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&RPSRVLWLRQ� DQG� TXDOLW\� RI� DQLPDO� IRRG� LV� GHWHUPLQHG� E\� WKH� RYHUDOO� SURGXFWLRQ� F\FOH��QDPHO\�WKH�FRQGLWLRQV�LQ�ZKLFK�WKH�LQLWLDO�UDZ PDWHULDO�LV�REWDLQHG�DQG�WKH�SURFHVVLQJ�WKDW�OHDGV�WR� WKH� ILQDO� IRRG� SURGXFW�� ,Q� WKLV� FRQWH[W�� WKH� FRPSRVLWLRQ�� TXDOLW\� DQG� LQLWLDO� SDUDPHWHUV� RI�DQLPDO�UDZ�PDWHULDO�ZLOO�ODUJHO\�GHWHUPLQH�WKH�FRPSRVLWLRQ�DQG�TXDOLW\�RI�WKH�HQG�SURGXFW��7KLV�DWWLWXGH� LV� SDUWLFXODUO\� LPSRUWDQW� QRZ� WKDW� HIIRUWV� DUH� EHLQJ� PDGH� WR� VKDSH� WKH� IXQFWLRQDO��KHDOWK�SURPRWLQJ�� SURSHUWLHV� RI� IRRG� �=GX�F]\N�� ������� QDPHO\� WR� REWDLQ� IRRG� SURGXFWV�FRQWDLQLQJ�FRPSRQHQWV�ZKLFK�KDYH�D�GHVLUHG�HIIHFW�RQ�VHOHFWHG�SK\VLRORJLFDO�SDUDPHWHUV�LQ�WKH�KXPDQ�ERG\��WKXV�PDLQWDLQLQJ�RSWLPXP�KHDOWK�DQG�UHGXFLQJ�WKH�ULVN�RI�GLVHDVH�,Q�WKH�FDVH�RI�DQLPDO�RULJLQ�SURGXFWV�� WKH�KLJK�FRQWHQW�DQG�XQGHVLUDEOH�FRPSRVLWLRQ�RI�IDWV�UDLVH�WKH�JUHDWHVW�REMHFWLRQV��6WXGLHV�RQ�WKH�SRVVLELOLW\�DQG�VFRSH�RI�QXWULWLRQDOO\�PRGLI\LQJ�WKH�FRPSRVLWLRQ� RI� IDWW\� DFLGV� LQ� IDWV� RI� DQLPDOV� �UXPLQDQWV�� LQGLFDWH� WKDW� LW� LV� UHODWLYHO\� HDV\� WR�REWDLQ� WKH� LQWHQGHG� JRDO�� ,Q� GDLU\� FRZV�� DGPLQLVWUDWLRQ� RI� IHHGV� ULFK� LQ� SRO\XQVDWXUDWHG� IDWW\�DFLGV��YHJHWDEOH�RLOV��RLOVHHGV��RU�SURWHFWHG�IDW�OHDGV�WR�WKH�GHVLUHG�LQFUHDVH�LQ�WKH�SURSRUWLRQ�RI�SRO\XQVDWXUDWHG� IDWW\� DFLGV� DW� WKH� FRVW� RI� VDWXUDWHG� DFLGV� LQ�PLON� IDW� �0DQVEULGJH� DQG�%ODNH���������6XSSOHPHQWDWLRQ�RI�FRZV�ZLWK�YHJHWDEOH�RLOV�DQG�RLOVHHGV�ZDV�DOVR� VKRZQ� WR� LQFUHDVH�WKH�&/$�FRQWHQW�RI PLON�IDW��6WDQWRQ�HW�DO���������.HOO\�HW�DO���������8QOLNH�FDWWOH��WKHUH�DUH�IHZ�VWXGLHV�H[SORULQJ�WKH�PRGLILFDWLRQ�RI�WKH�FRPSRVLWLRQ�DQG�KHDOWK�TXDOLW\�RI�VKHHS�PLON�DQG�VKHHS�PLON�SURGXFWV��3ROLVK�DQG�IRUHLJQ�H[SHULPHQWV��%DQVNDOLHZD�HW�DO���������%HOORI�HW�DO���������%RGNRZVNL��������%RURZLHF�HW�DO���������.DF]RU�HW�DO���������0LU�HW�DO����������LQFOXGLQJ�RXU�RZQ�VWXGLHV��%RU\V�%��DQG�%RU\V�$���������%RU\V�DQG�0URF]NRZVNL��������LQGLFDWH�WKDW�IDYRXUDEOH�UHVXOWV�FDQ�EH�REWDLQHG�E\�XVLQJ�RLOVHHGV��LQFOXGLQJ�GRXEOH�ORZ�
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UDSHVHHG�7KLV� HQFRXUDJHG� XV� WR� XQGHUWDNH� VWXGLHV� RQ� WKH� SRVVLELOLW\� DQG� VFRSH� RI� LQIOXHQFLQJ�ZLWK�VLPSOH� QXWULWLRQDO� PHWKRGV� WKH� KHDOWK� TXDOLW\� RI� VKHHS� PLON� DQG� WKH� EXQG]�W\SH� UHQQHW� FXUG�FKHHVH��,Q�PRUH�GHWDLO��WKH�REMHFWLYH�RI�WKH�VWXG\ ZDV�WR�GHWHUPLQH�WKH�SRVVLELOLW\�RI�PRGLI\LQJ�VHOHFWHG�SDUDPHWHUV�RI�PLON�KHDOWK�TXDOLW\�DQG� WKH�FKHHVH�PDGH� WKHUHRI�E\�VXSSOHPHQWLQJ� WKH�GLHWV�RI�PLONHG�HZHV�ZLWK�IXOO�IDW�GRXEOH�ORZ�UDSHVHHG�FRQWDLQLQJ�RLO�ULFK�LQ�XQVDWXUDWHG�IDWW\�DFLGV�
0DWHULDO�DQG�0HWKRGV7KH�H[SHULPHQW�ZDV�FDUULHG�RXW�IURP�0D\�WR�$XJXVW������ZLWK����)ULHVLDQ�î�3ROLVK�0HULQR�)� HZHV�GLYLGHG�LQWR�WZR�JURXSV�DQG�IHG�IRU�����GD\V��7KH�HIIHFWV�RI�IHHGLQJ�ZKROH�GRXEOH�ORZ�UDSHVHHG�WR�QXUVLQJ�DQG�PLONHG�HZHV�RQ�FRPSRVLWLRQ�DQG�TXDOLW\�RI�PLON�DQG�WKH�FXUG�FKHHVH�PDGH�IURP�LW�ZHUH�LQYHVWLJDWHG�7KH� H[SHULPHQW� ODVWHG� IURP� ��ZHHNV� DIWHU� ODPELQJ� WR� ��� ZHHNV� RI� ODFWDWLRQ�� 'XULQJ� WKLV�SHULRG�� HZHV�ZHUH� IHG�ZLWK�ZLQWHU� DQG� VXPPHU� IHHGV�� WKH� FRPSRVLWLRQ� DQG�QXWULWLYH�YDOXH�RI�ZKLFK�LV�JLYHQ�LQ�7DEOH����7KH�GLIIHUHQFH�EHWZHHQ�WKH�JURXSV��&�± FRQWURO�DQG�5�± UDSHVHHG��LQYROYHG� WKH� XVH� LQ� JURXS� 5� RI� ZKROH� GRXEOH�ORZ� UDSHVHHG� DW� ��� J� SHU� HZH� SHU� GD\�� 7KH�UDWLRQV��IRUPXODWHG�WR�WUDGLWLRQDO�VKHHS�IHHGLQJ�VWDQGDUGV��2VLNRZVNL�HW�DO����������KDG�D�VLPLODUQXWULWLYH� YDOXH� H[SUHVVHG� LQ� 0-� RI� QHW� HQHUJ\� DQG� FUXGH� SURWHLQ� FRQWHQW�� DGMXVWHG� WR� WKH�SUHGLFWHG��DYHUDJH�OHYHO�RI�PLON�SURGXFWLRQ�)HHGV�LQ�JURXS�5�KDG�DQ�DOPRVW�WZLFH�KLJKHU�FRQWHQW�RI�IDW�������YV��������LQ�JURXS�&�RQ�DYHUDJH��DQG�GLIIHUHG�LQ�WKH�IDWW\�DFLG�SURILOH��7DEOH�����)DW� LQ� WKH�GLHWV�RI�JURXS�5�FRQWDLQHG�PXFK� OHVV� VDWXUDWHG� DFLGV� DQG�PRUH� XQVDWXUDWHG� DFLGV� �8)$�6)$� UDWLR� ������ KLJKHU� WKDQ� LQ�JURXS� &��� DQG� RI� WKH� XQVDWXUDWHG� DFLGV�� WKH� FRQWDLQHG�PXFK�PRUH�PRQRXQVDWXUDWHG� DQG� OHVV�SRO\XQVDWXUDWHG�DFLGV��38)$�08)$�ORZHU�E\�DQ�DYHUDJH�RI�������LQ�JURXS�5�'XULQJ�WKH�H[SHULPHQW��IHHG�RIIHUHG�DQG�FRQVXPHG�ZDV�UHFRUGHG�GDLO\��$W�WKH�VWDUW�DQG�DW�WKH� HQG� RI� WKH� H[SHULPHQW�� REVHUYDWLRQV� ZHUH�PDGH� RQ� WKH� ERG\�ZHLJKW� DQG� ERG\� FRQGLWLRQ�VWDWXV�RI�HZHV��'UR*G*���������'DLO\�OHYHO�RI�PLON�SURGXFWLRQ�ZDV�GHWHUPLQHG�IURP�WKUHH�WHVW�PLONLQJV�DW������������DQG�������ZHHNV�RI�ODFWDWLRQ�%XON�PLON� IURP�HZHV� LQ�JURXSV�&�DQG�5�ZDV�SURFHVVHG� WZLFH� LQWR� WKH�EXQG]�W\SH� UHQQHW�FXUG�FKHHVH��IURP�DOO�HZHV�IURP�RQH�PRUQLQJ DQG�HYHQLQJ�PLONLQJ���RQFH�XVLQJ�PLON�REWDLQHG�GXULQJ� ZLQWHU� IHHGLQJ� �ZLWK� VLODJH� VXSSOHPHQW��� WKH� RWKHU� WLPH� XQGHU� VXPPHU� IHHGLQJ� ZLWK�IRUDJHV��0LON�ZDV�SURFHVVHG�IROORZLQJ�WKH�SURFHGXUHV�XVHG�DW�D�IDUP�SURFHVVLQJ�IDFLOLW\�RI�WKH�1DWLRQDO� 5HVHDUFK� ,QVWLWXWH� RI� $QLPDO� 3URGXFWLRQ� ([SHULPHQWDO� 6WDWLRQ� LQ� .RáXGD� :LHOND��
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2EVHUYDWLRQV� RI� FKHHVH� PDVV� \LHOG� DQG� VHQVRU\� HYDOXDWLRQ� RI� FKHHVH� E\� D� SDQHO� �H[WHUQDO�DSSHDUDQFH��LQWHUQDO�FKDUDFWHULVWLFV��DURPD�DQG�IODYRXU��ZHUH�PDGH�RQ�D���SRLQW�VFDOH�DFFRUGLQJ�WR�WKH�PHWKRGV�XVHG�DW�WKH�,QVWLWXWH¶V�([SHULPHQWDO�6WDWLRQ�LQ�.RáXGD�:LHOND��2VLNRZVNL�HW�DO���������
7DEOH����)HHGLQJ�RI�H[SHULPHQWDO�HZHV ,�SHULRG�>ZLQWHU@ ,,�SHULRG�>VXPPHU@8QLWV & 5 & 5'LHW�FRPSRVLWLRQ�0DL]H�VLODJH NJ ���� ����6LODJH��VXJDU�EHHW�WRSV���ZHW�SXOS NJ ���� ����/XFHUQH�IRUDJH NJ ���� ����/XFHUQH�KD\ NJ ���� ����*UDVV�KD\ NJ ���� ����&UXVKHG�EDUOH\ NJ ���� ���� ���� ����&UXVKHG�ZKHDW NJ ���� ���� ���� ����5DSH�H[WUDFWHG�PHDO NJ ���� ����5DSHVHHG�Ä��´ NJ ���� ����0LQHUDO�PL[WXUH�00 NJ ����� ����� ����� �����)HHGLQJ�YDOXH�RI�GLHW�� 1( 0- ���� ���� ���� ����� FUXGH�SURWHLQ J ��� ��� ��� ���� GU\�PDWWHU J ���� ���� ���� ����)DW�FRQWHQW� � ���� ���� ���� ����)DWW\�DFLG�SURILOH�RI�GLHW�IDW�6)$ � ���� ���� ���� ����8)$ � ���� ���� ���� ����8)$�6)$ ���� ���� ���� ����08)$ � ���� ���� ���� ����38)$ � ���� ���� ���� ����38)$�08)$ ���� ���� ���� ����

%DVLF� FKHPLFDO�FRPSRVLWLRQ�RI�EXON�PLON�ZDV�DQDO\VHG�DW� WKH�5HJLRQDO�'DLU\�&RRSHUDWLYH�ODERUDWRU\� LQ� ,QRZURFáDZ� XVLQJ�0LONR� 6FDQ�� DQG� FKHHVH� DW� WKH� ([SHULPHQWDO� 6WDWLRQ�.RáXGD�:LHOND� ODERUDWRU\� XVLQJ� FRQYHQWLRQDO� PHWKRGV� �SURWHLQ� FRQWHQW� E\� .MHOGDKO�� IDW� FRQWHQW� E\�6R[KOHW��GU\�PDWWHU�E\�GU\LQJ�DW����q&��)DWW\�DFLG�SURILOH�DQG�WKH�FRQWHQW�RI�FRQMXJDWHG�OLQROHLF�DFLG�F���W����&/$��ZHUH�GHWHUPLQHG�IROORZLQJ� WKH� SURFHGXUHV� JLYHQ� E\� .UDPHU� HW� DO�� ������� DV� PRGLILHG� E\� WKH� 0HDW� DQG� )DW�5HVHDUFK�,QVWLWXWH�LQ�:DUVDZ��%RU\V�HW�DO����������)DWV�ZHUH�H[WUDFWHG�IURP�WKH�IHHGV�DQG�PLON�DFFRUGLQJ�WR�VWDQGDUG�SURFHGXUHV�IRU�LQGLYLGXDO�SURGXFWV��)DWW\�DFLG�SURILOH�ZDV�GHWHUPLQHG�E\�JDV� FKURPDWRJUDSK\�� +HZOHWW� 3DFNDUG� PRGHO� ����� ZLWK� D� IODPH�LRQL]DWLRQ� GHWHFWRU�� XVLQJ�
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FROXPQ�5W[�± ����������P�î������PP�î����PP��&KROHVWHURO�FRQWHQW�ZDV�GHWHUPLQHG�ZLWK�JDV�FKURPDWRJUDSK\� � � +HZOHWW�3DFNDUG�PRGHO������ V,,�ZLWK�D� IODPH� LRQL]DWLRQ�GHWHFWRU�� FROXPQ�+3�������P�î����� PP�î������PP�
5HVXOWV�DQG�'LVFXVVLRQ'XULQJ�WKH�H[SHULPHQW��ERG\�ZHLJKW�DQG�ERG\�FRQGLWLRQ�RI�HZHV�GHWHULRUDWHG�LQ�JURXS�&�DQG�LPSURYHG� LQ� JURXS�5� �7DEOH� ����$� IDYRXUDEOH� EXW� VWDWLVWLFDOO\� QRQ�VLJQLILFDQW� HIIHFW� RI� XVLQJ�UDSHVHHG�RQ�WKH�PLON�SURGXFWLRQ�OHYHO�ZDV�DOVR�IRXQG��RQ�DYHUDJH������KLJKHU�LQ�JURXS�5�WKDQ�LQ� &��� 7KHVH� UHVXOWV� LQGLFDWH� D� JHQHUDOO\�PRUH� EHQHILFLDO� HIIHFW� RI� JLYLQJ� IXOO�IDW� GRXEOH�ORZ�UDSHVHHG�WR�ODFWDWLQJ�HZHV�RQ�WKHLU�SK\VLRORJLFDO�VWDWH�DQG�SURGXFWLYLW\�
7DEOH����%RG\�ZHLJKW��FRQGLWLRQ�VWDWXV�DQG�PLON�\LHOG�RI�HZHV

*URXS7UDLW 6WDWLVWLF�SDUDPHWHU & 51XPEHU�RI�HZHV Q �� ��� ���� ����%RG\�PDVV�FKDQJH�LQ�H[SHULPHQW�SHULRG��NJ� Y� ����� �����(YDOXDWLRQ�RI�ERG\�FRQGLWLRQ�VWDWXV�>����SNW�@�� VWDUW�RI�H[SHULPHQW � ���� ����� HQG�RI�H[SHULPHQW � ���� ����� ��� ���'DLO\�PLON�SURGXFWLRQ��J Y� ���� ����
7KH� H[SHULPHQWDO� SURFHVVLQJ� RI� EXON� PLON� LQWR� FXUG� FKHHVH� GLG� QRW� VKRZ� DQ\� HIIHFW� RIIHHGLQJ�UDSHVHHG�RQ�FKHHVH�PDVV�\LHOG�DQG�RUJDQROHSWLF�HYDOXDWLRQ�RI�FKHHVH��7DEOH�����,Q�ERWK�JURXSV� RI� HZHV�� WKHVH� SDUDPHWHUV� ZHUH� DW� D� VDWLVIDFWRU\� OHYHO�� FORVH� WR� WKH� DYHUDJH� YDOXHV�REWDLQHG� E\� 3DNXOVNL� DQG�'XOHZLF]� ������� IRU� )ULHVLDQ� FURVVEUHGV� DW� DQ� RQ�IDUP� VKHHS�PLON�SURFHVVLQJ�IDFLOLW\�LQ�D�ORZODQG�UHJLRQ�,Q�WHUPV�RI�WKH�EDVLF�FKHPLFDO�FRPSRVLWLRQ��FOHDUHU�GLIIHUHQFHV�ZHUH�RQO\�VHHQ�LQ�WKH�FRQWHQW�RI�IDW�DQG�FKROHVWHURO��%RWK�LQ�EXON�PLON�DQG�FKHHVH��WKHVH�FRPSRQHQWV�ZHUH�KLJKHU�LQ�SURGXFWV�IURP�HZHV�LQ�JURXS�5��,Q�DEVROXWH�YDOXHV��WKH\�ZHUH�KLJKHU�WKDQ�LQ�WKH�FRQWURO�JURXS�&��LQ�PLON�E\������DQG��������LQ�FKHHVH�E\������DQG�������UHVSHFWLYHO\��6LPLODU�ILQGLQJV�ZHUH�REWDLQHG�LQ�WKH� VWXGLHV� SHUIRUPHG�ZLWK�PLON� DQG� FKHHVH� RI� FRZV� �5HNOHZVNL� HW� DO� LQ��� ������ DQG� LQ� IHZ�VWXGLHV�DQG�UHSRUWV�GHDOLQJ�ZLWK�VKHHS�PLON�DQG�FKHHVH��%RU\V�HW�DO���������.LQDO�HW�DO���������3DWNRZVND�6RNRáD�DQG�%RGNRZVNL��������
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7DEOH����&RPSRVLWLRQ�DQG�SURFHVVLQJ�UHVXOWV�RI�EXON�PLON�DQG�FRPSRVLWLRQ�DQG�TXDOLW\�RI�FXUG�FKHHVH�>DYHUDJH�IRU�WZR�H[SHULPHQWDO�SURFHVVLQJ@�

*URXS6SHFLILFDWLRQ 0HDVXUH�XQLW & 5
&RQWHQW�LQ�����J�RI�PLON�� SURWHLQ J ���� ����� IDW J ���� ����� ODFWRVH J ���� ����� GU\�PDWWHU J ����� ������ FKROHVWHURO� PJ ���� ����&KHHVH�PDVV�\LHOG � ����� �����&RQWHQW�LQ�����J�RI�FKHHVH�� SURWHLQ J ����� ������ IDW J ����� ������ GU\�PDWWHU J ����� ������ FKROHVWHURO� PJ ���� ����&KHHVH�RUJDQROHSWLF�HYDOXDWLRQ�>����SQW@([WHUQDO�IHDWXUHV���� IRUP SQW ���� ����� VNLQ SQW ���� ����,QWHUQDO�IHDWXUHV��� H\HV SQW ���� ����� FRQVLVWHQF\ SQW ���� ����� FRORXU SQW ���� ����)ODYRXU SQW ���� ����7DVWH SQW ���� ����
7KH�XVH�RI�GRXEOH�ORZ�UDSHVHHG�LQ�WKH�GLHWV�FOHDUO\�PRGLILHG�WKH�FRPSRVLWLRQ�RI�IDWW\�DFLGV�LQ�PLON�DQG�LQ�WKH�FKHHVH�PDGH�IURP�LW��7KH�GLIIHUHQFHV�LQ�IDWW\�DFLG�SURILOH�RI�PLON�DQG�FKHHVH�IDW�IURP�HZHV�RI�JURXSV�&�DQG�5�ZHUH�VLPLODU�LQ�QDWXUH��7DEOHV���DQG����0LON�DQG�FKHHVH�IDW�IURP�HZHV�IHG�ZLWK�UDSHVHHG�ZHUH�FKDUDFWHUL]HG�E\�D�ORZHU�SHUFHQWDJH�RI�VDWXUDWHG�IDWW\�DFLGV��6)$��H[FHSW�WKH�VWHDULF�DFLG�&������ZKLFK�LQ�DEVROXWH�WHUPV�ZDV ����KLJKHU� LQ� JURXS� 5� WKDQ� LQ� JURXS� &�� 2YHUDOO�� KRZHYHU�� IDWV� RI� ERWK� SURGXFWV� IURP� 5� HZHV�FRQWDLQHG� ���� OHVV� 6)$� WKDQ� WKRVH� IURP�&� RQHV�� ,Q� WKH� FDVH� RI� XQVDWXUDWHG� DFLGV�� UDSHVHHG�IHHGLQJ� OHG� WR� D� FOHDU� LQFUHDVH� LQ� WKH� SURSRUWLRQ� RI�PRQRXQVDWXUDWHG� IDWW\ DFLGV� �08)$�� E\�������RQ�DYHUDJH���ZLWK�RQO\� D�PLQLPDO� LQFUHDVH� LQ� WKH�SURSRUWLRQ�RI�38)$� �E\��������7KH�JUHDWHVW�DEVROXWH�LQFUHDVH�ZDV�QRWHG�IRU�ROHLF�DFLG�&������E\��������ZKLFK�ZDV�GXH�WR�WKH�IDFW�WKDW� WKLV� LV� WKH� GRPLQDQW� IDWW\� DFLG� LQ� UDSHVHHG� RLO�� $ VLJQLILFDQW� DQG� IDYRXUDEOH�� IURP� WKH�YLHZSRLQW�RI�KHDOWK�TXDOLW\�RI�ERWK�SURGXFWV��ZDV� WKH� LQFUHDVH� LQ�JURXS�5�RI� WKH� OLQROHLF�DFLG��YHU\� FOHDU�� E\� ����� RQ� DYHUDJH�� DQG� OLQROHQLF� DFLG� �E\� ������ 2YHUDOO�� IDWV� RI� 5�PLON� DQG�
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FKHHVH�FRQWDLQHG�PXFK�PRUH�XQVDWXUDWHG�DFLGV��E\������DQG�KDG�D�PRUH�IDYRXUDEOH�8)$�6)$�UDWLR������KLJKHU���EXW�D�OHVV�IDYRXUDEOH�38)$�08)$�UDWLR������ORZHU��7KH� XVH� RI� UDSHVHHG� DOVR� UHVXOWHG� LQ� D� EHQHILFLDO� PRGLILFDWLRQ� RI� WKH� RWKHU� KHDOWK� TXDOLW\�SDUDPHWHUV�RI�IDWW\�DFLG�SURILOH�RI�VKHHS�PLON�DQG�WKH�FKHHVH�PDGH�WKHUHRI�� D� PDUNHG� LPSURYHPHQW� LQ� WKH� SURSRUWLRQ� RI� K\SRFKROHVWHUROHPLF� �')$�� WR�K\SHUFKROHVWHUROHPLF�DFLGV��2)$���D�����LQFUHDVH�LQ�WKH�')$�2)$�UDWLR�DFFRPSDQLHG�E\�DQ�LQFUHDVHG�SURSRUWLRQ�RI�')$�E\�����DQG�D�GURS�RI�2)$�E\������ D�FHUWDLQ�LQFUHDVH�LQ�WKH�SURSRUWLRQ�RI�38)$�:���E\������LQ�PLON�DQG�E\������LQ�FKHHVH��DQG�D�EHQHILFLDO�QDUURZLQJ�RI�WKH�38)$�:��:��UDWLR��E\�����DQG�������UHVSHFWLYHO\��� D�FOHDU�LQFUHDVH�LQ�WKH�&/$�FRQWHQW�RI�IDWV�RI�WKH�WZR�SURGXFWV��E\�����RQ�DYHUDJH��DQG�DQ�HYHQ�FOHDUHU�LQFUHDVH��WKDQNV�WR�KLJKHU�IDW�FRQWHQW��RI�WKLV�KHDOWK�SURPRWLQJ�FRPSRQHQW�LQ�PLON�DQG�FKHHVH�RI�JURXS�&��E\�������LQ�PLON�DQG�E\�������LQ�FKHHVH��7KH�REVHUYHG�FKDQJHV�LQ�WKH�IDWW\�DFLG�SURILOH�RI�PLON�DQG�FKHHVH�IDWV�DV�D�UHVXOW�RI�IHHGLQJ�VKHHS�ZLWK� UDSHVHHG�FRUUHVSRQG�ZLWK� WKH�FKDQJHV� UHSRUWHG�HOVHZKHUH�ZKHQ�GLIIHUHQW� IRUPV�RI�WKH�VDPH�RLOVHHGV�ZHUH�XVHG��%RURZLHF�HW�DO���������3DWNRZVND�6RNRáD�DQG�%RGNRZVNL���������7KH�LQWURGXFWLRQ�RI�UDSHVHHG�DORQH�SURYHG�OHVV�IDYRXUDEOH�WKDQ�WKH�XVH�LQ� WKH�RWKHU�VWXGLHV�RI�RXUV� �%RU\V� HW� DO��� ������ RI� D� FRPELQDWLRQ� RI� UDSHVHHG� DQG� OLQVHHG�� ZKLFK� UHVXOWHG� LQ� DQ�DGGLWLRQDO� FOHDU� LQFUHDVH� LQ� WKH� FRQWHQW� RI� 38)$� DQG� QR� LQFUHDVH� LQ� WKH� FRQFHQWUDWLRQ� RI�FKROHVWHURO�LQ�PLON�DQG�FKHHVH�
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