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$QWLR[LGDQW�&DSDFLW\�RI�5RDVWHG�&RIIHH

*LQD�)DFKQLDU����0DKDUDQL�3HUWLZL�.RHQWMRUR����,VGLDQWRQL����,GD�(NDZDWL����(QGU\�
1XJURKR�3UDVHW\R�� D�

1Department of Biology, Faculty of Science, Institut Teknologi Sepuluh Nopember (ITS), Gedung H Kampus ITS 
Keputih Sukolilo Surabaya 60111 Indonesia.

2Medical Laboratory Technology, University of Nahdlatul Ulama Surabaya, Indonesia
3Department of Agribusiness, Faculty of Agronomy, Universitas Wiraraja, Jalan 5D\D�6XPHQHS࣓3DPHNDVDQ�.P����

Patean, Sumenep 69451, Indonesia.

D�&RUUHVSRQGLQJ�DXWKRU��HQGU\#ELR�LWV�DF�LG

$EVWUDFW��7KH�HQGRJHQRXV�HQ]\PH�LQ�IUHVK�FRIIHH�EHDQV�PRVWO\�LV IURP�WKH�FODVV�RI�R[LGRUHGXFWDVH��+RZHYHU��WKRVH�HQ]\PHV KDYH�
ORZ�HIIHFWLYHQHVV�LQ�SKHQROLF�FRPSRXQG�R[LGDWLRQ��7KH�IHUPHQWDWLRQ�RI�FRQYHQWLRQDO�FRIIHH�SURFHVVLQJ�UHTXLUHV�D ORQJHU WLPH��7KH�
DELOLW\�RI�ODFFDVH�FRXOG�VKRUWHQ�WKH�WLPH�RI�IHUPHQWDWLRQ��7KHUHIRUH� QHHG�H[RJHQRXV�HQ]\PH�VXFK�DV�ODFFDVH��/DFFDVH�LV�DQ HQ]\PH�
WKDW�DEOH� WR�GHJUDGH� OLJQLQ�� ,Q� WKLV�VWXG\� ODFFDVH�IURP 7UDPHWHV�YHUVLFRORU LV HIIHFWLYH� IRU�SKHQRO�R[LGDWLRQ�DQG�DEOH� WR�UHGXFH�
ELWWHUQHVV LQ�FRIIHH�EHDQV� 7KH�ELWWHUQHVV�RI�FRIIHH�EHDQV�LV�FDXVHG�PRVWO\�E\�SKHQROLF�FRPSRXQGV LQ�FRIIHH�VXFK�DV�FKORURJHQLF�
DFLG�FDIIHLF�DFLG��DQG�IHUXOLF�DFLG� 7KLV�VWXG\�DLPV�WR�GHWHUPLQH ODFFDVH�R[LGDWLRQ�LQ�FRIIHH�EHDQV�TXDOLW\�E\�PHDVXULQJ�SKHQRO�
FRQWHQW�DQG�DQWLR[LGDQW�FDSDFLW\� 7KH�UHVXOWV�VKRZHG�WKDW�WKH�ORZHVW�WRWDO�SKHQRO���������������PJ�PO��ZDV�DFKLHYHG�E\�ODFFDVH�
R[LGDWLRQ�XVLQJ�$%76 DV�D PHGLDWRU ZLWK�DQWLR[LGDQW�FDSDFLW\�OHYHO�DV���������������� 7KH�EHQHILW�RI�WKLV�UHVHDUFK�LV�PDNLQJ WKH�
EHVW�TXDOLW\�RI�FRIIHH�EHDQV�ZLWK�KLJK�DQWLR[LGDQW�FDSDFLW\�DQG�ORZ�SKHQRO�FRQWHQW�VR�WKDW�LW�GRHV�QRW�UHTXLUH�DGGHG�VZHHWHQHUV�RU�
VXJDU�WKDW�FDQ�LQWHUIHUH�ZLWK�KHDOWK�

,1752'8&7,21�

&RIIHH�LV�D�W\SH�RI�EHYHUDJH�WKDW�FRPHV�IURP�SURFHVVLQJ�FRIIHH�EHDQV��Coffea canephora YDU��5REXVWD��>�@��&RIIHH�
EHDQ�SURFHVVLQJ�LQFOXGHV�VRUWLQJ��SXOSLQJ��IHUPHQWDWLRQ��ZDVKLQJ��FRIIHH�GU\LQJ��KXOOLQJ���URDVWLQJ��DQG�SXOYHUL]LQJ�
>�@� )HUPHQWDWLRQ� LV� RQH� RI� WKH� SULPDU\�SURFHVVLQJ� WKDW� GHWHUPLQHV� WKH� TXDOLW\� RI� FRIIHH� EUHZLQJ� >�@� 7UDGLWLRQDO�
IHUPHQWDWLRQ�RI�FRIIHH�EHDQV�WDNHV�ORQJHU�DURXQG�������KRXUV��EXW�E\�DGGLQJ�H[RJHQRXV�HQ]\PH�IHUPHQWDWLRQ�EHFRPHV�
IDVWHU�DURXQG����KRXUV� 7KH�IHUPHQWDWLRQ�SURFHVV�EUHDNV�GRZQ�FRPSOH[�FRPSRXQGV�LQWR�VLPSOH�FRPSRXQGV�E\�DQ�
HQGRJHQRXV� HQ]\PH��(QGRJHQRXV� HQ]\PH GHJUDGHV WKH� UHPDLQLQJ�PXFLODJH OD\HU� RQ� WKH� VXUIDFH� RI� WKH� VNLQ� DQG�
GHFUHDVHV WKH� FRQFHQWUDWLRQ�RI�SRO\SKHQRO� FRPSRXQGV� >�@�� 3RO\SKHQROLF� FRPSRXQGV� DUH� SUHFXUVRUV�RI�ELWWHU� WDVWH�
FRQVLVWLQJ�RI�FDIIHLF�DFLG, FKORURJHQLF�DFLG��DQG�IHUXOLF�DFLG�>�@�

(QGRJHQRXV�HQ]\PH�DV�DQ�R[LGL]HU�RI�SKHQRO�FRPSRXQGV�LQ�FRIIHH�EHDQV�KDV�ORZ�HIIHFWLYHQHVV��7KHUHIRUH��DQ�
H[RJHQRXV�HQ]\PH�LV�DGGHG��QDPHO\� ODFFDVH�WR�LQFUHDVH�WKH�HIIHFWLYHQHVV�LQ�R[LGL]LQJ�SKHQRO�FRPSRXQGV�ZKLFK�FDXVH�
D�ELWWHU�WDVWH�LQ�WKH�ILQDO�EUHZLQJ RI�FRIIHH�>�@��/DFFDVH��(&�����������LV�D�OLJQLQRO\WLF�HQ]\PH�WKDW DEOH�WR�GHJUDGH�
OLJQLQ�SURGXFHG�IURP�Trametes versicolor IXQJL >�@>�@��/DFFDVH�LV�D�PXOWL�FRSSHU�R[LGRUHGXFWDVH�HQ]\PH�WKDW�R[LGL]HV�
SRO\SKHQROV�WR�TXLQRQHV��E\�UHPRYLQJ�RQH�K\GUR[\O�HOHFWURQ�LQ�SKHQRO�FRPSRXQGV�WR�IRUP�S�TXLQRQH�DQG�SKHQR[\�
UDGLFDOV>�@>��@�� 4XLQRQH� LV� DQ� HOHFWURSKLOLF� PROHFXOH� WKDW� FDQ� SRO\PHUL]H� ZLWK� DPLQR� DFLGV�� VLPSOH� VXJDUV� DQG�
DOGHK\GHV�WR�IRUP�PHODQRLGLQ�ZKLFK�DFWV�DV�DQ�DQWLR[LGDQW�LQ�URDVWHG�FRIIHH�EHDQV >��@>��@�

7KH�DGGLWLRQ�RI�ODFFDVH DV�DQ�H[RJHQRXV�HQ]\PH�LV�WR�LQFUHDVH�WKH�HIIHFWLYHQHVV�RI�SKHQRO�FRPSRXQGV�R[LGDWLRQ�
LQ� FRIIHH�EHDQV�� WKHQ� LW� FRXOG� UHGXFH� WKH� FRIIHH� ELWWHUQHVV��%LWWHUQHVV� WDVWH� RI� FRIIHH�EHDQV� LV� FDXVHG�E\�SKHQROLF�
FRPSRXQGV� LQ� FRIIHH� EHDQV�� 7R� GHWHUPLQH� WKH� PRVW� HIIHFWLYH� SKHQRO� R[LGDWLRQ�� ZH� XVH� ODFFDVH� LQ� FRIIHH� EHDQV�
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IHUPHQWDWLRQ�SURFHVV�>��@��/DFFDVH�R[LGDWLRQ�SUHWUHDWPHQW�RQ�FRIIHH�EHDQV�LQ�WKLV�VWXG\�LV�H[SHFWHG�WR�LPSURYH�WKH�
TXDOLW\�RI�FRIIHH�EHDQV�URDVWHG��

0$7(5,$/6�$1'�0(7+2'6

Trametes versicolor )XQJL

)XQJL�XVHG�IRU�ODFFDVH�SURGXFWLRQ�LV�Trametes versicolor ZKLFK�LV�D�FROOHFWLRQ�IURP�WKH�0\FRORJ\�/DERUDWRU\��
'HSDUWPHQW�RI�%LRORJ\��,QVWLWXW�7HNQRORJL�6HSXOXK�1RSHPEHU��,76��6XUDED\D�

Trametes versicolor 6XEFXOWXUH�0HGLXP�)RUPXODWLRQ

7KH�PHGLXP XVHG�IRU�WKH�Trametes versicolor VXEFXOWXUH�LV 3'$��3RWDWR�'H[WURVH�$JDU��VROLG�PHGLXP� 7KH�3'$�
PHGLXP�LV�WDNHQ�DV�PXFK�DV����JUDPV�DQG�GLVVROYHG�LQ���OLWUH RI�GLVWLOOHG�ZDWHU�XVLQJ�D�PDJQHWLF�VWLUUHU�XQWLO�LW�LV�
KRPRJHQHRXV��7KH�KRPRJHQHRXV�PHGLXP�ZDV�VWHULOL]HG�DW�������&�DQG�����DWP ����PLQXWHV���7KH�PHGLXP�ZDV�SRXUHG�
LQWR����PO�3HWUL�GLVKHV�>��@�

)HUPHQWDWLRQ�0HGLXP�)RUPXODWLRQ

7KH�PHGLXP XVHG�IRU�HQ]\PH�SURGXFWLRQ�LV�D�PRGLILHG�IHUPHQWDWLRQ�PHGLXP�RI�1\DQKRQJR�HW�DO��������� PHWKRG�
>��@��)XNXVKLPD�DQG�.LUN�������>��@��7DEOH�� VKRZV�WKH�FRPSRVLWLRQ�RI�WKH�IHUPHQWDWLRQ�PHGLXP�

7$%/(����&RPSRVLWLRQ�RI�/DFFDVH�)HUPHQWDWLRQ�0HGLXP
,QJUHGLHQWV 9DULDWLRQ�RI�PDVV��J�
5LFH�KXVN ����

<HDVW�H[WUDFW ����
*OXNRVD ���

$PPRQLXP�FKORULGH ���
.+�32� ���

0J62���+�2 ����
&D&O���+�2 ����

.&O �����

7KH�IHUPHQWDWLRQ�PHGLXP�ZDV�GLVVROYHG�LQ�����PO�RI�GLVWLOOHG�ZDWHU�DQG�FRQGLWLRQHG�DW�S+���XVLQJ�D�S+�PHWHU��
7KH�PHGLXP�ZDV VWHULOL]HG�DW ������&����DWP� IRU����PLQXWHV�>��@>��@�

7KH�VXEFXOWXUH�RI�Trametes versicolor )XQJL

7KH�VXEFXOWXUH RI�Trametes versicolor LVRODWHV E\�UHJURZLQJ�Trametes versicolor RQ�3'$�DW�����& IRU����GD\V
>��@>��@��$IWHU����GD\V�Tremetes versicolor ZDV�LQRFXODWHG�RQ�D�����PO�IHUPHQWDWLRQ�PHGLXP�DQG�LQFXEDWHG�IRU���
GD\V�DW�URRP�WHPSHUDWXUH������USP� >��@��

/DFFDVH�3URGXFWLRQ�DQG�,VRODWLRQ

(Q]\PH�SURGXFWLRQ ZDV�FDUULHG�RXW�XVLQJ�D�PRGLILHG�IHUPHQWDWLRQ�PHGLXP�IURP�WKH�PHWKRGV�RI�1\DQKRQJR�HW�DO���
������>��@��)XQJDO�FXOWXUHV�IURP�WKH�3'$�PHGLXP�ZHUH�WDNHQ�DV�PXFK�DV��[��FP�DQG�LQRFXODWHG�LQ�����PO�RI�WKH�
IHUPHQWDWLRQ�PHGLXP��/DFFDVH�LVRODWLRQ�ZDV�FDUULHG�RXW�RQ�WKH��UG�GD\�>��@��$IWHU�LQFXEDWLRQ��WKH�PXVKURRP�FXOWXUH�
ZDV�ILOWHUHG�E\�XVLQJ :KDWPDQ�SDSHU�1R�����7KH�ILOWUDWH REWDLQHG�ZDV�XVHG�DV�D�FUXGH�H[WUDFW�RI�ODFFDVH�WR�WHVW�ODFFDVH�
DFWLYLW\��WRWDO�SURWHLQ��DQG�LVRHOHFWULF�SRLQW�>��@>��@�

070003-2
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/DFFDVH�$FWLYLW\�$VVD\

/DFFDVH DFWLYLW\�DVVD\�ZDV�FDUULHG�RXW�E\�LQVHUWLQJ���PO�RI���P0�EXIIHU�FLWUDWH�VROXWLRQ�S+����������O�FUXGH�ODFFDVH�
DQG� ���� �O� $%76� ����
�D]LQR�ELV� ���HWK\OEHQ]RWKLD]ROLQH��VXOIRQDWH��� DV� D� VXEVWUDWH� >��@�� /DFFDVH� DFWLYLW\� ZDV
PHDVXUHG�VSHFWURSKRWRPHWULFDOO\��ʄ ���QP��E\�XVLQJ $%76�VWDQGDUG�FXUYH IRU�FDOFXODWHG >��@�

7RWDO�3URWHLQ�$VVD\

7RWDO�SURWHLQ DVVD\�ZDV�FDUULHG�RXW�E\�PDNLQJ�D�%UDGIRUG�UHDJHQW�E\�GLVVROYLQJ����PJ�RI�&RRPDVVLH�%ULOOLDQW�%OXH�
*�����LQ���PO�RI�����HWKDQRO��WKHQ�DGGLQJ����PO�RI�����SKRVSKRULF�DFLG�DQG GLVWLOOHG�XQWLO�����PO��7KH�SURWHLQ�WHVW�
ZDV�FDUULHG�RXW�E\�LQVHUWLQJ�����PO�RI�FUXGH�ODFFDVH�LQ�D�WHVW�WXEH��WKHQ�DGGLQJ���PO�RI�%UDGIRUG�UHDJHQW��7RWDO�SURWHLQ�
ZDV PHDVXUHG�VSHFWURSKRWRPHWULFDOO\��ʄ ���QP��>��@��7KH�EODQN�VROXWLRQ�XVHG�ZDV�����PO�RI�GLVWLOOHG�ZDWHU�DV�DQ�
HQ]\PH�UHSODFHPHQW��7KH�DEVRUEDQFH� UHVXOWV�DUH� WKHQ�FRPSDUHG�ZLWK� WKH�VWDQGDUG�%6$��%RYLQH�6HUXP�$OEXPLQ��
FXUYH��$�VWDQGDUG�VROXWLRQ�LV�SUHSDUHG�E\�GLVVROYLQJ����PJ�RI�%6$�LQ����PO�RI�GLVWLOOHG�ZDWHU��7KH�VWDQGDUG�VROXWLRQ�
ZDV�DUUDQJHG�IURP�����WR���PJ�PO��7KH�YDOXH�REWDLQHG�LV�JUDSKHG�ZLWK�WKH�HTXDWLRQ�<  �$[���E��<�LV�WKH�DEVRUEDQFH�
YDOXH�DQG�[�LV�WKH�YDOXH�RI�SURWHLQ�FRQFHQWUDWLRQ

,VRHOHFWULF�3RLQW�$VVD\

7KH�LVRHOHFWULF�SRLQW�DVVD\�LV�FDUULHG�RXW�E\�SUHSDULQJ���WHVW�WXEHV��/DFFDVH���PO�ZDV�SXW�LQWR�HDFK�WHVW�WXEH��WKHQ�
D SKRVSKDWH EXIIHU�ZDV�DGGHG�WR�DUUDQJH�D S+�RI����������������DQG����UHVSHFWLYHO\��)XUWKHUPRUH�� WKH�WHVW� WXEH�ZDV�
KRPRJHQHRXV�ZLWK�YRUWH[�DQG�UHFRUGHG�WXUELGLW\��7KH�WLPH�WDNHQ�IRU�WKH�VROXWLRQ�WR�VHWWOH�ZDV�UHFRUGHG��7KH�IRUPDWLRQ�
RI�WKH�IDVWHVW�WXUELGLW\�GHSRVLWV�RU�PRVW�GHSRVLWV�LV�WKH�S+�LVRHOHFWULF�SRLQW��7KH�LVRHOHFWULF�SRLQW�LV�UHDFKHG�ZKHQ�WKH�
VXP�RI�WKH�SRVLWLYH�DQG�QHJDWLYH�FKDUJHV RI�WKH�SURWHLQ�LV�HTXDO�VR�WKDW�WKH�SUHFLSLWDWLRQ�RFFXUV�DW�WKDW�S+�>��@�

3UHWUHDWPHQW�RI�&RIIHH�%HDQV�E\�/DFFDVH

3UHWUHDWPHQW�RI�FRIIHH�EHDQVZDV�GRQH�E\�DGGLQJ�D�FUXGH�H[WUDFW�RI�ODFFDVH�ZLWK����8���PO�DFWLYLW\��DQG�PHGLDWRUV�
LQ�WKH IRUP�RI����
�D]LQR�ELV����HWK\OEHQ]RWKLD]ROLQH���VXOIRQDWH���$%76������P0�WUHDWHG WR IHUPHQWHG�5REXVWD�FRIIHH�
EHDQV�DQG�ZLWKRXW�WKHLU�IHUPHQWDWLRQ��,Q�WKLV�UHVHDUFK��WKHUH�DUH WZR�W\SHV RI�FRIIHH�EHDQV�WKDW�LV�IHUPHQWHG�FRIIHH�
EHDQV�DQG�XQIHUPHQWHG�FRIIHH�EHDQV��%RWK�ZHUH WUHDWHG ZLWK�ODFFDVH�DQG�$%76�RU�ODFFDVH�PHGLDWRU�V\VWHP��/06��

7$%/(����/DFFDVH�3UHWUHDWPHQW�LQ�&RIIHH�%HDQV

&RPSRVLWLRQ
6DPSOH

6� 6� 6� 6� 6� 6�
&RIIHH�EHDQV��J� �� �� �� �� �� ��

&UXGH�HQ]\PH�laccase �PO� � ��� ��� � ��� ���
$%76 � � ��O � � ��O

,QIRUPDWLRQ��
6���6DPSOH����IHUPHQWHG�FRIIHH�EHDQV�
6���6DPSOH����IHUPHQWHG�FRIIHH�EHDQV�DGGHG�ZLWK�/DFFDVH�
6���6DPSOH����IHUPHQWHG�FRIIHH�EHDQV�DGGHG�ZLWK�/DFFDVH�DQG�$%76�
6���6DPSOH����XQIHUPHQWHG�FRIIHH�EHDQV�
6���6DPSOH����XQIHUPHQWHG�ODFFDVH�FRIIHH�EHDQV�DGGHG�
6���6DPSOH����ODFFDVH�DQG�$%76�FRIIHH�EHDQV�ZLWKRXW�IHUPHQWDWLRQ�DGGHG�

$IWHU�SUHWUHDWPHQW��FRIIHH�EHDQV�ZHUH�ZDVKHG�XVLQJ�FOHDQ�ZDWHU��WKHQ�GULHG�IRU����KRXUV�DW�D�WHPSHUDWXUH����&��
&RIIHH�EHDQV�ZHUH WHPSHUHG�IRU����KRXUV�IRU�GURSV�WKH�WHPSHUDWXUH�DQG�LV�QRW�GDPDJHG�ZKHQ�RFFXUUHG�KXOOLQJ�SURFHVV��
5RDVWLQJ�ZDV�SHUIRUPHG�DW�D�WHPSHUDWXUH RI ��������&�IRU����PLQXWHV�>�@�
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7RWDO�3KHQRO�'HWHUPLQDWLRQ

0HDVXUHPHQW� RI� WRWDO� SKHQRO� LQ� WKLV� VWXG\� VHUYHV� WR� GHWHUPLQH� FKDQJHV� LQ FRIIHH� EHDQV� WRWDO� SKHQRO� LQ� HDFK�
WUHDWPHQW��7KH�SULQFLSOH�RI�WKLV�PHWKRG�LV�WKH�R[LGDWLRQ�RI�SKHQRO�FRPSRXQGV�LQ�DQ�DONDOLQH�DWPRVSKHUH�E\�)ROLQ�
&LRFDOWHX�UHDJHQWV�ZKLFK�SURGXFH�D�EOXH�VROXWLRQ�>��@��&RIIHH�H[WUDFWLRQ�ZDV�FDUULHG�RXW�EDVHG�RQ�0XVDWWR�HW�DO���
������>��@��&RIIHH�SRZGHU�VDPSOHV�ZHUH�SUHSDUHG�WR�EH�H[WUDFWHG��WKHQ�ZHLJKHG�XVLQJ�DQ�DQDO\WLFDO�EDODQFH�RI���JUDP�
DQG�GLVVROYHG�ZLWK����PO�RI�����PHWKDQRO��7KH�VDPSOH�LV�KHDWHG�IRU����PLQXWHV�LQ�D�ZDWHU�EDWK��7KHQ�WKH�VXSHUQDWDQW�
REWDLQHG�IURP�FHQWULIXJDWLRQ�LV�ILOWHUHG�XVLQJ�ILOWHU�SDSHU�

)XUWKHUPRUH��PHDVXUHPHQW�RI�WRWDO�SKHQRO�OHYHOV�ZDV�FDUULHG�RXW�EDVHG�RQ�.ZDN�HW�DO����������>��@�DQG�PRGLILHG��
��PO�RI�FRIIHH�H[WUDFW ZDV�WDNHQ�DQG�WKHQ DGGHG���PO�RI�)ROOLQ�&LRFDOWHX�UHDJHQW�DQG�KRPRJHQL]HG�DQG LQFXEDWHG�IRU�
���PLQXWHV��$IWHU����PLQXWHV����PO�1D�&2� ZDV�DGGHG��7KH�PL[WXUH�LV�VWRUHG�DW�URRP�WHPSHUDWXUH�IRU����PLQXWHV��
%ODQN� VROXWLRQV�ZHUH SUHSDUHG�E\� UHSODFLQJ� UHDJHQWV�ZLWK� DTXDGHV��$IWHU� LQFXEDWLRQ�� WKH� DEVRUEDQFH�YDOXH�RI� WKH�
VDPSOH�ZDV�PHDVXUHG�E\�D�VSHFWURSKRWRPHWHU�DW�D�ZDYHOHQJWK�RI�����QP��7RWDO�SKHQRO�LV�FDOFXODWHG�EDVHG�RQ�WKH�
VWDQGDUG�JDOOLF�DFLG�FXUYH��3UHSDUDWLRQ�RI�D�VWDQGDUG�JDOOLF�DFLG�FXUYH�ZDV�SUHFHGHG�E\�PDNLQJ�D�VWDQGDUG�VROXWLRQ�RI�
��PJ�PO�E\�ZHLJKLQJ����PJ�RI�JDOOLF�DFLG�DQG�WKHQ�GLVVROYLQJ�LW�LQ����PO�RI�����PHWKDQRO��)XUWKHUPRUH��VWDQGDUG�
VROXWLRQV� PDGH� YDULRXV� NLQGV� RI� � ������� ������ ������� DQG� ����� FRQFHQWUDWLRQV�� 7RWDO� SKHQRO ZDV PHDVXUHG�
VSHFWURSKRWRPHWULFDOO\��ʄ ���QP��E\�XVLQJ�D�����PHWKDQRO�EODQN�DV�D�VXEVWLWXWH�IRU�JDOOLF�DFLG�

0HDVXUHPHQW�RI�$QWLR[LGDQW�&DSDFLW\

&RIIHH�H[WUDFWLRQ ZDV�FDUULHG�RXW�EDVHG�RQ�0XVDWWR�HW�DO����������>��@��6DPSOH�RI�FRIIHH�SRZGHU�ZHLJKHG�XQWLO���
J�WKHQ�GLVVROYHG�ZLWK����PO�RI�����PHWKDQRO�DQG�KHDWHG�IRU����PLQXWHV�LQ�ZDWHU�EDWK��7KHQ�WKH�H[WUDFW�ZDV�FHQWULIXJHG
�������USP��IRU����PLQXWHV��5HVXOWLQJ LQ WKH�FRIIHH�H[WUDFW�LV�ILOWHUHG�XVLQJ�ILOWHU�SDSHU��)XUWKHUPRUH��WKH�GHWHUPLQDWLRQ�
RI�DQWLR[LGDQW�FDSDFLW\�ZDV�FDUULHG�RXW�EDVHG�RQ�6KLPDPXUD�HW�DO��������� >��@�DQG�PRGLILHG��7KH�FRIIHH�H[WUDFW�ZDV�
WDNHQ�DV�PXFK�DV������O�WKHQ������O�RI�'33+������GLSKHQ\O���SLFU\OK\GUD]\O��VROXWLRQ�ZDV�DGGHG�DQG�KRPRJHQL]HG�
XVLQJ�YRUWH[��7KHQ�WKH�VROXWLRQ�ZDV�LQFXEDWHG�IRU����PLQXWHV�DQG�PHDVXUHG�DW�ʄ�с�����QP������O�RI�����PHWKDQRO�
SOXV�����O�'33+�DUH DV�D�EODQN VROXWLRQ��7KH�DEVRUEDQFH�UHVXOWV�KDYH�DQDO\]HG�WKH�SHUFHQWDJH�RI�DQWLR[LGDQW�DFWLYLW\�
XVLQJ�WKH�HTXDWLRQ DV�SURSRVHG�E\�5LGKR��HW�DO�>��@�
3HUFHQWDJH�RI�$QWLR[LGDQW�&DSDFLW\�����ୈୌ�ୟୠୱ୭୰ୠୟ୬ୡୣ�ି�ୟୠୱ୭୰ୠୟ୬ୡୣ�୭�୲୦ୣ�ୱୟ୫୮୪ୣ

�ୈୌ�ୟୠୱ୭୰ୠୟ୬ୡୣ
��ͳͲͲΨ�����������������������������������������������

5(68/76�$1'�',6&866,21

(IIHFWV�RI�/DFFDVH�2[LGDWLRQ�RQ�3KHQRO�&RQWHQW�DQG�$QWLR[LGDQW�&DSDFLW\�RI�5RDVWHG�
&RIIHH

&RORXU�RI�R[LGL]HG� URDVWHG� FRIIHH�E\� VHYHUDO� R[LGDQWV LQ� WKLV� H[SHULPHQW� FDQ�EH� VHHQ� LQ�)LJ �� 7KH�FRORXU�RI�
R[LGL]HG�URDVWHG�FRIIHH�SRZGHU�E\�ODFFDVH�VKRZHG�EULJKWHU�FRORXU�FRPSDUHG WR�WKH�RWKHU�H[SHULPHQW�JURXS��7KLV�LV�
GXH� WR� WKH� EOHDFKLQJ SURFHVV� E\� ODFFDVH� WR� WKH� DURPDWLF� FRPSRXQGV� DV� FRQVWLWXHQWV� RI� FRORXU� SLJPHQWV� >��@>��@��
/DFFDVH�LV�DEOH�WR�GR�ELR�EOHDFKLQJ�SURFHVV�E\�R[LGL]LQJ�SKHQROLF�FRPSRXQGV�WKURXJK�SURGXFLQJ�SKHQR[\�UDGLFDOV�
WKDW�DUH�XQVWDEOH�DQG�ZLOO�IXUWKHU�GDPDJH�WKH�DURPDWLF�ULQJV�RI�FRORXUHG�FRPSRXQGV�LQ�FRIIHH�EHDQV�>��@�
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),*85(��� &RORXU�RI�URDVWHG�UREXVWD�FRIIHH�EHDQV�DIWHU�EHLQJ�JURXQG��ZLWK�YDULRXV�SUHWUHDWPHQWV�D��IHUPHQWHG�E��
IHUPHQWHG��ODFFDVH�F��IHUPHQWHG��ODFFDVH���$%76��/06��G��ZLWKRXW�IHUPHQWDWLRQ�H��ZLWKRXW�IHUPHQWDWLRQ��ODFFDVH�I��

ZLWKRXW�IHUPHQWDWLRQ��ODFFDVH���$%76��/06��

7KH�HIIHFW�RI�ODFFDVH�R[LGDWLRQ�RQ�UREXVWD�FRIIHH�EHDQV�ZDV�REVHUYHG�WKURXJK�WKH�DQDO\VLV�RI�WRWDO�SKHQRO�DQG
DQWLR[LGDQW�FDSDFLW\ �7DEOH�����$W�OLVW�LQ�7DEOH����LW�FDQ�EH�VHHQ WKDW�WKH�URDVWHG�UREXVWD�FRIIHH�EHDQV�ZKLFK�DUH�R[LGL]HG�
WKURXJK�WKH�ODFFDVH�SUHWUHDWPHQW�KDYH�D�WRWDO�SKHQRO�FRQFHQWUDWLRQ�ZKLFK�WHQGV�WR�GHFUHDVH�FRPSDUHG�WR�WKH�FRQWURO��
7KLV�VKRZV�WKDW�/DFFDVH�LV�DEOH�WR�R[LGL]H�SKHQROLF�FRPSRXQGV�LQ�FRIIHH�VXFK�DV�FDIIHLF�DFLG��FKORURJHQLF�DFLG�DQG�
IHUXOLF�DFLG�LQWR�S�TXLQRQH�DQG�SKHQR[\�UDGLFDOV�>�@��7KHVH�FRPSRXQGV�DUH�XQVWDEOH�FRPSRXQGV�WKDW�ZLOO�H[SHULHQFH�
GHORFDOLVDWLRQ� WR� IRUP� HOHFWURSKLOLF� TXLQRQHV� WKDW� DUH� KLJKO\� UHDFWLYH� DQG� FDSDEOH� RI� SRO\PHUL]LQJ� ZLWK� RWKHU�
FRPSRXQGV�>��@>��@��

7KH�WRWDO�SKHQRO�FRQFHQWUDWLRQ�ZLOO�EH�VPDOOHU�LI�WKH�R[LGDWLRQ�UHDFWLRQ�LV�DGGHG�ZLWK�$%76��7KLV�FDQ�EH�VHHQ�LQ�
7DEOH�� ZLWK�WKH ORZHVW�WRWDO�SKHQRO�YDOXH�DFKLHYHG�LQ�WKH�ODFFDVH���$%76�SUHWUHDWPHQW���������������PJ�PO���7KH�
SUHVHQFH�RI�$%76�LQ�R[LGDWLRQ�UHDFWLRQV�KDV�WKH�IXQFWLRQ�RI�LQFUHDVLQJ�WKH�R[LGDWLRQ�SRWHQWLDO�ZKLFK�FDXVHV�DURPDWLF�
ULQJV�LQ�SKHQROLF�FRPSRXQGV�WR�WXUQ�LQWR�DOLSKDWLF >��@�

7$%/(����7RWDO�3KHQRO�5HVXOWV�DQG�$QWLR[LGDQW�&DSDFLW\�RI�5REXVWD�5RDVWHG�&RIIHH�%HDQV

3UHWUHDWPHQW
7RWDO�3KHQRO��PJ�PO� $QWLR[LGDQW�&DSDFLW\���LQKLELWLRQ�

)HUPHQWDWLRQ
:LWKRXW�

)HUPHQWDWLRQ )HUPHQWDWLRQ
:LWKRXW�

)HUPHQWDWLRQ
&RQWURO ���������� ���������� ����������� �����������

/DFFDVH ���������� ���������� ����������� �����������

/DFFDVH���$%76 ���������� ���������� ����������� ������������

,Q�7DEOH�� LW�FDQ�EH�VHHQ�WKDW�WKH�FRQFHQWUDWLRQ�RI�WRWDO�SKHQRO�GRHV�QRW�FRUUHODWH�ZLWK�WKH�DQWLR[LGDQW�FDSDFLW\�RI�
URDVWHG�FRIIHH EHDQV��7KLV�FDQ�EH�H[SODLQHG�WKDW�LQ�URDVWHG�FRIIHH�DQWLR[LGDQW�DFWLYLW\�LV�FDXVHG�E\�WKH�SUHVHQFH�RI�
PHODQRLGLQ�FRPSRXQGV�ZKLFK�DUH�WKH�UHVXOW�RI�D�UHDFWLRQ�EHWZHHQ�R[LGL]HG�SKHQROV�DQG�DPLQR�DFLG�FRPSRXQGV��VLPSOH�
VXJDUV�DQG�DOGHK\GHV�>��@>��@� 7KH�DQWLR[LGDQW�FDSDFLW\�RI�URDVWHG�FRIIHH�FRXOG�LQFUHDVH�ZLWK�WKH�SUHVHQFH�RI�ODFFDVH�
LQ�WKH�SUHWUHDWPHQW�SURFHVV��7KH�DGGLWLRQ�RI�$%76�FRXOG�LQFUHDVH�WKH�R[LGDWLRQ�SRWHQWLDO�RI�WKH�ODFFDVH�$%76�V\VWHP�
VR�WKDW�LW�FRXOG�SURGXFH�PRUH�DOLSKDWLF�FRPSRXQGV�IURP�WKH�R[LGDWLRQ�RI�SKHQROV�WR�IRUP�PHODQRLGLQ >��@�

&21&/86,216

/DFFDVH�ZDV�DEOH WR�IHUPHQW� UREXVWD�FRIIHH�EHDQV�ZLWK� WKH� ORZHVW� WRWDO�SKHQRO�FRQWHQW�RI��������������PJ�PO�
DFKLHYHG�LQ�IHUPHQWHG�UREXVWD�EHDQV�ZLWK�ODFFDVH�DQG�$%76�SUHWUHDWPHQW�ZKLOH�WKH�KLJKHVW�DQWLR[LGDQW�DFWLYLW\�ZDV�
UHDFKHG��������� �������7KH�ZHDNQHVV�RI�SUHYLRXV�UHVHDUFK�LV�WKDW�LW�GRHV�QRW�GLVFXVV�WKH�HIIHFW�RI�WKH�ODFFDVH�HQ]\PH�
RQ�WKH�DQWLR[LGDQW�FDSDFLW\�RI�FRIIHH�EHDQV��)XWXUH�SODQ�RI�WKLV�UHVHDUFK LV ZLOO�EH�FRQGXFWHG�E\�RUJDQROHSWLF�WHVWV�RQ�
UREXVWD�FRIIHH�EHDQV�WKDW�KDYH�EHHQ�WUHDWHG�XVLQJ�ODFFDVH�DQG�$%76�
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7KH�DXWKRUV�DUH�JUDWHIXOO\ WR�DFNQRZOHGJH�WKH�JUDQW�SURYLGHG�E\�%LRPDWHULDO�DQG�(Q]\PH�7HFKQRORJ\�5HVHDUFK�
*URXS�

5()(5(1&(6

�� 3RWWV��-���/\QFK��0���:LONLQJV��$���+XSSH��*���&XQQLQJKDP��0���9RRUD��9��/RQGRQ��,QWHUQDWLRQDO�,QVWLWXWH�IRU�
6XVWDLQDEOH�'HYHORSPHQW� �����

�� 3XVDW�3HQHOLWLDQ .RSL�GDQ�.DNDR�,QGRQHVLD��.RSL��6HMDUDK��%RWDQL��3URVHV�3URGXNVL��3HQJRODKDQ��3URGXN�+LOLU��
GDQ�6LVWHP�.HPLWUDDQ���<RJ\DNDUWD��*DGMDK�0DGD�8QLYHUVLW\�3UHVV�������

�� 7RZDKD��-���5XEL\R��-��7,'3��������������������
�� 8VPDQ��'���6XSULKDGL��$���.XVGL\DQWLQL��(� -XUQDO�%LRORJL��9RO���1R���������
�� )DUDK��$���DQG�'RQDQJHOR��&�0��-��3ODQW�3K\VLRO��������������������
�� &DPX��1���:LQWHU��7�'���$GGR��6�.���7DNUDPD��-�6���%HUQDHUW��+��9X\VW��/�'��-RXUQDO�RI�WKH�6FLHQFH�RI�)RRG�DQG�

$JULFXOWXUH���������������������
�� *LDFREEH��6���3H]]HOOD��&���/HWWHUD��9��6DQQLD��*���3LVFLWHOOL��$��%LRUHVRXUFH�7HFKQRORJ\������������� �����
�� 6WRLORYD� ,���.UDVWDQRY��$���6WDQFKHY��9��$GYDQFHV�LQ�%LRVFLHQFH�%LRWHFKQRORJ\��9RO������������������
�� 9LVZDQDWK��%���5DMHVK��%���-DQDUGKDQ� $���.XPDU��$��3���1DUDVLPKD��*��(Q]\PH�5HVHDUFK�������
��� 0DGKDYL��9HUQHNDU�DQG�6�6�/HOH��%LRUHVRXUFH����������������� �����
�� %LWWQHU�� 6�� :KHQ� 4XLQRQHV� 0HHW� $PLQR� $FLGV�� &KHPLFDO�� 3K\VLFDO� DQG� %LRORJLFDO� &RQVHTXHQFHV�� $PLQR�

DFLG������������������
��� <DVKLQ��$���<DVKLQ��<���:DQJ��-�<���1HP]HU��%��$QWLR[LGDQWV������������������
��� 1\DQKRQJR��*�6���-��*RPHV��*�0��*XELW]��5��=DX\D���-��5HDG��:��6WHLQHU��:DWHU�5HVHDUFK�������������������

�����
��� :RR�6LN��-���0LQ�ML��.���6HRQJ�<RQJ��&���<RXQJ�%RN��<���6RRQ�-D���6���DQG�+HH�<RXQJ��-��0LFURELRORJ\���������

����������������
��� )XNXVKLPD��<���.ULN��7��.HQW��$SSOLHG�DQG�(QYLURQPHQWDO�0LFURELRORJ\��9RO�������������������
��� 3HUHLUD��/���%DVWRV��&���7]DQRY��7�� &DYDFR�3DXOR��$���*XHELW]��*�0. (QYLURQ�&KHP�/HWW��9RO����������������
��� 4LQ��=KLMLH���4��<XH���2�%��+LGDOJR���;��/LX��(&�0LFURELRORJ\���������������������������
��� )DX]L��$���1XJURKR�3UDVHW\R��(��7HVLV�������
��� ,UVKDG��0���$VJKHU��0���6KHLNK��0�$���1DZD]��+� %LRUHVRXUFHV��9RO������������������������
��� 9DQWDPXUL��$��%� DQG .DOLZDO��%��%��,QWHUQDWLRQDO�-RXUQDO�RI�&XUUHQW�5HVHDUFK���������������������������
��� 1XJURKR 3UDVHW\R��(���.XGDQJD��7���2VWHUJDDUG��/���5HQFRUHW��-���*XWLpUUH]��$���'HO�5tR��-��&���6DQWRV��-��,���1LHWR��

/���-LPpQH]�%DUEHUR��-���0DUWtQH]��$��7���/L��-���*HOOHUVWHGW��*���/HSLIUH��6���6LOYD��&���.LP��6��<���&DYDFR�3DXOR��
$���.ODXVHQ��%��6���/XWQDHV�%��)���1\DQKRQJR��*��6���DQG�*HRUJ�0��*XHELW]��%LRUHVRXUFH�7HFKQRORJ\� ������
����±�����������

��� %UDGIRUG��0��0��$QDO\WLFDO�%LRFKHPLVWU\��9RO�������������������
��� ;LD��;XKXD��%LRLQIRUPDWLFV DQG�7KH�&HOO��&DQDGD��6SULQJHU�������
��� 3ULVWLDQD��'�<���6XVDQWL��6���1XUZDQWRUR��-XUQDO�$SOLNDVL�7HNQRORJL�3DQJDQ��9RO������������
��� 0XVDWWR��6��,���%DOOHVWHURV��/��)���0DUWLQV��6���7HL[HLUD��-�$��6HSDUDWLRQ�DQG�3XULILFDWLRQ�7HFKQRORJ\��9RO��������

����������
��� .ZDN��+��6���-L��6���.LP��0���/HH��<���-HRQJ��<��$JUR�)22'�,QGXVWU\�+L�7HFK��9RO�������������
��� 5LGKR��(�$���6DUL��5���:DKGDQLQJVLK��6��1DVNDK�3XEOLNDVL�������
��� )X��-���1\DQKRQJR��*�6���*XELW]���3DXOR��$�&���.LP� 6��%LRFDWDO\VLV�DQG�%LRWUDQVIRUPDWLRQ´��9RO�����������������

�����
��� .DUS��6��*���)DUDFR��9���$PRUH��$���/HWWL��/�$�-���6RFFRO��9�7���6RFFRO��&�5��%LR0HG�5HVHDUFK�,QWHUQDWLRQDO��

�����
��� +LOJHUV��5���9LQFNHQ��-�3���*UXSSHQ��+���.DEHO��0�$��$&6�6XVWDLQDEOH�&KHP�(QJ���������������������
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