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�ELWWHU�OHDI���ZHUH�KLJKO\�HIIHFWLYH�LQ�ORZHULQJ�WKH�SRSXODWLRQ�RI�HQWHURSDWKRJHQLF�EDFWHULD��(��

FROL�DQG�6DOPRQHOOD��LQ�WKH�JXW�RI�EURLOHU�FKLFNHQV��$YHUUKRD�FDUDPEROD�RWKHUZLVH�FDOOHG�6WDU�

IUXLW�LV�D�VZHHW�MXLF\�DQG�VXFFXOHQW�IUXLW�WKDW�LV�FKHULVKHG�DQG�FRQVXPHG�E\�PDQ\�SHRSOH��7KH�

MXLFH�H[WUDFW�LV�DOVR�XVHG�LQ�IRONORULF�PHGLFLQH�LQ�WKH�WUHDWPHQW�RI�FHUWDLQ�DLOPHQWV�VXFK�DV�VNLQ�

UDVKHV��LQIODPPDWRU\�FRQGLWLRQV�DQG�GLDEHWHV��2ODGLSR�HW�DO���������UHSRUWHG�WKDW�WKH�XVH�RI�

PHWKDQROLF�H[WUDFW�RI�$QQRQD�PXULFDWD�EDUN�OHG�WR�JUDGXDO�UHGXFWLRQ�LQ�WKH�EORRG�VXJDU�OHYHO��

7KH� SODQW� VKRZHG� D� JUHDW� SRWHQWLDO� ZKHQ� FRPSDUHG� WR� VWDQGDUG� DQWL�GLDEHWLF� GUXJ� LQ� WKH�

WUHDWPHQW� RI� GLDEHWHV� PHOOLWXV�� :XPQRNRO� HW� DO�� ������� UHSRUWHG� WKH� LQFOXVLRQ� RI� $FKD�

�'LJLWDULD� H[LOLV� 6WDSK�� LQ� WKH� GLHW� RI� EURLOHU� FKLFNHQV� DV� EHQHILFLDO� RQ� WKH� KDHPDWRORJLFDO�

SDUDPHWHUV��,W�ZDV�UHSRUWHG�E\�8NRUHEL�HW�DO���������WKDW�����GLHWDU\�OHYHO�RI�*RQJURQHPD�

ODWLIROLD� �8WDVL�� VXSSRUWHG� QRUPDO� KHDOWK� E\� HQKDQFLQJ� WKH� EORRG� EXLOGLQJ� FDSDFLW\� DQG�

SHUIRUPDQFH�RI�EURLOHU�FKLFNHQV�� 

+LELVFXV�DVSHU�+RRN��)��DV�UHSRUWHG�E\�%DHUWV�DQG�/HKPDQQ��������DQG�6XQLOVRQ�HW�DO���

�������LV�D�WURSLFDO�SODQW�EHORQJLQJ�WR�WKH�IDPLO\�0DOYDFHDH�RI�WKH�RUGHU�0DOYDOHV��&DO\[HV�

IURP�+�� DVSHU� DUH� HGLEOH� DV� D� SDODWDEOH� YHJHWDEOH� DIWHU� ERLOLQJ�� 7KH� SODQW� KDV� PHGLFLQDO�

SRWHQWLDOV� WR� WUHDW� MRLQW� SDLQ�� DQDHPLD�� MDXQGLFH� PDODULD�� SDLQIXO�� LUUHJXODU� PHQVWUXDWLRQ��

OHXFRUUKHD��SRLVRQ�DQWLGRWH�� GHSUHVVLRQ�� JDVWURLQWHVWLQDO�GLVRUGHUV�� DEVFHVVHV�� XUHWKULWLV�� DQG�

G\VPHQRUUKHD� �%XUNLOO�� ������6KLSSHUV�HW� DO��� ������)R\HW� HW� DO��� ������� �7KH� SODQW� LV� DOVR�

UHOHYDQW� LQ� YHWHULQDU\� PHGLFLQH� IRU� WKH� WUHDWPHQW� RI� HFWR�SDUDVLWHV� �+ULWFX� HW� DO��� �������

3UHSDUHG� DTXHRXV� DQG� PHWKDQROLF� H[WUDFWV� RI� WKH� OHDI� RI� +�� DVSHU� SRVVHVV� VLJQLILFDQW�

DQWLGLDUUKHDO� DFWLYLW\� LQ� H[SHULPHQWHG� UDWV� ZKLOH� WKH� PHWKDQROLF� IUDFWLRQ� KDG� DQWLEDFWHULDO�

DFWLYLW\�RQ�KXPDQ�HQWHUREDFWHULD��$WHXIDFN�HW�DO���������� +LELVFXV� VDEGDULIID �5RVHOOH��

EHORQJV�WR�WKH�VDPH�IDPLO\�ZLWK�+��DVSHU�DQG�SUREDEO\�QDWLYH�WR�:HVW�$IULFD��(QF\FORSHGLD�

%ULWDQQLFD��������DQG�JURZQ�IRU�LWV HGLEOH�FDO\[��7KLV�SODQW�LV�D�JRRG�VRXUFH�RI�OLSLG�VROXEOH�

DQWLR[LGDQWV���JDPPD�WRFRSKHURO��SRO\SKHQROV��IODYRQRLGV��DQG�WKHLU�GHULYDWLYHV (Mohamed et 

al., 2007 and Jing et al., 2015)� �,W�SRVVHVVHV�WKH�SKDUPDFRORJLFDO�SRWHQWLDOV�RI�EHLQJ�DQWLYLUDO��

DQWLFDQFHU�� DQWLPLFURELDO�� DQWLIXQJDO�� DQWL�DQDHPLF�� K\SRWHQVLYH�� DQWL�XUROLWKLDVLV� HWF��

�%LUHVZDU�	&KDUX����������7KH�WZR�SODQWV�DUH�ULFK�LQ�SK\WRFKHPLFDOV�DQG�WKLV�PLJKW�SUREDEO\�

EH�UHVSRQVLEOH�IRU�WKHLU�SRWHQW�PHGLFLQDO�YDOXHV�UHFRUGHG�LQ�OLWHUDWXUHV�� 

3VHXGRPRQDV�DHUXJLQRVD� LV� RI� WKH� IDPLO\�SVHXGRPRQDGDFHDH�� ,W� LV� D�YHU\� FRPPRQ�

*UDP� QHJDWLYH� EDFWHULXP� LPSOLFDWHG� WR� EH� RQH� RI� WKH� FDXVDWLYH� DJHQWV� RI� QRVRFRPLFDO�

LQIHFWLRQV�� ,W� LV� DQ� RSSRUWXQLVWLF� EDFWHULXP� WKDW� LV� KLJKO\� UHVLVWDQW� WR� PDQ\� FRPPHUFLDO�

GLVLQIHFWDQWV��+XJR	5XVVHO��������9HUPD�HW�DO����������3URWHXV�YXOJDULV�KDV�EHHQ�GRFXPHQWHG�

DV�RQH�RI�WKH�]RRQRWLF�SDWKRJHQLF�EDFWHULD�WKDW�DUH�PXOWL�GUXJ�UHVLVWDQW�DQG�WKLV�FDQ�EH�WUDFHDEOH�

WR�GUXJ�DEXVH�DQG�LQGLVFULPLQDWH�SUHVFULSWLRQV�RI�DQWLELRWLFV��,W�LV�D�*UDP�QHJDWLYH�EDFWHULXP�

LQ�WKH�IDPLO\�HQWHUREDFWHULDFHDH�WKDW�KDV�EHHQ�UHSRUWHG�DV�D�GLVHDVH�FDXVLQJ�DJHQW�LQ�SRXOWU\�

DQG�KXPDQV��'HEDVLV�HW�DO���������2JXQOH\H	&DUOVRQ���������.OHEVLHOOD�DHURJHQHV���IRUPHUO\�

NQRZQ�DV�(QWHUREDFWHU�DHURJHQHV�� LV�DQ�LPSRUWDQW�RSSRUWXQLVWLF�*UDP�QHJDWLYH�URG�VKDSHG�

SDWKRJHQLF�EDFWHULXP� LQ� WKH� IDPLO\�(QWHUREDFWHULDFHDH�ZLWK�GUXJ� UHVLVWDQFH� FKDUDFWHULVWLFV��

7KH�EDFWHULXP�KDV�EHHQ�FRPPRQO\�UHSRUWHG�DV�RQH�WKH�FDXVDWLYH�DJHQW�RI�GLVHDVH�RXWEUHDNV�LQ�

LQWHQVLYH�FDUH�XQLW�ZLWK�KLJK�HSLGHPLF�SRWHQWLDO��$GHO�HW�DO����������6WDSK\ORFRFFXV�DXUHXV�LV�

D�*UDP�SRVLWLYH�EDFWHULXP�LPSOLFDWHG�DV�D�FRORQLVHU�RI�WKH�SKDU\Q[�DQG�QDVDO�FDYLW\�FDXVLQJ�

HQGRFDUGLWLV��EDFWHUHPLD�HWF��,WV�LQIHFWLRQ�LV�QRW�OLPLWHG�WR�D�SDUWLFXODU�VLWH�RI�WKH�ERG\�DQG�FDQ�

DOVR�FDXVH�IRRG�SRLVRQLQJ��6KDPVKXO�HW�DO����������%DFLOOXV�FHUHXV�LV�D�VSRUH�IRUPLQJ�PRWLOH�
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*UDP�SRVLWLYH�EDFWHULXP�FDXVLQJ�WZR�PDMRU�W\SHV�RI�IRRG�SRLVRQLQJ�WKURXJK�LWV�SURGXFWLRQ�RI�

RQH� HPHWLF� WR[LQ� DQG� WKUHH� GLIIHUHQW� HQWHURWR[LQV�� WKH� HPHWLF� W\SH� QRUPDOO\� UHVXOWV� LQWR�

YRPLWLQJ�DQG�WKH�RWKHU� W\SH�FXOPLQDWLQJ�LQWR�GLDUUKRHD��.UDPHU�DQG�*LOEHUW�������*UDQXP�

������/XQG	�*UDQXP�������3HU	7HUMH���������%��FHUHXV�LV�RQH�RI�WKH�EDFWHULD�UHVSRQVLEOH�IRU�

WKH�SRVVLEOH�ULVN�RI�IRRG�ERUQH�LQIHFWLRQV�LQWR[LFDWLRQV�LQ�ERWK�SODQW�DQG�DQLPDO�IRRG�RULJLQ��

7KLV�RUJDQLVP�IRXQG�WKHVH�IRRG�VRXUFHV�WR�EH�IDYRXUDEOH�VXEVWUDWHV�IRU�LWV�GHYHORSPHQW�DQG�

UHSOLFDWLRQ� �$QD� HW� DO����������(VFKHULFKLD� FROL� �D� URG�VKDSHG�*UDP�QHJDWLYH� EDFWHULXP�� LV�

IURP�WKH�IDPLO\�(QWHUREDFWHULDFHDH�ZLWKLQ�WKH�FODVV�*DPPDSURWHREDFWHULD��-DQJ�HW�DO����������

(��FROL�FRPSULVHV�FRPPHQVDO�DQG�SDWKRJHQLF�VWUDLQV�UHVSRQVLEOH�IRU�VHYHUDO�KXPDQ�DLOPHQWV�

DJJUDYDWLQJ� WR�PLOOLRQV� RI� GHDWKV� DQQXDOO\� �.DSHU� HW� DO��� �������0DQ\� RI� WKH�ZDWHU� ERUQH�

RXWEUHDNV�LQ�WKH�:RUOG�KDYH�EHHQ�DWWULEXWHG�WR�6KLJD�WR[LQ�SURGXFLQJ�DQG�HQWHURSDWKRJHQLF�(��

FROL� �&KDQGUDQ	� 0D]XPGHU�� �������0RUD[HOOD� FDWDUUKDOLV� LV� D� SDWKRJHQLF� JUDP�QHJDWLYH�

EDFWHULXP�FRFFXV�RI� WKH�1HLVVHULDH� IDPLO\�XVXDOO\� FRORQLVHV� WKH�XSSHU� UHVSLUDWRU\� WUDFW�DQG�

WKHUHE\�FDXVLQJ�LQIHFWLRQ�UDQJLQJ�IURP�RWLWLV�PHGLD�LQ�FKLOGUHQ�DQG�GRZQVWUHDP�UHVSLUDWRU\�

LQIHFWLRQ�LQ�DGXOW��7KLV�EDFWHULXP�KDV�EHFRPH�JUHDWO\�UHVLVWDQW�WR�SHQLFLOOLQ�DQWLELRWLF��6DYLWKD�

HW�DO����������6DOPRQHOOD�W\SKL�LV�D�*UDP�QHJDWLYH��DHURELF��URG�VKDSHG�EDFWHULXP�NQRZQ�WR�EH�

LQYROYHG� LQ� VDOPRQHOORVLV�DQG� WKH�GLVHDVH� LV�XVXDOO\� FRQWUDFWHG� LQ�FRQWDPLQDWHG� IRRG�VWXIIV�

�HVSHFLDOO\�LQ�PHDW��E\�WKLV�RUJDQLVP��<DQJ�HW�DO����������6DOPRQHOORVLV�LV�D�ZRUOGZLGH�GLVHDVH�

WKDW�LV�]RRQRWLF�DQG�FDXVLQJ�JDVWURHQWHULWLV�LQ�KXPDQ��/HH���������6WDOH�DLU�DQG�RYHUFURZGHG�

HQYLURQPHQWV�DUH�SUHGLVSRVLQJ�FRQGLWLRQV�IRU�VSUHDGLQJ�WKH�GLVHDVH��7KH�GLVHDVHV�FDXVHG�E\�

WKHVH� SDWKRJHQLF� EDFWHULD�� FRXSOHG� ZLWK� WKHLU� UHVLVWDQFH� WR� PDQ\� DYDLODEOH� FRPPHUFLDO�

DQWLELRWLFV�DQG�WKH�GHDUWK�RI�LQIRUPDWLRQ�FRQFHUQLQJ�WKH�XWLOL]DWLRQ�RI�WKH�OHDI�H[WUDFW�RI�+��

DVSHU�DQG�+��VDEGDULIID�DV�DQWLPLFURELDO�DJHQWV�DUH�WKH�FRQVLGHUDEOH�IDFWRUV�LQ�GHVLJQLQJ�DQG�

FDUU\LQJ�RXW�WKLV�UHVHDUFK�ZRUN�� 

2. 0HWKRGRORJ\�DQG�3URFHGXUHV 

Collection of experimental plants 

Fresh and disease free leaves of Hibiscus asper and Hibiscus Sabdariffa were harvested 

in November 2019 from a farm at Goshen Community, off Aule GRA Akure, Nigeria, Latitude 

7:16.06N and Longitude 5:8.85E.  

Identification and authentication  

The plants were identified and authenticated by an experienced Taxonomist with 

identification numbers FPI 2278 and FPI 2280 for Hibiscus asper and Hibiscus Sabdariffa 

respectively at Faculty of Pharmacy Herbarium, Obafemi Awolowo University, Ile-Ife, 

Nigeria.  

Plants¶ preparation  

The plants were rid of dust particles by gentle rinse in distilled water. Crispiness of the 

leaves was achieved in eight days under shade drying and thereafter pulverized into powder 
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using Bajaj Twister Mixer Electric Grinder (3 Jar QC. NO: HP/14/001/0064). The samples 

were preserved in air-tight plastic containers at 4oC prior to subsequent assignment.  

Preparation of the extracts    

Cold maceration method was adopted in the preparation of the leaf extracts. Exactly 50 

g each of the powdered leaves was soaked in 500 mL of 80% ethanol (w/v) kept and kept for 

72 hours in a tightly sealed plastic container at room temperature. Filtration was done with 

muslin cloth and later re-filtered with Whatman filter paper No 1(125 mm). The wet extract 

was concentrated into pasty form using a crude method for bacterial susceptibility test 

experiment. 

&DOFXODWLRQ�RI�WKH�OHDI�SURFHVVLQJ�SHUFHQWDJH�\LHOG� 

7KH�OHDI�SURFHVVLQJ�SHUFHQWDJH�\LHOG��/33<��ZDV�FDOFXODWHG�XVLQJ�WKH�IRUPXOD� ������ 

�/33<� �
Hpw�ucgefr��

Jpcqf�ucgefr�
��srr 

7HVW�0LFURUJDQLVPV   

&OLQLFDO�VWUDLQV�RI�3VHXGRPRQDV�DHUXJLQRVD��3URWHXV�YXOJDULV��6WDSK\ORFRFFXV�DXUHXV��

0RUD[HOOD�FDWDUUKDOLV�DQG�6DOPRQHOOD�W\SKL�ZHUH�REWDLQHG�IURP�WKH�0LFURELRORJ\�'HSDUWPHQW�

RI� D� UHSXWDEOH� 6SHFLDOLVW� +RVSLWDO� LQ� $NXUH�� 2QGR� 6WDWH�� 1LJHULD� ZKLOH� %DFLOOXV� FHUHXV��

(VFKHULFKLD�FROL�DQG�.OHEVLHOOD�DHURJHQHV� �IRUPHUO\�(QWHUREDFWHU�DHURJHQHV��ZHUH� LVRODWHG�

IURP�GULQNLQJ�ZDWHU�IURP�(NLWL�6WDWH��1LJHULD��7KH�RUJDQLVPV�ZHUH�FDUHIXOO\�PDLQWDLQHG�RQ�

QXWULHQW�VODQWV�DW����&�WKURXJKRXW�WKH�SHULRG�RI�WKH�H[SHULPHQW� 

6WDQGDUGL]DWLRQ�RI�WKH�H[WUDFWV  

7KH� WZR� H[WUDFWV� ZHUH� UHFRQVWLWXWHG� ZLWK� ��� �� '062� �'LPHWK\OVXOSKR[LGH�� DQG�

GLVWLOOHG�ZDWHU�IROORZLQJ�PDQXIDFWXUHU¶V�UHFRPPHQGDWLRQ��6L[�IROG�VHULDO�GLOXWLRQV�ZHUH�FDUULHG�

RXW�EHIRUH�REWDLQLQJ�VL[�GLIIHUHQW�FRQFHQWUDWLRQV�RI�����PJ�P/�����PJ�P/�����PJ�P/��������

PJ�P/�������PJ�P/��DQG������PJ�P/�� 

6WDQGDUGL]DWLRQ�RI�WKH�LQRFXOD�� 

0XHOOHU�+LQWRQ�$JDU��0+$��VHUYHG�DV�D�PHGLXP�IRU�VXE�FXOWXULQJ�WKH�LVRODWHV�RQ�QHZO\�

SXUFKDVHG�VWHULOH�SODWHV��7KH�SODWHV�ZHUH�LQFXEDWHG�DW���R&�IRU����KRXUV�DQG�WKHUHDIWHU�SUHVHUYHG�

DW��R&�IRU�VXEVHTXHQW�RYHUQLJKW�FXOWXULQJ�IURP�ZKLFK�LVRODWHV�ZHUH�ODWHU�VXVSHQGHG�LQ�EURWK�

FXOWXUH�IRU�DQWLPLFURELDO�DVVD\��7KH�EURWK�FXOWXUHV�RI� WKH� LVRODWHV�ZHUH�DGMXVWHG� WR� WKH�H[DFW�

WXUELGLW\�HTXLYDOHQW�WR�����0F)DUODQG�6WDQGDUG�DV�UHFRPPHQGHG�E\�1&&/6���������� 

$QWLPLFURELDO�$VVD\�  

$QWLPLFURELDO�DFWLYLW\�RI� WKH�H[WUDFWV�ZDV�GHWHUPLQHG�XVLQJ�DJDU�ZHOO�GLIIXVLRQ�DVVD\�

PHWKRG��7KLWLOHUWGHFKD�HW�DO��������DQG�$PH\D�HW�DO����������0XHOOHU�+LQWRQ�$JDU��0+$��ZDV�
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SUHSDUHG�DV�UHFRPPHQGHG�E\�WKH�PDQXIDFWXUHU�DQG�DOORZHG�WR�FRRO�WR���R&�EHIRUH�SRXULQJ�RQ�

SUH�ODEHOOHG�VWHULOH�SHWUL�SODWHV�RQ�D�OHYHO�VXUIDFH��2QH�SHWUL�SODWH�ZDV�SUHSDUHG�SHU�RUJDQLVP�DQG�

GRQH� LQ� WULSOLFDWHV�H[FHSW� WKDW�RI� WKH�SRVLWLYH� WHVW�FRQWURO�XVLQJ�0D[L�GLVFV� WKDW�ZDV�GRQH� LQ�

GXSOLFDWH��6WHULOH���PP�ERUHU�ZDV�XVHG�WR�SXQFK�VHYHQ�HTXLGLVWDQW�ZHOOV��ZHOOV���±���IRU�GLIIHUHQW�

FRQFHQWUDWLRQV�RI�H[WUDFWV�������PJ�P/�±�����PJ�P/���:HOO�QXPEHU�VHYHQ�����ZDV�ERUHG�DW�WKH�

FHQWUH�RI�WKH�SODWHV�IRU�WKH�VROYHQW�XVHG��QHJDWLYH�FRQWURO���$�GLS�ZLWK�VWHULOH�VZDEELQJ�VWLFNV�RI�

RYHUQLJKW�EURWK�FXOWXUHV�RI�HDFK�RI�WKH�LVRODWHV�ZDV�VWUHDNHG�RQ�WKH�VXUIDFH�RI�WKH�SUHSDUHG�0+$�

SODWHV��7KH�YROXPH�RI�����P/�RI�WKH�H[WUDFWV�DW�SUHVHW�FRQFHQWUDWLRQ�ZDV�LQWURGXFHG�WR�HDFK�RI�

WKH�ZHOOV�DQG�WKH�SODWHV�ZHUH�DOORZHG�WR�UHVW��DQG�VHW��RQ�WKH�ODERUDWRU\�EHQFK�IRU����PLQXWHV�

DOORZLQJ�IRU�SURSHU�SUH�GLIIXVLRQ�RI�WKH�H[WUDFWV�EHIRUH����KRXUV�LQFXEDWLRQ�DW����&� 

$QWLEDFWHULDO�DFWLYLW\� 

7KH�DQWLPLFURELDO�DFWLYLWLHV�RI� WKH�H[WUDFWV�ZHUH�DVVHVVHG�E\�PHDVXULQJ� WKH� LQKLELWLRQ�

]RQHV�DURXQG�WKH�ZHOOV�ZLWK�WKH�DLG�RI�D�JUDGXDWHG�WUDQVSDUHQW�PHWUH�UXOH��7KHUH�ZDV�QR�REVHUYHG�

DQWLPLFURELDO� DFWLYLW\� DJDLQVW� WKH� WHVW� RUJDQLVPV� LQ� WKH� VROYHQW� XVHG� �'062� ����� IRU� WKH�

H[WUDFWV¶�UHFRQVWLWXWLRQ�DV�LQGLFDWHG�E\�]HUR�LQKLELWLRQ�]RQHV�� 

0LQLPXP�,QKLELWRU\�&RQFHQWUDWLRQV��0,&V�� 

7KH� 0LQLPXP� ,QKLELWRU\� &RQFHQWUDWLRQ� �0,&�� LV� WKH� ORZHVW� FRQFHQWUDWLRQ� RI� DQ�

DQWLPLFURELDO� WKDW� LQKLELWV� WKH�JURZWK�RI�D�PLFURRUJDQLVP�DIWHU�DQ�RYHUQLJKW� LQFXEDWLRQ��7KH�

0,&V�ZHUH�GHWHUPLQHG�E\�WXEH�GLOXWLRQ�����IROG��PHWKRG��%HQJHU�HW�DO���������0DQLODO�HW�DO���

�����DQG�.D\D�HW�DO���������ZLWK�VOLJKW�PRGLILFDWLRQV�� 

3. 5HVXOWV�DQG�'LVFXVVLRQ�  

 

 7KH�UHVXOWV�RI�WKH�OHDI�SURFHVVLQJ�SHUFHQWDJH�\LHOG��/33<���PHDQ�YDOXHV�IRU�WKH�DQWLPLFURELDO�

DFWLYLW\�DQG�0LQLPXP�,QKLELWRU\�&RQFHQWUDWLRQV��0,&V��RI�WKH�HWKDQROLF�OHDI�H[WUDFW�RI�+��DVSHU�

DQG�+��VDEGDULIID�DUH�SUHVHQWHG�LQ�7DEOH���WR����/HDI�SURFHVVLQJ�SHUFHQWDJH�\LHOG�ZDV�KLJKHU�LQ�

+�� DVSHU� ������� ��� WKDQ�+�� VDEGDULIID� ��������� DV� VHHQ� LQ� 7DEOH� ��� 7KHUH� LV� YLUWXDOO\� QR�

DGGXFHDEOH�UHDVRQ�V��IRU�WKLV�DV�DW�QRZ��EHFDXVH�UHVHDUFKHUV�LQ�PHGLFLQDO�SODQWV�KDYH�QRW�EHHQ�

UHSRUWLQJ�WKLV�DVSHFW�RI�ZRUN�LQ�OLWHUDWXUHV�� 

 

+LELVFXV�DVSHU  

$QWLPLFURELDO�DFWLYLW\�RI�HWKDQROLF�OHDI�H[WUDFW�RI�+��DVSHU�ZDV�PRUH�HYLGHQW�LQ�%&(�

KDYLQJ�WKH�KLJKHVW�LQKLELWLRQ�]RQH��7DEOH����ZLWK�VLJQLILFDQW�GLIIHUHQFH��S��������RYHU�RWKHU��

LVRODWHV�LQ�GHVFHQGLQJ�RUGHU�RI�%&(��15.00 ± 1.00a��!(&2��11.67 ± 0.58b��!6$8��7.67 ± 0.58c��

!3$(��6.67 ± 0.58d��!67<��5.67 ± 0.58e���7KH�VXVFHSWLELOLW\�RI�(&2�DQG�67<�WR�WKH�H[WUDFW�

RI�+��DVSHU�LQ�WKH�SUHVHQW�VWXG\�DJUHHV�ZLWK�HDUOLHU�UHSRUW�RI�LWV�DQWLEDFWHULDO�SURSHUW\�DJDLQVW�

VRPH�*UDP�QHJDWLYH�EDFWHULD��$WHXIDFN�HW�DO����������7KH�H[WUDFW�FDQ�EH�GHVFULEHG�DV�EURDG�

VSHFWUXP�EHFDXVH�RI�LWV�DQWLEDFWHULDO�HIIHFW�RQ�WKH�*UDP�SRVLWLYH��%&(�DQG�6$8��DQG�*UDP�

QHJDWLYH�LVRODWHV��(&2��3$(�DQG�67<��LQ�WKLV�VWXG\��7KH�VHQVLWLYLW\�RI�6$8�KHUH�GLVDJUHHV�

ZLWK�WKH�UHVLVWDQFH�RI�6$8�WR�WKH�H[FWUDFWV�RI�+��DVSHU�DV�UHSRUWHG�E\�$WHXIDFN�HW�DO����������



 

ò 
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7KH�H[WUDFW�GLG�QRW�VKRZ�DQ\�DFWLYLW\�RQ�398��.$(�DQG�0&$�LQ�WKH�SUHVHQW�VWXG\�DV�VKRZQ�

LQ�7DEOH���� 

+LELVFXV�VDEGDULIID�  

7KH�H[WUDFW�RI�+��VDEGDULIID�ZDV�DFWLYH�RQ�DOO�WKH�WHVWHG�EDFWHULDO�LVRODWHV��7DEOH����ZLWK�

WKH�H[FHSWLRQ�RI�67<��7KH�DQWLEDFWHULDO�SRWHQWLDO�RI�WKLV�SODQW�DV�ZLWQHVVHG�LQ�WKH�SUHVHQW�VWXG\�

DJUHHV�ZLWK�WKH�UHSRUWV�RQ�LW�DJDLQVW�(&2��3$(��398��DQG�6$8��.KDOLG�HW�DO����������(&2�

�)XOOHUWRQ�HW�DO����������(&2�DQG�6$8��+LJJLQERWKDP�HW�DO����������7KH�KLJKHVW�PHDQ�]RQH�RI�

LQKLELWLRQ�GLVSOD\HG�E\�WKH�WHVWHG�EDFWHULD�ZDV�IRXQG�LQ�%&(��15.33 ± 1.15a��IROORZHG�E\�0&$�

�11.33 ± 1.15b)��6$8��11.00 ± 1.00bc���.$(��9.67 ± 0.58c���3$(��8.00 ± 1.00d��DQG�398��7.67 

± 0.57e). This highest activity on BCE (Gram-positive) corroborates the earlier report on the 

extract of H. sabdariffa to be more active on *UDP�SRVLWLYH�EDFWHULD��.KDOLG�HW�DO����������Only 

STY showed resistance to the ethanolic leaf extract of +��VDEGDULIID��7KH�HDUOLHU�UHSRUW�RI�WKH�

SUHOLPLQDU\�SK\WRFKHPLFDO�VFUHHQLQJ�RI�+��DVSHU�DQG�+��VDEGDULIID�LQGLFDWHG�WKH�SUHVHQFH�RI�

WDQQLQV�� IODYRQRLGV�� VDSRQQLQV�� VWHURLGV� DQG� WHUSHQRLGV� LQ�ERWK� VDPSOHV� DQG� WKH�DEVHQFH�RI�

SKOREDWDQQLQV�� DONDORLGV� DQG� DQWKUDTXLQRQHV� �$URJERGR� DQG�$MD\L�� ������� 7KH� DEVHQFH� RI�

DONDORLGV�LQ�+��VDEGDULIID�DJUHHV�ZLWK�WKH�SK\WRFKHPLFDO�UHSRUW�RI�$GDPX�DQG�1JZX���������

&DUGLDF�JO\FRVLGHV�ZHUH�SUHVHQW�LQ�+��DVSHU�EXW�DEVHQW�LQ�+��VDEGDULIID��7KH�SK\WRFKHPLFDOV�

�TXDOLWDWLYHO\� DQG� TXDQWLWDWLYHO\�� ZHUH� IRXQG� WR� EH� KLJKHU� LQ�+�� DVSHU� WKDQ�+�� VDEGDULIID�

�$URJERGR�DQG�$MD\L���������7KH�REVHUYHG�DQWLEDFWHULDO�SRWHQWLDO�RI�HWKDQROLF�OHDI�H[WUDFWV�RI�

+��DVSHU�DQG�+��VDEGDULIID�RQ�ERWK�*UDP�SRVLWLYH�DQG�*UDP�QHJDWLYH�EDFWHULD�FDQ�EH�DWWULEXWHG�

WR�WKHLU�ULFK�SK\WRFKHPLFDOV�OLNH�WKH�IODYRQRLGV��(OPDQDP�HW�DO���������9LPDOLQ+HQD�������� 

�$QWLPLFURELDO�UHVLVWDQFH  

���������3$(��398��6$8��(&2��0&$�DQG�67<�ZHUH�DOO�UHVLVWDQW�WR�WKH�FRPPHUFLDO�DQWLELRWLF�

6HSWULQ�XVHG�DV�SRVLWLYH�FRQWURO�LQ�WKLV�H[SHULPHQW�ZKLOH�RQO\�.$(�DQG�%&(�ZHUH�VHQVLWLYH��

2Q�WKH�RWKHU�KDQG��DOO�WKH�WHVWHG�EDFWHULD�ZHUH�UHVLVWDQW�WR�$PR[LFLOOLQ��SRVLWLYH�FRQWURO��ZLWK�

WKH�H[FHSWLRQ�RI�3$(��7KH�PXOWLGUXJ�UHVLVWDQFH�RI�3$(��(&2�DQG�6$8�WR�6HSWULQ�DQG�WKDW�RI�

(&2� DQG� 6$8� WR�$PR[LFLOOLQ� LQ� WKLV� VWXG\� DJUHHV� ZLWK� WKH� ILQGLQJV� RI� 2VXQWRNXQ� DQG�

$GHVHPR\H���������ZKLFK�LV�WKH�FXUUHQW�JOREDO�SUREOHP��DQWLPLFURELDO�UHVLVWDQFH�� 

0LQLPXP�LQKLELWRU\�FRQFHQWUDWLRQV��0,&V�  

7KH� PLQLPXP� LQKLELWRU\� FRQFHQWUDWLRQ� IRU� 3$(� LQ� ERWK� H[WUDFWV� �7DEOH� ��� ZDV� ���

PJ�P/��398��.$(�DQG�0&$�ZHUH�UHVLVWDQW�WR�+��DVSHU�EXW�DOO�KDG�WKH�VDPH�0,&�RI����PJ�P/�

LQ�WKH�H[WUDFW�RI�+��VDEGDULIID��6$8��%&(�DQG�(&2�0,&V�ZHUH����PJ�P/�������PJ�P/��DQG�

��� PJ�P/� LQ�+�� DVSHU�� EXW� ������ PJ�P/�� ������ PJ�P/� DQG� ��� PJ�P/� LQ�+�� VDEGDULIID�

UHVSHFWLYHO\��67<�0,&�LQ�+��DVSHU�ZDV����PJ�P/�EXW�VKRZHG�QR�DFWLYLW\�LQ�WKH�H[WUDFW�RI�+��

VDEGDULIID��7KH�0,&�RI����DQG����PJ�P/�IRU�(&2�LQ�WKLV�VWXG\�DJUHHV�ZLWK�WKDW�RI�-XQJ�HW�DO��

�������ZKR�UHSRUWHG�VDPH�IRU�(&2�LQ�DTXHRXV�H[WUDFW�RI�+��VDEGDULIID 

7DEOH����/HDI�SURFHVVLQJ�SHUFHQWDJH�\LHOG��/33<��RI�+��DVSHU�DQG�+��6DEGDULIID 

0HGLFLQDO�SODQWV )UHVK�ZHLJKW 'U\�ZHLJKW <LHOG��� 
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+��DVSHU ��� �� ����� 

+��VDEGDULIID ��� �� ����� 

7DEOH����0HDQ�YDOXHV��PP��RI�LQKLELWLRQ�]RQH�GLDPHWHUV�RI�HWKDQROLF�OHDI�H[WUDFW�RI�+��DVSHU�

DJDLQVW�WKH�VHOHFWHG�SDWKRJHQLF�EDFWHULD 

  

 

,VRODWHV� 

������������������������0HDQ�]RQHV�RI�LQKLELWLRQ��PP�  

61 &�� &� &�� &�� &� 

 

&� 

 

6;7�

����J� 

$0�

����J� 

'062�

���� 

� 3$( 6.67 ±  

0.58d 

4.33 ± 

0.58bc 

2.33 ± 

0.58bc 

� � � 5 �� 1,/ 

� 398 5 5 5 5 5 5 5 5 1,/ 

� .$( 5 5 5 5 5 5 �� 5 1,/ 

� 6$8 7.67 ± 

0.58c 

3.33 ± 

0.58c 

2.33 ± 

0.58bc 

� � � 5 5 1,/ 

� %&( 15.00 ± 

1.00a 

13.67 ± 

0.58a 

12.33 ± 

0.58a 

10.00 ± 

1.00 

6.33 

±0.58 

� �� 5 1,/ 

� (&2 11.67 ± 

0.58b 

8.33 ± 

0.58b 

5.67 ± 

0.58b 

� � � 5 5 1,/ 

� 0&$ 5 5 5 5 5 5 5 5 1,/ 

� 67< 5.67 ± 

0.58e 

4.33 ± 

0.58bc 

2.67± 

0.58bc 

� � � 5 5 1,/ 

0HDQ�YDOXHV�ZLWK�GLIIHUHQW�VXSHUVFULSW�DORQJ�WKH�VDPH�URZ�DUH�VLJQLILFDQWO\�GLIIHUHQW�

IURP�HDFK�RWKHU��S����������9DOXHV�DUH�PHDQ�± Standard deviation of triplicate determination 

of inhibition zones OHVV�WKH�GLDPHWHU�RI�ERUHU. :KHUH�&� ����PJ�P/��&� ���PJ�P/��&� ���

PJ�P/�� &� ����� PJ�P/�� &� ����� PJ�P/�� &� ����� PJ�P/�� 3$( � 3VHXGRPRQDV�

DHUXJLQRVD�� 398�  3URWHXV� YXOJDULV�� .$(�  .OHEVLHOOD� DHURJHQHV�� 6$8�  6WDSK\ORFRFFXV�

DXUHXV��%&(� %DFLOOXV�FHUHXV��(&2� (VFKHULFKLD�FROL��0&$� 0RUD[HOOD�FDWDUUKDOLV��67<�

 6DOPRQHOOD�W\SKL��6;7 �6HSWULQ��$0� �$PR[LFLOOLQ��'062 �'LPHWK\OVXOSKR[LGH�DQG�5� �

5HVLVWDQW� 

7DEOH����0HDQ�YDOXHV��PP��RI�LQKLELWLRQ�]RQH�GLDPHWHUV�RI�HWKDQROLF�OHDI�H[WUDFW�RI�+��

VDEGDULIID�DJDLQVW�WKH�VHOHFWHG�SDWKRJHQLF�EDFWHULD 

 ,VRODWHV 0HDQ�]RQHV�RI�LQKLELWLRQ��PP�  

61 &�� &�� &�� &�� &� 

 

&� 

 

6;7�

����J� 

$0�

����J� 

'062�

��� 

� 3$( 8.00 ± 

1.00d 

7.67 ± 0.58cd 6.33 ± 

0.58bc 

- - - 5 �� 1,/ 

� 398 7.67 ± 

0.57e 

6.00 ± 0.00e 4.33 ± 

0.58d 

- - - 5 5 1,/ 

� .$( 9.67 ± 

0.58c 

8.00 ± 0.00c 4.00 ± 

0.00d 

- - - �� 5 1,/ 

� 6$8 11.00 ± 

1.00bc 

6.67 ± 1.15de 6.00 ± 

0.00c 

3.00 ± 

1.00b 

- - 5 5 1,/ 

� %&( 15.33 ± 

1.15a 

13.33 ± 

1.15a 

7.33 ± 

1.15a 

3.00 ± 

1.00a 

- - �� 5 1,/ 
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� (&2 3.00 

±1.00f 

2.00 ± 0.00f - - - - 5 5 1,/ 

� 0&$ 11.33 ± 

1.15b 

9.33 ± 1.15b 4.67 ± 

1.15d 

- - - 5 5 1,/ 

� 67< R R R R R R 5 5 1,/ 

0HDQ�YDOXHV�ZLWK�GLIIHUHQW�VXSHUVFULSW�DORQJ�WKH�VDPH�URZ�DUH�VLJQLILFDQWO\�GLIIHUHQW�

IURP�HDFK�RWKHU��S����������9DOXHV�DUH�PHDQ�± Standard deviation of triplicate determination 

of inhibition zones�OHVV�WKH�GLDPHWHU�RI�ERUHU.�:KHUH�&� ����PJ�P/��&� ���PJ�P/��&� ���

PJ�P/�� &� ����� PJ�P/�� &� ����� PJ�P/�� &� ����� PJ�P/�� 3$(�  � 3VHXGRPRQDV�

DHUXJLQRVD�� 398�  3URWHXV� YXOJDULV�� .$(�  .OHEVLHOOD� DHURJHQHV�� 6$8�  6WDSK\ORFRFFXV�

DXUHXV��%&(� %DFLOOXV�FHUHXV��(&2� (VFKHULFKLD�FROL��0&$� 0RUD[HOOD�FDWDUUKDOLV��67<�

 6DOPRQHOOD�W\SKL��6;7 �6HSWULQ��$0 �$PR[LFLOOLQ��'062 �'LPHWK\OVXOSKR[LGH�DQG�5� �

5HVLVWDQW�� 

7DEOH����0LQLPXP�LQKLELWRU\�FRQFHQWUDWLRQV��0,&V��RI�+LELVFXV�DVSHU�DQG�+LELVFXV�

VDEGDULIID�RQ�WKH�VHOHFWHG�EDFWHULDO�LVRODWHV 

61  %DFWHULDO�LVRODWHV� +��DVSHU��PJ�P/� +��VDEGDULIID��PJ�P/� 

� 3VHXGRPRQDV�DHUXJLQRVD��3$(� �� �� 

� 3URWHXV�YXOJDULV��398� 5 �� 

� .OHEVLHOOD�DHURJHQHV��.$(� 5 �� 

� 6WDSK\ORFRFFXV�DXUHXV��6$8� �� ���� 

� %DFLOOXV�FHUHXV��%&(� ���� ���� 

� (VFKHULFKLD�FROL��(&2� �� �� 

� 0RUD[HOOD�FDWDUUKDOLV��0&$� 5 �� 

� 6DOPRQHOOD�W\SKLPXULXP��67<� �� 5 

5� �5HVLVWDQ 

4. &RQFOXVLRQ�DQG�6XJJHVWLRQ    

7KH�WZR�SODQW�VSHFLHV�GHPRQVWUDWHG�DQWLEDFWHULDO�SRWHQWLDO�RQ�ERWK�*UDP�SRVLWLYH�DQG�

*UDP�QHJDWLYH�EDFWHULD�LQ� WKLV�VWXG\��+RZHYHU��+��VDEGDULIID�ZDV�PRUH�DFWLYH�DV� LW�VKRZHG�

DQWLEDFWHULDO�DFWLYLW\�RQ�VHYHQ�EDFWHULD�DV�DJDLQVW�+��DVSHU� WKDW�ZDV�RQ�ILYH�RXW�RI�WKH�HLJKW�

H[SHULPHQWHG�LVRODWHV��7KH�DQWLEDFWHULDO�HIIHFW�RI�WKH�H[WUDFWV�IURP�ERWK�SODQWV�ZDV�JUHDWHVW�RQ�

%&(�ZLWK�PHDQ�LQKLELWLRQ�]RQHV�GLDPHWHU�RI�15.00 ± 1.00a mm and 15.33 ± 1.15a mm in H. 

asper and H. sabdariffa respectively. The MIC of BCE was lower in H. asper (6.25 mg/mL) 

than H. sabdariffa (12.5 mg/mL). %DVHG�RQ�WKH�RXWFRPH�RI�WKLV�H[SHULPHQW��H. asper and H. 

sabdariffa DUH�WKHUHIRUH�VXJJHVWHG�DV�SRWHQWLDO�DQWL�EDFWHULD�VRXUFHV�WR�EH�UHFNRQHG�ZLWK�IRU�

IXUWKHU�UHVHDUFK�LQ�KHUEDO�DQWLPLFURELDO�GUXJ�IRUPXODWLRQ�E\�SKDUPDFHXWLFDO�LQGXVWULHV�ERWK�IRU�

KXPDQ�XVDJH�DQG�LQ�DQLPDO�KXVEDQGU\��7HVWLQJ�RI�WKH�EDFWHULDO�LVRODWHV�ZLWK�KLJKHU�H[WUDFWV¶�

FRQFHQWUDWLRQV�FDQ�EH�HYDOXDWHG�IRU�WKH�SRVVLELOLW\�RI�EHWWHU�UHVXOWV�� 

$FNQRZOHGJHPHQWV� 

1RQH 
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&RQIOLFW�RI�,QWHUHVW� 

7KH�DXWKRUV�KDYH�QR�FRPSHWLQJ�LQWHUHVW�WR�GHFODUH�� 

)XQGLQJ� 

1RQH�ZDV�UHFHLYHG�WR�FDUU\�RXW�WKH�H[SHULPHQWV���� 

5HIHUHQFHV� 

Adamu, H. and Ngwu, R.O. (2015). Phytochemical screening and antibacterial activities of 

Hibiscus sabdariffa. Nigerian Journal of Chemical Research, Volume 20 pp 46 ± 52.  

Adel, M., Kelly, M., Samantha, T., Lynn, F., Brenda, T., Jun, W., Heba, M., Sharon, P., 

Archibald, P., Paul, G., Dwight, H. and Nicole, P. (2019). Nextgeneration-sequencing-

based hospital outbreak investigation yields insight into Klebsiella aerogenes 

population structure and determinants of carbapenem resistance and pathogenicity. 

Antimicrob Agents Chemother 63:02577-18. https://doi.org/10.1128/AAC .02577-18. 

$PH\D��*���*XUH��$��DQG�'HVVDOHJQ��(����������$QWLPLFURELDO�DFWLYLW\�RI�(FKLQRSV�.HEHULFKR�

DJDLQVW�KXPDQ�SDWKRJHQLF�EDFWHULD�DQG�IXQJL��$IUL��-��7UDGLW�&RPSOHPHQW�$OWHUQ�0HG�

�����������±������� 

$QQD�� %��� $QWRQL�� 3��� *DUERZVND�� 0�� DQG� ,ORQD�� 6�� �������� 3UHYDOHQFH� DQG� 7R[LFLW\�

&KDUDFWHUL]DWLRQ�RI�%DFLOOXV�FHUHXV� LQ�)RRG�3URGXFWV� IURP�3RODQG��)RRGV����������

�����GRL���������IRRGV��������ZZZ�PGSL�FRP�MRXUQDO�IRRGV 

$URJERGR��-��2��DQG�$MD\L��2��$����������&RPSDUDWLYH�VWXG\�RI�WKH�SK\WRFKHPLFDO��SUR[LPDWH�

DQG� PLQHUDO� FRQVWLWXHQWV� RI� DLU�GULHG� OHDYHV� RI� +LELVFXV� DVSHU� DQG� +LELVFXV�

VDEGDULIID����WK�$QQXDO�&RQIHUHQFH�RI�1LJHULDQ�6RFLHW\�IRU�$QLPDO�3URGXFWLRQ�%RRN�

RI�3URFHHGLQJV���%DXFKL��������3S�����±������ 

$WHXIDFN��*���1DQD��<��:���'RQJPR��)��%��5���)RQNHQJ��6��/���.XLDWH��-��5��DQG�.DPDQ\L��$��

��������$QWLGLDUUKRHDO� DQG� ,Q� YLWUR�$QWLEDFWHULDO�$FWLYLWLHV� RI� /HDYHV� ([WUDFWV� RI�

+LELVFXV�DVSHU�+RRN��)���0DOYDFHDH���$VLDQ�-RXUQDO�RI�3KDUPDFHXWLFDO�DQG�&OLQLFDO�

5HVHDUFK������������±�����������,661������������ 

Benger, S., Townsend, P., Ashford, R. L. and Lambert, P. (2004). An in vitro study to determine 

the minimum inhibitory concentration of Melaleuca alternifolia against the 

dermatophyte Trichophyton rubrum. Foot 2004; 14(2): 86 ± 91. 

%LUHVZDU�� %�� DQG� &KDUX�� 6�� �������� 3RWHQWLDO� %LRDFWLYH� 3URSHUWLHV� RI� +LELVFXV� VDEGDULIID�

�5RVHOOH���:RUOG�-RXUQDO�RI�3KDUPDF\�DQG�3KDUPDFHXWLFDO�6FLHQFHV������������±������ 

%XUNLOO�� +��0�� �������� 7KH� 8VHIXO� 3ODQWV� RI�:HVW� 7URSLFDO�$IULFD��9RO�� ��� .HZ�� (QJODQG��

6FLHQWLILF�3XEOLFDWLRQV�'HSDUWPHQW��5R\DO�%RWDQLF�*DUGHQV��������3S���� 

%XUNLOO��+��0����������7KH�XVHIXO�SODQWV�RI�:HVW�7URSLFDO�$IULFD���QG�HGLWLRQ�YROXPH���IDPLOLHV��

0�5��5R\DO��%RWDQLFDO�*DUGHQV��.HQ��8QLWHG�.LQJGRP��3S������� 

&KDQGUDQ��$��DQG�0D]XPGHU��$����������3DWKRJHQLF�SRWHQWLDO��JHQHWLF�GLYHUVLW\��DQG�SRSXODWLRQ�

VWUXFWXUH� RI� (VFKHULFKLD� FROL� VWUDLQV� LVRODWHG� IURP� D� IRUHVW�GRPLQDWHG� ZDWHUVKHG�

�&RPR[�ODNH��LQ�%ULWLVK�&ROXPELD��&DQDGD��$SSO�(QYLURQ�0LFURELRO����������±������ 

'HEDVLV��0���6DQGHHS��.��'���%DODUDP��'���0DQLGHHSD��6���3UDWLS��.��.��DQG�6RPHQDWK��5��

�������� ,VRODWLRQ� DQG� &KDUDFWHUL]DWLRQ� RI� 0XOWL�'UXJ� 5HVLVWDQFH� 3URWHXV� YXOJDULV�
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IURP� &OLQLFDO� 6DPSOHV� RI� 87,� ,QIHFWHG� 3DWLHQWV� IURP� 0LGQDSRUH�� :HVW� %HQJDO��

,QWHUQDWLRQDO�-RXUQDO�RI�/LIH�6FLHQFH�DQG�3KDUPD�5HVHDUFK��������������� 

Elmanam, A. A., Alyazji, A. A. and Abu, G. N. A. (2011). Antibacterial, antifungal and 

synergistic effect of Lawsonia inermis, Punica grantum and Hibiscus sabdariffa.  Ann 

Alquds Med, 7:33 ± 41.  

(QF\FORSHGLD� EULWDQQLFD� �������� µ5RVHOOH�SODQW¶� :ULWWHQ� E\� WKH� (GLWRUV� RI� (QF\FORSHGLD�

%ULWDQQLFD��������LQF��$FFHVVHG�RQ������������ 

)R\HW��+��6���$EGRX��%��$���3RQND��5���$VRQJDOHP��$��(���.DPWFKRXLQJ��3��DQG�1DVWDVD��9��

��������(IIHFWV�RI�+LELVFXV�DVSHU�OHDYHV�H[WUDFWV�RQ�FDUUDJHHQDQ�LQGXFHG�DUWKULWLV�LQ�

UDWV��-�&HOO�$QLP�%LRO�������������������� 

Fullerton, M., Khatiwada, J., Johnson, J. U., David, S. and Williams, L. L. (2011). 

Determination of antimicrobial activity of sorrel (Hibiscus sabdariffa) on Escherichia 
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