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8�UDGX�MH�LVSLWLYDQD�LQKLELFLMD�HQ]LPD�DFHWLOKROLQHVWHUD]H�SROLIHQROLPD�]HOHQRJaDMD�L�NLQHWLaNL�SDUDPHWUL�RYH�LQKLELFLMH��6WHSHQ�LQKLELFLMH�DFHWLOKROLQHVWHUD]H�MHRGUH_HQ�VSHNWURIRWRPHWULMVNL��1D�RVQRYX�NRQFHQWUDFLMH�SURL]YRGD�UHDNFLMH����WLR���QLWUREHQ]RDWD��RGUH_HQL�VX�VWHSHQ�LQKLELFLMH�L�NLQHWLaNL�SDUDPHWUL�0LKDHOLVRYD�NRQ�VWDQWD��.P���PDNVLPDOQD�EU]LQD�UHDNFLMH��9PD[��L�NRQVWDQWD�LQKLELFLMH��.L���5H]XO�WDWL�LVWUDCLYDQMD�VX�SRND]DOL�GD�DNWLYQRVW�DFHWLOKROLQHVWHUD]H�RSDGD�VD�SRYH`DQMHPNRQFHQWUDFLMH�SROLIHQROD�X�HNVWUDNWX�]HOHQRJ�aDMD��8WYU_HQR�MH�GD�MH�LQKLELFLMDSROLIHQROLPD�]HOHQRJ�aDMD�QHNRPSHWLWLYQD��^WR�SUHGVWDYOMD�QRYL�SRGDWDN�X�YH]L�VDLQKLELFLMRP�DFHWLOKROLQHVWHUD]H�SROLIHQROLPD�]HOHQRJ�aDMD�L�PRCH�ELWL�RG�]QDaDMD�XGDOMLP�LVWUDCLYDQMLPD�
8YRG=HOHQL�aDM�VH�GRELMD�L]�ELOMNH�aDMD��&DPHOOLD�VLQHQVLV���3URL]YRGL�VHL]ODJDQMHP�VYHCHJ�OL^`D�aDMD�YRGHQRM�SDUL�QD�YLVRNRM�WHPSHUDWXUL�NRMD�LQDN �WLYL^H�RNVLGDFLRQH�HQ]LPH��1D�WDM�QDaLQ�VH�VSUHaDYD�GHJUDGDFLMD�SROLIHQROD�.DWHKLQL�VX�SROLIHQROQH�NRPSRQHQWH�NRMH�aLQH�GR������Z�Z��PDVH�VXYRJOL^`D�aDMD��%DUXDK�HW�DO��������+DUERZ\�DQG�%DOHQWLQH��������8�QDMYH`RMNRQFHQWUDFLML�MH�]DVWXSOMHQ�HSLJDORNDWHKLQ�JDODW��(*&*���NRML�aLQL����GHULYDWD�HSLNDWHKLQD�X�]HOHQRP�aDMX��$JDUZDO� HW�DO��������.DWL\DU�HW�DO��������3ROLIHQROL�]HOHQRJ�aDMD�SRVHGXMX�DQWLRNVLGDQWQR��DQWLNDUFLQRJHQR�DQWL�LQIODPDWRUQR�� DQWLPLNUREQR�GHMVWYR��$OVFKXOHU�������*UDKDP�������(NVWUDNW�]HOHQRJ�aDMD�LPD�LQKLELWRUQR�GHMVWYR�QD�DFHWLOKROLQHVWHUD]X�2NHOOR�HW�DO��������.LP�HW�DO��������5HYHU]LELOQL�LQKLELWRUL�DFHWLOKROLQHVWHUD]H��(�&�����������HQ]LPD�RGJR �YRUQRJ�]D�KLGUROL]X�QHXURWUDQVPLWHUD�DFHWLOKROLQD��NRULVWH�VH�X�WHUDSLML�JOD �XNRPD��PLMDVWHQLMH�JUDYLV�L�$OFKDMPHURYH�EROHVWL��$OFKDMPHURYD�EROHVW�MHQHXURGHJHQHUDWLYQL�SRUHPH`DM�SRYH]DQ�VD�JXELWNRP�KROLQHUJLaNLK�QHXURQDX�PR]JX��'DYLHV�DQG�0DORQH\�������X]�VOHGVWYHQR�VPDQMHQMH�QLYRD�DFHWLO �KROLQD��3RYH`DQMH�QLYRD�DFHWLOKROLQD��SULPHQRP�UHYHU]LELOQLK�LQKLELWRUD
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DFHWLOKROLQHVWHUD]H��SUHGVWDYOMD�SRWHQFLMDOQX�WHUDSLMX�$OFKDMPHURYH�EROHVWL�3ROLIHQROL�]HOHQRJ�aDMD�VX�LQWHUHVDQWL�NDR�SRWHQFLMDOQD�WHUDSLMD�RYLK�EROHVWLMHU�LQKLELUDMX�DFHWLOKROLQHVWHUD]X��8�RYLP�UDGRYLPD�QLVX�RGUH_HQL�NLQHWLaNLSDUDPHWUL�LQKLELFLMH�&LOM�RYRJ�UDGD�MH�RGUH_LYDQMH�NLQHWLaNLK�SDUDPHWDUD�LQKLELFLMH�DFHWLO�KROLQHVWDUD]H�SROLIHQROLPD�]HOHQRJ�aDMD�0DWHULMDO�L�PHWRGH=D�SULSUHPX�HNVWUDNWD�QDEDYOMHQ�MH�VXYL�OLVW�]HOHQRJ�aDMD��$FHWLOKROL�QHVWHUD]D��7LS�9,�6��L]�HOHNWULaQH�MHJXOMH��(OHFWURSKRUXV�HOHFWULFXV��$FHWLOWLRKROLQ�MRGLG�L����±�GLWLR�ELV�����QLWUREHQ]RMHYD�NLVHOLQD���'71%��VXNXSOMHQL�X�6LJPD�&KHPLFDO�&R�3ULSUHPD�YRGHQRJ�HNVWUDNWD�SROLIHQROD�����J�XVLWQMHQRJ�VXYRJ�OL^`D]HOHQRJ�aDMD�SRWRSOMHQR�MH�X������P/�GHVWLORYDQH�NOMXaDOH�YRGH�L�PH^DQRQD�PDJQHWQRM�PH^DOLFL����PLQXWD�QD����&��'RELMHQL�HNVWUDNW�MH�ILOWULUDQ��D]DWLP�MH�XSDUDYDQ�QD����&�GR�NRQFHQWUDFLMD�SROLIHQROD�RG�����J�/������J�/�����J�/�������J�/��&DIILQ�HW�DO��������2GUH_LYDQMH�XNXSQLK�SROLIHQROD�X�HNVWUDNWX�]HOHQRJ�aDMD��5DVWYRU]D�PHUHQMH�DSVRUEDQFH�MH�SULSUHPOMHQ�X]LPDQMHP���P/�UDVWYRUD�aDMD����P/GHVWLORYDQH�YRGH����P/�UDVWYRUD�)H62� L�.1D&�+�2������P/�UDVWYRUDIRVIDWQRJ�SXIHUD��2YDNR�SULSUHPOMHQRP�UDVWYRUX�VH�RGUH_LYDOD�DSVRUEDQFDQD�VSHNWURIRWRPHWUX��*%&�&LQWUD����89�9,6�6SHFWURSKRWRPHWHU��QD�WDODV�QRM�GXCLQL�RG�����QP �&DIILQ�HW�DO���������3URFHQDW�XNXSQLK�SROLIHQROD�X�HNVWUDNWX�L]UDaXQDW�MH�SR�IRUPXOL�
Polifenoli (%) = 3.914⋅E ⋅

Vo

1000⋅W
⋅Vi⋅100

JGH�MH�( ¬�DSVRUEDQFD��9R ¬�XNXSQD�]DSUHPLQD�UDVWYRUD�aDMD������P/��9L ¬�]DSUHPLQD�UDVWYRUD�aDMD�X]HWD�]D�PHUHQMH����P/���: ¬�WHCLQD�VXYRJX]RUND�aDMD����J���&DIILQ�HW�DO��������2GUH_LYDQMH�DNWLYQRVWL�DFHWLOKROLQHVWHUD]H��6YL�UDVWYRUL�VX�SULSUHP�OMHQL�X�IRVIDWQRP�SXIHUX��S+�������8�NLYHWX�MH�GRGDWR����/�UDVWYRUD�'71%������0������/�YRGHQRJ�UDVWYRUD�LQKLELWRUD������J�/�������/�UDVWYRUDDFHWLOWLRKROLQD���⋅��¬��0��������/�UDVWYRUD�IRVIDWQRJ�SXIHUD��������0��S+������5HDNFLMD�MH�]DSRaHWD�GRGDYDQMHP�����/�UDVWYRUD�DFHWLOKROLQHVWHUD]H�����8�P/���$OLNYRW�RG����/�GHVWLORYDQH�YRGH�MH�NRUL^`HQ�NDR�NRQWUROD�]DLQKLELWRU��$SVRUEDQFD���WLR���QLWUREHQ]RDWD��DQMRQD�CXWH�ERMH��UHJLVWURYDQDMH�QD�WDODVQRM�GXCLQL�RG�����QP��QD�VYDNLK����VHNXQGL�X�YUHPHQVNRP�SH�ULRGX�RG���PLQXWD��3URED�NRMD�VH�VDVWRMDOD�RG�VYLK�UHDJHQDVD��VHP�HQ]LPD�L]YHGHQD�MH�NDNR�EL�VH�X�UH]XOWDWLPD�HOLPLQLVDOD�QHHQ]LPVND�KLGUROL]D�VXS�VWUDWD��(OOPDQ�HW�DO��������+LOOKRXVH�HW�DO��������
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.RUL^`HQH�VX�NRQFHQWUDFLMH�LQKLELWRUD�RG���������������L������J�/��.RQ�FHQWUDFLMD�VXSVWUDWD�MH�PHQMDQD�RG�������P0�GR�������P0�MHU�VH�PHWRGRGUH_LYDQMD�.P L�9PD[ ]DVQLYD�QD�PHUHQMX�EU]LQH�UHDNFLMH�SUL�UD]OLaLWLPNRQFHQWUDFLMDPD�VXSVWUDWD��=D�VYDNR�PHUHQMH�VX�L]YHGHQD�WUL�SRQDYOMDQMD�1D�RVQRYX�L]PHUHQLK�DSVRUEDQFL�QDFUWDQD�MH�NULYD�LQKLELFLMH�%LOR�MH�SRWUHEQR�XWYUGLWL�NRMHP�WLSX�LQKLELWRUD�SULSDGDMX�SROLIHQROLSULOLNRP�LQKLELFLMH�DFHWLOKROLQHVWHUD]H�MHU�NRG�PRQRVXSVWUDWQLK�HQ]LPVNLKUHDNFLMD�SRVWRMH�WUL�WLSD�HQ]LPVNLK�LQKLELWRUD��NRPSHWLWLYQL��DQWLNRPSHWLWL�YQL��QHNRPSHWLWLYQL�LQKLELWRUL��6DVWDYOMHQ�MH�/LQHZHDYHU¬%XUNRY�GLMDJUDPL�RGUH_HQL�VX�NLQHWLaNL�SDUDPHWUL�.P��9PD[ L�.L��$QDOL]RP�GRELMHQLK�SR�GDWDND�XWYU_HQ�MH�WLS�LQKLELFLMH��5H]XOWDWL�L�GLVNXVLMD3URFHQDW�SROLIHQROD�X�LVSLWLYDQRP�YRGHQRP�HNVWUDNWX�]HOHQRJ�aDMD�L]�QRVLR�MH���±����5H]XOWDW�SRND]XMH�GD�MH�SURFHQDW�SROLIHQROD�X�NRUL^`HQRP]HOHQRP�aDMX�LVSRG�QLYRD�QDYHGHQRJ�X�UHIHUHQFDPD��%DUXDK�HW�DO�������+DUERZ\�DQG�%DOHQWLQH��������JGH�VH�QDYRGH�YUHGQRVWL�GR������D�^WR�VHPRJOR�RGUD]LWL�QD�LQKLELWRUQX�DNWLYQRVW�HNVWUDNWD��

'RELMHQL�UH]XOWDWL�SRND]XMX�GD�SRVWRML�IXQNFLRQDOQD�]DYLVQRVW�L]PH_XNRQFHQWUDFLMH�SROLIHQROD�X�HNVWUDNWX�]HOHQRJ�aDMD�L�VWHSHQD�LQKLELFLMH�DFHWLO�KROLQHVWHUD]H��aLPH�VX�SRWYU_HQL�SRGDFL�QDYHGHQL�X�UHIHUHQFDPD��2NHOOR�HWDO��������.LP�HW�DO���������6D�SRYH`DYDQMHP�NRQFHQWUDFLMH�SROLIHQROD�XHNVWUDNWX�GROD]L�GR�VPDQMHQMD�DNWLYQRVWL�DFHWLOKROLQHVWHUD]H��(NVWUDNW�]HOH�QRJ�aDMD�MH�L]D]YDR���±���LQKLELFLMX�DFHWLOKROLQHVWHUD]H�SUL�NRQFHQWUDFLML

6OLND����.ULYD�LQKLELFLMHDNWLYQRVWLDFHWLOKROLQHVWHUD]HUD]OLaLWLPNRQFHQWUDFLMDPDSROLIHQROD
)LJXUH���&XUYH�RIDFHW\OFKROLQHVWHUDVHDFWLYLW\�LQKLELWLRQFDXVHG�E\�GLIIHUHQWSRO\SKHQROFRQFHQWUDWLRQV
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SROLIHQROD�RG������J�/��VOLND�����=ERJ�QHPRJX`QRVWL�SUHaL^`DYDQMD�HNVWUDN�WD�QLVX�PRJOH�ELWL�NRUL^`HQH�YH`H�NRQFHQWUDFLMH�SROLIHQROD�NDNR�EL�VHXWYUGLOD�NRQFHQWUDFLMD�SROLIHQROD�NRMD�GRYRGL�GR�SRWSXQH�LQKLELFLMH�DFHWLO�KROLQHVWHUD]H��,]UDaXQDYDQMHP�UHFLSURaQLK�YUHGQRVWL�EU]LQH�UHDNFLMH�L�UHFLSURaQLKYUHGQRVWL�NRQFHQWUDFLMH�VXSVWUDWD�VDVWDYOMHQ�MH�/LQHZHDYHU¬%XUNRY�GLMD�JUDP��VOLND�����SRPR`X�NRJD�VX�GRELMHQH�YUHGQRVWL�.P L�9PD[��$QDOL]RPRYLK�SDUDPHWDUD�XWYU_HQ�MH�WLS�LQKLELFLMH��.P�QHLQKLELUDQH�UHDNFLMH�L]QRVLODMH������±������P0�GRN�MH�9PD[�L]QRVLOD������±������P0�PLQ��'RGD�YDQMHP�HNVWUDNWD�]HOHQRJ�aDMD�NRQFHQWUDFLMH�SROLIHQROD�RG�����J�/�GR^OR�MHGR�VPDQMHQMD�9PD[�DOL�MH�.P RVWDOD�QHSURPHQMHQD�X�RNYLUX�JUH^NH��.PLQKLELUDQH�UHDNFLMH�L]QRVLOD�MH������±������P0�GRN�MH�9PD[ L]QRVLOD�����±������P0�PLQ��2YL�SRGDFL�VX�SRND]DOL�GD�SROLIHQROL�]HOHQRJ�aDMDLQKLELUDMX�DFHWLOKROLQHVWHUD]X�QHNRPSHWLWLYQR��1D�RVQRYX�RYRJ�SRGDWND]DNOMXaHQR�MH�GD�SROLIHQROL�]HOHQRJ�aDMD�LQKLELUDMX�DFHWLOKROLQHVWHUD]X�QHXWLaX`L�QD�DNWLYQL�FHQWDU�HQ]LPD��3ROLIHQROL�VH�YH]XMX�]D�PROHNXO�HQ]LPDYDQ�DNWLYQRJ�FHQWUD��1D�WDM�QDaLQ�GRYRGH�GR�SURPHQD�X�VWUXNWXUL�HQ]LPDaLPH�VSUHaDYDMX�QMHJRYX�NDWDOLWLaNX�DNWLYQRVW�

9UHGQRVW�.L MH�L]UDaXQDWD�SR�IRUPXOL�
n =

1 + [I]
Ki

Vmax

6OLND���/LQHZHDYHU¬%XUNRYGLMDJUDP�QHLQKLELUDQHL�LQKLELUDQH�UHDNFLMH
)LJXUH���/LQHZHDYHU¬%XUN�SORWRI�XQLQKLELWHG�DQGLQKLELWHG�UHDFWLRQ�
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JGH�MH�Q ¬�RGVHaDN�QD�\ RVL��[,] ¬�NRQFHQWUDFLMD�LQKLELWRUD��9PD[ ¬�PDNVL�PDOQD�EU]LQD�UHDNFLMH��.L ¬�NRQVWDQWD�LQKLELFLMH��9UHGQRVW�.L L]QRVL�����±�����PJ�P/��8VOHG�WHKQLaNLK�QHGRVWDWDND�QLMH�ELOR�PRJX`H�DQDOL]LUDWL�VDVWDY�SRMHG�LQDaQLK�SROLIHQROD�X�HNVWUDNWX��=ERJ�WRJD�QLMH�PRJX`H�GLVNXWRYDWL�YUHGQRVWNRQVWDQWH�LQKLELFLMH�NDNR�EL�VH�L]YHOL�]DNOMXaFL�R�DILQLWHWX�HQ]LPD�SUHPDLQKLELWRUX�=DNOMXaDN5H]XOWDWL�SRND]XMX�GD�SROLIHQROL�]HOHQRJ�aDMD�LQKLELUDMX�DFHWLOKROLQ�HVWHUD]X��6WHSHQ�LQKLELFLMH�]DYLVL�RG�NRQFHQWUDFLMH�SROLIHQROD�X�YRGHQRPHNVWUDNWX�]HOHQRJ�aDMD��6D�SRYH`DQMHP�NRQFHQWUDFLMH�SROLIHQROD�X�HNVWUDNWXGROD]L�GR�VPDQMHQMD�DNWLYQRVWL�DFHWLOKROLQHVWHUD]H��(NVWUDNW�]HOHQRJ�aDMDL]D]LYD���±���LQKLELFLMX�DFHWLOKROLQHVWHUD]H�SUL�NRQFHQWUDFLML�SROLIHQROD�RG�����J�/�3ULOLNRP�LQKLELFLMH�GROD]L�GR�VPDQMHQMD�.PD[��GRN�.P RVWDMH�QHSUR�PHQMHQD��1D�RVQRYX�WRJD�MH�]DNOMXaHQR�GD�MH�LQKLELFLMD�QHNRPSHWLWLYQD�2YDM�SRGDWDN�XND]XMH�GD�SROLIHQROL�]HOHQRJ�aDMD�LQKLELUDMX�DFHWLOKROLQHVWH�UD]X�QH�XWLaX`L�QD�DNWLYQL�FHQWDU�HQ]LPD��'DOMD�LVWUDCLYDQMD�EL�WUHEDOR�VSURYHVWL�VD�SRMHGLQDaQLP�SROLIHQROLPD]HOHQRJ�aDMD�NDNR�EL�VH�XWYUGLOR�NRML�RG�QMLK�LVSROMDYD�QDMYH`L�VWHSHQ�LQ�KLELFLMH�%LOR�EL�]QDaDMQR�LVSLWDWL�GD�OL�SRVWRML�VLQHUJLVWLaNL�HIHNDW�SULOLNRPLQKLELFLMH��3RWUHEQR�MH�XWYUGLWL�QD�NRMLP�PHVWLPD�QD�PROHNXOX�HQ]LPD�MHPRJX`H�YH]LYDQMH�SROLIHQROD��1D�WDM�QDaLQ�EL�VH�GHWDOMQLMH�UD]MDVQLR�PH�KDQL]DP�LQKLELFLMH��=DKYDOQRVW��1DMYH`X�]DKYDOQRVW�GXJXMHP�1,6�5DILQHULML�QDIWH�3DQaHYR�NRMD�MH�REH]EHGLOD�QHSRKRGQH�KHPLNDOLMH�]D�L]YR_HQMH�RYRJ�LVWUDCLYDQMD�
/LWHUDWXUD

$JDUZDO�5���.DWL\DU�6���=DLGL�,��$���0XNKWDU�+��������,QKLELWLRQ�RI�VNLQWXPRU�SURPRWHU�FDXVHG�LQGXFWLRQ�RI�HSLGHUPDO�RUQLWKLQH�GHFDUER[\ODVH�LQ6(1&$5�PLFH�E\�SRO\SKHQROLF�IUDFWLRQ�LVRODWHG�IURP�JUHHQ�WHD�DQG�LWVLQGLYLGXDO�GHULYDWLYHV��&DQFHU�5HVHDUFK���������������$OVFKXOHU�/��������*UHHQ�7HD��+HDOLQJ�WRQLF��$PHULFDQ�-RXUQDO�RI�1DWX�UDO�0HGLFLQH����������%DUXDK�6���+D]DNLUD�0���0DKDQWD�'��.���+RULWD�+���0XUDL�7��������7KHHIIHFW�RI�SOXFNLQ�LQWHUYDOV�RQ�WKH�FKHPLFDO�FRQVWLWXHQWV�RI�&7&�EODFNWHDV��$JULFXOWXUDO�DQG�%LRORJLFDO�&KHPLVWU\���������������&DIILQ�1���'±$UF\�%���<DR�/���5LQWRXO�*��������'HYHORSLQJ�DQ�LQGH[�RITXDOLW\�IRU�$XVWUDOLDQ�WHD� 6W��/XFLD��7KH�8QLYHUVLW\�RI�4XHHQVODQG�
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'DYLHV�3���0DORQH\�$��-��)��������6HOHFWLYH�ORVV�RI�FHQWUDO�FKROLQHUJLFQHXURQV�LQ�$O]KHLPHU±V�GLVHDVH��/DQFHW���������(OOPDQ�*��/���&RXUWQH\�.��'���$QGUHV�%���)HDWKHUVWRQH�5��0��-U�������1HZ�DQG�UDSLG�FRORULPHWULF�GHWHUPLQDWLRQ�RI�DFHW\OFKROLQHVWHUDVH�DFWLYLW\�%LRFKHPLFDO�3KDUPDFRORJ\�������¬��*UDKDP�+��1��������*UHHQ�WHD�FRPSRVLWLRQ��FRQVXPSWLRQ��DQG�SRO\SKH�QRO�FKHPLVWU\��3UHYHQWLYH 0HGLFLQH�������������+DUERZ\�0��(���%DOHQWLQH�'��$��������7HD�FKHPLVWU\��&ULWLFDO�5HYLHZVLQ�3ODQW�6FLHQFHV� �����������¬���+LOOKRXVH�%��-���0LQJ�'��6���)UHQFK�&��-���7RZHUV�*��+��1��������$FHW\O�FKROLQH�(VWHUDVH�,QKLELWRUV�LQ�5KRGLROD�URVHD��3KDUPDFHXWLFDO�%LRORJ\��� �������¬��.DWL\DU�6��.���$JDUZDO�5���:DQJ�=���������¬��(SLJDOORFDWHFKLQ���JDOODWHLQ�&DPHOOLD�VLQHQVLV�OHDYHV�IURP�+LPDOD\DQ�UHJLRQ�RI�6LNNLP��,QKLELWRU\HIIHFWV�DJDLQVW�ELRFKHPLFDO�HYHQWV�DQG�WXPRU�LQLWLDWLRQ�LQ�6(1&$5PRXVH�VNLQ��1XWULWLRQ�DQG�&DQFHU�����������.LP�+��.���.LP�0���.LP�6���.LP�0���&KXQJ�-��+��������(IIHFWV�RI*UHHQ�7HD�3RO\SKHQRO�RQ�&RJQLWLYH�DQG�$FHW\OFKROLQHVWHUDVH�$FWLYLWLHV�%LRVFLHQFH��ELRWHFKQRORJ\��DQG�ELRFKHPLVWU\���� ��������������2NHOOR�(��-�� 6DYHOHY�6��8���3HUU\�(��.��������,Q�YLWUR�DQWL�EHWD�VHFUHWDVHDQG�GXDO�DQWL�FKROLQHVWHUDVH�DFWLYLWLHV�RI�&DPHOOLD�VLQHQVLV�/���WHD��UHOH�YDQW�WR�WUHDWPHQW�RI�GHPHQWLD��3K\WRWKHUDSK\�5HVHDUFK���� ������������
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