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7KH�VWXG\�ZDV�FRQGXFWHG�WR�LQYHVWLJDWH�WKH�HIIHFW�RI�WKH�DGGLWLRQDO�PDQJR�SXUHH�UDWLR�WR�PDOW������
�������DQG������Z�Z��RQ�WKH�TXDOLW\�FRPSRQHQWV�RI�FUDIW�EHHU��7KH�TXDOLW\�FRPSRQHQWV�LQFOXGLQJ�
WKH�FRQWHQW�RI�ELRDFWLYH�FRPSRXQGV��WRWDO�VXJDU��WRWDO�DFLG��SURWHLQ��HWKDQRO��FRORU�SDUDPHWHUV�DQG�
VHQVRU\�YDOXHV�RI�WKH�SURGXFW�ZHUH�DQDO\]HG��5HVXOWV�VKRZHG�WKDW�WKH�RSWLPDO�DGGLWLRQDO�PDQJR�
SXUHH� UDWLR� ZDV� ���� Z�Z�� $W� WKLV� RSWLPDO� FRQGLWLRQ�� WKH� SURGXFW� KDG� WKH� PRVW� KDUPRQLRXV�
VHQVRU\�YDOXHV� LQ� WHUPV�RI� WDVWH�� FRORU�DQG�SUHIHUHQFH� OHYHO�� ,Q�DGGLWLRQ�� WKH�SURGXFW�FRQWDLQHG�
SRO\SKHQRO� ����� J�*$(����J�GU\�PDWWHU�'0�� IODYRQRLG� ����� J�4(����J�'0�� FDURWHQRLGV� �����
PJ�J�'0��SURWHLQ�������'0��WRWDO�VXJDU��������'0��WRWDO�DFLG��������'0�DQG�HWKDQRO�������Y�Y��
7KH�FRORU�SDUDPHWHUV�VXFK�DV�/
��D
��E
�DQG�'(�ZHUH��������������������DQG��������UHVSHFWLYHO\��

.H\ZRUGV�� %LRDFWLYH� FRPSRXQGV�� FUDIW� EHHU�� FKHPLFDO� FRPSRQHQWV�� FRORU� SDUDPHWHUV�� PDQJR�
SXUHH��VHQVRU\�YDOXH��
5HFHLYHG�����2FWREHU�������UHYLVHG����'HFHPEHU�������DFFHSWHG����'HFHPEHU��������

�
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%HHU�LV�WKH�PRVW�FRQVXPHG�DOFRKROLF�EHYHUDJH�
LQ�WKH�ZRUOG�DQG�WKH�WKLUG�PRVW�SRSXODU�EHYHUDJH�
DIWHU�ZDWHU� DQG� WHD� >�@��&UDIW� EHHU� LV� D� IHUPHQWHG�
EHYHUDJH�SURGXFHG� IURP�GULHG�JHUPLQDWHG�JUDLQV�
�PDOW��� ZDWHU�� \HDVW�� DQG� KRSV�� 2YHU� WKH� SDVW�
GHFDGH�� FRQVXPHU� LQWHUHVW� LQ� FUDIW� EHHU� KDV�
LQFUHDVHG� JOREDOO\�� HVSHFLDOO\� WUDGLWLRQDO� DQG� ORZ�
DOFRKRO� EHHUV� ZLWK� GLVWLQFWLYH� IODYRUV�� TXDOLW\�
YDOXHV�� DQG� XQLTXH� VHQVRU\� FKDUDFWHULVWLFV� >�@��
7RGD\�� FRQVXPHUV� DUH� ORRNLQJ� IRU� DXWKHQWLF��
XQLTXH�� GLIIHUHQWLDWHG�� DQG� KLJK�TXDOLW\� SURGXFWV��
&UDIW� EUHZHUV� KDYH� UHVSRQGHG� WR� WKLV� E\�
LQFRUSRUDWLQJ�UDZ�RU�JHUPLQDWHG�JUDLQV��DQG�KDYH�
PRGLILHG� WKH� WDVWH� RI� EHHU� E\� DGGLQJ� IUXLWV��
DURPDWLF� KHUEV�� DQG� KHDOWK�SURPRWLQJ� SURSHUWLHV��
&RQVXPHUuV� LQWHUHVW� LQ�FUDIW�EHHU�KDV�HPHUJHG� LQ�
VRPH�FRXQWULHV�DQG�VDOHV�RI�WKLV�W\SH�RI�EHHU�KDYH�
LQFUHDVHG� IDVWHU� WKDQ� LQGXVWULDO� EHHUV� >�@�� ,Q�
9LHWQDP��FUDIW�EHHU�KDV�DOVR�UHFHQWO\�DWWUDFWHG�WKH�
DWWHQWLRQ�RI�FRQVXPHUV��HVSHFLDOO\�\RXQJ�SHRSOH�LQ�
ELJ�FLWLHV��

0DQJR��0DQJLIHUD�LQGLFD�/���LV�D�IUXLW�ZKLFK�LV�
ULFK� LQ� ILEHU�� YLWDPLQV� $� DQG� &�� HVVHQWLDO� DPLQR�
DFLGV�DQG�PDQ\�ELRDFWLYH�SK\WRFKHPLFDOV�VXFK�DV�
SRO\SKHQROV�� WHUSHQRLGV�� FDURWHQRLGV� DQG�
SK\WRVWHUROV� WKDW� DUH� IRXQG� LQ� WKH� OHDYHV�� EDUN��
IUXLW� SXOS�� SHHO� DQG� VHHGV� ZLWK� DQWLR[LGDQW�� DQWL�
LQIODPPDWRU\�� LPPXQRUHJXODWRU\�� DQWLEDFWHULDO��
DQWLGLDEHWLF�DQG�DQWLFDQFHU�HIIHFWV� >�@��1XWULWLRQDO�
FRPSRVLWLRQV� LQ� ���J� RI� PDQJR� �HGLEOH� SDUW��
LQFOXGH� ZDWHU� ������� OLSLG� ������ JOXFLG� �������
SURWHLQ�������DVK������ DQG�FHOOXORVH�������0LQHUDO�
DQG� YLWDPLQV� FRQWHQW� LQFOXGH� &D� ��PJ�� 3� ���PJ��
0J���PJ��)H�����PJ��.�����PJ��1D���PJ��=Q������
PJ��6H�����PJ��EHWD�FDURWHQH�����PJ��YLWDPLQ�&����
PJ��YLWDPLQ�.�����PJ��YLWDPLQ�(������PJ��IRODWH����
PJ��YLWDPLQ�%������PJ��YLWDPLQ�%�������PJ��YLWDPLQ�
%�� ����� PJ� >�@�� 7KUHH�FRORU� PDQJR� �7DLZDQHVH�
PDQJR��LV�SRSXODUO\�FXOWLYDWHG�LQ�&KR�0RL�GLVWULFW��
$Q� *LDQJ� SURYLQFH�� 7KH� IUXLW� IOHVK� LV� WKLFN� ZLWK�
OLWWOH� ILEHU�� WKLQ� IODW� VHHGV� DQG� OLJKW� VZHHW� WDVWH��
0DQJR� LV�FRQVXPHG�QRW�RQO\� LQ� IUHVK��EXW�DOVR� LQ�
SURFHVVHG�W\SHV�VXFK�DV�PDQJR�MDP��GULHG�PDQJR��
PDQJR�MXLFH�>�@��
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7KLV� VWXG\� IRFXVHV�RQ� LQYHVWLJDWLQJ� WKH�HIIHFW�
RI� DGGHG� PDQJR� SXUHH� UDWLR� LQ� WKH� FUDIW� EHHU�
SURGXFWLRQ� SURFHVV� RQ� WKH� VHQVRU\� YDOXH�� FRORU�
SDUDPHWHUV�� FRQWHQW� RI� ELRDFWLYH� FRPSRXQGV��
FKHPLFDO� FRPSRQHQWV�� DQG� HWKDQRO� FRQFHQWUDWLRQ�
RI� WKH� ZRUW� DIWHU� ILYH� GD\V� IHUPHQWDWLRQ�� 7KH�
UHVXOWV�RI�WKH�VWXG\�ZLOO�FRQWULEXWH�WR� LPSURYH�WKH�
PDQJR�FUDIW�EHHU�SURGXFWLRQ�SURFHVV��

���0$7(5,$/�$1'�0(7+2'�

����� 6DPSOH� SUHSDUDWLRQ� DQG� H[SHULPHQWDO�
VHWXS�

3UHSDUDWLRQ� RI� PDQJR� SXUHH�� 7KUHH�FRORU�
PDQJRHV� ZHUH� GLUHFWO\� FROOHFWHG� IURP� IDUPHUV� LQ�
&KR�0RL�GLVWULFW��$Q�*LDQJ�SURYLQFH��IUXLW�ZHLJKW�
UDQJHG�IURP�����·�����NJ��DQG�OHW�WR�ULSH�IRU���GD\V�
DW� URRP�WHPSHUDWXUH��5LSH�PDQJRHV�ZHUH�SHHOHG��
WKH� SXOS� ZDV� H[WUDFWHG�� DQG� WKHQ� EOHQGHG� ZLWK�
ZDWHU� DW� D� ��� �� ZHLJKW� UDWLR� IRU� �� PLQXWHV� WR�
SURGXFH�PDQJR�SXUHH��ZKLFK�ZDV� WKHQ� IUR]HQ� IRU�
XVH�DV�WKH�VWXG\
V�UDZ�PDWHULDO��7KH�EUL[�DQG�S+�RI�
0DQJR�SXUHH�DUH�����DQG������UHVSHFWLYHO\���

3UHSDUDWLRQ� RI� UHVHDUFK� VDPSOHV�� 0DOW� �%DVH�
PDOWV�� &KÅWHDX� 0XQLFK� /LJKW�� LV� LV� JURXQG� ZLWK��
HDFK� VDPSOH� RI� �� NJ� RI� PDOW� ZDV� XVHG� ZLWK��
ZDWHU�PDOW�UDWLR�RI������Y�Z���7KH�S+�YDOXH�RI�WKH�
PDVK�ZDV�DGMXVWHG�WR�����ZLWK�ODFWLF�DFLG�DQG�&D&O��
DW� ���PJ�/�>�@��0DVKLQJ�ZDV� FDUULHG�RXW� DW� ���·�
��R&�IRU����PLQXWHV�����·���R&�IRU����PLQXWHV�DQG�
���·���R&�IRU����PLQXWHV�>�@��+RSV�ZHUH�DGGHG�DW�
UDWLRV� RI� ������ �Z�Y�� DQG� ERLOHG� IRU� ��� PLQXWHV��
7KHQ��PDQJR� SXUHH�ZDV� DGGHG� DW� GLIIHUHQW� UDWLRV�
����� ���� ��� DQG� ���� �Z�Z�� FRPSDUHG� WR� RULJLQDO�
PDOW�DQG�KHDWLQJ�DW���R&�IRU���PLQXWHV��:KHQ�WKH�
WHPSHUDWXUH� RI� WKH� PL[WXUH� RI� PDOW�� KRSV� DQG�
PDQJR� SXUHH� GURSSHG� WR� DERXW� ��R&�� LW� ZDV� SXW�
LQWR�D�IHUPHQWDWLRQ�WDQN��UDWLR�RI�\HDVW��)HUPHQWLV�
6DIODOH�6����ZDV� DGGHG� DW� D� FRQFHQWUDWLRQ� RI� �����
DQG� IHUPHQWHG� DW� URRP� WHPSHUDWXUH� ���� ·� ��R&��
IRU� �� GD\V�� 6DPSOHV� ZHUH� FROOHFWHG� E\� FROG�
FHQWULIXJH� PHWKRG� DQG� WKH� IROORZLQJ� SDUDPHWHUV�
ZHUH�DQDO\]HG��VHQVRU\�HYDOXDWLRQ��FRORU��WDVWH�DQG�
SUHIHUHQFH��� PHDVXUHV� FRORU� SDUDPHWHUV� �/
�� D
��
E
���FRQWHQW�RI�ELRDFWLYH�FRPSRXQGV��SRO\SKHQROV��
IODYRQRLGV�DQG�FDURWHQRLGV���FKHPLFDO�FRPSRVLWLRQ�

�WRWDO�VXJDUV��WRWDO�DFLGV�DQG�SURWHLQV��DQG�HWKDQRO�
FRQFHQWUDWLRQ��

�����$QDO\WLFDO�PHWKRGV�

�� 6HQVRU\� HYDOXDWLRQ� �FRORU�� WDVWH� DQG� OLNLQJ�
OHYHO��DFFRUGLQJ�WR�WKH�GHVFULSWLYH�VFRULQJ�PHWKRG�
>�@�� &RORU� SDUDPHWHUV� �/
�� D
�� E
�� ZHUH�PHDVXUHG�
XVLQJ�D�&KURPD�0HWHU��.RQLFD�0LQRODWD��&5������
-DSDQ��DQG�'(�UHSUHVHQWV�WKH�WRWDO�FRORU�GLIIHUHQFH�
FRPSDUHG� WR� WKH� ZKLWH� EODQN� SODWH� >��@�� 7KH� '(�
YDOXH�ZDV�FDOFXODWHG�DFFRUGLQJ�WR�IRUPXOD������

�
,Q�ZKLFK��/R��DR��ER�DUH�WKH�PHDVXUHG�YDOXHV�RI�

WKH�EODQN�VDPSOH�DQG�/
��D
��E
�DUH�WKH�PHDVXUHG�
YDOXHV�RI�WKH�H[SHULPHQWDO�VDPSOH��

�� $QDO\VLV� RI� ELRORJLFDO� FRPSRXQGV��
3RO\SKHQROV� ZHUH� GHWHUPLQHG� E\� WKH� )ROLQ�
&LRDFOWHX�PHWKRG�>��@��WKH�UHVXOWV�ZHUH�H[SUHVVHG�
DV� JUDPV� RI� JDOOLF� DFLG� HTXLYDOHQW� SHU� ���� JUDPV�
�J*$(����J��� IODYRQRLGV�ZHUH�GHWHUPLQHG�E\� WKH�
$OXPLQXP�&KORULGH�&RORULPHWULF�PHWKRG�>��@��WKH�
UHVXOWV� ZHUH� H[SUHVVHG� DV� JUDPV� RI� TXHUFHWLQ�
HTXLYDOHQW� SHU� ���� JUDPV� �J4(����J���
FDURWHQRLGV� ZHUH� GHWHUPLQHG� E\� WKH� PHWKRG�
GHVFULEHG� E\� 6LQJK� ������� >��@�� WKH� UHVXOWV� ZHUH�
H[SUHVVHG�DV�PJ�J�'0��

�� &KHPLFDO� FRPSRVLWLRQ�� 3URWHLQ� FRQWHQW� ZDV�
GHWHUPLQHG� E\� WKH� PHWKRG� GHVFULEHG� E\� 7DOUHMD�
�������>��@��WKH�UHVXOWV�ZHUH�H[SUHVVHG�DV�J����J�
'0�� 7RWDO� DFLG� ZDV� GHWHUPLQHG� E\� WLWUDWLRQ� ZLWK�
���1� 1D2+� VWDQGDUG� VROXWLRQ� >��@�� 7RWDO� VXJDU�
ZDV� GHWHUPLQHG� E\� WKH� SKHQRO� PHWKRG� >��@��
(WKDQRO� FRQWHQW� ZDV� GHWHUPLQHG� E\� WKH� PHWKRG�
GHVFULEHG�E\�)66$,��������>��@��

�����6WDWLVWLFDO�DQDO\VLV�

0LFURVRIW� ([FHO� VRIWZDUH� ZDV� XVHG� IRU�
FDOFXODWLRQ� FROOHFWHG� GDWD�� FRPELQHG� ZLWK�
6WDWJUDSKLF� &HQWXULRQ� ;9,� VRIWZDUH� IRU� $129$�
DQDO\VLV�� WHVWLQJ� WKH� VLJQLILFDQFH� OHYHO� RI� WKH�
WUHDWPHQWV� WKURXJK� /6'� �/HDVW� 6LJQLILFDQW�
'LIIHUHQW���
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����� (IIHFW� RI� VXSSOLHG� PDQJR� SXUHH� UDWLR� RQ�

ELRDFWLYH�FRPSRXQGV�LQ��ILYH�GD\V�IHUPHQWHG�ZRUW�

%LRDFWLYH� FRPSRXQGV� IRXQG� LQ� SODQWV� DQG�
HGLEOH� IRRGV� DUH� LPSRUWDQW� IRU� KXPDQ� KHDOWK��
7KHVH� QDWXUDO� FRPSRXQGV�� DV� SDUW� RI� WKH� ZKROH�
GLHW�� LQJUHGLHQWV� RU� VXSSOHPHQWV�� FDQ� PRGXODWH�
PDQ\�DVSHFWV�RI�KXPDQ�KHDOWK�DQG�ZHOO�EHLQJ�>��@��
3KHQROLF� FRPSRXQGV� LQFOXGH� WHUSHQRLGV�
�FDURWHQRLGV� DQG� SK\WRVWHUROV��� SRO\SKHQROV��
DONDORLGV� DQG� RWKHU� QLWURJHQ�FRQWDLQLQJ�
FRPSRQHQWV� �JOXFRVLQRODWHV��� ZKLFK� DFFRXQW� IRU�
WKH�PDMRULW\�RI�ELRDFWLYH�FRPSRXQGV�DQG�DUH�IRXQG�
LQ� IRRGV� DQG� EHYHUDJHV� VXFK� DV� WHD�� IUXLW� MXLFHV��
ZLQH�� FKRFRODWH� DQG� EHHU� >��@�� ,Q� WKLV� VWXG\��
PDQJR� SXUHH�ZDV� DGGHG� DQG� IHUPHQWHG� WRJHWKHU�
ZLWK� ZRUW� WR� HQKDQFH� WKH� IODYRU�� ZKLOH� DOVR�
LQFUHDVLQJ� WKH� QXWULWLRQDO� TXDOLW\� RI� WKH� SURGXFW��
7KH� UHVXOWV� RI� WKH� VWXG\� VKRZHG� WKDW� ZKHQ� WKH�
UDWLR�RI�PDQJR�SXUHH�VXSSOHPHQWHG�IURP����·�����
WR�PDOW��WKH�FRQWHQW�RI�SRO\SKHQROV��IODYRQRLGV�DQG�

FDURWHQRLGV� LQ� WKH� SURGXFW� DOO� WHQGHG� WR� LQFUHDVH�
DQG�ZHUH� VWDWLVWLFDOO\� GLIIHUHQW� DW� WKH� VLJQLILFDQFH�
OHYHO� RI� 3� �� ����� �)LJXUH� ���� 6SHFLILFDOO\��
SRO\SKHQROV� LQFUHDVHG� IURP� ����� WR� ����� J�
*$(����J�GU\�PDWWHU��'0���IODYRQRLGV�LQFUHDVHG�
IURP������WR������J�4(����J�'0�DQG�FDURWHQRLGV�
LQFUHDVHG� IURP� ����� WR� �����PJ�J�'0��+RZHYHU��
WKH�FRQWHQW�RI�SRO\SKHQROV�DQG�IODYRQRLGV�EHWZHHQ�
VDPSOHV� ZLWK� WKH� UDWLR� RI� PDQJR� SXUHH�
VXSSOHPHQWHG� IURP� ��� DQG� ���� KDG� QR� VWDWLVWLFDO�
GLIIHUHQFH� �)LJXUHV� �D� DQG� �E��� WKH� FRQWHQW� RI�
FDURWHQRLGV� LQFUHDVHG� DQG� KDG� VWDWLVWLFDO�
GLIIHUHQFH� EHWZHHQ� VDPSOHV� �)LJXUH� �F��� 7KHUH�
ZDV� DQ� LQFUHDVH� LQ� SRO\SKHQROV�� IODYRQRLGV� DQG�
FDURWHQRLGV�LQ�WKH�SURGXFW�ZLWK�LQFUHDVLQJ�PDQJR�
SXUHH� DGGLWLRQ� UDWLR� GXH� WR� WKH� SUHVHQFH� RI�
SRO\SKHQROV��IODYRQRLGV�DQG�FDURWHQRLGV�LQ�PDQJR�
SXUHH�>��@��$FFRUGLQJ�WR�(OHFKL�HW�DO���������>��@��
IHUPHQWDWLRQ� LQFUHDVHG� WKH� FRQWHQW� RI� YLWDPLQ� &�
DQG�FDURWHQRLGV�LQ�PDQJR�IORXU�VDPSOHV��
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)LJXUH����7KH�FRQWHQW�RI�SRO\SKHQROV��D���IODYRQRLGV��E��DQG�FDURWHQRLGV��F���
LQ�WKH�SURGXFW�DFFRUGLQJ�WR�GLIIHUHQW�DGGHG�PDQJR�SXUHH�UDWLRV�

1RWHV���D��E�F�UHSUHVHQW�VWDWLVWLFDO�GLIIHUHQFHV�ZLWK�VLJQLILFDQFH�OHYHO�3���������
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����� (IIHFW� RI� VXSSOLHG� PDQJR� SXUHH� UDWLR� RQ�
FKHPLFDO�FRPSRQHQWV�RI�IHUPHQWHG�ZRUW�

&KHPLFDO� FRPSRQHQWV� VXFK� DV� SURWHLQ�� WRWDO�
DFLG�� WRWDO� VXJDU� DQG� HWKDQRO� DUH� YHU\� LPSRUWDQW�
FRPSRQHQWV�UHODWHG�WR�WKH�TXDOLW\�RI�EHHU��3URWHLQV�
DQG� DPLQR� DFLGV� SUHVHQW� LQ� EHHU� KDYH� YDULRXV�
IXQFWLRQDO�UROHV�VXFK�DV�FRORU�� IODYRU�DQG�VWDELOLW\��
'HWHUPLQDWLRQ� RI� QLWURJHQ� FRPSRXQGV� LQ� EHHU� LV�
QHFHVVDU\� WR�SUHGLFW� WKH�DPLQR� DFLG�DQG�ELRJHQLF�
DPLQH� FRPSRVLWLRQ� RI� WKH� ILQLVKHG� EHHU� >��@��
3URWHLQ��DPLQR�DFLG���VXJDU�DQG�DFLG�FRQWHQWV�DUH�
IRUPHG�E\�K\GURO\VLV�RI�SURWHLQ��VWDUFK�LQ�PDOW�DQG�
DGGHG� PDQJR� SXUHH�� DV� ZHOO� DV� GXULQJ�
IHUPHQWDWLRQ��7KH�DQDO\VLV�UHVXOWV�VKRZHG�WKDW�WKH�
SURWHLQ�� WRWDO� DFLG� DQG�HWKDQRO� FRQWHQWV� WHQGHG� WR�
LQFUHDVH�� ZKLOH� WKH� WRWDO� VXJDU� FRQWHQW� WHQGHG� WR�
GHFUHDVH�ZKHQ�LQFUHDVLQJ�WKH�SURSRUWLRQ�RI�DGGHG�
PDQJR� SXUHH� IURP� ��� WR� ���� DQG� WKHUH� ZDV� D�
GLIIHUHQFH� EHWZHHQ� VDPSOHV� ZLWK� D� VWDWLVWLFDO�
VLJQLILFDQFH� OHYHO� RI� 3� �� ����� �)LJXUH� ����
6SHFLILFDOO\�� WKH� SURWHLQ� FRQWHQW� LQFUHDVHG� IURP�
����� WR� ����� J����� J� '0� EXW� WKHUH� ZDV� QR�
VWDWLVWLFDO� GLIIHUHQFH� EHWZHHQ� WKH� ���� ��� DQG� ����
VDPSOHV� �)LJXUH� �D��� 7KH� WRWDO� DFLG� FRQWHQW�

LQFUHDVHG� IURP� ����� WR� ������ DQG� WKHUH� ZDV� D�
GLIIHUHQFH� EHWZHHQ� WKH� VDPSOHV� �)LJXUH� �E��� 7KH�
HWKDQRO� FRQWHQW� LQFUHDVHG� IURP� ����� WR� ������ Y�Y�
DQG� WKHUH� ZDV� QR� VLJQLILFDQW� GLIIHUHQFH� EHWZHHQ�
WKH��������DQG�����VDPSOHV��)LJXUH��F���7KH�WRWDO�
VXJDU�FRQWHQW�GHFUHDVHG�IURP�������WR�������J�����
J� '0� DQG� WKHUH� ZDV� D� VLJQLILFDQW� GLIIHUHQFH�
EHWZHHQ� WKH� VDPSOHV� �)LJXUH� �G��� $FFRUGLQJ� WR�
0DOGRQDGR�&HOLV� HW� DO�� ������� >��@� 0DQJR� SXUHH�
FRQWDLQHG�DERXW�����WRWDO�VXJDU��RI�ZKLFK�VXFURVH�
LV��������JOXFRVH�LV�������DQG�IUXFWRVH�LV�������DQG�
WKLV�ZDV�D�JRRG�VXEVWUDWH�VRXUFH�IRU�\HDVW�WR�XVH�WR�
IHUPHQW�DQG�IRUP�HWKDQRO�GXULQJ�WKH�IHUPHQWDWLRQ�
SURFHVV��7KHUHIRUH�� WKH� WRWDO�VXJDU� FRQWHQW�ZRXOG�
GHFUHDVH�DQG�WKH�HWKDQRO�FRQWHQW�LQ�WKH�FUDIW�EHHU�
SURGXFW� ZRXOG� LQFUHDVH�� %HVLGHV�� DFFRUGLQJ� WR�
/HEDND� HW� DO�� ������� >��@�� PDQJR� SXUHH� FRQWDLQV�
SURWHLQ��DPLQR�DFLGV��RUJDQLF�DFLGV�DQG�YLWDPLQ�&��
DV�ZHOO� DV� WKH� IHUPHQWDWLRQ�SURFHVV� LQFUHDVHG�WKH�
SURWHLQ� FRQWHQW� LQ� PDQJR� SRZGHU� >��@�� ZKLFK� RI�
ZRXOG� LQFUHDVH� WKH�SURWHLQ� DQG� WRWDO� DFLG� FRQWHQW�
LQ� WKH� FUDIW� EHHU� SURGXFW� ZKHQ� LQFUHDVLQJ� WKH�
DPRXQW�RI�DGGHG�PDQJR�SXUHH��
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SURGXFW�DFFRUGLQJ�WR�GLIIHUHQW�DGGHG�PDQJR�SXUHH�UDWLRV�
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����� (IIHFW� RI� VXSSOLHG�PDQJR� SXUHH� RQ� FRORU�
FRRUGLQDWLRQ�RI�FUDIW�EHHU�SURGXFW�

&RORU� LV� DQ� LPSRUWDQW� TXDOLW\� DWWULEXWH� LQ� WKH�
IRRG� LQGXVWU\� DQG� LW� LQIOXHQFHV� FRQVXPHU� FKRLFH�
DQG� SUHIHUHQFH�� )RRG� FRORU� ZDV� GHWHUPLQHG� E\�
FKHPLFDO�� ELRFKHPLFDO�� PLFURELRORJLFDO� DQG�
SK\VLFDO� FKDQJHV� WKDW� RFFXU� GXULQJ� JURZWK��
PDWXUDWLRQ��SRVW�KDUYHVW�KDQGOLQJ�DQG�SURFHVVLQJ��
,Q�WKH� IRRG� LQGXVWU\��WKH�&,(/$%�FRORU�VFDOH��/
��

D
�� E
�� LV� FRPPRQO\� XVHG� WR� PHDVXUH� WKH� FRORU�
SDUDPHWHUV�RI�IRRGV��/
�YDOXHV�UHSUHVHQW�OLJKW�DQG�
GDUN� FRORUV� �UDQJLQJ� IURP� �������� D
� YDOXHV�
UHSUHVHQW� UHG� �D
��� DQG� JUHHQ� �D
���� E
� YDOXHV�
UHSUHVHQW� \HOORZ� �E
��� DQG� EOXH� �E
��� >��@�� 7KH�
UHVXOWV�RI� FRORU� SDUDPHWHU�DQDO\VLV� �/
��D
��E
��RI�
FUDIW�EHHU�SURGXFW�DIWHU�IHUPHQWDWLRQ�DUH�SUHVHQWHG�
LQ�WDEOH����

7DEOH����&RORU�FRRUGLQDWLRQ�YDOXH�RI�SURGXFW�IROORZLQJ�GLIIHUHQW�DGGHG�PDQJR�SXUHH�UDWLRHV�

&RORU�FRRUGLQDWLRQ�0DQJR�SXUHH�������������
����Z�Z�� /
� D
� E
� '(�

��� ������������� ������������D� �����������D� �������������

��� ������������� ������������DE� �����������E� �������������

��� ������������� ������������EF� �����������F� �������������

��� ������������� ������������F� �����������F� �������������

0HDQ���6'� ������������� ������������� ������������ �������������

6LJQLILFDQFH�OHYHO�3� ������� ������� ������� �������

1RWH�� PHDQ� YDOXH� �Q�  � ��� �� VWDQGDUG� GHYLDWLRQ�� YDOXHV� ZLWK� OHWWHUV� D�� E�� F� UHSUHVHQW� VWDWLVWLFDO�
GLIIHUHQFHV�ZLWK�VLJQLILFDQFH�OHYHO�3���������

7KH�UHVXOWV�RI�$QRYD�DQDO\VLV�LQ�7DEOH���VKRZ�
WKDW� WKH� /
� YDOXH� UDQJHG� VOLJKWO\� IURP� ������ WR�
������ZKHQ�WKH�PDQJR�SXUHH�UDWLR�LQFUHDVHG�IURP�
��� WR� ����� KRZHYHU�� WKLV� GLIIHUHQFH� ZDV� QRW�
VWDWLVWLFDOO\�VLJQLILFDQW�3�!�������6LPLODUO\��WKH�WRWDO�
FRORU�GLIIHUHQFH�YDOXH�'(�DOVR�UDQJHG�VOLJKWO\�IURP�
������ WR� ������ ZKHQ� WKH� PDQJR� SXUHH� UDWLR�
LQFUHDVHG� DQG� WKLV� GLIIHUHQFH� ZDV� DOVR� QRW�
VWDWLVWLFDOO\�VLJQLILFDQW�3�!�������0HDQZKLOH��WKH�D
�
YDOXH�WHQGHG�WR�GHFUHDVH�IURP�������WR��������WKH�E
�
YDOXH� WHQGHG� WR� LQFUHDVH� IURP� ����� WR� ����� DQG�
WKHUH�ZDV�D�VWDWLVWLFDO�GLIIHUHQFH�3���������KRZHYHU��
EHWZHHQ�WKH�WZR�VDPSOHV�ZLWK�PDQJR�SXUHH�UDWLRV�
RI� ��� DQG� ����� WKLV� FKDQJH� ZDV� QRW� VWDWLVWLFDOO\�
GLIIHUHQW��7KLV�VKRZV�WKDW�WKH�OLJKW�DQG�GDUN�FRORU�
YDOXHV� �/
�� DQG� WRWDO� FRORU�GLIIHUHQFH� �'(��RI� WKH�
VDPSOHV�DUH�QRW�GLIIHUHQW��7KHUH�ZDV�RQO\�D�VOLJKW�
GHFUHDVH� LQ� WKH� UHG� FRORU� YDOXH� �D
�� DQG� DQ�

LQFUHDVH� LQ� WKH� \HOORZ� FRORU� YDOXH� �E
�� RI� WKH�
SURGXFW� VDPSOH�� %HFDXVH� PDQJR� SXUHH� FRQWDLQV�
PDQ\� GLIIHUHQW� FKHPLFDO� FRPSRQHQWV� VXFK� DV�
SURWHLQV�� DPLQR� DFLGV�� VXJDUV�� SRO\SKHQROV� DQG�
FDURWHQRLGV�>��@�� WKH\�FDQ�SDUWLFLSDWH� LQ� WKH�FRORU�
UHDFWLRQ� GXULQJ� WKH� KHDWLQJ� DQG� IHUPHQWDWLRQ�
SURFHVV�� ZKLFK� ZLOO� VOLJKWO\� FKDQJH� WKH� FRORU�
SDUDPHWHUV�RI�WKH�FUDIW�EHHU�SURGXFW��

����� (IIHFW� RI� PDQJR� SXUHH� UDWLR� RQ� VHQVRU\�
YDOXH�RI�IHUPHQWHG�ZRUW�

6HQVRU\� HYDOXDWLRQ� LV� DSSOLHG� LQ� PRVW� IRRG�
ILHOGV��HVSHFLDOO\�LQ�SURGXFW�GHYHORSPHQW�UHVHDUFK�
DQG� WKHUH� DUH� PDQ\� VHQVRU\� HYDOXDWLRQ� PHWKRGV�
DSSOLHG�� ,Q� WKLV� VWXG\�� WKH� GHVFULSWLYH� VHQVRU\�
HYDOXDWLRQ�PHWKRG�ZDV�XVHG�WR�VFRUH��������SRLQWV��
RQ� FRORU� DQG� IODYRU� LQGLFDWRUV�� DQG� WKH� JHQHUDO�
SUHIHUHQFH�OHYHO��*3/��ZDV�EDVHG�RQ�WKH�+HGRQLF�
VFDOH��������SRLQWV���7KH�QXPEHU�RI�VHOHFWHG�SHRSOH�
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WR� SDUWLFLSDWH� ZDV� ��� ILQDO� \HDU� VWXGHQWV� RI� IRRG�
WHFKQRORJ\��ZKR�ZHUH�WUDLQHG�EHIRUH�SDUWLFLSDWLQJ�
LQ� SURGXFW� HYDOXDWLRQ�� 7KH� UHVXOWV� RI� WKH� VHQVRU\�
HYDOXDWLRQ� VFRUH� DQDO\VLV� DUH�SUHVHQWHG� LQ�)LJXUH�
���6SHFLILFDOO\�� WKH� VHQVRU\�VFRUH� IRU�FRORU� WHQGHG�
WR�LQFUHDVH�IURP�����SRLQWV�WR�����SRLQWV�ZKHQ�WKH�
DGGHG� PDQJR� SXUHH� UDWLR� LQFUHDVHG� IURP� ��� WR�
�����ZKHQ�LW�LQFUHDVHG�WR�����WKH�VHQVRU\�VFRUH�IRU�
FRORU� GHFUHDVHG� WR� ���� SRLQWV�� KRZHYHU�� WKH�
VHQVRU\�VFRUH�EHWZHHQ�WKH�VDPSOHV�VXSSOHPHQWHG�
ZLWK� ��� DQG� ���� PDQJR� SXUHH� DV� ZHOO� DV� WKH�
VDPSOHV� VXSSOHPHQWHG� ZLWK� ��� DQG� ���� PDQJR�
SXUHH� KDG� QR� VWDWLVWLFDO� GLIIHUHQFH�� 7KH� VHQVRU\�
VFRUH� IRU� WDVWH� WHQGHG� WR� LQFUHDVH� IURP�����SRLQWV�
WR� ���� SRLQWV� ZKHQ� WKH� DGGHG�PDQJR� SXUHH� UDWLR�
LQFUHDVHG�IURP���� WR������ZKHQ� WKH�PDQJR�SXUHH�
UDWLR� FRQWLQXHG� WR� LQFUHDVH� WR� ��� DQG� ���� WKH�
VHQVRU\� VFRUH� GHFUHDVHG�� KRZHYHU�� WKHUH� ZDV� QR�
VWDWLVWLFDO�GLIIHUHQFH�LQ�WKH����DQG�����VDPSOHV��LQ�
WKH� VDPSOH� VXSSOHPHQWHG� ZLWK� ���� WKH� VHQVRU\�

VFRUH� GHFUHDVHG� WR� ���� SRLQWV�� 7KLV� ZDV� GXH� WR�
DGGLQJ�WKH�DSSURSULDWH�UDWLR�RI�PDQJR�SXUHH��LW�ZLOO�
FUHDWH� D� KDUPRQLRXV� IODYRU� FKDUDFWHULVWLF� RI� WKH�
SURGXFW�� ,I� DGGLQJ�D�KLJK� UDWLR�RI�PDQJR�SXUHH�� LW�
ZRXOG� FUHDWH� D� IODYRU� RI� IHUPHQWHG� PDQJR� MXLFH�
WKDW�RYHUZKHOPV�WKH�IODYRU�RI�EHHU��6LPLODU� WR�WKH�
VHQVRU\� VFRUH� RI� WDVWH�� WKH� VHQVRU\� VFRUH� RI�
JHQHUDO� OLNLQJ� UHDFKHG� ���� DQG� ���� SRLQWV� LQ� WKH�
VDPSOHV� VXSSOHPHQWHG� ZLWK� ���� DQG� ����� WKH�
VDPSOHV� VXSSOHPHQWHG� ZLWK� ��� DQG� ���� PDQJR�
SXUHH�KDG�D�VHQVRU\�VFRUH�RI�JHQHUDO� OLNLQJ�RI�����
DQG� ���� SRLQWV�� KRZHYHU�� WKHUH� ZDV� QR� VWDWLVWLFDO�
GLIIHUHQFH� EHWZHHQ� WKHVH� WZR� VDPSOHV� DW� WKH�
VLJQLILFDQFH�OHYHO�RI�3���������$FFRUGLQJ�WR�<DKLD�HW�
DO�� ������� >��@�� PDQJR� SXUHH� FRQWDLQV� YRODWLOH�
FRPSRXQGV�� FDURWHQRLGV�� SRO\SKHQROV�� VXJDUV��
DPLQR�DFLGV��HWF���VR�ZKHQ�PDQJR�SXUHH�DGGHG�DW�
�����LW�FUHDWHG�DQ�LQKDUPRQLRXV�IODYRU�DQG�GDUNHQ�
WKH�FRORU�RI�WKH�SURGXFW��

�
)LJXUH����6HQVRU\�VFRUHV�IRU�FRORU��WDVWH�DQG�JHQHUDO�SUHIHUHQFH�OHYHO��*3/���

RI�WKH�SURGXFW�DFFRUGLQJ�WR�GLIIHUHQW�DGGHG�PDQJR�SXUHH�UDWLRV�
1RWHV��0�����0����0����0���DUH�VDPSOHV�ZLWK�WKH�UDWLR�RI�DGGHG�PDQJR�SXUHH��UHVSHFWLYHO\��
��

��D��

E�F�DQG�$��%�UHSUHVHQW�VWDWLVWLFDO�GLIIHUHQFHV�ZLWK�VLJQLILFDQFH�OHYHO�3��������
���&21&/86,21�
5HVXOWV� VKRZHG� WKDW� WKH� DGGLWLRQDO� PDQJR�

SXUHH� UDWLR� RI� ���� LV� FRQVLGHUHG� VXLWDEOH� IRU� WKH�
SURGXFWLRQ�RI�FUDIW�EHHU��$W�WKLV�UDWLR��WKH�ILYH�GD\�
IHUPHQWHG� SURGXFW� KDV� WKH� PRVW� KDUPRQLRXV�
VHQVRU\� YDOXH� LQ� WHUPV�RI� WDVWH������SRLQWV���FRORU�
����� SRLQWV�� DQG� JHQHUDO� SUHIHUHQFH� OHYHO� �����

SRLQWV���7KH�SURGXFW�VDPSOH�FRQWDLQHG�SRO\SKHQRO�
�����J�*$(����J�GU\�PDWWHU�'0��IODYRQRLG������J�
4(����� J� '0�� FDURWHQRLGV� ����� PJ�J� '0��
SURWHLQ� ������ '0�� WRWDO� VXJDU� ������� '0�� WRWDO�
DFLG� ������'0� DQG� HWKDQRO� ������ Y�Y�� 7KH� FRORU�
SDUDPHWHUV�VXFK�DV�/
��D
��E
�DQG�'(�ZHUH���������
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������ ����� DQG� ������� UHVSHFWLYHO\�� 7KH� REWDLQHG�
GDWD� FRQWULEXWHV� WR� IXUWKHU� UHVHDUFK� IRU� � PDNLQJ�
PDQJR�FUDIW�EHHU��

5()(5(1&(6�
��� 6DODQWô�� /�� &��� &ROGHD�� 7�� (��� ,JQDW��0�� 9���

3RS�� &�� 5��� 7RIDQô�� 0��� 0XGXUD�� (��� %RUVD�� $���
3DVTXDORQH�� $�� 	� =KDR�� +�� �������� 1RQ�DOFRKROLF�
DQG� FUDIW� EHHU� SURGXFWLRQ� DQG� FKDOOHQJHV��
3URFHVVHV����������KWWSV���GRL���������SU���������

���+XPLD��%��9���6DQWRV��.��6���%DUERVD��$��0���
6DZDWD��0���'D�0HQGRQÊD��0��&��	�3DGLOKD��)��)��
�������� %HHU� PROHFXOHV� DQG� LWV� VHQVRU\� DQG�
ELRORJLFDO� SURSHUWLHV�� $� UHYLHZ��0ROHFXOHV�� �������
������KWWS���GRL����������PROHFXOHV����������

���9LOODFUHFHV��6���%ODQFR��&��$��	�&DEDOOHUR��,��
��������'HYHORSPHQWV� DQG� FKDUDFWHULVWLFV� RI� FUDIW�
EHHU� SURGXFWLRQ� SURFHVVHV�� )RRG� %LRVFLHQFH�� ����
��������KWWSV���GRL�RUJ���������M�IELR��������������

���0LU]D��%���&UROH\��&���$KPDG��0���3XPDURO��
-���'DV��1���6HWKL��*��	�%LVKD\HH��$����������0DQJR�
�0DQJLIHUD� LQGLFD� /���� $� PDJQLILFHQW� SODQW� ZLWK�
FDQFHU� SUHYHQWLYH� DQG� DQWLFDQFHU� WKHUDSHXWLF�
SRWHQWLDO��1DWLRQDO�/LEUDU\�RI�0HGLFLQH����������� �
�����

��� 0LQLVWU\� RI� +HDOWK�� ,QVWLWXWH� RI� 1XWULWLRQ�
�������� 1XWULWLRQDO� FRPSRVLWLRQ� RI� 9LHWQDPHVH�
IRRGV��+DQRL��0HGLFDO�3XEOLVKLQJ�+RXVH��

��� 7KDQK� +LHS� �������� *URZLQJ� JUHHQ�
7DLZDQHVH� PDQJRHV� HDUQV� DERXW� ���� PLOOLRQ�
91'�\HDU�>2QOLQH@�����1JR�4X\HQ���+RDQ�.LHP���
+DQRL��9LHWQDP�$JULFXOWXUH�1HZVSDSHU��$YDLODEOH��
KWWSV���QRQJQJKLHS�YQ�WURQJ�[RDL�GDL�ORDQ�[DQK�
WKX�QKDS�NKRDQJ�����WULHX�GRQJQDP�G�������KWPO�
>$FFHVVHG����������@��

��� 1JX\HQ� 7DQ� +XQJ�� 3KDQ� 9LHW� 7KDQJ� 	�
1JX\HQ�&RQJ�+D� �������� 7KH� HIIHFWV� RI�PDVKLQJ�
DQG� IHUPHQWDLRQ� RQ� WKH� UHGXFLQJ� VXJDUV�� DPLQR�
DFLGV� DQG� SRO\SKHQRO� FRQWHQW� LQ� EHHU� IURP� ULFH�
PDOW� YDULHW\� ,5������� 9LHWQDP� -RXUQDO� RI�
$JULFXOWXUH� DQG� 5XUDO� 'HYHORSPHQW�� �������� ��� ��
����

���6DQWRV��'��5��1��'���%LODF��&��$���%DUERVD��7��
0�� 	� 2UVL�� '�� &�� �������� 3K\VLFRFKHPLFDO�
&KDUDFWHUL]DWLRQ� RI� &UDIW� %HHUV� 3URGXFHG� ZLWK�
3DVVLRQ� )UXLW� �3DVVLIORUD� HGXOLV� 6LPV��� -RXUQDO� RI�
([SHULPHQWDO� $JULFXOWXUH� ,QWHUQDWLRQDO�� ������ ��� ��
����

���+D�'X\HQ�7X���������6HQVRU\�DQDO\VLV�RI�IRRG��
+DQRL��6FLHQFH�DQG�7HFKQRORJ\�3XEOLVKLQJ�+RXVH��

����6KDUPD��6���9DLG\D��'��	�5DQD��1�����������
'HYHORSPHQW� DQG� TXDOLW\� HYDOXDWLRQ� RI� NLZL�DSSOH�
MXLFH� FRQFHQWUDWH�� ,QGLDQ� -RXUQDO� RI� $SSOLHG�
5HVHDUFK��������������������

����+RVVDLQ��0��$���5DTPL��.��$��6���0LML]\��=��
+���:HOL��$��0��	�5L\DPL��4����������6WXG\�RI�WRWDO�
SKHQRO�� IODYRQRLGV� FRQWHQWV� DQG� SK\WRFKHPLFDO�
VUHHQLQJ�RI�YDULRXV�OHDYHV�FUXGH�H[WUDFWV�RI�ORFDOO\�
JURZQ� 7K\PXV� YXODULV�� $VLDQ� 3DFLILF� -RXUQDO� RI�
7URSLFDO�%LRPHGLFLQH�������������������

����(VZDUL��/��0���%KDUDWKL��9��5��	�-D\VKUHH��
1�� �������� 3UHOLPLQDU\� SK\WRFKHPLFDO� VFUHHQLQJ�
DQG�KHDY\�PHWDO�DQDO\VLV�RI�OHDI�H[WUDFW�RI�=L]LSKXV�
RHQRSOLD� �/�� 0LOO�� *DUG�� ,QWHUQDWLRQDO� -RXUQDO� RI�
3KDUPDFHXWLFDO�6FLHQFHV�DQG�'UXJ�5HVHDUFK��������
���������

���� 6LQJK�� $��� /DZUHQFH�� .��� 3UDQGLW�� 6�� 	�
/DZUHQFH��5��6����������5HVSRQVH�RI�OHDYHV��VWHPV�
DQG�URRWV�RI�:LWKDQLD� VRPQLIHUD� WR�FRSSHU�VWUHVV��
,QWHUQDWLRQDO� -RXUQDO� RI� 3ODQW�� $QLPDO�� DQG�
(QYLURQPHQWDO�6FLHQFHV�����������������

����7DOUHMD��7�� ��������%LRFKHPLFDO�HVWLPDWLRQ�
RI� WKUHH� SULPDU\� PHWDEROLWHV� IURP� PHGLFLQDOO\�
LPSRUWDQW� SODQW� 0RULQJD� 2OHLIHUD�� ,QWHUQDWLRQDO�
-RXUQDO� RI� 3KDUPDFHXWLFDO� 6FLHQFHV� 5HYLHZ� DQG�
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