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�H�LH����WLFOH -RXUQDO�RI�%LRFKHPLVWU��DQG�%LRSK�VLFV
9ROXPH���1XPEHU����-XO����'HFHPEHU�����

'2,��KWWS���G[�GRL�RUJ����������UISMEE�����������������

��5HYLH��RQ��SSOLFDWLYH��LRWHFKQRORJ��DQG��
��PDQ��HYHORSPHQW

�OSDQD�6DKD

�EVWUDFW

7KH� NQRZOHGJH� RI� ELRWHFKQRORJ�� LV� DSSOLHG� LQ� DOO�PDMRU� DUHDV� RI� KXPDQ� OLIH� OLNH�PHGLFLQH��
DJULFXOWXUH�� SHWURFKHPLFDO�� IRRG� SURFHVVLQJ� DQG� DURPDWLF� PDQXIDFWXULQJ� LQGXVWU��� 0HGLFLQDO�
SODQWV�KDYH�EHHQ�JURZQ�RQ� WKLV�SODQW�VLQFH�DQFLHQW� WLPHV��:LWK�SDVVDJH�RI� WLPH�KXPDQ�EHLQJV�
GHYHORSHG� WKH� WHFKQLTXH� RI� H[WUDFWLRQ� RI�PHGLFLQHV� IURP� WKH� PHGLFLQDO� SODQWV�� 7KH� PHGLFDOO��
LPSRUWDQW�FRPSRQHQWV�OLNH�DQWLR[LGDQWV��DQDOJHVLFV��DQWLYLUDO��DQWLEDFWHULDO�HWF�DJHQWV�DUH�H[WUDFWHG�
IURP�PHGLFLQDO�SODQWV�WKURXJK�WKH�ODWHVW�ELRWHFKQRORJLFDO�WHFKQLTXHV�DQG�PHWKRGV��/LSLGV�DUH�LQ�
JUHDW�GHPDQG� LQ� ELRFKHPLFDO� LQGXVWULHV� DQG� WR� IXOILOO� WKLV�GHPDQG�ELRWHFKQRORJLFDO� WHFKQLTXHV�
FRPH� LQWR� SOD�� IRU� H[WUDFWLRQ� RI� WKH� VDPH�� 7KLV� SDSHU� UHYLHZV� YDULRXV� DSSOLFDWLYH� DVSHFWV� RI�
ELRWHFKQRORJ��WKURXJK�OLWHUDWXUH�UHYLHZ�DQG�SRVLWLYH�LPSDFW�RI�WKH�VDPH�RQ�KXPDQ�GHYHORSPHQW�

.H��RUGV��$QDOJHVLFV��$QWLR[LGDQWV��%LRWHFKQRORJ���0HGLFLQDO��0HGLFLQHV�

�R��WR�FLWH�WKLV�DUWLFOH�

$OSDQD�6DKD��$�5HYLHZ�RQ�$SSOLFDWLYH�%LRWHFKQRORJ��DQG�+XPDQ�'HYHORSPHQW��5)3�-RXU��RI�%LR��DQG�%LRSK���
����������������

��WKRU�V��IILOLDWLRQ��5HVHDUFK�6FKRODU��$FDGHP��RI�
6FLHQWLILF�DQG�,QQRYDWLYH�5HVHDUFK��*KD]LDEDG���������
8WWDU�3UDGHVK��,QGLD�

&RUUHVSRQGLQJ� ��WKRU�� �OSDQD� 6DKD�� 5HVHDUFK�
6FKRODU�� $FDGHP�� RI� 6FLHQWLILF� DQG� ,QQRYDWLYH�
5HVHDUFK��*KD]LDEDG���������8WWDU�3UDGHVK��,QGLD�

(�PDLO��LLPFDOSDQDHQJOLVK#JPDLO�FRP

5HFHLYHG������������

�FFHSWHG������������

,1752�8&7,21

3KDUPDFHXWLFDO� LQGXVWU�� XWLOL]HV� DOO� NLQGV� RI�
ELRWHFKQRORJLFDO� WRROV� DQG� WHFKQLTXHV� IRU�

H[WUDFWLRQ� DQG� REWDLQLQJ� RI� ELRORJLFDO� DFWLYH�
DQG� LPSRUWDQW� FRPSRXQGV�� $OO� NLQGV� RI� FXOWXUH�
OLNH� RUJDQ�� WLVVXH� DQG� FHOO� FXOWXUH� DUH� FRQGXFWHG�
WKURXJK� ELRWHFKQRORJLFDO� PHDQV�� 7KH� DFWLYH�
VXEVWDQFHV� REWDLQHG� WKURXJK� WKHVH� PHDQV� DUH� RI�
JUHDW� LPSRUWDQFH� IRU� ERWK� SKDUPDFRORJLFDO� DQG�

PHGLFLQDO� LQGXVWU��� 7KXV�� FRPSRQHQWV� REWDLQHG�
WKURXJK� ELRWHFKQRORJLFDO� WHFKQLTXHV� DUH� QDWXUDO�
LQ�RULJLQ��,W�LV�VDLG�WKDW�WKHVH�DUH�OHVV�KDUPIXO�WKDQ�
PHGLFLQH�REWDLQHG�IURP�V�QWKHWLF�VXEVWDQFHV����

7KHUH� DUH� YDULRXV� OLSLGV� LQ� YDULRXV� LQGXVWULHV�
DQG�SDUWLFXODUO��EDFWHULDO�OLSLGV�DUH�RI�UHPDUNDEOH�
XVH�� /LSDVHV� REWDLQHG� IURP� EDFWHULD� OLNH� %DFLOOXV��
6WDSK�ORFRFFXV�� DQG� 3VHXGRPRQDV� WKHLU�
SURGXFWLRQ�LV�FRQGXFWHG�DW�LQGXVWULDO�OHYHO��7KLV�LV�
GRQH�MXVW�EHFDXVH�RI�WKHLU�KXJH�ELRFKHPLFDO�XVH��

5LFH�LV�RQH�RI�WKH�PRVW�LPSRUWDQW�VWDSOH�IRRGV�RI�
PRVW�RI� WKH�FRXQWULHV�RI� WKH�ZRUOG��9DULRXV�NLQGV�
RI� ELRWHFKQRORJLFDO� WHFKQLTXHV�KDYH� EHHQ�XWLOL]HG�
WR� LQFUHDVH� WKH� SURGXFWLRQ� DQG� YDULHWLHV� RI� ULFH��
'XH� WR�JOREDO�SRSXODWLRQ�JURZWK� WKH�GHPDQG� IRU�
ULFH� KDV� LQFUHDVHG� GUDPDWLFDOO�� LQ� WKH� SDVW� IHZ�
GHFDGHV��9DULRXV� ELRWHFKQRORJLFDO�PHDVXUHV�ZHUH�
XQGHUWDNHQ�WR�LQFUHDVH�WKH�SURGXFWLRQ�DQG�FXUUHQWO��
WKH�SURGXFWLRQ�RI�ULFH�KDV� LQFUHDVHG�PDQLIROG��$V�
ULFH�KDV� JUHDW� GHPDQG�IRU� LUULJDWLRQ� IDFLOLWLHV� DQG�
DJULFXOWXUDO� ODQG� IRU� LWV� �LHOG�� WR� LQFUHDVH� WKH�SHU�
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XQLW� DUHD� LQFUHDVH� RI� ULFH� SURGXFWLRQ� LV� D� PXVW��
$GYDQFHPHQW� LQ� JHQH� WHFKQRORJ�� DQG� JHQRPH�
VHTXHQFLQJ� KDV� KHOSHG� LQ� LQFUHDVLQJ� WKH� �LHOG� RI�
ULFH�LQWHUQDWLRQDOO���

:LWK�JUHDW�GHPDQG�IRU�G�HV�XQLYHUVDOO��LQ�DOO�NLQGV�
RI� LQGXVWULHV� UDQJLQJ� IURP� WH[WLOHV�� IRRG�SURFHVVLQJ�
WR� SKDUPDFHXWLFDOV� DQG� DGYDQFHPHQW� LQ� RUJDQLF�
FKHPLVWU��� :H� FRXOG� VHH� UDPSDJH� XVH� RI� V�QWKHWLF�
FRORUV� HYHU�ZKHUH�� :H� YHU�� ZHOO� NQRZ� WKDW� XVH�
RI�VXFK�G�HV�DUH�KDUPIXO� WR�KXPDQV�DQG�LQ�WKH�ODVW�
IHZ��HDUV�ODUJH�VFDOH�UHVHDUFK�KDV�EHHQ�FRQGXFWHG�WR�
H[WUDFW�QDWXUDO�G�HV�IURP�QDWXUDO�SURGXFWV�SULPDULO��
IURP� SODQW� VRXUFHV� ZLWK� WKH� DLG� RI� ELRWHFKQRORJ��
sciences.�When�we�look�into�the�scienti�c�aspect�of�dye�
SURGXFWLRQ�QDWXUDOO��PLFURRUJDQLVPV�SOD��LPSRUWDQW�
UROHV� IURP� WKH� EHJLQQLQJ� WR� HQG� RI� WKH� SLJPHQW�
SURGXFWLRQ�SURFHVV��3LJPHQWV�OLNH�S�WKRQV��PHODQLQ��
carotenoids,� phenazine,� �avins,� etc.� are� all� natural�
SLJPHQWV�UHVSRQVLEOH�IRU�DSSHDUDQFH�RI�QDWXUDO�FRORUV�
OLNH�JUHHQ��EOXH��UHG��RUDQJH���HOORZ�DQG�EURZQ�HWF��
%DFWHULD�DUH�WKH�QDWXUDO�VRXUFH�RI�SLJPHQWV��G�HV�DQG�
FRORUDQWV�LQ�WKLV�ZRUOG��:LWK�WKH�XVH�RI�ELRWHFKQRORJ���
WKH�SLJPHQWV�FDQ�EH�H[WUDFWHG�IURP�WKHP�IRU�RXU�XVH��
6XFK� SLJPHQWV� DUH� VDIH� IRU� KXPDQ� FRQVXPSWLRQ��
0LFURRUJDQLVPV�FDQ�EH�HDVLO��JURZQ�DQG�SURSDJDWHG�
WKHQ�LQ�FRPSDULVRQ�WR�YHJHWDEOH�SURSDJDWLRQ��7KH��FDQ�
HDVLO��JURZ�LQ�FRQWUROOHG�FRQGLWLRQV�DQG�WKHLU�JURZWK�
KDV�QR�GHSHQGHQF��RQ�VHDVRQ��ZKLFK�RQ�FRQWUDU��LV�D�
PXVW�IRU�SODQW�SURSDJDWLRQ��7KH�PLFURRUJDQLVP�FDQ�
EH�JURZQ�LQ�KXJH�ELRPDVV�IRU�LQGXVWULDO�SURGXFWLRQ�
RI�SLJPHQWV�DQG�FRORUDQWV��

%LRWHFKQRORJ�� KDV� KHOSHG� LQ� LPSURYHG�
SURGXFWLRQ� RI� PDQ�� YLWDO� HQ]�PHV�� ZKLFK� DUH� RI�
signi�cant�medical�and�pharmaceutical�importance.�
7R� HODERUDWH� RQ� LW� ZH� FDQ� GLVFXVV� WKH� HQ]�PH�
/�DVSDUDJLQDVH��/�DVSDUDJLQDVH� LV�RQH�RI� WKH�PRVW�
YLWDO�HQ]�PHV�RI�PHGLFDO�LPSRUWDQFH��,Q�WKH�SUHVHQW�
GD�� ZKHQ� FDVHV� RI� FDQFHU� DUH� XQLYHUVDO� PHGLFDO�
KDYRF��/�DVSDUDJLQDVH� LV� XVHG� LQ� WKH� WUHDWPHQW�RI�
FDQFHU��,W�LV�QRW�RQO��XVHG�LQ�WKH�PHGLFDO�LQGXVWU��
EXW�DOVR� LQ� WKH� IRRG�SURFHVVLQJ� LQGXVWU���/RRNLQJ�
LQWR� WKH� PHGLFDO� LPSRUWDQFH� RI� WKH� HQ]�PH�
/�DVSDUDJLQDVH�YDULRXV�ELRWHFKQRORJLFDO�WRROV�ZHUH�
XVHG�IRU�PDVV�SURGXFWLRQ�RI�WKLV�HQ]�PH���$QRWKHU�
YLWDO�DJHQW�WKDW�LV�XVHG�DV�DQ�LPSRUWDQW�DQWL�FDQFHU�
GUXJ� LV� ODFFDVHV��%LRWHFKQRORJ��KDV�KHOSHG� LQ� WKH�
SURGXFWLRQ�RI�WKLV�DJHQW�DQG�WKLV�DJHQW�LWVHOI� LV�RI�
JUHDW� QDQR�ELRWHFKQRORJLFDO� LPSRUWDQFH�� /DFFDVHV�
DUH� DOVR� DQ� LPSRUWDQW� FRPSRQHQW� RI� WKH� FRVPHWLF�
LQGXVWU��DV�ZHOO�DV�DQ�DJHQW�XVHG�LQ�ELRUHPHGLDWLRQ��

7KHUH�DUH�PDQ��QDQRPDWHULDOV�WKDW�DUH�RI�JUHDW�
QDQRWHFKQRORJ��DQG� ELRWHFKQRORJLFDO� LPSRUWDQFH��
2QH�VXFK�PDWHULDO�LV�JUDSKHQH��7KHUH�DUH�KXJH�ELR�
DSSOLFDWLRQV�RI�JUDSKHQH�� ,W� LV�XVHG� LQ�ELRVHQVRUV��

ODUJH� QXPEHUV� RI� ELRORJLFDO� GHYLFHV�� PROHFXODU�
PHGLFLQH��ELRDVVD��DQG�PROHFXODU�DQDO�VLV��

The� �eld� of� biotechnology� has� witnessed�
WKH� JHQRPH� VHTXHQFLQJ� RI� YDULRXV� SODQWV� DQG�
DQLPDOV� EH� LW� SURNDU�RWLF� RU� HXNDU�RWLF�� $IWHU�
JHQRPH� VHTXHQFLQJ� ELRWHFKQRORJ�� LV� DGYDQFLQJ�
WRZDUGV�GHHS�XQGHUVWDQGLQJ�RI� JHQH� DQG�SURWHLQ�
IXQFWLRQDOLW��LQ�YDULRXV�SURFHVVHV���

The� term� “proteomics”� can� be� de�ned� as� the�
TXDOLWDWLYH� DQG� TXDQWLWDWLYH� FRPSDULVRQV� RI�
SURWHRPHV� WR� LGHQWLI�� FHOOXODU�PHFKDQLVPV�ZKLFK�
DUH�LQYROYHG�LQ�ELRORJLFDO�SURFHVVHV���

3URWHRPLFV�KXJHO��KHOSV�LQ�PROHFXODU�ELRORJ���,W�
speci�cally�helps�in�molecular�study�of�reproductive�
IXQFWLRQV�RI�YDULRXV�DQLPDOV���

%LRWHFKQRORJ��KDV�FRPH�WR�WKH�UHVFXH�HYHQ�LQ�WKH�
WH[WLOH�LQGXVWU��WR�FXUWDLO�ZDWHU�ZDVWH�LQ�WKH�FRORUDWLRQ�
process.� Biotechnology� has� signi�cantly� helped� in�
GHFRORUL]DWLRQ�RI�WH[WLOH�ZDVWHZDWHU��%LRWHFKQRORJLFDO�
WHFKQLTXHV�DUH�EHLQJ�XVHG�WR�SUHSDUH�G�HV�WKDW�FDQ�EH�
VDIHO��ZDVKHG�YLD�OHDVW�ZDWHU�XVDJH���

�,6&866,21

7KHUH�DUH�YDULRXV�DSSOLFDWLRQV�RI�ELRWHFKQRORJ��
UDQJLQJ� IURP�GLDJQRVWLFV� WR�HYROXWLRQDU�� VWXGLHV��
Biotechnology� has� de�nitely� revolutionized�
the� �eld� of� molecular� biology.� Biotechnological�
methods� are� used� for� functional� identi�cation�
RI� UDUH� SDUWLFOHV�� VPDOO� PROHFXOHV� DQG� DGYDQFH�
identi�cation� of� many� parts� and� functions� at�
PROHFXODU�OHYHO���

%LRWHFKQRORJ�� KDV� DOVR� KHOSHG� XV� LQ� VWXG��
signi�cantly� for� algal� study.� Algae� is� of� great�
signi�cance�today�as�it�is�largely�used�as�food�and�
IHHG�IRU�D�ODUJH�QXPEHU�RI�OLYLQJ�RUJDQLVPV��6R��WKH�
ELRWHFKQRORJ�� RI�PLFURDOJDH� LV�DOVR� LPSRUWDQW� IRU�
KXPDQ�GHYHORSPHQW��$V�WKHUH�LV�JUHDW�GLYHUVLW��LQ�
WKH�YDULHWLHV�RI�PLFURDOJDH�� LW�KHOSV� LQ� WKH�JHQHWLF�
HQJLQHHULQJ�VWXGLHV�

:H� YHU�� ZHOO� NQRZ� WKDW� ELR� SHWUROHXP� LV�
SURGXFHG� WKURXJK�ELRWHFKQRORJLFDO� DGYDQFHPHQW��
7KLV� ZLOO� ERWK� KHOS� LQ� UHGXFLQJ� WKH� GHSHQGHQF��
RQ� QRQ�UHQHZDEOH� VRXUFHV� DQG� KHOS� LQ� QDWXUDO�
SURGXFW�ZDVWH�PDQDJHPHQW� RU� DJULFXOWXUDO�ZDVWH�
PDQDJHPHQW�� ,Q� ODUJH� SDUWV� RI� (XURSH� UDZ� JUDVV�
FRYHUV�WKLUW��SHUFHQW�RI�WKH�ODQG�DQG�WKLV�JUDVVODQG�
LV�RI�QR�XVH�EXW� MXVW�WR�VHUYH�DV�IRGGHU� IRU�DQLPDO�
KXVEDQGU���7KH�JUDVVHV�IURP�WKH�JUDVVODQG�FDQ�EH�
XVHG�LQ�ELRHWKDQRO�SURGXFWLRQ��%LR�EDVHG�HFRQRP��
LV� JDLQLQJ� LPSRUWDQFH� EHFDXVH� RI� LQFUHDVHG�
DZDUHQHVV� UHJDUGLQJ� GHWHULRUDWLQJ� HQYLURQPHQW�

$OSDQD�6DKD��$�5HYLHZ�RQ�$SSOLFDWLYH�%LRWHFKQRORJ��DQG�+XPDQ�'HYHORSPHQW
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DQG� UHGXFLQJ� QDWXUDO� UHVRXUFHV�� /LJQRFHOOXORVLF�
ELRPDVV�FDQ�EH�XVHG�IRU�ELRSHWURO�SUHSDUDWLRQ�DV�LW�
LV�RI�QR�XVH�WR�KXVEDQGU��RU�KXPDQ�LQGXVWU����

1RZ� ZH� ZLOO� GLVFXVV� ZK�� LQ� YLWUR� VHFRQGDU��
SURGXFWLRQ� RI� PHWDEROLWHV� IRU� KXPDQ� XVH� DUH�
SURGXFHG�� 7KH� UHDVRQ� EHKLQG� LW� LV� WKDW� VXFK�
PHWDEROLWHV�DUH� VDIH� IRU�KXPDQ�FRQVXPSWLRQ��7KH�
DGYDQWDJHV�DUH�DV�IROORZ�

���� 7KH��DUH�QDWXUDO�LQ�RULJLQ

���� Directly� cultured� from� the� speci�c�organ,�
WLVVXH�RU�FHOO��6R�JUDQWV�SUHFLVH�HIIHFW

���� 3URGXFWLRQ�F�FOH�LV�VPDOO�YLD�VXFK�PHWKRGV�
VR�SURGXFWLRQ�LV�HDV��

6RPH� H[DPSOHV� RI� VHFRQGDU�� PHWDEROLWHV�
REWDLQHG� LQ�YLWUR� IURP� VRPH�PHGLFLQDO�SODQWV� DUH�
$QWLR[LGDQW�DJHQWV��$QDOJHVLF�DJHQWV��$QWLEDFWHULDO�
DJHQWV�DQG�$QWLGLDEHWLF�DJHQWV��

7KHVH� DJHQWV�KDYH�KHOSHG�KXPDQ�EHLQJV�HDVLO��
WDFNOH�FRPSOLFDWHG�KHDOWK�SUREOHPV�

([DPSOHV�RI�VRPH�LPSRUWDQW�DQWLR[LGDQW�DJHQWV�
DUH�DV�IROORZV�

7DEOH����7DEXODU�UHSUHVHQWDWLRQ�RI�FRPSRXQGV��SODQWV��ELRWHFK�SURFHVV�DQG�SODQW�VSHFLHV

&RPSR�QG 3ODQW�6SHFLHV &�OW�UH �QWLR�LGDQW�7HVWLQJ

$QWKRF�DQLQV 'DXFXV�FDURWD &DOOXV�DQG�FHOO�VXVSHQVLRQ /LSLG�SHUR[LGDWLRQ

$QWKRF�DQLQV $MXJD�UHSWDQV )ORZHU�FHOO�FXOWXUH β-carotene�bleaching�and�lipid�
SHUR[LGDWLRQ

$QWKRF�DQLQV *OHKQLD�OLWWRUDOLV &DOOXV�DQG�FHOO�6XVSHQVLRQ 0DQ��LQ�YLWUR�FKHPLFDO�DVVD�V

$QWKRF�DQLQV 9DFFLQLXP�SDKDODH &HOO�DQG�DJJUHJDWH�6XVSHQVLRQ 0DQ��LQ�YLWUR�FKHPLFDO�DVVD�V

$SLJHQLQ 6DXVVXUHD�DUDELFD +DLU��URRWV 2YHUH[SUHVVLQJ�&+,��+�2��
LQGXFHG�FHOO�GDPDJH

$ELHWDQH�DQG�'LWHUSHQRLGV 7RUUH�D�QXFLIHUD &HOO�VXVSHQVLRQ /'/�R[LGDWLRQ�DQG�QLWULF�
R[LGH�LQKLELWLRQ

&URFLQ &URFXV�VDWLYXV &DOOXV $OOHYLDWLRQ�RI�R[LGDWLYH�VWUHVV�
LQ�FXOWXUHG�PDPPDOLDQ�FHOOV

&�QDULQ�DQG�FKORURJHQLF�DFLG &�QDUD�FDUGXQFXOXV &DOOXV 7%$56

&DUQRVLF�DFLG 5RVPDULQXV�2IILFLQDOLV &DOOXV�DQG�VKRRW�&XOWXUH 2[LGDWLYH�VWUHVV�UHGXFWLRQ�LQ�
OLYLQJ�FHOOV�DQG�PDQ��FKHPLFDO�

LQ�YLWUR�DVVD�V

)ODYRQRLGV $UWHPLVLD�-XGDLFD 6KRRW�FXOWXUHV�LQ�%LRUHDFWRU '33+

)ODYRQH�&�JO�FRVLGHV 3DVVLIORUD�4XDGUDQJXODULV 89�LUUDGLDWHG�FDOOXV '33+

)ODYRQROV�DQG�IODYRQHV 3HWURVHOLQXP�VDWLYXP &HOO�VXVSHQVLRQ ,Q�YLYR��UDWV�

)ODYRQRLGV 6WHYLD�UHEDXGLDQD &DOOXV )5$3�DQG�'33+

.LQREHRQ�$ &DUWKDPXVWLQFWRULXV &HOO�VXVSHQVLRQ &HOO�PHPEUDQH�SHUR[LGDWLRQ��
;2'�1%7�DQG�VLQJOHW�R[�JHQ�

TXHQFKLQJ

/LWKRVSHUPLF�DFLG�%�DQG�
URVPDULQLF�DFLG

6DOYLD�PLOWLRUUKL]D &DOOXV��UHJHQHUDWHG�SODQWOHWV�DQG�
KDLU��URRWV

'33+

3KHQ�OHWKDQRLG�JO�FRVLGHV &LVWDQFKH�HVHUWLFROD &HOO�VXVSHQVLRQ '33+

3LFHDWDQQRO��D�VWLOEHQH� $UDFKLV�DUDELFD &DOOXV 2[LGDWLYH�'1$�GDPDJH�LQ�
FHOO�FXOWXUH

.LQREHRQ�$ &DUWKDPXVWLQFWRULXV &HOO�VXVSHQVLRQ &HOO�PHPEUDQH�SHUR[LGDWLRQ��
;2'�1%7�DQG�VLQJOHW�R[�JHQ�

TXHQFKLQJ

5RVPDULQLF�DFLG $QFKXVD�RIILFLQDOLV &HOO�VXVSHQVLRQ 0DQ��LQ�YLWUR�FKHPLFDO�DVVD�V

3ODQW�ELRWHFKQRORJ��LV�DQ�LPSRUWDQW�DOWHUQDWLYH�EUDQFK�RI�OLIH�VFLHQFHV�IRU�SURGXFWLRQ�RI�SKRWRFKHPLFDO�
of�use�in�scienti�c�world.�These�productions�are�vital�for�both�biodiversity�of�plant�kingdom�and�human�
FLYLOL]DWLRQV�GHYHORSPHQW�RQ�WKLV�HDUWK��7KH�ELRFKHPLFDO�SURGXFWV�PHQWLRQHG�LQ�WDEOH���DUH�YLWDO�SURGXFWV�
for�metabolic�use�for�both�plants�and�animals�in�science�and�medical��eld.

:H� NQRZ� WKDW� R[LGDWLRQ� LV� YHU�� LPSRUWDQW�
SURFHVV� LQ�PRVW� RI� WKH� FKHPLFDO�EDVHG� LQGXVWULHV��

7KH�V�QWKHWLF�RU�FKHPLFDO�R[LGDWLRQ�DQG�UHGXFWLRQ�
SURFHVV� LV� YHU�� KD]DUGRXV� WR� WKH� HQYLURQPHQW��

$OSDQD�6DKD��$�5HYLHZ�RQ�$SSOLFDWLYH�%LRWHFKQRORJ��DQG�+XPDQ�'HYHORSPHQW
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7KH� ELRORJLFDO� R[LGDWLRQ� LV� FDUULHG� RXW� LQ� PLOG�
HQYLURQPHQW� DQG� WKH� SURGXFW� DFKLHYHG� LV� DOO� LQ�
FRQWUROOHG� FRQGLWLRQV�� 6R� HQ]�PDWLF� R[LGDWLRQV�
KDYH�JUHDW�DGYDQWDJHV�RYHU�FKHPLFDO�FDWDO�VW�EDVHG�
R[LGDWLRQ�� 2QH� VXFK� HQ]�PH� LV� ODFFDVH� HQ]�PH��
$SSOLFDWLRQV�RI�ODFFDVH�HQ]�PHV�DUHGHFRORXUL]DWLRQ�
RIG�HV��GHQLP�EOHDFKLQJ��GHJUDGDWLRQ�RI[HQRELRWLFV��
biopulping,� biobleaching,� biosensors,� ef�uent�
WUHDWPHQW��IRRG�LQGXVWU��DQG�RUJDQLF�V�QWKHVLV�

(YHQ� /�DVSDUDJLQDVH� DQ� HQ]�PH� REWDLQHG�
IURP�YDULRXV�EDFWHULD�VRXUFHV�DUH�XVHG� LQ�YDULRXV�
WKHUDSHXWLF� DFWLYLWLHV�� ,W� LV� XVHG� LQ� GUXJ� GHOLYHU��
SURFHVV��DQWLPLFURELDO� DFWLYLWLHV�� FDQFHU� WUHDWPHQW��
LQIHFWLRXV� GLVHDVHV�� DXWRLPPXQH� GLVHDVHV�� IRRG�
LQGXVWU���KHDOWK�LQGXVWU���YHWHULQDU��KRVSLWDOV�DQG�
DV�YLUXOHQFH�IDFWRU�LQ�PDQ��GLVHDVHV�
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7KH� ELRWHFKQRORJLFDOO�� HQ]�PHV� DUH� YHU��
important� in� the� present� world� for� the� scienti�c�
DGYDQFHPHQW� RI� KXPDQ� FLYLOL]DWLRQ�� )RU�
H[DPSOH�� /�DVSDUDJLQDVH� LV� SOD�LQJ� YLWDO� UROH� LQ�
FKHPRWKHUDSHXWLF� WUHDWPHQW� RI� YDULRXV� NLQGV�
RI� FDQFHU�� 7KH�� DUH� RI� JUHDW� UROH� LQ� PDQ�� RWKHU�
DXWRLPPXQH� GLVHDVHV�� ZKLFK� ZHUH� FRQVLGHU�
XQFXUDEOH�LQ�WKH�SDVW�

7KURXJK� ELRWHFKQRORJLFDO� DLGV� WKH� WUHDWPHQWV�
DUH�GRQH�DW�WKH�PROHFXODU�OHYHO��ZKLFK�KDV�JUDQWHG�
D�GLIIHUHQW�GLPHQVLRQ�WR�WKH�WUHDWPHQW�SURFHGXUH�

+RSHIXOO�� HYHQ� LQ� WKH� IXWXUH� WKH� WRROV� DQG�
WHFKQLTXH� RI� ELRWHFKQRORJ��ZLOO� EH� XVHG� LQ� WKHVH�
NLQGV�RI�SRVLWLYH�DQG�DGYDQWDJHRXV�ZRUN�RI�KXPDQ�
GHYHORSPHQW�

5()(5(1&(6

��� $ODP� (�$��� ,QLWLDWLRQ� RI� 3KDUPDFHXWLFDO� )DFWRULHV�
GHSHQGLQJ� RQ�PRUH�$SSOLFDWLRQ� RI�%LRWHFKQRORJ��
RQ� VRPH� 0HGLFLQDO� 3ODQWV� 5HYLHZ� $UWLFOH��
5HV�-�5HFHQW�6FL�9RO����,6&����������������������

��� 3LHULN� 5�/0��� ,Q� YLWUR� FXOWXUH� RI� KLJKHU� SODQWV��
0DUWLQXV� 1LMKRII� 3XEOLVKHUV�� 'RUGUHFKW��
1HWKHUODQG��������

��� 'L[RQ�5�$��DQG�*RQ]DOHV��3ODQW�FHOO�FXOWXUH��2[IRUG�
8QLYHUVLW��3UHVV��:DOWRQ�6WUHHW��2[IRUG��1HZ��RUN��
86$����QG�(G��������

��� -DHJHU��.��(���'LMNVWUD��%��:�����5HHW]��0��7����������
%DFWHULDO� ELRFDWDO�VWV�� 0ROHFXODU� %LRORJ��� 7KUHH�
'LPHQVLRQDO� 6WUXFWXUHV�� DQG� %LRWHFKQRORJLFDO�
$SSOLFDWLRQV� RI� /LSDVHV�� $QQXDO� 5HYLHZ�
RI� 0LFURELRORJ��� ������� ������� KWWSV���GRL�
RUJ���������DQQXUHY�PLFUR����������;XH�'��� -LDQJ�
+�����4LDQ�4����������&KDSWHU��5LFH�JHQRPLFV�DQG�
ELRWHFKQRORJ��

��� 5LFH� JHQRPLFV� DQG� ELRWHFKQRORJ��� +DQJ]KRX�
1RUPDO�8QLYHUVLW���:RRGKHDG�3XEOLVKLQJ�/LPLWHG�
LV�DQ�LPSULQW�RI�(OVHYLHU��&DPEULGJH��8.��'HFHPEHU�
�������'2,���������%�������������������������

��� 2UODQGL� �9�7��� 0DUWHJDQL� (��� �*LDURQL� &��� %DM� $����
�� %RORJQHVH� )�� %DFWHULDO� SLJPHQWV�� $� FRORUIXO�
SDOHWWH� UHVHUYRLU� IRU� ELRWHFKQRORJLFDO�DSSOLFDWLRQV��
%LRWHFKQRO�$SSO� %LRFKHP�� ������������������ '2,��
��������EDE�����

��� 9LPDO� $�� .XPDU� $�� %LRWHFKQRORJLFDO� SURGXFWLRQ�
DQG�SUDFWLFDO�DSSOLFDWLRQ�RI�/�DVSDUDJLQDVH�HQ]�PH��
%LRWHFKQRORJ�� DQG� JHQHWLF� HQJLQHHULQJ� UHYLHZV��
�����-DQ���������������

��� &RXWR� 65�� +HUUHUD� -/�� ,QGXVWULDO� DQG�
ELRWHFKQRORJLFDO�DSSOLFDWLRQV�RI�ODFFDVHV��D�UHYLHZ��
%LRWHFKQRORJ��DGYDQFHV�������6HS����������������

��� :DQJ� ��� /L� =�� :DQJ� -�� /L� -�� /LQ� ��� *UDSKHQH�
DQG� JUDSKHQH� R[LGH�� ELRIXQFWLRQDOL]DWLRQ�
DQG� DSSOLFDWLRQV� LQ� ELRWHFKQRORJ��� 7UHQGV� LQ�
ELRWHFKQRORJ��������0D�����������������

���� 6WU]H]HN� -�� :�VRFNL� 3�� .RUGDQ� :�� .XNOLQVND� 0��
0RJLHOQLFND�0��6ROLZRGD�'�� )UDVHU�/�� 3URWHRPLFV�
RI� ERDU� VHPLQDO� SODVPD�FXUUHQW� VWXGLHV� DQG�
SRVVLELOLW�� RI� WKHLU� DSSOLFDWLRQ� LQ� ELRWHFKQRORJ��
RI� DQLPDO� UHSURGXFWLRQ�� 5HSURG� %LRO�� ����� 1RY�
��������������

���� &DUERQDUR�0������3URWHRPLFV��SUHVHQW�DQG�IXWXUH�
LQ�IRRG�TXDOLW��HYDOXDWLRQ��7UHQGV�LQ�)RRG�6FLHQFH�
DQG�7HFKQRORJ�������������

���� 'RV�6DQWRV�$%��&HUYDQWHV�)-��9DQ�/LHU�-%��5HYLHZ�
SDSHU� RQ� FXUUHQW� WHFKQRORJLHV� IRU� GHFRORXULVDWLRQ�
RI� WH[WLOH� ZDVWHZDWHUV�� SHUVSHFWLYHV� IRU� DQDHURELF�
ELRWHFKQRORJ��� %LRUHVRXUFH� WHFKQRORJ��� ����� 6HS�
�����������������

���� (LJHQ� 0�� 5LJOHU� 5�� 6RUWLQJ� VLQJOH� PROHFXOHV��
DSSOLFDWLRQ� WR� GLDJQRVWLFV� DQG� HYROXWLRQDU��
ELRWHFKQRORJ��� 3URFHHGLQJV� RI� WKH� 1DWLRQDO�
$FDGHP��RI�6FLHQFHV�������-XQ������������������

���� 9DUULDOH�/��*HLE�'��8OEHU�5��6KRUW�WHUP�DGDSWDWLRQ�
DV� D� WRRO� WR� LPSURYH� ELRHWKDQRO� SURGXFWLRQ�
XVLQJ� JUDVV� SUHVV�MXLFH� DV� IHUPHQWDWLRQ� PHGLXP��
$SSOLHG� 0LFURELRORJ�� DQG� %LRWHFKQRORJ��� �����
'HF������������
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$OSDQD�6DKD��$�5HYLHZ�RQ�$SSOLFDWLYH�%LRWHFKQRORJ��DQG�+XPDQ�'HYHORSPHQW


