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2OLYH�DQG�LWV�SURGXFWV�KDYH�EHHQ�UHFRJQL]HG�DV�DQ�LPSRUWDQW�FRPSRQHQW�RI�D�KHDOWK\�GLHW��,QFUHDVH�ROLYH�RLO�FRQ�
VXPSWLRQ�LV�LPSOLFDWHG�LQ�UHGXFWLRQ�RI�FDUGLRYDVFXODU�GLVHDVHV��UKHXPDWRLG�DUWKULWLV�DQG�D�YDULHW\�RI�FDQFHUV��,Q�WKH
SUHYHQWLRQ� RI� WKHVH� GLVHDVHV�� DQWLR[LGDQW� DFWLYLW\� RI� ROLYH� RLO� VHHPV� WR� SOD\� WKH� NH\� UROH�� ,Q� DGGLWLRQ�� VRPH� FRP�
SRXQGV� IURP�ROLYH�RLO��SDUWLFXODUO\�SRO\SKHQROV�� VKRZ�SRWHQW� HIIHFWV�RQ�FHOO� VLJQDOOLQJ�YLD�PRGXODWLRQ�RI�HQ]\PHV
DFWLYLW\�DQG�SURWHLQ�H[SUHVVLRQ��WKHUHIRUH�WKHLU�XVH�EHFDPH�LQWHUHVWLQJ�QRW�RQO\�LQ�SUHYHQWLRQ��EXW�DOVR� LQ� WKH� WUHDW�
PHQW�RI�FHUWDLQ�GLVHDVHV�

.H\�ZRUGV��ROLYH�RLO��SRO\SKHQROV��DQWLR[LGDQWV��KHDOWK\�GLHW

2/,92���)217(�',�6267$1=(�)$50$&2',1$0,&$0(17(�$77,9(
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/
ROLYR�HG�L�VXRL�SURGRWWL�YHQJRQR�ULFRQRVFLXWL�FRPH�XQ
LPSRUWDQWH�FRPSRQHQWH�GL�XQD�GLHWD�VDOXWDUH��/
DXPHQWR
GHO�FRQVXPR�GHOO
ROLR�G
ROLYD�o� LPSOLFDWR�QHOOD� ULGX]LRQH�GHOOH�PDODWWLH�FDUGLRYDVFRODUL��GHOO
DUWULWH� UHXPDWLFD�H�GL
YDULH� IRUPH�GL�FDQFUR��1HOOD� SUHYHQ]LRQH�GL� WDOL�PDODWWLH�� O
DWWLYLWi� DQWLRVVLGDQWH� GHOO
ROLR� G
ROLYD� KD� XQD� IXQ]LRQH
FKLDYH��$OFXQL�FRPSRVWL�GHOO
ROLR�G
ROLYD��LQ�SDUWLFRODUH�L�SROLIHQROL��KDQQR�XQ�SRWHQWH�HIIHWWR�VXOOD�VHJQDOD]LRQH�FHO�
OXODUH� WUDPLWH�PRGXOD]LRQH�GHOO
DWWLYLWi�HQ]LPDWLFD�H�GHOO
HVSUHVVLRQH�SURWHLFD��SHUWDQWR� LO� ORUR�XWLOL]]R�o�GLYHQWDWR
LQWHUHVVDQWH�QRQ�VROR�QHOOD�SUHYHQ]LRQH�PD�DQFKH�QHOOD�FXUD�GL�DOFXQH�PDODWWLH�

3DUROH�FKLDYH��ROLR�G
ROLYD��SROLIHQROL��DQWLRVVLGDQWL��GLHWD�VDOXWDUH
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2OLYH�DQG� LWV� SURGXFWV� KDYH� EHHQ� UHFRJQL]HG� DV� DQ
LPSRUWDQW� FRPSRQHQW�RI� D�KHDOWK\�GLHW�� 7KH�QXPEHU�RI
UHSRUWV��GHVFULELQJ�WKH�EHQHILFLDO�SURSHUWLHV�RI�ROLYH�RLO�
KDV� GUDPDWLFDOO\� LQFUHDVHG� LQ� WKH� ODVW� FRXSOH� RI� \HDUV�
DQG� UHFHQW�GDWD�KDYH� VXJJHVWHG� WKDW�ROLYH�RLO� KDV�PRUH
KHDOWK� EHQHILWV� WKDW� SUHYLRXVO\� WKRXJKW�� 7KH� JURZLQJ
SRSXODULW\� RI� WKH� 0HGLWHUUDQHDQ� GLHW� LV� GXH� WR� VHYHUDO
HSLGHPLRORJLFDO�VWXGLHV� WKDW� VKRZ� WKH� ORZHVW� LQFLGHQFH
RI� FRURQDU\� KHDUW� GLVHDVH� DQG� FHUWDLQ� FDQFHUV�� H�J��
EUHDVW�DQG�FRORQ�FDQFHUV� LQ� WKH�0HGLWHUUDQHDQ�EDVLQ�� ,W
KDV� EHHQ� VXJJHVWHG� WKDW� WKLV� LV� ODUJHO\� GXH� WR� WKH� UHOD�
WLYHO\�VDIH�DQG�HYHQ�SURWHFWLYH�GLHWDU\�KDELWV�RI�WKLV�DUHD�
ZKHUH�ROLYH�RLO�UHSUHVHQWV�WKH�SULQFLSDO�VRXUFH�RI�IDW�LQ�D
GLHW� �+HUWRJ� HW� DO��� ������ .H\V�� ������ 9LVLROL� HW� DO��
������

2OLYH�RLO¤V� YLWDO� FRPSRQHQWV��PRQRXQVDWXUDWHG� IDWW\
DFLGV� DQG� DQWLR[LGDQW� DQG� DQWL�WKURPERWLF� VXEVWDQFHV
DUH� DWWULEXWHG�ZLWK� LWV� SURWHFWLYH� HIIHFWV� DJDLQVW�� DPRQJ
RWKHUV��DWKHURVFOHURVLV�DQG�RWKHU�FDUGLRYDVFXODU�GLVHDVHV
�0DQQD�HW�DO���������'HOO¤$JOL�HW�DO���������3HURQD�HW�DO��
������� GLDEHWHV� �$O�$]]DZLH� HW� DO��� ������� FHUWDLQ� FDQ�
FHUV��2ZHQ�HW�DO���������9LVLROL�HW�DO���������+DVKLP�HW
DO��� ������� LQIODPPDWLRQ�GLVHDVHV� �3DWWLVRQ�HW� DO��� �����
3XHO�HW�DO���������%HDXFKDPS�HW�DO��� ������ DQG�DJH� UH�
ODWHG�FRJQLWLYH�GHFOLQH��:DKOH�HW�DO���������

7KLV� UHYLHZ� LV� IRFXVHV� RQ� ELRORJLFDOO\� DFWLYH� FRQ�
VWLWXHQWV� RI� ROLYH� DQG� SDUWLFXODU� ROLYH� RLO� DQG� WKHLU� LP�
SRUWDQFH� IRU�KXPDQ�KHDOWK��7KH�PROHFXODU�PHFKDQLVPV
LQYROYHG� LQ� SKDUPDFRORJLFDOO\� HIIHFWV� RI� FHUWDLQ� FRP�
SRXQGV�DUH�KLJKOLJKWHG�

7+(�&20326,7,21�2)�2/,9(�2,/

2OLYH� RLO� LV� REWDLQHG� IURP� WKH� GUXSHV� RI� ROLYH� WUHH
WKDW�LV�EHVW�JURZQ�EHWZHHQ�WKH�����DQG�WKH�����SDUDOOHO�
$FFRUGLQJO\�� WKH� 0HGLWHUUDQHDQ� FRXQWULHV� VXSSO\� PRUH
WKDQ� ���� RI� WKH� ZRUOG� ROLYH� RLO� SURGXFWLRQ� WKDW� LV
DURXQG� ���������� WRQV�\HDU� �9LVLROL� HW� DO��� ������� 'H�
SHQGLQJ� RQ� LWV� FKHPLFDO� SURSHUWLHV�� RUJDQROHSWLF� FKDU�
DFWHULVWLFV�DQG�LWV�GHJUHH�RI�DFLGLW\��ROLYH�RLO�LV�FODVVLILHG
LQWR� GLIIHUHQW� JUDGHV� �((&� &RXQFLO� UHJXODWLRQV�� ������
)URP� WKLV� FODVVLILFDWLRQ�� WKH�PRVW� YDOXDEOH� LV� WKH� H[WUD�
YLUJLQ� RLO�� REWDLQHG� IURP� LQWDFW� ROLYHV� WKDW� DUH� TXLFNO\
SURFHVVHG� DQG� FROG�SUHVVHG�� ,Q� WKLV� ZD\�� DFWLYDWLRQ� RI
FHOOXODU� OLSDVHV� DQG� GHJUDGDWLRQ� RI� WKH� WULJO\FHULGHV� LV
PLQLPL]HG��9LVLROL�HW�DO���������

7KH�FRPSRVLWLRQ�RI�ROLYH�RLO�LV�SULPDULO\�VDSRQLILDEOH
JO\FHULGLF� FRPSRXQGV� DV� WULJO\FHULGHV� �0RQWHGRUR�
������� ZKHUH� WKH� ROHLF� DFLG�� D� PRQRXQVDWXUDWHG� DFLG

�����Q����UHSUHVHQWV����WR�����RI�WRWDO�IDWW\�DFLG��ZKLOH
OLQROHLF� DFLG� �����Q���� LV� SUHVHQW� LQ� �� WR� ���� �%RVNRX�
������%XWLQDU�HW�DO���������

7KH�ELRORJLFDO�HIIHFWV�RI�PRQRXQVDWXUDWHG�IDWW\�DFLGV
LQ�ROLYH�RLO�RQ�FLUFXODWLQJ� OLSLGV�DQG� OLSRSURWHLQV� LQ�KX�
PDQ� ERG\� DUH� VRPHZKDW� FRQWURYHUVLDO� �9LVLROL� DW� DO��
�������ZKLOH�WKH�PDMRU�HIIHFWV�RI�KLJK�PRQRXQVDWXUDWHG
IDWW\�DFLGV�LQWDNHV�RQ�VHUXP�FKROHVWHURO�DUH�JHQHUDOO\�DW�
WULEXWHG�WR�WKH�DVVRFLDWHG�UHSODFHPHQW�RI�VDWXUDWHG� IDWW\
DFLGV��+HJVWHG�HW�DO���������*DUGQHU�HW�DO����������VRPH
VWXGLHV�DWWULEXWHG�D�GLUHFW��DOWKRXJK�PRGHVW�FKROHVWHURO�
ORZHULQJ� HIIHFW� WR� PRQRXQVDWXUDWHG� IDWW\� DFLGV� DORQH�
ZKHQ� WKH\� HTXLFDORULFDOO\� UHSODFH� FDUERK\GUDWHV�� )XU�
WKHUPRUH��PRQRXQVDWXUDWHG�IDWW\�DFLGV� LQFUHDVH� WKH�OHY�
HOV�RI�WKH�SURWHFWLYH�KLJK�GHQVLW\�OLSRSURWHLQ��+'/��PRUH
WKDQ� SRO\XQVDWXUDWHG� ZKHQ� WKHVH� WZR� FODVVHV� RI� IDWW\
DFLGV� UHSODFH�FDUERK\GUDWHV� LQ� WKH�GLHW� �0HQVLQN�HW�DO��
������

8QVDSRQLILDEOH�FRPSRXQGV�UHSUHVHQW�����WR������RI
FRQVWLWXHQWV�RI�PLQRU�IUDFWLRQ�LQ�ROLYH�RLO��$PRQJ�PLQRU
FRQVWLWXHQWV�RI�YLUJLQ�ROLYH�RLO��WKHUH�DUH�YLWDPLQV�VXFK�DV
α��DQG�γ�WRFRSKHUROV��DURXQG�����SSP��DQG�β�FDURWHQH�
SK\WRVWHUROV�� SLJPHQWV�� WHUSHQRLGV�� IODYRQRLGV� VXFK� DV
OXWHROLQ�DQG�TXHUFHWLQ��VTXDOHQH��DQG�PRUH�WKDQ����GLI�
IHUHQW� SKHQROLF� FRPSRXQGV� �0RQWHGRUR�� ������ %XWLQDU
HW� DO��� ������%RVNRX�� ������� VRPH�RI� WKHP�ZLWK� SRWHQW
DQWLR[LGDQW�DFWLYLW\��ZKLFK�LV�LPSRUWDQW�LQ�WKH�SUHYHQWLRQ
RI�FDUGLRYDVFXODU�DQG�FDQFHU�GLVHDVHV�DQG�LQIODPPDWLRQ
�%RVNRX���������7DE�����

7KH�DPRXQW�RI�SKHQROLF�FRPSRXQGV�LQ�ROLYH�RLO�GH�
SHQGV� RQ� VHYHUDO� IDFWRUV�� LQFOXGLQJ� FXOWLYDU�� GHJUHH� RI
PDWXUDWLRQ�� SRVVLEOH� LQIHVWDWLRQ� E\� WKH� ROLYH� IO\�'DFXV
ROHD��DQG�FOLPDWH��%RVNRX��������%XWLQDU�HW�DO�������D��
DQG� XVXDOO\� GHFUHDVHV� ZLWK� RYHU�PDWXUDWLRQ� RI� ROLYHV
�9LVLROL�HW�DO���������

7KH� WKUHH� SKHQROLF� FRPSRXQGV� LQ� KLJKHVW� FRQFHQ�
WUDWLRQ� LQ� ROLYH� RLO� DUH� WKH� JO\FRVLGH� ROHXURSHLQ�� K\�
GUR[\W\URVRO� �����GLK\GUR[\SKHQ\O�HWKDQRO��DQG� W\URVRO�
7KHVH� WKUHH� FRPSRXQGV� DUH� UHODWHG� VWUXFWXUDOO\�� +\�
GUR[\W\URVRO�DQG�W\URVRO�DUH�VWUXFWXUDOO\�LGHQWLFDO�H[FHSW
WKDW�K\GUR[\W\URVRO�SRVVHVVHV�DQ�H[WUD�K\GUR[\�JURXS�LQ
WKH�PHWD� SRVLWLRQ� �7XFN�HW� DO��� �������2OHXURSHLQ� LV�DQ
HVWHU� FRPSRVHG� RI� K\GUR[\W\URVRO� DQG� HOHQROLF� DFLG�
2OHXURSHLQ� LV� WKH� PDMRU� SKHQROLF� FRPSRXQG� LQ� ROLYH
GUXSHV�� ZKHUHDV� K\GUR[\W\URVRO� LV� WKH� PDMRU� SKHQROLF
FRPSRQHQW�LQ�ROLYH�RLO��$PLRW�HW�DO����������$V�WKH�ROLYH
GUXSH� PDWXUHV�� WKH� FRQFHQWUDWLRQ� RI� ROHXURSHLQ� GH�
FUHDVHV�� ZKLOH� K\GUR[\W\URVRO�� D� K\GURO\VLV� SURGXFW� RI
ROHXURSHLQ�� LQFUHDVHV� �&LPDWR�HW� DO��� ������5\DQ�HW� DO��
������
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7DE�����7KH�FKHPLFDO�FRPSRVLWLRQ�RI�ROLYH�RLO�
7DE�����.HPLàQD�VHVWDYD�ROMàQHJD�ROMD�

2OLYH�RLO 6XEIUDFWLRQ &RPSRQHQW
0DMRU�IUDFWLRQ
���������VDSRQLILDEOH�

WULJO\FHULGHV
ROHLF�DFLG��OLQROHLF�DFLG

K\GURFDUERQV VTXDOHQH��β�FDURWHQH��SRO\F\FOLF�DURPDWLF�K\GURFDUERQ
VWHUROV β�VLWRVWHURO��FDPSHVWHURO��∆��VWLJPDVWHURO��EUDVVLFDVWHURO

WHUSHQLF�GLDOFRKROV HU\WKURLGRO��XYDRO
WRFRSKHUROV α�WRFRSKHURO��β�WRFRSKHURO��γ�WRFRSKHURO��∆�WRFRSKHURO

SKHQROLF�FRPSRXQGV W\URVRO��K\GUR[\W\URVRO��FDIIHLF�DFLG��ROHXURSHLQ

0LQRU�IUDFWLRQ
�������XQVDSRQLILDEOH�

RWKHUV IODYRXU�FRPSRQHQWV

3+$50$&2'<1$0,&$//<�())(&76�2)�2/,9(�2,/
&2167,78(176

5HFHQW�VWXGLHV�VKRZHG�WKDW�FHUWDLQ�ROLYH�RLO�FRQVWLWX�
HQWV� H[HUW� VWURQJ� SKDUPDFR�G\QDPLF� HIIHFWV� LQ� KXPDQ
ERG\�� 7KH\� KDYH� SRWHQW� PRGXODWRU\� HIIHFW� RQ� FHOO� VLJ�
QDOOLQJ� DQG� EHFDPH� LQWHUHVWLQJ� QRW� RQO\� LQ� SUHYHQWLRQ�
EXW�DOVR�LQ�WKH�WUHDWPHQW�RI�FHUWDLQ�GLVHDVHV��6R�IDU��VHY�
HUDO�ELRORJLF�DFWLYLWLHV�RI�ROLYH�RLO�FRPSRXQGV�KDYH�EHHQ
GHPRQVWUDWHG�� OLNH�� VFDYHULQJ� RI� VXSHUR[LGH� DQG� RWKHU
UHDFWLYH� R[\JHQ� VXEVWDQFHV� �526�� �/H� 7RXWRXU� HW� DO��
������$HVFKEDFK�HW�DO���������0DQQD�HW�DO���������LQKL�
ELWLRQ�RI� ORZ�GHQVLW\� OLSRSURWHLQ� �/'/��R[LGDWLRQ� �6FDF�
FLQL�HW�DO���������9LVLROL�HW�DO���������� LQKLELWLRQ�RI�DSR�
SURWHLQ� GHULYDWL]DWLRQ� �9LVLROL� HW� DO��� ������� UHGXFHG
WKURPER[DQ� %�� DQG� OHXNRWULHQH� %�� SURGXFWLRQ� E\� DFWL�
YDWHG� OHXNRF\WHV�� LQKLELWLRQ� RI� SODWHOHW� DJJUHJDWLRQ� DQG
WKURPER[DQH�JHQHUDWLRQ��3HWURQL�HW�DO����������LQKLELWLRQ
RI�SHUR[\QLWULWH�LQGXFHG�'1$�GDPDJH�DQG�LQKLELWLRQ�RI
SHUR[\QLWULWH�LQGXFHG� W\URVLQH� QLWUDWLRQ� �'HLDQD� HW� DO��
������� LQKLELWLRQ� RI� EDFWHULDO� JURZWK� DQG� DFWLYLW\�� DQG
GHFUHDVHG�LVRSURVWDQH�H[FUHWLRQ�LQ�KXPDQV�DQG�LQ�VLGH�
VWUHDP�VPRNH�H[SRVHG�UDWV��7XFN�HW�DO����������DQG�RWK�
HUV�� OLNH� VFDYHULQJ�RI�K\SRFKORUXV�DFLG�� LQFUHDVHG�QLWULF
R[LGH� SURGXFWLRQ� E\� PRXVH� PDFURSKDJHV�� F\WRVWDVLV�
K\SRWHQVLYH� DFWLRQ�� DQG� LQFUHDVHG� SODVPD� DQWLR[LGDQW
FDSDFLW\��IRU�UHYLHZ�VHH�9LVLROL�HW�DO���������

$QWLR[LGDQW�DFWLYLW\�RI�ROLYH�RLO�FRQVWLWXHQWV

$QWLR[LGDQW� DFWLYLW\� RI� ROLYH� RLO� FRQVWLWXHQWV�� SDU�
WLFXODUO\� SRO\SKHQROV�� VHHPV� WR� SOD\� D� NH\� UROH� LQ� WKH
EHQHILFLDO� HIIHFW� LQ� VHYHUDO� GLVHDVHV�� OLNH� FDUGLRYDVFXODU
GLVHDVHV�� FDQFHU� DQG� LQIODPPDWLRQ�� 7KH� PDLQ� PHFKD�
QLVP�E\�ZKLFK�WKH�FRPSRQHQWV�RI�ROLYH�RLO�H[SUHVV�WKHLU
DQWLR[LGDQW� DFWLYLW\� LV� LQKLELWLRQ� DQG�RU� VFDYHQJLQJ� RI
526�� ZKLFK� FDQ� DFWLYDWH� GLIIHUHQW� VLJQDOOLQJ� SDWKZD\V
WKDW�OHDG�WR�SURJUHVVLRQ�RI�GLVHDVH��,Q�WKH�H[FHVV�RI�526�
WKH\� FDQ� DOVR� UHDFW� ZLWK� GLIIHUHQW� FHOOXODU� FRQVWLWXHQWV
DQG�FDXVH�FHOO� GDPDJH��526�DUH�SURGXFHG�GXULQJ� QRU�
PDO�PHWDEROLVP�RU�DIWHU�R[LGDWLYH�SURFHVVHV�DQG�LQFOXGH
VXSHUR[LGH� DQLRQ� �2�

Ô�� DQG� K\GURJHQ� SHUR[LGH� �+�2��

�9RHWVFK�HW�DO����������,Q�WKH�LQFUHDVHG�SURGXFWLRQ�RI�2�
Ô

DQG�+�2��� WKH\� UHDFW� UDSLGO\�ZLWK�QLWULF�R[\GH� �12�� WR
IRUP� SHUR[\QLWULWH� �2212Ô��� WKXV� LQDFWLYDWLQJ� 12� DQG
OHDGLQJ�WR�GLIIHUHQW�SK\VLRORJLFDO�G\VIXQFWLRQV��3HURQD�HW
DO����������)LJ�����

7KH�IRUPDWLRQ�RI�526�LV�EDODQFHG�E\�D�UDQJH�RI�DQWL�
R[LGDQW� GHIHQFHV�� EXW� WKH� H[FHVV� FDQ� RYHUZKHOP� WKHVH
V\VWHPV�DQG�OHDGV�WR�R[LGDWLYH�VWUHVV��ZKLFK�LPSRUWDQWO\
FRQWULEXWHV�WR�WKH�GHYHORSPHQW�RI�FHUWDLQ�GLVHDVHV��6HY�
HUDO�FRQVWLWXHQWV�LQ�ROLYH�RLO�SRWHQWO\�PRGXODWH�WKH�526
SURGXFWLRQ��2OHLF� DFLG� DQG���VLWRVWHURO�PD\� UHGXFH� LQ�
WUDFHOOXODU� 526� E\� FUHDWLQJ� D� OHVV�R[LGDQW� HQYLURQPHQW
WKURXJK� LQKLELWLRQ� RI� LQWUDFHOOXODU� 526� SURGXFWLRQ�� ��
6LWRVWHURO�PD\� DOVR� HQKDQFH� VXSHUR[\GH�G\VPXWDVH� DF�
WLYLW\�� KHQFH� GHFUHDVLQJ� 2�

Ô� OHYHOV�� 7KLV� UHGXFWLRQ� KDV
DOVR�EHHQ�REVHUYHG�IRU�WKH�WHUSHQRLG�ROHDQROLF�DFLG��DO�
WKRXJK�WKH�PHFKDQLVP�LV�QRW�SUHVHQWO\�NQRZQ��7RFRSK�
HUROV� DQG� SKHQROLF� FRPSRXQGV� DUH� SRWHQW� DQWLR[LGDQWV
WKDW� PD\� KHOS� UHGXFH� OLSLG� SHUR[LGDWLRQ� DQG� VFDYHQJH
LQWUDFHOOXODU� 526� DQG� IUHH�12�� UHGXFLQJ� WKH� IRUPDWLRQ
RI� 2212Ô�� 526� FDQ� DFWLYDWH� WKH� QXFOHDU� IDFWRU� �%
�1)�%��� ZKLFK� LV� WKHQ� WUDQVORFDWHG� LQWR� WKH� QXFOHXV�
ZKHUH� LW� ELQGV� WR� UHFRJQLWLRQ� VHTXHQFHV� LQ�'1$� WR� LQ�
GXFH� JHQH� H[SUHVVLRQ�� 7KLV� PRELOL]DWLRQ� RI� 1)�%� LV
EORFNHG� E\�.�WRFRSKHU\O� VXFFLQDWH� EXW� QRW� E\� .�
WRFRSKHURO��,Q�FRQWUDVW��SKHQROLF�FRPSRXQGV�KDYH�EHHQ
SURSRVHG� WR� DFW� EORFNLQJ� WKH� IRUPDWLRQ� RI� 1)�%�'1$
ELQGLQJ� FRPSOH[HV�� 1)�%�PRGXODWHV� WKH� H[SUHVVLRQ� RI
F\WRNLQHV�� HQ]\PHV� OLSR[\JHQDVH� �/2;�� DQG� F\FOR[\�
JHQDVH� �&2;��� WKHUHE\� DIIHFWLQJ� WKH� OHYHOV� RI� DGKHVLRQ
PROHFXOHV� DQG� HLFRVDQRLGV��+RZHYHU�� VRPH� RI� WKH�PL�
QRU� FRPSRXQGV� RI� ROLYH� RLO� PD\� DFW� GLUHFWO\� RQ� WKHVH
HQ]\PHV�DQG�F\WRNLQHV��/2;�DQG�&2;�DFWLYLWLHV�DUH�LQ�
KLELWHG�DW�GLIIHUHQW�SRLQWV�E\�SKHQROLFV�DQG�WULWHUSHQRLGV�
ZKHUHDV�LQWHUOHXNLQ�����,/�����H[SUHVVLRQ�LV�LQKLELWHG�E\
SKHQROLFV� DQG� WRFRSKHUROV�� FRQWULEXWLQJ� WR� SURWHFW� WKH
HQGRWKHOLXP� DJDLQVW� YDVRFRQVWULFWLRQ�� SODWHOHW� DJJUHJD�
WLRQ�DQG�PRQRF\WH�DGKHVLRQ��9DVRGLODWDWLRQ�LV�DOVR�VXJ�
JHVWHG�WR�EH�HQKDQFHG�E\�ROHXURSHLQ�DQG�ROHDQROLF�DFLG
WKURXJK� DQ� LQFUHDVH� LQ� WKH� SURGXFWLRQ� RI� 12� �7DE�� ��
�IRU�UHYLHZ�VHH�3HURQD�HW�DO���������
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O2
-

H2O2

ROS

Lipid
peroxidation

NO

OONO
-

SOD

)LJ�� ��� 'LIIHUHQW� ELRFKHPLFDO� SDWKZD\V� RI� UHDFWLYH� R[\JHQ� VXEVWDQFHV� �526�� SURGXFWLRQ� LQ� WKH� FHOO� �62'�
VXSHUR[\GH�G\VPXWDVH��
6O�����5D]OLàQH�ELRNHPLàQH�SRWL�QDVWDQND�UHDNWLYQLK�NLVLNRYLK�VSRMLQ��526��Y�FHOLFL��62'�VXSHURNVLG�GLVPXWD]D��

7DE�����,QIOXHQFH�RI�ROLYH�RLO�FRQVWLWXHQWV�RQ�ELRFKHPLFDO�SURFHVVHV�LQ�WKH�FHOO�
7DE�����9SOLY�VHVWDYLQ�ROMàQHJD�ROMD�QD�ELRNHPLàQH�SURFHVH�Y�FHOLFL�

2OLYH�RLO�FRQVWLWXHQW 0HFKDQLVP�RI�DFWLRQ
ROHLF�DFLG ,QKLELWLRQ�RI�526�SURGXFWLRQ
SRO\SKHQROV 5HGXFWLRQ�RI�OLSLG�SHUR[LGDWLRQ

6FDYHQJLQJ�LQWUDFHOOXODU�526
5HGXFWLRQ�RI�2212��IRUPDWLRQ

5HGXFWLRQ�RI�1)κ%�'1$�ELQGLQJ�FRPSOH[HV�IRUPDWLRQ
,QKLELWLRQ�RI�/2;�DQG�&2;
,QKLELWLRQ�RI�,/�β�H[SUHVVLRQ
,QFUHDVLQJ�12�SURGXFWLRQ

WRFRSKHUROV 6FDYHQJLQJ�LQWUDFHOOXODU�526
5HGXFWLRQ�RI�2212��IRUPDWLRQ

%ORFN�RI�1)κ%�PRELOLVDWLRQ�WR�WKH�QXFOHXV
,QKLELWLRQ�RI�,/�β�H[SUHVVLRQ

β�VLWRVWHURO ,QKLELWLRQ�RI�526�SURGXFWLRQ
$FWLYDWLRQ�RI�VXSHUR[\GH�GLVPXWDVH

WHUSHQRLGV ,QKLELWLRQ�RI�/2;�DQG�&2;

7KH�HIIHFWV�RI�ROLYH�RLO�FRQVWLWXHQWV�LQ�FDUGLRYDVFXODU
GLVHDVHV

2OLYH� RLO� FRQVWLWXHQWV� VKRZ� FRPSOH[� EHQHILW� HIIHFWV
LQ�SUHYHQWLRQ�RI�FDUGLRYDVFXODU�GLVHDVHV��&DUGLRYDVFXODU
GLVHDVHV�ULVN�IDFWRUV��OLNH�K\SHUFKROHVWHUROHPLD��2KDUD�HW
DO���������6WRNHV�HW�DO��� �������GLDEHWHV�PHOOLWXV� �*X]LN
HW� DO��� ������ DQG� K\SHUWHQVLRQ� �-XVW�� ������ .HUU� HW� DO��
�������DUH�DOO�VWURQJO\�UHODWHG�WR�LQFUHDVHG�SURGXFWLRQ�RI
526�� LQDFWLYDWLRQ� RI� 12� DQG� HQGRWKHOLDO� G\VIXQFWLRQ�
526� FDQ� DOVR� UHDFW� ZLWK� SRO\XQVDWXUDWHG� IDWW\� DFLGV

FRQWDLQHG� LQ� OLSRSURWHLQV� LQ� WKH� YHVVHO� ZDOO�� LQLWLDWLQJ
OLSLG� SHUR[LGDWLRQ�� 7KH� K\GURSHUR[LGHV� IRUPHG� LQ� WKLV
SURFHVV�FDQ� LQ� WXUQ�UHDFW�ZLWK�12�WR� IRUP�2212Ô�� LQ�
DFWLYDWLQJ� 12�� DQG� GLUHFWO\� GHFUHDVH� WKH� HQGRWKHOLDO
V\QWKHVLV�RI�12��&KLQ�HW�DO���������
0RQRXQVDWXUDWHG� IDWW\� DFLGV� LQ� ROLYH� RLO� LQFUHDVH� WKH
OHYHOV�RI�WKH�SURWHFWLYH�+'/�DQG�LPSURYH�WKHUHIRUH�OLSR�
SURWHLQ�SURILOH�LQ�WKH�ERG\��%HVLGH�WKLV�� WKH\�UHGXFH�WKH
WKURPERJHQLF�DWKHURJHQLF�SURFHVV�E\�YDULRXV�DFWLRQV�RQ
DUWHULDO� WKURPEXV� IRUPDWLRQ�� VXFK� DV� GHFUHDVHG� PRQR�
F\WH�DGKHVLRQ��LQFUHDVHG�ILEULQRO\VLV�DQG�GHFUHDVHG�DUWH�
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ULDO� SUHVVXUH�� $GGLWLRQDOO\�� WKH� DQWLR[LGDQW� VXEVWDQFHV
IRXQG� LQ� ROLYH� RLO� �L�H�� WRFRSKHUROV�� SRO\SKHQROV�� FRXOG
LQIOXHQFH�DWKHURJHQHVLV�E\�LQKLELWLRQ�RI�/'/�FKROHVWHURO
R[LGDWLRQ��SURWHFWLRQ�DJDLQVW�IUHH�UDGLFDOV�DQG�WKHLU�WR[LF
HIIHFWV��LQKLELWLRQ�RI�SODWHOHW�DJJUHJDWLRQ�DQG�WKURPER[�
DQH�JHQHUDWLRQ�� VWLPXODWLRQ�RI� DQWL�LQIODPPDWRU\� DJHQWV
DQG� LQFUHDVHG� QLWULF� R[LGH� SURGXFWLRQ� �3HURQD� HW� DO��
������

7KH�HIIHFWV�RI�ROLYH�RLO�FRQVWLWXHQWV�LQ�LQIODPPDWLRQ

&HUWDLQ�FRPSRXQGV�IURP�ROLYH�RLO�KDYH�EHHQ�VKRZQ
WR�PRGXODWH� LPPXQH� IXQFWLRQ� WKDW�PLJKW� EH� LQWHUHVWLQJ
LQ� WKH� WUHDWPHQW� RI� LQIODPPDWRU\� SURFHVVHV�� DVVRFLDWHG
ZLWK�WKH�LPPXQH�V\VWHP�OLNH�UKHXPDWRLG�DUWKULWLV� �3DWWL�
VRQ� HW� DO��� ������ 3XHO� HW� DO��� ������ %HDXFKDPS� HW� DO��
������

,Q� WKH� LQKLELWLRQ�RI� LQIODPPDWRU\�SURFHVVHV�E\�ROLYH
RLO�FRQVWLWXHQWV�� WKH� UHGXFWLRQ�RI� LQWUDFHOOXODU�526�SUR�
GXFWLRQ�LV�LPSRUWDQW��VLQFH�526�HQKDQFHV�WUDQVFULSWLRQDO
DFWLYLW\� YLD� DFWLYDWLRQ� RI� 1)�%� WKDW� PRGXODWHV� WKH� H[�
SUHVVLRQ� RI� FHUWDLQ� SUR�LQIODPPDWRU\� F\WRNLQHV� OLNH� ,/�
�β�� ,/��� DQG� WXPRXU� QHFURVLV� IDFWRU�α�� %HVLGH� WKLV�� UH�
GXFWLRQ�RI�526�SURGXFWLRQ�LQKLELWV�/2;�DQG�&2;�WUDQ�
VFULSWLRQ�DQG�DFWLYLW\��&RQVHTXHQWO\��WKH�F\FORR[\JHQDVH
DQG� OLSR[LJHQDVH�SDWKZD\�RI� DUDFKLGRQLF�DFLG�PHWDER�
OLVP��DQG�WKH�SURGXFWLRQ�RI�SURVWDJODQGLQV�DQG�RWKHU�LQ�
IODPPDWRU\�PHGLDWRUV� DUH� GLPLQLVKHG�� 6RPH� RI� WKH�PL�
QRU�FRPSRXQGV�RI�ROLYH�RLO�PD\�DFW�GLUHFWO\�RQ�VHOHFWHG
HQ]\PHV�DQG�F\WRNLQHV�� LQYROYHG� LQ� LQIODPPDWLRQ��/2;
DQG� &2;� DFWLYLWLHV� DUH� LQKLELWHG� DW� GLIIHUHQW� SRLQWV� E\
SKHQROLFV�DQG�WULWHUSHQRLGV��ZKHUHDV�,/����H[SUHVVLRQ�LV
LQKLELWHG� E\� SKHQROLFV� DQG� WRFRSKHUROV� �%HDXFKDPS�HW
DO���������3HURQD�HW�DO���������

7KH�HIIHFWV�RI�ROLYH�RLO�FRQVWLWXHQWV�LQ�FDQFHU

,Q�WKH�HWKLRSDWKRJHQHVLV�RI�FDQFHU�GLVHDVH��WKHUH�DUH
VHYHUDO�IDFWRUV�FRQWULEXWLQJ�WR�WKH�GHYHORSPHQW�DQG�SUR�
JUHVV� RI� WKH� GLVHDVH�� $PRQJ� WKHP�� RQFRJHQLF� VXE�
VWDQFHV�� R[LGDWLYH� VWUHVV� DQG� DQJLRJHQHVLV� SOD\� DQ� LP�
SRUWDQW�UROH�

6HYHUDO� HSLGHPLRORJLFDO� VWXGLHV� VKRZ� EHQHILFLDO� HI�
IHFWV� RI� ROLYH� RLO� FRQVWLWXHQWV� LQ� SUHYHQWLRQ� RI� FDQFHU

GLVHDVHV��2ZHQ�HW�DO���������9LVLROL�HW�DO���������+DVKLP
HW�DO����������2OLYH�RLO�FRQVWLWXHQWV�LQKLELW�SURGXFWLRQ�RI
526�DQG�KDYH�SURWHFWLYH� UROH� LQ� FRQGLWLRQV��ZKHUH� WKH
H[FHVV�SURGXFWLRQ�RI�526� OHDGV� WR� R[LGDWLYH� VWUHVV� DQG
FDXVHV�R[LGDWLYH�FHOO�GDPDJH��&HUWDLQ�FRPSRXQGV� IURP
ROLYH� RLO� DOVR� LQKLELW� WKH� H[SUHVVLRQ� RI� SUR�RQFRJHQLF
VXEVWDQFHV� �1HOVRQ�� ������� 5HFHQW� VWXGLHV� VKRZHG� LQ�
KLELWRU\�HIIHFW�RI�ROLYH�RLO�SRO\SKHQROV�RQ�SUROLIHUDWLRQ�RI
KXPDQ�SURP\HORF\WLF� OHXNHPLD�FHOO� E\� LQGXFLQJ�DSRS�
WRVLV� DQG� GLIIHUHQWLDWLRQ� �)DELDQL� HW� DO��� ������� %HVLGH
WKLV�� LW�ZDV� IRXQG� VWURQJ� DQWL�DQJLRJHQLF� HIIHFW� RI� ROHX�
URSHLQ�� ZKLFK� FDXVHV� LUUHYHUVLEOH� FKDQJHV� LQ� FDQFHU
FHOOV��SUHYHQWLQJ�WKHLU�UHSOLFDWLRQ��PRWLOLW\�DQG�LQYDVLYH�
QHVV��+DPGL�HW�DO���������

7KHVH� HIIHFWV� PD\� H[SODLQ� WKH� FDQFHU�SURWHFWLYH� HI�
IHFWV�RI� WKH�ROLYH�ULFK�0HGLWHUUDQHDQ�GLHW� DQG�PD\�DOVR
KDYH�LPSRUWDQW�WKHUDSHXWLF�LPSOLFDWLRQV�LQ�WKH�WUHDWPHQW
RI�FDQFHU�GLVHDVH�

&21&/86,21

(SLGHPLRORJLFDO� VWXGLHV� VKRZ� WKDW� SRSXODWLRQV� FRQ�
VXPLQJ� D� SUHGRPLQDQWO\� SODQW�EDVHG� 0HGLWHUUDQHDQ�
VW\OH� GLHW� H[KLELW� ORZHU� LQFLGHQFHV� RI� FKURQLF� GLVHDVHV
WKDQ� WKRVH� FRQVXPLQJ� D� QRUWKHUQ� (XURSHDQ� RU� 1RUWK
$PHULFDQ� GLHW�� $OWKRXJK� WRWDO� IDW� LQWDNH� LQ� 0HGLWHUUD�
QHDQ� SRSXODWLRQV� FDQ� EH� KLJKHU� WKDQ� LQ� RWKHU� UHJLRQV�
WKH�JUHDWHU�SURSRUWLRQ� LV�GHULYHG� IURP�ROLYH�RLO�DQG�QRW
DQLPDOV�� ,QFUHDVHG� ROLYH� RLO� FRQVXPSWLRQ� LV� LPSOLFDWHG
LQ� D� UHGXFWLRQ� LQ� FDUGLRYDVFXODU� GLVHDVHV�� UKHXPDWRLG
DUWKULWLV�DQG��WR�D�OHVVHU�H[WHQW��D�YDULHW\�RI�FDQFHUV��2O�
LYH�RLO�LQWDNH�DOVR�KDV�EHHQ�VKRZQ�WR�PRGXODWH�LPPXQH
IXQFWLRQ��SDUWLFXODUO\�WKH�LQIODPPDWRU\�SURFHVVHV�DVVRFL�
DWHG�ZLWK�WKH�LPPXQH�V\VWHP��:DKOH�HW�DO���������

7\SLFDO�RI�ROLYH�RLO�LV�FRPELQDWLRQ�RI�KLJK�ROHLF�DFLG
FRQWHQW� DQG� FRQWHQW� RI� D� YDULHW\� RI� SODQW� DQWLR[LGDQWV�
SDUWLFXODUO\� ROHXURSHLQ�� K\GUR[\W\URVRO�� DQG� W\URVRO�� ,Q
WKH�SUHYHQWLRQ�RI�GLVHDVHV��VWURQJ�DQWLR[LGDQW�DFWLYLW\�RI
ROLYH� RLO� VHHPV� WR� SOD\� WKH� NH\� UROH�� ,Q� DGGLWLRQ�� VRPH
FRPSRXQGV� IURP� ROLYH� RLO�� SDUWLFXODUO\� SRO\SKHQROV�
VKRZHG�SRWHQW�HIIHFWV�RQ�FHOO� VLJQDOOLQJ�YLD�PRGXODWLRQ
RI� HQ]\PHV� DFWLYLW\� DQG� SURWHLQ� H[SUHVVLRQ�� WKHUHIRUH
WKHLU�XVH�EHFDPH�LQWHUHVWLQJ�QRW�RQO\�LQ�SUHYHQWLRQ��EXW
DOVR�LQ�WKH�WUHDWPHQW�RI�FHUWDLQ�GLVHDVHV�
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0HWRGD�/,31,.�Ç7$1*(/-
8QLYHU]D�Y�/MXEOMDQL��0HGLFLQVND�IDNXOWHWD��,QÊWLWXW�]D�IDUPDNRORJLMR�LQ�HNVSHULPHQWDOQR�WRNVLNRORJLMR��6,������/MXEOMDQD��.RU\WNRYD��

LQ
8QLYHU]D�QD�3ULPRUVNHP��=QDQVWYHQR�UD]LVNRYDOQR�VUHGLÊáH�.RSHU��6,������.RSHU��*DULEDOGLMHYD��

(�PDLO��PHWRGD�OLSQLN�VWDQJHOM#PI�XQL�OM�VL

0LOHQD�%8Þ$5�0,./$9Þ,Þ
8QLYHU]D�QD�3ULPRUVNHP��=QDQVWYHQR�UD]LVNRYDOQR�VUHGLÊáH�.RSHU��6,������.RSHU��*DULEDOGLMHYD��

LQ
/$%6��//&���,QÊWLWXW�]D�HNRORJLMR��ROMáQR�ROMH�LQ�NRQWUROR��6,������,]ROD��=HOHQD�XOLFD��

%RMDQ�%87,1$5
8QLYHU]D�QD�3ULPRUVNHP��=QDQVWYHQR�UD]LVNRYDOQR�VUHGLÊáH�.RSHU��6,������.RSHU��*DULEDOGLMHYD��

329=(7(.

2OMND�LQ�L]GHONL�L]�ROMNH�VR�ÊH�GROJR�]QDQL�NRW�SRPHPEQD�VHVWDYLQD�]GUDYH�SUHKUDQH��'RND]DQL�VR�ELOL�ÈWHYLOQL�NR�
ULVWQL�XßLQNL�VHVWDYLQ�ROMßQHJD�ROMD��SORGRY�LQ�OLVWRY�ROMNH��6�NROLßLQVNHJD�YLGLND�VR�JODYQD�NRPSRQHQWD�ROMßQHJD�ROMD
XPLOMLYL� WULDFLOJOLFHUROL�� PHGWHP� NR� PDQMÈL� GHO� VHVWDYOMDMR� QHXPLOMLYH� VQRYL�� NRW� VR� VWHUROL�� WHUSHQVNL� DONRKROL�� WR�
NRIHUROL��SROLIHQROL� LQ�GUXJH�VSRMLQH��9HßLQD�VHVWDYLQ��ROHLQVND�NLVOLQD��SROLIHQROL�� WRNRIHUROL��β�VLWRVWHURO�� WHUSHQRLGL�
LPD�PRßDQ�PRGXODWRUHQ�XßLQHN�QD�FHOLßQR�VLJQDOL]LUDQMH��]DWR�VR�SRVWDOH�]DQLPLYH�]D�SUHSUHßHYDQMH�LQ�]GUDYOMHQMH
QHNDWHULK�EROH]QL�

1DMEROM�SUHXßHYDQ�XßLQHN� MH� ]DÈßLWQD�YORJD� ROMßQHJD� ROMD� SUL� EROH]QLK� VUFD� LQ� RÊLOMD�� NMHU� LPDWD� NOMXßQR� YORJR
PRWHQR� GHORYDQMH� ÊLOQHJD� HQGRWHOLMD� LQ� UD]YRM� DWHURPDWR]QLK� SODNRY�� *ODYQL� PHKDQL]HP� GHORYDQMD�� SR� NDWHUHP
VHVWDYLQH�ROMßQHJD�ROMD�YSOLYDMR�QD�GHORYDQMH�ÊLOQHJD�HQGRWHOLMD��MH�]DYLUDQMH�GHORYDQMD�UHDNWLYQLK�NLVLNRYLK�VSRMLQ�LQ
ORYOMHQMH�SURVWLK�UDGLNDORY��7R�MH�SRVOHGLFD�]DYLUDQMD�QDVWDQND�UHDNWLYQLK�NLVLNRYLK�VSRMLQ�SD�WXGL�DNWLYDFLMH�HQFLPD
VXSHURNVLG�GLVPXWD]H��3ROHJ�WHJD�ROHXURSHLQ�LQ�ROHDQROQD�NLVOLQD�V�SRYHßDQMHP�QDVWDQND�12�SRY]URßDWD�WXGL�UD]ÈLU�
LWHY�ÊLO�

3ROLIHQROL�VR�XßLQNRYLWL�WXGL�SUL�]DYLUDQMX�DNWLYQRVWL�QHNDWHULK�SUR�YQHWQLK�FLWRNLQRY��NRW�MH�QSU��,/��β��WHU�HQFLPRY
FLNOR�RNVLJHQD]H� LQ� OLSR�RNVLJHQD]H��7L�SURFHVL�VR�SRVUHGRYDQL�QDMPDQM�SR�GYHK�SRWHK��3UYR�SRW�SUHGVWDYOMD� ]DYL�
UDQMH�PRELOL]DFLMH�1)κ%��NL�MH�SRPHPEQD�]D�L]UDÊDQMH�JHQRY�ÈWHYLOQLK�SUR�YQHWQLK�FLWRNLQRY�LQ�HQFLPRY��3ROHJ�WHJD
GHOXMHMR�SROLIHQROL� LQ� WRNRIHUROL� WXGL�NRW� ORYLOFL�SURVWLK� UDGLNDORY� LQ�V� WHP�]DYLUDMR�QDVWDQHN�YQHWQLK�PHGLDWRUMHY� L]
DUDKLGRQVNH�NLVOLQH�� .HU� SROLIHQROL� WDNR� QHSRVUHGQR� YSOLYDMR� QD� QDVWDQHN� YQHWQHJD� LQ�DOL� LPXQVNHJD� RGJRYRUD�� VR
SRVWDOL�]DQLPLYL�]D�]GUDYOMHQMH�EROH]QL��NRW�MH�QSU��UHYPDWRLGQL�DUWULWLV��WHU�GHJHQHUDWLYQLK�EROH]QLK�ÊLYßQHJD�VLVWHPD�
NDNUÈQD�MH�QSU��$O]KHLPHUMHYD�EROH]HQ��1HNDWHUH�VHVWDYLQH�ROMNH��]ODVWL�WRNRIHUROL��VNYDOHQL�LQ�SROLIHQROL��SD�VR�]DUDGL
DQWLRNVLGDWLYQHJD�LQ�SURWLWXPRUVNHJD�XßLQND�]DQLPLYH�WXGL�]D�SUHSUHßHYDQMH�QDVWDQND�UDND�

.OMXÞQH�EHVHGH��ROMáQR�ROMH��SROLIHQROL��DQWLRNVLGDQWL��]GUDYD�SUHKUDQD

5()(5(1&(6

$HVFKEDFK��5���-��/ROLJHU��%��&��6FRWW��$��0XUFLD��-��%XW�
OHU��%��+DOOLZHOO�	�2��,��$UXRPD���������$QWLR[LGDQW�DF�
WLRQV� RI� WK\PRO�� FDUYDFURO�� ��JLQJHURO�� ]LQJHURQH� DQG
K\GUR[\W\URVRO��)RRG�&KHP��7R[LFRO�������������
$O�$]]DZLH��+��)��	�0��6��$OKDPGDQL���������+\SRJO\�
FHPLF� DQG� DQWLR[LGDQW� HIIHFW� RI� ROHXURSHLQ� LQ� DOOR[DQ�
GLDEHWLF�UDEELWV��/LIH�6FL�����������������
$PLRW��0��-���$��)OHXULHW�	�-��-��0DFKHL[���������,PSRU�
WDQFH� DQG� HYROXWLRQ� RI� SKHQROLF� FRPSRXQGV� LQ� ROLYH
GXULQJ�JURZWK�DQG�PDWXUDWLRQ��-��$JULF��)RRG�&KHP������
��������

%HDXFKDPS��*��.���5��6��.HDVW��'��0RUHO��-��/LQ��-��3LND�
4��+DQ��&��+��/HH��$��%��6PLWK�	�3��$��%UHVOLQ� �������
3K\WRFKHPLVWU\�� LEXSURIHQ�OLNH� DFWLYLW\� LQ� H[WUD�YLUJLQ
ROLYH�RLO��1DWXUH�������������������
%RVNRX��'����������,Q��2OLYH�RLO�FKHPLVWU\�DQG�WHFKQRO�
RJ\��$2&6�3UHVV��,OOLQRLV��S����������
%RVNRX��'����������2OLYH�RLO��,Q��6LPRSRXORV��$�	�)��9L�
VLROL� �HGV���� 0HGLWHUUDQHDQ� GLHWV��:OG�� 5HY�� 1XWU�� 'LHW�
����������
%XWLQDU��%���0��%XÞDU�0LNODYÞLÞ�	�'��ÝDOLMD���������7R�
FRSKHUROV� LQ�ROLYH�RLOV� IURP�6ORYHQH� ,VWUD� LQ� WKUHH�FRQ�
VHFXWLYH�\HDUV��$QQDOHV��6HU��+LVW��1DW���������������
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%XWLQDU�� %��� 0�� %XÞDU�0LNODYÞLÞ� 	� '�� ÝDOLMD� �����D��
7RWDO�SRO\SKHQROV��K\GUR[\W\URVRO�DQG�W\URVRO� LQ�WKH�RO�
LYH�RLOV�RI�6ORYHQH�,VWUD�LQ�WZR�FRQVHFXWLYH�\HDUV�������
�������$QQDOHV��6HU��+LVW��1DW���������������
%XWLQDU�� %���0�� %XÞDU�0LNODYÞLÞ��'��ÝDOLMD� 	� (�� %HÇWHU
�������� 6SUHPOMDQMH�PDÊáREQR�NLVOLQVNH� VHVWDYH�ROMáQLK
ROM�6ORYHQVNH� ,VWUH�Y� OHWLK��������������� VORYHQVNL�VDG�
MDUVNL�NRQJUHV� ]�PHGQDURGQR�XGHOHÌER��=ERUQLN� UHIHUD�
WRY����������PDUHF��������.UÊNR��VWU����������
&KLQ��-��+���6��$]KDU�	�%��%��+RIIPDQ��������� ,QDFWLYD�
WLRQ� RI� HQGRWKHOLDO� GHULYHG� UHOD[LQJ� IDFWRU� E\� R[LGL]HG
OLSRSURWHLQV��-��&OLQ��,QYHVW�������������
&LPDWR�� $��� $�� 0DWWHL� 	� 0�� 2VWL� �������� 9DULDWLRQ� RI
SRO\SKHQRO� FRPSRVLWLRQ� ZLWK� KDUYHVWLQJ� SHULRG�� $FWD
+RUWLFXOWXUDH���������������
'HLDQD�� 0��� 2�� ,�� $UXRPD�� 0�� /�� 3�� %LDQFKL�� -�� 3�� (�
6SHQFHU��+��.DXU��%��+DOOLZHOO��5��$HVFKEDFK��6��%DQQL�
0��$��'HVVL�	�)��3��&RURQJLX� �������� ,QKLELWLRQ�RI�SHU�
R[\QLWULWH� GHSHQGHQW�'1$� EDVH�PRGLILFDWLRQ� DQG� W\UR�
VLQH� QLWUDWLRQ� E\� WKH� H[WUD� YLUJLQ� ROLYH� RLO�GHULYHG� DQWL�
R[LGDQW�K\GUR[\W\URVRO��)UHH�5DG��%LRO��0HG�����������
����
'HOO
$JOL��0���5��)DJQDQL��1��0LWUR��6��6FXUDWL��0��0DV�
FLDGUL��/��0XVVRQL��*��9��*DOOL��(��%RVLVLR��0��&UHVWDQL�
(�� 'H� )DELDQL�� (�� 7UHPROL� 	� '�� &DUXVR� �������� 0LQRU
FRPSRQHQWV�RI�ROLYH�RLO�PRGXODWH�SURDWKHURJHQLF�DGKH�
VLRQ�PROHFXOHV�LQYROYHG�LQ�HQGRWKHOLDO�DFWLYDWLRQ��-��$J�
ULF��)RRG�&KHP��������������������
((&� &RXQFLO� UHJXODWLRQV� �������� 1R� �������� RQ� WKH
FKDUDFWHULVWLFV�RI�ROLYH�RLO�DQG�ROLYH�SRPDFH�RLO�DQG�WKH
UHOHYDQW�PHWKRGV�RI�DQDO\VLV��DV�ODVW�DPHQGHG�E\�5HJX�
ODWLRQ��(&��1R�����������
)DELDQL��5���$��'H�%DUWRORPHR��3��5RVLJQROL��0��6HUYLOL�
5�� 6HOYDJJLQL�� *�� )�� 0RQWHGRUR�� &�� 'L� 6DYHULR� 	� *�
0RUR]]L� �������� 9LUJLQ� ROLYH� RLO� SKHQROV� LQKLELW� SUROLI�
HUDWLRQ� RI� KXPDQ� SURP\HORF\WLF� OHXNHPLD� FHOOV� �+/���
E\� LQGXFLQJ� DSRSWRVLV� DQG� GLIIHUHQWLDWLRQ�� -�� 1XWU��
����������������
*DUGQHU��&��'��	�+��&��.UDHPHU� ��������0RQRXQVDWX�
UDWHG� YHUVXV� SRO\XQVDWXUDWHG� GLHWDU\� IDW� DQG� VHUXP� OLS�
LGV�� D� PHWD�DQDO\VLV�� $UWHULRVFOHU�� 7KURPE�� 9DVF�� %LRO��
��������������
*X]LN��7��-���6��0XVVD��'��*DVWDOGL��-��6DGRZVNL��&��5DW�
QDWXQJD��5��3LOODL�	�.��0��&KDQQRQ���������0HFKDQLVPV
RI� LQFUHDVHG� YDVFXODU� VXSHUR[LGH� SURGXFWLRQ� LQ� KXPDQ
GLDEHWHV�PHOOLWXV�� UROH� RI� 1$'�3�+� R[LGDVH� DQG� HQGR�
WKHOLDO� QLWULF� R[LGH� V\QWKDVH�� &LUFXODWLRQ�� ����� �����
�����
+DPGL��+��.��	�5��&DVWHOORQ���������2OHXURSHLQ��D�QRQ�
WR[LF� ROLYH� LULGRLG�� LV� DQ� DQWL�WXPRU� DJHQW� DQG� F\WR�
VNHOHWRQ� GLVUXSWRU�� %LRFKHP�� %LRSK\V�� 5HV�� &RPPXQ��
����������������
+DVKLP��<��=���0�� (QJ��&�� ,��*LOO��+��0F*O\QQ�	� ,�� 5�
5RZODQG� ��������&RPSRQHQWV� RI� ROLYH� RLO� DQG� FKHPR�
SUHYHQWLRQ�RI�FRORUHFWDO�FDQFHU��1XWU��5HY���������������
����

+HJVWHG��'��0��� /��0��$XVPDQ�� -�� $�� -RKQVRQ�	�*�� (�
'DOODO� ��������'LHWDU\� IDW� DQG� VHUXP� OLSLGV�� DQ� HYDOXD�
WLRQ� RI� WKH� H[SHULPHQWDO� GDWD�� $P�� -�� &OLQ�� 1XWU��� ���
��������
+HUWRJ�� 0�� *��� '�� .URPKRXW�� &�� $UDYDQLV�� +�� %ODFN�
EXUQ��5��%X]LQD��)��)LGDQ]D��6��*LDPSDROL��$��-DQVHQ��$�
0HQRWWL��6��1HGHOMNRYLF�HW�DO�� ��������)ODYRQRLG� LQWDNH
DQG�ORQJ�WHUP�ULVN�RI�FRURQDU\�KHDUW�GLVHDVH�DQG�FDQFHU
LQ� WKH� 6HYHQ�&RXQWULHV� 6WXG\�� $UFK�� ,QWHUQ��0HG��� ����
��������
-XVW�� $�� �������� 1LWULF� R[LGH� DQG� UHQDO� DXWRUHJXODWLRQ�
.LGQH\�%ORRG�3UHVV��5HV���������������
.HUU�� 6���0�� -�� %URVQDQ��0��0F,QW\UH�� -�� /�� 5HLG�� $�� )�
'RPLQLF]DN�	�&��$��+DPLOWRQ���������6XSHUR[LGH�DQLRQ
SURGXFWLRQ�LV�LQFUHDVHG�LQ�D�PRGHO�RI�JHQHWLF�K\SHUWHQ�
VLRQ�� UROH�RI� WKH�HQGRWKHOLXP��+\SHUWHQVLRQ�����������
�����
.H\V��$�� ��������0HGLWHUUDQHDQ�GLHW� DQG�SXEOLF� KHDOWK�
SHUVRQDO� UHIOHFWLRQV�� $P�� -�� &OLQ�� 1XWU��� ���� ����6�
����6�
0DQQD��&���3��*DOOHWWL��9��&XFFLROOD��2��0ROWHGR��$��/H�
RQH�	�9��=DSSLD���������7KH�SURWHFWLYH�HIIHFW�RI�WKH�RO�
LYH�RLO�SRO\SKHQRO� �����GLK\GUR[\SKHQ\O��HWKDQRO�FRXQ�
WHUDFWV� UHDFWLYH� R[\JHQ�PHWDEROLWH�LQGXFHG� F\WRWR[LFLW\
LQ�&DFR���FHOOV��-��1XWU����������������
0DQQD��&���9��0LJOLDUGL��3��*ROLQR��$��6FRJQDPLJOLR��3�
*DOOHWWL��0��&KLDULHOOR�	�9��=DSSLD� ��������2OHXURSHLQ
SUHYHQWV�R[LGDWLYH�P\RFDUGLDO� LQMXU\� LQGXFHG�E\� LVFKH�
PLD�DQG�UHSHUIXVLRQ��-��1XWU��%LRFKHP������������������
0HQVLQN��5�� 3��	�0�� %�� .DWDQ� �������� (IIHFW� RI� GLHWDU\
IDWW\�DFLGV�RQ�VHUXP�OLSLGV�DQG�OLSRSURWHLQV��$UWHULRVFOHU�
7KURPE��9DVF��%LRO���������������
0RQWHGRUR�� *�� �������� 3KHQROLF� VXEVWDQFHV� SUHVHQW� LQ
YLUJLQ�ROLYH�RLO��1RWH���� ,GHQWLILFDWLRQ�RI�SKHQROLF�DFLGV
DQG� WKHLU� DQWLR[LGDQW� SRZHU�� 6FL�� 7HFKQRO�� $OLPHQW�����
��������
1HOVRQ��5����������2OHLF�DFLG�VXSSUHVVHV�RYHUH[SUHVVLRQ
RI�(5%%��RQFRJHQH��/DQFHW��2QFRO���������S�����
2KDUD��<���7��(��3HWHUVRQ�	�'��*��+DUULVRQ���������+\�
SHUFKROHVWHUROHPLD� LQFUHDVHV� HQGRWKHOLDO� VXSHUR[LGH
DQLRQ�SURGXFWLRQ��-��&OLQ��,QYHVW�����������������
2ZHQ�� 5�� :��� 5�� +DXEQHU�� *�� :XUWHOH�� (�� +XOO�� %�
6SLHJHOKDOGHU�	�+��%DUWVFK���������2OLYHV�DQG�ROLYH�RLO
LQ�FDQFHU�SUHYHQWLRQ��(XU�� -��&DQFHU��3UHY��������������
����
3DWWLVRQ��'��-���'��3��6\PPRQV�	�$��<RXQJ���������'RHV
GLHW�KDYH�D�UROH�LQ�WKH�DHWLRORJ\�RI�UKHXPDWRLG�DUWKULWLV"
3URF��1XWU��6RF������������������
3HURQD�� -�� 6��� 5�� &DEHOOR�0RUXQR� 	� 9�� 5XL]�*XWLHUUH]
��������7KH� UROH� RI� YLUJLQ� ROLYH� RLO� FRPSRQHQWV� LQ� WKH
PRGXODWLRQ� RI� HQGRWKHOLDO� IXQFWLRQ�� -�� 1XWU�� %LRFKHP��
���������������
3HWURQL�� $���0�� %ODVHYLFK��0�� 6DODPL�� 1�� 3DSLQL�� *�� )�
0RQWHGRUR�	�&��*DOOL� �������� ,QKLELWLRQ�RI�SODWHOHW�DJ�
JUHJDWLRQ�DQG�HLFRVDQRLG�SURGXFWLRQ�E\�SKHQROLF� FRP�
SRQHQWV�RI�ROLYH�RLO��7KURPE��5HV���������������
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3XHO��&���$��4XLQWLQ��$��$JDOLDV��-��0DWKH\��&��2EOHG��$�
0D]XU��0��-��'DYLFFR��3��/HEHFTXH��$��/��6NDOWVRXQLV�	
9��&R[DP� ��������2OLYH� RLO� DQG� LWV�PDLQ� SKHQROLF�PL�
FURQXWULHQW� �ROHXURSHLQ�� SUHYHQW� LQIODPPDWLRQ�LQGXFHG
ERQH� ORVV� LQ� WKH� RYDULHFWRPLVHG� UDW�� %U�� -��1XWU��� ������
��������
5\DQ�� '��� .�� 5REDUGV� 	� 6�� /DYHH� �������� &KDQJHV� LQ
SKHQROLF�FRQWHQW�RI�ROLYH�GXULQJ�PDWXUDWLRQ��,QW��-��)RRG
6FL��7HFK���������������
6FDFFLQL�� &���0��1DUGLQL��0��'
$TXLQR�� 9��*HQWLOL��0�
'L�)HOLFH�	�*��7RPDVVL���������(IIHFW�RI�GLHWDU\�RLOV�RQ
OLSLG�SHUR[LGDWLRQ�DQG�RQ�DQWLR[LGDQW�SDUDPHWHUV�RI� UDW
SODVPD�DQG�OLSRSURWHLQ�IUDFWLRQV��-��/LSLG�5HV�����������
����
6WRNHV�� .�� <��� '�� &RRSHU�� $�� 7DLORU� 	� '�� 1�� *UDQJHU
�������� +\SHUFKROHVWHUROHPLD� SURPRWHV� LQIODPPDWLRQ
DQG�PLFURYDVFXODU�G\VIXQFWLRQ�� UROH�RI�QLWULF�R[LGH�DQG
VXSHUR[LGH��)UHH�5DGLF��%LRO��0HG�����������������
/H�7RXWRXU��%��	�'��*XHGRQ� �������� $QWLR[LGDWLYH�DF�
WLYLWLHV� RI� 2OHD� (XURSDHD� OHDYHV� DQG� UHODWHG� SKHQROLF
FRPSRXQGV��3K\WRFKHPLVWU\����������������
7XFN��.��/��	�3��-��+D\EDOO���������0DMRU�SKHQROLF�FRP�
SRXQGV� LQ� ROLYH� RLO�� PHWDEROLVP� DQG� KHDOWK� HIIHFWV�� -�
1XWU��%LRFKHP�������������������

9LVLROL�� )�� 	� &�� *DOOL� ��������2OHXURSHLQ� SURWHFWV� ORZ
GHQVLW\� OLSRSURWHLQ� IURP�R[LGDWLRQ�� /LIH� 6FL��� ���� �����
�����
9LVLROL��)���*��%HOORPR��*��0RQWHGRUR�	�&��*DOOL��������
/RZ�GHQVLW\�OLSRSURWHLQ�R[LGDWLRQ�LV�LQKLELWHG�LQ�YLWUR�E\
ROLYH�RLO�FRQVWLWXHQWV��$WKHURVFOHURVLV�������������
9LVLROL�� )��� $�� 3ROL� 	� &�� *DOOL� �������� $QWLR[LGDQW� DQG
2WKHU� %LRORJLFDO� $FWLYLWLHV� RI� 3KHQROV� IURP�2OLYHV� DQG
2OLYH�2LO��0HG��5HV��5HY�������������
9LVLROL��)���6��*UDQGH��3��%RJDQL�	�&��*DOOL� ��������7KH
UROH�RI�DQWLR[LGDQWV�LQ�WKH�PHGLWHUUDQHDQ�GLHWV��IRFXV�RQ
FDQFHU��(XU��-��&DQFHU�3UHY������������������
9LVLROL�� )��� 3�� %RJDQL�� 6�� *UDQGH� 	� &�� *DOOL� �������
0HGLWHUUDQHDQ� IRRG� DQG� KHDOWK�� EXLOGLQJ� KXPDQ� HYL�
GHQFH��-��3K\VLRO��3KDUPDFRO������6XSSO������������
9RHWVFK��%���5��&��-LQ�	�-��/RVFDO]R���������1LWULF�R[LGH
LQVXIILFLHQF\� DQG� DWKHURWKURPERVLV�� +LVWRFKHP�� &HOO�
%LRO�������������������
:DKOH�� .�� :��� '�� &DUXVR�� -�� -�� 2FKRD� 	� -�� /�� 4XLOHV
�������� 2OLYH� RLO� DQG� PRGXODWLRQ� RI� FHOO� VLJQDOLQJ� LQ
GLVHDVH�SUHYHQWLRQ��/LSLGV��������������������


