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BIODEGRADATION OF PULP SLUDGE BY Phanerochaete 
chrysosporium, Penicillium oxalicum AND Penicillium citrinum 

AFTER SIX MONTHS INCUBATION
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.H\ZRUGV��3XOS�VOXGJH��GHFRPSRVLWLRQ��P. chrysosporium��P. oxalicum��P. citrinum

BIODEGRADASI PULP SLUDGE DENGAN 3KDQHURFKDHWH FKU\VRVSRULXP, 3HQLFLOOLXP R[DOLFXP 

DAN 3HQLFLOOLXP citrinum SETELAH MASA INKUBASI ENAM BULAN.  Meningkatnya produksi pulp 

dan kertas sebagai imbas kenaikan permintaan pasar akan menghasilkan komoditas dan juga hasil sampingan. Hasil 

sampingan berupa limbah pulp yang memiliki nilai ekonomi rendah dengan nilai konsekuensi lingkungan yang tinggi. 

Oleh karenanya, diperlukan teknologi untuk menambah nilai limbah pulp. Penelitian ini bertujuan untuk mengetahui 

kemampuan 3� FKU\VRVSRULXP� kombinasi 3HQLFLOOLXP R[DOLFXP dan 3� citrinum dan kombinasi ketiga jamur tersebut 

dalam mendekomposisi limbah pulp. Limbah pulp yang digunakan berasal dari perusahaan pulp di Sumatera Utara dengan 

perlakuan pendahuluan sebelum pengomposan. Pengomposan dilakukan dengan menginokulasi jamur 3� FKU\VRVSRULXP, 

kombinasi 3� R[DOLFXP dan 3� citrinum dan kombinasi dari ketiga jamur tersebut dengan kerapatan 107 (spora/ml) ke 

dalam 15 kg limbah yang telah mendapat perlakuan awal. Kemudian, limbah yang telah diinokulasi tersebut diinkubasi 

selama satu dan enam bulan. Analisis dilakukan terhadap limbah yang tidak diinokulasi dan yang diinokulasi, terdiri 

dari analisa pH, cation exchange capacity (CEC) (me/100 g), hara makro (N, P, K, Ca and Mg)(%), hara miro (S, Zn) 

(ppm) and logam berat (Pb, Cd)(ppm). Setelah satu bulan inkubasi, 3� FKU\VRVSRULXP dapat meningkatkan hara makro 

dan mikro dari limbah pulp. Namun, setelah enam bulan inkubasi, kombinasi dari 3� R[DOLFXP dan 3� citrinum mampu 

meningkatkan kadar P, K, CEC dan mengurangi kadar timbal dari limbah pulp. Sedangkan, kombinasi dari ketiga jamur 

3� R[DOLFXP, 3� citrinum and 3� FKU\VRVSRULXP memberikan kadar N dan Mg tertinggi�

Kata kunci: /LPEDK�SXOS��GHNRPSRVLVL��3� FKU\VRVSRULXP��3� R[DOLFXP��3� citrinum
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I.  INTRODUCTION

&XUUHQWO\�� SXOS� DQG� SDSHU� LQGXVWULHV� LQ�

,QGRQHVLD� UDQN� DPRQJ� WKH� WRS� ��� SURGXFHUV�

LQ�WKH�ZRUOG��UDQNV�DV�WHQWK�IRU�SXOS�DQG�VL[WK�

IRU� SDSHU� �$3.,�� ������� 0HDQZKLOH�� ZRUOG·V�

GHPDQG�IRU�WKH�SURGXFWV�LQFUHDVHV��²���HYHU\�

\HDU�ZKLFK� �GULYHV�,QGRQHVLD·V�SXOS�DQG�SDSHU�

LQGXVWULHV�WR�LQFUHDVH�FDSDFLW\�IURP������PLOOLRQ�

WRQV�SHU�\HDU�WR�������PLOOLRQ�WRQV��6HW\DZDWL��

������� 7KH� LQFUHDVLQJ� FDSDFLW\� ZLOO� DOVR�

JHQHUDWH�VHFRQGDU\�SURGXFWV�LQ�D�ODUJH�TXDQWLW\�

VXFK� DV�ZDVWHZDWHU� VOXGJH��ZRRG� \DUG�ZDVWHV��

FDXVWLFL]LQJ� ZDVWHV�� DQG� DVKHV� �6LPDR�� +RW]D��

5DXSS�3HUHLUD�� /DEULQFKD��	�0RQWHGR�� �������

,W�LV�HVWLPDWHG�WKDW�RQH�WRQQH�SDSHU�SURGXFWLRQ�

JHQHUDWHV����WR����WRQQH�VOXGJH��GU\���FRQVLVWLQJ�

RI � ���� SULPDU\� VOXGJH� DQG� ���� VHFRQGDU\�

VOXGJH��%DMSDL���������7KH�VOXGJH�FRQWDLQV���²

���� �GU\� EDVLV�� FHOOXORVH�� �²���� OLJQLQ�� �²���

�� KHPLFHOOXORVH�� ��²���� DVK�� DQG� LQRUJDQLF�

FRQWHQWV�VXFK�DV�NDROLQ�FOD\��FDOFLXP�FDUERQDWH��

WLWDQLXP� GLR[LGH� �'DV�� 7ROOQHU�� 	� 7RUQDEHQH��

�������

0DQ\� VWXGLHV� RQ� FRPSRVWLQJ� SXOS� DQG�

SDSHU·V� VOXGJH� ZHUH� XQGHUWDNHQ� WR� JLYH� DQ�

DGGHG� YDOXH� WR� WKH� GLVSRVDO� �*RSLQDWKDQ� 	�

7KLUXPXUWK\��������+D]DULND�	�.KZDLUDNSDP��

������ 5RGULJXH]�� GH� &DVWUR� $QGUDGH�� %HOORWH��

	� 7RPD]HOOR�)LOKR�� ������� +RZHYHU�� LWV� KLJK�

&�1� UDWLR�� ORZ� QXWULHQWV� FKDUDFWHULVWLF�� DQG�

KHDY\�PHWDO� FRQWHQW� QHHG� WR� EH� DGGUHVVHG� WR�

XVH� LW� DV� D� VRLO� DPHQGPHQW�� 3XOS� DQG� SDSHU�

VOXGJH�GHFRPSRVLWLRQ�FDQ�EH�UDLVHG�E\�DGGLQJ�

1�IHUWLOL]HU��1·'D\HJDPL\H��1\LUDQH]D��*LURX[��

*UHQLHU��	�'UDSHDX���������PDQXUH��+D]DULND�

	�.KZDLUDNSDP��������RU�GHFRPSRVHU���+RQJ��

'DVKWEDQ��&KHQ��6RQJ��	�4LQ���������,Q�������

LW�ZDV�UHSRUWHG�WKDW����PLOOV�LQ�WKH�86�UHF\FOHG�

WKHLU� ZDVWHZDWHU� WUHDWPHQW·V� VOXGJH� DQG�

GHLQNLQJ�UHVLGXDO�DV�FRPSRVW�E\�XVLQJ�ZLQGURZ�

PHWKRG� �%LUG�	�7DOEHUWK���������+RZHYHU�� LQ�

WKH�FRPSRVWLQJ�SURFHVV�E\�WKRVH�PLOOV�ZDV�QRW�

PHQWLRQHG�WKH�XVH�RI �GHFRPSRVHUV��

6RPH� IXQJL� VSHFLHV� FDQ� SURGXFH� FHOOXORVH�

GHJUDGLQJ�HQ]\PH��0RUJHQVWHUQ�	�3RZORZVNL��

������� $PRQJ� PDQ\� IXQJL� VSHFLHV�� ZKLWH� URW�

IXQJL�LV�D�ZHOO�NQRZQ�OLJQRFHOOXORVLF�GHJUDGLQJ�

IXQJXV�E\�SURGXFLQJ�/L3��0Q3�DQG�/FF��5DMZDU��

-RVKL��	�5DL�� �������Phanerochaete chrysosporium��

D� ZKLWH� URW� EDVLGLRP\FHWH� JHQHUDWHV� /L3� DQG�

0Q3V��HQ]\PHV�IRU� OLJQLQ�GHJUDGDWLRQ��%DN�HW�

DO����������7KRVH�OLJQLQ�GHJUDGLQJ�HQ]\PHV�DUH�

SURGXFHG� XQGHU� OLPLWHG� QXWULHQW�� SDUWLFXODUO\�

QLWURJHQ��7LHQ�	�.LUN���������7KH�0Q3�LV�WKH�

PDLQ�HQ]\PH�IRU�OLJQLQ�GHJUDGDWLRQ�WKDW�XVLQJ�

+
�
2
�
�WR�R[LGL]H�0Q���WR�0Q����:DQJ��<DR��	�6X��

�������6WLPXODWLRQ�RI �0Q3�DFWLYLW\�WULJJHUHG�E\�

R[DOLF�DFLG�ZKLFK�WKH�R[LGDWLRQ�RI �JO\R[\ODWH�DQG�

R[DODWH�SURGXFH�+
�
2
�
��.HUVWHQ�	�&XOOHQ���������

P. chrysosporium�DOVR�KDV�D�FDSDELOLW\�WR�GHJUDGH�

FHOOXORVH� E\� SURGXFLQJ� FHOOXORVH�GHJUDGLQJ�

HQ]\PHV�� HQGRJOXFDQDVH�� FHOORELRK\GURODVHV�

DQG� H[RFHOOXODVHV� �'DVKWEDQ�� 6FKUDIW�� 	� 4LQ��

������� 7KRVH� HQ]\PHV� ZRUN� V\QHUJLVWLFDOO\� WR�

UHOHDVH�FHOORELRVH�ZKLFK�E\�%�JOXFRVLGDVHV�ZLOO�

EH�FRQYHUWHG� WR�JOXFRVH� �+RUQ��9DDMH�NROVWDG��

:HVWHUHQJ��	�(LMVLQN���������

Penicillium oxalicum and Penicillium citrinum have 

DOVR�EHHQ�NQRZQ�WR�KDYH�JHQHUDWHG�E�JOXFDQDVH�

�'RXJKDUL�� ������� +RZHYHU�� P. oxalicum will 

JHQHUDWH� PRUH� OLJQRFHOOXORVH� HQ]\PHV� LQ�

FRPSOH[� VXEVWUDWHV� VXFK� DV� DJULFXOWXUDO� ZDVWH�

WKDQ�LQ�D�SXUH�FHOOXORVH�PHGLXP��/LDR��/L��:HL��

6KHQ��	�;X���������7KLV�SKHQRPHQRQ�LQGLFDWHV�

P. oxalicum� SRWHQWLDO� DV� FHOOXORVH� SURGXFHU� IRU�

LQGXVWULDO� SXUSRVHV�� 0HDQZKLOH�� VXEVWUDWH�

DONDOL� SUH�WUHDWPHQW� FDQ� LQGXFH� &0� &DVH�

SURGXFWLRQ�RI �P. oxalicum��6KDK��.DOLD��	�3DWHO��

������� DQG� OLJQLQ� SUHVHQFH� GRHV� QRW� LQWHUUXSW�

VDFFKDULÀFDWLRQ� RI � OLJQRFHOOXORVH� PDWHULDOV��

2Q� WKH� RWKHU� KDQG�� P. citrinum� VHFUHWHV� /L3�

�<DGDY�� <DGDY�� 	� <DGDY�� ������ FDQ� JHQHUDWH�

WKHUPRSKLOLF� DQG� DFLGRSKLOLF� %�JOXFRVLGDVHV�

LQ� VROLG� VWDWH� IHUPHQWDWLRQ� RI � ULFH� EUDQ� �1J�

HW�DO����������+RZHYHU��FHOOXORVH�JHQHUDWLRQ�RI �

P. citrinum�ZLOO�EH�KLJKHU�LI �QR�QLWURJHQ�VRXUFH�

LV� DGGHG� �*KRVKDO�� %DQHUMHH�� 	� 6KLYKDUH��

������� 8WLOL]DWLRQ� RI � P. citrinum� LQ� ULFH� KXVNV�

IHUPHQWDWLRQ�UHVXOWHG� LQ�FHOOXORVH�\LHOGV�RI ����

XQLWV�J� LQ����GD\V� DQG� WKH� FHOOXORVH�GHJUDGHG�

PRUH�WKDQ������.XKDG�	�6LQJK���������
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%LRGHJUDGDWLRQ�RI �3XOS�6OXGJH�E\ Phanerochaete chrysosporium, Penicillium oxalicum and Penicillium citrinum �����������������6LWL�:DK\XQLQJVLK�

3XOS� VOXGJH� XVHG� LQ� WKLV� VWXG\� KDG� D�

KLJK� &1� UDWLR�� DERXW� ������ $SSOLFDWLRQ� RI �

WKH� VOXGJH� GLUHFWO\� WR� WKH� VRLO� FDQ� FDXVH� 1�

LPPRELOLVDWLRQ��$�FRPPRQ�VOXGJH�FRPSRVWLQJ�

PHWKRG� ZDV� PL[LQJ� WKH� VOXGJH� ZLWK� PDQXUH�

RU� RWKHU� ULFK� QLWURJHQ� PDWHULDOV� WR� ORZHU� WKH�

&1� UDWLR� �*RSLQDWKDQ� 	� 7KLUXPXUWK\�� ������

4XD\H��9RON��	�/HRSROG���������0LFUREHV�DUH�

XVXDOO\� DSSOLHG� WR�PLOO·V� ZDVWHZDWHU� IRU� OLJQLQ�

GHFRORXULVDWLRQ� RU� GHWR[LÀFDWLRQ� �+RVVDLQ� 	�

,VPDLO�� ������0DGDQ�� 6DFKDQ��	�6LQJK�� �������

+RZHYHU�� LQ� D� FRQYHQWLRQDO� FRPSRVWLQJ��

WKH� XVH� RI � GHFRPSRVHUV� KDV� EHHQ� ZLGHO\�

SUDFWLFHG��7KLV�SDSHU�H[DPLQHV�WKH�DELOLW\�RI �P. 

chrysosporium��D�FRPELQDWLRQ�RI �P. oxalicum and 

P. citrinum�DQG�D�PL[WXUH�RI �WKRVH�WKUHH�IXQJDO�

VSHFLHV� LQ� HQKDQFLQJ� GHFRPSRVLWLRQ� RI � SXOS�

VOXGJH�JHQHUDWHG�IURP�D�SXOS�FRPSDQ\�ORFDWHG�

LQ�1RUWK�6XPDWHUD��,QGRQHVLD�

II. MATERIALS AND METHOD

A. Study Site

7KH�UHVHDUFK�ZDV�FRQGXFWHG�DW�WKH�5HVHDUFK�

DQG�'HYHORSPHQW�,QVWLWXWH�RI �)LEHU�7HFKQRORJ\�

RI �)RUHVW�3ODQW��.DPSDU��5LDX�� 'HFRPSRVHUV�

LVRODWLRQ�� PXOWLSOLFDWLRQ� DQG� GHQVLW\� FRXQWLQJ�

ZHUH�KHOG�LQ�PLFURELRORJ\�ODERUDWRU\��:KHUHDV�

WKH� FRPSRVWLQJ� ZDV� SHUIRUPHG� LQ� WKH�

WHFKQRORJ\�ODERUDWRU\�

B. Methods

)UHVK� SXOS� VOXGJH� ZDV� FROOHFWHG� IURP� D�

SXOS� FRPSDQ\� ORFDWHG� LQ� 1RUWK� 6XPDWHUD�

3URYLQFH�� ,QGRQHVLD�� 7KH� FRPSDQ\� HPSOR\V�

NUDIW�F\FOH� IRU�SXOSLQJ�ZRRG�FKLSV��&KHPLFDOV�

IRU� EOHDFKLQJ� SURFHVV� ZDV� &O2
�
�� +

�
2
�
�� &D2��

R[\JHQ�� +&O�� 6�� 1D2+� ����� 1D
�
62

�
�� DQG�

62
�
��6LPDQJXQVRQJ���������7KH�VWXG\�VKRZHG�

WKDW� WKH� S+� RI � WKH� SXOS� VOXGJH� ZDV� QHXWUDO�

������� 6OXGJH�PDWHULDO� VDPSOLQJ� IRU� VWXG\� ZDV�

WDNHQ� IURP� WKH� WRS�� PLGGOH� DQG� ERWWRP� RI �

D� SLOH�� 7KH� VOXGJH� FKDUDFWHULVWLFV� ZHUH� ZHW��

EODFN�� OXPS\�� DQG� VWLQN\� DQG� FRQWDLQHG� ÀEUHV�

DQG� UHVLGXHV� RI � WKH� SXOSLQJ� SURFHVV�� 3ULRU� WR�

FRPSRVWLQJ��WKH�VOXGJH�ZDV�SUH�WUHDWHG�WKURXJK�

GHZDWHULQJ��7KH�VOXGJH�ZDV�DLU�GULHG�WR���²����

PRLVWXUH� FRQWHQW� IRU� KLJK� FRPSRVWLQJ�DELOLW\�

�0DOLQVND�	�=DERFKQLFND�6ZLDWHN�� �������)RU�

FRPSRVWLQJ�� WKH� GHZDWHUHG� VOXGJH� ZDV� QRW�

VWHULOL]HG��ZHLJKHG����NJ��SXW�LQ�D�SODVWLF�EXFNHW�

DQG�SODFHG�LQ�D�FRPSRVWLQJ�VLWH��

$�PHGLXP� IRU� GHFRPSRVHUV�PXOWLSOLFDWLRQ�

ZDV�SRWDWR�GH[WURVH�DJDU��3'$���7KH�PHGLXP�

ZDV�PDGH�E\�GLOXWLQJ����J�FRPPHUFLDO�SRWDWR�

GH[WURVH�DJDU��2[RLG��LQ������PO�VWHULOH�ZDWHU��

7KH� DJDU�PHGLXP� VWHULOL]DWLRQ�ZDV� KHOG� XVLQJ�

DXWRFODYH� DW� ����&�� ��� SVL� IRU� ��� PLQXWHV��

0HDQZKLOH�� IRU� VWHULOL]DWLRQ� RI � ODERUDWRU\�

LQVWUXPHQWV� XVLQJ� DXWRFODYH� ZDV� KHOG� IRU� ���

PLQXWHV��6SRUHV�RI �GHFRPSRVHU�ZHUH�LQRFXODWHG�

IURP�D�WHVW�WXEH�LQWR�WKH�VWHULOL]HG�3'$�PHGLXP�

LQ� DQ� LQFXEDWRU�� 7KH� LQRFXODWHG� PHGLXP� ZDV�

LQFXEDWHG�LQ�WKH�GDUN�DW�URRP�WHPSHUDWXUH�IRU�

D�ZHHN��

 P. oxalicum and P. citrinum were collected 

IURP� D� IRUPHU� VWXG\� �:DK\XQLQJVLK�� �������

+RZHYHU�� LQ� WKH� IRUPHU� VWXG\�� WKH� IXQJL� KDG�

QRW�\HW�EHHQ�LGHQWLÀHG��7KH�IXQJL�LGHQWLÀFDWLRQ�

was then held in the Indonesian Institute of  

6FLHQFH�� %RJRU�� ,QGRQHVLD�� 7KH� IXQJL� ZHUH�

LVRODWHG�IURP�D�UKL]RVSKHUH�RI �Acacia mangium 

DQG� VOXGJH� RI � SXOS� DQG� SDSHU�PLOO� ORFDWHG� LQ�

5LDX� 3URYLQFH�� ,QGRQHVLD�� 6RLO� VDPSOHV� RI �A. 

mangium’s�UKL]RVSKHUH�ZHUH�FROOHFWHG�IURP���²

��� FP� VRLO� GHSWK�� 9DULRXV� VHULDO� GLOXWLRQV� RI �

VRLO� VDPSOHV� DQG� SXOS� DQG� SDSHU� VOXGJH�ZHUH�

SODWHG�RQ�3RWDWR�'H[WURVH�$JDU�DQG�LQFXEDWHG�

DW� URRP� WHPSHUDWXUH� IRU� �� GD\V�� 7KH� IXQJDO�

LVRODWHV�ZHUH�WHVWHG�IRU�WKHLU�DELOLW\�WR�GHJUDGH�

FHOOXORVH� DQG� OLJQLQ� LQ� &0&� DQG� %DYHQGDP�

OLJQLQ� ��� PHGLXP�� 0HDQZKLOH�� WKH� LVRODWH�

of  P. chrysosporium� $PHULFDQ� 7\SH� &XOWXUH�

&ROOHFWLRQ� �$7&&�� ������ ZDV� REWDLQHG� IURP�

%LRWHFKQRORJ\�&HQWUH��*DGMDK�0DGD�8QLYHUVLW\��

<RJ\DNDUWD�� ,QGRQHVLD�� (DFK� IXQJXV� VSHFLHV�

ZDV�PDLQWDLQHG�LQ�WHVW�WXEHV�FRQWDLQLQJ�SRWDWR�

GH[WURVH�DJDU�DQG�VWRUHG�DW�����&��

)RU� FRPSRVWLQJ�� VSRUHV� RI P. chrysosporium��

P. oxalicum and P. citrinum�VLQJOH�LQRFXODQW�ZHUH�

KDUYHVWHG� IURP� WKH� DJDU� PHGLXP� VXUIDFHV��

7KH� VSRUHV�� HLWKHU� VLQJOH� IXQJXV� VSHFLHV� RU� D�

PL[WXUH� RI � WZR� RU� WKUHH� VSHFLHV� ZHUH� GLOXWHG�

LQ� ���� PO� VWHULOH� ZDWHU� DQG� FRXQWHG� ZLWK� D�

haemocytometer to reach inoculum density at 
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��7� �VSRUD� PO�ð��� 7KH� GHQVLW\� ZDV� GHWHUPLQHG�

EDVHG�RQ�D�IRUPHU�VWXG\�WKDW�FRPSDUHG�WR�WKH�

density of  P. oxalicum��P. citrinum�DQG�D�PL[WXUH�

RI � ERWK� IXQJL� DW ���� ��� DQG� ��� �VSRUD ml�

��� DV� SXOS� DQG� SDSHU� VOXGJH·V� GHFRPSRVHUV��

7KH� UHVXOW� VKRZHG� SXOS� DQG� SDSHU·V� VOXGJH�

LQRFXODWHG�ZLWK�D�PL[WXUH�RI �P. oxalicum and P. 

citrinum�DW�D�GHQVLW\�RI ������VSRUD�PO��) had the 

KLJKHVW�FDWLRQ�H[FKDQJH�FDSDFLW\��

7KH� FRPSRVWLQJ� ZDV� KHOG� E\� LQRFXODWLQJ�

GHFRPSRVHUV� FRQVLVWLQJ� RI�� P. chrysosporium�� D�

FRPELQDWLRQ�RI �P. citrinum and P. oxalicum��DQG�

D�PL[WXUH�RI �P. chrysosporium��P. citrinum and P. 

oxalicum�LQWR�WKH�VOXGJH��)RU�FRQWURO��WKH�VOXGJH�

ZDV� QRW� LQRFXODWHG� ZLWK� DQ\� GHFRPSRVHUV��

6WHULOH� ZDWHU� ����� PO�� FRQWDLQHG� LQRFXOXPV�

ZDV�SRXUHG� LQWR����NJ�GHZDWHUHG�SXOS� VOXGJH�

SODFHG� LQ� D� EXFNHW�� (DFK� WUHDWPHQW� ZDV�

UHSOLFDWHG� WKUHH� WLPHV��7KH� WRS�RI � WKH� EXFNHW�

ZDV� FRYHUHG� E\� D� FOHDU� SODVWLF� VKHHW� WR� DYRLG�

ÁLHV�� 'XULQJ� FRPSRVWLQJ�� VWHULOH� ZDWHU� ZDV�

VSUD\HG�WR�WKH�LQFXEDWHG�VOXGJH�WR�PDLQWDLQ�WKH�

PRLVWXUH�� /DERUDWRU\� DQDO\VLV� ZDV� KHOG� DIWHU�

RQH� DQG� VL[�PRQWK·V� LQFXEDWLRQ�� 7KH� DQDO\VLV�

ZDV� XQGHUWDNHQ� IRU� FRPSRVLWH� VDPSOHV� RI �

HDFK� WUHDWPHQW�� 7KH� FRPSRVLWH� VDPSOHV� ZHUH�

DQDO\VHG� IRU� LWV� PDFURQXWULHQWV� �1�� 3�� .�� &D��

0J���PLFURQXWULHQWV� �6��=Q�� DQG�KHDY\�PHWDOV�

�3E��&G��$V��+J��� 7KH� ÀUVW� DQG� VL[WK�PRQWKV�

VDPSOLQJ�DLP�WR�NQRZ�WKH�LQRFXOXPV�DELOLW\�LQ�

GHJUDGLQJ�RUJDQLF�PDWWHU�RI �WKH�VOXGJH�WKURXJK�

WLPH�

C. Analysis

/DERUDWRU\�DQDO\VLV�ZDV�XQGHUWDNHQ�EDVHG�RQ�

RUJDQLF�IHUWLOL]HU�DQDO\VLV���(YLDQWL�	�6XODHPDQ��

�������7KH�DQDO\VLV�ZDV� WR�GHWHUPLQH� WKH�S+��

&(&��PH�����J���RUJDQLF�&������PDFURQXWULHQWV�

�1��3��.��&D��0J�� �����PLFURQXWULHQWV� �6��=Q��

�SSP��DQG�KHDY\�PHWDOV��3E��&G���SSP��FRQWHQW�

RI � WKH� QRQ�LQRFXODWHG� DQG� LQRFXODWHG� VOXGJH��

6DPSOH� SUHSDUDWLRQ�ZDV� SUHSDUHG� E\� JULQGLQJ�

DQG�VLHYLQJ�WKH�VOXGJH�XVLQJ���PP�VLHYH�EHIRUH�

DQDO\VLV�� S+� PHDVXUHPHQW� ZDV� FRQGXFWHG� E\�

GLOXWLQJ� ��� J� SUHSDUHG� VOXGJH� LQ� ���PO� VWHULOH�

ZDWHU� LQ� D� WHVW� WXEH� DQG� FHQWULIXJLQJ� IRU� ���

PLQXWHV��7KH�VOXGJH�VXVSHQVLRQ�ZDV�PHDVXUHG�

IRU�S+�DQG�&(&��PH�����J���7KH�RUJDQLF�&�����

ZDV� GHWHUPLQHG� XVLQJ� WKH� :DONOH\� DQG� %ODFN�

PHWKRG�� 7KH� WRWDO�1� ����ZDV� GHWHUPLQHG� E\�

XVLQJ�WKH�.MHOGDKO�PHWKRG��3
�
2

5
�����DQG�6�����

ZHUH� GHWHUPLQHG� XVLQJ� D� VSHFWURSKRWRPHWHU��

'HWHUPLQDWLRQ� RI � .
�
2

5
� ����� &D� ����� 0J�

����� =Q� �SSP��� 3E� �SSP�� DQG� &G� �SSP��

ZHUH� GHWHUPLQHG� XVLQJ� DWRPLF� DEVRUSWLRQ�

VSHFWURSKRWRPHWHU�� 7KHVH� SDUDPHWHUV� ZHUH�

DQDO\VHG� WR� NQRZ� WKH� DELOLW\� RI �P. citrinum��P. 

oxalicum��DQG�P. chrysosporium�WR�LQFUHDVH�VOXGJH·V�

PDFUR� DQG� PLFURQXWULHQWV�� 0RUHRYHU�� SXOS�

VOXGJH� GRHV� QRW� RQO\� FRQWDLQ� RUJDQLF� ZDVWH��

EXW� DOVR� FDOFLXP� FDUERQDWH�� NDROLQLWH� DQG� WDOF�

�$EGXOODK�� ,VKDN��.DGLU��	�%DNDU�� ������� 7KH�

GHFRPSRVHUV�LQRFXODWHG�WR�WKH�SXOS�VOXGJH�ZHUH�

H[SHFWHG�WR�UDLVH�WKH�PDFUR�DQG�PLFURQXWULHQWV�

DQG�UHGXFH�WKH�KHDY\�PHWDO�FRQWHQWV�

III.  RESULT AND DISCUSSION

3XOS� VOXGJH� LQRFXODWHG� ZLWK� WKH� IXQJL�

FRQWDLQHG� KLJKHU� PDFUR� DQG� PLFURQXWULHQWV�

DQG�ORZHU�KHDY\�PHWDOV�WKDQ�WKH�QRQ�LQRFXODWHG�

SXOS� VOXGJH�� ,Q� RQH� PRQWK� LQFXEDWLRQ��

PDFURQXWULHQWV��1��3��DQG�0J��RI �WKH�LQRFXODWHG�

VOXGJH�KDYH�LQFUHDVHG��7DEOH�����+RZHYHU��&(&�

RI � WKH�QRQ�LQRFXODWHG� VOXGJH�ZDV�KLJKHU� WKDQ�

WKH�LQRFXODWHG��SDUWLFXODUO\�EHFDXVH�RI �WKH�KLJK�

SHUFHQWDJH�RI �FDOFLXP�DQG�SRWDVVLXP��7KH�KLJK�

FDOFLXP�DQG�SRWDVVLXP�FRQWHQW�RI �WKH�VOXGJH�LV�

UHODWHG�WR�PHWDO�UHPRYDO�SURFHVV�GXULQJ�SXOSLQJ�

WR� SUHYHQW� RSHUDWLQJ� SUREOHPV� �0DSOHV� 	�

$PEDG\���������

7KRVH�PHWDOV�DUH�RULJLQDWLQJ�IURP�WKH�ZRRG�

VXSSO\��+RZHYHU��GXULQJ�SXOSLQJ��FDOFLXP�R[LGH�

�&D2�� DUH� DOVR� DGGHG� LQ� D� UH�FDXVWLFL]LQJ� VWHS�

WR�LQFUHDVH�1D2+�OHYHO��6LPDQJXQVRQJ���������

which can increase the calcium level of  the 

VOXGJH�� ,Q� RQH�PRQWK� LQFXEDWLRQ�� VOXGJH� ZDV�

LQRFXODWHG�ZLWK�D�FRPELQDWLRQ�RI �P. citrinum and 

P. oxalicum�KDG�WKH� ORZHVW�&1�UDWLR��+RZHYHU��

WKH�VOXGJH·V�PDFURQXWULHQWV��3��.��&D�DQG�0J��

LQFUHDVHG�ZKHQ�WKH�VOXGJH�ZDV�LQRFXODWHG�ZLWK�

P. chrysosporium��)XUWKHU�� D� VWXG\�E\� �=KDQJ�HW�

DO�� ������� VKRZHG� P. chrysosporium decreased 

���� RI � WKH� WRWDO� RUJDQLF� PDWWHU� RI � VHZDJH�

,QGRQHVLDQ�-RXUQDO�RI �)RUHVWU\�5HVHDUFK�9RO�����1R�����2FWREHU������������������������������������,661������������(�,661�����������
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VOXGJH� DIWHU� ���GD\V� LQFXEDWLRQ��$FFRUGLQJ� WR�

-HIIULHV� HW� DO�� �������� D� OLJQLQRO\WLF� DFWLYLW\� RI �

P. chrysosporium� GHSHQGV� RQ� WKH� DYDLODELOLW\� RI �

FDUERK\GUDWH�� QLWURJHQ� DQG� VXOSKXU�� )XUWKHU�

PRUH�� LW� ZDV� PHQWLRQHG� WKDW� WR� SURGXFH� RQH�

PJ�RI �P\FHOLDO�ZHLJKW��GU\��RI �P. chrysosporium 

UHTXLUHV�����PJ�FDUERK\GUDWH�� �����J�QLWURJHQ�

DQG� ���� �J� VXOSKXU�� 3XOS� VOXGJH� XVHG� LQ� WKLV�

VWXG\�SURYLGHG�WKRVH�QXWULHQWV�VXIÀFLHQWO\��2Q�

WKH�RWKHU� KDQG��&KRXGDU\� HW� DO�� ������� IRXQG��

that P. oxalicum�GHFRPSRVHG�����RI ����J�O�RI �

D�PL[WXUH�RI �ULFH�DQG�ZKHDW�VWUDZ�LQ�D�0HQGHO�

DQG�:HEHU�PHGLXP� DIWHU� ��� GD\V� LQFXEDWLRQ��

:KLOH��,VODP�DQG�%RUWKDNXU��������UHSRUWHG�P. 

citrinum�GHJUDGHG��������RI �ULFH�VWXEEOH�DIWHU�

���GD\V� LQFXEDWLRQ��$� ORZHU�QXWULHQWV�FRQWHQW�

RI � WKH� VOXGJH� LQRFXODWHG� ZLWK� Penicillium� VS��

LQ� WKLV� VWXG\� FRXOG� EH� FDXVHG� E\� WKH� IXQJL�

FRQVXPSWLRQ��

0HDQZKLOH�� WKH� ]LQF� FRQWHQW� RI � WKH�

LQRFXODWHG� SXOS� VOXGJH� DQG� LQFXEDWHG� IRU� D�

PRQWK�LQFUHDVHG�DERXW����WLPHV�WKDQ�WKH�QRQ�

LQRFXODWHG��7DEOH�����=LQF�LQ�WKH�SXOS�VOXGJH�FDQ�

EH�VRXUFHG�IURP�ZRRG�DQG�FKHPLFDOV�GXULQJ�WKH�

EOHDFKLQJ�� =LQF� FRQWHQW� RI � (XFDO\SWXV� ZRRG�

ZDV� UHSRUWHGO\� OLQHDU� ZLWK� WKH� ]LQF� FRQWHQW�

LQ� VRLO� �$VVDUHK�� 6KDULDW�� 	� *KDPDUL²=DUH��

�������$OVR�� D�PL[�RI �]LQF�GXVW�DQG�VXOSKXULF�

DFLG� DUH� DGGHG� GXULQJ� WKH� EOHDFKLQJ� SURFHVV�

RI �PHFKDQLFDO�SXOS��0DOO���������2Q�WKH�RWKHU�

KDQG��SURGXFWLRQ�RI �PHWDO�FKHODWRU�E\�IXQJXV��

QDPHO\� R[DODWH�� LQFUHDVHV� WKH� LPPRELOL]DWLRQ�

RI �]LQF�RI � WKH�SXOS�VOXGJH��7KH�DFFXPXODWLRQ�

RI �]LQF� LQ�IXQJXV�ELRPDVV�UDLVHG�]LQF�FRQWHQW�

RI � WKH� SXOS� VOXGJH� ZKHQ� WKH� ELRPDVV� ZDV�

DOVR� H[WUDFWHG� GXULQJ� PLFURQXWULHQWV� DQDO\VLV��

$PRQJ� WKUHH� LQRFXOXPV� XVHG� LQ� WKLV� VWXG\��

inoculation of  P. chrysosporium enhanced 

]LQF� FRQWHQW� RI � WKH� VOXGJH�� 7KH� DELOLW\� RI � P. 

chrysosporium� WR� DFFXPXODWH� ]LQF� LV� DOVR� VKRZQ�

LQ� D� VWXG\� E\� =KDQJ� HW� DO�� �������� ([FHSW� P. 

chrysosporium� JHQHUDWHV� R[DODWH� �+XDQJ� HW� DO���

�������LW�DOVR�KDV�D�KLJK�ELRVRUSWLRQ�DELOLW\�IRU�

=Q��,,��DQG�3E��,,��LQ�ZKLFK�WKH�XSWDNH�DQG�\LHOG�

DUH�LQ�DQ�RSSRVLWH�SRVLWLRQ���0DUDQGL��$UGHMDQL��

	�$IVKDU���������

,Q� D� PRQWK·V� LQFXEDWLRQ�� WKH� LQRFXODWHG�

VOXGJH� DOVR� VKRZHG� ORZHU� OHYHO� RI � OHDG� DQG�

FDGPLXP�WKDQ�WKH�QRQ�LQRFXODWHG��7DEOH�����$�

FRPELQDWLRQ�RI �P. citrinum and P. oxalicum can 

7DEOH����&KHPLFDO�DQG�PDFURQXWULHQWV�DQDO\VLV�RI �SXOS�VOXGJH�DIWHU�LQFXEDWHG�IRU�D�PRQWK
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P. chrysosporium���P. oxalicum���P. citrinum ����� ����� ��� ���

%LRGHJUDGDWLRQ�RI �3XOS�6OXGJH�E\ Phanerochaete chrysosporium, Penicillium oxalicum and Penicillium citrinum �����������������6LWL�:DK\XQLQJVLK�
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UHGXFH� VOXGJH·V� OHDG� DQG� FDGPLXP� FRQWHQW� E\�

DERXW�����DQG������UHVSHFWLYHO\�

$FFRUGLQJ� WR� 0DKLVK� HW� DO�� �������� OHDG�

ELRVRUSWLRQ� RI � P. oxalicum� LQ� WKH� OHDG�

FRQWDPLQDWHG� VRLO� DIWHU� QLQH� GD\V� LQFXEDWLRQ�

ZDV���������0HDQZKLOH��WKH�GHDG�ELRPDVV�FDQ�

DEVRUE�OHDG�E\������PJ�J���ELRPDVV��7LDQ�HW�DO��

�������UHSRUWHG�P. oxalicum�FDQ�UHGXFH�OHDG�XS�

WR� ���� FDWLRQ� ZKHQ� LQQRFXODWHG� WR� D� PHGLD�

FRQWDLQLQJ������PJ�O�OHDG�DQG�ÁXRUR�DSDWLWH��P. 

citrinum�DOVR�KDV�DQ�DELOLW\�WR�DEVRUE�OHDG�DV�DQ�

LQVROXEOH�OHDG�LQ�WKH�PDWUL[�IXQJDO�P\FHOLD�ZKLFK�

WKH� SURFHVV� LQLWLDWHG� WKURXJK� VXUIDFH� ELQGLQJ�

�:DKDE��$GH\HPL��$ZDQJ��$]KDP��	�7D\���������

)RU�FDGPLXP��P. oxalicum�ZDV�UHSRUWHG�UHVLVWDQW�

XS� WR� D� FRQFHQWUDWLRQ� RI � ���� SSP� �%DKRELO��

%D\RXPL�� 	� $WWD�� ������� :KLOH� DW� S+� ��� P. 

citrinum� FDQ� DEVRUE� FDGPLXP� RI � ����J����PO�

WKURXJK�IUHH�ELRPDVV�DQG����J����PO�WKURXJK�

LPPRELOL]DWLRQ� �6XKDJ���������$� UHGXFWLRQ�RI �

KHDY\�PHWDOV�FRQWHQW�RI �PDWHULDO�E\�D�IXQJXV�LV�

UHODWHG�WR�WKH�SURGXFWLRQ�RI �RUJDQLF�DFLGV�VXFK�

DV�FLWULF�DQG�JOXFRQDWH�WKURXJK�SUHFLSLWDWLRQ�RU�

OHDFKLQJ��*KRODPL��%RUJKHL��	�0RXVDYL��������

;X��5DPDQDWKDQ��	�7LQJ��������

,Q� FRPSDULVRQ� WR� SXOS� VOXGJH� WKDW� ZDV�

LQRFXODWHG�DQG� LQFXEDWHG�IRU�D�PRQWK�� WKH�VL[�

PRQWKV� LQFXEDWLRQ� UHVXOWHG� LQ� KLJKHU� PDFUR�

DQG�PLFURQXWULHQWV��7DEOH���DQG�����7KH�S+�ZDV�

DOVR�KLJKHU�WKDQ�WKDW�RI �RQH�PRQWK�LQFXEDWLRQ��

SUREDEO\� LW� LV� UHODWHG� WR� D� GHFUHDVLQJ� IXQJXV�

DFWLYLW\��:KHQ�OHVV�RUJDQLF�DFLGV�ZHUH�SURGXFHG�

E\� WKH� IXQJXV�� WKH�HQYLURQPHQW� WHQGV� WR�KDYH�

D�KLJKHU�S+��7KH�FKDQJHV�DOVR�RFFXUUHG� LQ�P. 

chrysosporium� SHUIRUPDQFH�� $OWKRXJK� DW� RQH�

PRQWK� LQFXEDWLRQ� P. chrysosporium� JHQHUDWHG�

KLJKHU� SKRVSKRU� DQG� SRWDVVLXP� FRQWHQWV�

RI � WKH� VOXGJH� WKDQ� RWKHU� LQRFXOXPV�� DIWHU� VL[�

PRQWKV�LQFXEDWLRQ��D�FRPELQDWLRQ�RI �P. citrinum 

and P. oxalicum�UHVXOWHG�LQ�WKH�KLJKHVW�YDOXHV��,W�

indicates that P. chrysosporium�KDV�D�PRUH�UDSLG�

LQLWLDO� JURZWK� WKDQ� DQRWKHU� LQRFXOXP� ZKLFK�

DOVR�VKRZHG�E\�D�S+�GURS��8UHN�DQG�3D]DUOLRJOX�

������� IRXQG� WKDW� WKH� 0Q3� DFWLYLW\� RI � P. 

chrysosporium�LQ�D�JURZLQJ�PHGLXP�HQULFKHG�ZLWK�

�1+
�
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�
�ZDV�RSWLPXP�ZKHQ�D�FRQFHQWUDWLRQ�

RI �QLWURJHQ�ZDV����P0�RU�HTXDO�WR���������,Q�

WKLV�VWXG\��WKH�VOXGJH�FRQWHQW�RI �WRWDO�QLWURJHQ�

��1+
�
)
�
62

�
��DQG�QLWURJHQ�ZDV�DERXW�������DQG�

������� UHVSHFWLYHO\�� +RZHYHU�� WKH� DEXQGDQFH�

RI � VOXGJH·V� QLWURJHQ� FRQWHQW� FDQ� LQKLELW�

OLJQLQRO\WLF�SURGXFWLRQ�RI �P. chrysosporium which 

DOVR� OLPLWV� R[DOLF� DFLG·V� VHFUHWLRQ�� 7KXV�� DORQJ�

ZLWK�LQFXEDWLRQ�WLPH��WKH�LQFUHDVLQJ�DYDLODELOLW\�

RI �QLWURJHQ�SUREDEO\�GHFUHDVHG�/L3�DQG�0Q3�

SURGXFWLRQ�

$�FRPELQDWLRQ�RI �P. citrinum and P. oxalicum 

VKRZHG�UDSLG�VOXGJH�GHFRPSRVLWLRQ� LQ� WKH�VL[�

PRQWKV� LQFXEDWLRQ�� $� VWXG\� E\� :DLQJ� HW� DO��

������� VKRZHG� DPRQJ� ��� FHOOXORO\WLF� IXQJDO�

VSHFLHV� LVRODWHG� IURP� OHDI � OLWWHU�� P. citrinum 

JHQHUDWHG� WKH� ODUJHVW� FOHDU� ]RQH� LQ� D� &0&�

DJDU��:KLOH�� LQ� WKH� VDPH�PHGLXP�� P. oxalicum 

SURGXFHG�D�VPDOOHU�GLDPHWHU�RI �WKH�FOHDU�]RQH��

7KH�FOHDU�]RQH�LQ�D�&0&�PHGLXP�VKRZHG�WKH�

DELOLW\�RI �IXQJDO�VSHFLHV�WR�GHFRPSRVH�FHOOXORVLF�

PDWHULDOV�� 7KH� VOXGJH� LQRFXODWHG� ZLWK� WKHVH�

IXQJXV� FRPELQDWLRQV� DOVR� UHVXOWHG� LQ� KLJKHU�

SKRVSKRURXV� DQG� SRWDVVLXP� FRQWHQWV� ZKLFK�

WKH�ODWWHU�FRQWULEXWHV�WR�WKH�LQFUHDVLQJ�&(&���

7DEOH����&KHPLFDO�DQG�PDFURQXWULHQWV�DQDO\VLV�RI �SXOS�VOXGJH�DIWHU�LQFXEDWHG�IRU�VL[�PRQWKV
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$�FRPELQDWLRQ�RI �P. oxalicum and P. citrinum 

DOVR�UHGXFHG�WKH�OHDG�FRQWHQW�IURP�����SSP�WR�

���� SSP� DIWHU� VL[� PRQWKV� LQFXEDWLRQ��:DKDE�

HW�DO�� �������IRXQG�P. citrinum�ZDV�RSWLPXP�LQ�

DEVRUELQJ�OHDG�ZKHQ�WKH�FRQFHQWUDWLRQ�UHDFKHG�

���� SSP�� $FFRUGLQJ� WR� WKLV� VWXG\�� D� ORQJHU�

LQFXEDWLRQ� WLPH� SUREDEO\� FDQ� VLJQLÀFDQWO\�

UHGXFH� WKH� VOXGJH·V� OHDG� FRQWHQW� EHFDXVH� WKH�

LQLWLDO�FRQFHQWUDWLRQ�ZDV�EHORZ�����SSP��7KH�

VWXG\� E\� :DKDE� HW� DO�� ������� DOVR� UHSRUWHG�

WKDW� WKH� ROGHU� ELRPDVV� DJH� KDG� ORZHU� PHWDOV�

ELRVRUSWLRQ�FDSDFLW\�WKDQ�WKH�\RXQJHU��'XULQJ�

ÀUVW�PRQWK� LQFXEDWLRQ�� D� FRPELQDWLRQ� RI �

P. citrinum and P. oxalicum showed slow lead 

ELRVRUSWLRQ� DFWLYLW\� ZKLFK� ZDV� SUREDEO\� WKH�

UHVXOW�RI �HDFK�VSHFLHV�ZDV�DGDSWLQJ�WR�DQRWKHU��

3UHYLRXV�VWXG\�VKRZV���LQRFXODWLRQ�RI �P. citrinum 

alone or P. oxalicum�DORQH�GLG�QRW�VLJQLÀFDQWO\�

UHGXFHG�KHDY\�PHWDOV�FRQWHQW��3E�DQG�&G��RI �

WKH� VOXGJH�� +RZHYHU�� P. oxalicum� SHUIRUPHG�

EHWWHU� LQ�JHQHUDWLQJ�PDFUR�DQG�PLFURQXWULHQWV�

RI � WKH� VOXGJH� WKDQ� P. citrinum�� 0HDQZKLOH�� D�

FRPELQDWLRQ� RI � WKHVH�Penicillium� VS�� LQFUHDVHG�

macronutrients and decreased the heavy metals 

FRQWHQW��3E�DQG�&G���

7KH� DELOLW\�RI �P. oxalicum and P. citrinum in 

SURGXFLQJ� RUJDQLF� DFLGV�� HVSHFLDOO\� R[DOLF� DQG�

FLWULF� DFLGV� FDQ� UHGXFH� KHDY\� PHWDOV� WKURXJK�

P\FHOLDO� ELQGLQJ� �$EGHO�JKDQ\� 	� $EGHO�

PRQJ\���������+RZHYHU��SURGXFWLRQ�RI �R[DOLF�

DFLG�E\�P. citrinum� LV�RFFXUUHG�DW� WKH� ODVW�VWDJH�

RI � JURZWK� DQG� ZDV� VXSSUHVVHG� LQ� D� PHGLD�

FRQWDLQLQJ� DPPRQLXP� EXW� LQFUHDVHG� E\� WKH�

SUHVHQFH� RI � ]LQF� �6D]DQRYD� HW� DO��� ������� 7KH�

SXOS�VOXGJH�WKDW�FRQWDLQV�ERWK�DPPRQLXP�DQG�

]LQF� FDQ� EH� VXSSUHVVHG� DQG� WULJJHU� WKH� R[DOLF�

SURGXFWLRQ�RI �P. citrinum��+RZHYHU��DV�WKH�R[DOLF�

DFLG�LV�SURGXFHG�E\�P. citrinum�DW�WKH�ODVW�VWDJH��D�

FRQFHQWUDWLRQ�RI �DPPRQLXP�LQ�WKH�VOXGJH�ZLOO�

EH� UHGXFHG� WKURXJK� FRQVXPSWLRQ� EHIRUH� WKH�

DFLG�SURGXFWLRQ��

,Q� FRQWUDVW� WR� D� FRPELQDWLRQ� RI �Penicillium 

VS��� D� PL[WXUH� RI � Penicillium� VS�� ZLWK� P. 

chrysosporium� SURGXFHG� WKH� KLJKHVW� QLWURJHQ�

DQG� PDJQHVLXP� FRQWHQW� DIWHU� VL[� PRQWKV�

LQFXEDWLRQ��+LJK�SURGXFWLRQ�RI �1�DQG�0J�FRXOG�

EH�PRVWO\� WKH�FRQWULEXWLRQ�RI �P. chrysosporium��

7KLV� VWXG\� VKRZHG� VOXGJH� LQRFXODWHG� ZLWK�

3�� FKU\VRVSRULXP� DORQH� SURGXFHG� KLJKHU� 1�

DQG� 0J� WKDQ� D� FRPELQDWLRQ� RI � P. citrinum 

and P. oxalicum� DIWHU� VL[� PRQWKV� LQFXEDWLRQ��

/LJQLQRO\WLF� IXQJXV�� P. chrysosprium� SURGXFHV�

OLJQLQ� GHJUDGLQJ� HQ]\PH� LQ� D� QLWURJHQ�OLPLWHG�

PHGLXP��7KXV�� WR�JDLQ�QLWURJHQ��D� OLJQLQRO\WLF�

IXQJXV�GHJUDGHV�&�RUJDQLF�DQG�OLJQLQ�LQ�D�SRRU�

QLWURJHQ� HQYLURQPHQW� �5LQNHV� HW� DO��� ��������

0HDQZKLOH�� OHDG�DQG�FDGPLXP�FRQWHQW�RI � WKH�

VOXGJH�DIWHU�LQRFXODWLRQ�ZLWK�D�PL[WXUH�RI �WKUHH�

IXQJL�ZDV�UHPDLQHG�KLJKHU�WKDQ�RI �3HQLFLOOLXP·V�

FRPELQDWLRQ�� $FFRUGLQJ� WR� $NDPDWVX� HW� DO��

��������R[LGDWLRQ�RI �YHUDWU\O�DOFRKRO��DQ�HQ]\PH�

SURGXFHG�E\�P. chrysosporium��GHWHULRUDWHV�R[DODWH�

WR� FDUERQ� GLR[LGH� EXW� R[DODWH� KLQGHUV� WKH�

YHUDWU\O� DOFRKRO�R[LGDWLRQ��7KXV�� D� OLJQLQRO\WLF�

activity of  P. chrysosporium� FRXOG� EH� LQKLELWHG�

E\�R[DODWH�SURGXFWLRQ�IURP�WKH�IXQJL�PL[WXUH��

$OVR�� PHWDOV� UHPRYDOV� RI � WKH� VOXGJH� E\� WKH�

R[DOLF�DFLG�FRXOG�EH�LQKLELWHG�E\�WKH�R[LGDWLRQ�

RI �YHUWDU\O�DOFRKRO�

$FFRUGLQJ� WR� WKLV� VWXG\�� WKH� IXQJDO� LVRODWHV�

LQRFXODWHG� WR� WKH� VOXGJH� FDQ� VLJQLÀFDQWO\�

GHFRPSRVH� SXOS� VOXGJH� DIWHU� VL[� PRQWKV� RI �

7DEOH����0LFURQXWULHQWV�DQG�KHDY\�PHWDOV�FRQWHQW�RI �SXOS�VOXGJH�DIWHU�LQFXEDWHG�IRU�VL[�PRQWKV

Inoculum

0LFURQXWULHQWV +HDY\�PHWDOV

6 =LQF 3E &G
�SSP� �SSP� �SSP� �SSP�

:LWKRXW�LQRFXOXP ��� ���� ��� ���

P. chrysosporium ��� ����� ��� ���

P. oxalicum � P. citrinum ��� ����� ��� ���

P. chrysosporium���P. oxalicum���P. citrinum ��� ����� � �

%LRGHJUDGDWLRQ�RI �3XOS�6OXGJH�E\ Phanerochaete chrysosporium, Penicillium oxalicum and Penicillium citrinum �����������������6LWL�:DK\XQLQJVLK�
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LQFXEDWLRQ�� +RZHYHU�� WKH� &1� UDWLR� ZDV� VWLOO�

DERYH� ���� 7KH� LQFUHDVLQJ� PDFURQXWULHQWV�

DIWHU� LQRFXODWLRQ� DQG� LQFXEDWLRQ� VKRZHG�

D� EHWWHU� RSSRUWXQLW\� IRU� WKH� IXQJXV� DV�

VOXGJH� GHFRPSRVHUV�� $� UHGXFWLRQ� RI � KHDY\�

metal contents such as lead and cadmium 

DIWHU� FRPSRVWLQJ� ZLOO� DOVR� EHQHÀW� WR� WKH�

HQYLURQPHQW�� 2Q� WKH� RWKHU� KDQG�� P. citrinum 

KDV�EHHQ�NQRZQ� WR�EH� DEOH� WR� FKHODWH�$O� DQG�

)H� WKH� DSSOLFDWLRQ� RI � ZKLFK� WR� DFLG� VRLO� RU�

LURQ�RUH�FDQ�UDLVH�SKRVSKRURXV�DYDLODELOLW\�IRU�

SODQWV� �5HD��0F6ZHHQH\��'Z\HU��	�%UXFNDUG��

������� +RZHYHU�� WKH� XVH� RI � GHFRPSRVHU� IRU�

VOXGJH� FRPSRVWLQJ� � LQ� FRPPHUFLDO� VFDOHV�

DUH� UDUHO\� IRXQG�� 7KH� PLOOV� SUHIHU� WR� DSSO\�

PHFKDQLFDO� UDWKHU� WKDQ� ELRORJLFDO� FRPSRVWLQJ�

�%LUG� 	� 7DOEHUWK�� ������� 0HFKDQLFDO�

FRPSRVWLQJ� E\� XVLQJ� D� PRGHUQ� FRPSRVWLQJ�

PDFKLQH� LV� FRPPRQO\� XQGHUWDNHQ� E\� DGGLQJ�

QLWURJHQ� IHUWLOL]HU�� FRZ�GXQJ�RU�RWKHU�RUJDQLF�

PDWHULDOV� WR� UDLVH� FRPSRVW� TXDOLW\�� +RZHYHU��

WKH� &RPSRVWLQJ� &RXQFLO� RI � &DQDGD� �������

H[SODLQHG�WKDW�PHFKDQLFDO�FRPSRVWLQJ�E\�XVLQJ�

LQ�YHVVHO� DHURELF� WHFKQRORJ\� ZLWK� D� FDSDFLW\�

������� RI � WRQQH�\HDU� FRVWV� ���²�����WRQQH��

0HDQZKLOH�� FRQYHQWLRQDO� FRPSRVWLQJ� XVLQJ�

ZLQGURZ�WHFKQRORJ\�DW�WKH�VDPH�FDSDFLW\�FRVWV�

��²����WRQQH�

IV.  CONCLUSION

$�FRPELQDWLRQ�RI �P. citrinum and P. oxalicum 

LV� SURPLVLQJ� DV� GHFRPSRVHUV� IRU� SXOS� VOXGJH��

7KH\� ZHUH� EHWWHU� LQ� JHQHUDWLQJ� QXWULHQWV� DQG�

UHGXFLQJ�WKH�OHDG�RI �WKH�VOXGJH�DIWHU�VL[�PRQWKV�

LQFXEDWLRQ�� +RZHYHU�� D� ORQJHU� LQFXEDWLRQ�

FRXOG� EH� UHTXLUHG� WR� DFKLHYH� &1� UDWLR� ����

$� FRPELQDWLRQ� RI � P. citrinum and P. oxalicum 

FDQ� EH� DSSOLHG� WR� VOXGJH� FRPSRVWLQJ� HLWKHU�

LQ� D� PHFKDQLFDO� RU� FRQYHQWLRQDO� FRPSRVWLQJ��

+RZHYHU�� FRVW� LPSOLFDWLRQ� VKRXOG� EH�

FRQVLGHUHG��7KH�VPDOO�VDPSOH�VL]H�IRU�FKHPLFDO�

DQDO\VLV� ZDV� D� OLPLWDWLRQ� LQ� WKLV� VWXG\�� ,Q� WKH�

IXWXUH�� D� VWXG\� DERXW� WKH� DSSOLFDWLRQ� RI � WKH�

QRQ�LQRFXODWHG�DQG�LQRFXODWHG�VOXGJH�WR�SODQWV�

DV�VRLO�DPHQGPHQW�VKRXOG�EH�XQGHUWDNHQ�DQG�D�

ODUJHU�VFDOH�UHSOLFDWLRQ�VKRXOG�EH�FDUULHG�RXW�WR�

JDLQ�D�VWDWLVWLFDOO\�FRQVLVWHQW�UHVXOW�
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