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$%675$&7 
3K\WRJHQLF�IHHG�DGGLWLYHV�DUH�SODQW-GHULYHG�SURGXFW�VXFK�DV�KHUEV��VSLFHV��DQG�HVVHQWLDO�RLOV�XVHG�LQ�DQLPDO�IHHG�
WR� LPSURYH� WKHLU� SHUIRUPDQFHV� DQG� KHDOWK�� *DUOLF� �$OOLXP� VDWLYXP�� LV� ZHOO-NQRZQ� DV� D� VSLFH� DQG� KHUEDO�
PHGLFLQH��*DUOLF�SRVVHVVHV�DQWLPLFURELDO�DFWLYLW\�DQG�LQFUHDVH�QXWULHQW�GLJHVWLELOLW\�LQ�DQLPDO��7KH�REMHFWLYHV�RI�
WKLV�VWXG\�ZHUH�WR�FRPSDUH�WKH�HIIHFW�RI�VXSSOHPHQWLQJ�JDUOLF��H[RJHQRXV�HQ]\PH�DQG�FRPELQDWLRQ�RI�ERWK�RQ�
%ODFN-FDSSHG�/RU\��/RULXV�ORU\��LQ�GLJHVWLELOLW\�DQG�EDFWHULDO�FRXQW�RQ�H[FUHWD��)LYH�%ODFN-FDSSHG�/RU\�ZHUH�
XVHG� LQ� WKH�VWXG\�DQG�IHG�ZLWK�FRQWURO�GLHW��.����FRQWURO�GLHW�VXSSOHPHQWHG�ZLWK�JDUOLF�SRZGHU��.����FRQWURO�
GLHW� VXSSOHPHQWHG� ZLWK� $OO]\PH� 66)� �.���� DQG� FRQWURO� GLHW� VXSSOHPHQWHG� ZLWK� ERWK� JDUOLF� SRZGHU� DQG�
$OO]\PH� 66)� �.���� 9DULDEOHV� REVHUYHG� LQFOXGH� IHHG� FRQVXPSWLRQ�� $SSDUHQW� 0HWDEROL]DEOH� (QHUJ\� �$0(��
YDOXH� DQG�EDFWHULDO� FRXQW� LQ�H[FUHWD��$GGLQJ�HQ]\PH� WR� WKH�GLHW� LQFUHDVHG�$0(�FRPSDUHG� WR� FRQWURO��$0(�
YDOXH�RI�.��ZDV�������NFDO�NJ��PHDQZKLOH�$0(�YDOXH�RI�GLHW�.��DQG�.��ZHUH�������NFDO�NJ�DQG�������NFDO�NJ�
UHVSHFWLYHO\�� $GGLQJ� JDUOLF� WR� WKH� GLHW� GLG� QRW� JLYH� VLJQLILFDQW� LPSURYHPHQW� WR� $0(� YDOXH�� 7KH� KLJKHVW�
LQKLELWLRQ� RI� EDFWHULDO� SRSXODWLRQ� ZDV� LQ� .�� PDVK�� &RPELQDWLRQ� RI� DOO]\PH� DQG� JDUOLF� DGGLWLRQ� VKRZHG�
GHFUHDVHG�LQ�EDFWHULDO�QXPEHU� 

.H\ZRUGV��$OO]\PH�66)��$0(�YDOXH��EDFWHULDO�SRSXODWLRQ��EODFN-FDSSHG�/RU\��JDUOLF 

$%675$. 

3DNDQ� DGLWLI� ILWRJHQLN� PHUXSDNDQ� SURGXN� \DQJ� EHUDVDO� GDUL� WXPEXKDQ� VHSHUWL� KHUED�� UHPSDK-UHPSDK�� GDQ�
PLQ\DN� HVHQVLDO� \DQJ� GLJXQDNDQ� VHEDJDL� EDKDQ� SDNDQ� KHZDQ� VHKLQJJD� GDSDW� PHQLQJNDWNDQ� SHUIRUPD� GDQ�
NHVHKDWDQ�KHZDQ��%DZDQJ�SXWLK��$OOLXP�VDWLYXP��GLJXQDNDQ�VHFDUD�OXDV�VHEDJDL�EXPEX�GDSXU�GDQ�SHQJREDWDQ�
KHUEDO� XQWXN�PHQFHJDK� GDQ�PHQJREDWL� EHUEDJDL� SHQ\DNLW��%DZDQJ�SXWLK� MXJD�PHPLOLNL� NHPDPSXDQ� VHEDJDL�
DQWLELRWLN�GDQ�GDSDW�PHQLQJNDWNDQ�NHFHUQDDQ�QXWULHQ�SDGD�KHZDQ��6WXGL�LQL�EHUWXMXDQ�XQWXN�PHPEDQGLQJNDQ�
HIHN�SHPEHULDQ�EDZDQJ�SXWLK�VHEDJDL�IHHG�DGGLWLYH��HQ]LP�GDQ�NRPELQDVL�NHGXDQ\D�WHUKDGDS�NHFHUQDDQ�QXWULHQ�
GDQ� MXPODK� EDNWHUL� HNVNUHWD� SDGD� EXUXQJ� QXUL� NHSDOD� KLWDP�� %XUXQJ� QXUL� NHSDOD� KLWDP� VHEDQ\DN� �� HNRU�
GLJXQDNDQ� VHODPD� SHQHOLWLDQ�� %XUXQJ� PHQGDSDW� SHUODNXDQ� SDNDQ� NRQWURO� �.���� SDNDQ� NRQWURO� \DQJ� GLEHUL�
EDZDQJ�SXWLK��.����SDNDQ�NRQWURO�\DQJ�GLEHUL�$OO]\PH�66)��.����SDNDQ�NRQWURO�\DQJ�GLEHUL�EDZDQJ�SXWLK�GDQ�
$OO]\PH�66)� �.����'DWD�\DQJ�GLDPDWL� DQWDUD� ODLQ� DGDODK�QLODL� NRQVXPVL� SDNDQ�� QLODL� HQHUJL�PHWDEROLV� VHPX�
�$0(��GDQ�MXPODK�EDNWHUL�SDGD�HNVNUHWD��3HPEHULDQ�HQ]LP�SDGD�SDNDQ�PHQLQJNDWNDQ�QLODL�$0(�GLEDQGLQJNDQ�
NRQWURO��1LODL�$0(�SDGD�SHUODNXDQ�.��\DLWX� ������NNDO�NJ�� VHGDQJNDQ�SDGD� SHUODNXDQ�.��GDQ�.��PDVLQJ-
PDVLQJ� VHEHVDU� ����� NNDO�NJ� GDQ� ����� NNDO�NJ�� 3HPEHULDQ� EDZDQJ� SXWLK� SDGD� SDNDQ� WLGDN� PHPEHULNDQ�
SHQLQJNDWDP�\DQJ�VLJQLILNDQ� WHUKDGDS�QLODL�$0(��3HQJKDPEDWDQ� MXPODK�EDNWHUL�SDGD�HNVNUHWD� WHUGDSDW�SDGD�
EXUXQJ�\DQJ�GLEHUL�SHUODNXDQ�.���.RPELQDVL�EDZDQJ�SXWLK�GDQ�HQ]LP�PHQXQMXNNDQ�SHQXUXQDQ�MXPODK�EDNWHUL� 

 
.DWD�.XQFL���$OO]\PH��EDZDQJ�SXWLK�66)��MXPODK�EDNWHUL��QLODL�$0(��QXUL�NHSDOD�KLWDP 
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�� 
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3K\WRJHQLF�IHHG�DGGLWLYHV�DUH�SODQW-GHULYHG�

SURGXFW�VXFK�DV�KHUEV��VSLFHV��DQG�HVVHQWLDO�RLOV�

XVHG� LQ� DQLPDO� IHHG� WR� LPSURYH� WKHLU� SHUIRUPDQFHV�

DQG� KHDOWK� �$EEDV� ������� 5HFHQWO\�� WKH� XVH� RI�

SK\WRJHQLF� IHHG� DGGLWLYH� LQFUHDVHG� GXH� WR�

UHVWULFWLRQV�RI�DQWLELRWLF� IHHG�DGGLWLYH�XVDJH�E\�

(XURSHDQ�8QLRQ��*DUOLF��$OOLXP�VDWLYXP��LV�ZHOO

-NQRZQ� DV� D� VSLFH� DQG� KHUEDO�PHGLFLQH��*DUOLF�

SRVVHVVHV� DQWLPLFURELDO� DFWLYLW\� DQG� FDXVHV�

EHQHILFLDO�HIIHFWV�RQ�FDUGLRYDVFXODU�DQG�LPPXQH�

V\VWHP� DV� ZHOO� �+DUULV� HW� DO�� ������� 3UHYLRXV�

UHVHDUFK�FRQFOXGHG� WKDW�JDUOLF� H[WUDFW� HQKDQFHG�

QXWULHQW� GLJHVWLELOLW\� LQ� EURLOHUV� �-RQJ.ZDQ� HW�

DO�� ������� 0LQK� HW� DO�� ������� DOVR� UHSRUWHG� WKDW�



��� 

6DUL��HW�DO� 

VXSSOHPHQWDWLRQ� RI� GULHG� JDUOLF� WR� GLHWV� OHG� WR�

LPSURYHG� WRWDO� GLJHVWLELOLW\� WUDFW� RI� EURLOHU�

FKLFNHQ� 

$V�D�QDWXUDO�DQWLELRWLF��JDUOLF�LV�SRWHQWLDO�DV�

D� JRRG� LQKLELWRU� RI� (VFKHULFKLD� FROL� DQG�

6DOPRQHOOD� WK\SKLPXULXP� LQ� YLYR� �*ULJJV� 	�

-DFRE��������(VFKHULFKLD�FROL� LV�FRPPRQ�EDFWHULD� LQ�

LQWHVWLQDO� WUDFW�� DQG� VRPH� RI� WKHLU� VWUDLQ� FDQ� FDXVH�

LQIHFWLRQ�RQ�ELUGV��:KLOH��6��WK\SKLPXULXP�FDQ�FDXVH�

GLVHDVH� FDOOHG� VDOPRQHOORVLV� WKDW� UHVXOWHG� LQ�

GHDWK� LQ� ZLOG� ELUGV� �)ULHQG� 	� )UDQVRQ� �������

,QWHVWLQDO�PLFURIORUD�RI�ELUGV�SOD\V�DQ�LPSRUWDQW�

UROH� LQ� KRVW� QXWULWLRQ�� JURZWK� SHUIRUPDQFH� DQG�

KHDOWK� RI� WKH� KRVW�� 7KH� LQWHUDFWLRQ� LV� YHU\�

FRPSOH[�DQG�GHSHQGLQJ�RQ�WKH�FRPSRVLWLRQ�DQG�

DFWLYLW\�RI� WKH� LQWHVWLQDO�PLFURIORUD�� LW�FDQ�KDYH�

HLWKHU�SRVLWLYH�DQG�QHJDWLYH�HIIHFWV�RQ�WKH�KHDOWK�

DQG� JURZWK� RI� WKH� ELUGV�� 3RVLWLYHO\�� WKH� JRRG�

LQWHVWLQDO� PLFURIORUD� FDQ� HQFKDQFH� WKH� JXW�

V\VWHP� E\� LQWHUDFWLQJ� ZLWK� QXWULHQW� XWLOL]DWLRQ�

DQG� WKH�GHYHORSPHQW� RI� JXW� V\VWHP�RI� WKH�KRVW�

�%DUURZ� ������� 2Q� WKH� RWKHU� KDQG�� VHYHUDO�

HQWHULF� SDWKRJHQV� DVVRFLDWHG�ZLWK� WKH� LQWHVWLQDO�

PLFURIORUD�RI�ELUGV�FDQ�DWWDFK�WR�WKH�PXFRVD��JXW�

LQWHJULW\�DQG�IXQFWLRQ�DUH�VHYHUHO\�DIIHFWHG�DQG�

LPPXQH�V\VWHP�WKUHDWHQHG��1HLVK��������6RPH�

ZHOO� NQRZQ� LQWHVWLQDO� SDWKRJHQV� IRU� ELUGV� DUH�

6DOPRQHOOD�VSS���&ORVWULGLXP�SHUIULQJHQV��&KODP\GLD�

SVLWWDFL�� &DPS\OREDFWHU� MHMXQL�� 3VHXGRPRQDV�

VS��� SDWKRJHQLF� VWUDLQ� RI� (VFKHULFKLD� FROL�� DQG�

VRPH� RWKHU� HQWHUREDFWHULD�� (QWHUREDFWHULDFHDH�

FDQ�IXQFWLRQ�DV�SULPDU\�RU�VHFRQGDU\�SDWKRJHQV��

6WUHVV�� PDOQXWULWLRQ�� SRRU� K\JLHQL� DQG� FRQFXUUHQW�

GLVHDVH� RIWHQ� SUHGLVSRVH� ELUGV� WR� RSSRUWXQLVWLF�

EDFWHULDO�RYHUJURZWK��+RHIHU������� 

%ODFN-FDSSHG� /RU\� �/RULXV� ORU\�� DOVR�

NQRZQ�DV� WULFRORUHG� SDUURW� LV� D� SDUURW� IRXQG� LQ�

3DSXD� LVODQG� DQG� 1HZ� *XLQHD�� ,W� LV� UHODWLYHO\�

UREXVW� ORU\�� $GXOW� ORU\� KDYH� JUHHQ� ZLQJV�� UHG�

KHDGV� DQG� ERG\� DURXQG� WKH�ZLQJ�� D� EODFN� FDS��

JUH\-EODFN� FHUH�� \HOORZ� XQGHUZLQJV�� DQG� EOXH�

OHJV�DQG�EHOO\��7KH\�DOVR�KDYH�D�EOXH�QDSH�DQG�

PDQWOH�� 7KLV� VSHFLHV� KDV� DWWUDFWLYH� YRLFH�� PD\�

EH�ORXG�DW�WLPHV��'XH�WR�OLTXLG�GLHW�� WKLV�ELUG�LV�

TXLWH�PHVV\��,Q�WKH�ZLOG��WKH\�HDW�SROOHQ��QHFWDU��

IORZHUV�� IUXLWV� DQG� LQVHFWV�� 7KH� %ODFN-FDSSHG�

ORU\�LQKDELWV�WKH�SULPDU\�IRUHVW�DQG�IRUHVW�HGJHV�

LQ�PRVW�ORZODQG��DOVR�KDV�EHHQ�UHFRUGHG�LQ�ZHOO�

JURZQ� VHFRQGDU\� IRUHVW� �)RUVKDZ� ������� ,W� LV�

OLVWHG� RQ� $SSHQGL[� ,,� RI� &,7(6� DQG� /HDVW�

&RQFHUQ�E\�WKH�,8&1 

7KH�REMHFWLYHV�RI�WKLV�VWXG\�ZHUH�WR�FRPSDUH�WKH�

HIIHFW�RI�VXSSOHPHQWLQJ�JDUOLF��H[RJHQRXV�HQ]\PH�DQG�

FRPELQDWLRQ� RI� ERWK� LQ� %ODFN-FDSSHG� /RU\�

�/RULXV�ORU\��RQ�VRPH�DVSHFW�VXFK�DV�GLJHVWLELOLW\�DQG�

EDFWHULDO�FRXQW�RQ�H[FUHWD� 

 

0$7(5,$/6�$1'�0(7+2'6 

 

7KLV� UHVHDUFK� ZDV� FRQGXFWHG� LQ� WKH� %LUG�

&DSWLYLW\�� =RRORJ\� 'LYLVLRQ�� 5HVHDUFK� &HQWHU�

IRU� %LRORJ\-,QGRQHVLDQ� ,QVWLWXWH� RI� 6FLHQFHV��

&LELQRQJ�� 1XWULHQW� IHHG� DQG� H[FUHWD� DQDO\VLV�

ZHUH�FDUULHG�RXW� LQ� WKH�/DERUDWRU\�RI�1XWULWLRQ�

7HVWLQJ��=RRORJ\�'LYLVLRQ��5HVHDUFK�&HQWHU�IRU�

%LRORJ\-,QGRQHVLDQ� ,QVWLWXWH� RI� 6FLHQFHV�� &LELQRQJ��

7KH�VWXGLHV�FRQVLVWHG�RI���H[SHULPHQWV�RI���GD\V�RI�

SUHOLPLQDU\�VWXG\�DQG���SHULRGV�RI����GD\V�HDFK�

RI�GDWD�FROOHFWLRQ��)LYH�%ODFN-FDSSHG�/RU\�ZHUH�

XVHG� DV� UHSOLFDQWV�� 'XULQJ� WKH� VWXG\�� WKH� ELUGV�

ZHUH�SODFHG� LQ�PHWDEROLF� FDJH�ZLWK� WKH� VL]H�RI�

���FP�[����FP�[����FP� 

)HHG� WUHDWPHQWV� FRQVLVWHG� RI� FRQWURO� GLHW�

�.���� FRQWURO� GLHW� VXSSOHPHQWHG� ZLWK� JDUOLF�

SRZGHU� �.���� FRQWURO� GLHW� VXSSOHPHQWHG� ZLWK�

$OO]\PH� 66)� �.���� DQG� FRQWURO� GLHW� VXSSOHPHQWHG�

ZLWK�ERWK�JDUOLF�SRZGHU�DQG�$OO]\PH�66)��.����

7KH� LQJUHGLHQW� FRPSRVLWLRQV� RI� H[SHULPHQWDO�

GLHWV�DUH�VKRZQ�LQ�7DEOH���� 

7KH�GLHWV�ZHUH�JLYHQ�WZR�WLPHV�DW�������DP�

DQG� ������ SP��7KH� DPRXQWV� RI� IHHG� FRQVXPHG�

DQG�UHPDLQHG�ZHUH�ZHLJKHG�DQG�UHFRUGHG�HYHU\�

GD\��DV�ZHOO�DV�WKH�DPRXQW�RI�H[FUHWD�SURGXFHG��

([FUHWD�ZHUH�FROOHFWHG�LQ�WKH�VHDOHG�SODVWLF�EDJ�

DQG� VWRUHG� LQ� WKH� IUHH]HU� -��
R
� &� XQWLO� IXUWKHU�

DQDO\VLV��9DULDEOHV�REVHUYHG�LQFOXGH�IHHG�FRQVXPSWLRQ�

DQG�$SSDUHQW�0HWDEROL]DEOH�(QHUJ\�YDOXH� 

$QDO\VLV� RI� GU\�PDWWHU�� FUXGH� SURWHLQ�� DQG�

DVK�RI�IHHG�DQG�H[FUHWD�ZHUH�FDUULHG�RXW�DFFRUGLQJ�WR�

VWDQGDUG� SURFHGXUH� RI� $2$&� �������� *URVV�

(QHUJ\� RI� IHHG� DQG� H[FUHWD� ZHUH� GHWHUPLQHG�

XVLQJ� DGLDEDWLF� ERPE� FDORULPHWHU� �3DUU� ,QVWUXPHQW�

����� ,OOLQRLV�� 86$��� $SSDUHQW� 0HWDEROL]DEOH�

(QHUJ\� ZDV� FDOFXODWHG� EDVHG� RQ� =DUHL� �������

IRUPXODWLRQ� DV� ZHOO� DV� QXWULHQW� GLJHVWLELOLW\�

�6DOHV�	�-DQVVHQV�������� 

7RWDO� SODWH� FRXQW�ZDV�SHUIRUPHG�EDVHG�RQ�

PLFURELDO� FRQWDPLQDWLRQ� WHVW� IURP� ,QGRQHVLDQ�

1DWLRQDO� 6WDQGDUG� �61,�� ��-����-������ 6HULDO�

GLOXWLRQV� ZHUH� SUHSDUHG� RQ� EXIIHU� SHSWRQH�



��� 

8WLOL]DWLRQ�RI�*DUOLF�:LWK�DQG�:LWKRXW�$GGLWLRQ�RI�(Q]\PHV�RQ�%ODFN-FDSSHG�/RU\ 

 

Compositions 
K1 K2 K3 K4 

---------------gram----------------- 

Rice bran 18 18 18 18 

Fish Meal, 40% CP 34 34 34 34 

Papaya (Carica papaya) 145 145 145 145 

Bean sprout (Phaseolus aureus) 38 38 38 38 

Lampung banana (Musa paradisiaca) 115 115 115 115 

Honey (tbsp) 1 1 1 1 

Water (ml) 100 100 100 100 

Garlic (Allium sativum) - 3.5 - 3.5 

Allzyme SSF - - 1.0 1.0 

Diet DM Ash Protein EE GE 

-------------------%---------------- kcal/kg 

K1 85.08 16.98 13.72 2.31 3789 

K2 86.53 17.03 14.29 2.67 3791 

K3 87.20 22.32 16.21 2.75 3815 

K4 89.10 22.31 18.62 2.84 3834 

 

H[FUHWD� LQ������DQG���-��GLOXWLRQ�ZDV�SUHSDUHG�

E\�PL[LQJ���PO�EXIIHU�SHSWRQH�ZDWHU�DQG���PO�

H[FUHWD�VDPSOH��)XUWKHU�GLOXWLRQV����-�����-�����-���HWF����

ZHUH� SUHSDUHG� E\� PL[LQJ� �� PO� RI� SUHYLRXV�

GLOXWLRQ� DQG� �� PO� RI� ����� EXIIHUHG� SHSWRQH��

$JDUV�PHGLD�DQG�µSRXU�SODWH¶�PHWKRG�ZDV�XVHG�

IRU� HQXPHUDWLRQ� RI� µWRWDO� SODWH� FRXQW� �73&�¶��

73&�7RWDO�3ODWH�&RXQW�DJDU�ZDV�XVHG��$���� WR�

��� PO� RI� VWHULOL]HG� ����R&� IRU� ��� PLQ���

UHK\GUDWHG� 73&-DJDU� ZDV� PL[HG� ZLWK� �� PO� RI�

DSSURSULDWH� H[FUHWD� GLOXWLRQ�� LQ� SHWULSODWHV��

ZKLFK� ZHUH� LQFXEDWHG� DW� ��R&� IRU� ��� KRXUV��

1XPEHUV� RI� FRORQLHV� ZHUH� WKHQ� FRXQWHG� DQG�

PLFURRUJDQLVPV� ZHUH� UHFRUGHG� DV� FRORQ\�

IRUPLQJ� XQLWV� SHU� P/� �FIX� PO-���� 1XPEHU� RI�

PLFURRUJDQLVPV� �PO�RI�GLOXWLRQ�XVHG�[�QXPEHU�

RI�FRORQLHV�[�GLOXWLRQ�IDFWRU� 

 

5(68/76 

 

1XWULHQW� DQDO\VLV� XVHG� LQ� WKLV� UHVHDUFK� LV�

VKRZQ� LQ� 7DEOH� ��� ZKLOH� IHHG� LQWDNH�� H[FUHWD�

SURGXFWLRQ�� DQG� DSSDUHQW�PHWDEROL]DEOH� HQHUJ\�

YDOXH�DUH�VKRZQ�LQ�7DEOH���� 

)URP� 7DEOH� ��� GLHW� .�� KDG� WKH� KLJKHVW�

QXWULHQW� FRQWHQW�� 6LQFH� WKLV� GLHW� FRQVLVWHG� RI�

JDUOLF� DQG� WKH� HQ]\PHV�� LW� ZDV� UHVXOWHG� WKH�

KLJKHVW� SRUWLRQ� RI� VRPH� QXWULHQWV�� 7KH� HQ]\PH�

LWVHOI� FRQWDLQHG� $VSHUJLOOXV� QLJHU� IHUPHQWDWLRQ�

SURGXFW�WKDW�PDGH�WKH�HQHUJ\�FRQWHQW�LQFUHDVHG� 

7KH� $0(� YDOXH� ZDV� LQFUHDVHG� E\� WKH�

DGGLWLRQ�RI�HQ]\PH��EXW�QRW�ZLWK�WKH�DGGLWLRQ�RI�

JDUOLF� �7DEOH� ���� 7KH� LQFOXVLRQ� RI� ERWK� JDUOLF�

DQG� $OO]\PH� WHQG� WR� LPSURYH� WKH� $0(� YDOXH�

ZKHQ� FRPSDUHG� WR� FRQWURO� �.���� EXW� WHQG� WR�

7DEOH�����,QJUHGLHQW�DQG�&RPSRVLWLRQV�RI�'LHW� 

7DEOH� ��� 1XWULHQW� DQDO\VLV� RI� WKH� GLHWV� �RQ� '0�
EDVLV�� 

Parameter K1 K2 K3 K4 

Feed intake (g) 165.62± 24.36 169.93± 27.44 170.26± 24.82 148.96± 27.40 

Excreta production (g)  11.13± 3.72 11.41 ± 3.84 6.93 ± 3.38 10.11±3.72 

AME (kcal/kg) 3,579  3,549  3,690  3,619 

 5HPDUNV��(DFK�YDOXH�UHSUHVHQWV�PHDQ�RI�WKH�ELUGV� 

7DEOH����)HHG�LQWDNH��H[FUHWD�SURGXFWLRQ��DQG�$0(�YDOXH�RI�EODFN-FDSSHG�ORU\ 

1RWHV�� '0�  � 'U\� 0DWWHU�� ((�  � (WKHU� ([WUDFW�� *(�  �
*URVV�(QHUJ\ 



��� 

6DUL��HW�DO� 

GHFUHDVH� WKH� YDOXH� FRPSDUHG� WR� .�� �$OO]\PH�

RQO\�� 

)LJXUH���VKRZQ�WKDW�WKH�HIILFLHQF\�PHWDEROLF�RI�

%ODFN-FDSSHG� /RU\� IHG� ZLWK� .�� PDVK� ZDV�

KLJKHU�FRPSDUHG� WR� WKH�RWKHUV��$V�FRPSDUHG� WR�

FRQWURO�PDVK�� ELUG�ZLWK� .��PDVK� GLG� QRW� JLYH�

VLJQLILFDQW�LPSURYHPHQW�� 

7KH� HIIHFW� RI� DGGLQJ� JDUOLF� WR�.��PDVK� LV�

LQKLELWLQJ� WKH� EDFWHULDO� SRSXODWLRQ� LQ� H[FUHWD�

�7DEOH� ���� 7KH� KLJKHVW� EDFWHULD� SRSXODWLRQ�ZDV�

LQ�.��PDVK� 
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6LQFH� GLHW�.�� FRQVLVWV� RI� JDUOLF� DQG� VRPH�

PHGLD� IRU� WKH� HQ]\PH�� LW� UHVXOWHG� LQ� KLJK�

QXWULHQW� FRQWHQW�� %DVHG� RQ� ZHEVLWH� RI� 86'$�

QDWLRQDO� QXWULHQW� GDWDEDVH�� JDUOLF� KDG� ������

NFDO�NJ�� FUXGH� SURWHLQ� ������� HWKHU� H[WUDFW�

�������DQG�FUXGH�ILEHU�������)HHG�LQWDNH�RI�GLHW�

.�� ZDV� ORZHU� WKDQ� RWKHUV�� )HHGLQJ� ZLWK� KLJK�

HQHUJ\�GLHW�WHQGHG�WR�UHGXFH�IHHG�FRQVXPSWLRQ��

6XSULMDWQD� ������� VWDWHG� WR� PHHW� WKHLU� HQHUJ\�

EDODQFH��ELUGV�QHHG�PRUH�IHHG��)HHG�LQWDNH�ZDV�

DOVR� LQIOXHQFHG� E\� GLHWDU\� IDW�� /RZ� GLHWDU\� IDW�

UHVXOWHG� LQ�KLJK�IHHG� LQWDNH��$GGLQJ�HQ]\PH�WR�

WKH� GLHW� LQFUHDVHG� $0(� FRPSDUHG� WR� FRQWURO��

$0(�YDOXH�RI� FRQWURO�JURXSV� �.���ZHUH�������

NFDO�NJ��PHDQZKLOH� DGGLQJ�$OO]\PH� WR� WKH�GLHW�

.�� �$OO]\PH�RQO\�� DQG�.�� �ERWK�$OO]\PH� DQG�

JDUOLF�� ZHUH� ������ NFDO�NJ� DQG� ������ NFDO�NJ�

UHVSHFWLYHO\��,W�ZDV�UHDVRQDEOH�WKDW�$0(�YDOXH�

KDG� SRVLWLYH� FRUUHODWLRQ� ZLWK� GLHWDU\� JURVV�

HQHUJ\�DQG�IDW��2OXNRVL�	�$GHROD������� 

%HVLGHV�WKDW��VXSSOHPHQWDWLRQ�ZLWK�HQ]\PH�

UHPRYHG� WKH� HIIHFWV� RI� QRQ-VWDUFK� SRO\VDFFKDULGH��

ZKLFK� NQRZQ� DV� DQWL-QXWULWLYH�� VR� WKH� $0(�

YDOXH� LQFUHDVHG�� 6DUL� �������� DOVR� UHSRUWHG� WKDW�

$OO]\PH� VXSSOHPHQWDWLRQ� LPSURYHG� $0(� DQG�

QXWULHQW� GLJHVWLELOLW\� LQ� %OXH-FURZQHG� KDQJLQJ�

SDUURW��0HDQZKLOH��DGGLQJ�JDUOLF�WR�WKH�GLHW�GLG�

QRW� JLYH� VLJQLILFDQW� LPSURYHPHQW� WR� $0(�

YDOXH�� (IILFLHQF\� PHWDEROLF� RI� EODFN� FDSSHG�

ORU\� VKRZQ� LQ� )LJXUH� ��� 6LQFH� WKH� HIILFLHQF\�

PHWDEROLF� RI� .�� PDVK� �DOO]\PH� RQO\�� ZDV�

KLJKHU��VR�LW�FDQ�EH�FRQFOXGHG�WKDW�ELUG�IHG�ZLWK�

.�� PDVK� XVLQJ� HQHUJ\� PRUH� HIILFLHQWO\� WR�

PDLQWDLQ�LWV�OLIH� 

0LOSDFKHU� ������� UHSRUWHG� WKDW� JDUOLF� ZDV�

EHVW� WR� DYRLG� JLYLQJ� WR� ELUG�� *DUOLF�PD\� FDXVH�

KDHPRO\WLF� DQHPLD� LQ� SHW� ELUG�� 2WKHUV� IHHG� WR�

ZLWKKROG� IURP� SHW� ELUG� LQFOXGH� DOFRKRO�� DORH�

YHUD�� DYRFDGR�� FKRFRODWH�� FRIIHH� EHDQ�� RLOV��

R[DOLF�DFLG-FRQWDLQHG�IRRG��UHG�EHDQ��KHUEV�DQG�

VSLFHV�� %XW� VRPH� H[SHULPHQW� VWDWHG� WKDW� JDUOLF�

PD\�EH�JLYHQ�WR�ELUG�LQ�OLPLWHG�GRVH� 

)HFDO� EDFWHULDO� FRXQW� ZDV� SHUIRUPHG� RQ�

H[FUHWD��7KH�UHVXOW�RI�EDFWHULDO�FRXQW�DUH�VKRZQ�

LQ� 7DEOH� ��� 7KHUH� DSSHDUHG� WR� EH� VOLJKWO\�

GLIIHUHQFH� RI� WKH� QXPEHU� RI� WKH� EDFWHULD� LQ� WKH�

H[FUHWD� DPRQJ� WUHDWPHQWV�� 7UHDWPHQW�.�� �ZLWK�

JDUOLF� RQO\�� VKRZHG� WKH� KLJJHVW� EDFWHULDO�

QXPEHU�ZKLOH�WUHDWPHQW�.���ZLWK�DOO]\PH�RQO\��

VKRZHG�WKH�ORZHVW�EDFWHULDO�QXPEHU��7UHDWPHQW�

.�� �ZLWK� DOO]\PH� DQG� JDUOLF�� UHGXFHG� EDFWHULDO�

QXPEHU� EXW� QRW� DV� KLJK� DV� WUHDWPHQW� .���

7UHDWPHQW� .�� ZKLFK� KDG� WKH� KLJKHVW� EDFWHULDO�

QXPEHU�� VKRZV� OLWWOH� GLIIHUHQFH� ZLWK� WUHDWPHQW�

.���FRQWURO�JURXS�� 

$GGLQJ� JDUOLF� WR� IHHG� WHQG� WR� GHFUHDVH�

EDFWHULDO�SRSXODWLRQ�LQ�H[FUHWD�ELUG��7KH�KLJKHVW�

LQKLELWLRQ� RI� EDFWHULDO� SRSXODWLRQ� ZDV� LQ� .��

PDVK�� $OO]\PH� DGGLWLRQ� WHQG� WR� LQFUHDVH�

EDFWHULDO� SRSXODWLRQ�� ZKLOH� FRPELQDWLRQ� RI�

DOO]\PH� DQG� JDUOLF� DGGLWLRQ� VKRZHG� GHFUHDVHG�

EDFWHULDO� QXPEHU� EXW� QRW� DV� KLJK� DV� JDUOLF�

DGGLWLRQ�DORQH��)XUWKHU� VWXG\�ZLOO�EH�QHHGHG� WR�

FODULI\� WKH�GHFUHDVHG�EDFWHULDO� VSHFLHV�ZLWK� WKLV�

WUHDWPHQW� 

)LJXUH� ��� (IILFLHQF\� PHWDEROLF� RI� %ODFN-FDSSHG�
/RU\� 

Number of Bacteria

(CFU/gram)

K1 mash 2.22 x 10
8

K2 mash 2.28 x 10
6*

K3 mash 2.80 x 10
8**

K4 mash 1.29 x 10
7

Treatments

7DEOH� ��� 1XPEHU� RI� ([FUHWD� %DFWHULD� LQ� %ODFN-

FDSSHG�/RU\� 



��� 

8WLOL]DWLRQ�RI�*DUOLF�:LWK�DQG�:LWKRXW�$GGLWLRQ�RI�(Q]\PHV�RQ�%ODFN-FDSSHG�/RU\ 

5HVXOW� LQ� SUHVHQW� VWXG\� FRQFXU� ZLWK� WKH�

UHVXOW� RI� -DPUR]� 	� .DPHO� ������� VKRZHG� WKDW�

XVLQJ� KHUEDO� LQ� EURLOHU� IHHG� VXFK� DV� JDUOLF�PD\�

UHGXFH�(�� FROL� EDFWHULD� FRPSDUHG� WR� FRQWURO�� 7XFNHU�

�������DOVR�UHSRUWHG� WKDW�KHUEV�VXSSOHPHQWDWLRQ�

FRQWDLQLQJ� JDUOLF�� DQLVH�� DQG� FLQQDPRQ� VLJQLILFDQWO\�

LQKLELWHG� QXPEHU� RI� (�� FROL� LQ� GLJHVWLYH� WUDFW��

7KH� XVH� RI� JDUOLF� SRZGHU� DV� GLHWDU\� VXSOHPHQWDWLRQ�

VKRZHG� D� GRVH-GHSHQGHQW� UHGXFWLRQ� LQ� ORJ� FRORQ\�

IRUPLQJ�XQLW�RI�EDFWHULDO�FRXQW�DV�LQFUHDVLQJ�GRVH�

DSSOLHG� RQ� FKLFNHQ� �2OREDWRNH�	�0XOXJHWD�� �������

3HLQDGR� HW� DO� �������� DOVR� REVHUYHG� WKDW� XVLQJ�

JDUOLF� GHULYDWH� SURS\O� SURSDQH� WKLRVXOIRQDWH� DV�

IHHG� VXSOHPHQWDU\� WHQG� WR� VLJQILFDQWO\� GHFUHDVH� WKH�

SRSXODWLRQ�RI�LQWHVWLQDO�6DOPRQHOD�VSS���&DPS\OREDFWHU�

MHMXQL�� HQWHUREDFWHULD� DQG� (VFKHULFLD� FROL� PHDVXUHG�

ZLWK� T3&5� WHFKQLTXH�� %XW� WKH� GHULYDWH� KDG� QR�

HIIHFW�RQ�&ORVWULGLXP�SHUIULQJHQV�SRSXODWLRQ� 

)URP�WKH�UHVHDUFK��LW�FDQ�EH�FRQFOXGHG�WKDW�

XVLQJ�JDUOLF�LQ�EODFN-FDSSHG�ORUU\�IHHG�KDV�VRPH�

DGYDQWDJHV� WR� LQFUHDVH�PHWDEROLF�HIILFLHQF\�DQG�

WHQG� WR� UHGXFH� IHFDO� EDFWHULD� SRSXODWLRQ� LQ�

H[FUHWD� DV�ZHOO�� (YHQ� LQ� FRQWUDU\�� WKLV� XVDJH� LV�

QRW�UHFRPPHQGHG�DV�IHHG�LQ�SHW�ELUG� 
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7KH� DXWKRUV� JUDWHIXOO\� DFNQRZOHGJHG� WKH�

$OOWHFK�,QFRUSRUDWHG�,QGRQHVLD�IRU�$OO]\PH-66)�

VXSSOLHG��7KLV�UHVHDUFK�ZDV�IXQGHG�E\�',3$�RI�

5HVHDUFK�&HQWHU� IRU�%LRORJ\�� ,QGRQHVLDQ� ,QVWLWXWH� RI�

6FLHQFH�������7KLV�PDQXVFULSW�KDV�EHHQ�SUHVHQWHG�LQ�

,QWHUQDWLRQDO� &RQIHUHQFH� RQ� %LRGLYHUVLW\� IRU�

6XVWDLQDEOH�,QGXVWULHV�LQ�6ROR��,QGRQHVLD�RQ��-��

1RYHPEHU������ 
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$EEDV��7(��������3K\WRJHQLF�)HHG�$GGLWLYHV�DV�

D�&RFFLRGLVWDW�LQ�3RXOWU\��%XOOHWLQ�(QYLURQPHQW��

3KDUPDFRORJ\�DQG�/LIH�6FLHQFH���������-

��� 

$2$&�� ������ 2IILFLDO� PHWKRGV� RI� DQDO\VLV� RI�

$2$&� LQWHUQDWLRQDO�� ��WK� HG��$VVRFLDWLRQ�

RI�2IILFLDO�$QDO\WLFDO�&KHPLVWV��$UOLQJWRQ��9$� 

%DUURZ�� 3$�� ������ 3URELRWLFV� IRU� FKLFNHQV�� LQ��

)XOOHU�� 5� �(G���3URELRWLFV�� 7KH� VFLHQWLILF�

EDVLV��/RQGRQ��&KDSPDQ�DQG�+DOO� 

)ULHQG��0��	� -&�� )UDQVRQ�� ������ )LHOG�0DQXDO�

RI�:LOGOLIH�'LVHDVHV��8��6��'HSDUWPHQW�RI�

WKH�,QWHULRU��:DVKLQJWRQ��'��&���86$� 

)RUVKDZ�� -0�� ������3DUURWV� RI� 7KH�:RUOG�� �UG�

�UHYLVHG�� HGLWLRQ�� 0HOERXUQH�� /DQV� 'RZQH�

(GLWLRQ��0HOERXUQH����-��� 

*ULJJV�� -3��	� -3�� -DFRE�� ������$OWHUQDWLYHV� WR�

$QWLELRWLFV� IRU� 2UJDQLF� 3RXOWU\� 3URGXFWLRQ��

-RXUQDO�RI�$SSOLHG�3RXOWU\�5HVHDUFK�����

���-���� 

+DUULV�� /&��� 6/�� &RWWUHOO�� 6�� 3OXPPHU� 	� '��

/OR\G��������$QWLPLFURELDO�SURSHUWLHV�RI�

$OOLXP�VDWLYXP��JDUOLF���$SSOLHG�0LFURELRORJ\�

DQG�%LRWHFKQRORJ\��������-���� 

+RHIHU�� +/�� ������ 'LVHDVH� RI� 7KH� *DVWURLQWHVWLQDO�

7UDFW�� LQ�� $OWPDQ�� 5�%��� &OXEE�� 6�/���

'RUUHVWHLQ�� *�0�� 	� 4XHVHQEHUU\�� .��

$YLDQ� 0HGLFLQH� DQG� 6XUJHU\�� 3KLODGHOSKLD��

:�%��6DXQGHUV�&R�� 

-DPUR]�� '�� 	� &�� .DPHO�� ������ 3ODQW� H[WUDFWV�

HQKDQFH� EURLOHU� SHUIRUPDQFH�� 3RXOW�� 6FL��

$VVRF�� ��VW� $QQ�� 0HHWLQJ�� ��-��� $XJ��

������1HZDUN��'HODZDUH��3RXOWU\�6FLHQFH����

6XSSO����� 

-RQJ� .ZDQ�� -��� <�� 6H<RXQJ�� .�� -LQ6X�� .��

<RXQJ� :RR�� <�� .X�� .�� ,O.\XQJ� 	� &��

%\XQJ-R�� ������ (IIHFW� RI� *DUOLF� ([WUDFW�

6XSSOHPHQWDWLRQ� RQ� *URZWK� 3HUIRUPDQFH��

1XWULHQW�'LJHVWLELOLW\��&DUFDVV�&KDUDFWHULVWLFV��

DQG� 0HDW� &RPSRVLWLRQ� LQ� %URLOHUV�� .RUHDQ�

-RXUQDO� RI� 3RXOWU\� 6FLHQFH� ���������-

���� 

0LOSDFKHU��'�� ������+XPDQ�)RRGV��$UH�6RPH�

'DQJHURXV�IRU�3DUURWV"�KWWS���ZZZ�SDUURWV�RUJ��

SGIV�DOOBDERXWBSDUURWV�UHIHUHQFHBOLEUDU\�

KHDOWKBDQGBQXWULWLRQ�GDQJHURXVBIRRGVBIRUB�

SDUURWV�SGI� 

0LQK��'9���/9��+X\HQ��3&��7KLHX��74��7XDQ��

17��1JD�	�14��.KLHP��������(IIHFWV�RI�

6XSSOHPHQWDWLRQ�RI�*LQJHU� �=LJLEHURIILFLQDOH��

DQG� *DUOLF� �$OOLXP� VDWLYXP� /�� ([WUDFWV�

�3K\WR-DQWLELRWLFV�� RQ� 'LJHVWLELOLW\� DQG�

3HUIRUPDQFH� RI� %URLOHU� &KLFNHQ�� 0(.$51�

&RQIHUHQFH�� /LYHVWRFN� 3URGXFWLRQ�� &OLPDWH�

&KDQJH� DQG� 5HVRXUFH� 'HSOHWLRQ� KWWS���

ZZZ�PHNDUQ�RUJ�ZRUNVKRSV�SDNVH�

DEVWUDFWV�PLQKBQLDV�KWP� 

1HLVK�� $6�� ������ 7KH� JXW� PLFURIORUD� DQG�

LQWHVWLQDO� HSLWKHOLDO� FHOOV�� $� FRQWLQXLQJ�

GLDORJXH��0LFUREHV�DQG�,QIHFWLRQ�������-

���� 

2OREDWRNH��5<�	�6'�0XOXJHW��������(IIHFW�RI�



��� 

6DUL��HW�DO� 

GLHWDU\�JDUOLF�SRZGHU�RQ� OD\HU�SHUIRUPDQFH��

IHFDO� EDFWHULDO� ORDG� DQG� HJJ� TXDOLW\��

3RXOWU\�6FLHQFH��������-���� 

2OXNRVL��2$��	�2��$GHROD��������(VWLPDWLRQ�RI�

0HWDEROL]DEOH� (QHUJ\� &RQWHQW� RI� 0HDW�

DQG� %RQH� 0HDO� IRU� 6ZLQH�� -RXUQDO� RI�

$QLPDO�6FLHQFH��������-����� 

3HLQDGR�� 0-��� 5�� 5XL]�� $�� (FKDYDUUL�� 	� /$��

5XELR�� ������ *DUOLF� GHULYDWH� SURS\O�

SURSDQH� WKLRVXOIRQDWH� LV�HIIHFWLYH�DJDLQWV�

EURLOHU� HQWHURSDWKRJHQV� LQ� YLYR�� 3RXOWU\�

6FLHQFH����������-����� 

6DOHV��-��	�*3-��-DQVVHQV��������$�1RWH�RQ�$VK�

DV� ,QGLJHVWLEOH� 'LHWDU\� 0DUNHU� WR� 'HWHUPLQH�

'LJHVWLELOLW\� RI� 6HHGV� LQ� $GXOW� *UDQLYRURXV�

%LUGV�� -RXUQDO� RI� $QLPDO� )HHG� 6FLHQFH�

������-���� 

6DUL��$3��	�5��5DFKPDWLND��������(IIHFWLYHQHVV�

RI� ([RJHQRXV� (Q]\PHV� RQ� $SSDUHQW�

0HWDEROL]DEOH� (QHUJ\� DQG� 1XWULHQW�

'LJHVWLELOLW\� RI� %OXH-FURZQHG� +DQJLQJ�

3DUURW��/RULFXOXV�JDOJXOXV���,QWHUQDWLRQDO�

-RXUQDO�RI�$FDGHPLF�5HVHDUFK��������-��� 

6XSULMDWQD��(���8��$WPRPDUVRQR�	�5��.DUWDVXGMDQD��

������ ,OPX� 'DVDU� 7HUQDN� 8QJJDV�� -DNDUWD��

3HQHEDU�6ZDGD\D�� 

7XFNHU�� /$�� ������ 3ODQW� H[WUDFWV� WR� PDLQWDLQ�

SRXOWU\� SHUIRUPDQFH�� )HHG� ,QWHUQDWLRQDO�

����������-��� 

=DUHL�� $�� ������ $SSDUHQW� DQG� 7UXH� 0HWDEROL]DEOH�

(QHUJ\� LQ� $UWHPLD� 0HDO�� ,QWHUQDWLRQDO�

-RXUQDO� RI� 3RXOWU\� 6FLHQFH� �� ����� ���-

���� 


