceolata (LI) Carapa procera (Cp)

(IWUDFWLEOH'
'LFKORURPpPW
7ROXQWKDQRC

+RORFHOOXOF

ORQRVDFFKDUL)XXHWRVH u“ (

5KDPQRVH “

$UDELQRVH “

*DODFWRVH

*OXFRVH

‘\ORVH “ “

ODQQRVH “ “
$FLGHV XURQL JDODFWXURQL

JOXFXURQLTX “ “
JLIQLQHV " “
&HQGUHV WRMW
$JRWH

'H OfDQDO\VH GH FHV UpVXOWDWYVY RQ SHXW GpG
SUPpVHQWHQW FLQT IRLV SOXV G 1HXWN UTRMDUEGHW TOUS R
WRXUWHRSKIMBRIDW SOXV ULFKHV HQ H[WUDFWLEOHV VI
FRQWUH 'H IDoRQ JOREDOH RQ REWLHQW SOXV GH F
WRXUWHDSKLE® TXH SRXU FHX[ GH &DUDSD /H

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos s ghira
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FKLPLTXHV GH FHV FRPSBWp W RRUWNRFSHRIGAMPWH @YD O X
7TDEOHDX

(Q RXWUH OHV GHX[ W\SHV GH WRXUWHDX[ RQ\
KRORFHOOXORVHO&S HW OLJQLQH &G
GLIITpPUHQWHYV

2Q REVHUYH GJLPSRUWDQWHY GLIITHUHQFHV TXDQW
'H IDORQ SOXV UHSUpPVHQWDWLYH) JOXFPOD F&VRVH &S

/O HW [\ORVH &S /O VRQW OHV PRQRVDFF
OHV SOXV TXDQWPIROYRVID GRWL@Y HW DFLGHV XURQI
GRQW OYDFLGH JDODFWWURDLTXWRW EHDXFRXS SOX
GDQV OHV WRXUWHDX[ GH &S &H W XUAHAX QWRDXW W HSIRX( U
ULFKHV HQ VXEVWDQFHV SHFWLTXHV

8QH FDUDFWpULVDWSRQ DA \H [G\HY BEREIVBNDHDRX] UG H:
06 UppdJOBHREBBWRUWH SUpVHQFH GH VXFUH\VEHW PRQF
[\ORVH HW VRD KRPIRQRJIRRLQV TXDQWLILp
*DODFWRS\ PD@RMBO\UDQRVHIHSLQLWRO HWEO K OORVH

/HV H[WUDFWLE OBIFOMIIBBRWKEOXW{W UpYpOp XQH SU
FDUER[\OLTXHV FRPPH OHV DFL®NYVLSWQPKWLTXH RO
HW EpKpQLTXHSYHVWHUV FRPPH OYDFpWDWH GH

HW GYLVRSUpQRUWGHRN WRRRID O H HW VRQ LVR!

&HWWH FRPSRVLWLRQ HVW GLIIpUHQWH GH FHOO
HVSqQFHV (OOH FRQILUPH OH IDLW TXH OHV FRPSRVI
GPpSHQGHQW GX W\SH GJYHVVHQFH GH VD SDUWLH H[W
TXH OH OLHX WFBPWIHRBW OGH SURFpGp GITH[WUDFWLRC

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos 110 ghira




These de Doctorat/ UACL—Guévara NONVIHO

7DEOHDX[WUDPMVEWRXUWHDX[ GH /RSKLUD H[WUDLWV DX GLFk
WROXqQHI 9

7U PC '&0

(WK 7RO

$OFRRO 1HRSHQW\O JO\FRO

6 XFUHV

$FLGHYV

(VWHUYV

7ULPHRROR KHY RO
'/ $UDELQLWRO
$QK\GURRUELWRO
(EHULFRO
ODQQRS\UDQRVLGH PHWK\(
" YJUXFWRVH
JUXFWRIXUDQRVH
JUXFWRS\UDQRVH
*OXFRIXUDQRVLGH PHWK\O
7DORS\UDQRVH
ODQQRS\UDQRVH
3LQLWRO
*OXFRS\UDQRWXBWRIXUDQR
7XUDQRVH
IDFWXORVH
ODOWRVH
2 *DODFWRS\PDQRWRS®\UDQR
&HOORELRVH
*DODFWLQRO
$OORS\UDQRVH
.0DQQRELRVH
‘\ORS\UDQRVH
OHWKIOPDQQRS\UDQRVLGH
'"HR[Y HU\WKHURWRS\UDQRVH
2 PHWKI\O*OXFRS\UDQRVLGH
‘\ORS\UDQRVH
'/ I\[RS\UDQRVH
S5LERS\UDQRVH
GHR[WLERQLF DFLG
%HQ]RWTXH
3HODUJRQLTXH
3DOPLWLTXH
O\ULVWLTXH
20pLTXH
BWpDULTXH
( 2FWDGHFHQRLTXH
%HKHQLTXH
$FHWLF DRLGLPHWK\OSHQW\O
$FHWLF DFLG EXW\O HVWHU
'LSDOPLWLQ

$E®

$E"
$E"
$E"
$E"
$E"
$E"
$E"
$E"
$E"
$E"
$E"
$E"
$E"
$E"
$E"
$E"
$E"
$E"
$E"
$E"
$E"
$E"
$E"
$E"
$E"
$E"
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$E’
$SE'

$E’
$SE'

$SE'
$E’

$E"
$E"
$E"
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+\GUR[R[RFWDGpPFDQRDWH ( $E
7pPWUDGpPFDQRDWH GH PpWK\C $E
3DOPLWDWH G pWK\OH $E
(WK\O 20HDWH $E
%HQ]RLF MHFW&\OSURS\O HVWF $E
PRQROLQROHLQ $E"
ORQROLQROHR\OJO\FHURO $E
JLQROHQLF DFLG HWK\O HVW| $E"

IDFWRQ! 'HR[DUDKHIRQLF DFRBWRQH $E
3DOPLWRODFWRQH $E
+3\UD®QH WHWWDEKGHFRO $E

,VRSUpPQ &KROHVGLMHQH $E"
6LWRVWHURO $E
EBLWRVWHURDO $E
/\AFRSHQH WHWUDKGILPR W D[ $E
WUDQYV
(SLWHVWRVWHURQH JOXFXUR $E

, 9 (I WUDFWLRQ HW FDUDFWpULVDWLRQ GHV KpPLFH

/IHV KpPLFHOOXORVHV REWHQXV DSUqV SUpWHDLWH]
OTKRORFHOOXORVH SXLV SUPFLSLWpV GDQV OfpWKDQF
HQ PRQRVDFFKDULGHV SDU 5018&GXBURW,BQSMUW GXHRD
PROpPFXODLUH HW SURSULpWpPV WKHUPLTXHV pYDOXpHV

D ORQRVDFFKDULGHYV GHV KpPLFHOOXORVHYV
/IH 7TDEOHDX SUpVHQWH OHV FRPSRVLWLRQV HQ VXFU

7TDEOHDXRQRVDFFKIPURGHYV KpPLFHOOXORVHYV SUpFLSLWpHYV

/IRSKOWDMFHR &DUDSD SUF

&RPSRVp
)XERVH “«
5KDPQR\ “«
$UDELQER “
*DODFWF “«
*OXFRVH ‘
\ORVH
ODQQRVt
JDODFWXURQLTXH
$FLC JOXFXURQLTXH “«
OHWK\OJOXFXURQLTXH ¢

Valorisation chimique de la biomasse oléagineuse d’origin€bépaos 12: ghira
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