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�3HQXOLV� XQWXN� NRUHVSRQGHQVL�� H�PDLO�� GHQGURELXPBDQRVPXP#

\DKRR�FRP

PENDAHULUAN

 

.ROHVRP� PHUXSDNDQ� WDQDPDQ� VD\XUDQ� EHUNKDVLDW�

REDW� \DQJ� WHUPDVXN� NH� GDODP� IDPLOLD� 3RUWXODFDFHDH� GDQ�

EHUNHUDEDW� GHNDW� GHQJDQ� VRP� MDZD� �Talinum paniculatum 

*DHUWQ��� �5LIDL�� ������� 6D\XUDQ� \DQJ� GLKDVLONDQ� GDUL�

SHQDQDPDQ� VHFDUD� RUJDQLN� GLSHUFD\D� PHPLOLNL� NXDOLWDV��

VHSHUWL�FLWD�UDVD��NDQGXQJDQ�¿WRNLPLD��GDQ�QXWULVL�\DQJ�OHELK�

EDLN�MLND�GLEDQGLQJNDQ�GHQJDQ�KDVLO�SHUWDQLDQ�NRQYHQVLRQDO�

\DQJ�PHQJJXQDNDQ�SXSXN�LQRUJDQLN�GDODP�MXPODK�EDQ\DN��

3HQHOLWLDQ� \DQJ� WHODK� GLODNXNDQ� PHQJHQDL� SHQJDUXK�

SHPEHULDQ�SXSXN�RUJDQLN�EHUXSD�SXSXN�NDQGDQJ��,EHDZXFKL�

et al.��������6XVDQWL�et al.��������GDQ�SXSXN�LQRUJDQLN�13.�

�0XDOLP�et al.��������0XDOLP�GDQ�$]L]��������SDGD�NROHVRP�

KDQ\D�PHQMHODVNDQ�SHQJDUXK�SHPXSXNDQ�WHUKDGDS�SURGXNVL�

NROHVRP��3HQHOLWLDQ�PHQJHQDL�SHQJDUXK�SHPXSXNDQ�WHUKDGDS�

NXDOLWDV� NROHVRP� WHUXWDPD� DQWLRNVLGDQQ\D� GDQ� LQIRUPDVL�

WHQWDQJ�SHUEDQGLQJDQ�NXDOLWDV�NROHVRP�DQWDUD�\DQJ�GLEHUL�

SXSXN�RUJDQLN�GHQJDQ�LQRUJDQLN�EHOXP�GLODNXNDQ��

0XVLP�GLGXJD�EHUSHQJDUXK�WHUKDGDS�NXDOLWDV�VD\XUDQ�

NDUHQD� ODSRUDQ�SDGD�EHEHUDSD�NRPRGLWL�� VHSHUWL� WXPEXKDQ�

SDNDQ� WHUQDN� �$EXVXZDU� GDQ� $KPHG�� ������� WRPDW�� GDQ�

Aplikasi Pupuk Inorganik Meningkatkan Produksi dan Kualitas Pucuk Kolesom pada Musim Hujan

Better Shoot Production and Quality of Waterleaf in Wet Season with Inorganic Fertilizer Application
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ABSTRACT

 

Waterleaf [Talinum triangulare (Jacq.) Willd.] is a functional vegetable and there have been limited studies  on water 

leaf quality. This research was conducted at the IPB experimental station (Bogor, Indonesia), in March-May 2011 to study the 

effect of two types of fertilizer on waterleaf shoot production, primary metabolites, secondary metabolites, and antioxidant 

capacity during the wet season. Two sets of treatment (i.e., organic and inorganic fertilizer) were applied to different plots 

using complete randomized block design with three replications. The means from each plot were compared by using t-student’s 

test. Application of inorganic fertilizer resulted in a higher shoot production (at 6 week after planting) and a better quality 

leaves compared to other treatment. This research revealed that high quality waterleaf can be indicated by some criterias, 

L�H���KLJKHU�FRQWHQW�RI�SULPDU\�PHWDEROLWHV��VXJDU�DQG�SURWHLQ���VHFRQGDU\�PHWDEROLWHV��SKHQROLF��ÀDYRQRLG��DQG�FKORURSK\OO���

and antioxidant capacity (low IC
50

 value). Therefore, application of inorganic fertilizer in wet season is recommended to 

produce high yields and high quality water leaf.

.H\ZRUGV��VXJDU��SURWHLQ��SKHQROLF��ÀDYRQRLG��'33+�

ABSTRAK

 

Kolesom [Talinum triangulare (Jacq.) Willd.] merupakan sayur fungsional dan hingga saat ini belum banyak informasi 

mengenai kualitasnya. Penelitian ini dilakukan di kebun percobaan IPB (Bogor, Indonesia) pada bulan Maret-Mei 2011 

untuk mempelajari pengaruh pemberian dua jenis pupuk terhadap produksi pucuk, metabolit primer, metabolit sekunder, dan 

NDSDVLWDV�DQWLRNVLGDQ�NROHVRP�GL�PXVLP�KXMDQ��'XD�VHW�SHUODNXDQ��SXSXN�RUJDQLN�GDQ�LQRUJDQLN��GLEHULNDQ�SDGD�SORW�\DQJ�

berbeda dengan menggunakan rancangan acak kelompok (RAK) dengan tiga ulangan. Rata-rata dari setiap plot dibandingkan 

PHQJJXQDNDQ�XML�W�VWXGHQW¶V��+DVLO�SHQHOLWLDQ�PHQXQMXNNDQ�SHPEHULDQ�SXSXN�LQRUJDQLN�SDGD�NROHVRP�PHQ\HEDENDQ�SURGXNVL�

pucuk (umur 6 minggu setelah tanam) dan kualitas lebih baik dibandingkan dengan yang diberi pupuk organik. Kualitas 

kolesom yang baik dicerminkan dari metabolit primer (kandungan total gula dan kandungan protein), metabolit sekunder 

�NDQGXQJDQ�WRWDO�IHQROLN��NDQGXQJDQ�WRWDO�ÀDYRQRLG�GDQ�NDQGXQJDQ�WRWDO�NORUR¿O���GDQ�NHPDPSXDQ�DQWLRNVLGDQ�\DQJ�WLQJJL�

(nilai IC
50

 rendah). Pemberian pupuk inorganik diperlukan untuk menghasilkan produksi dan kualitas kolesom yang tinggi 

di musim hujan. 

.DWD�NXQFL��JXOD��SURWHLQ��IHQROLN��ÀDYRQRLG��'33+�
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ED\DP��%LUQLQ�<DXUL�et al���������\DQJ�GLWDQDP�VDDW�PXVLP�

KXMDQ�PHPLOLNL� NDQGXQJDQ�SURWHLQ�\DQJ� WLQJJL��3HQHOLWLDQ�

SDGD� MDJXQJ� GHQJDQ� NRQGLVL� DLU� \DQJ� FXNXS� ��� 03D��

PHQXQMXNNDQ�NDQGXQJDQ�JXOD�UHQGDK�GDQ�NDUERKLGUDW�WLQJJL�

�0RKDPPDGNKDQL�GDQ�+HLGDUL���������VHGDQJNDQ�SHQHOLWLDQ�

'H�/LPD�et al���������PHQXQMXNNDQ�NDQGXQJDQ�YLWDPLQ�&�

EHOLPELQJ�UHQGDK�SDGD�EXDK�VHWHQJDK�PDWDQJ�VDDW�PXVLP�

KXMDQ��

6HQ\DZD�PHWDEROLW�VHNXQGHU�\DQJ�EHUVLIDW�DQWLRNVLGDQ�

NHEDQ\DNDQ�EHUDVDO� GDUL� NHORPSRN�EHVDU� VHQ\DZD� IHQROLN�

�NHORPSRN� VHQ\DZD� ÀDYRQRLG� GDQ� QRQ�ÀDYRQRLG���

3HPEHQWXNDQ�VHQ\DZD�PHWDEROLW�VHNXQGHU�GDSDW�GLSHQJDUXKL�

SHPXSXNDQ��$KPHG�et al���������0XDOLP�GDQ�$]L]��������

GDQ�SHUXEDKDQ�OLQJNXQJDQ��PLVDOQ\D�SHUXEDKDQ�WHPSHUDWXU�

VLDQJ�GDQ�PDODP��FXUDK�KXMDQ��NHNHULQJDQ��VHUWD�ODPD�GDQ�

LQWHQVLWDV� FDKD\D� PDWDKDUL� �6LDWND� GDQ� .DVSDURYD�� ������

0DUVLF�et al����������3URGXNVL�SROLIHQRO��DONDORLG��GDQ�WRWDO�

NORUR¿O�WHUWLQJJL�SDGD�'DWXUD�PHWHO�/��WHUMDGL�SDGD�PXVLP�

KXMDQ� �.DOH�� ������� /HELK� GDUL� ���� DNWLYLWDV� DQWLRNVLGDQ�

GDQ�NDQGXQJDQ�WRWDO�IHQROLN�SDGD�Rubus�/��GLSHQJDUXKL�ROHK�

LQWHUDNVL� DQWDUD� NXOWLYDU� GDQ� IDNWRU� OLQJNXQJDQ� �&RQQRU��

�������

,QIRUPDVL�PHQJHQDL�SHQJDUXK�PXVLP�KXMDQ�WHUKDGDS�

PHWDEROLW� SULPHU� GDQ� VHNXQGHU� NROHVRP� PDXSXQ� HIHN�

DQWLRNVLGDQ� \DQJ� WHUNDLW� GLGDODPQ\D� EHOXP� GLWHPXNDQ��

7XMXDQ�GDUL�SHQHOLWLDQ�LQL�DGDODK�PHPSHODMDUL�NDLWDQ�SXSXN�

RUJDQLN� GDQ� LQRUJDQLN� GHQJDQ� SURGXNVL� SXFXN�� PHWDEROLW�

SULPHU� GDQ� VHNXQGHU�� VHUWD� NDSDVLWDV� DQWLRNVLGDQ� NROHVRP�

SDGD�PXVLP�KXMDQ�

BAHAN DAN METODE

 

3HQHOLWLDQ� GLODNXNDQ� GL� .HEXQ� 3HUFREDDQ� ,3%� GL�

/HXZLNRSR��'DUPDJD��%RJRU�SDGD�EXODQ�0DUHW�0HL�������

%DKDQ� \DQJ� GLJXQDNDQ� XQWXN� SHUFREDDQ� ODSDQJDQ� DGDODK�

VHWHN�NROHVRP��DUDQJ�VHNDP��NDSXU�SHUWDQLDQ������&D&2
3
���

SXSXN�NDQGDQJ�VDSL��JXDQR��DEX�VHNDP��XUHD��63�����.&O��

EDNWHULVLGD��VWUHSWRPLVLQ�VXOIDW�������IXQJLVLGD��PDQNR]HE�

������ GDQ� QHPDWLVLGD� �NDUERIXUDQ� ����� 3HUDODWDQ� \DQJ�

GLJXQDNDQ� XQWXN� DQDOLVLV� NLPLD� PHOLSXWL� 6KLPDG]X� 89�

�����VSHFWURSKRWRPHWHU��-DSDQ��\DQJ�GLKXEXQJNDQ�GHQJDQ�

89�SUREH������XQWXN�DQDOLVLV�VSHNWURIRWRPHWUL��(\HOD�ZDWHU�

EDWK�6%����XQWXN�LQNXEDVL�ODUXWDQ�FDPSXUDQ�HNVWUDN��ZDWHU�

SXUL¿FDWLRQ�V\VWHP�(\HOD�XQWXN�PHQGDSDWNDQ�DLU�GHVWLODWD��

DWRPLF� DEVRUEWLRQ� VSHFWURPHWHU� �$$6��� GDQ� IUHH]H� GU\HU�

)OH[\�'U\��03��86$���

5DQFDQJDQ� SHUFREDDQ� \DQJ� GLJXQDNDQ� DGDODK�

UDQFDQJDQ� DFDN� NHORPSRN� �5$.�� VDWX� IDNWRU� GHQJDQ� WLJD�

XODQJDQ��3HQHOLWLDQ�LQL�WHUGLUL�DWDV�GXD�VHW�SHUODNXDQ��\DLWX�

VHW� SHUODNXDQ� SXSXN� RUJDQLN� �7DEHO� ��� GDQ� VHW� SHUODNXDQ�

SXSXN�LQRUJDQLN��7DEHO����GHQJDQ�PDVLQJ�PDVLQJ�OLPD�WDUDI�

SHUODNXDQ�

3HUFREDDQ� GLODNXNDQ� PHQJJXQDNDQ� SHWDNDQ� GHQJDQ�

XNXUDQ� ��P� [� ��P� GHQJDQ� MDUDN� WDQDP� ���� FP� [� ��� FP�

PHQJDFX� SDGD� 0XDOLP� et al.� �������� 3HUODNXDQ� GDVDU�

EHUXSD�DUDQJ�VHNDP�GDQ�NDSXU�SHUWDQLDQ��NDSWDQ��GLEHULNDQ�

VHEHOXP� SHQDQDPDQ� VHWHN� GL� ODSDQJDQ�� $UDQJ� VHNDP� ���

WRQ�KD���� �GLEHULNDQ�GHQJDQ�FDUD�GLODULN��SHU�EDULV�WDQDP���

PLQJJX� VHEHOXP� � � � WDQDP� � �06E7��� �.DSWDQ� � ��� WRQ�KD������

3HUODNXDQ
'RVLV

3XSXN�NDQGDQJ�VDSL1��WRQ�KD��� Guano2��NJ�KD��� $EX�VHNDP3��WRQ�KD���

1 ����� ������ ���

2 ����� ����� ���

3 ���� ����� ���

� ���� ����� ���

� ���� ����� ���

7DEHO�����3HUODNXDQ�SXSXN�RUJDQLN

.HWHUDQJDQ��1.DQGXQJDQ�������1��NDGDU�DLU������2.DQGXQJDQ��������3
2
2

�
��NDGDU�DLU��������3.DQGXQJDQ�������.

2
2���'RVLV�GDODP�

EDVLV�EDVDK�GHQJDQ�IDNWRU�NRQYHUVL�NDGDU�DLU

3HUODNXDQ
'RVLV�SXSXN�LQRUJDQLN

8UHD1��NJ�KD��� 63���2��NJ�KD��� .&O3��NJ�KD���

1 �� 20 ��

2 �� �� ��

3 100 60 100

� ��� 80 ���

� ��� 100 ���

7DEHO�����3HUODNXDQ�SXSXN�LQRUJDQLN

.HWHUDQJDQ��1.DQGXQJDQ������1��2.DQGXQJDQ������3
2
2

�
; 3.DQGXQJDQ������.

2
2
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GLEHULNDQ� � � ��06E7�GHQJDQ�FDUD�GLWHEDU� VHFDUD�PHUDWD�GL�

ODKDQ�� � 3HUODNXDQ�SXSXN� LQRUJDQLN� GLEHULNDQ�SHU� WDQDPDQ�

VDDW� SHQDQDPDQ� VHWHN�� � VHGDQJNDQ� � SHUODNXDQ� � � SXSXN��

RUJDQLN��GLEHULNDQ���06E7��3XSXN�NDQGDQJ�GDQ�DEX�VHNDP�

GLEHULNDQ� GHQJDQ� FDUD� GLODULN� SHU� EDULV� WDQDP�� VHGDQJNDQ�

JXDQR� GLEHULNDQ� SHU� WDQDPDQ�� 1HPDWLVLGD� ���� NJ� KD����

GLEHULNDQ�SDGD�VDDW�WDQDP�GHQJDQ�FDUD�GLWHEDU�PHUDWD�GDODP�

ODULNDQ�WDQDP�

3HUFREDDQ� LQL�PHQJJXQDNDQ�EDKDQ� WDQDP�DVDO� VHWHN�

EDWDQJ�PHQJDFX� SDGD� 6XVDQWL� et al.� �������� 6HWHN� EDWDQJ�

\DQJ� GLJXQDNDQ� VHEHOXPQ\D� GLUHQGDP� GDODP� ODUXWDQ�

FDPSXUDQ�EDNWHULVLGD����J�/����E�Y��GDQ�IXQJLVLGD����J�/����E�

Y���VHODPD�����GHWLN��6HWHN�EDWDQJ�GLWDQDP�VHFDUD�ODQJVXQJ�GL�

ODSDQJDQ�XQWXN�PHQJKLQGDUL�SXWXVQ\D�DNDU�WDQDPDQ�DNLEDW�

SLQGDK�WDQDP�VHKLQJJD�LQIHNVL�DZDO�SDWRJHQ�SHQ\DNLW�GDSDW�

GLNXUDQJL��6XVDQWL�+���)HEUXDUL�������NRPXQLNDVL�SULEDGL���

3HQJDPDWDQ� GLODNXNDQ� WHUKDGDS� ���� SURGXNVL� SXFXN�

GHQJDQ� NULWHULD� OD\DN� MXDO� GHQJDQ� SDQMDQJ� +� ��� FP�� ����

NRPSRQHQ�PHWDEROLW�SULPHU��NDQGXQJDQ�WRWDO�JXOD�PHQXUXW�

PHWRGH� <HPP� GDQ� :LOOLV� �������� NDQGXQJDQ� YLWDPLQ� &�

PHQXUXW�PHWRGH�.XUQLDZDWL�et al�� ��������GDQ�NDQGXQJDQ�

SURWHLQ�PHQXUXW�PHWRGH�:DWHUERUJ�GDQ�0DWWKHZV� ��������

����NRPSRQHQ�PHWDEROLW�VHNXQGHU��NDQGXQJDQ�WRWDO�IHQROLN�

PHQXUXW� PHWRGH�:DWHUKRXVH� ������� \DQJ� GLKLWXQJ� VHWDUD�

DVDP� JDODW�� NDQGXQJDQ� WRWDO� ÀDYRQRLG� PHQXUXW� PHWRGH�

&KDQJ� et al�� ������� \DQJ� GLKLWXQJ� VHWDUD� NXHUVHWLQ��

NDQGXQJDQ� WRWDO� DQWRVLDQLQ� GDQ� NDQGXQJDQ� WRWDO� NORUR¿O�

PHQXUXW�PHWRGH�6LPV�GDQ�*DPRQ�������������HQ]LP�\DQJ�

WHUNDLW� GHQJDQ� ELRVLQWHVLV� VHQ\DZD� IHQROLN��phenylalanine 

ammonia lyase��3$/��GDQ�cinnamyl alcohol dehydrogenase 

�&$'�� PHQXUXW� PHWRGH� 'DQJFKDP� et al�� �������� VHUWD�

SHURNVLGDVH��32'��PHQXUXW�0RULWD�et al��������������NDSDVLWDV�

DQWLRNVLGDQ� �QLODL� ,&
��
�� PHQXUXW� PHWRGH� %UDQG�:LOOLDPV�

et al�� ������� GDQ�3D\HW�et al�� �������� ���� NDQGXQJDQ�KDUD�

MDULQJDQ� WDQDPDQ��&�RUJDQLN��QLWURJHQ�� IRVIRU��GDQ�NDOLXP�

PHQXUXW�PHWRGH�%DOLWWDQDK���������6HPXD�SHXEDK�GLDPDWL�

GDQ� GLDQDOLVLV� SDGD� XPXU� ��� ��� �� PLQJJX� VHWHODK� WDQDP�

�067�� PHQJJXQDNDQ� SXFXN� NROHVRP� NHULQJ� KDVLO� freeze 

drying�\DQJ�GLHNVWUDN�PHQJJXQDNDQ�PHWDQRO�SDQDV��NHFXDOL�

SDGD� SHXEDK� NDQGXQJDQ� WRWDO� DQWRVLDQLQ� GDQ� NDQGXQJDQ�

WRWDO� NORUR¿O� PHQJJXQDNDQ� SXFXN� VHJDU� GDQ� NDQGXQJDQ�

KDUD�MDULQJDQ�\DQJ�GLDPDWL�SDGD�XPXU���067�PHQJJXQDNDQ�

WDMXN�\DQJ�GLNHULQJNDQ�GHQJDQ�RYHQ������&�

'DWD� GLDQDOLVLV� PHQJJXQDNDQ� VWDWLVWLND� LQIHUHQVLD��

Post-hoc test� GLODNXNDQ� PHQJJXQDNDQ� XML� 5\DQ�(LQRW�

*DEULHO�:HOVFK��5(*:4��SDGD�WDUDI�Q\DWD��.������XQWXN�

PHPEHGDNDQ�QLODL�WHQJDK�DQWDU�SHUODNXDQ�

HASIL DAN PEMBAHASAN

 

$QDOLVLV� PHQJJXQDNDQ� XML� 5(*:4� SDGD� VHEDJLDQ�

EHVDU�GDWD�SHXEDK�SHQJDPDWDQ�PHQXQMXNNDQ�WLGDN�WHUGDSDW�

SHUEHGDDQ� \DQJ� Q\DWD� �3� !� ������ DQWDU� GRVLV� SHUODNXDQ��

'HQJDQ� GHPLNLDQ�� GDWD� GDUL� NHGXD� VHW� SHUODNXDQ�PDVLQJ�

PDVLQJ� GLUDWD�UDWDNDQ� XQWXN� PHQGDSDWNDQ� UDWD�UDWD�

NHORPSRN� RUJDQLN� GDQ� LQRUJDQLN�� 3HPEDQGLQJDQ� XQWXN�

PDVLQJ�PDVLQJ� NHORPSRN� PHQJJXQDNDQ� XML� W�VWXGHQW¶V�

SDGD�WDUDI�Q\DWD��.������*DULV�GL�DWDV�WLWLN�GDWD�SDGD�JUD¿N�

PHQJJDPEDUNDQ� VHODQJ� NHSHUFD\DDQ� ���� ������ [� JDODW�

EDNX��� VHKLQJJD�GDWD� SDGD�JUD¿N�GLQ\DWDNDQ� VHEDJDL� UDWD�

UDWD�NHORPSRN�SHPXSXNDQ�+�������[�JDODW�EDNX��

Peranan Pemupukan terhadap Produksi Pucuk Kolesom

 

3HPEHULDQ� SXSXN� LQRUJDQLN� WHUQ\DWD� PHQJKDVLONDQ�

ERERW� EDVDK� SXFXN� \DQJ� WHUWLQJJL� SDGD� XPXU� �� 067�

�*DPEDU��$���+DO�LQL�GLVHEDENDQ�KDUD�1�PHODOXL�SHPEHULDQ�

SXSXN� LQRUJDQLN� OHELK� EDQ\DN� GLVHUDS� ROHK� NROHVRP� MLND�

GLEDQGLQJNDQ�GHQJDQ�\DQJ�GLEHUL�SXSXN�RUJDQLN��7DEHO�����

VHKLQJJD�PHPDFX�SHUWXPEXKDQ�SXFXN��

Kualitas Kolesom Terkait dengan Metabolit Primer dan 

Biosintesisnya 

 

3HPEHULDQ� SXSXN� LQRUJDQLN�PHPEHULNDQ� NDQGXQJDQ�

WRWDO�JXOD�\DQJ�OHELK�WLQJJL�GDUL�\DQJ�GLEHUL�SXSXN�RUJDQLN�

SDGD�XPXU���GDQ���067��*DPEDU��%���+DO�LQL�GLVHEDENDQ�

NDQGXQJDQ�&�RUJDQLN��7DEHO����VHEDJDL�NHUDQJND�SHQ\XVXQ�

JXOD� SDGD� NROHVRP� GHQJDQ� SXSXN� LQRUJDQLN� \DQJ� OHELK�

WLQJJL�� 'LMHODVNDQ� ROHK� %ULHOPDQQ� et al.� ������� EDKZD� &�

PHUXSDNDQ� NHUDQJND� \DQJ� GLJXQDNDQ� XQWXN� PHPEHQWXN�

VHQ\DZD� RUJDQLN� NHORPSRN� EHVDU� NDUERKLGUDW�� PLVDOQ\D�

JOXNRVD�

*XOD�GDODP�EHQWXN�JOXNRVD�SDGD�WXPEXKDQ�PHUXSDNDQ�

SUHNXUVRU�SHPEHQWXNDQ�YLWDPLQ�&��9DOSXHVWD�GDQ�%RWWHOD��

������� 3HQHOLWLDQ� LQL� PHQXQMXNNDQ� NDQGXQJDQ� YLWDPLQ�

&� WHUWLQJJL� SDGD� XPXU� �� 067� GLKDVLONDQ� GDUL� NROHVRP�

GHQJDQ� SHPEHULDQ� SXSXN� RUJDQLN�� QDPXQ� WLGDN� WHUGDSDW�

SHUEHGDDQ�SDGD�NDQGXQJDQ�WRWDO�JXOD��3HQ\HEDEQ\D�DGDODK�

DQDOLVLV�SDGD�SHQHOLWLDQ�LQL�WLGDN�GLODNXNDQ�WHUKDGDS�VXEVWUDW�

XWDPD� �/�JDODNWRQR�����ODNWRQ��� QDPXQ� KDQ\D� SUHNXUVRU�

XPXP� EHUXSD� JOXNRVD� VHKLQJJD� WLGDN� GLNHWDKXL� SURSRUVL�

WHUEHQWXNQ\D� VHQ\DZD� DQWDUD�� %HEHUDSD� SHQHOLWLDQ� WHODK�

PHODSRUNDQ� EDKZD� ELRVLQWHVLV� YLWDPLQ� &�PHODOXL� WDKDSDQ�

NRQYHUVL� JOXNRVD� \DQJ� UXPLW� GHQJDQ�PHOLEDWNDQ� EHUEDJDL�

+DUD�MDULQJDQ 3XSXN�RUJDQLN 3XSXN�LQRUJDQLN
3HUEDQGLQJDQ�DQWDUD�NHGXD�

MHQLV�SHPXSXNDQ

&�RUJDQLN���� ����� ����� **

1LWURJHQ���� ������ ������ **

)RVIRU���� ������ ������ *

.DOLXP���� ������ ������ *

7DEHO����.DQGXQJDQ�KDUD�MDULQJDQ�NROHVRP�GHQJDQ�NHGXD�MHQLV�SHPXSXNDQ�SDGD�PXVLP�KXMDQ

.HWHUDQJDQ��� �EHUEHGD�Q\DWD��3����������� �EHUEHGD�Q\DWD��3���������PHQXUXW�XML�W�VWXGHQW¶V
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HQ]LP�XQWXN�PHPEHQWXN� VHQ\DZD� DQWDUD� KLQJJD� DNKLUQ\D�

WHUEHQWXN� /�DVDP� DVNRUEDW� �9DOSXHVWD� GDQ� %RWWHOD�� ������

*LRYDQQRQL��������

3HPEHULDQ� SXSXN� LQRUJDQLN� WHUQ\DWD� PHPEHULNDQ�

NDQGXQJDQ�SURWHLQ�\DQJ�OHELK�WLQJJL�GLEDQGLQJNDQ�GHQJDQ�

SHPEHULDQ�SXSXN�RUJDQLN�SDGD�XPXU���GDQ���067��*DPEDU�

�'��� .DGXQJDQ� SURWHLQ� \DQJ� WLQJJL� SDGD� NROHVRP� \DQJ�

GLEHUL� SXSXN� LQRUJDQLN� WHUNDLW� GHQJDQ� NDQGXQJDQ� KDUD� 1�

MDULQJDQ�\DQJ�WLQJJL��0DUVFKQHU��������PHQMHODVNDQ�EDKZD�

XQVXU�1�\DQJ�GLEHULNDQ�PHODOXL� DNDU� DNDQ�GLPHWDEROLVPH�

XQWXN�PHPEHQWXN DVDP�DPLQR�\DQJ�DNDQ�GLWUDQVORNDVLNDQ�

NH� WDMXN�GDQ�VHODQMXWQ\D�PHPEHQWXN� LNDWDQ�SHSWLGD�XQWXN�

PHQJKDVLONDQ�SURWHLQ�

Kualitas Kolesom Terkait dengan Metabolit Sekunder dan 

Biosintesisnya

 

.DQGXQJDQ� WRWDO� NORUR¿O� NROHVRP� SDGD� SHPXSXNDQ�

LQRUJDQLN� VHODOX� OHELK� WLQJJL� GLEDQGLQJNDQ� GHQJDQ�

SHPXSXNDQ� RUJDQLN� �*DPEDU� �(��� +DO� LQL� GLVHEDENDQ� 1�

*DPEDU���� �$��%RERW�EDVDK�SXFXN�� �%��NDQGXQJDQ� WRWDO�JXOD�� �&��NDQGXQJDQ�YLWDPLQ�&�� �'��NDQGXQJDQ�SURWHLQ�� �(��NDQGXQJDQ� WRWDO�

NORUR¿O��GDQ��)��DNWLYLWDV�3$/�NROHVRP�GHQJDQ�NHGXD�MHQLV�SHPXSXNDQ�SDGD�PXVLP�KXMDQ��*DULV�YHUWLNDO�GL�DWDV�VHWLDS�WLWLN�

GDWD�PHQXQMXNNDQ��VHODQJ�NHSHUFD\DDQ������6*� �VHWDUD�JOXNRVD��6%6$� �VHWDUD�bouvine serum albumine��%.� �ERERW�NHULQJ��

%%� �ERERW�EDVDK
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OHELK� EDQ\DN� GLVHUDS� SDGD� NROHVRP� GHQJDQ� SHPEHULDQ�

SXSXN�LQRUJDQLN�VHKLQJJD�SHPEHQWXNDQ�NORUR¿O�WHUSDFX��

Phenylalanine ammonia-lyase� �3$/�� (&� ����������

PHUXSDNDQ�HQ]LP�\DQJ�WHUNDLW�ODQJVXQJ�GHQJDQ�IHQLODODQLQ�

VHEDJDL� SUHNXUVRU� WHUEHQWXNQ\D� VHQ\DZD� IHQROLN� �5LYHUR��

�������$NWLYLWDV� 3$/� �*DPEDU� �)�� \DQJ�PHQXUXQ� VHLULQJ�

GHQJDQ�EHUWDPEDKQ\D�XPXU�PHQXQMXNNDQ�VHQ\DZD�IHQROLN�

�*DPEDU��$��\DQJ�WHUEHQWXN�MXJD�PHQXUXQ��$NWLYLWDV�3$/�

\DQJ� WHUWLQJJL� WHUGDSDW� SDGD� DZDO� SHUWXPEXKDQ� WDQDPDQ�

GDQ�VHMDODQ�GHQJDQ�NDQGXQJDQ�WRWDO�IHQROLN��.DLWDQ�DQWDUD�

SHQLQJNDWDQ� DNWLYLWDV� 3$/� GHQJDQ� VHQ\DZD� IHQROLN� \DQJ�

WHUEHQWXN� WHODK� EDQ\DN� GLODSRUNDQ�� VHSHUWL� SDGD� WRPDW�

�5LYHUR�et al���������GDQ�MDJXQJ��*KROL]DGHK���������

.DQGXQJDQ� WRWDO� IHQROLN� GDQ� NDQGXQJDQ� WRWDO�

ÀDYRQRLG� PHPEHULNDQ� SHQJDUXK� \DQJ� EHUEHGD� WHUKDGDS�

NDSDVLWDV� DQWLRNVLGDQ� SDGD� VHWLDS� XPXU� SHQJDPDWDQ�

NROHVRP��.DSDVLWDV�DQWLRNVLGDQ�GDUL�NROHVRP�\DQJ�GLHNVWUDN�

GHQJDQ� PHWDQRO� GDQ� GLXML� PHQJJXQDNDQ� UDGLNDO� EHEDV�

'33+�PHQXQMXNNDQ�SDGD�XPXU���067��,&
��
�PHPLOLNL�QLODL�

WHUHQGDK�SDGD�NHGXD�MHQLV�SHPXSXNDQ��*DPEDU��%���+DO�LQL�

PHQXQMXNNDQ� SDGD� XPXU� WHUVHEXW� WHUMDGL� HIHN� DQWLRNVLGDQ�

WHUNXDW�GDUL�VHQ\DZD�IHQROLN�NROHVRP��WHUXWDPD�VXPEDQJDQ�

*DPEDU�����$��.DQGXQJDQ�WRWDO�IHQROLN���%��QLODL�,&
��
�� �&��NDQGXQJDQ�WRWDO�ÀDYRQRLG���'���DNWLYLWDV�&$'���(��DNWLYLWDV�32'��GDQ��)��

NDQGXQJDQ�WRWDO�NROHVRP�DQWRVLDQLQ�GHQJDQ�NHGXD�MHQLV�SHPXSXNDQ�SDGD�PXVLP�KXMDQ��*DULV�YHUWLNDO�GL�DWDV�WLDS�WLWLN�GDWD�

PHQXQMXNNDQ�VHODQJ�NHSHUFD\DDQ������6$*� �VHWDUD�DVDP�JDODW��6.� �VHWDUD�NXHUVHWLQ��%.� �ERERW�NHULQJ��%%� �ERERW�

EDVDK
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GDUL� WRWDO� ÀDYRQRLG� �*DPEDU� �&��� VHGDQJNDQ� NDQGXQJDQ�

WRWDO�IHQROLN�KDQ\D������GDQ������PJ�6$*��J�%.����XQWXN�

NROHVRP�GHQJDQ�SHPEHULDQ�SXSXN�RUJDQLN�GDQ�LQRUJDQLN�

1LODL� ,&
��
� \DQJ� WHUWLQJJL� WHUMDGL� SDGD� XPXU� �� 067�

GLVHEDENDQ�ROHK�NDQGXQJDQ�WRWDO�IHQROLN�GDQ�ÀDYRQRLG�\DQJ�

UHQGDK� VHKLQJJD� GLEXWXKNDQ� MXPODK� \DQJ� EDQ\DN� XQWXN�

PHQDQJNDS� UDGLNDO� EHEDV� ����GLSKHQ\O���SLFU\OK\GUD]\O�

�'33+��� 'HQJDQ� GHPLNLDQ�� SDGD� XPXU� �� 067� NROHVRP�

PHPSHUOLKDWNDQ� NHPDPSXDQ� VHEDJDL� DQWLRNVLGDQ� \DQJ�

UHQGDK�� 7HUEHQWXNQ\D� ÀDYRQRLG� \DQJ� OHELK� EDQ\DN� SDGD�

��067� �GLVHEDENDQ� � FXUDK� �KXMDQ�\DQJ� UHQGDK� ������PP�

PLQJJX���� � VHKLQJJD� � NROHVRP� PHQJDODPL� FHNDPDQ� GDQ��

WHUSDFX�XQWXN�PHQJKDVLONDQ�PHWDEROLW�VHNXQGHU��3HQLQJNDWDQ�

FXUDK�KXMDQ�SDGD�PLQJJX�VHWHODKQ\D�PHQ\HEDENDQ�SURGXNVL�

ÀDYRQRLG�PHQXUXQ��$NDQ�WHWDSL��ELRVLQWHVLV�VHQ\DZD�IHQROLN�

QRQ�ÀDYRQRLG� QDPSDNQ\D� WLGDN� GLSHQJDUXKL� ROHK� YDULDVL�

FXUDK� KXMDQ�� 3HQHOLWLDQ� *KROL]DGHK� ������� PHQXQMXNNDQ�

NDSDVLWDV�DQWLRNVLGDQ�SDGD�GDXQ�MDJXQJ�PHQLQJNDW�����NDOL�

NHWLND� WHUMDGL� NHNHULQJDQ�� QDPXQ� NHPEDOL� NH� QLODL� DZDO�

VHODPD�PDVD�recovery�>a������PRO�)H2+������PJ���@��

$NWLYLWDV�cinnamyl-alcohol dehydrogenase��&$'��(&�

�����������GDQ�SHURNVLGDVH��32'��(&������������EHUNDLWDQ�

HUDW�GHQJDQ�ELRVLQWHVLV�OLJQLQ�SDGD�VHEDJLDQ�EHVDU�MDULQJDQ�

WDQDPDQ��$QWHUROD�GDQ�/HZLV���������$NWLYLWDV�&$'�\DQJ�

WLGDN� EHUEHGD� VHSDQMDQJ� XPXU� SHQJDPDWDQ� PHQXQMXNNDQ�

WLGDN� DGD� SHUXEDKDQ� NDQGXQJDQ� VHUDW� \DQJ� EHUSHQJDUXK�

WHUKDGDS� FLWD� UDVD� NROHVRP� �*DPEDU� �'���+DO� \DQJ� VDPD�

VHSHUWL�SDGD�DNWLYLWDV�&$'� MXJD�GLWHPXNDQ�SDGD�DNWLYLWDV�

32'� �*DPEDU� �(��� QDPXQ� DNWLYLWDV� 32'� SDGD� XPXU� ��

067�GLGDSDWNDQ�+�����NDOL�OHELK�WLQJJL�GLEDQGLQJNDQ�XPXU�

�� 067�� +DO� LQL� PHQ\HEDENDQ� NDQGXQJDQ� WRWDO� ÀDYRQRLG�

UHQGDK� SDGD� XPXU� �� 067� \DQJ� WHUMDGL� NDUHQD� DGDQ\D�

SHUVDLQJDQ� SUHNXUVRU� GDODP� SHPEHQWXNDQ� OLJQLQ� GDQ�

ÀDYRQRLG�� 3UHNXUVRU� \DQJ� GLJXQDNDQ� GDODP� SHPEHQWXNDQ�

NHGXD� VHQ\DZD� WHUVHEXW� DGDODK� S�NRXPDULO� NRHQ]LP� $��

\DQJ� GLKDVLONDQ� GDUL� IHQLODODQLQ� �9RJW�� ������� 5HQGDKQ\D�

SHPEHQWXNDQ� ÀDYRQRLG� DNDQ� VHMDODQ� GHQJDQ� NDQGXQJDQ�

WRWDO� DQWRVLDQLQ� �*DPEDU� �)�� NDUHQD� SLJPHQ� DQWRVLDQLQ�

PHUXSDNDQ�EDJLDQ�GDUL�VHQ\DZD�ÀDYRQRLG���

KESIMPULAN

 

3HPEHULDQ�SXSXN�LQRUJDQLN�SDGD�NROHVRP�\DQJ�GLWDQDP�

VDDW�PXVLP�KXMDQ�PDPSX�PHPEHULNDQ�SURGXNVL�SXFXN�GDQ�

NXDOLWDV�\DQJ�OHELK�EDLN�GDULSDGD�SHPEHULDQ�SXSXN�RUJDQLN��

3URGXNVL�SXFXN�WHUWLQJJL�SDGD�XPXU���067�GLKDVLONDQ�GDUL�

NROHVRP� \DQJ� GLEHUL� SXSXN� LQRUJDQLN�� .XDOLWDV� NROHVRP�

\DQJ� EDLN� GLFHUPLQNDQ� GDUL�PHWDEROLW� SULPHU� �NDQGXQJDQ�

WRWDO� JXOD� GDQ� NDQGXQJDQ� SURWHLQ��� PHWDEROLW� VHNXQGHU�

�NDQGXQJDQ� WRWDO� IHQROLN�� NDQGXQJDQ� WRWDO� ÀDYRQRLG� GDQ�

NDQGXQJDQ�WRWDO�NORUR¿O���GDQ�NHPDPSXDQ�DQWLRNVLGDQ�\DQJ�

WLQJJL��QLODL�,&
��
�\DQJ�UHQGDK��

DAFTAR PUSTAKA

 

$EXVXZDU��$�2���(�2��$KPHG��������6HDVRQDO�YDULDELOLW\�LQ�

QXWULWLYH�YDOXH�RI�UXPLQDQW�GLHWV�XQGHU�RSHQ�JUD]LQJ�

V\VWHP� LQ� WKH� VHPL�DULG� UDQJHODQG�RI�6XGDQ� �6RXWK�

'DUIXU�6WDWH���$JULF��%LRO��-��1��$P������������

$KPHG��<�0��� (�$�� 6KDODE\��1�7�� 6KDQDQ�� ������7KH� XVH�

RI� RUJDQLF� DQG� LQRUJDQLF� FXOWXUHV� LQ� LPSURYLQJ�

YHJHWDWLYH� JURZWK�� \LHOG� FKDUDFWHUV� DQG� DQWLR[LGDQW�

DFWLYLW\� RI� URVHOOH� SODQWV� �+LELVFXV� VDEGDULIID� /����

$IU��-��%LRWHFKQRO���������������

$QWHUROD�� $�0��� 1�*�� /HZLV�� ������ 7UHQGV� LQ� OLJQLQ�

PRGL¿FDWLRQ��$�FRPSUHKHQVLYH�DQDO\VLV�RI�WKH�HIIHFWV�

RI� JHQHWLF� PDQLSXODWLRQV�PXWDWLRQV� RQ� OLJQL¿FDWLRQ�

DQG�YDVFXODU�LQWHJULW\��3K\WRFKHPLVWU\������������

>%DOLWWDQDK@�%DODL� 3HQHOLWLDQ�7DQDK�� ������$QDOLVLV�.LPLD�

7DQDK�� 7DQDPDQ�� $LU�� GDQ� 3XSXN�� (GLVL� NH����

%DOLWWDQDK��'HSDUWHPHQ�3HUWDQLDQ��%RJRU��

%LUQLQ�<DXUL� 8�$���<��<DKD\D�� %�8�� %DJXGR�� 6�6�� 1RPD��

������6HDVRQDO�YDULDWLRQ�LQ�QXWULHQW�FRQWHQW�RI�VRPH�

VHOHFWHG� YHJHWDEOHV� IURP� :DPDNNR�� 6RNRWR� 6WDWH��

1LJHULD��-��6RLO�6FL��(QYLURQ��0DQDJH�������������

%UDQG�:LOOLDPV��:���0�(��&XYHOLHU��&��%HUVHW��������8VH�RI�

D�IUHH�UDGLFDO�PHWKRG�WR�HYDOXDWH�DQWLR[LGDQW�DFWLYLW\��

/HEHQVP�:LVV�X�7HFKQRO�����������

%ULHOPDQQ��+�/���:�1��6HW]HU��3�%��.DXIPDQ��$��.LUDNRV\DQ��

/�-�� &VHNH�� ������ 3K\WRFKHPLFDO�� 7KH� FKHPLFDO�

FRPSRQHQWV�RI�SODQWV��KDO��������'DODP�&VHNH�/�-���

$��.LUDNRV\DQ��3�%��.DXIPDQ��6��:DUEHU��-�$��'XNH��

+�/��%ULHOPDQQ��Eds����1DWXUDO�3URGXFWV�IURP�3ODQWV��

(G�NH����&5&�3UHVV��86$���

&KDQJ�� &�&��� 0�+�� <DQJ�� +�0�� :HQ�� -�&�� &KHUQ�� ������

(VWLPDWLRQ�RI� WRWDO�ÀDYRQRLG�FRQWHQW� LQ�SURSROLV�E\�

WZR� FRPSOHPHQWDU\� FRORULPHWULF� PHWKRGV�� -�� )RRG�

'UXJ�$QDO�������������

&RQQRU��$�0��������*HQRW\SLF�DQG�HQYLURQPHQWDO�YDULDWLRQ�

LQ� DQWLR[LGDQW� DFWLYLW\� DQG� WRWDO� SKHQROLF� FRQWHQW�

DPRQJ�EODFNEHUU\�DQG�K\EULGEHUU\�FXOWLYDUV��-��$PHU��

6RF��+RUW��6FL��������������

'DQJFKDP��6��� -��%RZHQ��%�,�� )HUJXVRQ��6��.HWVD� �� ������

(IIHFW� RI� WHPSHUDWXUH� DQG� ORZ� R[\JHQ� RQ� SHULFDUS�

KDUGHQLQJ� RI� PDQJRVWHHQ� IUXLW� VWRUHG� DW� ORZ�

WHPSHUDWXUH��3RVWKDUYHVW�%LRO��7HFKQRO����������� 

'H� /LPD�� 9�/�$�*��� (�'�$�� 0HOR�� /�'�6� /LPD�� ������

3K\VLFRFKHPLFDO�FKDUDFWHULVWLFV�RI�ELOLPEL��Averrhoa 

bilimbi /�����5HY��%UDV��)UXWLF�������������

*KROL]DGHK��$�� ������(IIHFW� RI� GURXJKW� RQ� WKH� DFWLYLW\� RI�

SKHQ\ODODQLQH�DPPRQLD�O\DVH�LQ�WKH�OHDYHV�DQG�URRWV�

RI� PDL]H� LQEUHGV��$XVW�� -�� %DVLF�$SSO�� 6FL�� ������

����

*LRYDQQRQL�� -�-�� ������ &RPSOHWLQJ� D� SDWKZD\� WR� SODQW�

YLWDPLQ� &� V\QWKHVLV�� 3URF�� 1DWO�� $FDG�� 6FL�� 86$�

��������±�����
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,EHDZXFKL��,�,���(�8��2QZHUHPDGX��1�1��2WL��������(IIHFW�

RI�SRXOWU\�PDQXUH�RQ�JUHHQ��Amarranthus cruentus��

DQG� ZDWHUOHDI� �Talinum triangulare�� RQ� GHJUDGHG�

XOWLVROV�RI�2ZHUUL�VRXWKHDVWHUQ�1LJHULD��-��$QLP��9HW��

$GY� -$9$���������

.DOH��9�6�� ������9DULDEOH� UDWHV� RI� SULPDU\� DQG� VHFRQGDU\�

PHWDEROLWH�GXULQJ�GLIIHUHQW�VHDVRQV�DQG�SK\VLRORJLFDO�

VWDJHV�LQ�Convolvulus, 'DWXUD, and Withania��$VLDQ�

-��([S��%LRO��6FL��6SO��������

.XUQLDZDWL��$���5�3RHUZDQWR��6RELU��'��(IIHQGL��+��&DK\DQD��

������(YDOXDWLRQ�RI�IUXLW�FKDUDFWHU��[DQWKRQHV�FRQWHQW��

DQG� DQWLR[LGDQW� SURSHUWLHV� RI� YDULRXV� TXDOLWLHV� RI�

PDQJRVWHHQV��-��$JURQ��,QGRQHVLD������������

0DUVFKQHU�� +�� ������0LQHUDO� 1XWULWLRQ� RI� +LJKHU� 3ODQWV��

$FDGHPLF�3UHVV�/LPLWHG��/RQGRQ�

0DUVLF��1�.���/��*DVSHUOLQ��9��$EUDP��0��%XGLF��5��9LGULK��

������4XDOLW\�SDUDPHWHUV�DQG�WRWDO�SKHQROLF�FRQWHQW�

LQ�WRPDWR�IUXLWV�UHJDUGLQJ�FXOWLYDU�DQG�PLFURFOLPDWLF�

FRQGLWLRQV��7XUN��-��$JULF��)RU��������������

0RKDPPDGNKDQL�� 1��� 5�� +HLGDUL�� ������ 'URXJKW�LQGXFHG�

DFFXPXODWLRQ� RI� VROXEOH� VXJDUV� DQG� SUROLQH� LQ� WZR�

PDL]H�YDULHWLHV��:RUOG�$SSO��6FL��-������������

0RULWD�� <��� +�� <DPDVKLWD�� %�� 0LNDPL�� +�� ,ZDPRWR�� 6��

$LEDUD�� 0�� 7HUDGD�� -�� 0LQDPL�� ������ 3XUL¿FDWLRQ��

FU\VWDOOL]DWLRQ�� DQG� FKDUDFWHUL]DWLRQ� RI� SHUR[LGDVH�

IURP�Coprinus cinereus��-��%LRFKHP��������������

0XDOLP��/���6�$��$]L]��������/HDI��DQWKRF\DQLQ��DQG�SURWHLQ�

SURGXFWLRQ�RI�Talinum triangulare -DFT��:LOOG�ZLWK�

YDULRXV�UDWHV�RI�3�IHUWLOL]HU��-��$JURQ��,QGRQHVLD�����

��������

0XDOLP��/���6�$��$]L]��0��0HODWL��������.DMLDQ�SHPXSXNDQ�

13.�GDQ�MDUDN�WDQDP�SDGD�SURGXNVL�DQWRVLDQLQ�GDXQ�

NROHVRP��-��$JURQ��,QGRQHVLD����������

3D\HW�� %��� $�6�&�� 6LQJ�� -�� 6PDGMD�� ������ $VVHVVPHQW� RI�

DQWLR[LGDQW�DFWLYLW\�RI�FDQH�EURZQ�VXJDUV�E\�$%76�

DQG�'33+�UDGLFDO�VFDYHQJLQJ�DVVD\V��'HWHUPLQDWLRQ�

RI� WKHLU� SRO\SKHQROLF� DQG� YRODWLOH� FRQVWLWXHQWV�� -��

$JULF��)RRG�&KHP�����������������

5LIDL��0�$���������%LEOLRJUDSK\����Vegetables��%DJLDQ�NH���

	����3URVHD�)RXQGDWLRQ��%RJRU�

5LYHUR��5�0���-�0��5XL]��3�&��*DUFLD��/�5��/RSH]�/HIHEUH��

(��6DQFKH]��/��5RPHUR��������5HVLVWDQFH�WR�FROG�DQG�

KHDW�VWUHVV��DFFXPXODWLRQ�RI�SKHQROLF�FRPSRXQGV�LQ�

WRPDWR� DQG�ZDWHUPHORQ� SODQWV�� 3ODQW� 6FL�� ��������

����

6LDWND�� 7��� 0�� .DVSDURYD�� ������ 6HDVRQDO� YDULDWLRQ� LQ�

WRWDO� SKHQROLF� DQG� ÀDYRQRLG� FRQWHQWV� DQG� '33+�

VFDYHQJLQJ� DFWLYLW\� RI� Bellis perennis� /�� ÀRZHUV��

0ROHFXOHV��������������

6LPV��'�$���-�$��*DPRQ��������5HODWLRQVKLSV�EHWZHHQ�OHDI�

SLJPHQW�FRQWHQW�DQG�VSHFWUDO�UHÀHFWDQFH�DFURVV�D�ZLGH�

UDQJH� RI� VSHFLHV�� OHDI� VWUXFWXUHV�� DQG� GHYHORSPHQW�

VWDJHV��5HPRWH�6HQV��(QYLURQ�������������

6XVDQWL��+���6�$��$]L]��0��0HODWL��������3URGXNVL�ELRPDVVD�

GDQ� EDKDQ� ELRDNWLI� NROHVRP� �Talinum triangulare 
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