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$%675$&7 
$P\ODVH�LV�RQH�RI�WKH�K\GURO\WLF�HQ]\PHV�ZKLFK�LV�FRPPHUFLDOO\�LPSRUWDQW�DQG�UHSUHVHQW�DERXW���±����RI�WKH�
ZRUOG� HQ]\PH�PDUNHW��$P\ODVH� SURGXFWLRQ� LV� DIIHFWHG� E\� VXEVWUDWH� IRU� HQ]\PH� SURGXFWLRQV� LQFOXGH� SDUWLFOH�
VL]H��LQLWLDO�PRLVWXUH�FRQWHQW�DQG�QXWULHQW�DGGLWLRQ��7KH�SUHVHQW�VWXG\�GHVFULEH�WKH�HIIHFW��RI�1-VSHFLHV�DGGLWLRQ�
RQ� DOSKD� DP\ODVH�SURGXFWLRQ�E\�$VSHUJLOOXV� QLJHU�.P���5KL]RSXV�ROLJRVSRUXV�.P��DQG�1HXURVSRUD� FUDVVD�
.P�� LQ� PHGLXP� FRQWDLQHG� VDUJDVXP� DQG� � ULFH� VHHG� RQ� VROLG� VWDWH� IHUPHQWDWLRQ�� � 9DULRXV� UDWLRQ� RI� PHGLD�
FRPSRVLWLRQ��FRQWDLQHG�GULHG�VDUJDVVXP�DQG�ULFH�VHHG�ZHUH�VWXGLHG��7KH�HIIHFW�RI�SDUWLFOH�VL]H�RI�VDUJDVVXP��
LQLWLDO�ZDWHU�FRQWHQW�RQ�.-DP\ODVH�SURGXFWLRQ�ZHUH�HYDOXDWHG��7KH�EHVW�PHGLD�FRPSRVLWLRQ�ZDV�WKHQ�DXJPHQWHG�
ZLWK�1-VSHFLHV� LQFOXGH� � VRGLXP� QLWUDWH�� � \HDVW� H[WUDFW�� DQG� SHSWRQH� RQ� VROLG� VWDWH� IHUPHQWDWLRQ�� %HVW�PHGLD�
FRPSRVLWLRQ�ZDV���������Z�Z��RI�VDUJDVVXP�DQG�ULFH�VHHG�UHVSHFWLYHO\��ZLWK�LQLWLDO�PRLVWXUH�FRQWHQW�ZDV�������
,QFUHDVH���WLPHV�RI�DP\ODVH�DFWLYLW\�ZDV�REWDLQHG�ZKHQ�VRGLXP�QLWUDWH�������Z�Z��ZDV�DGGHG�WR��SURGXFWLRQ�
PHGLXP��1-VSHFLHV�VLJQLILFDQWO\�DIIHFW�$OSKD�DP\ODVH�SURGXFWLRQ��RQ�VDUJDVVXP�DQG�ULFH�VHHG�ZLWK�PD[LPXP�
DOSKD�DP\ODVH�SURGXFWLRQ�ZDV��������XQLW�E\�5KL]RSXV�ROLJRVSRUXV�7KH�HFRQRPLF�YDOXH�RI�6DUJDVVXP�FDQ�EH�
LQFUHDVHG��WKURXJK��DOSKD�DPLODVH�SURGXFWLRQ� 
 
.H\ZRUGV���$P\ODVH��1LWURJHQ��VROLG�VWDWH�IHUPHQWDWLRQ��5KL]RSXV�ROLJRVSRUXV��1HXURVSRUD�FUDVVD 

 
$%675$. 

$PLODVH� DGDODK� VDODK� VDWX� NHORPSRN� HQ]LP� KLGUROLVLV� \DQJ� � PHQJXDVDL� VHNLWDU� � ��-����� GDUL� SDVDU� GXQLD���
3URGXNVL� HQ]LP� DPLODVH� SDGD� VLVWHP� IHUPHQWDVL� SDGDW� GLSHQJDUXKL� ROHK� XNXUDQ� SDUWLNHO�� NDGDU� DLU� DZDO�� GDQ�
QXWULVL�WDPEDKDQ��3HQHOLWLDQ�LQL�EHUWXMXDQ�PHQJHWDKXL�SHQJDUXK�VXPEHU�1�WHUKDGDS�SURGXNVL�HQ]LP�.-DPLODVH�
ROHK�$VSHUJLOOXV�QLJHU�.P���5KL]RSXV�ROLJRVSRUXV�.P��GDQ�1HXURVSRUD�FUDVVD�.P���SDGD�PHGLD�VDUJDVVXP��
JDEDK�SDGD�VLVWHP�IHUPHQWDVL�IDVH�SDGDW���2SWLPDVL�GLODNXNDQ�WHUKDGDS�NDGDU�DLU�DZDO�WHUKDGDS�SURGXNVL�HQ]LP��
.-DPLODVH�� 6HODQMXWQ\D� GLSHODMDUL� SHQJDUXK� VXPEHU� QLWURJHQ� �VRGLXP� QLWUDW� GDQ� HNVWUDN� NKDPLU�� SDGD�PHGLD�
GHQJDQ�NDGDU�DLU�RSWLPXP��.RPSRVLVL�PHGLD�\DQJ�SDOLQJ�RSWLPXP�DGDODK�\DQJ�PHQJDQGXQJ��VDUJVDVXP�GDQ�
JDEDK�SDGL�GHQJDQ�SHUEDQGLQJDQ��������E�E���GHQJDQ�NDGDU�DLU�DZDO�������7HUMDGL�NHQDLNDQ�DNWLYLWDV�.-DPLODVH�
��NDOL�SDGD�SHQDPEDKDQ�VRGLXP�QLWUDW��������E�E����3HQDPEDKDQ�VXPEHU�QLWURJHQ�VDQJDW�EHUSHQJDUXK�WHUKDGDS�
SURGXNVL� HQ]LP� .-DPLODVH�� 0DNVLPXP� DNWLYLWDV� HQ]LP� .-DPLODVH� DGDODK� ������ � � XQLW� \DQJ� GLSHUROHK� ROHK�
LQRNXODQ�5KL]RSXV�ROLJRVSRUXV��1LODL�HNRQRPL�VDUJDVVXP�GDSDW�GLWLQJNDWNDQ�PHODOXL�SURGXNVL�.-DPLODVH�� 
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(Q]\PH� SURGXFWLRQ� V\VWHPV� DUH� LQWHUHVW� RI�
PDQ\� VFLHQWLVWV� �$SDU�	�g]EHN��������$P\ODVH� LV�
RQH�RI� WKH�K\GURO\WLF�HQ]\PHV�WKDW� LV�FRPPHUFLDOO\�
LPSRUWDQW�DQG�UHSUHVHQW�DERXW���±����RI�WKH�ZRUOG�
HQ]\PH� PDUNHW� �6DKQRXQ� HW� DO������� 1DWHU� HW� DO��
�������$P\ODVHV�WKDW�FOHDYH�WKH�JO\FRVLGLF�OLQNDJH�LQ�
VWDUFK�� 7ZR� LPSRUWDQW� JURXSV� RI� DP\ODVHV� DUH�
JOXFRDP\ODVH�DQG��.-DP\ODVH��6WH\Q�HW�DO���������.-

$P\ODVHV� �.-��� �-JOXFDQ-�-JOXFDQRK\GURODVH�� (&�
���������DUH�ZLGHO\�SUHVHQW�LQ�JURZLQJ�VHHGV��DQLPDO�
WLVVXHV�� DQG� PLFURRUJDQLVPV� �;LDR� HW� DO�� ��������
7KH\� UDQGRPO\� FDWDO\]H� WKH� K\GURO\VLV� RI� WKH� .-
��:���JOXFRVLGLF� OLQNDJHV�RI�SRO\VDFFKDULGHV�� VXFK�
DV�VWDUFK�DQG�RWKHU�SRO\VDFFKDULGHV�RI�YDULRXV�VL]HV�
�$SDU�	�g]EHN� ������� 7KH�PRVW� LQWHQVLYH� VWXGLHV�
KDYH� EHHQ� FDUULHG� RXW� RQ� IXQJDO� DQG� EDFWHULDO�
DP\ODVHV��'MHNULI-'DNKPRXFKH�HW�DO���������3URGXFWLRQ�
RI� DP\ODVH� XVLQJ� PLFURRUJDQLVP� RIIHU� VHYHUDO�



���� 

$WLW�.DQWL 
 

DGYDQWDJHV� ZKLFK� LQFOXGH� KLJKHU� HQ]\PHV� SURGXFWLRQ�
�8JZXDQ\L� HW� DO�� ������� DQG� HDVLHU� IHUPHQWDWLRQ-
WHFKQRORJ\�PDQLSXODWLRQ��3RWKLUDM�HW�DO���������� 

$VSHUJLOOXV�DQG�5KL]RSXV�DUH�LQWHQVLYHO\�VWXGLHG��
WR�SURGXFH��IXQJDO��.-DP\ODVH��%KDYVDU�HW�DO��������
6FKPROO�HW�DO��������6KLUDJD�HW�DO��������0DDV�HW�DO��
������ ��0DQLSXODWLRQ�RI�HQYLURQPHQWDO�DQG�FXOWXUDO�
FRQGLWLRQV� LV� FRPPRQ� VWUDWHJ\� WR� REWDLQ� KLJKHU�
SURGXFWLRQ� RI� -.-DP\ODVH� �6LQJKDQLD� HW� DO�� �������
$VSHUJLOOXV�QLJHU�0/-���DQG�5KL]RSXV�ROLJRVSRUXV�
0/-��� SURGXFH� RSWLPDO�.-DP\ODVH�ZKHQ� JURZQ� DW�
LQLWLDO�S+�RI������DQG�LQFXEDWLRQ�WHPSHUDWXUH�DW�����&��
JURZQ�IRU������K��3RWKLUDM�HW�DO�������� 

7R�UHGXFH�FRVW�RI�DP\ODVH�SURGXFWLRQ��VFLHQWLVW�
SURSRVHG�WKH�XVH�RI�ORZ�FRVW�IHG�PDWHULDO�DQG�QXWULHQW�
DXJPHQWDWLRQ��8JZXDQ\L�HW�DO��������%HUWDJQROOL�HW�
DO���������7KRXJK�ZKLFK�PHFKDQLVP�1-VXSSOHPHQW�
DIIHFWV� HQ]\PH� SURGXFWLRQ�� VFLHQWLVW� QRWHG� 1-W\SH�
DXJPHQWDWLRQ� LQFUHDVH� HQ]\PH� SURGXFWLRQ� �$QWR� HW�
DO������D���6DUJDVVXP�LV�D�PHPEHU�RI�EURZQ�DOJDH�
�3KDHRSK\FHDH��ZLGHO\�SURGXFHG�E\�ORFDO�IDUPHU�LQ�
WKH�1RUWKHUQ�RI�-DYD��,QGRQHVLD��'XH�WR�WKH�SULFH�RI�
UDZ� VDUJDVVXP� � H[SRUWHG� IRU� DOJLQDWH� SURGXFWLRQ�
IOXFWXDWHG��XWLOL]DWLRQ�RI�WKLV�SRO\VDFFKDULGH�FDQ�RIIHU�
DOWHUQDWLYH� WR� LQFUHDVH� WKHLU� HFRQRPLF� YDOXH�� � 7KLV�
SUHVHQW� VWXG\� DLPV� WR� HYDOXDWH� WKH� HIIHFW� RI� 1-

VXSSOHPHQW� RQ� DOSKD� DP\ODVH� SURGXFWLRQ�RQ�PHGLD�
FRQWDLQHG�VDUJDVXP�DQG�ULFH�VHHG�� 
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)XQJL� ZHUH� LVRODWHG� IURP� VRLO�� RQFRP� DQG�
WHPSH��7R�LVRODWH�WKH�IXQJL�IURP�WKH�VDPSOH������J�RI�
VDPSOH� ZDV� GLOXWHG� LQ� �� P/� VWHULOL]HG� ZDWHU� DQG�
YRUWH[-PL[HG��2QH-WHQWK�RI�D�PLOOLOLWHU�RI�VXFFHVVLYH�
GHFLPDO�GLOXWLRQV�ZDV�VSUHDG�RQ�DFLGLILHG�'LFKORUDQ�
5RVH� %HQJDO� DJDU� FKORUDPSKHQLFRO� DJDU� �2;2,'��
&DW����������� 7KLV� VHOHFWLYH� PHGLXP� ZDV� XVHG�
EHFDXVH� JURZWK� RI� EDFWHULD� LV� SUHYHQWHG�� DQG�
VSUHDGLQJ�RI�PROGV�LV�VXSSUHVVHG� 

3ODWHV� ZHUH� LQFXEDWHG� IRU� �� GD\V� DW� URRP�
WHPSHUDWXUH�� 6WUDLQ� SXULILFDWLRQ� ZDV� GRQH� DW� OHDVW�
WZLFH�E\�VHOHFWLQJ�RQH�RI�HDFK�W\SH�RI�IXQJL�FRORQ\�
DQG�VWUHDNLQJ�WZLFH�IRU�VLQJOH�FRORQLHV�7KH�SODWH�ZHUH�
LQFXEDWHG�DW����&�IRU���GD\V��5HSUHVHQWDWLYH�FRORQLHV�
ZHUH� SLFNHG�� SXULILHG� DQG� PDLQWDLQHG� RQ� 3RWDWR�
'H[WURVH�$JDU��2;2,'��&DW�&0�������� 

)XQJL� � '1$� WHPSODWH� ZDV� SUHSDUHG� IURP�
IUHVKO\-JURZQ� FHOOV� RQ� WKH� 3RWDWR� 'H[WURVH� %URWK��
DQG�XVHG�IRU�H[WUDFWHG�WKH�'1$��%XWLQDU�HW�DO���������

3&5�DPSOLILFDWLRQ�RI�WKH�SDUWLDO�,QWHUQDO�7UDQVFULEHG�
6SDFHU��,76��ULERVRPDO�VXEXQLW�ZLWK�SULPHUV�,76����
�C±�7&&�7&&�*&7�7$7�7*$�7$7�*&�±��CDQG�
3ULPHU� ,76� ��� �C±� **$� $*7� $$$� $*7� &*7�
$$&� $$*� *� ±�C�:KLWH� HW� DO�� ������ 2C'RQQHOO�
������XVLQJ�*R7DT�PDVWHU�PL[��3URPHJD��0��������
3&5� SURGXFWV� ZHUH� YLVXDOL]HG� RQ� ��� DJDURVH� DQG�
VHTXHQFHG� ZLWK� ERWK� SULPHUV� XVLQJ� %LJ� '\H�
WHUPLQDWRU� Y�����&\FOH�6HTXHQFLQJ�5HDG\�5HDFWLRQ�
.LW��$SSOLHG�%LRV\VWHPV��IROORZLQJ�WKH�PDQXIDFWXUHU¶V�
LQVWUXFWLRQV��7KH�SDUWLDO���6�VHTXHQFHV�GHWHUPLQHG�LQ�
WKLV� VWXG\� ZHUH� FRPSDUHG� WR� WKRVH� LQ� WKH� (0%/�
*HQ%DQN�''%-� GDWDEDVHV� XVLQJ� WKH� QXFOHRWLGH�
%DVLF� /RFDO� $OLJQPHQW� 6HDUFK� 7RRO� �%/$67Q��
�$OWVFKXO�HW�DO��������� 

)XQJL�VFUHHQLQJ�IRU�.-DP\ODVH�SURGXFWLRQ��ZDV�
FRQGXFWHG� IROORZLQJ� WKH� SURWRFRO� GHVFULEHG� E\�
�6DOHHP�	�(EUDKLP��������)XQJL�ZHUH�FXOWXUHG�RQ�
VROLG� VWDUFK� \HDVW� H[WUDFW� DJDU� PHGLXP� �VROXEOH�
VWDUFK�� ���� J�� \HDVW� H[WUDFW�� ���� J��.+�32��� ���� J��
0J62���+�2������J�DQG�DJDU�����J���)XQJDO�LVRODWHV�
ZHUH� WHVWHG� IRU� DP\ODVH� SURGXFWLRQ� E\� VWDUFK�
K\GURO\VLV��6WDUFK�DJDU�PHGLXP��SHSWRQH������J��EHHI�
H[WUDFW�� ����� J�� \HDVW� H[WUDFW�� ����� J�� 1D&O�� ���� J��
VWDUFK�� �� J�� DJDU�� �� J�� GLVWLOOHG�ZDWHU�� ����PO��ZDV�
LQRFXODWHG�ZLWK� IXQJL� DQG� LQFXEDWHG� DW� ����&�� WKHQ�
IORRGHG� ZLWK� LRGLQH� VROXWLRQ� �LRGLQH�� ���� PO��
SRWDVVLXP�LRGLGH������PO��GLVWLOOHG�ZDWHU������PO���$�
FOHDU� ]RQH� DURXQG� IXQJDO� JURZWK� LQGLFDWHG� WKH�
SURGXFWLRQ�RI�DP\ODVH��1DLGX�	�6DUDQUDM��������2Q�
WKLV� EDVLV�� $VSHUJLOOXV� QLJHU�� 5KL]RSXV� RU\]DH�� DQG�
1HXURVSRUD�FUDVVD�ZHUH�VHOHFWHG�IRU�IXUWKHU�VWXGLHV�
RQ�DP\ODVH�SURGXFWLRQ� 

7KH� FXOWXUH� RI� $VSHUJLOOXV� QLJHU�� 5KL]RSXV�
RU\]DH�� DQG� 1HXURVSRUD� FUDVVD� ZHUH� JURZQ� DQG�
PDLQWDLQHG� RQ� SRWDWR� GH[WURVH-� DJDU� �3'$�� VODQWV��
7KH� VODQWV� ZHUH� VWRUHG� DW� ��&� DQG� VXE-FXOWXUHG�
IRUWQLJKWO\�� )LYH-GD\-ROG� IXOO\� VSRUXODWHG� VODQW� ZDV�
XVHG�IRU�LQRFXODQW�SUHSDUDWLRQ��)RU�WKLV�����PO�VWHULOH�
GLVWLOOHG�ZDWHU�FRQWDLQLQJ������7ZHHQ-���ZDV�DGGHG�
WR� WKH� VODQW� DQG� VSRUHV�ZHUH� VFUDSHG�ZLWK� D� VWHULOH�
QHHGOH��7KH� LQRFXODQW�REWDLQHG� FRQWDLQHG�����[� ����
VSRUHV�SHU�PO�� 

6DUJDVVXP� VSLQRVXP� �66�� DQG� ULFH� VHHG� �56��
REWDLQHG�IURP�ORFDO�FRPSDQ\�ZHUH�XVHG�DV�VXEVWUDWHV�
IRU�WKH�.-DP\ODVH�SURGXFWLRQ��)LYH�JUDPV�RI�WKH�GULHG�
VXEVWUDWH� WDNHQ� LQ� D� FRWWRQ� SOXJJHG� ���� PO�
(UOHQPH\HU�IODVN�ZHUH�VXSSOHPHQWHG�ZLWK�����PO�RI�
VDOW� VROXWLRQ� FRQWDLQLQJ� ���� 1+�12�� �����
0J62���+�2�����DQG�1D&O�������0HGLD�IRU�.-DP\ODVH�



���� 

(IIHFW�RI�1LWURJHQ�$GGLWLRQ�RQ�WKH�.-$P\ODVH�3URGXFWLRQ�E\�$VSHUJLOOXV�QLJHU 

SURGXFWLRQ�ZHUH� FRQWDLQHG� SHUFHQWDJH� D�PL[WXUH� RI��
66�56�DV�WKH�IROORZLQJ��������������������������������
�������������DQG�������� 

7R�VWXG\�WKH�HIIHFW�RI�SDUWLFOH�VL]H�RI�6DUJDVVXP�
VSLQRVXP��66��RQ�.-DP\ODVH�SURGXFWLRQ��WKH�SDUWLFOH�
VL]H�ZDV�DGMXVWHG�XVLQJ�EOHQGHU�DQG�SDVVHG�WKURXJK�
VLHYHU� ZLWK� D� VL]H� RI� ���� ��� DQG� ��� PHVK�� 7KH�
6DUJDVVXP�VSLQRVXP��66��ZDV�WKHQ�DXWRFODYHG�� 

7R�HVWLPDWH�WKH�HIIHFW�RI�LQLWLDO�PRLVWXUH�RQ�.-
DP\ODVH�SURGXFWLRQ��WKH�PRLVWXUH�ZDV�DGMXVWHG�WR�WKH�
UHTXLUHG� OHYHO� E\� DGGLQJ� GLVWLOOHG� ZDWHU�� 6XEVWUDWHV�
ZHUH� VWHULOL]HG� DW� ����&� DQG� ��� SVL� IRU� ��� PLQ��
FRROHG�DQG�LQRFXODWHG�ZLWK�����PO�VSRUH�VXVSHQVLRQ��
�����[�����VSRUHV�SHU�PO��RI�IXQJDO�VWUDLQ��7KH�IODVNV�
ZHUH� LQFXEDWHG� DW� ���&� IRU� ��� K� XQOHVV� RWKHUZLVH�
PHQWLRQHG�� $OO� H[SHULPHQWV� ZHUH� FDUULHG� RXW� LQ� ��
UHSOLFDWHV�� 

7R�GHWHUPLQH�WKH�HIIHFW�RI�WHPSHUDWXUH�WKH�VROLG�
VWDWH�IHUPHQWDWLRQ�ZDV�FRQGXFWHG�DW����������DQG����
&���7KH�.-DP\ODVH��DFWLYLWLHV�ZDV�WKHQ�PHDVXUHG�DIWHU�
��GD\V�LQFXEDWLRQ�� 

7R�GHWHUPLQH�WKH�HIIHFW�RI�QLWURJHQ�DXJPHQWDWLRQ��
WR� IHUPHQWDWLRQ� PHGLXP� ���� �� �Z�Z�� RI� HLWKHU�
VRGLXP�QLWUDWH��\HDVW�H[WUDFW��XUHD�DQG�SHSWRQH�ZHUH�
DGGHG��7KH�.-DP\ODVH��DFWLYLWLHV�ZDV�WKHQ�PHDVXUHG�
DIWHU���GD\V�LQFXEDWLRQ� 

(Q]\PH� H[WUDFWLRQ� ZDV� FDUULHG� RXW� XVLQJ�
GLVWLOOHG� ZDWHU� ZLWK� ����� 7ZHHQ-���� .QRZQ�
TXDQWLWLHV� RI� IHUPHQWHG� VXEVWUDWHV� ZHUH� PL[HG�
WKRURXJKO\� ZLWK� WKH� UHTXLUHG� YROXPH� RI� GLVWLOOHG�
ZDWHU� �VR� WKDW� WKH� ILQDO� H[WUDFWLRQ� YROXPH�ZDV� ����
PO��E\�NHHSLQJ�WKH�IODVNV�RQ�D�URWDU\�VKDNHU�DW�����
USP�IRU�RQH�KRXU��7KH�VXVSHQVLRQ�ZDV�FHQWULIXJHG�DW�
�����J�IRU����PLQ�DQG�WKH�FOHDU�VXSHUQDWDQW�REWDLQHG�
ZDV�DVVD\HG�IRU�.-DP\ODVH�DFWLYLW\�ZKLFK�GHWHUPLQHG�
IROORZV�SURWRFRO�RI��6DKQRXQ�HW�DO�������� 

.-DP\ODVH� DFWLYLW\� ZDV� DVVD\HG� E\�PHDVXULQJ�
WKH� DPRXQW� RI� LQRUJDQLF� SKRVSKRUXV� UHOHDVHG� IURP�
VRGLXP�SK\WDWH�VROXWLRQ�XVLQJ�WKH�PHWKRG�RI�+DUODQG�
	�+DUODQG���������2QH�XQLW�RI�HQ]\PH�DFWLYLW\�ZDV�
GHILQHG� DV� WKH� DPRXQW� RI� .-DP\ODVH� UHTXLUHG� WR�
UHOHDVH�RQH�PLFURPROH�RI� LQRUJDQLF�SKRVSKRUXV�SHU�
PLQXWH�XQGHU�WKH�DVVD\�FRQGLWLRQV� 

6ROXEOH� SURWHLQ� FRQWHQW� RI� WKH� FUXGH� VDPSOHV�
ZDV�GHWHUPLQHG�VSHFWURSKRWRPHWULFDOO\�DFFRUGLQJ�WR�
WKH�PHWKRG�GHVFULEHG�E\�/RZU\�HW�DO�� �������XVLQJ�
ERYLQH�VHUXP�DOEXPLQ�DV�VWDQGDUG�� 

)XQJDO� ELRPDVV� HVWLPDWLRQ� ZDV� FDUULHG� RXW� E\�
GHWHUPLQLQJ�WKH�1-DFHW\O�JOXFRVDPLQH�UHOHDVHG�E\�WKH�
DFLG�K\GURO\VLV�RI�FKLWLQ�SUHVHQW�LQ�WKH�FHOO�ZDOO�RI�WKH�

IXQJL��6DNXUDL�HW�DO���������)RU�WKLV������J��GU\�ZW��RI�
IHUPHQWHG� PDWWHU� ZDV� PL[HG� ZLWK� FRQFHQWUDWHG�
VXOSKXULF�DFLG����PO��DQG�WKH�UHDFWLRQ�PL[WXUH�ZDV�NHSW�
IRU����K�DW�URRP�WHPSHUDWXUH�����&���7KLV�PL[WXUH�ZDV�
GLOXWHG�ZLWK� GLVWLOOHG�ZDWHU� WR�PDNH� D� ��1� VROXWLRQ��
DXWRFODYHG�IRU���K��QHXWUDOL]HG�ZLWK���1�1D2+�DQG�WKH�
ILQDO� YROXPH�ZDV�PDGH� XS� WR� ����PO�ZLWK� GLVWLOOHG�
ZDWHU��7KH�VROXWLRQ����PO��ZDV�PL[HG�ZLWK���PO�DFHW\O�
DFHWRQH�UHDJHQW�DQG�LQFXEDWHG�LQ�D�ERLOLQJ�ZDWHU�EDWK�
IRU����PLQ��$IWHU�FRROLQJ��HWKDQRO� ���PO��ZDV�DGGHG�
IROORZHG�E\�WKH�DGGLWLRQ�RI���PO�(KUOLFK�UHDJHQW�DQG�
WKH� UHVXOWLQJ�PL[WXUH� ZDV� LQFXEDWHG� DW� ���&� IRU� ���
PLQ��2QFH� FRROHG� WKH�RSWLFDO� GHQVLW\�RI� WKH� UHDFWLRQ�
PL[WXUH�ZDV�UHDG�DW�����QP�DJDLQVW�D�UHDJHQW�EODQN��
*OXFRVDPLQH��6LJPD��ZDV�XVHG�DV� WKH�VWDQGDUG��7KH�
UHVXOWV�REWDLQHG�DUH�H[SUHVVHG�DV�PJ�JOXFRVDPLQH�SHU�
JUDP�GU\�VXEVWUDWH��JGV�� 

 

5(68/76 

 

$P\ORO\WLF�IXQJL 

2XU�SUHVHQW�VWXG\�HYDOXDWH����LVRODWHV�RI�IXQJL�
DQG� \HDVW� ZKLFK� LQFOXGH� $VFRP\HFHWRXV� IXQJL�
�5KL]RSXV�ROLJRVSRUXV��$VSHUJLOOXV�QLJHU��1HXURVSRUD�
FUDVVD��DQG�7ULFKRGHUPD���DQG�$VFRP\FHWHRXV�\HDVW�
�6DFFKDURP\FHV� VS�� DQG� ,PSHUIHFW� \HDVW� �&DQGLGD�
VS��� $PRQJ� � RWKHU� $VSHUJLOOXV� ZDV� WKH� SURPLQHQW�
DP\ORO\WLF�IXQJL��)LJXUH���DQG�7DEOH���� 

7KH� HIIHFW� RI� SDUWLFOH� VL]H� RQ� .-DP\ODVH�
SURGXFWLRQ� E\� IXQJL� LV� SUHVHQWHG� LQ� )LJXUH� ��� � $OO�
IXQJL�HYDOXDWHG�UHVSRQG�VLPLODUO\���%HVW�SDUWLFOH�VL]H�
ZDV����PHVK��/RZHU�RU�KLJKHU�SDUWLFOH�VL]H�WKDQ����
PHVK�IRU�VDUJDVVXP�DSSHDU�QRW�JRRG�IRU�.-DP\ODVH�
SURGXFWLRQ�� 

Species Halo zone (cm) Ratio 

Aspergillus niger 5.2  2.6 

Rhizopus oryzae,  4.4 2.2 

Neurospora 

crassa 

4.2 2.1 

Saccharomyces sp 2,0 1.0 

Candida sp. 3.8 1.8 

Mucor sp. 3.2 1.6 

Rhizopus sp. 3.2 1.6 

Trichoderma sp. 2.4 1.2 

Trichoderma sp. 2.1 1.1 

Trichoderma sp. 2.1 1.0 

Trichoderma sp. 2.0 1.0 

 

7DEOH� ��� $P\ORO\WLF� SURSHUWLHV� RI� IXQJL� DQG� \HDVW�
HYDOXDWHG�XVLQJ�VWDUFK�PHGLXP�JURZQ�DW����
&��IRU���GD\V 



���� 

$WLW�.DQWL 
 

6XEVWUDWH�FRPSRVLWLRQ 

6ROLG� VWDWH� IHUPHQWDWLRQ� RIIHUHG� VHYHUDO� DGYDQWDJHV�
RYHU� VXEPHUJH� IHUPHQWDWLRQ� IRU�HQ]\PH�SURGXFWLRQ�
DQG� RWKHU� VHFRQGDU\� PHWDEROLWHV�� 7KH� VXEVWUDWH�
FRPSRVLWLRQ�LQIOXHQFHV�WKH�HQ]\PH�SURGXFWLRQ��&KHQ�
	�+H��������3RO\VDFFKDULGH�FRQWDLQHG�VXEVWUDWH�VXFK�
DV� VDUJDVVXP� FDQ� EH� XVHG� DV� VXEVWUDWH�� 1XWULHQW�
DGGLWLRQ� ZDV� WR� FRPSOHPHQW� QHFHVVDU\� QXWULHQW� IRU�
FHOO�JURZWK�DQG�DFWLYLWLHV��$SDU�	�g]EHN��������7KH�
HIIHFW� RI� QXWULHQW� FRPSRVLWLRQ� RQ� � .-$P\ODVH�
SURGXFWLRQ�FDQ�EH�VKRZQ�LQ�)LJXUH���ZKLFK�LV�VKRZQ�
WKDW� VXEVWUDWH�FRPSRVLWLRQ�FRQWDLQHG�VDUJDVVXP�DQG�
ULFH�VHHG�DW�UDWLRQ�RI�������Z�Z��LV�WKH�EHVW�VXEVWUDWH�
FRPSRVLWLRQ�IRU�.-$P\ODVH�SURGXFWLRQ� 

 

,QLWLDO�PRLVWXUH�FRQWHQW� 

,QLWLDO� PRLVWXUH� FRQWHQW� KDV� YDULRXV� HIIHFW� RQ�
DOSKD�DP\ODVH�SURGXFWLRQ����)LJXUH�����%HVW�ELRPDVV�
JURZWK�DQG�HQ]\PH�SURGXFWLRQ�ZDV�REWDLQHG�E\�����
PRLVWXUH�FRQWHQW��,QFUHDVLQJ�PRLVWXUH�DIIHFW�QHJDWLYHO\�
RQ�ELRPDVV�JURZWK�DQG�HQ]\PH�SURGXFWLRQ�� 

 

(IIHFW�RI�WHPSHUDWXUH 

)LJXUH� �� VKRZHG� WKH� HIIHFW� RI� LQFXEDWLRQ�
WHPSHUDWXUH� ���-���&�� RQ� WKH� SURGXFWLRQ� RI� .-
DP\ODVH� E\� $VSHUJLOOXV� QLJHU�� 5�� ROLJRVSRUXV� DQG�
1HXURVSRUD� FUDVVD� XVLQJ� 66)�� 0D[LPDO� HQ]\PH�
SURGXFWLRQ�������8��������,8��ZDV�REWDLQHG�LQ�66)�
LQFXEDWHG�DW�����&�DIWHU�WKH�FRQLGLDO�LQRFXODWLRQ�RI�5��
RU\]DH�� �:KHUHDV�1�� FUDVVD� SURGXFHG� KLJKHU� DOSKD�
DP\ODVH�ZKHQ�ZDV�JURZQ�LQ���£&�WKDQ���£&��$OSKD�
DP\ODVH�SURGXFWLRQ�E\�IXQJL�LV�UHODWHG�WR�WKH�JURZWK�
ZKLFK� VHTXHQWLDOO\� GHSHQGV� XSRQ� WKH� LQFXEDWLRQ�
WHPSHUDWXUH� 

 

(IIHFW�RI�QLWURJHQ�VRXUFHV 

7KH� HIIHFW� RI� QLWURJHQ� VRXUFHV� LV� VKRZQ� LQ�
)LJXUH� ��� 6RGLXP� QLWUDWH� VWLPXODWHG� WKH� .-DP\ODVH�
SURGXFWLRQ�E\�PRUH�WKDQ���WLPHV�IRU�5��ROLJRVSRUXV�
IROORZHG� E\� $VSHUJLOOXV� QLJHU�� ,Q� WKH� FDVH� RI� 1��
FUDVVD�HQ]\PH�SURGXFWLRQ�ZDV�VOLJKWO\�LQFUHDVHG�E\�
DGGLWLRQ�RI�QLWURJHQ�VRXUFHV��<HDVW�H[WUDFW��XUHD�DQG�

)LJXUH���$PLORO\WLF�IXQJL�$VSHUJLOOXV�QLJHU��D���6DFFKDURP\FHV�VS��DQG�&DQGLGD�VS��JURZQ�RQ�=REHOO�(� 

)LJXUH� ��� 7KH� HIIHFW� RI� SDUWLFOH� VL]H� RQ� WKH� .-
$P\ODVH� DFWLYLWLHV�� ZKLFK� ZDV� � PHDVXUHG�
DIWHU���GD\V�LQFXEDWLRQ�DW����& 

)LJXUH� ���7KH�HIIHFW�RI�VXEVWUDWH�FRPSRVLWLRQ�RQ�.-
$P\ODVH� DFWLYLWLHV�� ZKLFK� ZDV� GHWHUPLQHG�
DIWHU���GD\V�LQFXEDWLRQ�DW����& 



���� 

(IIHFW�RI�1LWURJHQ�$GGLWLRQ�RQ�WKH�.-$P\ODVH�3URGXFWLRQ�E\�$VSHUJLOOXV�QLJHU 

SHSWRQH� EHKDYH� GLIIHUHQWO\�� 8UHD� ZDV� JRRG� DV�
QLWURJHQ� VRXUFHV� IRU� $VSHUJLOOXV� QLJHU�� EXW� QRW� IRU�
1HXURVSRUD�FUDVVD��:KLOH�\HDVW�H[WUDFW�DSSHDU�QRW�WR�
KDYH�HIIHFW�RQ�.-DP\ODVH�SURGXFWLRQ��)LJXUH������ 

 

',6&866,21 

 

7KUHH� LVRODWHV� �$VSHUJLOOXV� QLJHU�� 5KL]RSXV�
ROLJRVSRUXV� DQG� 1HXURVSRUD� FUDVVD�� IRUPHG� KLJK�
FOHDU� ]RQH� ZKLFK� LPSOLHV� WKDW� WKH� LVRODWHV� SURGXFH�
DP\ODVH�� $VSHUJLOOXV� QLJHU� DV� .-DP\ODVH� SURGXFHU�
ZDV� UHSRUWHG�E\� � �3RWKLUDM�HW�DO��������� �1RW�PDQ\�
VFLHQWLVW�REVHUYHG�KLJK�SURGXFWLRQ�RI�.-DP\ODVH�E\�
1HXURVSRUD�FUDVVD��EXW�RXU�SUHVHQW�VWXG\�VKRZV�WKDW�
5KL]RSXV�ROLJRVSRUXV�DQG�1HXURVSRUD� FUDVVD� DUH�
JRRG�.-DP\ODVH�SURGXFHU� 

7KH� UHDFWLRQ� UDWH� RQ� VROLG� VWDWH� IHUPHQWDWLRQ�
LV� JUHDWO\� DIIHFWHG� E\� VXEVWUDWH� KRPRJHQHLW\���
ZDWHU� UHWHQWLRQ� DELOLW\� DQG� YROXPHWULF� KHDW�
FDSDFLW\� DQG� WKHUPDO� FRQGXFWLYLW\� �&KHQ�	�+H�
������� 7KHVH� SDUDPHWHUV� DUH� DVVRFLDWHG� ZLWK�
SDUWLFOH� VL]H�� 3DUWLFOH� VL]H� FOHDUO\� DIIHFW� .�
DP\ODVH� SURGXFWLRQ� E\� IXQJL� �)LJ�� ���� � EHVW�

SDUWLFOH�VL]H�ZDV����PHVK��7KH�SDUWLFOH�VL]H�DQG�
WKH� VSHFLILF� DUHD� RI� WKH� VXEVWUDWH� LV� RI�
LPSRUWDQFH� LQ� 66)� �6LQJKDQLD� HW� DO�� �������
8VXDOO\�EHWWHU�P\FHOLD�JURZWK�LV�REWDLQHG�ZKHQ�
IXQJL� JURZQ� RQ� VPDOOHU� VL]H� �)XNXGD� HW� DO��
������� EXW� ZLWK� VPDOOHU� SDUWLFOH�� WKH� VXUIDFH�
DUHD� IRU� JURZWK� ZDV� JUHDWHU� EXW� WKH� LQWHU-
SDUWLFOH�SRURVLW\�ZDV�OHVV��:LWK� WKH�ODUJHU�VL]H��
WKH� SRURVLW\� ZDV� JUHDWHU� EXW� WKH� VDWXUDWHG�
VXUIDFH� DUHD� ZDV� OHVV�� 7KHVH� WZR� RSSRVLQJ�
IDFWRUV� SUREDEO\� LQWHUDFWHG� WR� JLYH� WKH� YDOXH�
FRUUHVSRQGLQJ� WR� RSWLPXP� JURZWK� DQG� SURGXFW�
IRUPDWLRQ� �'MHNULI-'DNKPRXFKH� HW� DO�� ������� �7KH�
LQIOXHQFH�RI�VXEVWUDWH�SDUWLFOH�VL]H��ZKLFK�GHWHUPLQHV�
WKH�DFFHVVLEOH�VXUIDFH�DUHD�WR�WKH�PLFUR-RUJDQLVPV�RQ�
SURGXFW�IRUPDWLRQ� 

7HPSHUDWXUH�IRU�66)�LV�RWKHU�PDLQ�IDFWRU�DIIHFW�
.-DP\ODVH� SURGXFWLRQ�� %HVW� WHPSHUDWXUH� IRU� DOSKD�
DP\ODVH�SURGXFWLRQ�WKDW�$VSHUJLOOXV�QLJHU��5KL]RSXV�
ROLJRVSRUXV� DQG�1HXURVSRUD� FUDVVD� IRU�ZDV� ���&��
:KHQ�WKH�WHPSHUDWXUH�ORZHU�RU�KLJKHU�WKH�JURZWK�RI�
P\FHOLD�ZDV�LQKLELWHG�DQG�WKLV�ZDV�FRQFRPLWDQW�ZLWK�
WKH��.-DP\ODVH�SURGXFWLRQ��ZKLFK�LPSOLHV�WKDW�HQ]\PH�
SURGXFWLRQ��LV�JURZWK�DVVRFLDWHG��'MHNULI-'DNKPRXFKH�HW�
DO���������0DQ\�RWKHU�UHVHDUFKHUV�KDYH�DOVR�UHSRUWHG�
���&�DV�RSWLPXP�WHPSHUDWXUH�IRU�WKH�IXQJDO�JURZWK�
DQG�HQ]\PH�SURGXFWLRQ��7KLV�LV�EHFDXVH�WKH�HQ]\PH�
SURGXFWLRQ� LV� JURZWK� DVVRFLDWHG� DQG� ���&� LV�
RSWLPXP�WHPSHUDWXUH�IRU�IXQJL�DQG�VXEVHTXHQWO\�.-
DP\ODVH�SURGXFWLRQ��6KDILTXH�HW�DO��������'DNKPRXFKH�
HW�DO�������� 

,QLWLDO� PRLVWXUH� FRQWHQW� LV� LPSRUWDQW� HQYLURQ-
PHQWDO�IDFWRU�WKDW�LQIOXHQFH�WKH�JURZWK�DQG�HQ]\PHV�
SURGXFWLRQ� E\� IXQJL� �$QWR� HW� DO�� ����� E��� ,QLWLDO�
PRLVWXUH� FRQWHQW� DIIHFWHG� .-DP\ODVH� SURGXFWLRQ�
�)LJXUH�� ���� 0RVWO\� EHWWHU� JURZWK� RI� IXQJL� ZDV�
REVHUYHG�LQ�PRLVW�VXEVWUDWH�EXW�ZKHQ�VXEVWUDWH�ZDV�

)LJXUH� ��� (IIHFW� RI� � LQFXEDWLRQ� WHPSHUDWXUH� RQ� .-
$P\ODVH�DFWLYLW\ 

)LJXUH� ���(IIHFW�RI�LQLWLDO�RI�PRLVWXUH�FRQWHQW�RQ�.-
$P\ODVH�DFWLYLW\ 

)LJXUH����(IIHFW�RI��QLWURJHQ�VRXUFHV��������Z�Z��RQ��
.-$P\ODVH�DFWLYLW\ 



���� 

$WLW�.DQWL 
 

WRR�ZHW�WKDQ�WKH�VXUIDFH�DUHD�IRU�JURZWK�WKURXJK�LQWHU
-SDUWLFOH�SRURVLW\�ZDV�OHVV��ZKLFK�IXUWKHU�GHWHUPLQHV�
WKH� DFFHVVLEOH� VXUIDFH� DUHD� IRU�P\FHOLD� JURZWK� DQG��
SURGXFW�IRUPDWLRQ��+HQFH�LW�LV�LPSRUWDQFH�WR�RSWLPL]H�
SDUWLFOH�VL]H��VXUIDFH�DFFHVVLELOLW\�DQG�ZDWHU�FRQWHQW�� 

,QLWLDO�PRLVWXUH� FRQWHQW�QRW�RQO\� LPSRUWDQW� IRU�
SURGXFLQJ� .-DP\ODVH�� EXW� DOVR� IRU� � WKH� DFWLYLW\� RI�
FHOOXODVH��IRU�LQFUHDVLQJ�OLSLG�DFFXPXODWLRQ�E\�0LFURVSKD-
HURSVLV�VS��<HQ�	�=KDQJ�������3HQJ�	�&KHQ��������
7KH\�IRXQG�����LQLWLDO�PRLVWXUH�FRQWHQW�LV�RSWLPDO� 

1LWURJHQ�VRXUFHV�DIIHFWHG�.-DP\ODVH�SURGXFWLRQ�
�)LJXUH�����6RGLXP�QLWUDWH�ZDV� WKH�QLWURJHQ�VRXUFHV�
IRU�.-DP\ODVH�SURGXFWLRQ��)LJ�����9DULDELOLW\�HIIHFW�RI�
1-VRXUFH�RQ�.�DP\ODVH�SURGXFWLRQ�KDV�EHHQ�QRWHG�E\�
PDQ\� VFLHQWLVW�� DQG� HDFK� IXQJDO� VSHFLHV� UHVSRQG�
GLIIHUHQWO\� WR� QLWURJHQ� VRXUFHV�� 1RW� RQO\� FDUERQ�
VRXUFHV��QLWURJHQ�VXSSOHPHQW�DOVR�DIIHFWHG�.-DP\ODVH�
SURGXFWLRQ� E\� PLFURRUJDQLVP� �8JZXDQ\L� HW� DO��
������� ,Q� WKH� FDVH� RI� %DFLOOXV� VWHDURWKHUPRSKLOXV�
DGGLWLRQDO�&-VRXUFHV�LQFUHDVH�DP\ODVH�SURGXFWLRQ�LQ�
RUGHU� VWDUFK� !� GH[WULQ� !� JO\FRJHQ� !� FHOORELRVH� !�
PDOWR-KH[DRVH-PDOWR-SHSWDRVH� !� PDOWR-WHWUDRVH� DQG�
PDOWR-WULRVH�� 0RQRVDFFKDULGHV� KRZHYHU� UHSUHVVHG�
WKH� HQ]\PH� SURGXFWLRQ�� ZKHUHDV� LQRVLWRO� DQG� '-

VRUELWRO�LQFUHDVHG�DP\ODVH�SURGXFWLRQ�� 
.-$P\ODVH� SURGXFWLRQ� DOVR� UHVSRQG� SRVLWLYHO\��

WR�RUJDQLF�DQG�LQRUJDQLF�VDOWV��DGGLWLRQ�LQ�WKH�RUGHU�RI�
.&,�!�VRGLXP�PDODWH�!�SRWDVVLXP�VXFFLQDWH��$PLQR�
DFLGV�VXFK�DV�LVROHXFLQH��F\VWHLQH��SKHQ\ODODQLQH��DQG�
DVSDUWLF� DFLGV�� ZHUH� FUXFLDO� IRU� DP\ODVH� V\QWKHVLV��
0HGLXP�FRQWDLQLQJ�&D&O���+�2�HQKDQFHG�DP\ODVH�
SURGXFWLRQ� RYHU� WKDW� RQ� &D-GHILFLHQW� PHGLXP�� 7KH�
GHWHUJHQWV� 7ZHHQ-��� DQG� 7ULWRQ� ;-���� LQFUHDVHG�
ELRPDVV� EXW� VLJQLILFDQWO\� VXSSUHVVHG� DP\ODVH�
V\QWKHVLV��7KLSSHVZDP\�HW�DO�������� 

1JX\HQ� HW� DO�� ������� � SURSRVHG� VHOHFWLRQ� RI�
FDUERQ�DQG�QLWURJHQ�VRXUFHV�LV�FUXFLDO�IRU�.-DP\ODVH�
SURGXFWLRQ�� 7KH\� IRXQG� 7KHUPRP\FHV� ODQXJLQRVXV�
JURZQ� RQ� VWDUFK�� PDOWR-GH[WULQ�� GH[WULQ�� PDOWRVH��
DP\ORSHFWLQ��JOXFRVH�DQG�GH[WUDQ�ZLWK�DVSDUDJLQH�DV�
QLWURJHQ�VRXUFHV��S+�DGMXVWHG�WR�����SURGXFH�JRRG�.-
DP\ODVH����±���8�P/��DQG�JOXFR-DP\ODVH���±���8�
P/��DFWLYLWLHV� 

3URGXFWLRQ� RI� .-DP\ODVH� XQGHU� VROLG-VWDWH�
IHUPHQWDWLRQ�E\�%DFLOOXV�FHUHXV�07&&������VKRZHG�
GLIIHUHQW�EHKDYLRU���8VLQJ�ZKHDW�EUDQ�DQG�ULFH�IODNH�
PDQXIDFWXULQJ� ZDVWH� DV� VXEVWUDWHV�� 7KLV� EDFWHULD�
SURGXFHG�.-DP\ODVH�DERXW��������8�J���$GGLWLRQ�RI�
JOXFRVH�������J�J��HQKDQFHG�HQ]\PH�SURGXFWLRQ������
���8�J���6XSSOHPHQWDWLRQ�RI�GLIIHUHQW�QLWURJHQ�VRXUFHV�

������ J�J�� VKRZHG� GHFOLQH� LQ� HQ]\PH� SURGXFWLRQ�
�$QWR�HW�DO������E�� 

2XU� SUHVHQW� VWXG\� VKRZHG� WKDW� $VSHUJLOOXV�
QLJHU��5KL]RSXV�ROLJRVSRUXV�DQG�1HXURVSRUD�FUDVVD�
DUH�LPSRUWDQW�IXQJL�IRU�DOSKD�DP\ODVH�SURGXFWLRQ��DQG�
RSWLPL]LQJ� SDUWLFOH� VL]H�� PRLVWXUH� FRQWHQW�� QLWURJHQ�
VRXUFHV� DUH� FUXFLDO� WR� HQKDQFH� DOSKD� DP\ODVH�
SURGXFWLRQ��0HGLD�FRQWDLQHG�VDUJDVVXP�DQG�ULFH�VHHG�
DW� UDWLR� RI� ������ ZDV� WKH� EHVW� IRU� DOSKD� DP\ODVH�
SURGXFWLRQ�� 

 

&21&/86,21 

 

$VSHUJLOOXV� QLJHU�.P��� 5KL]RSXV� ROLJRVSRUXV�
.P��DQG�1HXURVSRUD�FUDVVD�.P��ZHUH� �JRRG� �.-
DP\ODVH� SURGXFHU� RQ� VROLG� VWDWH� IHUPHQWDWLRQ� XVLQJ�
VDUUJDVVXP� DQG� ULFH� VHHG� DV� IHUPHQWDWLRQ� PHGLD��
+LJKHU� .-DP\ODVH� SURGXFWLRQ� REWDLQHG� WKURXJK�
DGGLWLRQ�RI�VRGLXP�QLWUDWH�DQG�SDUWLFOH�VL]H�DGMXVWPHQW���
3URGXFWLRQ� RI� .-DP\ODVH� XVLQJ� VDUJDVVXP� DV�
IHUPHQWDWLRQ�PHGLD�FDQ�EH�DOWHUQDWLYH�WR�LQFUHDVH�LWV�
HFRQRPLF�YDOXH� 

 

$&.12:/('*(0(176 

 

7KLV� UHVHDUFK� ZDV� XQGHU� UHVHDUFK� SURMHFW��
FRPPHUFLDO�SURGXFW�GHYHORSPHQW�RI�7KH�,QGRQHVLDQ�
,QVWLWXWH�RI�6FLHQFHV��������,�ZRXOG�OLNH�WR�WKDQN�'U��
/LVPDQ�6XU\DQHJDUD�RI�5HVHDUFK�&HQWHU�IRU�%LRPDWHULDO�
IRU�2UJDQL]LQJ�WKH�5HVHDUFK�DQG��5LVND:DK\XQLQJW\DV�
IRU�/DERUDWRU\�DQDO\VHV� 
 
5())(5(1&(6 
 
$OWVFKXO��6)���7/��0DGGHQ��$$��6FKlIIHU��-��=KDQJ��

=�� =KDQJ��:�� 0LOOHU� 	� '-�� /LSPDQ�� ������
*DSSHG� %/$67� DQG� 36,-%/$67�� D� QHZ�
JHQHUDWLRQ� RI� SURWHLQ� GDWDEDVH� VHDUFK� SUR-
JUDPV� 1XFOHLF� DFLGV� UHVHDUFK� �������� ����-
����� 

$QWR�� +��� 8%�� 7ULYHGL� 	� .&�� 3DWHO�� ����D��
³*OXFRDP\ODVH� 3URGXFWLRQ� E\� 6ROLG-6WDWH�
)HUPHQWDWLRQ�8VLQJ�5LFH�)ODNH�0DQXIDFWXULQJ�
:DVWH� 3URGXFWV� DV� 6XEVWUDWH� �́ %LRUHVRXUFH�
7HFKQRORJ\� ��� ����� �-XO\��� ���-��� GRL��
��������M�ELRUWHFK�������������� KWWS���ZZZ��
QFEL�QOP�QLK�JRY�SXEPHG���������� 

$QWR��+���8%��7ULYHGL��	��.���3DWHO������E��³$OSKD�
$P\ODVH� 3URGXFWLRQ� E\� %DFLOOXV� &HUHXV�
07&&������8VLQJ�6ROLG-6WDWH�)HUPHQWDWLRQ�́ �



���� 

(IIHFW�RI�1LWURJHQ�$GGLWLRQ�RQ�WKH�.-$P\ODVH�3URGXFWLRQ�E\�$VSHUJLOOXV�QLJHU 
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