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KECERNAAN IN VITRO JERAMI PADI HASIL PERLAKUAN KOMBINASI ALKALI, 
FERMENTASI DENGAN MIKROBA SELULOLITIK, LIGNOLITIK DAN ASAM LAKTAT 

YANG DISUPLEMETASI  DENGAN SULFUR

(Rice Straw In Vitro Digestibiliy of Combination Treatments Alkali, fermented with 
Cellulolytic, Lignolytic and Lactic Acid Microbes with Suplementation of Sulfur)
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ABSTRACT

7KH�SXUSRVH�RI�UHVHDUFK�ZDV� WR� LPSURYH�GLJHVWLELOLW\�RI�ULFH�VWUDZ�IRU�UXPLQDQW� IHHGLQJ��7R�
DWWDLQ�WKH�DLP��WKUHH�VWHSV�RI�H[SHULPHQW�KDYH�EHHQ�FRQGXFWHG��7KH�ÀUVW�VWHS�ZDV�WKH�LVRODWLRQ�RI�ODFWLF�
DFLG�EDFWHULDO��Lactobacillus sp��DQG�FHOOXORO\WLF�EDFWHULDO��Acetobacter liqufacens��IURP�WKH�UXPLQDO�ÁXLG�
RI�FDWWOH�DQG��OLJQRO\WLF�PLFUREHV��ZKLWH�URW�IXQJL��IURP�SDOP�RLO�ZDVWH�DQG�SUROLIHUDWHG�DW�FRPSRV�
PHGLD��7KH�VHFRQG�VWHS�ZDV�WR�WHVW�WKH�LQRFXOXP�RI��ODFWLF�DFLG��FHOOXORO\WLF��DQG�OLJQRO\WLF�EDFWHULD�LQ�
EUHDNLQJ�GRZQ�ÀEUH�IUDFWLRQ�RI�WKH�ULFH�VWUDZ��7KRVH�PLFUREHV�ZHUH�IHUPHQWHG�ZLWK�DONDOLQH�WUHDWHG�
ULFH�VWUDZ�DQG�VXOSKXULF���PRODVVHV��7KH�H[SHULPHQW�ZDV�FDUULHG�RXW�IDFWRULDOO\����[����DFFRUGLQJ�WR�
FRPSOHWHO\�UDQGRPLVHG�GHVLJQ��)DFWRU�$�ZDV�WKH�IHUPHQWDWLRQ�WLPH��L�H����������DQG����GD\V��)DFWRU�
%�ZDV�WKH�IHUPHQWDWLRQ�W\SHV��ZKLFK�ZHUH�%� DONDOLQH�WUHDWHG�ULFH�VWUDZ�XUHD��%� %��ODFWLF�DFLG�
EDFWHULDO��%� %��FHOOXORO\WLF�EDFWHULDO���%� %��ZKLWH�URW�IXQJL��DQG��%� %��VXOSKXULF�DQG�PRODVVHV��
7KH�WKLUG�SHULRG�ZDV� LQ�YLWUR�HYDOXDWLRQ�RI� WKH� IHUPHQWHG�ULFH�VWUDZ��3DUDPHWHUV�PHDVXUHG�ZHUH�
LQ�YLWUR�GU\�PDWWHU�DQG�RUJDQLF�PDWWHU�GLJHVWLELOLW\��$QDO\VLV�RI�YDULDQFH�VKRZHG�WKDW�WKH�OHQJWK�RI�
IHUPHQWDWLRQ�DQG�WKHLU�LQWHUDFWLRQ�ZLWK�W\SHV�RI�IHUPHQWDWLRQ�KDG�QR�VLJQLÀFDQW�HIIHFW�RQ�LQ�YLWUR�
GU\�PDWWHU�DQG�RUJDQLF�PDWWHU��GLJHVWLELOLW\�RI�IHUPHQWHG�ULFH�VWUDZ�EXW��IHUPHQWDWLRQ�W\SHV��DIIHFWHG�
�S�������LQ�YLWUR�GU\�PDWWHU�DQG�RUJDQLF�PDWWHU�GLJHVWLELOLW\�RI�ULFH�6WUDZ��,W�LV�FRQFOXGHG�IURP�WKLV�
H[SHULPHQW�WKDW�IHUPHQWDWLRQ�RI�DONDOLQH�WUHDWHG�ULFH�VWUDZ�ZLWK�FHOOXORO\WLF�EDFWHULD��ZKLWH�URW�IXQJL��
DQG�ODFWLF�DFLG�PLFUREHV�ZLWK�WKH�DGGLWLRQ�RI�PRODVVHV�DQG�VXOIXU�FDQ�LQFUHDVH�LQ�YLWUR�GLJHVWLELOLW\�
RI�ULFH�VUDZ��

Key words��'LJHVWLELOLW\��5LFH�VWUDZ��)HUPHQWDWLRQ DQG�0LFUREHV�

ABSTRAK

3HQHOLWLDQ�LQL�EHUWXMXDQ�XQWXN�PHQLQJNDWNDQ�NHFHUQDDQ�MHUDPL�SDGL�VHEDJDL�SDNDQ�UXPLQDQVLD��
8QWXN�PHQFDSDL�WXMXDQ�WHUVHEXW��PDND���WDKDS�SHUFREDDQ�WHODK�GLODNVDQDNDQ��7DKDS�SHUWDPD�DGDODK�
PHQJLVRODVL�EDNWHUL�DVDP�ODNWDW���/DNWREDFLOOXV�VS��GDQ�EDNWHUL�VHOXOROLWLN��$FHWREDFWHU�OLTXHIDFLHQV���
GDUL�FDLUDQ�UXPHQ�VDSL�%DOL�GDQ�SHQJJXQDDQ�PLNURED�OLJQROLWLN��IXQJL�SHODSXN�SXWLK��\DQJ�GLLVRODVL�
GDUL�OLPEDK�NHODSD�VDZLW�GDQ�GLELDNNDQ�SDGD�PHGLD�NRPSRV��7DKDS�NHGXD�DGDODK�SHQJXMLDQ�LQRNROXP�
EDNWHUL�GDODP�PHGHJUDGDVL�IUDNVL�VHUDW�MHUDPL�SDGL��0LNURED��DVDP�ODNWDW��VHOXOROLWLN��GDQ�OLJQROLWLN�
GLIHUPHQWDVLNDQ�SDGD�MHUDPL�SDGL�\DQJ�WHODK�GLEHUL�SHUODNXDQ�DONDOL�GDQ�GLWDPEDK�PLQHUDO�VXOIXU�
GDQ�PRODVHV��5DQFDQJDQ�\DQJ�GLJXQDNDQ�SDGD�WDKDS�NHGXD�DGDODK�UDQFDQJDQ�DFDN�OHQJNDS��5$/��
SROD�IDNWRULDO���[���GHQJDQ���NDOL�XODQJDQ��'LPDQD�IDNWRU�$�PHUXSDNDQ�IDVH�IHUPHQWDVL���������GDQ�
���KDUL��GDQ�IDNWRU�%�PHUXSDNDQ�MHQLV�IHUPHQWDVL�\DLWX��%� MHUDPL�SDGL�KDVLO�SHUODNXDQ�DONDOL��XUHD��
%� %��EDNWHUL�DVDP�ODNWDW��%� %��EDNWHUL�VHOXOROLWLN��%� %��PLNURED�OLJQROLWLN�GDQ�%� %��VXOIXU�
GDQ�PRODVHV��3DGD�WDKDS�NH�WLJD�GLODNXNDQ�SHQJNXUDQ�NHFHUQDDQ�LQ�YLWUR�EDKDQ�NHULQJ�GDQ�EDKDQ�
RUJDQLN��$QDOLVLV� UDJDP�PHQXQMXNNDQ�SHUODNXDQ� ODPD� IHUPHQWDVL� GDQ� LQWHUDNVL� ODPD� IHUPHQWDVL�
GDQ� MHQLV� IHUPHQWDVL� WLGDN�EHUSHQJDUXK�Q\DWD� �3!������ WHUKDGDS�GD\D�FHUQD� LQYLWUR�EDKDQ�NHULQJ�
GDQ�EDKDQ�RUJDQLN��WHWDSL�MHQLV�IHUPHQWDVL�EHUSHQJDUXK�Q\DWD��S�������WHUKDGDS�NHFHUQDDQ�LQ�YLWUR�
EDKDQ�NHULQJ�GDQ�EDKDQ�RUJDQLN�MHUDPL�SDGL��'LVLPSXONDQ�EDKZD�SHQJJXQDDQ�NRPELQDVL�SHUODNXDQ�
DONDOL��IHUPHQWDVL�GHQJDQ�PLNURED�VHOXOROLWLN��OLJQROLWLN�GDQ�DVDP�ODNWDW�GHQJDQ�SHQDPEDKDQ�VXOIXU�
GDQ�PRODVHV�GDSDW�PHQLQJNDWNDQ�NHFHUQDDQ�LQ�YLWUR�MHUDPL�SDGL�

Kata kunci���.HFHUQDDQ��-HUDPL�SDGL��)HUPHQWDVL���0LNURED
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PENDAHULUAN

6DODK� VDWX� IDNWRU� SHQHQWX� NHEHUKDVLODQ�
VXDWX� XVDKD� SHWHUQDNDQ� DGDODK� SDNDQ�� VHODLQ�
IDNWRU�JHQHWLN�GDQ�PDQDJHPHQ�SHWHUQDNDQ� LWX�
VHQGLUL�� 3HPEHULDQ� EDKDQ� SDNDQ� \DQJ� WLGDN�
VHVXDL�GHQJDQ�NHEXWXKDQ�WHUQDN��EDLN�GDUL�VHJL�
NXDOLWDV�PDXSXQ�NXDQWLWDVQ\D�DNDQ�EHUGDPSDN�
WHUKDGDS� SHQDPSLODQ� SURGXNVL� WHUQDN� VHVXDL�
GHQJDQ�SRWHQVL�JHQHWLNQ\D�

1LODL�SRWHQVLDO�VXDWX�EDKDQ�SDNDQ�WHUKDGDS�
SHQDPSLODQ� SURGXNVL� WHUQDN� GLWHQWXNDQ� ROHK�
NRPSRVLVL�NLPLD�\DQJ�WHUNDQGXQJ�GL�GDODPQ\D��
KDUJD�� NHWHUVHGLDDQQ\D� VHUWD� HIHN� SHPEHULDQ�
SDNDQ�WHUKDGDS�SHQDPSLODQ�SURGXNVL�WHUQDN�

.HWHUVHGLDDQ� EDKDQ� SDNDQ� NRQYHVLRQDO�
VHPDNLQ� WHUEDWDV�� KDO� LQL� GLVHEDENDQ�
SHQJHPEDQJDQ�SURGXNVL�KLMDXDQ�\DQJ�WHUEHQWXU�
SDGD� PDVDODK� ODKDQ� \DQJ� VHPDNLQ� VHPSLW�
GLWDPEDK� SXOD� ROHK� NXDOLWDV� KLMDXDQ� GDHUDK�
WURSLV�\DQJ�UHQGDK��2OHK�NDUHQD�LWX�SHUOX�GLFDUL�
VXPEHU� GD\D� \DQJ� FXNXS� SRWHQVLDO� XQWXN�
GLPDQIDDWNDQ�VHEDJDL�SHQJJDQWL�KLMDXDQ�

,QGRQHVLD�PHUXSDNDQ�QHJDUD�DJUDULV�\DQJ�
PHPLOLNL� SURGXN� VDPSLQJ� SHUWDQLDQ� \DQJ�
FXNXS� EDQ\DN� GDQ� WHUVHGLD� VHSDQMDQJ� WDKXQ��
1DPXQ�SHPDQIDDWDQ�SURGXN�VDPSLQJ�SHUWDQLDQ�
WHUVHEXW�XQWXN�EDKDQ�SDNDQ�WHUQDN�UXPLQDQVLD�
EHOXP� RSWLPDO�� 3HQ\HEDEQ\D� DGDODK� NXUDQJ�
GLVXNDL� WHUQDN� GDQ� NXDOLWDV� JL]LQ\D� UHQGDK��
VHPHQWDUD� SDNDQ� KLMDXDQ� ODLQ� PDVLK� EDQ\DN�
WHUVHGLD� WHUXWDPD� GDUL� YHJHWDVL� DODPL��1DPXQ�
GHPLNLDQ� SDGD� PXVLP� NHPDUDX�� NHWHUVHGLDDQ�
YHJHWDVL�DODPL�PDNLQ�EHUNXUDQJ�VHKLQJJD�SHUOX�
GLXSD\DNDQ� SHPDQIDDWDQ� VXPEHU� SDNDQ� ODLQ��
VHSHUWL�SURGXN�VDPSLQJ�SHUWDQLDQ�

-HUDPL�SDGL�PHUXSDNDQ�VDODK�VDWX�SURGXN�
VDPSLQJ�SHUWDQLDQ�\DQJ�NHWHUVHGLDDQQ\D�FXNXS�
PHOLPSDK��1DPXQ�MHUDPL�SDGL�WDQSD�SHUODNXDQ�
WHUJRORQJ�EDKDQ�SDNDQ�\DQJ�EHUNXDOLWDV�UHQGDK��
2OHK�NDUHQD�LWX��SHQHOLWLDQ�GDQ�SHQJHPEDQJDQ�
WHUXV� GLODNXNDQ� XQWXN� PHQLQJNDWNDQ� NXDOLWDV�
MHUDPL� SDGL� DJDU� GDSDW� GLPDQIDDWNDQ� VHEDJDL�
EDKDQ� SDNDQ� VHFDUD� RSWLPDO�� WHUXWDPD� XQWXN�
WHUQDN�UXPLQDQVLD�

6DODK� VDWX� FDUD� \DQJ� FXNXS� PHQMDQMLNDQ�
GDODP� XVDKD� SHQLQJNDWDQ� QLODL� QXWULVL� GDQ�
GD\D� FHUQD� OLPEDK� SHUWDQLDQ� DGDODK� PHQLUX�
OHELK�MDXK�NRQGLVL�\DQJ�WHUMDGL�VHFDUD�KROLVWLN�GL�
GDODP�UXPHQ�UHWLNXOXP�GHQJDQ�PHPDQIDDWNDQ�
LQRNXOXP� PLNURED� VHOXOROLWLN�� OLJQROLWLN�� GDQ�
Lactobacillus� VS� �VXPEHU� DVDP��� SHQJJXQDDQ�
ODUXWDQ�EDVD� �NDSXU���GDQ�SHQJJXQDDQ�DPRLD�
1+���XUHD��GDODP�SURVHV�IHUPHQWDVL�

3HQHOLWLDQ�LQL�EHUWXMXDQ�XQWXN�PHQLQJNDWNDQ�
NHFHUQDDQ� GDQ� SDODWDELOLWDV� OLPEDK� SHUWDQLDQ�

VHEDJDL� SDNDQ� UXPLQDQVLD� VHUWD� PHQMDPLQ�
NHWHUVHGLDDQ� SDNDQ� VHFDUD� EHUNHVLQDPEXQJDQ��
'HQJDQ� PHPEHULNDQ� SHUODNXDQ� \DQJ� PHQLUX�
OHELK�MDXK�SURVHV�SHQJRODKDQ�SDNDQ�\DQJ�WHUMDGL�
GL� GDODP� UXPHQ�UHWLNXOXP� \DLWX� NRPELQDVL�
SHUODNXDQ� DONDOL�� IHUPHQWDVL� GHQJDQ� PLNURED�
VHOXOROLWLN�� OLJQROLWLN� GDQ� DVDP� ODNWDW� GHQJDQ�
SHQDPEDKDQ�VXOIXU�GDQ�PRODVHV��+DO�LQL�GDSDW�
PHQLQJNDWNDQ� NHPDPSXDQ� PLNURED� UXPHQ�
GDODP� PHQFHUQD� VHOXORVD� GDQ� KHPLVHOXORVD�
XQWXN� VHODQMXWQ\D� GLJXQDNDQ� VHEDJDL� VXPEHU�
HQHUJL�

MATERI DAN METODE

3HQHOLWLDQ� SHQJXNXUDQ� QLODL� QXWULVL�
MHUDPL�SDGL� IHUPHQWDVL�GDQ�GD\D� FHUQD� in vitro�
GLUDQFDQJ�EHUGDVDUNDQ�UDQFDQJDQ�DFDN�OHQJNDS�
SROD�IDNWRULDO��*DVSHUV]��������GHQJDQ���IDNWRU��
�� SHUODNXDQ� GDQ� �� NDOL� XODQJDQ�� SHQJDUXK�
Q\DWD�SHUODNXDQ�GLXML�ODQMXW�GHQJDQ�XML�ZLOD\DK�
%HUJDQGD�'XQFDQ�PHQJJXQDNDQ�SDNHW�VRIWZDUH�
6366��6366���������6XVXQDQ�SHUODNXDQ�SHQHOLWLDQ�
VHEDJDL�EHULNXW�

3HQHOLWLDQ�SHQJXNXUDQ�GD\D�FHUQD� in vitro�
MHUDPL� SDGL� IHUPHQWDVL� GLUDQFDQJ� EHUGDVDUNDQ�
5DQFDQJDQ�$FDN�/HQJNDS��5$/��SROD�IDNWRULDO��
�[��GHQJDQ���IDNWRU��\DLWX�IDNWRU������OHYHO��GDQ�
IDNWRU� �� ��� OHYHO��� PDVLQJ�PDVLQJ� NRPELQDVL�
SHUODNXDQ�GLXODQJ� �� NDOL� VHKLQJJD� WHUGDSDW� ���
VDWXDQ� SHUFREDDQ�� 3HQJDUXK� Q\DWD� SHUODNXDQ�
GLXML� ODQMXW�GHQJDQ�XML�%HGD�1\DWD� -XMXU� �%1-��
�*DVSHUV]��������PHQJJXQDNDQ�SDNHW�VRIWZDUH�
6366��6366���������6XVXQDQ�SHUODNXDQ�SHQHOLWLDQ�
VHEDJDL�EHULNXW�
���)DNWRU�$�/DPD�)HUPHQWDVL

$�� ����KDUL���
$�� ����KDUL�����
$�� ����KDUL

����)DNWRU�%�.RPSRVLVL�3HUODNXDQ
%�� �MHUDPL�SDGL�KDVLO�SHUODNXDQ�DONDOL��%D����

XUHD����
%�� �%����EDNWHUL�DVDP�ODNWDW��/DFWREDFLOOXV�

VS��������6�PO���
%�� �%����EDNWHUL�VHOXOROLWLN�������6�PO��
%�� �%����MDPXU�SHODSXN�SXWLK���J���NJ�MHUDPL�

�����������&)8��
%�� �%����0LQHUDO� �6XOIXU��������3DUDNNDVL��

������GDQ�PRODVHV�����
� -HUDPL� SDGL� �%R�� \DQJ� GLJXQDNDQ� GDODP�

SHQHOLWLDQ�LQL�WHUOHELK�GDKXOX��GLSRWRQJ�SRWRQJ�
���� FP�� NHPXGLDQ� GLUHQGDP� GDODP� ODUXWDQ�
NDSXU�KDOXV��&

a
&2

�
������JUDP�NDSXU�GLODUXWNDQ�

GDODP���� OLWHU�DLU�� VHODPD���� MDP��6DDGXOODK�et 
al���������6HODQMXWQ\D�GLFXFL�GHQJDQ�DLU���OLWHU�
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NJ�MHUDPL�SDGL�GDQ�GLNHULQJNDQ�GL�EDZDK�VLQDU�
PDWDKDUL� �%D��� 'LODQMXWNDQ� GHQJDQ� IHUPHQWVL�
VHVXDL�GHQJDQ�NRPSRVLVL�SHUODNXDQ�GLDWDV��%���
%���%���%���GDQ�%���GDQ�GLVLPSDQ�GDODP�SRO\EDJ�
�VXDVDQD� DQDHURE���.HPXGLDQ�GLVLPSDQ� VHVXDL�
GHQJDQ�ODPD�IHUPHQWDVL��$�� ����KDUL��$�� ����
KDUL��GDQ�$�� �����KDUL��

6HWHODK�SURVHV�IHUPHQWDVL�VHOHVDL��GLODNXNDQ�
SHQLODLDQ� � NXDOLWDV� MHUDPL� SDGL� \DQJ� PHOLSXWL�
ZDUQD��DURPD��S+��WHNVWXU��GDQ�DGD�DWDX�WLGDNQ\D�
MDPXU��6HODQMXWQ\D�GLODNXNDQ�SHQJXNXUDQ�GD\D�
FHUQD�in vitro��0F/HRG�DQG�0LQVRQ���������

HASIL DAN PEMBAHASAN

� +DVLO� DQDOLVLV� NHFHUQDDQ� in vitro� EDKDQ�
NHULQJ�GDQ�EDKDQ�RUJDQLN�MHUDPL�SDGL�SHUODNXDQ�
DONDOL�� NHPXGLDQ� GL� IHUPHQWDVL� GHQJDQ� XUHD��
EDNWHUL� DVDP� ODNWDW� �Lactobacillus sp��� EDNWHUL�
VHOXOROLWLN� �Acetobacter liquefaciens��� PLNURED�
OLJQROLWLN��MDPXU�SHODSXN�SXWLK�ZKLWH�URW�IXQJL���
VHUWD�PLQHUDO� VXOIXU�GDQ�PRODVHV�GDSDW�GLOLKDW�

SDGD�7DEHO����3HULRGH�IHUPHQWDVL�WHUGLUL�GDUL�WLJD�
WDKDSDQ�\DLWX��������GDQ����KDUL������������

$QDOLVLV� UDJDP� PHQXQMXNNDQ� EDKZD�
LQWHUDNVL� ODPD� IHUPHQWDVL� GDQ�SHUODNXDQ� WLGDN�
EHUSHQJDUXK�Q\DWD��S!������WHUKDGDS�NHFHUQDDQ�
in vitro� EDKDQ� NHULQJ� GDQ� EDKDQ� RUJDQLN�
MHUDPL�SDGL� IHUPHQWDVL�� /DPD� IHUPHQWDVL� WLGDN�
PHPSHUOLKDWNDQ�SHQJDUXK�\DQJ�Q\DWD��S!�������
WHWDSL�SHUODNXDQ�PHQXQMXNNDQ�DGDQ\D�SHQJDUXK�
Q\DWD��S�������WHUKDGDS�NHFHUQDDQ�in vitro�EDKDQ�
NHULQJ�GDQ�EDKDQ�RUJDQLN�MHUDPL�SDGL�IHUPHQWDVL��
7DEHO���PHQXQMXNNDQ�EDKZD�SHUODNXDQ�%��GDQ�
%��PHPLOLNL�QLODL�NHFHUQDDQ�WHUWLQJJL�GLEDQGLQJ�
SHUODNXDQ�ODLQQ\D��PHQX\XVXO�SHUODNXDQ�%��GDQ�
%���3HUODNXDQ�%��PHQXQMXNNDQ�QLODL�NHFHUQDDQ�
WHUHQGDK�GLEDQGLQJ�SHUODNXDQ�ODLQQ\D�

8ML� %1-� PHQXQMXNNDQ� EDKZD� SHUODNXDQ�
EHUEHGD� Q\DWD� �S������� WHUKDGDS� NHFHUQDDQ� in 
vitro�EDKDQ�NHULQJ�MHUDPL�SDGL�IHUPHQWDVL��7DEHO�
�� PHPSHUOLKDWNDQ� EDKZD� SHUODNXDQ� %�� Q\DWD�
OHELK� UHQGDK� GDUL� SDGD� SHUODNXDQ� %��� %��� %���
GDQ�%���

Tabel 1��'D\D�FHUQD�LQ�YLWUR�EDKDQ�NHULQJ�GDQ�EDKDQ�RUJDQLN�����MHUDPL�
SDGL�IHUPHQWDVL

/DPD�)HUPHQWDVL�
�KDUL�

3HUODNXDQ '&%. '&%2

���SHPEDQGLQJ�
%R
Ba

�����
�����

�����
�����

�� %� ����������D ����������D

%� ����������E ����������DE

%� ����������EF ����������E

%� �����������F ����������EF

%� ����������F ����������F

5DWDDQ ����� �����

�� %� ����������D ����������D

%� ����������E ����������DE

%� ����������E ����������E

%� ����������EF ����������EF

%� ����������F ����������F

5DWDDQ ����� �����

�� %� ����������D ����������D

%� ����������E ����������DE

%� ����������E ����������E

%� ����������EF ����������EF

%� ����������F ����������F

5DWDDQ ����� �����

.HWHUDQJDQ�����5DWDDQ�GHQJDQ�VXSHUVNULS�\DQJ�EHUEHGD�SDGD�NRORP�\DQJ�VDPD�XQWXN�VHWLDS�
�����������������������������SHUODNXDQ�PHQXQMXNNDQ��SHUEHGDDQ�Q\DWD��3�������
����������������������������'&%.� �GD\D�FHUQD�EDKDQ�NHULQJ����
����������������������������'&%2� �GD\D�FHUQD�EDKDQ�RUJDQLN�
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3HUODNXDQ�%��GDQ�%�� WLGDN�EHUEHGD�Q\DWD�
�S!������� WHWDSL�Q\DWD��S������� OHELK�WLQJJL�GDUL�
SDGD� SHUODNXDQ� %��� 3HUODNXDQ� %��� %��� GDQ�
%�� WLGDN� EHUEHGD� Q\DWD� �S!������� WHWDSL� Q\DWD�
�S�������OHELK�WLQJJL�GDUL�SDGD�SHUODNXDQ�%�GDQ�
%���

7LQJJLQ\D� QLODL� NHFHUQDDQ� EDKDQ� NHULQJ�
GDQ�EDKDQ�RUJDQLN�SDGD�SHUODNXDQ�%��GDQ�%��
GLEDQGLQJ� SHUODNXDQ� ODLQQ\D�� NDUHQD� DGDQ\D�
DNWLYLWDV� MDPXU� SHODSXN� SXWLK� PHQGHJUDGDVL�
OLJQLQ� VHKLQJJD� NDGDU� OLJQLQ� PHQJDODPL�
SHQXUXQDQ��+DO�LQL�VHMDODQ�GHQJDQ�SHQGDSDW�9DQ�
6RHVW��������EDKZD�KDQ\D�MDPXU�SHODSXN�SXWLK�
\DQJ�PDPSX�PHQGHJUDGDVL�OLJQLQ�VHFDUD�HIHNWLI��
/HELK�ODQMXW�+DWDND��������PHQMHODVNDQ�EDKZD�
VXEVWUDW�EDJL�SHUWXPEXKDQ�PLNURRUJDQLVPH�LQL�
DGDODK�VHOXORVD�GDQ�KHPLVHOXORVD�GDQ�GHJUDGDVL�
OLJQLQ� WHUMDGL� SDGD� DNKLU� SHUWXPEXKDQ� SULPHU�
PHODOXL� PHWDEROLVPH� VHNXQGHU� GDODP� NRQGLVL�
GHÀVLHQVL�QXWULHQ�VHSHUWL�QLWURJHQ��NDUERQ�DWDX�
VXOIXU��

%HUGDVDUNDQ� KDVLO� 8MLQ� %1-� NHFHUQDDQ�
in vitro EDKDQ� NHULQJ�� SHUODNXDQ� %�� GDQ� %��
�������� GDQ� �������� PHUXSDNDQ� SHUODNXDQ�
WHUEDLN� �S�������NH���VHWHODK�SHUODNXDQ�%��GDQ�
%�� �������� GDQ� ��������� PHQ\XVXO� SHUODNXDQ�
%�� ���������� 3HUODNXDQ� %�� PHPSXQ\DL� DQJND�
NHFHUQDDQ� WHUHQGDK� � GLDQWDUD� NH��� SHUODNXDQ�
ODLQQ\D�� ROHK� NDUHQD� NDGDU� SURWHLQQ\D� \DQJ�
UHQGDK� �������� GDQ� VHUDW� NDVDUQ\D� ����������
8PXPQ\D� DQJND� NHFHUQDDQ� NH��� SHUODNXDQ�
WHUVHEXW� VHMDODQ� GHQJDQ� NDQGXQJDQ� SURWHLQ�
NDVDUQ\D� GDQ� EHUEDQGLQJ� WHUEDOLN� GHQJDQ�
NDQGXQJDQ�VHUDW�NDVDU��

$QDOLVLV� UDJDP� PHQXQMXNNDQ� EDKZD�
SHUODNXDQ�EHUSHQJDUXK�Q\DWD��S�������WHUKDGDS�
SHUVHQWDVH�NHFHUQDDQ�in vitro�EDKDQ�NHULQJ�GDQ�
EDKDQ� RUJDQLN� MHUDPL� SDGL� KDVLO� IHUPHQWDVL��
+DO� LQL� GLSHQJDUXKL� ROHK� DNWLÀWDV� HQ]LP� \DQJ�
GLKDVLONDQ�ROHK�PLNURED�GDODP�PHQFHUQD�EDKDQ�
NHULQJ� GDQ� EDKDQ� RUJDQLN� MHUDPL� SDGL� \DQJ�
WHODK� PHQJDODPL� SURVHV� SHUHQJJDQJDQ� LNDWDQ�
OLJQRVHOXORVD� VHEHOXP� GLIHUPHQWDVL� GHQJDQ�
SHUODNXDQ�DONDOL��ODUXWDQ�NDSXU���+DO�LQL�VHMDODQ�
GHQJDQ� KDVLO� SHQHOLWLDQ� /DPLG� ������� EDKZD�
HQ]LP�VHOXODVH�GDSDW�GLJXQDNDQ�VHEDJDL�EDKDQ�
ELRNDWDOLV� XQWXN�PHQGHJUDGDVL� SDNDQ� EHUVHUDW�
ND\D�KHPLVHOXORVD�GDQ�VHOXORVD��

.HFHUQDDQ�MHUDPL�SDGL�IHUPHQWDVL�SHUODNX�
DQ�%��DGDODK�\DQJ�WHUEDLN�NDUHQD�SHUODNXDQ�%��
PHUXSDNDQ� NRPELQDVL� SHUODNXDQ� \DQJ� SDOLQJ�
NRPSOLW� �DONDOL�ODXWDQ� NDSXU� �� XUHD�VXPEHU�
131���EDNWHUL�DVDP�ODNWDW���EDNWHUL�VHOXOROLWLN�
��PLNURED�OLJQROLWLN����VXOIXU���PRODVHV��GLEDQ�
GLQJ� SHUODNXDQ� ODLQQ\D��+DO� LQL�PHQXQMXNNDQ�

DGDQ\D� SHQJDUXK� SHUODNXDQ� WHUKDGDS� NLQHUMD��
EDNWHUL� DVDP� ODNWDW�� VHOXOROLWLN�� VHUWD�GHJUDGDVL�
OLJQLQ� ROHK� MDPXU� SHODSXN�SXWLK� GDQ� VHQ\DZD�
DONDOL�� VHKLQJJD�PHPXGDKNDQ�SHQHWUDVL� HQ]LP�
PLNURRUJDQLVPH� GDODP� PHQFHUQD� GLQGLQJ� VHO�
MHUDPL�SDGL�VHODPD�SURVHV�IHUPHQWDVL�EHUODQJV�
XQJ�

� 6HEDJDLPDQD� KDVLO� SHQHOLWLDQ� +LGDQDK�
�������EDKZD�LVRODW�EDNWHUL�VHOXOROLWLN�Acetobater 
liquefaciens�GDSDW�GLJXQDNDQ�VHEDJDL� LQRNXOXP�
XQWXN� PHQLQJNDWNDQ� NXDOLWDV� MHUDPL� SDGL��
VHUWD�GDSDW�GLPDQIDDWNDQ�XQWXN�PHQLQJNDWNDQ�
SURGXNVWLYLWDV�WHUQDN�GRPED��

8UHD� VHEDJDL� VXPEHU� 1+
�
� MXJD� VDQJDW�

GLEXWXKNDQ� ROHK� PLNURED� UXPHQ� VHEDJDL�
VXPEHU� 1� XQWXN� PHQVLQWHVLV� SURWHLQ�� DNDQ�
WHWDSL� KDUXV� GLEHULNDQ� EHUVDPD� VXPEHU� HQHUJL�
PXGDK� WHUSDNDL� �PRODVHV�� WHUXWDPD� GDODP�
EHQWXN� NDUERKLGUDW� \DQJ� PXGDK� GLFHUQD�
�5$&���/HYHO�1+

�
�RSLPXP�GDODP�UXPHQ�XQWXN�

PHPDNVLPDONDQ� VLQWHVLV� SURWHLQ� ROHK�PLNURED�
UXPHQ�DGDODK�������PJ�1+

�
�1�GO�FDLUDQ�UXPHQ�

�9DQ�6RHVW�et al���������
$SDELOD� UDQVXP� FXNXS� PHQJDQGXQJ�

SURWHLQ�PDND�VHEDJLDQ�EHVDU�1�\DQJ�GLJXQDNDQ�
ROHK�EDNWHUL�UXPHQ�GLDPELO�GDUL�DVDP�DPLQR�DWDX�
SHSWLGD�GDQ�EXNDQ�GDUL�DPRQLD��$PRQLD�GDODP�
UXPHQ�EHUDVDO�GDUL�WLJD�VXPEHU�\DLWX��GHJUDGDVL�
SURWHLQ�GDQ�131�UDQVXP��KLGUROLVLV�XUHD�\DQJ�
GLGDXU�XODQJ�NH�UXPHQ��GDQ�GHJUDGDVL�SURWHLQ�
PLNURED��6HODLQ�GLJXQDNDQ�ROHK�PLNURED�UXPHQ�
XQWXN�PHQVLQWHVLV�DVDP�DPLQR��DPRQLD�UXPHQ�
MXJD� GDSDW� KLODQJ� GDUL� UXPHQ� PHODOXL� MDOXU�
ODLQ� \DLWX� GLVHUDS�PHODOXL� GLQGLQJ� UXPHQ�GDQ�
GLWHUXVNDQ�NH�KDWL� VHUWD� WHUGRURQJ�NH�RPDVXP�
�5XVVHOO�GDQ�5\FKOLN��������

KESIMPULAN DAN SARAN

%HUGDVDUNDQ� KDVLO� SHQHOLWLDQ� LQL�� GDSDW�
GLVLPSXONDQ�EDKZD��NRPELQDVL�SHUODNXDQ�DONDOL��
IHUPHQWDVL�GHQJDQ�PLNURED�VHOXOROLWLN��OLJQROLWLN�
GDQ� DVDP� ODNWDW� \DQJ� GLVXSOHPHQWDVL� GHQJDQ�
6XOIXU��PDPSX�PHQLQJNDWNDQ�NHFHUQDDQ�in vitro�
MHUDPL�SDGL�VDEDJDL�SDNDQ�UXPLQDQVLD�

3HUOX� GLODNXNDQ� SHQHOLWLDQ� OHELK� ODQMXW�
XQWXN� PHQJKDVLONDQ� SDNHW� WHNQRORJL� SDNDQ�
WHSDW�JXQD�EHUEDVLV�MHUDPL�SDGL��

DAFTAR PUSTAKA

*DVSHU]�� 9�� ������ 0HWRGH� 3HUDQFDQJDQ� 3HUFREDDQ�
XQWXN� ,OPX�LOPX� 3HUWDQLDQ�� 7HNQLN� GDQ� %LRORJL��
&9�$UPLFR��%DQGXQJ�



���

-,73�9RO����1R�����-XOL������

+DWDNND� $�� ������ %LRGHJUDGDWLRQ� RI� OLJQLQ�� ,Q��
6WHLQE�FKHO� $�� >HG@� %LRSROLPHUV�� 9RO� ��� � /LJQLQ��
+XPLF� 6XEVWDQFHV� DQG� &RDO� *HUPDQ\�� :LOH\�
9&+��SS����������

+LGDQDK��6��������,VRODW�%DNWHUL�GDQ�-DPXU�6HOXOROLWLN�)HVHV�
-HUDSDK� VHEDJDL� ,QRNXOXP� XQWXN� 0HQLQJNDWNDQ�
.XDOLWDV� -HUDPL� 3DGL� GDQ� 3URGXNWLYLWDV� GRPED��
'LVHUWDVL�� 3URJUDP� 3DVFDVDUMDQD� 8QLYHUVLWDV� $LU�
/DQJJD��6XUDED\D�

/DPLG��0�� ������ 2SWLPDOLVDVL� 3RWHQVL� (Q]LP� ;LODQDVH�
3URGXNVL�0LNURED�5XPHQ�

GDODP� %LRGHJUDGDVL� +HPLVHOXORVD� SDGD� -HUDPL� SDGL�
VHEDJDL� 6WUDWHJL� 3HPEHULDQ� 3DNDQ� 5XPLQDQVLD��
'LVHUWDVL��3DVFDVDUMDQD�8QLYHUVLWDV�%UDZLMD\D�

0F/HRG��0��1�DQG�'��-��0LQVRQ��������7KH�$FFXUDF\�RI�
7KH� 3HSVLQ� &HOOXORVH� 7HFKQLTXH� � IRU� (VWLPDWLQJ�
'LJHVWLELOLW\�WKH�'U\�0DWWHU�'LJHVWLELOLW\�,Q�9LYR�
RI�*UDVV� DQG�/HJXPH��$QLP�6FL�� DQG�7HFK��� �����
��������

5XVVHOO�� -�%��� DQG� -�/�� 5\FKOLN�� ������ )DFWRUV� WKDW� DOWHU�
UXPHQ�PLFURELDO�HFRORJ\��6FLHQFH���������������

6366��������6366�IRU�:LQGRZV��6366�,QF�

6DDGXOODK��0�+DTXH� DQG� )�� 'ROEHUT�� ������ 7UHDWPHQW�
RI�5LFH�6UDZ�:LWK�/LPH��'HSDUWHPHQW�RI�*HQHUDO�
$QLPDO� 6FLHQFH�� %DQJODGHVK� $JULFXOWXUDO�
8QLYHUVL\��0\PUQVLQJK��%DQJODGHVK�

9DQ� 6RHVW�� 3�� -�� DQG� -�� %�� 5REHUWVRQ�� ������$QDO\VLV� RI�
IRUDJHV� DQG� ÀEURXV� IRRG�� $� /DERUDWRU\�0DQXDO�
IRU�$QLPDO� 6FLHQFH�� YRO�� �����&RUQHOO�8QLYHUVLW\��
,WKDFD��1HZ�<RUN��S�����

9DQ�6RHVW��3�� -�� ������5LFH� VWUDZ�� WKH� UROH�RI� VLOLFD�DQG�
WUHDWPHQWV� WR� LPSURYH� TXDOLW\�� $QLP�� )HHG� 6FL��
7HFK�����������²����


