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.DQGXQJDQ�JL]L� VHUWD� DQWLRNVLGDQ�SDGD�NHGHODL�GDQ�ELML� NODEHW�PHPLOLNL�PDQIDDW
XQWXN�PHQXUXQNDQ� KLSHUNROHVWHUROHPLD� GDQ� EHUSRWHQVL� GLMDGLNDQ� LQRYDVL� SURGXN
SDQJDQ�EHUXSD�VXVX�NHGHODL�NODEHW�\DQJ�EDLN�XQWXN�NHVHKDWDQ��.DQGXQJDQ�UHQGDK
OHPDN�SDGD�VXVX�NHGHODL�PHQMDGL�NHXQJJXODQ�GLEDQGLQJNDQ�VXVX�KHZDQL��NDUHQD
GDSDW�GLNHPEDQJNDQ�PHQMDGL� VXVX� UHQGDK�NROHVWHURO��3HQHOLWLDQ�SHPEXDWDQ� VXVX
NHGHODL�GLODNXNDQ�GHQJDQ�YDULDVL�SHQDPEDKDQ�ELML�NODEHW���������GDQ�����GHQJDQ
WXMXDQ XQWXN PHQJHWDKXL YDULDVL SHQDPEDKDQ WHUEDLN SDGD VXVX NHGHODL NODEHW� 6XVX
NHGHODL GHQJDQ YDULDVL SHQDPEDKDQ ELML NODEHW VHODQMXWQ\D GLODNXNDQ DQDOLVLV
SURNVLPDW� \DLWX� DQDOLVLV� NDGDU� SURWHLQ� GHQJDQ� PHWRGH� .MHOGDKO�� DQDOLVLV� NDGDU
OHPDN� GHQJDQ� PHWRGH� 6R[KOHW�PHQJJXQDNDQ� SHODUXW� Q�KH[DQD� GDQ� XML� DNWLYLWDV
DQWLRNVLGDQ GHQJDQ PHWRGH '33+ �����GLIHQLO��� SLNULOKLGUD]LO� VHUWD GLODNXNDQ XML
RUJDQROHSWLN XQWXN PHQJHWDKXL GD\D WHULPD VXVX NHGHODL YDULDVL SHQDPEDKDQ NODEHW
GL PDV\DUDNDW� 'DUL SHQHOLWLDQ LQL� GLGDSDWNDQ KDVLO VXVX NHGHODL GHQJDQ
SHQDPEDKDQ�YDULDVL�ELML�NODEHW�WHUEDLN�EHUGDVDUNDQ�DQDOLVLV�JL]L�\DLWX�SDGD�YDULDVL
�����GHQJDQ�NDGDU�SURWHLQ� VHEHVDU����GDQ�NDGDU� OHPDN� VHEHVDU��������9DULDVL
SHQDPEDKDQ�NRQVHQWUDVL�ELML�NODEHW� WHUKDGDS�VXVX�NHGHODL�PHPEHULNDQ�SHQJDUXK
WHUKDGDS�NDQGXQJDQ�SURWHLQ��OHPDN��GDQ�DNWLYLWDV�DQWLRNVLGDQ�\DLWX�VHPDNLQ�EHVDU
SHQDPEDKDQ�NRQVHQWUDVL�ELML�NODEHW�WHUKDGDS�VXVX�NHGHODL�VHPDNLQ�PHQLQJNDWNDQ
NDGDU�SURWHLQ�GDQ�DNWLYLWDV�DQWLRNVLGDQ�VHUWD�PHQXUXQNDQ�NDGDU� OHPDN��$NWLYLWDV
DQWLRNVLGDQ�WHUWLQJJL�\DLWX�SDGD�VXVX�NHGHODL�GHQJDQ�SHQDPEDKDQ�NODEHW�VHEDQ\DN
��� VHEHVDU��������

.DWD�NDWD NXQFL� VXVX NHGHODL� ELML NODEHW� DQDOLVLV SURNVLPDW� DNWLYLWDV DQWLRNVLGDQ�
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1XWULHQW�FRQWHQW�DQG�DQWLR[LGDQWV�LQ�VR\EHDQV�DQG�IHQXJUHHN�VHHG�KDYH�EHQHILW�IRU
UHGXFLQJ K\SHUFKROHVWHUROHPLD DQG SRWHQWLDOO\ WR EH XVHG DV IRRG SURGXFW
LQQRYDWLRQV� VXFK� DV� VR\�PLON�ZLWK� DGGLWLRQ� RI� IHQXJUHHN� VHHG�ZKLFK� LV� JRRG� IRU
KHDOWK��7KH�ORZ�IDW�FRQWHQW�LQ�VR\�PLON�LV�EHWWHU�WKDQ�DQLPDO�PLON��EHFDXVH�VR\�PLON
FDQ EH GHYHORSHG LQWR ORZ FKROHVWHURO PLON� %DVHG RQ UHVHDUFK� VR\ PLON ZDV FDUULHG
RXW ZLWK YDULDWLRQV ��� ��� DQG ��� RI IHQXJUHHN VHHG WR ILQG RXW WKH EHVW YDULDWLRQV
RI�IHQXJUHHN�VHHG�LQ�VR\�PLON��6R\�PLON�ZLWK�YDULDWLRQV�RI�IHQXJUHHN�VHHG�DGGLWLRQ
ZDV FDUULHG RXW SUR[LPDWH DQDO\VLV XVLQJ WKH .MHOGDKO PHWKRG� IDW FRQWHQW�DQDO\VLV
XVLQJ 6R[KOHW PHWKRG ZLWK Q�KH[DQH DGGLWLRQ� )XWKHUPRUH� DQWLR[LGDQW DFWLYLW\ XVHG
'33+ PHWKRG �����GLSKHQ\O���SLFU\OK\GUD]LO� DQG RUJDQROHSWLF ZDV WHVWHG WR
GHWHUPLQH� WKH� DFFHSWDELOLW\� RI� VR\�PLON� YDULDWLRQV� RI� IHQXJUHHN� VHHG� DGGLWLRQ� LQ
SXEOLF�� ,Q� WKLV�VWXG\�� WKH�EHVW�YDULHW\�RI�DGGLWLRQ� IHQXJUHHN�VHHG� LQ�VR\�PLON�ZDV
�����ZLWK�D�SURWHLQ�FRQWHQW����DQG�D�IDW�FRQWHQW��������9DULDWLRQV�RI�DGGLWLRQ
IHQXJUHHN VHHG¶V FRQFHQWUDWLRQ LQ VR\ PLON KDYH DQ HIIHFW RQ WKH FRQWHQW RI SURWHLQ�
IDW��DQG�DQWLR[LGDQW�DFWLYLW\��,QFUHDVLQJ�DGGLWLRQ�RI�FRQFHQWUDWLRQ�IHQXJUHHN�VHHGV
WR�VR\�PLON�FDQ�SURGXFH�KLJKHU�SURWHLQ�FRQWHQW��DQWLR[LGDQW�DFWLYLW\�DQG�ORZHU�WKH
IDW�FRQWHQW��7KH�KLJKHVW�DQWLR[LGDQW�DFWLYLW\�LQ�VR\�PLON�ZLWK�WKH�DGGLWLRQ�RI����
IHQXJUHHN ZDV��������

.H\ZRUGV� 6R\EHDQ PLON� IHQXJUHHN VHHGV� SUR[LPDW DQDO\VLV� DQWLR[LGDQW DFWLYLW\


