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�V����������������1� ����
0$��#���0��	!� ����� 0���
$�� Staphylococcus aureus, Bacillus cereus, Listeria monocytogenes, 
Candida albicans, Saccharomyces cerevisiae var. sake and Aspergillus fumigatus TISTR 3180 %��
�
	
�V������ S. cerevisiae var. sake 0�� B. cereus 1� ����8�����8$*
 MIC (Minimum Inhibitory 
Concentration) #�*
�� 0.28 0�� 0.56 	�������	�*�	�������� �
	�>
�� 0����8$*
 MFC (Minimum 
Fugicidal Concentration) ,��� MBC (Minimum Bactericidal Concentration) #�*
�� 0.56 	�������	�*�
	�������� 4��2���8$*
 MIC ��8������ L. monocytogenes, C. albicans, A. fumigatus  TISTR 3180 ���
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 MBC ,��� MFC #�*
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 MIC 0�� MBC ��8������ S. aureus 	�$*
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�"�!	�����$�� limonene (31.64 #(���#=/���) �
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$�� citronellal (25.96 #(���#=/���) 0�� β-pinene (6.83 #(���#=/���) �*!��
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(22.75 #(���#=/���) 0�� citronellal (15.66 #(���#=/��� )  
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sake 0�� L. monocytogenes ����0�*��1	*	�"��*��
������� S. aureus, B. cereus, C. albicans 
0�� A. fumigatus TISTR 3180 ����
�����#�)����=�#���
�"�!	����� 4��
,
�	���#�� 4.5 
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MIC  0�� MBC  ��8#�*
���$�� 0.28 	�������	�*�	�������� 0�������
������� Salmonella sp. 0�� E. coli 
O157 : H7 DMST 12743 =78�#(6�0$��#���0��	�1� � !� #	�8��>
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�� ������	�
������� L. monocytogenes, C. albicans 0�� A. 
fumigatus TISTR 3180  ����0�*��1	*	�"��*��
������� S. aureus, S. cerevisiae var. sake 0�� B. 
cereus �*!��
�4, $!
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������!����� B. cereus ,���#��	�
�����#�)����=�#���
�"�!	�������8����$!
	#� 	� � 
2.25, 1.13, 0.56 0�� 0.28 	�������	�*�	�������� �!*
��8����$!
	#� 	� � 2.25 0�� 1.13 	�������	
�*�	�������� B. cereus �����
� 5.12 0�� 5.08 Log CFU �*�	��������#(6� 2.74 0�� 2.85 Log CFU 
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ABSTRACT 
 

Seven crude extracts from peels of Citrus spp. (Citrus hystrix DC., Citrus aurantifolia Swingle, 
Citrus maxima Merr., Citrus paradisi, Citrus reticulate Blanco, Citrus reticulate Blanco cv chugun 
and Citrus japonica Thunb) were investigated for their antimicrobial activities against microorganisms 
by broth microdilution assay.  Ethyl acetate extracts from all citrus peels showed stronger 
antimicrobial properties than essential oils obtained from hydrodistillation.  The ethyl acetate extract 
from kaffir lime (Citrus hystrix DC.) showed broad spectrum inhibitory against all gram positive 
bacteria, yeasts and fungi including Staphylococcus aureus, Bacillus cereus, Listeria monocytogenes, 
Candida albicans, Saccharomyces cerevisiae var. sake and Aspergillus fumigatus TISTR 3180.  They 
also exhibited MIC values of 0.28 and 0.56 mg/ml against S. cerevisiae var. sake and B. cereus, respectively 
while the MFC and MBC values against both microbes were 0.56 mg/ml.  The MIC values of the extract 
against L. monocytogenes, C. albicans and A. fumigatus TISTR 3180 were 1.13, 1.13 and 1.13 mg/ml 
and MBC or MFC values were 2.25, 2.25 and 2.25 mg/ml whereas the MIC and MBC values against 
S. aureus were 1.13 and 1.13 mg/ml, respectively.  The major constituents of the ethyl acetate extract 
from kaffir lime were limonene (31.64 %) citronellal (25.96 %) and β-pinene (6.83 %) whereas 
β-pinene (30.48 %) sabinene (22.75 %) and citronellal (15.66 %) appeared to be major compounds of  
the essential oil.  

The antimicrobial effectiveness of the kaffir lime peel extract was dependent on various 
conditions such as pH, heating processes and food compositions.  The presence of palm oil had 
reduced the inhibitory activities of the extract against all strains tested.  Skim milk had reduced 
the inhibitory activities of the extract against S. cerevisiae var. sake and L. monocytogenes but 
there was no such influence against S. aureus, B. cereus, C. albicans and A. fumigatus TISTR 3180.  
Addition of wheat flour had increased the MIC values against S. cerevisiae var. sake from 0.28 mg/ml to 
1.13 mg/ml but no effect against B. cereus and A. fumigatus TISTR 3180 was observed.  The greatest 
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activities were exhibited at the MIC and MBC values of 0.28 mg/ml against both S. aureus and B. 
cereus at pH of 4.5, at which inhibition of Gram-negative bacteria such as Salmonella sp. and E. coli O157 
: H7 DMST 12743 could be observed.  Pasteurization at temperature of 72 °C for 15 minutes had 
reduced the inhibitory activities of the extract against L. monocytogenes, C. albicans and A. fumigatus 
TISTR 3180 but there was no reduction of the inhibitory activities against S. aureus, B. cereus and 
S. cerevisiae var. sake.  At the concentration of 2.25 and 1.13 mg/ml, B. cereus was reduced from 
5.12 and 5.08 Log CFU/ml to 2.74 and 2.85 Log CFU/ml, respectively after 1 hour exposure.  At the 
concentration of  0.56 mg/ml, the extract reduced B. cereus from 5.23 Log CFU/ml to 3.14 Log CFU/ml 
was applied after 9 hours of incubation.  Morphological changes of B. cereus treated with the extract 
of 0.56 mg/ml and 1.13 mg/ml of citronellal, leakage of cell wall was observed by transmission 
electron microscopy (TEM) analysis.   

Cytotoxic assay of the kaffir lime peel extract, citronellal and limonene were evaluated 
towards HT-29, KB, Hela and MCF-7 cancer cell lines.  Kaffir lime extract showed strong cytotoxic 
activities against KB, Hela and MCF-7 but no such inhibition against HT-29 cell lines.  Citronellal 
showed cytotoxic activities against KB only, whereas limonene had no cytotoxic activities against all 
cancer cells tested.  
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