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2QGHU�KHW�WRWDOH�JURHQWHDDQERG�KHHIW�GH�JURHS�YDQ�%UDVVLFD�JURHQWHQ��]RDOV�NRROVRRUWHQ��VSUXLWHQ�
EORHPNRRO�HQ�EURFFROL��HHQ�H[WUD�JH]RQGKHLGVEHVFKHUPHQG�LPDJR��1DDVW�GH�DDQZH]LJKHLG�YDQ�GLYHUVH
YLWDPLQHQ�VSHOHQ�ELRDFWLHYH�VWRIIHQ�]RDOV�IODYRQRwGHQ��FDURWHQRwGHQ�HQ�JOXFRVLQRODWHQ�KLHUELM�HHQ
EHODQJULMNH�URO��%UDVVLFD�JURHQWHQ�]LMQ�GH�YRRUQDDPVWH�EURQ�YDQ�GH�ODDWVWJHQRHPGH�JURHS��GH
JOXFRVLQRODWHQ��+HW�]LMQ�PHW�QDPH�GH�DQWLFDUFLQRJHQH�HLJHQVFKDSSHQ�YDQ�VSHFLILHNH�RP]HWWLQJSURGXFWHQ
YDQ�GH]H�JOXFRVLQRODWHQ�GLH�GH�ODDWVWH�MDUHQ�LQWHQVLHI�]LMQ�EHVWXGHHUG��'H]H�ELRDFWLHYH�VWRIIHQ�KHEEHQ�LQ
ODJH�FRQFHQWUDWLHV�KHW�YHUPRJHQ�RP�]RJHQDDPGH�RQWJLIWLJLQJVHQ]\PHQ�LQ�KHW�PHQVHOLMN�OLFKDDP�WH
DFWLYHUHQ��'H]H�HQ]\PHQ�NXQQHQ�RS�HHQ�HIILFLsQWH�PDQLHU�OLFKDDPVYUHHPGH��YDDN�WR[LVFKH�HQ
SURFDUFLQRJHQH�VWRIIHQ�XLW�KHW�OLFKDDP�YHUZLMGHUHQ�
'RRU�GH�JHKHOH�NHWHQ�LV�KHW�YDQ�EHODQJ�WH�VWUHYHQ�QDDU�HHQ�]R�RSWLPDDO�PRJHOLMN�JHKDOWH�DDQ
JH]RQGKHLGVEHVFKHUPHQGH�LQKRXGVVWRIIHQ�WRW�RS�KHW�PRPHQW�YDQ�KHW�ERUG�YDQ�GH�FRQVXPHQW�RI�RS�]LMQ
PLQVW�GH�VFKDSSHQ�YDQ�GH�VXSHUPDUNW�
'H�JHKDOWHQ�DDQ�JOXFRVLQRODWHQ�LQ�%UDVVLFD�JURHQWHQ�NXQQHQ�DDQ]LHQOLMN�YDULsUHQ�DIKDQNHOLMN�YDQ�VHL]RHQ�
UDV��JURHLFRQGLWLHV��RRJVWPRPHQW��PDDU�RRN�YDQ�QDRRJVWKDQGHOLQJHQ��9DQ�GH]H�QDRRJVWKDQGHOLQJHQ�]LMQ
YHUZHUNLQJ�HQ�RSVODJ�KHW�EHODQJULMNVW��ZDDUELM�GH�IDFWRUHQ�WLMG��WHPSHUDWXXU��JDVVDPHQVWHOOLQJ�HQ
EHVFKDGLJLQJ�HHQ�JURWH�URO�VSHOHQ�
7HQ�HLQGH�HHQ�XLWVSUDDN�WH�NXQQHQ�GRHQ�RYHU�KHW�EHKRXG�YDQ�GH�NZDOLWHLW��JH]RQGKHLG��YDQ�JURHQWHQ�]LMQ
GH�HIIHFWHQ�YDQ�YHUZHUNLQJ�HQ�RSVODJ�YDQ�ZLWWH�NRRO�HQ�EURFFROL�RS�GH�JHKDOWHQ�DDQ�JOXFRVLQRODWHQ�HQ
YLWDPLQH�&�EHVWXGHHUG��'DDUYRRU�LV�HU�HHQ�SLORWVWXGLH�XLWJHYRHUG�GRRU�KHW�RQGHU]RHNVLQVWLWXXW
$JURWHFKQRORJ\�	�)RRG�,QQRYDWLRQV�%9��$	)��LQ�VDPHQZHUNLQJ�PHW�GH�OHHUVWRHOJURHS�3URGXFW�'HVLJQ
DQG�4XDOLW\�0DQDJHPHQW�*URXS��3'4��YDQ�KHW�GHSDUWHPHQW�$JURWHFKQRORJ\�DQG�)RRG�6FLHQFHV�RS�GH
YROJHQGH�RQGHUGHOHQ�
��+HW�HIIHFW�YDQ�´PLQLPDO�SURFHVVLQJµ��VQLMGHQ�
��+HW�HIIHFW�YDQ�EHZDDUFRQGLWLHV
��+HW�HIIHFW�YDQ�RSVODJWLMG
��+HW�HIIHFW�YDQ�DO�GDQ�JHHQ�XLWVWDO�

,Q�]LMQ�JHKHHO�JHQRPHQ�ODWHQ�GH�UHVXOWDWHQ�YDQ�KHW�RQGHU]RHN�EHSHUNWH�YHUOLH]HQ�]LHQ�LQ�GH�JHKDOWHV�YDQ
]RZHO�GH�¶VPDDN·��DOV�GH�¶JH]RQGKHLG·JOXFRVLQRODWHQ�HQ�GH�YLWDPLQH�&�JHKDOWHQ�ELM�EHZDULQJ�HQ�PLQLPDOH
YHUZHUNLQJ��VQLMGHQ��YDQ�GH�SURGXFWHQ�EURFFROL�HQ�ZLWWH�NRRO��'H�¶FRQWUROOHG�DWPRVSKHUH·�FRQGLWLHV�YRRU
EURFFROL�OLMNHQ�HHQ�LHWV�EHWHU�EHKRXG�YDQ�JOXFRVLQRODWHQ�RS�WH�OHYHUHQ�GDQ�OXFKW��WHUZLMO�YRRU�ZLWWH�NRRO�GH
RSVODJFRQGLWLHV�ZHLQLJ�YHUVFKLOOHQ�ODWHQ�]LHQ�LQ�JHKDOWHV��7LMGHQV�XLWVWDO�YDQ�EURFFROL�QDPHQ�]RZHO�GH�WRWDDO
JOXFRVLQRODDW��DOV�YLWDPLQH�&�JHKDOWHV�DI��'H�DIQDPH�YDQ�JOXFRVLQRODWHQ�ZHUG�YRRUQDPHOLMN�WRHJHVFKUHYHQ
DDQ�GH�VPDDNEHSDOHQGH�JOXFRVLQRODWHQ��%LM�ZLWWH�NRRO�KDG�]RZHO�RSVODJ��&$��OXFKW��DOV�VQLMGHQ�ZHLQLJ
HIIHFW�RS�GH�WRWDDO�JOXFRVLQRODDW��HQ�YLWDPLQH�&�JHKDOWHV��7LMGHQV�GH�XLWVWDOSHULRGH�QDP�KHW�YLWDPLQH�&�
JHKDOWH�QLHW�DI�LQ�RQJHVQHGHQ�ZLWWH�NRRO��+HW�YLWDPLQH�&�JHKDOWH�LQ�JHVQHGHQ�ZLWWH�NRRO�QDP�ZHO�DI�WLMGHQV
XLWVWDO��GH]H�DIQDPH�ZDV�RYHULJHQV�NOHLQHU�GDQ�ELM�JHVQHGHQ�EURFFROL�

.H\ZRUGV��ZKLWH�FDEEDJH��EURFFROL��YLWDPLQ�&��JOXFRVLQRODWHV��PLQLPDO�SURFHVVLQJ��VWRUDJH��KHDOWK



��:DJHQLQJHQ�85 �

,QKRXG
$EVWUDFW �
� ,QOHLGLQJ �
��� $FKWHUJURQG �
��� *OXFRVLQRODWHQ �

����� 6WUXFWXXU �
����� $IEUDDN�YDQ�JOXFRVLQRODWHQ �
����� (LJHQVFKDSSHQ ��
����� 9DULDWLH�LQ�JHKDOWHV ��

��� 9LWDPLQH�& ��
����� 6WUXFWXXU�HQ�HLJHQVFKDSSHQ ��
����� 9DULDWLH�LQ�JHKDOWHV ��

��� 3URGXFWLHNHWHQ�YDQ�%UDVVLFD�JURHQWHQ ��
����� 9HUHGHODDU ��
����� 7HOHU ��
����� 2SVODJ ��
����� %HZHUNLQJ�LQGXVWULH ��
����� 9HUSDNNHQ ��
����� %HZHUNLQJ�GRRU�FRQVXPHQW ��

��� 3UREOHHPVWHOOLQJ�HQ�GRHO�YDQ�KHW�RQGHU]RHN ��
����� 3UREOHHPVWHOOLQJ ��
����� 'RHO ��

� 0HWKRGHQ ��
��� 2S]HW�H[SHULPHQW ��

����� 3URGXFW ��
����� 9HUZHUNLQJ ��
����� 2SVODJ ��
����� 7LMGVGXXU ��

��� .ZDOLWHLWVEHRRUGHOLQJ ��
��� 0RQVWHUQDPH ��
��� +3/&�DQDO\VH ��
��� 6WDWLVWLVFKH�DQDO\VH ��

� 5HVXOWDWHQ ��
��� .ZDOLWHLWVEHRRUGHOLQJ ��

����� *HHONOHXULQJ ��
����� 6FKLPPHOJURHL ��
����� 2II�IODYRXU ��
����� 9RFKWYHUOLHV�HQ�VWHYLJKHLG ��

��� 7RWDDO�YLWDPLQH�&�JHKDOWH ��



��:DJHQLQJHQ�85 �

��� 7RWDDO�JOXFRVLQRODDWJHKDOWH ��
��� ´6PDDNµJOXFRVLQRODWHQ��SURJRLWULQ�HQ�VLQLJULQ� ��
��� ´*H]RQGKHLGµJHUHODWHHUGH�JOXFRVLQRODWHQ��JOXFRLEHULQ�HQ�JOXFRUDSKDQLQ� ��

� 'LVFXVVLH�HQ�FRQFOXVLHV ��
� $DQEHYHOLQJHQ�YRRU�YHUGHU�RQGHU]RHN ��
/LWHUDWXXU ��
'DQNEHWXLJLQJ ��



��:DJHQLQJHQ�85 �

� �,QOHLGLQJ
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,Q�GLW�UDSSRUW�ZRUGHQ�GH�UHVXOWDWHQ�JHSUHVHQWHHUG�YDQ�HHQ�RQGHU]RHN�GDW�LQ�KHW�VHL]RHQ������
�����LV�XLWJHYRHUG�PHW�EURFFROL�HQ�ZLWWH�NRRO��+HW�RQGHU]RHN�YRQG�SODDWV�LQ�RSGUDFKW�YDQ�KHW
3URGXFWVFKDS�7XLQERXZ�
'RHOVWHOOLQJ�YDQ�GLW�RQGHU]RHN�LV�YDVW�WH�VWHOOHQ�ZDW�GH�JHYROJHQ�]LMQ�YDQ�QDRRJVWKDQGHOLQJHQ
�]RDOV�´PLQLPDO�SURFHVVLQJµ�HQ�RSVODJFRQGLWLHV��RS�GH�JHKDOWHQ�YDQ�YLWDPLQH�&�HQ�JOXFRVLQRODWHQ
LQ�EURFFROL�HQ�ZLWWH�NRRO�
,Q�GLW�VHL]RHQ�LV�GRRU�KHW�RQGHU]RHNVLQVWLWXXW�$JURWHFKQRORJ\�	�)RRG�,QQRYDWLRQV�%9��$	)�
HQ�GH�OHHUVWRHOJURHS�3URGXFW�'HVLJQ�DQG�4XDOLW\�0DQDJHPHQW�*URXS��3'4��YDQ�KHW
GHSDUWHPHQW�$JURWHFKQRORJ\�DQG�)RRG�6FLHQFHV�HHQ�SLORWVWXGLH�XLWJHYRHUG�RS�HHQ�YLHUWDO
RQGHUGHOHQ�
��+HW�HIIHFW�YDQ�´PLQLPDO�SURFHVVLQJµ��VQLMGHQ�
��+HW�HIIHFW�YDQ�EHZDDUFRQGLWLHV
��+HW�HIIHFW�YDQ�RSVODJWLMG
��+HW�HIIHFW�YDQ�DO�GDQ�JHHQ�XLWVWDO�

,Q�GH�KXLGLJH�PDDWVFKDSSLM�LV�LQ�WRHQHPHQGH�PDWH�DDQGDFKW�YRRU�JH]RQGKHLGVDVSHFWHQ�YDQ
YRHGLQJ��6WHHGV�YDNHU�ZRUGW�KHW�YHUEDQG�JHOHJG�WXVVHQ�KHW�YRHGVHOSDWURRQ�HQ�GH�JH]RQGKHLG�YDQ
GH�PHQV��'H�FRQVXPHQW�ZLO�GH�NHX]H�KHEEHQ�XLW�VWHHGV�PHHU�¶JH]RQGH·�SURGXFWHQ�HQ
SURGXFHQWHQ�JDDQ�LQ�GH�YRUP�YDQ�RQWZLNNHOLQJ�YDQ�¶IXQFWLRQDO�IRRGV·�LQ�GH]H�WUHQG�PHH��'H
SURGXFWLHNHWHQ�YDQ�JURHQWHQ�KHHIW�GDQ�RRN�HHQ�ZH]HQOLMNH�JHGDDQWHYHUZLVVHOLQJ�RQGHUJDDQ�HQ�LV
YHUDQGHUG�YDQ�HHQ�SURGXFWLHJHULFKWH�LQ�HHQ�FRQVXPHQWJHULFKWH�RUJDQLVDWLH�PHW�ELM]RQGHUH
DDQGDFKW�YRRU�GH�ZHQVHQ�YDQ�GH�FRQVXPHQW��'H�KXLGLJH�FRQVXPHQW�WRRQW�HHQ�JURHLHQGH
EHODQJVWHOOLQJ�YRRU�JURHQWHQ�PHW�WRHJHYRHJGH�ZDDUGH�ZDDUELM�JHOHW�ZRUGW�RS�LQWHUQH
NZDOLWHLWVNHQPHUNHQ�DOV�VPDDN��JH]RQGKHLG�HQ�YRHGLQJVZDDUGH��+HW�LV�YDQ�EHODQJ�GDW�GH]H
RQWZLNNHOLQJ�YDQXLW�HHQ�NHWHQSHUVSHFWLHI�ZRUGW�EHVWXGHHUG��DDQJH]LHQ�HON�RQGHUGHHO�YDQ�GH�KHOH
SURGXFWLHNHWHQ�LQYORHG�NDQ�XLWRHIHQHQ�RS�GH�KRHYHHOKHLG�HQ�VDPHQVWHOOLQJ�YDQ�HVVHQWLsOH
LQKRXGVVWRIIHQ�GLH�DDQZH]LJ�LV�LQ�HHQ�JHZDV�HQ�HLQGSURGXFW�
'H�IRFXV�LQ�GLW�UDSSRUW�]DO�OLJJHQ�RS�GH�LQKRXGVVWRIIHQ�YLWDPLQH�&�HQ�JOXFRVLQRODWHQ�LQ�EURFFROL
HQ�ZLWWH�NRRO��'H]H�LQKRXGVVWRIIHQ�]LMQ�HON�DI]RQGHUOLMN�YDQ�EHODQJ��PDDU�YHUWRQHQ�RRN�HHQ
RQGHUOLQJH�LQWHUDFWLH�GLH�HHQ�URO�VSHHOW�ELM�GH�XLWHLQGHOLMNH�YRHGLQJVZDDUGH�YDQ�KHW�YHUVH�SURGXFW�
*OXFRVLQRODWHQ�]LMQ�YHUDQWZRRUGHOLMN�YRRU�GH�W\SLVFKH�NRROVPDDN�HQ�²JHXU��'DDUQDDVW�]LMQ�HU
DDQZLM]LQJHQ�GDW�JOXFRVLQRODWHQ�HHQ�URO�VSHOHQ�ELM�GH�QDWXXUOLMNH�DIZHHU�YDQ�GH�SODQW�WHJHQ
VFKLPPHOV�HQ�EDFWHULsQ��'H�JH]RQGKHLGVEHYRUGHUHQGH�ZHUNLQJ�YDQ�JOXFRVLQRODWHQ�ZRUGW�GRRU
VWXGLHV�YDQXLW�YHUVFKLOOHQGH�GLVFLSOLQHV�EHYHVWLJG��%UDVVLFD�VRRUWHQ��]RDOV�NRRO�HQ�EURFFROL��]LMQ�HHQ
EHODQJULMNH�OHYHUDQFLHU�YDQ�GH]H�VWRIIHQ�HQ�RRN�YDQ�YLWDPLQH�&��:LWWH�NRRO�LV�ZHUHOGZLMG�HHQ�YDQ
GH�PHHVW�EHODQJULMNH�JHZDVVHQ��:LWWH�NRRO�NDQ�ODQJH�WLMG�EHZDDUG�ZRUGHQ�LQ�JHNRHOGH�RSVODJ�HQ
HU�LV�RRN�HUYDULQJ�PHW�&$�RSVODJ��%URFFROL�LV�LQ�NRUWH�WLMG�HHQ�]HHU�SRSXODLUH�JURHQWH�JHZRUGHQ
PHW�HHQ�VWHUN�¶JH]RQGKHLGV¶�LPDJR��GDW�ODDWVWH�LV�YRRUQDPHOLMN�JHEDVHHUG�RS�KHW�KRJH�JHKDOWH�DDQ
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QDRRJVWKDQGHOLQJHQ�]RDOV�QDULMSLQJ�HQ�RSVODJ��.RRO�LV�YRRU�1HGHUODQG�HHQ�HFRQRPLVFK�EHODQJULMN
JHZDV�HQ��GRRU�GH�ODQJH�KRXGEDDUKHLG��HHQ�YDQ�GH�PHHVW�JHVHUYHHUGH�UDXZH�JURHQWHV�LQ
UHVWDXUDQWV�HQ�EHGULMIVNDQWLQHV��0HGH�DOV�JHYROJ�YDQ�GLH�ODDWVWH�WRHSDVVLQJ�LV�HU�HHQ�DDQ]LHQOLMNH
YUDDJ�QDDU�YHUV�YHUSDNWH��JHVQHGHQ�NRRO�

��� *OXFRVLQRODWHQ
'H�ODDWVWH�MDUHQ�KHEEHQ�GLYHUVH�EHYRONLQJVVWXGLHV�DDQJHWRRQG�GDW�HHQ�KRJH�FRQVXPSWLH�YDQ
JURHQWHQ�HQ�IUXLW�VDPHQKDQJW�PHW�HHQ�ODJHU�ULVLFR�RS�KHW�NULMJHQ�YDQ�EHSDDOGH�VRRUWHQ�NDQNHU�
KDUW��HQ�YDDW]LHNWHQ�HQ�DQGHUH�FKURQLVFKH�]LHNWHQ��'H�JURHS�YDQ�%UDVVLFD�JURHQWHQ��ZDDURQGHU�DOOH
NRROVRRUWHQ��VSUXLWHQ��EURFFROL�HQ�EORHPNRRO��OLMNW�HHQ�H[SOLFLHWH�URO�WH�VSHOHQ�ELM�KHW�YHUODJHQ�YDQ
GH�NDQV�RS�NDQNHU��9HURQGHUVWHOG�ZRUGW�GDW�GH�EHVFKHUPHQGH�HIIHFWHQ�YDQ�%UDVVLFD�JURHQWHQ�WHQ
GHOH�]LMQ�WRH�WH�VFKULMYHQ�DDQ�GH�DDQZH]LJKHLG�YDQ�HHQ�JURHS�VHFXQGDLUH�SODQWPHWDEROLHWHQ�
JOXFRVLQRODWHQ�JHQDDPG��GLH�GH�%UDVVLFD�JURHQWHQ�RQGHUVFKHLGW�YDQ�DQGHUH�JURHQWHQ�
'LW�LV�HHQ�EHODQJULMN�PRWLHI�RP�RQGHU]RHN�WH�GRHQ�QDDU�KHW�YHUORRS�YDQ�GH�JOXFRVLQRODDWJHKDOWHV
LQ�GH�NHWHQ�PHW�GH�PRJHOLMNKHLG�RP�LQ�WH�JULMSHQ�RI�KHW�VWXUHQ�YDQ�GH�NHWHQ�WRW�RSWLPDOH
KRHYHHOKHGHQ�YRRU�KHW�PHQVHOLMN�ZHO]LMQ��9HUNHUN���������1DDVW�GH�JH]RQGKHLGVEHVFKHUPHQGH
HLJHQVFKDSSHQ�EH]LWWHQ�JOXFRVLQRODWHQ�HHQ�DDQWDO�DQGHUH�LQWHUHVVDQWH�HLJHQVFKDSSHQ�GLH�PHW
QDPH�YRRU�GH�YHUHGHOLQJ�HQ�GH�WHHOW�YDQ�EHODQJ�NXQQHQ�]LMQ�
2QGHU]RHN�KHHIW�DDQJHWRRQG�GDW�HONH�VWDS�LQ�GH�SURGXFWLHNHWHQ�YDQ�%UDVVLFD�JURHQWHQ�LQYORHG
KHHIW�RS�GH�XLWHLQGHOLMNH�LQQDPH�YDQ�JOXFRVLQRODWHQ�GRRU�GH�FRQVXPHQW��'HNNHU�HW�DO�������
%UDVVLFD�JURHQWHQ�ZRUGHQ�YDDN�YHUZHUNW�GRRU�GH�LQGXVWULH�RI�GRRU�GH�FRQVXPHQW�YRRUGDW�]H
ZRUGHQ�JHFRQVXPHHUG��2P�LQ]LFKW�WH�YHUNULMJHQ�LQ�GH�XLWHLQGHOLMNH�LQQDPH�YDQ�JOXFRVLQRODWHQ
GRRU�GH�FRQVXPHQW�LV�KHW�YDQ�EHODQJ�RP�GH�LQYORHG�YDQ�DOOH�VWDSSHQ�LQ�GH�SURGXFWLHNHWHQ�RS�KHW
JOXFRVLQRODDWJHKDOWH�WH�RQGHU]RHNHQ��,Q�GLW�RQGHU]RHN�LV�JHNHNHQ�QDDU�GH�HIIHFWHQ�YDQ�EHZDULQJ
YDQ�GH�JURHQWHQ�RS�GH�JHKDOWHV�DDQ�JOXFRVLQRODWHQ�
����� 6WUXFWXXU
*OXFRVLQRODWHQ�]LMQ�]ZDYHOKRXGHQGH�VHFXQGDLUH�SODQWPHWDEROLHWHQ�GLH�YRRUNRPHQ�LQ�%UDVVLFDFHDH
HQ�HQNHOH�DQGHUH�SODQWHQIDPLOLHV��$OOH�JOXFRVLQRODWHQ�EHYDWWHQ�HHQ�]HOIGH�VNHOHW�ZDW�EHVWDDW�XLW
HHQ�EHWD�'�WKLRJOXFRVHJURHS��HHQ�JHVXOIRQHHUGH�R[LPH�JURHS�HQ�HHQ�YDULsUHQGH�]LMNHWHQ��5��GLH
LV�DIJHOHLG�YDQ�PHWKLRQLQH��WU\SWRIDDQ��IHQ\ODODQLQH�RI�HQNHOH�DPLQR]XUHQ�PHW�HHQ�YHUWDNWH�NHWHQ
�ILJXXU����
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)LJXXU�� �$OJHPHQH�VWUXFWXXU�YDQ�JOXFRVLQRODWHQ

(U�]LMQ�PHHU�GDQ�����YHUVFKLOOHQGH�JOXFRVLQRODWHQ�EHNHQG�GLH�DOOHPDDO�YDULsUHQ�LQ�GH�]LMNHWHQ�
'H]H�]LMNHWHQV�]LMQ�DINRPVWLJ�YDQ�GLYHUVH�FKHPLVFKH�VWUXFWXUHQ�HQ�NXQQHQ�ZRUGHQ�RQGHUYHUGHHOG
LQ���JURHSHQ��DOLIDWLVFKH��DON\O�RI�DONHQ\OJURHS���KHWHURF\FOLVFKH��LQGROHQ��HQ�DURPDWLVFKH�NHWHQV�
'H�]LMNHWHQ�LV�GH�EDVLV�YRRU�GH�ELRORJLVFKH�DFWLYLWHLW�YDQ�GH�FKHPLVFKH�HQ�HQ]\PDWLVFKH
DIEUDDNSURGXFWHQ�HQ�YRRU�GH�VWUXFWXUHOH�KHWHURJHQLWHLW��0LWKHQ�HW�DO���������,Q�WDEHO���LV�HHQ
RYHU]LFKW�YDQ�GH]H�LQGHOLQJ�ZHHUJHJHYHQ�YRRU�JOXFRVLQRODWHQ�GLH�KHW�PHHVW�LQ�%UDVVLFD�JURHQWHQ
YRRUNRPHQ�

7DEHO�� 0HHVW�YRRUNRPHQGH�JOXFRVLQRODWHQ�LQ�EURFFROL�HQ�ZLWWH�NRRO�
7ULYLDOH�QDDP &KHPLVFKH�QDDP��]LMNHWHQ�5� *HEUXLNWH�DINRUWLQJ
$OLIDWLVFKH�JOXFRVLQRODWHQ�
*OXFRLEHULQ ��PHWK\OVXOSKLQ\OSURS\O ,%
3URJRLWULQ ��K\GUR[\���EXWHQ\O 352*
6LQLJULQ ��SURSHQ\O 6,1
*OXFRUDSKDQLQ ��PHWK\OVXOSKLQ\OEXW\O 5$3+
,QGRO\O�JOXFRVLQRODWHQ�
��+\GUR[\JOXFREUDVVLFLQ ��K\GUR[\���LQGRO\OPHWK\O �2+�*%
*OXFREUDVVLFLQ ��LQGRO\OPHWK\O *%
��PHWKR[\JOXFREUDVVLFLQ ��PHWKR[\��LQGRO\OPHWK\O �PHW�*%
1HRJOXFREUDVVLFLQ ��PHWKR[\��LQGRO\OPHWK\O QHR*%
$URPDWLVFK�JOXFRVLQRODWHQ�
*OXFRWURSDHROLQ��LQWHUQH�VWDQGDDUG� %HQ]\O 7523

����� $IEUDDN�YDQ�JOXFRVLQRODWHQ
*OXFRVLQRODWHQ�]HOI�YHUWRQHQ�ZHLQLJ�ELRORJLVFKH�DFWLYLWHLW��+HW�]LMQ�YRRUQDPHOLMN�GH
DIEUDDNSURGXFWHQ�GLH�HHQ�DQWLFDUFLQRJHQH��HHQ�DQWLEDFWHULsOH�RI�HHQ�IXQJLFLGH�ZHUNLQJ�KHEEHQ�
'H�DIEUDDNSURGXFWHQ�ZRUGHQ�JHYRUPG�GRRU�K\GURO\VH�PHW�EHKXOS�YDQ�KHW�HQ]\P�P\URVLQDVH
�(�&�����������RI�GRRU�GH�PLFURIORUD�LQ�GH�GLNNH�GDUP�
1RUPDDO�]LMQ�JOXFRVLQRODWHQ�HQ�P\URVLQDVH�LQ�HHQ�SODQWHQFHO�YDQ�HONDDU�JHVFKHLGHQ��:DQQHHU�GH
FHO�FT�SODQWHQZHHIVHO�HFKWHU�EHVFKDGLJG�ZRUGW�GRRU�ELMYRRUEHHOG�YUDDW��VQLMGHQ�RI�NDXZHQ��NRPW
KHW�HQ]\P�YULM�HQ�]HW�KHW�GH�JOXFRVLQRODWHQ�RP�LQ�GLYHUVH�DIEUDDNSURGXFWHQ��]LH�ILJXXU�����$OV�KHW
HQ]\P�JHwQDFWLYHHUG�ZRUGW�GRRU�LQGXVWULsOH�RI�KXLVKRXGHOLMNH�YHUZHUNLQJ��FRQVHUYHUHQ�
EODQFKHUHQ�RI�NRNHQ���NXQQHQ�GH�JOXFRVLQRODWHQ�DOVQRJ�DIJHEURNHQ�ZRUGHQ�GRRU�GH�PLFURIORUD�LQ
GH�GLNNH�GDUP��7DODOD\�HW�DO��������



��:DJHQLQJHQ�85 �

)LJXXU�� +\GURO\VH�YDQ�JOXFRVLQRODWHQ�RQGHU�LQYORHG�YDQ�P\URVLQDVH

'H�WHPSHUDWXXU��GH�YRFKWLJKHLG��GH�S+�HQ�GH�DDQZH]LJKHLG�YDQ�GLYHUVH�FR�IDFWRUHQ��]RDOV
DVFRUELQH]XXU�HQ�0J&O � ��EHSDOHQ�GH�VQHOKHLG�YDQ�GH�K\GURO\VH�HQ�GH�DDUG�YDQ�GH�SURGXFWHQ�GLH
ZRUGHQ�JHYRUPG��9HUNHUN���������9HUVFKLOOHQGH�W\SHQ�P\URVLQDVH�KHEEHQ�HON�HHQ�RSWLPDOH�S+
HQ�HHQ�RSWLPDOH�WHPSHUDWXXU�ZDDUELM�GH�DFWLYLWHLW�YDQ�KHW�HQ]\P�KHW�KRRJVW�LV��%LM�P\URVLQDVH�LQ
EURFFROL�OLJW�KHW�S+�RSWLPXP�ELMYRRUEHHOG�URQG������HQ�GH�RSWLPDOH�WHPSHUDWXXU�ELM
DWPRVIHULVFKH�GUXN�LV�����&��0\URVLQDVH�LQ�ZLWWH�HQ�URGH�NRRO�KHHIW�HFKWHU�HHQ�S+�RSWLPXP�YDQ
��HQ�HHQ�RSWLPDOH�WHPSHUDWXXU�YDQ�����&��/XGLNKX\]H�HW�DO���������$DQZH]LJKHLG�YDQ
DVFRUELQH]XXU�KHHIW�RRN�LQYORHG�RS�GH�P\URVLQDVH�DFWLYLWHLW��,Q�EHSDDOGH�FRQFHQWUDWLHV�NDQ�KHW�GH
HQ]\PDFWLYLWHLW�YHUKRJHQ��,Q�FRPELQDWLH�PHW�WRHYRHJLQJ�YDQ�0J&O � �LV�KHW�HIIHFW�YDQ
DVFRUELQH]XXU�QRJ�VWHUNHU��/XGLNKX\]H�HW�DO���������9HUGHU�LV�RRN�DDQJHWRRQG�GDW�DVFRUELQH]XXU
LQ�VRPPLJH�JHYDOOHQ�GH�RSWLPDOH�WHPSHUDWXXU�YDQ�KHW�HQ]\P�NDQ�YHUDQGHUHQ��2KWVXUX�HQ�+DWD�
������
%LM�ODJH�S+�ZRUGHQ�YRRUQDPHOLMN�QLWULOHQ�JHYRUPG�HQ�LQ�DDQZH]LJKHLG�YDQ�LM]HULRQHQ�]DO�GH]H
UHDFWLH�VQHOOHU�SODDWVYLQGHQ��%LM�HHQ�S+�YDQ�����ZRUGHQ�YRRUQDPHOLMN�LVRWKLRF\DQDWHQ�JHYRUPG�
+HW�JOXFRVLQRODDW�P\URVLQDVH�V\VWHHP�KHHIW�RRN�QRJ�YHUVFKLOOHQGH�DQGHUH�IXQFWLHV�LQ�GH�SODQW�
L��DIZHHUPHFKDQLVPH�WHJHQ�]LHNWHQ�HQ�YUDDW�
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LL��]ZDYHO�HQ�VWLNVWRI�PHWDEROLVPH�HQ
LLL��JURHLUHJXODWLH�
+HW�HQ]\P�P\URVLQDVH�HQ�GH�JOXFRVLQRODWHQ�NRPHQ�YRRU�LQ�]DDG��EODG��VWHQJHO�HQ�ZRUWHO�YDQ�GH
SODQW�ZDDUELM�GH�HQ]\PDFWLYLWHLW�YDQ�P\URVLQDVH�KHW�KRRJVW�LV�LQ�KHW�MRQJH�ZHHIVHO�
����� (LJHQVFKDSSHQ
%LMGUDJH�DDQ�VPDDN
+HW�W\SLVFKH�DURPD�YDQ�%UDVVLFD�JURHQWHQ�ZRUGW�YRRUQDPHOLMN�YHURRU]DDNW�GRRU
DIEUDDNSURGXFWHQ�YDQ�JOXFRVLQRODWHQ��LVRWKLRF\DQDWHQ��WKLRF\DQDWHQ�HQ�QLWULOHQ���+HW�LV
DDQJHWRRQG�GDW�GH�JOXFRVLQRODWHQ�VLQLJULQ�HQ�SURJRLWULQ�EHWURNNHQ�]LMQ�ELM�GH�ELWWHUH�VPDDN�GLH�LQ
VSUXLWHQ�ZRUGW�ZDDUJHQRPHQ��6LQLJULQ�KHHIW�HHQ�ELWWHUH�VPDDN�DOV�LQWDFWH�JOXFRVLQRODDW��WHUZLMO
SURJRLWULQ�SDV�HFKW�ELWWHU�LV�QD�HQ]\PDWLVFKH�RP]HWWLQJ�WRW�JRLWULQ��)HQZLFN�HW�DO���������%LWWHUH
HQ�VFKHUSH�VPDDN�VSHOHQ�HHQ�JURWH�URO�ELM�GH�VPDDNYRRUNHXU�YDQ�FRQVXPHQWHQ�HQ�GH]H�VWRIIHQ
]LMQ�GDDURP�EHODQJULMNH�NZDOLWHLWVIDFWRUHQ�YRRU�GH�%UDVVLFD�JURHQWHQ��+HW�LV�PRJHOLMN�RP�GRRU
PLGGHO�YDQ�YHUHGHOHQ�VSUXLWHQ�WH�RQWZLNNHOHQ�PHW�HHQ�ODDJ�VLQLJULQ�HQ�SURJRLWULQ�JHKDOWH�
ZDDUGRRU�GH]H�HHQ�DDQJHQDPH��PLQGHU�ELWWHUH�VPDDN�NULMJHQ��9DQ�'RRUQ��������

7R[LVFK
*OXFRVLQRODWHQ�HQ�KXQ�DIEUDDNSURGXFWHQ�NXQQHQ�RRN�HHQ�WR[LVFKH�ZHUNLQJ�KHEEHQ��+RJH
JHKDOWHV�DDQ�EHSDDOGH�JOXFRVLQRODWHQ�LQ�GLHUYRHGLQJ�NXQQHQ�YHUDQWZRRUGHOLMN�]LMQ�YRRU�GLYHUVH
DDQGRHQLQJHQ�]RDOV�SUREOHPHQ�DDQ�GH�VFKLOGNOLHU��NURS���YHUJURWH�OHYHUV�HQ�QLHUHQ��YHUPLQGHUGH
HHWOXVW�HQ�ODJHUH�JURHLVQHOKHLG��'H�EHODQJULMNVWH�YHURRU]DNHU�LV�R[D]ROLGLQH���WKLRQH��HHQ�VWRI�GLH
LV�DIJHOHLG�YDQ�KHW�JOXFRVLQRODDW�SURJRLWULQ�ZDW�]LFK�RSKRRSW�LQ�GH�]DGHQ�YDQ�%UDVVLFD�QDSXV
�0LWKHQ��������

%HVFKHUPLQJ�WHJHQ�YUDDW
6RPPLJH�DIEUDDNSURGXFWHQ�YDQ�JOXFRVLQRODWHQ�]LMQ�WR[LVFK�YRRU�LQVHFWHQ�HQ�KRJHUH�GLHUHQ�HQ
NXQQHQ�GDDURP�JH]LHQ�ZRUGHQ�DOV�HQNHOH�YDQ�GH�YHOH�QDWXXUOLMNH�SHVWLFLGHQ��=LM�EHVFKHUPHQ�GH
SODQW�WHJHQ�YUDDW�

%DFWHULFLGH�HQ�IXQJLFLGH
9HHO�DIEUDDNSURGXFWHQ�YDQ�JOXFRVLQRODWHQ�]LMQ�WR[LVFK�YRRU�PLFUR�RUJDQLVPHQ�HQ�KHW�ZRUGW
JHVXJJHUHHUG�GDW�GH]H�FRPSRQHQWHQ�PRJHOLMN�HHQ�URO�VSHOHQ�ELM�UHVLVWHQWLH�WHJHQ�]LHNWHQ
�&KHZ�������

*H]RQGKHLG
,Q�HQNHOH�RQGHU]RHNHQ�LV�HHQ�LQYHUV�YHUEDQG�DDQJHWRRQG�WXVVHQ�HHQ�GLHHW�ULMN�DDQ�%UDVVLFD
JURHQWHQ�HQ�GH�NDQV�RS�KHW�NULMJHQ�YDQ�GDUPNDQNHU��$DQJH]LHQ�KHW�UHODWLHI�KRJH�JHKDOWH�DDQ
JOXFRVLQRODWHQ�W\SHUHQG�LV�YRRU�%UDVVLFD�JURHQWHQ�ZRUGW�KHW�PRJHOLMNH�JH]RQGKHLGVEHVFKHUPHQGH
HIIHFW�DDQ�GH]H�VWRIIHQ�WRHJHVFKUHYHQ��*OXFRVLQRODWHQ�]HOI�YHUWRQHQ�QDXZHOLMNV�ELRORJLVFKH
DFWLYLWHLW��PDDU�HQNHOH�DIEUDDNSURGXFWHQ��PHW�QDPH�GH�LVRWKLRF\DQDWHQ��KHEEHQ�KHW�YHUPRJHQ�RP
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LQ�KHW�OLFKDDP�RQWJLIWLJLQJVHQ]\PHQ�WH�PRGLILFHUHQ��=H�NXQQHQ�IDVH�,��HQ]\PHQ��]RDOV
F\WRFKURRP�3������UHPPHQ��GH]H�HQ]\PHQ�ZRUGHQ�JHDVVRFLHHUG�PHW�KHW�DFWLYHUHQ�YDQ
�SUR�FDUFLQRJHQHQ��9HUGHU�]LMQ�]H�LQ�VWDDW�IDVH�,,�HQ]\PHQ��RQGHU�DQGHUH�JOXWKDWLRQ��6�
WUDQVIHUDVH��WH�LQGXFHUHQ��/DDWVWJHQRHPGH�]LMQ�RQWJLIWLJLQJVHQ]\PHQ�GLH�]RUJGUDJHQ�YRRU
QHXWUDOLVDWLH�RI�XLWVFKHLGLQJ�YDQ�SRWHQWLsOH�FDUFLQRJHQHQ�LQ�]RRJGLHUFHOOHQ��)\VLRORJLVFKH
H[SHULPHQWHQ�KHEEHQ�DDQJHWRRQG�GDW�GH�LVRWKLRF\DQDWHQ���PHWK\OVXOSKLQ\OSURS\O�HQ���
PHWK\OVXOSKLQ\OEXW\O��DINRPVWLJ�YDQ�GH�JOXFRVLQRODWHQ�JOXFRLEHULQ�HQ�JOXFRUDSKDQLQ�VWHUNH
LQGXFHUV�]LMQ�YDQ�IDVH�,,²HQ]\PHQ��)DXONQHU�HW�DO���������,QGROH���FDUELQRO��HHQ�DIEUDDNSURGXFW
YDQ�JOXFREUDVVLFLQ�LQGXFHHUW�IDVH�,,�HQ]\PHQ��PDDU�RRN�IDVH�,�HQ]\PHQ��'HUJHOLMNH�ELIXQFWLRQHOH
LQGXFHUV�KHEEHQ�HHQ�PLQGHU�VWHUNH�DQWL�FDUFLQRJHQH�ZHUNLQJ�GDQ�VWRIIHQ�GLH�DOOHHQ�IDVH�,,�
HQ]\PHQ�LQGXFHUHQ��6WDDFN�HW�DO���������2RN�VLQLJULQ�OLMNW�HHQ�DQWL�FDUFLQRJHQH�ZHUNLQJ�WH
KHEEHQ�
����� 9DULDWLH�LQ�JHKDOWHV
(U�NXQQHQ�JURWH�YHUVFKLOOHQ�LQ�JOXFRVLQRODDWJHKDOWHV�ZRUGHQ�ZDDUJHQRPHQ�WXVVHQ�HQ�ELQQHQ
GLYHUVH�VRRUWHQ�HQ�YDULsWHLWHQ�YDQ�%UDVVLFD�JURHQWHQ��.XVKDG�HW�DO��������,Q�GH�OLWHUDWXXU�VWDDQ
YHUVFKLOOHQGH�RRU]DNHQ�YRRU�GH]H�YDULDWLH�EHVFKUHYHQ��7HQ�HHUVWH�]LMQ�PLOLHXIDFWRUHQ��]RDOV�GH
ORFDWLH��JURQGVRRUW��EHPHVWLQJ��RRJVWWLMGVWLS�HQ�ZHHUVRPVWDQGLJKHGHQ�YDQ�LQYORHG�RS�KHW
JOXFRVLQRODDWJHKDOWH�LQ�GH�SODQW��5RVD�HW�DO�������	��������9HUGHU�NXQQHQ�JHQHWLVFKH�IDFWRUHQ�GH
RRU]DDN�]LMQ�YDQ�KHW�YHUVFKLO�LQ�JHKDOWHV��7HQVORWWH�NDQ�GH�JHPHWHQ�YDULDWLH�YHURRU]DDNW�ZRUGHQ
WLMGHQV�GH�DQDO\VH�

0LOLHXIDFWRUHQ
'RRU�5RVD�HW�DO��������ZRUGW�JHVXJJHUHHUG�GDW�HHQ�KRJHUH�RPJHYLQJVWHPSHUDWXXU�WLMGHQV�GH
JURHL�YDQ�SODQWHQ�HHQ�KRJHU�JOXFRVLQRODDWJHKDOWH�NDQ�YHURRU]DNHQ��,Q�KHW]HOIGH�RQGHU]RHN�LV
DDQJHWRRQG�GDW�OLFKW�GH�YRUPLQJ�YDQ�GH�EHODQJULMNVWH�JOXFRVLQRODWHQ�LQ�GH�SODQW�EHwQYORHGW�ELM
WHPSHUDWXUHQ�GLH�URQG�KHW�RSWLPXP�YRRU�GH�SODQWJURHL�OLJJHQ��:DQQHHU�GH�WHPSHUDWXXU�HFKWHU�LQ
GH�EXXUW�NRPW�YDQ�KHW�YHURRU]DNHQ�YDQ�VWUHVV��LV�KHW�HIIHFW�YDQ�OLFKW�QDJHQRHJ�YHUZDDUORRVEDDU�
+HW�WLMGVWLS�YDQ�RRJVWHQ�NDQ�RRN�LQYORHG�KHEEHQ�RS�GH�JOXFRVLQRODDWFRQFHQWUDWLH�LQ�GH�SODQW
DDQJH]LHQ�GH�JHKDOWHV�OLMNHQ�WH�YHUDQGHUHQ�JHGXUHQGH�GH�GDJ��5RVD�HW�DO��������

*HQHWLFD
0LWKHQ��������KHHIW�ODWHQ�]LHQ�GDW�HU�HHQ�GXLGHOLMN�YHUEDQG�EHVWDDW�WXVVHQ�JOXFRVLQRODDWJHKDOWHV
HQ�JHQHWLFD��2QGHU]RHN�GRRU�.XVKDG�HW�DO��������KHHIW�JURWH�YDULDWLH�LQ�JOXFRVLQRODDWJHKDOWHV
DDQJHWRRQG�WXVVHQ�YHUVFKLOOHQGH�YDULsWHLWHQ�YDQ�%UDVVLFD�JURHQWHQ��RRN�DOV�]H�RQGHU�GH]HOIGH
RPVWDQGLJKHGHQ�]LMQ�JHWHHOG�

$QDO\VH
'H�JHPHWHQ�YDULDWLH�NDQ�ZRUGHQ�YHURRU]DDNW�WLMGHQV�GH�DQDO\VH��7LMGHQV�GH�GLYHUVH�VWDSSHQ�YDQ
GH�PRQVWHUEHKDQGHOLQJ�HQ�YHUGHUH�DQDO\VH�YDQ�GH�JOXFRVLQRODWHQ�WUHHGW�HU�HHQ�EHSDDOGH�IRXW�RS
GLH�WRW�YHUVFKLOOHQ�LQ�GH�XLWHLQGHOLMNH�JHKDOWHV�NDQ�OHLGHQ��(U�NDQ�RQGHUVFKHLG�ZRUGHQ�JHPDDNW
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WXVVHQ�WZHH�W\SHQ�¶IRXWHQ·��*OXFRVLQRODDWJHKDOWHV�LQ�GH�YHUVFKLOOHQGH�RQGHUGHOHQ�YDQ�GH�SODQW
YHUVFKLOOHQ�YDQ�HONDDU��5RVD�HW�DO��������EHVFKULMIW�GDW�HU�HHQ�VLJQLILFDQW�YHUVFKLO�LV�DDQ�WH�WRQHQ
WXVVHQ�KHW�JHKDOWH�LQ�GH�ZRUWHOV�HQ�LQ�GH�EODGHUHQ�YDQ�GH�SODQW��'RRU�ELM�EHPRQVWHULQJ�QLHW
FRQVHTXHQW�GH�MXLVWH�YHUKRXGLQJHQ�WH�QHPHQ�NXQQHQ�KLHUGRRU�YHUVFKLOOHQ�RSWUHGHQ�LQ�GH
JHPHWHQ�JHKDOWHV��'H�¶IRXW·�GLH�RQWVWDDW�GRRU�GH]H�YDULDWLH�WXVVHQ�GH�YHUVFKLOOHQGH�RQGHU]RHNHQ�LV
HFKWHU�PRHLOLMN�WH�EHSDOHQ��9HUGHU�NDQ�HU�HHQ�¶IRXW·�RSWUHGHQ�LQ�GH�VWDSSHQ�QD�GH�DQDO\VH��'H
JURRWWH�YDQ�GH]H�IRXW�LQ�GH�EHSDOLQJ�NDQ�ZHO�H[SHULPHQWHHO�ZRUGHQ�YDVWJHVWHOG��VWDQGDDUG
DIZLMNLQJ��
��� 9LWDPLQH�&
+HW�EHODQJULMNVWH�YLWDPLQH�LQ�JURHQWH�HQ�IUXLW�LV�YLWDPLQH�&��9LWDPLQH�&�LV�HHQ�HVVHQWLHHO
PLFURQXWULsQW��ZDW�ZLO�]HJJHQ�GDW�GH�PHQV�YLWDPLQH�&�QLHW�]HOI�NDQ�DDQPDNHQ�LQ�KHW�OLFKDDP�
GDDURP�PRHW�KHW�YLD�GH�YRHGLQJ�ELQQHQNRPHQ��0HHU�GDQ�����YDQ�KHW�YLWDPLQH�&�LQ�KHW
PHQVHOLMN�GLHHW�ZRUGW�JHOHYHUG�GRRU�JURHQWH�HQ�IUXLW�LQFOXVLHI�DDUGDSSHOHQ��9LWDPLQH�&�LV�QLHW
DOOHHQ�EHODQJULMN�YRRU�KHW�RQGHUKRXGHQ�YDQ�GH�KXLG��WDQGYOHHV�HQ�EORHGYDWHQ��KHW�EHVFKHUPW
WHJHQ�VFKHXUEXLN���PDDU�RRN�ELM�GH�UHGXFWLH�YDQ�SODVPDFKROHVWHURO��$OV�DQWLR[LGDQW�YHUPLQGHUW
YLWDPLQH�&�KHW�JHYDDU�YDQ�KDUW��HQ�YDDW]LHNWHQ�
(HQ�VFKDWWLQJ�YRRU�GH�LQQDPH�YDQ�YLWDPLQH�&�LQ�1HGHUODQG�EHGUDDJW�����PJ�GDJ��+HW�EHWUHIW
KLHU�HHQ�JURHS�PDQQHQ�YDQ�������MDDU��GLH�LQ�GH�]HYHQ�ODQGHQ�VWXGLH�]LMQ�JHYROJG��.URPKRXW�HW
DO���������'H�DDQEHYROHQ�KRHYHHOKHLG��5'$��EHGUDDJW�RQJHYHHU����PJ�GDJ���GXV�GH�LQQDPH�YDQ
GH�JHQRHPGH�JURHS�ZDV�UXLP�YROGRHQGH��7HU�YRRUNRPLQJ�YDQ�VFKHXUEXLN�LV�VOHFKWV�RQJHYHHU���
PJ�GDJ�QRGLJ��(U�ZRUGW�JHDGYLVHHUG�RP�QLHW�PHHU�GDQ���J�YLWDPLQH�&�SHU�GDJ�LQ�WH�QHPHQ�
����� 6WUXFWXXU�HQ�HLJHQVFKDSSHQ
9LWDPLQH�&�EHVWDDW�XLW�YHUVFKLOOHQGH�YRUPHQ��ZDDUYDQ�HU�HQNHOH�ELRORJLVFK�DFWLHI�]LMQ��/�
DVFRUELQH]XXU��RRN�ZHO�DVFRUEDDW�JHQRHPG��LV�GH�YRRUQDDPVWH�ELRORJLVFK�DFWLHYH�YRUP�YDQ
YLWDPLQH�&��'DDUQDDVW�YHUWRRQW�/�GHK\GURDVFRUELQH]XXU��'+$���HHQ�R[LGDWLHSURGXFW��RRN
ELRORJLVFKH�DFWLYLWHLW��%HLGH�VWUXFWXUHQ�]LMQ�ZHHUJHJHYHQ�LQ�ILJXXU����,Q�KHW�PHQVHOLMN�OLFKDDP�NDQ
'+$�PDNNHOLMN�RPJH]HW�ZRUGHQ�LQ�/�DVFRUELQH]XXU��-XQJ�HW�DO���������+HW�LV�GDDURP�EHODQJULMN
RP�EHLGHQ�WH�PHWHQ��,Q�YHHO�YHUVH�JURHQWHQ�HQ�IUXLW�YHUWHJHQZRRUGLJW�'+$�PLQGHU�GDQ�����YDQ
KHW�WRWDOH�YLWDPLQH�&�JHKDOWH��/HH�HW�DO��������
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/�DVFRUELQH]XXU /�GHK\GURDVFRUELQH]XXU
)LJXXU�� %LRORJLVFK�DFWLHYH�YRUPHQ�YDQ�YLWDPLQH�&�
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9LWDPLQH�&�LV�RP�YHUVFKLOOHQGH�UHGHQHQ�HHQ�JRHGH�DQWLR[LGDQW��7HQ�HHUVWH�KHEEHQ�]RZHO�KHW
DVFRUEDDW�DOV�KHW�DVFRUE\OUDGLFDDO���GLW�ODDWVWH�ZRUGW�JHYRUPG�GRRU�HHQ�HOHNWURQ�R[LGDWLH�YDQ
DVFRUEDDW��HHQ�ODJH�UHGXFWLHSRWHQWLDDO�HQ�NXQQHQ�]H�UHDJHUHQ�PHW�GH�PHHVWH�DQGHUH�ELRORJLVFK
UHOHYDQWH�UDGLFDOHQ�HQ�R[LGDQWHQ��=KDQJ�HW�DO���������7HQ�WZHHGH�KHHIW�KHW�DVFRUE\OUDGLFDDO�HHQ
ODJH�UHDFWLYLWHLW��WH�GDQNHQ�DDQ�UHVRQDQWLHVWDELOLVDWLH�YDQ�KHW�RQJHNRSSHOGH�HOHNWURQ�HQ�LV�NDQ�KHW
ZRUGHQ�RPJH]HW�LQ�DVFRUEDDW�HQ�GHK\GURDVFRUEDDW��'+$���=KDQJ�HW�DO���������$VFRUEDDW�NDQ
GXV�JHUHJHQHUHHUG�ZRUGHQ�XLW�]RZHO�KHW�DVFRUE\OUDGLFDDO�DOV�'+$�YLD�HQ]\PDIKDQNHOLMNH�HQ
HQ]\PRQDIKDQNHOLMNH�PHWKRGHQ�
����� 9DULDWLH�LQ�JHKDOWHV
1HW�DOV�ELM�JOXFRVLQRODWHQ�YDULHHUW�KHW�JHKDOWH�YLWDPLQH�&�LQ�JURHQWHQ�RRN��DIKDQNHOLMN�YDQ�GLYHUVH
IDFWRUHQ��UDV��RRJVWWLMGVWLS��EHZDULQJ�HWF���2RN�GH�YHUGHOLQJ�RYHU�GH�SODQW�VSHHOW�HHQ�URO��'DDURP
NXQQHQ�GH�ZDDUGHQ�GLH�JHYRQGHQ�ZRUGHQ�LQ�GH�OLWHUDWXXU�RRN�ZDW�YHUVFKLOOHQ�
9RRU�EURFFROL��%UDVVLFD�ROHUDFHD�/��YDU��LWDOLFD�3OHQFN��ZRUGW�HHQ�DVFRUELQH]XXUJHKDOWH�YDQ����
PJ����J�YHUPHOG��PHW�ZDDUGHQ�GLH�NXQQHQ�OLJJHQ�WXVVHQ����HQ�����PJ����J��6FKHU]�HQ�6HQVHU�
�������'H�ZDDUGH�GLH�GH�1HGHUODQGVH�YRHGLQJVPLGGHOHQWDEHO�JHHIW�YRRU�RQEHZHUNWH�EURFFROL
�����PJ����J��NRPW�KLHUPHH�RYHUHHQ�
+HW�6SUHQJHU�,QVWLWXXW������D��UDSSRUWHHUGH�HHQ�JHPLGGHOG�DVFRUELQH]XXU�JHKDOWH�YDQ�YLHU
YHUVFKLOOHQGH�EURFFROLUDVVHQ��GLW�EHGURHJ�����PJ�SHU�����JUDP�HHWEDDU�SODQWPDWHULDDO��GH
YHUVFKLOOHQ�WXVVHQ�GH�UDVVHQ�EHGURHJ������+HW�DVFRUELQH]XXUJHKDOWH�LQ�GH�KRRIGNQRS�LV�KHW
KRRJVW��GH�YHUGHOLQJ�LQ�EURFFROL�LV�DOV�YROJW�������LQ�GH�KRRIGNQRS�HQ�����LQ�GH�VWHOHQ��JHKHOH
SODQW�RS������JHVWHOG��
6FKHU]�HQ�6HQVHU��������YHUPHOGHQ�YRRU�ZLWWH�NRRO��%UDVVLFD�ROHUDFHD�/��YDU��FDSLWDWD�DOED��HHQ
DVFRUELQH]XXUJHKDOWH�YDQ����PJ����J��PHW�ZDDUGHQ�GLH�NXQQHQ�OLJJHQ�WXVVHQ����HQ����PJ����J�
'H�ZDDUGH�GLH�LQ�GH�1HGHUODQGVH�YRHGLQJVPLGGHOHQWDEHO��1HYR�WDEHO��������YRRU�RQEHZHUNWH
ZLWWH�NRRO�JHJHYHQ�ZRUGW�LV�ODJHU��QO����PJ�DVFRUELQH]XXU�SHU����J�
+UQFLULN�HW�DO��������YRQG�JHKDOWHV�YDQ����PJ�����JUDP�LQ�ZLWWH�NRRO�GLH�JHNRFKW�ZDV�LQ�HHQ
VXSHUPDUNW��+HW�UDV�HQ�GH�ZLM]H�YDQ�EHZDULQJ�]LMQ�QLHW�YHUPHOG�
+HW�DVFRUELQH]XXUJHKDOWH�LQ�GH�ELQQHQVWH�HQ�EXLWHQVWH�EODGHUHQ�YDQ�GULH�UDVVHQ�ZLWWH�NRRO�LV����
����YDQ�KHW�JHPLGGHOGH�YDQ�KHW�JHKDOWH�LQ�VWURQN�HQ�JURHLSXQW��6SUHQJHU�,QVWLWXXW������E��
��� 3URGXFWLHNHWHQ�YDQ�%UDVVLFD�JURHQWHQ
%UDVVLFD�JURHQWHQ�OLMNHQ�HHQ�VSHFLILHNH�URO�WH�VSHOHQ�ELM�GH�YHUODJLQJ�YDQ�GH�NDQV�RS�KHW�NULMJHQ�YDQ
NDQNHU��0HQ�YHURQGHUVWHOW�GDW�GH]H�JH]RQGKHLGVEHYRUGHUHQGH�ZHUNLQJ�ZRUGW�WRHJHVFKUHYHQ�DDQ
KHW�KRJH�JHKDOWH�JOXFRVLQRODWHQ�ZDW�LQ�GH]H�JURHQWHQ�YRRUNRPW��'H�KRHYHHOKHLG�JOXFRVLQRODWHQ
GLH�GH�FRQVXPHQW�XLWHLQGHOLMN�LQQHHPW��LV�HFKWHU�DIKDQNHOLMN�YDQ�DOOH�DFWRUHQ�LQ�GH�YRHGVHO
SURGXFWLH�NHWHQ�YDQ�%UDVVLFD�JURHQWHQ��]LH�ILJXXU����
'H�ODDWVWH�MDUHQ�LV�RQGHU]RHN�JHGDDQ�QDDU�GH�HIIHFWHQ�YDQ�GLYHUVH�EHUHLGLQJVZLM]HQ��]RDOV�NRNHQ
HQ�PDJQHWURQEHUHLGLQJ��YDQ�%UDVVLFD��JURHQWHQ�RS�GH�KRHYHHOKHLG�JOXFRVLQRODWHQ�GLH�DDQZH]LJ�LV
�9HUNHUN���������9DQ�YHHO�DFWRUHQ�LV�GH�LQYORHG�HFKWHU�QRJ�ZHLQLJ�EHNHQG��]RDOV�GH�YDULDWLH�LQ�GH
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JOXFRVLQRODDWJHKDOWHV�WXVVHQ�GLYHUVH�UDVVHQ�HQ�YDULsWHLWHQ�YDQ�KHW�RRUVSURQNHOLMNH�JHZDV�HQ�GH
LQYORHG�YDQ�LQGXVWULsOH�EHZHUNLQJ�

)LJXXU�� 3URGXFWLHNHWHQ�YDQ�%UDVVLFD�JURHQWHQ

����� 9HUHGHODDU
'H�YHUHGHODDU�NDQ�DOV�DUFKLWHFW�YDQ�GH�%UDVVLFD�JURHQWHQ�ZRUGHQ�JH]LHQ��RPGDW�KLM�QLHXZH�UDVVHQ
EHGHQNW�HQ�RQWZLNNHOW���'RRU�PLGGHO�YDQ�NODVVLHNH�YHUHGHOLQJ�NXQQHQ�JOXFRVLQRODDWJHKDOWHV�LQ
%UDVVLFD�JURHQWHQ�ZRUGHQ�YHUJURRW�RI�YHUNOHLQG��0LWKHQ�HW�DO���������=R�NXQQHQ�QLHXZH
NRROUDVVHQ�PHW�KRJHUH�RI�ODJHUH�JOXFRVLQRODDWJHKDOWHV�ZRUGHQ�RQWZLNNHOG�GLH�ELMYRRUEHHOG�HHQ
YHUEHWHUGH�VPDDN�KHEEHQ��9DQ�'RRUQ��������
����� 7HOHU
=RDOV�KLHUYRRU�DO�DDQJHJHYHQ�KHEEHQ�YHUVFKLOOHQGH�IDFWRUHQ�WLMGHQV�GH�WHHOW�LQYORHG�RS�KHW
JOXFRVLQRODDW��HQ�YLWDPLQH�&�JHKDOWH��'H�EHPHVWLQJ��GDWXP�YDQ�RRJVWHQ��HQ�GH�NOLPDWRORJLVFKH
RPVWDQGLJKHGHQ�]LMQ�DOOHPDDO�YDQ�LQYORHG��$IKDQNHOLMN�YDQ�GH�EHKDQGHOLQJ�YDQ�GH�JHZDVVHQ�GRRU
GH�WHOHU�]DO�KHW�JHKDOWH�DDQ�JOXFRVLQRODWHQ�KRJHU�RI�ODJHU�]LMQ�
����� 2SVODJ
%HZDULQJ�YDQ�YHHO�YHUVH�SURGXFWHQ�QD�GH�RRJVW�JHEHXUW�RQGHU�DDQJHSDVWH�JDVFRQGLWLHV�RP�GH
KRXGEDDUKHLG�WH�EHYRUGHUHQ��'H�SURGXFWHQ�ZRUGHQ�LQ�DIJHVORWHQ�UXLPWHV�EHZDDUG��ZDDULQ�YDDN

Cultivar
Teelt condities

Bemesting
Klimaat

Oogst moment

Tijd
Temperatuur

Rel luchtvochtigheid
Atmosfeer

Tijd
Temperatuur

Rel luchtvochtigheid
Beschadiging

Atmosfeer
Rel luchtvochtigheid

Tijd
Temperatuur

Rel luchtvochtigheid
Atmosfeer

Tijd
Temperatuur

Beschadiging

Biobeschikbaarheid
Bio-activiteit

Individuele variatie

Teelt/veredeling

Opslag

Industriële verwerking

Verpakken

Opslag

Bewerking consument

Consumptie
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GH�]XXUVWRIFRQFHQWUDWLHV�YHUODDJG�HQ�GH�&2 � �FRQFHQWUDWLHV�YHUKRRJG�ZRUGHQ��'DDUQDDVW�NDQ�HHQ
WHPSHUDWXXU�JHNR]HQ�ZRUGHQ�HQ�LQGLHQ�JHZHQVW�GH�59�� 5HODWLHYH�/XFKWYRFKWLJKHLG��JHUHJHOG
ZRUGHQ��9HHO�VRRUWHQ�JURHQWHQ�HQ�IUXLW�ZRUGHQ�&$��&RQWUROOHG�$WPRVSKHUH��EHZDDUG�RP�GH
NZDOLWHLW�ODQJHU�WH�EHKRXGHQ��'RRU�&$�EHZDULQJ�ZRUGHQ�GH�DGHPKDOLQJ�HQ�KHW
YHURXGHULQJVSURFHV�YHUPLQGHUG��6iQFKH]�0DWD�HW�DO���������ZDDUGRRU�KHW�PRJHOLMN�LV�RP
JHGXUHQGH�HHQ�ODQJHUH�SHULRGH�SURGXFWHQ�YDQ�HHQ�JRHGH�NZDOLWHLW�DDQ�WH�NXQQHQ�ELHGHQ��0DDU
WLMGHQV�EHZDULQJ�HQ�YHUZHUNLQJ�YLQGHQ�HU�RRN�WDO�YDQ�PHWDEROH�SURFHVVHQ�SODDWV�LQ�KHW�JHRRJVWH
SURGXFW�GLH�]RUJHQ�YRRU�DIEUDDN��V\QWKHVH�RI�PRGLILFDWLH�YDQ�VHFXQGDLUH�PHWDEROLHWHQ�
'H�FRQWUROOHG�RI�PRGLILHG�DWPRVSKHUH�EHZDULQJ�KHHIW�GXV�JURWH�LQYORHG�RS�PHWDEROH�SURFHVVHQ
LQ�KHW�SURGXFW�HQ�GDDUPHH�ZDDUVFKLMQOLMN�RRN�RS�LQKRXGVVWRIIHQ��=R�NDQ�GH�KRHYHHOKHLG�YLWDPLQH
&�LQ�HHQ�SURGXFW�PHW�����DIQHPHQ�GRRU�YHUNHHUGH�EHZDDUFRQGLWLHV��'H�PDQLHU�YDQ�RSVODJ�KHHIW
RRN�LQYORHG�RS�GH�JOXFRVLQRODDWFRQFHQWUDWLH�LQ�GH�JURHQWHQ��:DQQHHU�RSVODJ�SODDWVYLQGW�ELM
NRXGH�WHPSHUDWXUHQ�EOLMYHQ�GH�JOXFRVLQRODWHQ�LQ�GH�JURHQWHQ�EHWHU�EHKRXGHQ��9LWDPLQH�&�EUHHNW
DI�ZDQQHHU�GH�SURGXFWHQ�QLHW�RSWLPDDO�EHKDQGHOG�ZRUGHQ�RI�ELM�VOHFKWH�RSVODJFRQGLWLHV�EHZDDUG
ZRUGHQ��%LM�EHZDULQJ�YDQ�GH�JHKHOH�EURFFROLSODQW�ELM�����&�JHGXUHQGH���ZHNHQ�ZHUG�YRRU�YLHU
UDVVHQ�EURFFROL�JHHQ�YHUOLHV�YDQ�DVFRUELQH]XXU�JHFRQVWDWHHUG��'H�KRRIGNQRSSHQ�YHUWRRQGHQ
HFKWHU�HHQ�YHUOLHV�YDQ������%HZDULQJ�ELM�HHQ�KRJHUH�WHPSHUDWXXU�KDG�GDDUHQWHJHQ�HUQVWLJH
JHYROJHQ��1D�YLHU�GDJHQ�EHZDULQJ�ELM�NDPHUWHPSHUDWXXU�EHYDWWHQ�GH�KRRIGNQRSSHQ�YDQ�WZHH
UDVVHQ�EURFFROL�QRJ�VOHFKWV�����YDQ�KHW�DDQYDQNHOLMNH�DVFRUELQH]XXUJHKDOWH��6SUHQJHU�,QVWLWXXW�
����D��
+HW�DVFRUELQH]XXUJHKDOWH�LQ�ZLWWH�NRRO�GDDOW�RYHU�HHQ�EHZDDUSHULRGH�YDQ�����GDJHQ������&�ELM
59���������PHW�FD�������ZDDUELM�GH�YHUGHOLQJ�RYHU�GH�VWURQN�HQ�JURHLSXQW�YULMZHO�FRQVWDQW�EOLMIW
�6SUHQJHU�,QVWLWXXW������E��
����� %HZHUNLQJ�LQGXVWULH
%LM�LQGXVWULsOH�EHZHUNLQJ�YDQ�%UDVVLFD�JURHQWHQ�NDQ�ZRUGHQ�JHGDFKW�DDQ�ZDVVHQ��YHUVQLMGHQ�
EODQFKHUHQ��FRQVHUYHUHQ��EOLN�SRW���LQYULH]HQ��YHUZHUNHQ�LQ�NDQW��HQ�NODDUPDDOWLMGHQ�HQ
IHUPHQWHUHQ�WRW�]XXUNRRO��2YHU�YHHO�YDQ�GH]H�EHZHUNLQJHQ�LV�QRJ�ZHLQLJ�WRW�QLHWV�EHNHQG�LQ
UHODWLH�WRW�KHW�JOXFRVLQRODDWJHKDOWH��+HW�VQLMGHQ�YDQ�JURHQWH�HQ�IUXLW�OHLGW�RYHU�KHW�DOJHPHHQ�WRW
HHQ�ODJHUH�FRQFHQWUDWLH�DDQ�YLWDPLQH�&��*LOO�HW�DO��������%DUU\�5\DQ�HW�DO��������*LOO�HW�DO��������
GLW�JHOGW�RRN�YRRU�EODQFKHUHQ��6SUHQJHU�,QVWLWXXW������D��
����� 9HUSDNNHQ
1DDU�GH�LQYORHG�YDQ�YHUSDNNHQ�RS�KHW�JOXFRVLQRODDWJHKDOWH�LV�QRJ�ZHLQLJ�RQGHU]RHN�JHGDDQ��:HO
NDQ�KHW�VRRUW�YHUSDNNLQJ�YDQ�LQYORHG�]LMQ�RS�KHW�YHUOLHV�YDQ�JOXFRVLQRODWHQ�WLMGHQV�RSVODJ��+HW
YHUSDNNHQ�YDQ�EURFFROL�LQ�0$3��0RGLILHG�$WPRVSKHUH�3DFNDJLQJ��HQ�RSVODDQ�ELM����&�OLMNW�HHQ
EHWHUH�PDQLHU�WH�]LMQ�YRRU�KHW�EHKRXG�YDQ�KHW�JOXFRVLQRODDW�JOXFRUDSKDQLQ��+HW�RRUVSURQNHOLMNH
JHKDOWH�YDQ�JOXFRUDSKDQLQ�LQ�GH�EURFFROL�NDQ�GDQ����GDJHQ�EHKRXGHQ�EOLMYHQ��5DQJNDGLORN�HW�DO�
������
9DQ�EURFFROL�LV�EHNHQG�GDW�ZDQQHHU�KHW�SURGXFW�ELM�����&�RQYHUSDNW�EHZDDUG�ZRUGW��GH
FRQFHQWUDWLH�YLWDPLQH�&�LQ�]HYHQ�GDJHQ�PHW�����DIQHHPW��/HMD�HW�DO���������,Q�YDFXXPYHUSDNWH
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EURFFROL�ZHUG�KHW�DVFRUELQH]XXUJHKDOWH�EHWHU�EHKRXGHQ�WHQ�RS]LFKWH�YDQ�RQYHUSDNWH�EURFFROL
�6SUHQJHU�,QVWLWXXW������D��
����� %HZHUNLQJ�GRRU�FRQVXPHQW
'H�PDQLHU�YDQ�EHUHLGHQ�GRRU�GH�FRQVXPHQW�LV�YDQ�LQYORHG�RS�KHW�JOXFRVLQRODDWJHKDOWH�ZDW
XLWHLQGHOLMN�JHFRQVXPHHUG�NDQ�ZRUGHQ��%LM�KHW�NRNHQ�YDQ�ZLWWH�NRRO�JDDW�RQJHYHHU�����YDQ�KHW
WRWDDOJHKDOWH�YHUORUHQ��'LW�YHUOLHV�ZRUGW�YRRUQDPHOLMN�YHURRU]DDNW�GRRU�XLWOHNNHQ�YDQ
JOXFRVLQRODWHQ�LQ�KHW�NRRNYRFKW��PDDU�HHQ�GHHO�ZRUGW�RRN�WKHUPLVFK�DIJHEURNHQ��%LM�EHUHLGLQJ�LQ
GH�PDJQHWURQ�JDDQ�DDQ]LHQOLMN�PLQGHU�JOXFRVLQRODWHQ�YHUORUHQ��9HUNHUN��������KHHIW�KHW�HIIHFW
YDQ�PDJQHWURQEHUHLGLQJ�RS�KHW�JOXFRVLQRODDWJHKDOWH�LQ�URGH�NRRO�RQGHU]RFKW��/DJH�HQHUJLH�LQSXW
�����������N-��UHVXOWHHUGH�LQ��������YHUOLHV�YDQ�KHW�WRWDDO�JOXFRVLQRODDWJHKDOWH�LQ�GH�NRRO��WHUZLMO
ELM�HHQ�KRJHUH�LQSXW��������������N-��FRPSOHWH�UHWHQWLH�YDQ�GH�JOXFRVLQRODWHQ�ZHUG�ZDDUJHQRPHQ�
.RRNYHUOLH]HQ�YDQ�YLWDPLQH�&�LQ�ZLWWH�NRRO�EHGUDJHQ�ELMQD������6SUHQJHU�,QVWLWXXW������E��
YRRU�KHW�NRNHQ�YDQ�EURFFROL�ZRUGHQ�YHUOLH]HQ�YDQ�����JHPHOG��6SUHQJHU�,QVWLWXXW������D��
,Q�KHW�LQ�GLW�UDSSRUW�EHVFKUHYHQ�RQGHU]RHN�LV�GH�EHZHUNLQJ�GRRU�GH�FRQVXPHQW�QLHW
PHHJHQRPHQ��PDDU�KHW�LV�ZHO�GH�EHGRHOLQJ�RP�GH�FRQVXPHQW�HHQ�]R�JRHG�PRJHOLMN�YHUV�SURGXFW
DDQ�WH�ELHGHQ�
��� 3UREOHHPVWHOOLQJ�HQ�GRHO�YDQ�KHW�RQGHU]RHN
����� 3UREOHHPVWHOOLQJ
'H�ERRGVFKDS�GDW�JURHQWH�HWHQ�LV�JH]RQG�LV��ZRUGW�WHUHFKW�YHUNRQGLJG�GRRU�SURGXFWVFKDS�
KDQGHO�HQ�SRVWEXV�����.RROVRRUWHQ�KHEEHQ�HHQ�UHSXWDWLH�RSJHERXZG�ZDW�EHWUHIW
JH]RQGKHLGVEHYRUGHUHQGH��ZDDURQGHU�NDQNHUUHPPHQGH��VWRIIHQ��7HOHUV�HQ�YHUHGHODDUV�VWUHYHQ
QDDU�HHQ�]R�KRRJ�PRJHOLMN�JHKDOWH�DDQ�GLH�LQKRXGVVWRIIHQ�RS�KHW�RRJVWWLMGVWLS��0DDU�ZDW�JHEHXUW
HU�GDDUQD"�+HW�HLJHQOLMNH�PHHWSXQW�]RX�KHW�ERUG�YDQ�GH�FRQVXPHQW�PRHWHQ�]LMQ��RI�RS�]LMQ�PLQVW
GH�VFKDSSHQ�YDQ�GH�VXSHUPDUNW��%HNHQG�LV�GDW�QDRRJVWSURFHVVHQ��]RDOV�EHZDULQJ�HQ�´PLQLPDO
SURFHVVLQJµ��YDQ�JURWH�LQYORHG�]LMQ�RS�KHW�JHKDOWH�DDQ�VWRIIHQ�DOV�YLWDPLQH�&�HQ�GH
NDQNHUUHPPHQGH�JOXFRVLQRODWHQ��KHW�KRH�HQ�ZDDURP�LV�LQ�YHHO�JHYDOOHQ�QRJ�HHQ�EODFN�ER[�
,Q�GH�NHWHQ�ZRUGW�JHVWUHHIG�QDDU�HHQ�YRRUVSHOEDUH�HQ�EHKHHUVEDUH�NZDOLWHLW��RRN�LQ�KHW
KDQGHOVNDQDDO�QD�GH�RRJVW�WRW�HQ�PHW�GH�FRQVXPHQW��'DDUELM�GLHQW�LQJHVSHHOG�WH�ZRUGHQ�RS�GH
ZHQVHQ�YDQ�FRQVXPHQW�HQ�PDDWVFKDSSLM�ZDW�EHWUHIW�JH]RQGKHLGVZDDUGH�YDQ�KHW�SURGXFW��'H]H
XLWJDQJVSXQWHQ�PDNHQ�RQGHU]RHN�QDDU�GH�DDQPDDN�HQ�DIEUDDN�YDQ�JH]RQGKHLGVEHwQYORHGHQGH
VWRIIHQ�LQ�KHW�QDRRJVWWUDMHFW�QRRG]DNHOLMN��7HYHQV�GLHQW�JH]RFKW�WH�ZRUGHQ�QDDU�REMHFWLHYH
PHHWPHWKRGHQ�GLH�NXQQHQ�GLHQHQ�DOV�NZDOLWHLWVJDUDQWLH�HQ�DOV�LQVWUXPHQW�YRRU�KHW�RSWLPDOLVHUHQ
YDQ�QDRRJVWFRQGLWLHV�YRRU�ZDW�EHWUHIW�JH]RQGKHLGVZDDUGH�YDQ�KHW�YHUVH�SURGXFW�
+HW�EHODQJ�YDQ�GH�LQKRXGVVWRIIHQ�YLWDPLQH�&�HQ�JOXFRVLQRODWHQ�YRRU�GH�PHQVHOLMNH�JH]RQGKHLG�LV
LQ�RQGHU]RHN�YDVW�NRPHQ�WH�VWDDQ��+HW�LV�EHNHQG�GDW�JOXFRVLQRODWHQ�HHQ�VWLPXOHUHQG�HIIHFW
KHEEHQ�RS�KHW�PHQVHOLMN�RQWJLIWLJLQJVV\VWHHP�HQ�]RGRHQGH�GH�QDWXXUOLMNH�DIZHHU�WHJHQ�NDQNHU
NXQQHQ�YHUKRJHQ��9LWDPLQH�&�VSHHOW�HHQ�EHODQJULMNH�URO�ELM�GH�ZHHUVWDQG�WHJHQ�LQIHFWLHV�HQ�LV
WHYHQV�DOV�VWHUNH�DQWLR[LGDQW�EHWURNNHQ�ELM�GH�EHVFKHUPLQJ�WHJHQ�NDQNHU�HQ�KDUW��HQ�YDDW]LHNWHQ�



��:DJHQLQJHQ�85 ��

%RYHQGLHQ�LV�YLWDPLQH�&�QRRG]DNHOLMN�YRRU�GH�RP]HWWLQJ�YDQ�JOXFRVLQRODWHQ�LQ�HHQ�ELRORJLVFK
DFWLHYH�YRUP��(U�ZRUGW�ZHUHOGZLMG�YHHO�RQGHU]RHN�JHGDDQ�QDDU�GH�YRHGLQJV��HQ
JH]RQGKHLGVZDDUGH�YDQ�YHUVH�DJURSURGXFWHQ��ZDDUELM�JHWUDFKW�ZRUGW�YLD�YHUHGHOLQJ�RI
YHUEHWHULQJHQ�LQ�GH�WHHOW�GH�KRHYHHOKHLG�JH]RQGKHLGVEHwQYORHGHQGH�VWRIIHQ�RS�KHW�PRPHQW�YDQ
GH�RRJVW�WH�RSWLPDOLVHUHQ��'H�HIIHFWHQ�YDQ�FRQGLWLHV�HQ�EHKDQGHOLQJHQ�Qi�GH�RRJVW�ZRUGHQ
GDDUELM�]HOGHQ�LQ�DDQPHUNLQJ�JHQRPHQ��'LW�LV�HHQ�IXQGDPHQWHOH�RPLVVLH�JH]LHQ�KHW�IHLW�GDW
RSVODJ��HQ�SURFHVVLQJFRQGLWLHV�KHW�JHKDOWH�YDQ�YHHO�PHWDEROLHWHQ�GUDVWLVFK�NDQ�EHwQYORHGHQ�
����� 'RHO
'H�GRHOVWHOOLQJ�LQ�GLW�SURMHFW�LV�KHW�YHUJDUHQ�YDQ�NHQQLV�RYHU�KHW�HIIHFW�YDQ�QDRRJVWKDQGHOLQJHQ
�PLQLPDO�SURFHVVLQJ�HQ�RSVODJFRQGLWLHV��RS�GH�JHKDOWHQ�YDQ�YLWDPLQH�&�HQ�JOXFRVLQRODWHQ�LQ
EURFFROL�HQ�ZLWWH�NRRO�LQ�SUDNWLMNVLWXDWLHV�
7HYHQV�]XOOHQ�HQNHOH�LQLWLsOH�PHWLQJHQ�ZRUGHQ�JHGDDQ�RP�HHQ�LQGLFDWLH�WH�NULMJHQ�YDQ�GH
VFKLPPHO��HQ�EDFWHULHZHUHQGH�HLJHQVFKDSSHQ�YDQ�JOXFRVLQRODWHQ�
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� 0HWKRGHQ
��� 2S]HW�H[SHULPHQW
'H�RS]HW�YDQ�KHW�H[SHULPHQW�LV�VFKHPDWLVFK�ZHHUJHJHYHQ�LQ�ILJXXU����(U�LV�JHNR]HQ�YRRU�KHW
JHEUXLN�YDQ�WZHH�VRRUWHQ�JURHQWHQ��WH�ZHWHQ�EURFFROL�HQ�ZLWWH�NRRO�
(U�]LMQ�WZHH�YHUZHUNLQJVFRQGLWLHV�WRHJHSDVW��ZHO�HQ�JHHQ�PLQLPDO�SURFHVVLQJ��VQLMGHQ��
'H�SURGXFWHQ�]LMQ�RQGHU�WZHH�FRQGLWLHV�RSJHVODJHQ��OXFKW�HQ�&$�0$��&$�YRRU�RQJHVQHGHQ
SURGXFWHQ�HQ�0$�FRQGLWLHV�YRRU�JHVQHGHQ�SURGXFWHQ���9HUGHU�LV�HU�WLMGHQV�EHZDULQJ�RS�GULH
WLMGVWLSSHQ�EHPRQVWHUG��ZDDUELM�HON�WLMGVWLS�DO�GDQ�QLHW�JHYROJG�ZHUG�GRRU�HHQ�XLWVWDOSHULRGH�

)LJXXU�� 2YHU]LFKW�YDQ�GH�RS]HW�YDQ�KHW�H[SHULPHQW

����� 3URGXFW
'H�EURFFROL�ZDV�YDQ�KHW�UDV�0RQWHU\�HQ�RS����VHSWHPEHU������JHRRJVW�GRRU�HHQ�NZHNHU�LQ
:HUYHUVKRRI��HU�ZDV�JHVHOHFWHHUG�RS�HHQ�GRRUVQHGH�YDQ����j����FP��+HW�JHPLGGHOG�JHZLFKW�YDQ
GH�EURFFROL�ELM�GH�RRJVW�EHGURHJ����������J��'H�EURFFROL�LV�RS�GH�GDJ�YDQ�GH�RRJVW
JHWUDQVSRUWHHUG�QDDU�$	)�HQ�HHQ�GDJ�ODWHU�YRQG�YHUZHUNLQJ�HQ�KHW�LQ]HWWHQ�YDQ�GH�EHZDDUSURHI
SODDWV�
9RRU�GH�SURHI�PHW�ZLWWH�NRRO�ZHUG�JHEUXLN�JHPDDNW�YDQ�WZHH�UDVVHQ��FY�.URQRV��HHQ
YHUZHUNLQJVNRRO��HQ�FY�/HQQR[��HHQ�RSVODJNRRO���'H�ZLWWH�NRRO�LV�RS����RNWREHU������JHRRJVW�LQ
+HHUKXJRZDDUG��+HW�JHPLGGHOG�JHZLFKW�YDQ�GH�NROHQ�ELM�GH�RRJVW�EHGURHJ�UHVSHFWLHYHOLMN������
����NJ��.URQRV��HQ�����������NJ��/HQQR[���'H�NROHQ�]LMQ�ppQ�GDJ�QD�GH�RRJVW�JHWUDQVSRUWHHUG
QDDU�$	)�HQ�QRJ�HHQ�GDJ�ODWHU�YRQG�YHUZHUNLQJ�HQ�KHW�LQ]HWWHQ�YDQ�GH�EHZDDUSURHI�SODDWV�

SURGXFW YHUZHUNLQJ RSVODJ WLMG
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����� 9HUZHUNLQJ
(HQ�GHHO�YDQ�GH�EURFFROL�HQ�HHQ�GHHO�YDQ�GH�.URQRV�ZLWWH�NRRO�KHHIW�HHQ�PLQLPDO�SURFHVVLQJ
EHKDQGHOLQJ�RQGHUJDDQ��GH]H�SURGXFWHQ�ZHUGHQ�JHVQHGHQ��'H�EHZDDUNRRO�/HQQR[�ZHUG�QLHW
JHVQHGHQ�
9RRU�GH�JHVQHGHQ�EURFFROL�ZHUGHQ�DOOHHQ�URRVMHV�JHEUXLNW�PHW���FP�VWHHO��GH�VWURQN�ZHUG�QLHW
JHEUXLNW��(U�ZHUG�JHWUDFKW�KHW�VQLMGHQ�]R�WH�GRHQ�]RDOV�GH�JHPLGGHOGH�FRQVXPHQW�]RX�GRHQ��+HW
VQLMGHQ�YDQ�GH�EURFFROL�LV�KDQGPDWLJ�JHEHXUG�PHW�URHVWYULM�VWDOHQ�DDUGDSSHOPHVMHV�
+HW�VQLMGHQ�YDQ�GH�ZLWWH�NRRO�LV�PDFKLQDDO�XLWJHYRHUG�PHW�HHQ�8UVFKHO�VQLMPDFKLQH��8UVFKHO
/DERUDWRULHV�LQF��9DOSDUDLVR��,1'��86$��0RGHO�QR�*.�$��VHULDO�QR��������'H�PHVVHQ�KLHUYDQ
VWRQGHQ�DIJHVWHOG�RS���[���FP��'LW�LV�QLHW�JHKHHO�RYHUHHQNRPVWLJ�PHW�ZDW�LQ�GH�SUDNWLMN�JHEHXUW�
LQ�GH�NRROYHUZHUNHQGH�LQGXVWULH�ZRUGW�GH�NRRO�PHHVWDO�LQ�UHHSMHV�JHVQHGHQ��1D�KHW�VQLMGHQ�LV�GH
NRRO�QLHW�JHZDVVHQ��PDDU�]LMQ�GH�EHZDDUH[SHULPHQWHQ�GLUHFW�JHVWDUW�
����� 2SVODJ
'H�JURHQWHQ�ZHUGHQ�EHZDDUG�LQ�GH�TXDOLWURQV�4��HQ�4��YDQ�$	)��'H�JHVQHGHQ�HQ�RQJHVQHGHQ
EURFFROL�HQ�GH�JHVQHGHQ�ZLWWH�NRRO�]LMQ�EHZDDUG�LQ�URHVWYULM�VWDOHQ�FRQWDLQHUV�YDQ����OLWHU��KHW
GRRUVWURRPV\VWHHP���&RQWDLQHUV�ZHUGHQ�JHYXOG�PHW���j���NJ�JHVQHGHQ�EURFFROL�RI����VWURQNHQ
RQJHVQHGHQ�EURFFROL��,Q�KHW�JHYDO�YDQ�JHVQHGHQ�ZLWWH�NRRO�ZHUG�SHU�FRQWDLQHU�RQJHYHHU����NJ
JHEUXLNW�

(HQ�RYHU]LFKW�YDQ�GH�LQJHVWHOGH�EHZDDUFRQGLWLHV�LV�WH�YLQGHQ�LQ�WDEHO����'H�EHZDDUFRQGLWLHV
ZDUHQ�YRRU�RQJHVQHGHQ�EURFFROL����&2 � �HQ����2 � ���G�Z�]��RSWLPDDO�YRRU�EHZDULQJ��8&�'DYLV
3RVWKDUYHVW�7HFKQRORJ\�5HVHDUFK�DQG�,QIRUPDWLRQ�&HQWHU���HQ�YRRU�JHVQHGHQ�EURFFROL�����&2 �

HQ�����2 � �ELM�HHQ�WHPSHUDWXXU�YDQ���&��'H�JDVFRQGLWLHV�YRRU�JHVQHGHQ�EURFFROL�]LMQ�EHUHNHQG
GRRU�HHQ�PHGHZHUNHU�YDQ�$	)�HQ�JHYHQ�GH�HYHQZLFKWVFRQFHQWUDWLHV�ZHHU�GLH�RQWVWDDQ�LQ�HHQ
YHUSDNNLQJ�QD�HQLJH�WLMG�EHZDULQJ�
'DDUQDDVW�ZHUG�]RZHO�RQJHVQHGHQ�DOV�JHVQHGHQ�PDWHULDDO�LQ�KHW�GRRUVWURRPV\VWHHP�EHZDDUG
ZDDUELM�OXFKWFRQGLWLHV�ZHUGHQ�LQJHVWHOG��OXFKWEHZDULQJ�����&2 � �HQ�����2 � ��
'H�JDVVHQ�ZHUGHQ�GRRU�HHQ�ZDVIOHV�JHYRHUG�]RGDW�HU�YHU]DGLJGH�OXFKW�LQ�GH�FRQWDLQHUV
WHUHFKWNZDP�

'H�RQJHVQHGHQ�ZLWWH�NRRO��UDVVHQ�/HQQR[�HQ�.URQRV��ZHUG�EHZDDUG�LQ�SODVWLF�NUDWWHQ��9RRU�HON
EHPRQVWHULQJVWLMGVWLS�ZHUGHQ���j���NROHQ�LQ�HHQ�NUDW�JHSODDWVW��'H�NUDWWHQ�ZHUGHQ�JHVWDSHOG�LQ�GH
EHZDDUFHO�JHSODDWVW�HQ�JDVFRQGLWLHV�ZHUGHQ�LQJHVWHOG�HQ�JHUHJXOHHUG�LQ�KRH]HQ��*HVQHGHQ�ZLWWH
NRRO��DOOHHQ�KHW�UDV�.URQRV��ZHUG�HYHQDOV�GH�EURFFROL�LQ�KHW�GRRUVWURRPV\VWHHP�EHZDDUG�
'H�EHZDDUFRQGLWLHV�ZDUHQ�YRRU�JHVQHGHQ�ZLWWH�NRRO�����&2 � �HQ�����2 � ��QHW�DOV�ELM�GH
JHVQHGHQ�EURFFROL��HQ�YRRU�RQJHVQHGHQ�NRRO����&2 � �HQ������2 � �G�Z�]��RSWLPDDO�YRRU�EHZDULQJ
�8&�'DYLV�3RVWKDUYHVW�7HFKQRORJ\�5HVHDUFK�DQG�,QIRUPDWLRQ�&HQWHU���'H�WHPSHUDWXXU�ZDV�LQ
EHLGH�JHYDOOHQ����&��'DDUQDDVW�ZHUG�]RZHO�RQJHVQHGHQ�DOV�JHVQHGHQ�PDWHULDDO�LQ�OXFKW�EHZDDUG
����&2 � �HQ�����2 � ���+HW�JDV�ZHUG�]RZHO�ELM�GH�OXFKWEHZDULQJ�DOV�ELM�GH�&$�EHZDULQJ��GRRU�HHQ
ZDVIOHV�JHYRHUG�]RGDW�HU�YHU]DGLJGH�OXFKW�LQ�GH�FRQWDLQHUV�WHUHFKWNZDP��'H�SURHI�LQ�KHW
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GRRUVWURRPV\VWHHP�ZHUG�LQ�GXSOR�XLWJHYRHUG��GXV�YDQ�LHGHUH�EHZDDUFRQGLWLH�ZDUHQ�HU��
FRQWDLQHUV�EHVFKLNEDDU�

7DEHO�� %HZDDUFRQGLWLHV�EURFFROL�HQ�ZLWWH�NRRO�
%URFFROL :LWWH�NRRO
WHPSHUDWXXU�������&
FRQGLWLHV��OXFKW��RI�

WHPSHUDWXXU�������&
FRQGLWLHV��OXFKW��RI�

��&2� ��2� ��&2� ��2�
JHVQHGHQ �� �� JHVQHGHQ �� ��
RQJHVQHGHQ � � RQJHVQHGHQ � ���

����� 7LMGVGXXU
,Q�WDEHO���VWDDQ�GH�EHZDDUWLMGHQ�YDQ�GH�EHLGH�SURGXFWHQ�YHUPHOG��'H�WRWDOH�EHZDDUGXXU�ZDV�YRRU
HON�SURGXFW��JHVQHGHQ�HQ�RQJHVQHGHQ��]R�JHNR]HQ��GDW�WLMGHQV�GH�YHUZDFKWH�OHYHQVGXXU�YDQ�KHW
SURGXFW�HU�RS���WLMGVWLSSHQ�EHPRQVWHUG�NRQ�ZRUGHQ�RP�HHQ�HYHQWXHHO�YHUORRS�LQ�LQKRXGVWRIIHQ
]LFKWEDDU�WH�NXQQHQ�PDNHQ�

7DEHO�� %HZDDUWLMGHQ�EURFFROL�HQ�ZLWWH�NRRO�
%URFFROL :LWWH�NRRO
EHZDDUWLMG�Ã

JHVQHGHQ����������GDJHQÃ
RQJHVQHGHQ����������ZHNHQ

EHZDDUWLMG�Ã
JHVQHGHQ����������GDJHQÃ
RQJHVQHGHQ�

OXFKW����������PDDQGHQ
&$����������PDDQGHQ

XLWVWDO��YHUSDNW�Ã
JHVQHGHQ����GDJHQ��7 ���&Ã
RQJHVQHGHQ����GDJHQ��7 ����&

XLWVWDO
JHVQHGHQ��YHUSDNW�����GDJHQ��7 ���&Ã
RQJHVQHGHQ����GDJHQ��7 ����&

'H�PRQVWHUQDPH�YDQ�JHVQHGHQ�PDWHULDDO�KHHIW�SODDWV�JHYRQGHQ�QD������HQ���GDJHQ��(HQ�]R
KRPRJHHQ�PRJHOLMN�PRQVWHU�ZHUG�JHQRPHQ��7HYHQV�ZHUG�LQ�DOOH�JHYDOOHQ�KHW�SURGXFW�RRN�QRJ
EHPRQVWHUG�QD�HHQ�XLWVWDOSHULRGH��'H�JHVQHGHQ�EURFFROL�HQ�JHVQHGHQ�ZLWWH�NRRO�]LMQ�LQ�HHQ
]RJHQDDPGH�XLWVWDOUXLPWH�EHZDDUG����GDJHQ��7 ����&���YHUSDNW�LQ�JHSHUIRUHHUGH�233�]DNNHQ
�����JUDP�SURGXFW���LQ�KHW�GRQNHU��59�QLHW�JHPHWHQ���'LW�ZDV�JHGDDQ�RP�HHQ�LQGUXN�WH�NULMJHQ
YDQ�ZDW�HU�PHW�GH�JOXFRVLQRODWHQ�HQ�YLWDPLQH�&�JHEHXUW�JHGXUHQGH�GH�SHULRGH�GDW�KHW�LQ�KHW
NRHOVFKDS�YDQ�GH�VXSHUPDUNW�OLJW��KRHZHO�GH]H�WHPSHUDWXXU�HQNHOH�JUDGHQ�ODJHU�LV�GDQ�GH
WHPSHUDWXXU�GLH�DDQJHWURIIHQ�ZRUGW�LQ�KHW�NRHOYDN�LQ�GH�ZLQNHO����j����&��
8LWVWDO�YDQ�RQJHVQHGHQ�EURFFROL�KHHIW�RRN�SODDWVJHYRQGHQ�LQ�YHUSDNWH�WRHVWDQG��JHSHUIRUHHUGH
233�]DNMHV������VWURQNHQ�RQJHVQHGHQ�EURFFROL�ZHUGHQ�LQGLYLGXHHO�YHUSDNW��2QJHVQHGHQ�ZLWWH
NRRO�LV�GDDUHQWHJHQ�RQYHUSDNW�XLWJHVWDOG��8LWVWDO�YDQ�RQJHVQHGHQ�EURFFROL�HQ�ZLWWH�NRRO�YRQG
SODDWV�ELM�����&�HQ�HHQ�59�YDQ��������
8LWVWDO�YDQ�GH�RQJHVQHGHQ�JURHQWHQ�ZHUG�ELM�$	)�XLWJHYRHUG��8LWVWDO�YDQ�JHVQHGHQ�JURHQWH�ZHUG
RS�:DJHQLQJHQ�8QLYHUVLWHLW��ELM�GH�OHHUVWRHOJURHS�3'4�XLWJHYRHUG�
%HPRQVWHULQJVWLMGVWLSSHQ��RIWHZHO�EHZDDUGXXU��HQ�XLWVWDOSHULRGH�HQ�²FRQGLWLHV�YDQ�RQJHVQHGHQ
EURFFROL�HQ�ZLWWH�NRRO�VWDDQ�RRN�YHUPHOG�LQ�WDEHO���
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��� .ZDOLWHLWVEHRRUGHOLQJ
'H�EURFFROL�HQ�ZLWWH�NRRO�ZHUGHQ�YLVXHHO�EHRRUGHHOG�RS�JHHONOHXULQJ�HQ�VFKLPPHOJURHL�
6WHYLJKHLG�ZHUG�YDVWJHVWHOG�GRRU�WH�YRHOHQ�PHW�GH�KDQG�HQ�DIZLMNHQGH�JHXUHQ�GLH�]RXGHQ�NXQQHQ
RQWVWDDQ�WLMGHQV�GH�EHZDULQJ�ZHUGHQ�YDVWJHVWHOG�GRRU�WH�UXLNHQ�DDQ�KHW�SURGXFW��9RRU�GH
NOHXUEHSDOLQJ�ZHUG�HHQ�NOHXUVFKHPD�JHEUXLNW�]RDOV�YHUPHOG�LQ�WDEHO����+HW�SURGXFW�ZHUG
JHZRJHQ�RP�JHZLFKWVYHUOLHV�DOV�JHYROJ�YDQ�GH�EHZDULQJ�YDVW�WH�NXQQHQ�VWHOOHQ�

7DEHO�� 9LVXHOH�NOHXUEHRRUGHOLQJ�YDQ�EURFFROL�
:DDUGHULQJ 0DWH�JHHONOHXULQJ
� ������JHHO
� ���������JHHO
� ��������JHHO
� ��������JHHO
� �������JHHO
� *URHQ��JHHQ�JHOH�EORHPHQ
� *URHQ
� 'RQNHU�JURHQ

��� 0RQVWHUQDPH
%URFFROL�HQ�ZLWWH�NRRO�ZHUGHQ�DOV�YROJW�EHPRQVWHUG�YRRU�DQDO\VH��9DQ�GH�EURFFROL�ZHUGHQ�DOOHHQ
GH�HHWEDUH�GHOHQ�EHPRQVWHUG��GH�VWURQN�ZHUG�QLHW�PHHJHQRPHQ��'H�EURFFROL�ZHUG�GXV�YDQDI�GH
HHUVWH�YHUWDNNLQJHQ�LQ�URRVMHV�JHVQHGHQ�PHW���FP�VWHHO�HUDDQ��9DQ�GH�ZLWWH�NRRO�ZHUGHQ�GH�WZHH
EXLWHQVWH�EODGHUHQ�YHUZLMGHUG��%HLGH�JURHQWHQ�ZHUGHQ�HHUVW�VQHO�LQ�VWXNMHV�JHVQHGHQ�PHW�HHQ�PHV�
'DDUQD�ZHUGHQ�GH]H�VWXNMHV�]R�VQHO�PRJHOLMN�LQ�YORHLEDUH�VWLNVWRI�LQJHYURUHQ�HQ�YHUPDOHQ�WRW
SRHGHU�LQ�HHQ�EOHQGHU��:DULQJ���'H�PRQVWHUV�YRRU�GH�YLWDPLQH�&�EHSDOLQJ�ZHUGHQ�LQ�GH�YULH]HU
ELM�²���&�EHZDDUG��GH�PRQVWHUV�YRRU�GH�JOXFRVLQRODWHQEHSDOLQJ�ELM�²���&��'H�PRQVWHUV
JHVQHGHQ�EURFFROL�QD�XLWVWDO�HQ�JHVQHGHQ�ZLWWH�NRRO�QD�XLWVWDO�PD[LPDDO���PDDQGHQ�ELM�²���&
EHZDDUG�YRRUGDW�]H�ELM�²���&�EHZDDUG�ZHUGHQ�

��� +3/&�DQDO\VH
'H�PRQVWHUV�ZHUGHQ�PHW�EHKXOS�YDQ�+3/&�JHDQDO\VHHUG�RS�JOXFRVLQRODDW��HQ�YLWDPLQH�&
JHKDOWH�
9RRU�KHW�YDVWVWHOOHQ�YDQ�KHW�WRWDDO�JOXFRVLQRODDWJHKDOWH�ZHUGHQ���YHUVFKLOOHQGH�JOXFRVLQRODWHQ
JHGHWHUPLQHHUG�HQ�RSJHWHOG��352*��6,1��5$3+��,%���2+�*%��*%��QHR�*%��HQ��0HW�*%��]LH
RRN�WDEHO����
+LHUYDQ�]LMQ�SURJRLWULQ�HQ�VLQLJULQ��352*�	�6,1��GH�´VPDDNµJOXFRVLQRODWHQ�HQ�JOXFRLEHULQ�HQ
JOXFRUDSKDQLQ��,%�	�5$3+��GH�JH]RQGKHLGVJHUHODWHHUGH�JOXFRVLQRODWHQ�
+HW�WRWDDO�YLWDPLQH�&�JHKDOWH�HQ�KHW�DVFRUELQH]XXUJHKDOWH��/�DVFRUEDDW��ZHUGHQ�EHSDDOG��KLHUXLW
NDQ�KHW�GHK\GURDVFRUEDDWJHKDOWH�ZRUGHQ�DIJHOHLG��GDW�LV�KHW�YHUVFKLO�WXVVHQ�EHLGH�ZDDUGHQ��,Q�GH
JUDILHNHQ�VWDDW�KHW�WRWDDO�YLWDPLQH�&�JHKDOWH��GXV�DVFRUELQH]XXU���GHK\GURDVFRUELQH]XXU�
YHUPHOG�
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��� 6WDWLVWLVFKH�DQDO\VH
9DULDQWLH�DQDO\VH��$129$��YDQ�GH�UHVXOWDWHQ�ZHUG�XLWJHYRHUG�P�E�Y��KHW�VWDWLVWLVFKH
VRIWZDUHSDNNHW�*HQVWDW��9RRU�HON�SURGXFW�]LMQ�GH���PRQVWHUQDPHWLMGVWLSSHQ��GLH�JHNR]HQ�ZDUHQ
DIKDQNHOLMN�YDQ�GH�YHUZDFKWH�OHYHQVGXXU�YDQ�KHW�SURGXFW��JHNDUDNWHULVHHUG�DOV�¶NRUW·��¶PLGGHQ·�HQ
¶ODQJ·��YHUZLM]HQG�QDDU�GH�GXXU�YDQ�GH�EHZDULQJ��
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� 5HVXOWDWHQ
,Q�KHW�KXLGLJH�RQGHU]RHN�LV�GH�JHVQHGHQ�EURFFROL�HQ�ZLWWH�NRRO�QLHW�JHZDVVHQ��,Q�GH�SUDNWLMN
JHEHXUW�GLW�ZHO�
��� .ZDOLWHLWVEHRRUGHOLQJ
'H�EURFFROL�HQ�ZLWWH�NRRO�ZHUGHQ�QDGDW�]H�XLW�GH�EHZDDUFRQWDLQHU�RI�XLWVWDO�NZDPHQ�EHRRUGHHOG
RS�PRJHOLMNH�DIZLMNLQJHQ�
����� *HHONOHXULQJ
%LM�RSHQLQJ�YDQ�GH�FRQWDLQHUV�WLMGHQV�GH�JHQRHPGH�EHPRQVWHULQJVWLMGVWLSSHQ�ZDV�GH�NOHXUVFRUH
YDQ�RQJHVQHGHQ�EURFFROL�JHPLGGHOG������������HQ�YDQ�JHVQHGHQ�EURFFROL������������GXV�QRJ�ELMQD
GRQNHU�JURHQ��]LH�GH�NOHXUZDDUGHULQJ�YHUPHOG�LQ�WDEHO�����7LMGHQV�GH�EHZDULQJ�ELM����&���ZDV
]RZHO�LQ�OXFKW�DOV�LQ�&$�GH�NOHXU�QDXZHOLMNV�YHUDQGHUG��8LW�OLWHUDWXXU�LV�EHNHQG�GDW�ELM�RSVODJ�LQ
��&�HU�QDJHQRHJ�JHHQ�YHUVFKLO�LQ�JHHOYHUNOHXULQJ�HQ�VWHYLJKHLG�RSWUHHGW�ELM�EURFFROL��7RLYRQHQ�
�������'H�PDWH�ZDDULQ�EURFFROL�JHHO�YHUNOHXUG�ZRUGW�LV�DIKDQNHOLMN�YDQ�FXOWLYDU��EDVDOH�HWK\OHHQ
SURGXFWLH�HQ�RSVODJWHPSHUDWXXU��.LQJ�HQ�0RUULV�������
1D���GDJHQ�XLWVWDO�YDQ�GH�RQJHVQHGHQ�EURFFROL�ZHUG�KHW�SURGXFW�JHOHU��DOV�JHYROJ�YDQ�GH
YHUKRRJGH�WHPSHUDWXXU��HQ�ZDV�GH�NOHXUVFRUH�JHGDDOG�QDDU����*HVQHGHQ�EURFFROL��EHRRUGHHOG�QD
��GDJHQ�XLWVWDO��YHUNOHXUGH�LHWV�PLQGHU�VWHUN�GDQ�RQJHVQHGHQ�EURFFROL��GH�HLQGVFRUH�ZDV����
'H�JHVQHGHQ�ZLWWH�NRRO�LV�EHRRUGHHOG�YROJHQV�GH]HOIGH�VFKDDO�ZDDUPHH�EURFFROL�LV�EHRRUGHHOG��HQ
HU�ZDV�JHHQ�VSUDNH�YDQ�JHHONOHXULQJ��'H�ZLWWH�NRRO�EHKLHOG�]LMQ�NOHXU�
����� 6FKLPPHOJURHL
(U�ZHUG�GLUHFW�QD�EHZDULQJ�]RZHO�RS�GH�JHVQHGHQ�DOV�RQJHVQHGHQ�EURFFROL�HQ�RS�GH�JHVQHGHQ
ZLWWH�NRRO�JHHQ�VFKLPPHO�DDQJHWURIIHQ��1D�HHQ�XLWVWDOSHULRGH�ZHUG�HU�RS�GH�RQJHVQHGHQ�EURFFROL
HFKWHU�ZHO�VFKLPPHOJURHL�DDQJHWURIIHQ��GLW�ZHUG�HUJHU�QDDUPDWH�GH�EURFFROL�ODQJHU�EHZDDUG�ZDV�
6FKLPPHOJURHL�QD�XLWVWDO�WUDG�YDNHU�RS�ELM�OXFKWEHZDDUGH�RQJHVQHGHQ�EURFFROL�GDQ�ELM�EURFFROL
GLH�RQGHU�&$�FRQGLWLHV�EHZDDUG�ZDV��1D�ODQJH�EHZDULQJ�ZHUG�ELM�EHLGH�UDVVHQ�RQJHVQHGHQ�ZLWWH
NRRO�]R�QX�HQ�GDQ�NOHLQH�VFKLPPHOSOHNMHV�DDQJHWURIIHQ��PDDU�HU�ZDUHQ�JHHQ�YHUVFKLOOHQ�WXVVHQ�GH
EHLGH�UDVVHQ�DDQWRRQEDDU�
����� 2II�IODYRXU
%LM�GH�EHZDDUSURHI�ZDV�VSUDNH�YDQ�HHQ�EHJLQQHQGH�´RII�IODYRXUµ�ELM�GH�RQJHVQHGHQ�EURFFROL�QD
GH�XLWVWDOSHULRGH��'LW�JROG�YRRU�]RZHO�&$�DOV�OXFKW�EHZDDUGH�EURFFROL��%LM�GH�JHVQHGHQ�EURFFROL
HQ�JHVQHGHQ�ZLWWH�NRRO�ZDV�JHHQ�´RII�IODYRXUµ�JHFRQVWDWHHUG��%LM�GH�RQJHVQHGHQ�ZLWWH�NRRO�ZHUG
HU�DDQ�KHW�HLQG�YDQ�GH�EHZDDUSHULRGH�ZHO�´RII�IODYRXUµ�ZDDUJHQRPHQ�
����� 9RFKWYHUOLHV�HQ�VWHYLJKHLG
+HW�YRFKWYHUOLHV�YDQ�GH�JHVQHGHQ�HQ�RQJHVQHGHQ�EURFFROL�JHGXUHQGH�GH�EHZDULQJ�ODJ�WXVVHQ�GH
�����HQ�������1D�GH�XLWVWDOSHULRGH�ZDV�HU�QRJ�HHQ�NOHLQH�H[WUD�DIQDPH�YDQ�PD[LPDDO�������'H
VWHYLJKHLG�YDQ�GH�EURFFROL�ZDV�JRHG��%LM�GH�RQJHVQHGHQ�EURFFROL�EURNNHOGHQ�QD�GH�XLWVWDOSHULRGH
GH�EORHPHWMHV�HHQ�EHHWMH�DI��'H�VWURQNHQ�ZHUGHQ�VOHFKWHU�HQ�NUHJHQ�HHQ�EUXLQH�UDQG�
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%LM�GH�JHVQHGHQ�ZLWWH�NRRO�YHUDQGHUGH�HU�YLVXHHO�ZHLQLJ��$OOHHQ�QD�GH�XLWVWDOSHULRGH�YRHOGH�GH
NRRO�GURJHU�DDQ��'H�EXLWHQVWH�EODGHUHQ�YDQ�GH�RQJHVQHGHQ�ZLWWH�NRRO�ZDUHQ�QD�ODQJH
OXFKWEHZDULQJ�OLFKW�LQJHGURRJG��ELM�&$�EHZDDUGH�RQJHVQHGHQ�NROHQ�WUDG�GLW�RS�QD�GH
XLWVWDOSHULRGH�
��� 7RWDDO�YLWDPLQH�&�JHKDOWH
,Q�ILJXXU���VWDDW�ZHHUJHJHYHQ�ZDW�GH�JHYROJHQ�]LMQ�YDQ�YHUZHUNLQJ��RSVODJFRQGLWLHV��EHZDDUGXXU
HQ�HHQ�XLWVWDOSHULRGH�RS�KHW�WRWDDO�YLWDPLQH�&�JHKDOWH�LQ�EURFFROL�
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)LJXXU�� 7RWDDO�YLWDPLQH�&�JHKDOWH�LQ�JHVQHGHQ�HQ�RQJHVQHGHQ�EURFFROL�WLMGHQV�EHZDULQJ
RQGHU�YHUVFKLOOHQGH�FRQGLWLHV��'H�EHZDULQJ�ZHUG�DO�GDQ�QLHW�JHYROJG�GRRU�HHQ
XLWVWDOSHULRGH�

+HW�WRWDDO�YLWDPLQH�&�JHKDOWH�LQ�JHVQHGHQ�HQ�RQJHVQHGHQ�EURFFROL�ZDV�RQJHYHHU�JHOLMN��PDDU�GLW
JROG�QLHW�ZDQQHHU�HU�HHQ�XLWVWDOSHULRGH�LQ�DFKW�ZHUG�JHQRPHQ��GDQ�ZDV�KHW�WRWDDO�YLWDPLQH�&
JHKDOWH�LQ�KHW�JHVQHGHQ�SURGXFW�ODJHU�
9RRU�KHW�WRWDDO�YLWDPLQH�&�JHKDOWH�LQ�EURFFROL�PDDNWH�KHW�QLHW�XLW�RI�KHW�SURGXFW�LQ�OXFKW�ZHUG
EHZDDUG�RI�RQGHU�&$��RQJHVQHGHQ�EURFFROL��GDQ�ZHO�0$��JHVQHGHQ�EURFFROL���HU�ZHUG�GXV�JHHQ
SRVLWLHI�RI�QHJDWLHI�HIIHFW�YDQ�GH�JHNR]HQ�RSVODJFRQGLWLHV�JHFRQVWDWHHUG�
+HW�WRWDDO�YLWDPLQH�&�JHKDOWH�QDP�QLHW�VLJQLILFDQW�DI�WLMGHQV�GH�WRWDOH�EHZDDUSHULRGH����GDJHQ�
JHYROJG�GRRU�XLWVWDO��YRRU�JHVQHGHQ�EURFFROL�HQ����GDJHQ��JHYROJG�GRRU�XLWVWDO��YRRU�RQJHVQHGHQ
EURFFROL��
9HUJHOHNHQ�PHW�YHUZHUNLQJ��RSVODJFRQGLWLHV�HQ�EHZDDUGXXU�KDG�VLPXODWLH�YDQ�HHQ�XLWVWDOSHULRGH
LQ�GH�ZLQNHO�KHW�JURRWVWH�HIIHFW�RS�KHW�WRWDDO�YLWDPLQH�&�JHKDOWH�LQ�EURFFROL��1D�GH�XLWVWDOSHULRGH
ZDUHQ�DOOH�JHKDOWHV�ODJHU��%LM�JHVQHGHQ�EURFFROL�ZDV�GH�YHUODJLQJ�DOV�JHYROJ�YDQ�XLWVWDO�JURWHU�GDQ
ELM�RQJHVQHGHQ�EURFFROL�
8LWJDDQGH�YDQ�GH�EHYLQGLQJ�GDW�RSVODJFRQGLWLHV�HQ�EHZDDUGXXU�JHHQ�HIIHFW�KDGGHQ�RS�KHW�WRWDDO
YLWDPLQH�&�JHKDOWH�LQ�EURFFROL�NDQ�ILJXXU���VDPHQJHYDW�ZRUGHQ�WRW�GH�ZDDUGHQ�]RDOV�YHUPHOG�LQ
WDEHO���
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7DEHO�� 7RWDDO�YLWDPLQH�&�JHKDOWH�LQ�EURFFROL��PJ�����J�
YHUZHUNLQJ JHHQ�XLWVWDO QD�XLWVWDO
JHVQHGHQ ��� ��
RQJHVQHGHQ �� ��

,Q�ILJXXU���LV�YHUPHOG�ZDW�GH�JHYROJHQ�]LMQ�YDQ�RSVODJFRQGLWLHV��EHZDDUGXXU�HQ�HHQ�XLWVWDOSHULRGH
RS�KHW�WRWDDO�YLWDPLQH�&�JHKDOWH�LQ�RQJHVQHGHQ�ZLWWH�NRRO��7ZHH�YHUVFKLOOHQGH�ZLWWH�NRRO�UDVVHQ
ZHUGHQ�YHUJHOHNHQ��]H�ZHUGHQ�QLHW�JHVQHGHQ�

Ongesneden witte kool, CA
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)LJXXU�� 7RWDDO�YLWDPLQH�&�JHKDOWH�LQ�RQJHVQHGHQ�ZLWWH�NRRO��/HQQR[�HQ�.URQRV��WLMGHQV
EHZDULQJ�RQGHU�YHUVFKLOOHQGH�FRQGLWLHV��'H�EHZDULQJ�ZHUG�DO�GDQ�QLHW�JHYROJG�GRRU
HHQ�XLWVWDOSHULRGH�

%LM�YHUJHOLMNLQJ�YDQ�GH�WZHH�UDVVHQ�ZHUG�HHQ�VLJQLILFDQW�YHUVFKLO�LQ�WRWDDO�YLWDPLQH�&�JHKDOWH
DDQJHWURIIHQ��+HW�JHKDOWH�LQ�.URQRV��HHQ�NRRO�GLH�LQ�GH�SUDNWLMN�YRRU�YHUZHUNLQJ�ZRUGW�JHEUXLNW�
ZDV�KRJHU�GDQ�LQ�/HQQR[��HHQ�NRRO�GLH�JHVFKLNW�LV�YRRU�ODQJH�EHZDULQJ��+HW�JHPLGGHOGH�JHKDOWH
LQ�.URQRV�EHGURHJ����PJ����J��LQ�/HQQR[�ZDV�GLW����PJ����J�
2SVODJFRQGLWLHV�HQ�EHZDDUGXXU�KDGGHQ�JHHQ�JHYROJHQ�YRRU�KHW�WRWDDO�YLWDPLQH�&�JHKDOWH�LQ�EHLGH
UDVVHQ��2RN�YHUDQGHUGH�KHW�JHKDOWH�QLHW�WLMGHQV�HHQ�XLWVWDOSHULRGH�

)LJXXU���WRRQW�GH�JHYROJHQ�YDQ�RSVODJFRQGLWLHV��EHZDDUGXXU�HQ�HHQ�XLWVWDOSHULRGH�RS�KHW�WRWDDO
YLWDPLQH�&�JHKDOWH�LQ�JHVQHGHQ�ZLWWH�NRRO��+LHUYRRU�LV�DOOHHQ�KHW�UDV�.URQRV�JHEUXLNW��2P
FRQFOXVLHV�WH�NXQQHQ�WUHNNHQ�ZDW�KHW�JHYROJ�LV�YDQ�YHUZHUNLQJ��PLQLPDO�SURFHVVLQJ��KHW�VQLMGHQ
YDQ�GH�NRRO��ZRUGW�GH]H�ILJXXU�YHUJHOHNHQ�PHW�GH�ZDDUGHQ�GLH�YHUPHOG�VWDDQ�YRRU�RQJHVQHGHQ
.URQRV��ZLWWH�NRRO��LQ�ILJXXU����GLW�YDQZHJH�KHW�IHLW�GDW�GH�EHZDDUGXXU�YDQ�JHVQHGHQ�HQ
RQJHVQHGHQ�ZLWWH�NRRO�QRJDO�YHUVFKLOW�
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Gesneden witte kool (Kronos), CA
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)LJXXU�� 7RWDDO�YLWDPLQH�&�JHKDOWH�LQ�JHVQHGHQ�ZLWWH�NRRO��.URQRV��WLMGHQV�EHZDULQJ�RQGHU
YHUVFKLOOHQGH�FRQGLWLHV��'H�EHZDULQJ�ZHUG�DO�GDQ�QLHW�JHYROJG�GRRU�HHQ
XLWVWDOSHULRGH�

+HW�WRWDDO�YLWDPLQH�&�JHKDOWH�LQ�JHVQHGHQ�ZLWWH�NRRO�ZDV�ODJHU�GDQ�LQ�RQJHVQHGHQ�ZLWWH�NRRO�
1HW�DOV�ELM�EURFFROL�PDDNWH�KHW�YRRU�KHW�WRWDDO�YLWDPLQH�&�JHKDOWH�LQ�ZLWWH�NRRO�QLHW�XLW�RI�KHW
SURGXFW�LQ�OXFKW�ZHUG�EHZDDUG�RI�RQGHU�&$��RQJHVQHGHQ�ZLWWH�NRRO��GDQ�ZHO�0$��JHVQHGHQ
ZLWWH�NRRO���HU�ZHUG�GXV�ZHGHURP�JHHQ�SRVLWLHI�RI�QHJDWLHI�HIIHFW�YDQ�GH�JHNR]HQ�RSVODJFRQGLWLHV
JHFRQVWDWHHUG�
+HW�WRWDDO�YLWDPLQH�&�JHKDOWH�LQ�JHVQHGHQ�ZLWWH�NRRO�QDP�OLFKW�DI�WLMGHQV�GH�WRWDOH�EHZDDUSHULRGH
���GDJHQ��JHYROJG�GRRU�XLWVWDO���2RN�GDDOGH�KHW�WRWDDO�YLWDPLQH�&�JHKDOWH�LQ�JHVQHGHQ�ZLWWH�NRRO
WLMGHQV�GH�XLWVWDOSHULRGH�
'H�EHODQJULMNVWH�HIIHFWHQ�VWDDQ�VDPHQJHYDW�LQ�WDEHO����ZDDUXLW�EOLMNW�GDW�HHQ�XLWVWDOSHULRGH�KHW
YLWDPLQH�&�JHKDOWH�LQ�JHVQHGHQ�ZLWWH�NRRO�KHW�PHHVW�YHUODDJW�

7DEHO�� 7RWDDO�YLWDPLQH�&�JHKDOWH�LQ�ZLWWH�NRRO��PJ�����J�
YHUZHUNLQJ JHHQ�XLWVWDO QD�XLWVWDO
JHVQHGHQ �� ��
RQJHVQHGHQ �� ��

9HUJHOLMNLQJ�YDQ�KHW�WRWDDO�YLWDPLQH�&�JHKDOWH�LQ�EURFFROL��ILJXXU����PHW�GDW�YDQ�ZLWWH�NRRO��ILJXXU
��HQ�����ODDW�]LHQ�GDW�KHW�JHKDOWH�LQ�EURFFROL�KRJHU�LV�

��� 7RWDDO�JOXFRVLQRODDWJHKDOWH
,Q�ILJXXU���VWDDW�ZHHUJHJHYHQ�ZDW�GH�JHYROJHQ�]LMQ�YDQ�YHUZHUNLQJ��RSVODJFRQGLWLHV��EHZDDUGXXU
HQ�HHQ�XLWVWDOSHULRGH�RS�KHW�WRWDDO�JOXFRVLQRODDWJHKDOWH�LQ�EURFFROL�
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Broccoli, CA
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)LJXXU�� 7RWDDO�JOXFRVLQRODDWJHKDOWH�LQ�JHVQHGHQ�HQ�RQJHVQHGHQ�EURFFROL�WLMGHQV�EHZDULQJ
RQGHU�YHUVFKLOOHQGH�FRQGLWLHV��'H�EHZDULQJ�ZHUG�DO�GDQ�QLHW�JHYROJG�GRRU�HHQ
XLWVWDOSHULRGH�

+HW�WRWDDO�JOXFRVLQRODDWJHKDOWH�LQ�JHVQHGHQ�EURFFROL�ZDV�QD�ODQJH�EHZDULQJ�KRJHU�GDQ�LQ
RQJHVQHGHQ�EURFFROL��2RN�ZDV�KHW�WRWDDO�JOXFRVLQRODDWJHKDOWH�YDQ�EURFFROL�EHZDDUG�RQGHU�&$
FRQGLWLHV�KRJHU�GDQ�ZDQQHHU�HU�OXFKWEHZDULQJ�SODDWVYRQG�
+HW�JOXFRVLQRODDWJHKDOWH�EOHHI�PLQ�RI�PHHU�FRQVWDQW�JHGXUHQGH�GH�WRWDOH�EHZDDUSHULRGH����GDJHQ
JHYROJG�GRRU�XLWVWDO�YRRU�JHVQHGHQ�EURFFROL�HQ����GDJHQ�JHYROJG�GRRU�XLWVWDO�YRRU�RQJHVQHGHQ
EURFFROL��
1D�GH�XLWVWDOSHULRGH�ZDV�KHW�WRWDDO�JOXFRVLQRODDWJHKDOWH�ODJHU��%LM�RQJHVQHGHQ�EURFFROL�ZDV�GH
YHUODJLQJ�DOV�JHYROJ�YDQ�XLWVWDO�JURWHU�GDQ�ELM�JHVQHGHQ�EURFFROL�

)LJXXU����YHUPHOGW�GH�JHYROJHQ�YDQ�RSVODJFRQGLWLHV��EHZDDUGXXU�HQ�HHQ�XLWVWDOSHULRGH�RS�KHW
WRWDDO�JOXFRVLQRODDWJHKDOWH�LQ�RQJHVQHGHQ�ZLWWH�NRRO��7ZHH�YHUVFKLOOHQGH�ZLWWH�NRRO�UDVVHQ
ZHUGHQ�YHUJHOHNHQ��]H�ZHUGHQ�QLHW�JHVQHGHQ�
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Ongesneden witte kool, CA
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)LJXXU��� 7RWDDO�JOXFRVLQRODDWJHKDOWH�LQ�RQJHVQHGHQ�ZLWWH�NRRO��/HQQR[�HQ�.URQRV��WLMGHQV
EHZDULQJ�RQGHU�YHUVFKLOOHQGH�FRQGLWLHV��'H�EHZDULQJ�ZHUG�DO�GDQ�QLHW�JHYROJG�GRRU
HHQ�XLWVWDOSHULRGH�

(pQ�PHHWSXQW�VWDDW�JHPDUNHHUG�PHW�HHQ�YUDDJWHNHQ�RPGDW�DDQ�GH�ZDDUGH�ZRUGW�JHWZLMIHOG��'LW
YDQZHJH�KHW�IHLW�GDW�QD�XLWVWDO�YDQ�KHW]HOIGH�PDWHULDDO�HHQ�JHKDOWH�ZRUGW�JHPHWHQ�GDW�KHHO�VWHUN
RYHUHHQNRPW�PHW�GH�DQGHUH�ZDDUGHQ�QD�XLWVWDO�

%LM�YHUJHOLMNLQJ�YDQ�GH�WZHH�UDVVHQ�ZHUG�HU�JHHQ�VLJQLILFDQW�YHUVFKLO�LQ�WRWDDO�JOXFRVLQRODDWJHKDOWH
DDQJHWRRQG�
+HW�WRWDDO�JOXFRVLQRODDWJHKDOWH�YDQ�RQJHVQHGHQ�ZLWWH�NRRO�EHZDDUG�LQ�OXFKW�ZDV�KRJHU�GDQ
ZDQQHHU�HU�&$�EHZDULQJ�SODDWVYRQG�
(U�ZHUG�HHQ�WRHQDPH�LQ�KHW�WRWDDO�JOXFRVLQRODDWJHKDOWH�WLMGHQV�EHZDULQJ�ZDDUJHQRPHQ��DO�ZRUGW
GLH�WRHQDPH�EHLQYORHG�GRRU�KHW�PHHWSXQW�PHW�HHQ�YUDDJWHNHQ���'H]H�WRHQDPH�ZDV�DOOHHQ�WH�]LHQ
ELM�RSVODJ�RQGHU�&$�FRQGLWLHV�HQ�DOOHHQ�ELM�/HQQR[��+HW�HIIHFW�ZDV�ZHJ�QD�XLWVWDO��GDQ�ZHUG�HU
JHHQ�YHUVFKLO�PHHU�ZDDUJHQRPHQ�WXVVHQ�SURGXFWHQ�EHZDDUG�RQGHU�&$�RI�OXFKW�
(YHQHHQV�ZHUG�HU�HHQ�WRHQDPH�DOV�JHYROJ�YDQ�XLWVWDO�JHPHWHQ��DO�LV�GLW�QLHW�RS�DOOH�WLMGVWLSSHQ�WH
]LHQ�

)LJXXU����ODDW�GH�JHYROJHQ�]LHQ�YDQ�RSVODJFRQGLWLHV��EHZDDUGXXU�HQ�HHQ�XLWVWDOSHULRGH�RS�KHW
WRWDDO�JOXFRVLQRODDWJHKDOWH�LQ�JHVQHGHQ�ZLWWH�NRRO��+LHUYRRU�LV�DOOHHQ�KHW�UDV�.URQRV�JHEUXLNW�
2P�KHW�HIIHFW�YDQ�YHUZHUNLQJ�DDQ�WH�WRQHQ�ZRUGW�GH]H�ILJXXU�YHUJHOHNHQ�PHW�GH�ZDDUGHQ�GLH
YHUPHOG�VWDDQ�YRRU�RQJHVQHGHQ�.URQRV��ZLWWH�NRRO��LQ�ILJXXU�����GLW�ZHHU�YDQZHJH�KHW�IHLW�GDW�GH
WRWDOH�EHZDDUGXXU�YDQ�JHVQHGHQ�HQ�RQJHVQHGHQ�ZLWWH�NRRO�]HHU�YHUVFKLOOHQG�LV�



��:DJHQLQJHQ�85 ��

0

20

40

60

80

100

120

0 5 10 15

dagen

to
ta

a
l g

lu
c 

(m
g

/1
00

g
)

Gesneden witte kool (Kronos), CA
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)LJXXU��� 7RWDDO�JOXFRVLQRODDWJHKDOWH�LQ�JHVQHGHQ�ZLWWH�NRRO��.URQRV��WLMGHQV�EHZDULQJ�RQGHU
YHUVFKLOOHQGH�FRQGLWLHV��'H�EHZDULQJ�ZHUG�DO�GDQ�QLHW�JHYROJG�GRRU�HHQ
XLWVWDOSHULRGH�

+HW�WRWDDO�JOXFRVLQRODDWJHKDOWH�LQ�JHVQHGHQ�HQ�RQJHVQHGHQ�ZLWWH�NRRO�ZDV�QLHW�VLJQLILFDQW
YHUVFKLOOHQG�
7HQ�DDQ]LHQ�YDQ�KHW�WRWDDO�JOXFRVLQRODDWJHKDOWH�ZHUG�HU�YRRU�JHVQHGHQ�ZLWWH�NRRO�JHHQ�YHUVFKLO
DDQJHWURIIHQ�WXVVHQ�EHZDULQJ�LQ�OXFKW�RI�EHZDULQJ�RQGHU�&$��
+HW�WRWDDO�JOXFRVLQRODDWJHKDOWH�LQ�JHVQHGHQ�ZLWWH�NRRO�EOHHI�FRQVWDQW�WLMGHQV�GH�WRWDOH
EHZDDUSHULRGH����GDJHQ��JHYROJG�GRRU�XLWVWDO��
7LMGHQV�GH�XLWVWDOSHULRGH�QDP�KHW�WRWDDO�JOXFRVLQRODDWJHKDOWH�LQ�JHVQHGHQ�HQ�RQJHVQHGHQ�ZLWWH
NRRO�LHWV�WRH�

9HUJHOLMNLQJ�YDQ�KHW�WRWDDO�JOXFRVLQRODDWJHKDOWH�LQ�EURFFROL��ILJXXU����PHW�GDW�YDQ�ZLWWH�NRRO
�ILJXXU����HQ������ODDW�]LHQ�GDW�KHW�JHKDOWH�LQ�ZLWWH�NRRO�KRJHU�LV�

��� ´6PDDNµJOXFRVLQRODWHQ��SURJRLWULQ�HQ�VLQLJULQ�
)LJXXU����ODDW�]LHQ�ZDW�GH�JHYROJHQ�]LMQ�YDQ�YHUZHUNLQJ��RSVODJFRQGLWLHV��EHZDDUGXXU�HQ�HHQ
XLWVWDOSHULRGH�RS�GH�´VPDDNµJOXFRVLQRODWHQ�LQ�EURFFROL�
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)LJXXU��� *HKDOWH�´VPDDNµJOXFRVLQRODWHQ�LQ�JHVQHGHQ�HQ�RQJHVQHGHQ�EURFFROL�WLMGHQV�EHZDULQJ
RQGHU�YHUVFKLOOHQGH�FRQGLWLHV��'H�EHZDULQJ�ZHUG�DO�GDQ�QLHW�JHYROJG�GRRU�HHQ
XLWVWDOSHULRGH�

1HW�DOV�KHW�WRWDDO�JOXFRVLQRODDWJHKDOWH�ZDV�RRN�KHW�JHKDOWH�´VPDDNµJOXFRVLQRODWHQ�LQ�JHVQHGHQ
EURFFROL�KRJHU�GDQ�LQ�RQJHVQHGHQ�EURFFROL�
2RN�ZDV�KHW�JHKDOWH�´VPDDNµJOXFRVLQRODWHQ�LQ�EURFFROL�EHZDDUG�RQGHU�&$�FRQGLWLHV�KRJHU�GDQ
ZDQQHHU�HU�OXFKWEHZDULQJ�SODDWVYRQG�
+HW�JHKDOWH�´VPDDNµJOXFRVLQRODWHQ�EOHHI�FRQVWDQW�JHGXUHQGH�GH�WRWDOH�EHZDDUSHULRGH����GDJHQ
JHYROJG�GRRU�XLWVWDO�YRRU�JHVQHGHQ�EURFFROL�HQ����GDJHQ�JHYROJG�GRRU�XLWVWDO�YRRU�RQJHVQHGHQ
EURFFROL��
1D�GH�XLWVWDOSHULRGH�ZDV�KHW�JHKDOWH�´VPDDNµJOXFRVLQRODWHQ�ODJHU�

,Q�ILJXXU����VWDDW�YHUPHOG�ZDW�GH�JHYROJHQ�]LMQ�YDQ�RSVODJFRQGLWLHV��EHZDDUGXXU�HQ�HHQ
XLWVWDOSHULRGH�RS�GH�´VPDDNµJOXFRVLQRODWHQ�LQ�RQJHVQHGHQ�ZLWWH�NRRO��7ZHH�YHUVFKLOOHQGH�ZLWWH
NRRO�UDVVHQ�ZHUGHQ�YHUJHOHNHQ��]H�ZHUGHQ�QLHW�JHVQHGHQ�
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Ongesneden witte kool, CA
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Ongesneden witte kool, lucht
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)LJXXU��� *HKDOWH�´VPDDNµJOXFRVLQRODWHQ�LQ�RQJHVQHGHQ�ZLWWH�NRRO��/HQQR[�HQ�.URQRV�
WLMGHQV�EHZDULQJ�RQGHU�YHUVFKLOOHQGH�FRQGLWLHV��'H�EHZDULQJ�ZHUG�DO�GDQ�QLHW�JHYROJG
GRRU�HHQ�XLWVWDOSHULRGH�

2YHU�KHW�DOJHPHHQ�YHUWRQHQ�GH�´VPDDNµJOXFRVLQRODWHQ�KHW]HOIGH�EHHOG�DOV�KHW�WRWDDO
JOXFRVLQRODDWJHKDOWH��DOOHHQ�]LMQ�HU�LQ�WHJHQVWHOOLQJ�WRW�KHW�WRWDDO�JOXFRVLQRODDWJHKDOWH�YRRU
´VPDDNµJOXFRVLQRODWHQ�ZHO�UDVYHUVFKLOOHQ�ZDDUJHQRPHQ��%LM�YHUJHOLMNLQJ�YDQ�GH�WZHH�UDVVHQ�EOHHN
GDW�/HQQR[�PLQGHU�´VPDDNµJOXFRVLQRODWHQ�EHYDWWH�GDQ�.URQRV�
+HW�JHKDOWH�´VPDDNµJOXFRVLQRODWHQ�LQ�RQJHVQHGHQ�ZLWWH�NRRO�GLH�EHZDDUG�ZHUG�LQ�OXFKW�ZDV
KRJHU�GDQ�ZDQQHHU�HU�&$�EHZDULQJ�SODDWVYRQG�
(U�ZHUG�HHQ�WRHQDPH�LQ�KHW�JHKDOWH�´VPDDNµJOXFRVLQRODWHQ�WLMGHQV�EHZDULQJ�ZDDUJHQRPHQ��DO
ZRUGW�GLH�WRHQDPH�ZHHU�EHLQYORHG�GRRU�KHW�PHHWSXQW�PHW�HHQ�YUDDJWHNHQ���'H]H�WRHQDPH�ZDV
DOOHHQ�WH�]LHQ�ELM�RSVODJ�RQGHU�&$�FRQGLWLHV�HQ�DOOHHQ�ELM�/HQQR[��+HW�HIIHFW�ZDV�ZHJ�QD�XLWVWDO�
GDQ�ZHUG�HU�JHHQ�YHUVFKLO�PHHU�ZDDUJHQRPHQ�WXVVHQ�SURGXFWHQ�EHZDDUG�RQGHU�&$�RI�OXFKW�
(YHQHHQV�ZHUG�HU�HHQ�WRHQDPH�DOV�JHYROJ�YDQ�XLWVWDO�JHPHWHQ��DO�LV�GLW�QLHW�RS�DOOH�WLMGVWLSSHQ�WH
]LHQ�

)LJXXU����ODDW�GH�JHYROJHQ�]LHQ�YDQ�RSVODJFRQGLWLHV��EHZDDUGXXU�HQ�HHQ�XLWVWDOSHULRGH�RS�GH
´VPDDNµJOXFRVLQRODWHQ�LQ�JHVQHGHQ�ZLWWH�NRRO��+LHUYRRU�LV�DOOHHQ�KHW�UDV�.URQRV�JHEUXLNW��2P
KHW�HIIHFW�YDQ�YHUZHUNLQJ�WH�]LHQ�ZRUGW�GH]H�ILJXXU�YHUJHOHNHQ�PHW�GH�ZDDUGHQ�GLH�YHUPHOG�VWDDQ
YRRU�RQJHVQHGHQ�.URQRV��ZLWWH�NRRO��LQ�ILJXXU�����GLW�YDQZHJH�KHW�IHLW�GDW�GH�WRWDOH�EHZDDUGXXU
YDQ�JHVQHGHQ�HQ�RQJHVQHGHQ�ZLWWH�NRRO�YHUVFKLOW�
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)LJXXU��� *HKDOWH�´VPDDNµJOXFRVLQRODWHQ�LQ�JHVQHGHQ�ZLWWH�NRRO��.URQRV��WLMGHQV�EHZDULQJ
RQGHU�YHUVFKLOOHQGH�FRQGLWLHV��'H�EHZDULQJ�ZHUG�DO�GDQ�QLHW�JHYROJG�GRRU�HHQ
XLWVWDOSHULRGH�

+HW�JHKDOWH�´VPDDNµJOXFRVLQRODWHQ�ZDV�ODJHU�LQ�JHVQHGHQ�ZLWWH�NRRO�GDQ�LQ�RQJHVQHGHQ�ZLWWH
NRRO�
+HW�JHKDOWH�´VPDDNµJOXFRVLQRODWHQ�LQ�JHVQHGHQ�HQ�RQJHVQHGHQ�ZLWWH�NRRO�GLH�EHZDDUG�ZHUG�LQ
OXFKW�ZDV�KRJHU�GDQ�ZDQQHHU�HU�&$�EHZDULQJ�SODDWVYRQG�
(U�ZHUG�HHQ�WRHQDPH�LQ�KHW�JHKDOWH�´VPDDNµJOXFRVLQRODWHQ�WLMGHQV�EHZDULQJ�ZDDUJHQRPHQ��DO
ZRUGW�GLH�WRHQDPH�ZHHU�EHLQYORHG�GRRU�KHW�PHHWSXQW�PHW�HHQ�YUDDJWHNHQ���(YHQHHQV�ZHUG�HU
HHQ�WRHQDPH�DOV�JHYROJ�YDQ�XLWVWDO�JHPHWHQ��DO�LV�GLW�QLHW�RS�DOOH�WLMGVWLSSHQ�WH�]LHQ�

9HUJHOLMNLQJ�YDQ�KHW�JHKDOWH�´VPDDNµJOXFRVLQRODWHQ�LQ�EURFFROL��ILJXXU�����PHW�GDW�YDQ�ZLWWH�NRRO
�ILJXXU����HQ������ODDW�]LHQ�GDW�KHW�JHKDOWH�LQ�ZLWWH�NRRO�KRJHU�LV�

��� ´*H]RQGKHLGµJHUHODWHHUGH�JOXFRVLQRODWHQ��JOXFRLEHULQ�HQ�JOXFRUDSKDQLQ�
)LJXXU����WRRQW�GH�JHYROJHQ�YDQ�YHUZHUNLQJ��RSVODJFRQGLWLHV��EHZDDUGXXU�HQ�HHQ�XLWVWDOSHULRGH
RS�GH�´JH]RQGKHLGVµJOXFRVLQRODWHQ�LQ�EURFFROL�
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Broccoli, CA
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Broccoli, lucht
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)LJXXU��� *HKDOWH�´JH]RQGKHLGVµJOXFRVLQRODWHQ�LQ�JHVQHGHQ�HQ�RQJHVQHGHQ�EURFFROL�WLMGHQV
EHZDULQJ�RQGHU�YHUVFKLOOHQGH�FRQGLWLHV��'H�EHZDULQJ�ZHUG�DO�GDQ�QLHW�JHYROJG�GRRU
HHQ�XLWVWDOSHULRGH�

+HW�EHHOG�YDQ�GH�´JH]RQGKHLGVµJOXFRVLQRODWHQ�NRPW�RYHUHHQ�PHW�GDW�YDQ�GH
´PDDNµJOXFRVLQRODWHQ��+HW�WRWDDOJHKDOWH�´JH]RQGKHLGVµJOXFRVLQRODWHQ�OLJW�HFKWHU�KRJHU�GDQ�KHW
JHKDOWH�´VPDDNµJOXFRVLQRODWHQ��+HW�JHKDOWH�´JH]RQGKHLGVµJOXFRVLQRODWHQ�OLMNW�WRH�WH�QHPHQ�LQ
JHVQHGHQ�EURFFROL�HQ�LV�RRN�KRJHU�QD�RSVODJ�LQ�&$�

,Q�ILJXXU����LV�YHUPHOG�ZDW�GH�JHYROJHQ�]LMQ�YDQ�RSVODJFRQGLWLHV��EHZDDUGXXU�HQ�HHQ
XLWVWDOSHULRGH�RS�GH�´JH]RQGKHLGVµJOXFRVLQRODWHQ�LQ�RQJHVQHGHQ�ZLWWH�NRRO��7ZHH�YHUVFKLOOHQGH
ZLWWH�NRRO�UDVVHQ�ZHUGHQ�YHUJHOHNHQ��]H�ZHUGHQ�QLHW�JHVQHGHQ�

Ongesneden witte kool, CA

0

10

20

30

40

50

60
70

80
90

100

0 50 100 150 200

dagen

g
ez

o
nd

h
ei

d
s 

g
lu

c 
(m

g
/1

00
g

)

�

0

10

20

30

40

50

60

70

80

90

100

0 50 100 150 200

dagen

g
ez

o
nd

h
ei

d
s 

g
lu

c(
m

g/
1

00
g

)

Ongesneden witte kool, lucht
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)LJXXU��� *HKDOWH�´JH]RQGKHLGVµJOXFRVLQRODWHQ�LQ�RQJHVQHGHQ�ZLWWH�NRRO��/HQQR[�HQ�.URQRV�
WLMGHQV�EHZDULQJ�RQGHU�YHUVFKLOOHQGH�FRQGLWLHV��'H�EHZDULQJ�ZHUG�DO�GDQ�QLHW�JHYROJG
GRRU�HHQ�XLWVWDOSHULRGH�
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,Q�RQJHVQHGHQ�ZLWWH�NRRO�NRPW�KHW�EHHOG�YDQ�GH�µJH]RQGKHLGV··JOXFRVLQRODWHQ�ZHGHURP�RYHUHHQ
PHW�GDW�YDQ�GH�µVPDDNµJOXFRVLQRODWHQ��(U�]LMQ�LQ�GH�JHKDOWHV�´VPDDNµJOXFRVLQRODWHQ�LQ�ZLWWH�NRRO
HFKWHU�RRN�UDVYHUVFKLOOHQ�ZDDUQHHPEDDU��/HQQR[�EHYDW�PHHU�´JH]RQGKHLGVµJOXFRVLQRODWHQ�GDQ
.URQRV�

)LJXXU����ODDW�GH�JHYROJHQ�]LHQ�YDQ�RSVODJFRQGLWLHV��EHZDDUGXXU�HQ�HHQ�XLWVWDOSHULRGH�RS�GH
´JH]RQGKHLGVµJOXFRVLQRODWHQ�LQ�JHVQHGHQ�ZLWWH�NRRO��+LHUYRRU�LV�DOOHHQ�KHW�UDV�.URQRV�JHEUXLNW�
2P�KHW�HIIHFW�YDQ�YHUZHUNLQJ�DDQ�WH�WRQHQ�ZRUGW�GH]H�ILJXXU�YHUJHOHNHQ�PHW�GH�ZDDUGHQ�GLH
YHUPHOG�VWDDQ�YRRU�RQJHVQHGHQ�.URQRV��ZLWWH�NRRO��LQ�ILJXXU�����GLW�ZHHU�YDQZHJH�KHW�IHLW�GDW�GH
WRWDOH�EHZDDUGXXU�YDQ�JHVQHGHQ�HQ�RQJHVQHGHQ�ZLWWH�NRRO�]HHU�YHUVFKLOOHQG�LV�

0

10

20

30

40

50

60
70

80
90

100

0 5 10 15

dagen

g
ez

o
nd

h
ei

d
s 

g
lu

c 
(m

g
/1

00
g

)

Gesneden witte kool (Kronos), CA
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Gesneden witte kool (Kronos), lucht
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)LJXXU��� *HKDOWH�´JH]RQGKHLGVµJOXFRVLQRODWHQ�LQ�JHVQHGHQ�ZLWWH�NRRO��.URQRV��WLMGHQV
EHZDULQJ�RQGHU�YHUVFKLOOHQGH�FRQGLWLHV��'H�EHZDULQJ�ZHUG�DO�GDQ�QLHW�JHYROJG�GRRU
HHQ�XLWVWDOSHULRGH�

,Q�JHVQHGHQ�ZLWWH�NRRO�LV�HU�HHQ�KHHO�NOHLQ�YHUVFKLO�ZDDUQHHPEDDU�LQ�KHW�WRWDDOJHKDOWH�´VPDDNµ�
HQ�´JH]RQGKHLGVµJOXFRVLQRODWHQ��(U�LV�JHHQ�HIIHFW�YDQ�KHW�VQLMGHQ�ZDDUJHQRPHQ��:DW�EHWUHIW�GH
JHKDOWHQ�´JH]RQGKHLGVµJOXFRVLQRODWHQ�NDQ�JHVQHGHQ�ZLWWH�NRRO�EHWHU�EHZDDUG�ZRUGHQ�RQGHU
OXFKWFRQGLWLHV��7LMGHQV�EHZDULQJ�QDP�KHW�JHKDOWH�´JH]RQGKHLGVµJOXFRVLQRODWHQ�QLHW�DI�
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� 'LVFXVVLH�HQ�FRQFOXVLHV
,Q�GH�ZHWHQVFKDSSHOLMNH�OLWHUDWXXU�]LMQ�GH�HIIHFWHQ�YDQ�QDRRJVW�EHKDQGHOLQJHQ�YDQ�%UDVVLFD
JURHQWHQ�RS�JOXFRVLQRODWHQ�QDXZHOLMNV�EHVFKUHYHQ��6OHFKWV�HQNHOH�RQGHU]RHNVJURHSHQ�KHEEHQ
KLHURYHU�JHSXEOLFHHUG�ZDDUYDQ�HHQ�NRUW�RYHU]LFKW�YDQ�GH�EHYLQGLQJHQ�ZRUGW�JHJHYHQ�
%LM�RSVODJ�RQGHU�JHFRQGLWLRQHHUGH�RPVWDQGLJKHGHQ��]RDOV�&$��ZRUGHQ�GH�JOXFRVLQRODWHQ�EHWHU
EHKRXGHQ�GDQ�ELM�RSVODJ�LQ�GH�JHZRQH�OXFKW��2SVODJ�RQGHU�&$�FRQGLWLHV�]RUJW�HU�ELMYRRUEHHOG
YRRU�GDW�KHW�JOXFRVLQRODDW�JOXFRUDSKDQLQ�LQ�EURFFROL�EHWHU�EHKRXGHQ�EOLMIW��5DQJNDGLORN�HW�DO�
������
(HQ�6SDDQVH�RQGHU]RHNVJURHS��9DOOHMR�HW�DO��������KHHIW�GH�FRQGLWLHV�YDQ�JHNRHOG�WUDQVSRUW�HQ�GH
UHWDLO�YHUNRRSSHULRGH�YDQ�EURFFROL�JHVLPXOHHUG�RP�GH�HIIHFWHQ�RS�GLYHUVH�ELRDFWLHYH�VWRIIHQ�WH
EHVWXGHUHQ��ZDDURQGHU�JOXFRVLQRODWHQ�HQ�YLWDPLQH�&��9HUV�JHRRJVWH�EURFFROL�ZDV�IROLH�YHUSDNW
�0$3��PRGLILHG�DWPRVIHHU�SDFNDJLQJ��HQ�RSJHVODJHQ�JHGXUHQGH���GDJHQ�ELM���&��PD[LPDOH
WUDQVSRUW��HQ�GLVWULEXWLHSHULRGH��HQ�YHUYROJHQV���GDJHQ�ELM����&�EHZDDUG��UHWDLO�YHUNRRSSHULRGH��
7LMGHQV�RSVODJ�ZDV�GH�JDVVDPHQVWHOOLQJ�JHGXUHQGH�GH�NRXGH�RSVODJ�RQJHYHHU�����2 � �HQ�����
&2 � �HQ�DDQ�KHW�HLQG�YDQ�GH�UHWDLO�YHUNRRSSHULRGH�YDQ���GDJHQ������&2 � ����&2 � ��(HQ
RSYDOOHQG�UHVXOWDDW�ZDV�DDQ�KHW�HLQG�YDQ�GH�JHNRHOGH�RSVODJ�HQ�GH�UHWDLOSHULRGH�GH�DDQ]LHQOLMNH
DIQDPH�YDQ�UHVSHFWLHYHOLMN�����HQ�����YDQ�KHW�WRWDDO�JOXFRVLQRODDWJHKDOWH��%HLGH�RSVODJFRQGLWLHV
KDGGHQ�HHQ�PLQLPDDO�HIIHFW�RS�KHW�WRWDDO�YLWDPLQH�&�JHKDOWH�
,Q�HHQ�DQGHU�RQGHU]RHN��+DQVHQ�HW�DO��������]LMQ�GH�HIIHFWHQ�YDQ�RSVODJ�YDQ�EURFFROL�RQGHU�&$
�FRQWUROOHG�DWPRVSKHUH��FRQGLWLHV�RS�JOXFRVLQRODWHQ�EHVWXGHHUG��+LHUELM�LV�YHUV�JHRRJVWH�EURFFROL
RSJHVODJHQ�JHGXUHQGH���GDJHQ�ELM�OXFKW�������2 � �������2 � �������&2 � ��HQ�����&2 � �ELM����&�
1D���GDJHQ�LV�GH�RSVODJ�YRRUWJH]HW�RQGHU�OXFKWFRQGLWLHV�JHGXUHQGH���GDJHQ�ELM����&��'H�&$
RSVODJFRQGLWLHV�HQ�RSVODJWLMG�UHVXOWHHUGH�LQ�HHQ�EHSHUNWH��QLHW�VLJQLILFDQW��WRHQDPH�YDQ�GH�WRWDDO
JOXFRVLQRODDWJHKDOWHQ�
(HQ�3RUWXJHVH�RQGHU]RHNVJURHS��5RGULJXHV�HQ�5RVD��������KHHIW�GH�HIIHFWHQ�RS
JOXFRVLQRODDWJHKDOWHQ�YDQ�HQNHOH�QDRRJVWEHKDQGHOLQJHQ�YDQ�EURFFROL�EHVFKUHYHQ��%URFFROL
PRQVWHUV�RQGHUJLQJHQ�GLYHUVH�EHKDQGHOLQJHQ�ZDDURQGHU�RSVODJ�JHGXUHQGH���GDJHQ�ELM����&�HQ
JHGXUHQGH���GDJHQ�ELM���&��'H�JDVFRQGLWLHV�HQ�OXFKWYRFKWLJKHLG�ZHUGHQ�LQ�GH]H�H[SHULPHQWHQ
QLHW�JHVWXXUG��'H�JURRWVWH�DIQDPH�LQ�WRWDDO�JOXFRVLQRODDWJHKDOWH�ZHUG�ZDDUJHQRPHQ�WLMGHQV
RSVODJ�ELM����&�������WHUZLMO�GH�DIQDPH�WLMGHQV�RSVODJ�ELM���&�EHSHUNW�EOHHI�WRW�����

,Q�]LMQ�JHKHHO�JHQRPHQ�ODWHQ�GH�UHVXOWDWHQ�YDQ�KHW�LQ�GLW�UDSSRUW�EHVFKUHYHQ�RQGHU]RHN�]LHQ�GDW
HU�JHHQ�JURWH�YHUDQGHULQJHQ�LQ�GH�JOXFRVLQRODDW��HQ�YLWDPLQH�&�JHKDOWHQ�]LMQ�RSJHWUHGHQ�ELM
EHZDULQJ�YDQ�GH�SURGXFWHQ�EURFFROL�HQ�ZLWWH�NRRO��'LW�JHOGW�RRN�YRRU�PLQLPDO�SURFHVVLQJ�
7XVVHQ�GH�YHUVFKLOOHQGH�EHZDDUFRQGLWLHV�]LMQ�VOHFKWV�NOHLQH�YHUVFKLOOHQ�LQ�JOXFRVLQRODDWJHKDOWHQ
ZDDUJHQRPHQ��=R�OLMNW�KHW�GDW�GH�JHNR]HQ�&$�FRQGLWLHV�YRRU�EURFFROL�HHQ�LHWV�EHWHUH�UHWHQWLH�YDQ
JOXFRVLQRODWHQ�RSOHYHUW�GDQ�OXFKW��WHUZLMO�YRRU�ZLWWH�NRRO�EHZDULQJ�RQGHU�OXFKWFRQGLWLHV�MXLVW
ZHHU�LHWV�JXQVWLJHU�LV�
%URFFROL�ODDW�QD�XLWVWDO�HHQ�DIQDPH�LQ�JOXFRVLQRODDWJHKDOWH�]LHQ��%URFFROL�LV�HHQ�PHHU�EHGHUIHOLMN
SURGXFW�GDQ�ZLWWH�NRRO�HQ�LV�YRRUDO�ELM�KRJHUH�WHPSHUDWXUHQ�JHYRHOLJ�YRRU�YHUZHONLQJ�HQ
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YHUNOHXULQJ��+HW�LV�EHNHQG�GDW�LQ�GH�EORHPHWMHV�YDQ�EURFFROL�GH�PHHVWH�JOXFRVLQRODWHQ�DDQZH]LJ
]LMQ�HQ�YHUZHONLQJ�GXV�HHQ�QDGHOLJ�HIIHFW�NDQ�KHEEHQ�RS�GH�JOXFRVLQRODDWJHKDOWHQ��'H]H�DIQDPH
LV�GDQ�RRN�JURWHU�QD�GH�XLWVWDO�YDQ�RQJHVQHGHQ�EURFFROL�GLH�ELM����&�SODDWVYRQG�

2SYDOOHQG�LV�GDW��LQ�YHUJHOLMNLQJ�PHW�GH�ZDDUQHPLQJHQ�XLW�GH�OLWHUDWXXU��]HOIV�QD�ODQJH
RSVODJSHULRGHQ�ELM�ODJH�WHPSHUDWXUHQ�HU�QDXZHOLMNV�YHUOLH]HQ�RSWUHGHQ�LQ�¶JH]RQGKHLG·��HQ
¶VPDDN·JOXFRVLQRODDWJHKDOWHQ�YRRU�]RZHO�EURFFROL�DOV�ZLWWH�NRRO�
(U�]LMQ�VOHFKWV�NOHLQH�YHUVFKLOOHQ�ZDDU�WH�QHPHQ�
• 9LWDPLQH�&��LQ�RQJHVQHGHQ�ZLWWH�NRRO�LV�KHW�JHKDOWH�LQ�.URQRV�KRJHU��HQ�LQ�EURFFROL�HQ�ZLWWH

NRRO�GDDOW�KHW�JHKDOWH�DOV�JHYROJ�YDQ�VQLMGHQ�HQ�WLMGHQV�XLWVWDO
• 7RWDDO�JOXFRVLQRODWHQ��LQ�/HQQR[�ZDV�KHW�JHKDOWH�¶VPDDN·JOXFRVLQRODWHQ�ODJHU�GDQ�LQ�.URQRV

HQ�KHW�JHKDOWH�JH]RQGKHLGVJOXFRVLQRODWHQ�KRJHU��+HW�WRWDDO�JHKDOWH�ZDV�HFKWHU�JHOLMN��&$
EHZDULQJ�ZDV�EHWHU�YRRU�KHW�WRWDDO�JOXFRVLQRODDWJHKDOWH�LQ�EURFFROL��OXFKWEHZDULQJ�ZDV�EHWHU
YRRU�ZLWWH�NRRO��%LM�JHVQHGHQ�HQ�RQJHVQHGHQ�ZLWWH�NRRO�YRQG�HU�HHQ�WRHQDPH�YDQ�KHW�WRWDDO
JOXFRVLQRODDWJHKDOWH�WLMGHQV�XLWVWDO�SODDWV��HQ�HHQ�DIQDPH�LQ�EURFFROL�

8LW�GH�LQ�GLW�UDSSRUW�EHVFKUHYHQ�UHVXOWDWHQ�LV�KHW�QLHW�PRJHOLMN�JHEOHNHQ�RP�FRQFOXVLHV�WH�WUHNNHQ
RYHU�GH�PRJHOLMNH�VFKLPPHO��HQ�EDFWHULHZHUHQGH�HLJHQVFKDSSHQ�YDQ�JOXFRVLQRODWHQ��RPGDW�HU
JHHQ�YHUVFKLO�LQ�DDQWDVWLQJ�WXVVHQ�GH�EHLGH�JHEUXLNWH�UDVVHQ�ZLWWH�NRRO�LV�ZDDUJHQRPHQ�
%RYHQGLHQ�ZHUG�ELM�YHUJHOLMNLQJ�YDQ�GH�WZHH�UDVVHQ�JHHQ�YHUVFKLO�JHPHWHQ�LQ�WRWDDO
JOXFRVLQRODDWJHKDOWH

,Q�GH�WDEHOOHQ���WRW�HQ�PHW���LV�HHQ�RYHU]LFKW�JHJHYHQ�YDQ�GH�FRQFOXVLHV�PHW�EHWUHNNLQJ�WRW�GH
YHUVFKLOOHQGH�JHDQDO\VHHUGH�FRPSRQHQWHQ�LQ�GH�RQGHU]RFKWH�SURGXFWHQ��]RDOV�]H�]LMQ
JHSUHVHQWHHUG�DDQ�GH�EHJHOHLGLQJVFRPPLVVLH��'H�NOHLQH�YHUVFKLOOHQ�ZRUGHQ�GDDULQ�ZHHUJHJHYHQ�

7DEHO�� %URFFROL
WRWDDO�YLWDPLQH�&
JHKDOWH

WRWDDO�JOXFRVLQRODDW�
JHKDOWH

´VPDDNµJOXFR�
VLQRODWHQ

´JH]RQGKHLGVµ�
JOXFRVLQRODWHQ

JHVQHGHQ�W�R�Y�
RQJHVQHGHQ

ODJHU KRJHU KRJHU KRJHU
&$�W�R�Y��OXFKW � KRJHU KRJHU KRJHU
RSVODJWLMG � � � �
QD�XLWVWDO�W�R�Y�JHHQ
XLWVWDO

ODJHU ODJHU ODJHU �
LQWHUDFWLHV ELM�JHVQHGHQ

XLWVWDOHIIHFW�JURWHU
ELM�RQJHVQHGHQ
XLWVWDOHIIHFW�JURWHU

� �
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7DEHO�� 2QJHVQHGHQ�ZLWWH�NRRO
WRWDDO�YLWDPLQH�&
JHKDOWH

WRWDDO�JOXFRVLQRODDW�
JHKDOWH

´VPDDNµJOXFR�
VLQRODWHQ

´JH]RQGKHLGVµ�
JOXFRVLQRODWHQ

.URQRV�W�R�Y�/HQQR[ KRJHU � KRJHU ODJHU
&$�W�R�Y��OXFKW � ODJHU ODJHU ODJHU
RSVODJWLMG � KRJHU KRJHU KRJHU
QD�XLWVWDO�W�R�Y�JHHQ
XLWVWDO

� KRJHU KRJHU KRJHU
LQWHUDFWLHV � DOOHV��EHKDOYH

WLMGFRGH
�UDV
DOOHV DOOHV��EHKDOYH

WLMGFRGH
�UDV

7DEHO�� :LWWH�NRRO��.URQRV
WRWDDO�YLWDPLQH�&
JHKDOWH

WRWDDO�JOXFRVLQRODDW�
JHKDOWH

´VPDDNµJOXFR�
VLQRODWHQ

´JH]RQGKHLGVµ�
JOXFRVLQRODWHQ

JHVQHGHQ�W�R�Y�
RQJHVQHGHQ

ODJHU � ODJHU �
&$�W�R�Y��OXFKW � � ODJHU ODJHU
RSVODJWLMG ODJHU � KRJHU �
QD�XLWVWDO�W�R�Y�JHHQ
XLWVWDO

ODJHU KRJHU KRJHU KRJHU

$OJHPHQH�FRQFOXVLH
6DPHQYDWWHQG�NDQ�ZRUGHQ�YDVWJHVWHOG�GDW�ELM�ODQJH�RSVODJ�YDQ�ZLWWH�NRRO�HQ�EURFFROL�ELM�ODJH
WHPSHUDWXUHQ�JH]RQGKHLGVEHVFKHUPHQGH�LQKRXGVWRIIHQ�]RDOV�JOXFRVLQRODWHQ�HQ�YLWDPLQH�&
UHGHOLMN�WRW�JRHG�EHKRXGHQ�EOLMYHQ�RQGHU�]RZHO�DWPRVIHULVFKH�DOV�&$�0$�RPVWDQGLJKHGHQ�
7HYHQV�LV�ELM�GH�H[WHUQH�NZDOLWHLWVEHRRUGHOLQJ��JHHONOHXULQJ��VFKLPPHOJURHL��RII�IODYRXU�
YRFKWYHUOLHV�HQ�VWHYLJKHLG��YDQ�GH�EURFFROL�HQ�ZLWWH�NRRO�JHEOHNHQ�GDW�HU�ELM�GH�WRHJHSDVWH
FRQGLWLHV�QDXZHOLMNV�RI�JHHQ�DIZLMNLQJHQ�ZHUGHQ�ZDDUJHQRPHQ�
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� $DQEHYHOLQJHQ�YRRU�YHUGHU�RQGHU]RHN
1D�GLW�RQGHU]RHN�]LMQ�HHQ�DDQWDO�YUDJHQ�QRJ�RQEHDQWZRRUG��+LHURQGHU�]LMQ�]H�DOV�DDQEHYHOLQJHQ
YRRU�YHUGHU�RQGHU]RHN�RSJHVFKUHYHQ��]RQGHU�HHQ�SULRULWHULQJ�DDQ�WH�JHYHQ�
• =RDOV�EHVFKUHYHQ�LQ�KRRIGVWXN���ODDW�KHW�6SDDQVH�RQGHU]RHN��9DOOHMR�HW�DO��������]HHU

RSYDOOHQGH�WHJHQVWULMGLJH�UHVXOWDWHQ�]LHQ���������DIQDPH�YDQ�JOXFRVLQRODDWJHKDOWH�QD���GDJHQ
RSVODJ�ELM���&�HQ���GDJHQ�ELM����&��=LM�FRQFOXGHUHQ�GDQ�RRN�GDW�HHQ�ODQJH�H[SRUW�HQ
GLVWULEXWLH�GH�JHKDOWHV�JH]RQGKHLGVEHVFKHUPHQGH�FRPSRQHQWHQ�GUDVWLVFK�GRHW�YHUPLQGHUHQ
HQ�EHYHOHQ�HHQ�VQHOOHUH�ORJLVWLHN�HQ�GLVWULEXWLHV\VWHHP�DDQ��(FKWHU�KXQ�RSVODJFRQGLWLHV�]LMQ
DQGHUV�GDQ�GH�LQ�GLW�UDSSRUW�EHVFKUHYHQ�SUDNWLMNFRQGLWLHV��1DGHU�RQGHU]RHN�QDDU�GH�HIIHFWHQ
YDQ�YHUVFKLOOHQGH�JDVFRQGLWLHV�RS�JOXFRVLQRODDWJHKDOWHV�NDQ�LQWHUHVVDQW�]LMQ��DOV�HHQ�VRRUW
ILQH�WXQLQJ��

• +HW�LV�LQWHUHVVDQW�KHW�HIIHFW�YDQ�XLWVWDOFRQGLWLHV�YRRU�JHVQHGHQ�PDWHULDDO�LQ�GH�SUDNWLMN�QDGHU
WH�RQGHU]RHNHQ��+LHUELM�NDQ�JHGDFKW�ZRUGHQ�DDQ�KRJHUH�WHPSHUDWXUHQ��ZLVVHOHQGH
WHPSHUDWXUHQ��RI�DDQ�WHPSHUDWXXUVRYHUJDQJHQ�GLH�NXQQHQ�RSWUHGHQ�ELM�JHNRHOG�WUDQVSRUW�HQ
DOV�JHYROJ�YDQ�WUDQVLWLH��WLMG��QDDU�XLWVWDO�LQ�GH�NRHOYLWULQH�H�G�

• ,Q�KHW�KXLGLJH�RQGHU]RHN�LV�GH�JHVQHGHQ�EURFFROL�HQ�ZLWWH�NRRO�QLHW�JHZDVVHQ��,Q�GH�SUDNWLMN
JHEHXUW�GLW�ZHO��'DDURP�NDQ�HU�JHNHNHQ�ZRUGHQ�QDDU�KHW�HIIHFW�YDQ�ZDVVHQ�RS�GH
JOXFRVLQRODDW��HQ�YLWDPLQH�&�JHKDOWHV�LQ�KHW�JHVQHGHQ�SURGXFW�

• ,Q�KHW�RQGHU]RHN�LV�VOHFKWV�ppQ�EURFFROLUDV�JHEUXLNW�HQ�]LMQ�WZHH�ZLWWH�NRROUDVVHQ�PHW�HONDDU
YHUJHOHNHQ��0HHU�YHUVFKLOOHQGH�UDVVHQ�]RXGHQ�YHUJHOHNHQ�NXQQHQ�ZRUGHQ��0HW�QDPH�ZDW
EHWUHIW�ZLWWH�NRRO�LV�KHW�YHUJHOLMNHQ�YDQ�YHUVFKLOOHQGH�UDVVHQ�LQ�UHODWLH�WRW�GH�QDWXXUOLMNH
DQWLEDFWHULsOH�HQ�IXQJLFLGH�ZHUNLQJ�YDQ�JOXFRVLQRODWHQ�HQ�KHW�PRJHOLMN�YRRUNRPHQ�YDQ�URW
LQWHUHVVDQW�

• (U�]RX�RQGHU]RFKW�NXQQHQ�ZRUGHQ�RI�KHW�PRJHOLMN�LV�XLWVSUDNHQ�WH�NXQQHQ�GRHQ�RYHU
JHJDUDQGHHUGH��PLQLPDOH��JHKDOWHV�DDQ�LQKRXGVVWRIIHQ�RS�KHW�PRPHQW�YDQ�DDQNRRS
�LQKRXGVFODLP���+LHUELM�NDQ�JHGDFKW�ZRUGHQ�DDQ�RSWLPDOLVDWLH�YDQ�KHW�QDRRJVWWUDMHFW��JHULFKW
RS�KHW�EHKRXG�YDQ�GH�YRHGLQJVZDDUGH�ELM�GH�RRJVW�PEY�DDQJHSDVWH�EHZDDU���YHUSDNNLQJV��HQ
PLQLPDO�SURFHVVLQJ�SURWRFROOHQ�HQ�NZDOLWHLWVYHUORRSPRGHOOHQ�

• 'H�ELMGUDJH�YDQ�JOXFRVLQRODWHQ�DDQ�GH�VPDDN�HQ�JHXU�YDQ�EURFFROL�HQ�ZLWWH�NRRO��HQ�PHW�QDPH
GH�EHwQYORHGLQJ�YDQ�VPDDN�HQ�JHXU��YHUGLHQW�QDGHUH�DDQGDFKW��%LM�YHUGHUH
SURGXFWRQWZLNNHOLQJ�RI�SURGXFWGLYHUVLILFDWLH�]LMQ�VPDDN�HQ�JHXU�YDQ�EHODQJ�

*H]LHQ�GH�SUDNWLVFKH�LQVWHHN�YDQ�KHW�RQGHU]RHN�HQ�GH�NRUWH�ORRSWLMG�ZDV�KHW�QLHW�PRJHOLMN�RP
PHHU�LQ]LFKW�WH�JHQHUHUHQ�LQ�GH�FRPSOH[H�ELRORJLVFKH�UHJXOHULQJ�GLH�YHUDQGHULQJHQ�LQ�JHKDOWHV
YDQ�LQKRXGVVWRIIHQ�YHURRU]DDNW��$OV�GH�EHODQJVWHOOLQJ�YRRU�JHKDOWHV�DDQ
JH]RQGKHLGVEHVFKHUPHQGH�LQKRXGVVWRIIHQ�LQ�YHUVH�JURHQWHQ�WRHQHHPW��LV�HHQ�EHWHU�LQ]LFKW�LQ�GH
ELRORJLVFKH�UHJXOHULQJ�HVVHQWLHHO��'H�UHFHQWH�RQWZLNNHOLQJHQ�LQ�GH�PROHFXODLUH��SODQWHQ�ELRORJLH
PDDNW�RQGHU]RHN�QDDU�ELRV\QWKHVHURXWHV�YRRU�LQKRXGVVWRIIHQ�PRJHOLMN�
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/LWHUDWXXU
%DUU\�5\DQ��&���2
%HLUQH��'����������$VFRUELF�DFLG�UHWHQWLRQ�LQ�VKUHGGHG�LFHEHUJ�OHWWXFH�DV

DIIHFWHG�E\�PLQLPDO�SURFHVVLQJ��-RXUQDO�RI�)RRG�6FLHQFH�������������
&KHZ��)��6����������%LRORJLFDO�HIIHFWV�RI�JOXFRVLQRODWHV��,Q��&XWOHU�+�*���HG���%LRORJLFDOO\�$FWLYH

1DWXUDO�3URGXFWV�3RWHQWLDO�8VH�LQ�$JULFXOWXUH��:DVKLQJWRQ�'&��$PHULFDQ�&KHPLFDO�6RFLHW\�
S�S����������

'HNNHU��0���9HUNHUN�5���-RQJHQ��:�0�)����������3UHGLFWLYH�PRGHOOLQJ�RI�KHDOWK�DVSHFWV�LQ�WKH
IRRG�SURGXFWLRQ�FKDLQ��D�FDVH�VWXG\�RQ�JOXFRVLQRODWHV�LQ�FDEEDJH��7UHQGV�LQ�)RRG�6FLHQFH�����
��������

YDQ�'RRUQ�-��(����������'HYHORSPHQW�RI�YHJHWDEOHV�ZLWK�LPSURYHV�FRQVXPHU�TXDOLW\��$�FDVH�VWXG\�LQ�%UXVVHOV
VSURXWV��3K'�7KHVLV��:DJHQLQJHQ�8QLYHUVLW\��7KH�1HWKHUODQGV�S������

)DXONQHU��.���0LWKHQ��5���:LOOLDPVRQ��*����������6HOHFWLYH�LQFUHDVH�RI�WKH�SRWHQWLDO�DQWLFDUFLQRJHQ
��PHWK\OVXOSKLQ\OEXW\O�JOXFRVLQRODWH�LQ�EURFFROL��&DUFLQRJHQHVLV�������������

)HQZLFN��*��5���*ULIILWKV��0��6���+HDQ\��5��.����������%LWWHUQHVV�LQ�%UXVVHOV�VSURXWV��%UDVVLFD
ROHUDFHD�/��YDU��*HPPLIHUD���7KH�UROH�RI�JOXFRVLQRODWHV�DQG�WKHLU�EUHDNGRZQ�SURGXFWV��-RXUQDO
RI�WKH�6FLHQFH�RI�)RRG�DQG�$JULFXOWXUH�����������

*LOO��0��,���)HUUHUHV��)���7RPDV�%DUEHUDQ��)����������(IIHFW�RI�PRGLILHG�DWPRVSKHUH�SDFNDJLQJ�RQ
WKH�IODYRQRLGV�DQG�YLWDPLQ�&�FRQWHQW�RI�PLQLPDOO\�SURFHVVHG�6ZLVV�FKDUG��%HWD�YXOJDULV
VXEVSHFLHV�F\FOD���-RXUQDO�RI�$JULFXOWXUDO�DQG�)RRG�&KHPLVWU\���������������

*LOO��0��,���)HUUHUHV��)���7RPDV�%DUEHUDQ��)��$����������(IIHFW�RI�SRVWKDUYHVW�VWRUDJH�DQG
SURFHVVLQJ�RQ�WKH�DQWLR[LGDQW�FRQVWLWXHQWV��IODYRQRLGV�DQG�YLWDPLQ�&��RI�IUHVK�FXW�VSLQDFK�
-RXUQDO�RI�$JULFXOWXUDO�DQG�)RRG�&KHPLVWU\���������������

+DQVHQ��0���0ROOHU��3���6RUHQVHQ��+���&DQWZHOO�GH�7UHMR��0����������*OXFRVLQRODWHV�LQ�EURFFROL
VWRUHG�XQGHU�FRQWUROOHG�DWPRVSKHUH��-RXUQDO�RI�WKH�$PHULFDQ�6RFLHW\�IRU�+RUWLFXOWXUDO�6FLHQFH�����
����������

+UQFLULN��.���9DOXVHN��-���9HOLVHN��-����������,QYHVWLJDWLRQ�RI�DVFRUELJHQ�DV�D�EUHDNGRZQ�SURGXFW
RI�JOXFREUDVVLFLQ�DXWRO\VLV�LQ�%UDVVLFD�YHJHWDEOHV��(XURSHDQ�)RRG�5HVHDUFK�DQG�7HFKQRORJ\�����
��������

-XQJ��&��+���:HOOV��:��:����������6SRQWDQHRXV�FRQYHUVLRQ�RI�/�GHK\GURDVFRUELF�DFLG�WR�/�
DVFRUELF�DFLG�DQG�/�HU\WKURDVFRUELF�DFLG��$UFKLYHV�RI�%LRFKHPLVWU\�DQG�%LRSK\VLFV�����������

.LQJ��*��$��0����0RUULV��6��&����������(DUO\�FRPSRVLWLRQDO�FKDQJHV�GXULQJ�SRVWKDUYHVW�VHQHVFHQFH
RI�EURFFROL��-RXUQDO�RI�WKH�$PHULFDQ�6RFLHW\�IRU�+RUWLFXOWXUDO�6FLHQFH����������������

.URPKRXW��'���%ORHPEHUJ��%���)HVNHQV��(���0HQRWWL��$���1LVVLQHQ��$����������6DWXUDWHG�IDW�
YLWDPLQ�&�DQG�VPRNLQJ�SUHGLFW�ORQJ�WHUP�SRSXODWLRQ�DOO�FDXVH�PRUWDOLW\�UDWHV�LQ�WKH�6HYHQ
&RXQWULHV�6WXG\��,QWHUQDWLRQDO�-RXUQDO�RI�(SLGHPLRORJ\�������������
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.XVKDG��0��0���%URZQ��$��)���.XULOLFK��$��&���-XYLN��-��$���.OHLQ��%��3���:DOOLJ��0��$���-HIIUH\��(�
+����������9DULDWLRQ�RI�JOXFRVLQRODWHV�LQ�YHJHWDEOH�FURSV�RI�%UDVVLFD�ROHUDFHD��-RXUQDO�RI
$JULFXOWXUDO�DQG�)RRG�&KHPLVWU\���������������

/HH��6��.���.DGHU��$��$����������3UHKDUYHVW�DQG�SRVWKDUYHVW�IDFWRUV�LQIOXHQFLQJ�YLWDPLQ�&�FRQWHQW
RI�KRUWLFXOWXUDO�FURSV��3RVWKDUYHVW�%LRORJ\�DQG�7HFKQRORJ\�������������

/HMD��0���0DUHF]HN��$���6WDU]\QVND��$���5R]HN��6����������$QWLR[LGDQW�DELOLW\�RI�EURFFROL�IORZHU
EXGV�GXULQJ�VKRUW�WHUP�VWRUDJH��)RRG�&KHPLVWU\������������

/XGLNKX\]H��/���5RGULJR��/���+HQGULFN[��0����������7KH�DFWLYLW\�RI�0\URVLQDVH�IURP�%URFFROL
�%UDVVLFD�ROHUDFHD�/��FY��,WDOLFD���,QIOXHQFH�RI�,QWULQVLF�DQG�([WULQVLF�)DFWRUV��-RXUQDO�RI�)RRG
3URWHFWLRQ�������������

0LWKHQ��5��)���'HNNHU��0���9HUNHUN��5���5DERW��6���-RKQVRQ��,��7����������7KH�QXWULWLRQDO
VLJQLILFDQFH��ELRV\QWKHVLV�DQG�ELRDYDLODELOLW\�RI�JOXFRVLQRODWHV�LQ�KXPDQ�IRRGV��-RXUQDO�RI�WKH
6FLHQFH�RI�)RRG�DQG�$JULFXOWXUH�������������

0LWKHQ��5��)����������*OXFRVLQRODWHV��ELRFKHPLVWU\��JHQHWLFV�DQG�ELRORJLFDO�DFWLYLW\��3ODQW�*URZWK
5HJXODWLRQ������������

1HYR�WDEHO���������1HGHUODQGV�YRHGLQJVVWRIIHQEHVWDQG����������6WLFKWLQJ�1HYR��=HLVW�
2KWVXUX��0���+DWD��7����������7KH�LQWHUDFWLRQ�RI�/�DVFRUELF�DFLG�ZLWK�WKH�DFWLYH�FHQWHU�RI

P\URVLQDVH��%LRFKHPLFD�DQG�%LRSK\VLFD�$FWD����������
5DQJNDGLORN��1���7RPNLQV��%���1LFRODV��0��(���3UHPLHU��5�5���%HQQHWW��5��1���(DJOLQJ��'��5��

7D\ORU��3��:��-����������7KH�HIIHFW�RI�SRVW�KDUYHVW�DQG�SDFNDJLQJ�WUHDWPHQWV�RQ
JOXFRUDSKDQLQ�FRQFHQWUDWLRQ�LQ�EURFFROL��%UDVVLFD�ROHUDFHD�YDU��LWDOLFD���-RXUQDO�RI�$JULFXOWXUDO
DQG�)RRG�&KHPLVWU\���������������

5RGULJXHV��$��6���5RVD��(��$��6����������(IIHFWV�RI�SRVW�KDUYHVW�WUHDWPHQWV�RQ�WKH�OHYHO�RI
JOXFRVLQRODWHV�LQ�EURFFROL��-RXUQDO�RI�WKH�6FLHQFH�RI�)RRG�DQG�$JULFXOWXUH���������������

5RVD��(��$��6���+HDQ\��5��.���5HJR��)��&���)HQZLFN��*��5����������7KH�YDULDWLRQ�RI�JOXFRVLQRODWH
FRQFHQWUDWLRQ�GXULQJ�D�VLQJOH�GD\�LQ�\RXQJ�SODQWV�RI�%UDVVLFD�ROHUDFHD�YDU��DFHSKDOD�DQG
FDSLWDWD��-RXUQDO�RI�WKH�6FLHQFH�RI�)RRG�DQG�$JULFXOWXUH�������������

5RVD��(��$��6���5RGULJXHV��3��0��)����������7KH�HIIHFW�RI�OLJKW�DQG�WHPSHUDWXUH�RQ�JOXFRVLQRODWH
FRQFHQWUDWLRQ�LQ�WKH�OHDYHV�DQG�URRWV�RI�FDEEDJH�VHHGOLQJV��-RXUQDO�RI�WKH�6FLHQFH�RI�)RRG�DQG
$JULFXOWXUH�������������

6iQFKH]�0DWD��0�&���&iPDUD��0���'tH]�0DUTXpV��&����������([WHQGLQJ�VKHOI�OLIH�DQG�QXWULWLYH
YDOXH�RI�JUHHQ�EHDQV��3KDVHROXV�YXOJDULV�/����E\�FRQWUROOHG�DWPRVSKHUH�VWRUDJH�
PLFURQXWULHQWV��)RRG�&KHPLVWU\�������������

6FKHU]��+���6HQVHU�)����������)RRG�&RPSRVLWLRQ�DQG�1XWULWLRQ�7DEOHV���WK�UHYLVHG�DQG�FRPSOHWHG
HGLWLRQ��0HGSKDUP�6FLHQWLILF�3XEOLVKHUV��6WXWWJDUW�
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6SUHQJHU�,QVWLWXXW������D���%URFFROL��,Q��3URGXNWJHJHYHQV�JURHQWHQ�HQ�IUXLW��KDQGERHN�ELM�GH�DI]HW�YDQ
JURHQWHQ�HQ�IUXLW��:DJHQLQJHQ��6SUHQJHU�,QVWLWXXW�

6SUHQJHU�,QVWLWXXW������E���6OXLWNRRO��ZLWWH�NRRO��URGH�NRRO��VDYRRLHNRRO��VSLWVNRRO��,Q�
3URGXNWJHJHYHQV�JURHQWHQ�HQ�IUXLW��KDQGERHN�ELM�GH�DI]HW�YDQ�JURHQWHQ�HQ�IUXLW��:DJHQLQJHQ��6SUHQJHU
,QVWLWXXW�

6WDDFN��5���.LQJVWRQ��6���:DOOLJ��0��$���-HIIUH\��(��+����������$�FRPSDULVRQ�RI�WKH�LQGLYLGXDO�DQG
FROOHFWLYH�HIIHFWV�RI�IRXU�JOXFRVLQRODWH�EUHDNGRZQ�SURGXFWV�IURP�EUXVVHOV�VSURXWV�RQ
LQGXFWLRQ�RI�GHWR[LILFDWLRQ�HQ]\PHV��7R[LFRORJ\�DQG�$SSOLHG�3KDUPDFRORJ\�����������

7DODOD\��3���)DKH\��-��:����������3K\WRFKHPLFDOV�IURP�&UXFLIHURXV�SODQWV�SURWHFW�DJDLQVW�FDQFHU�E\
PRGXODWLQJ�FDUFLQRJHQ�PHWDEROLVP��$PHULFDQ�LQVWLWXWH�IRU�&DQFHU�5HVHDUFK���WK�$QQXDO
5HVHDUFK�&RQIHUHQFH�RQ�'LHW��1XWULWLRQ�DQG�&DQFHU��-XO\�������������

7RLYRQHQ��3��0��$����������7KH�HIIHFWV�RI�VWRUDJH�WHPSHUDWXUH��VWRUDJH�GXUDWLRQ��K\GUR�FRROLQJ�
DQG�PLFUR�SHUIRUDWHG�ZUDS�RQ�VKHOI�OLIH�RI�EURFFROL��3RVWKDUYHVW�%LRORJ\�DQG�7HFKQRORJ\��������
���

8&�'DYLV�3RVWKDUYHVW�7HFKQRORJ\�5HVHDUFK�DQG�,QIRUPDWLRQ�&HQWHU��3URGXFH�)DFWV�
�KWWS���SRVWKDUYHVW�XFGDYLV�HGX�

9DOOHMR��)���7RPDV�%DUEHUDQ��)���*DUFLD�9LJXHUD��&����������+HDOWK�SURPRWLQJ�FRPSRXQGV�LQ
EURFFROL�DV�LQIOXHQFHG�E\�UHIULJHUDWHG�WUDQVSRUW�DQG�UHWDLO�VDOH�SHULRG��-RXUQDO�RI�$JULFXOWXUDO
DQG�)RRG�&KHPLVWU\���������������

9HUNHUN��5����������(YDOXDWLRQ�RI�JOXFRVLQRODWH�OHYHOV�WKURXJKRXW�WKH�SURGXFWLRQ�FKDLQ�RI�%UDVVLFD�YHJHWDEOHV�
WRZDUGV�D�QRYHO�SUHGLFWLYH�PRGHOOLQJ�DSSURDFK��3K'�7KHVLV��:DJHQLQJHQ�8QLYHUVLW\��7KH
1HWKHUODQGV�

=KDQJ��3���2PD\H��6��7����������EHWD�&DURWHQH��LQWHUDFWLRQV�ZLWK�DOSKD�WRFRSKHURO�DQG�DVFRUELF
DFLG�LQ�PLFURVRPDO�OLSLG�SHUR[LGDWLRQ��-RXUQDO�RI�1XWULWLRQDO�%LRFKHPLVWU\�����������
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'DQNEHWXLJLQJ
$DQ�GH�WRW�VWDQGNRPLQJ�YDQ�GLW�RQGHU]RHN�KHEEHQ�YHHO�PHQVHQ�LQ�EHLGH�RUJDQLVDWLHV
PHHJHZHUNW��LHGHU�PHW�GH�UHVSHFWLHYHOLMNH�GLVFLSOLQH��WH�ZHWHQ�
0RQLTXH�YDQ�:RUGUDJHQ��&KULV�5RHORIVHQ��0DUFHO�6WDDO�HQ�(UZLQ�YDQ�GHU�/LQGHQ
�$JURWHFKQRORJ\�	�)RRG�,QQRYDWLRQV�%9��
&KDUORWWH�YDQ�7ZLVN��)UDQV�/HWWLQN��/LHVEHWK�.RUHYDDU�HQ�0DWWKLMV�'HNNHU��3URGXFW�'HVLJQ�DQG
4XDOLW\�0DQDJHPHQW�*URXS��


