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��
� �Q !�78� �
��c7@ >� ?	� Knutson 	 Jeanes )1968 (%�
(��� .!  �Q�8V &�x�i� >� J�3 24 ���
� B��3
Q 
�8�;�
��8�  �Q��Q  b�� L�!�7�
N ��:� .!  �� L� &T7�� 4 
������7 g��� B	
^ J_�` �

�
 MIC ]�
�� ��i�� 	  !�Q��!��   100 ���7	�6�� >� �8�;�
��8� 
Q	�6�� �Q �@ �N
Y� .!  >� T7�� !X
N ]�
�� �Q��8�� !�
  J[�� 	 >� T7�� !X
N B��3
Q �Q��8�� !�
  
(�� %�
(��� .!  T7��
� �Q�!� 24 J�
� �� �6�  �8�
Q86�� C°37 ���X .!��N�� �Q�8_�� %>�!��B��� �
��c7@ !�78� &%!  ��!��   



 !�" &����� ���� 	 
�	��� �
�
�� �
����� ��
��
�	�36 %�
�  &2     199  70 ���7	�6�� >� J�3 B��3
Q �Q 600 ���7	�6�� �8��� ���8QL��8(78�!��� �� D
�^ 5@ M� �N
Y� 	 4 ���
\ ]6��	 .!���� ]�� 20 ���7	�6�� �8��� �	>
Q�
3 2/0% �Q �@ �N
Y� !  	 �� B
�� C°55 ���X .JN�� ]E >� J R� 30 &���X� OD �� �8V n8� nm 540 %>�!��B��� .!  OD ��d
Q �
��%!��� !�78� ��d
Q �
��c7@ .�8Q F�
�>@ 3 �
Q ���6� .!     $
6R� 5�����3 $8 �
��� 7�:�U�  B��Q 
���Q J�7
�N B>
��d� >� 
 	� �3 wP[X g�8� Ohman 	 ���
6�� )1980 (O�  %��� %!  &�8Q %�
(��� .!  �Q T�� �8_�� !�s 
��3 >� B��3
Q �� g��� PTSB )5% �8��E + 25/0% L������ B8� (�
�@ m���� !  	 
� �
�> �!��� �Q  ��^��
����
97 )8/0 =600OD( �Q86�� !����. T�� J�3 
Q g��� PTSB B	
^ J_�` �
�

 MIC ]�
�� v�X� !  	 
�8�;�
��8�  �Q��Qb�� L�!�7�
N  J�!Q!�@ )cfu/ml 810(. >� T�� &�8�;�
��8�   5 
������7 �Q L� T7�� W���� .!  >� g��� !X
N ]�
�� �Q��8�� !�
  J[�� 	 >� g��� !X
N B��3
Q �Q��8�� !�
  
(�� %�
(��� .!  T7��
� �Q �!� 16 J�
� �� C°37 ��
i���B��R� .!�!  ]�� �
�8��� T7��
� j8�(����
� 	 �
��E8�J�
 >� ����N µm 45/0 �8[� %��� .!  �� ����� �� L� �787 ��E��&��� 10 
���D�� T���d� 89�3�� 	 2 
������7 T�6�� �N
Q )-Tris M 0.1 maleate 	 2CaCl mM 1( 
Q 1 
������7 J�
�
��E8� z8�i� .!  �787
� �Q�!� 2 J�
� �Q��8) 
�N� �� 8�
Q86��� ����6�  ���X !��N�� )C°37& rpm 180.( ]E >� &�@ 2 
������7 �N
Q b�!� �
(;N )6 pH( �Q �787
� �N
Y� !���� 	 ��)
NPQ �787
� �� D
�^ 5@ M� ���X .JN�� �� J�
:� �
�8��� �787
� ����N 	 OD 
:�@ �� �8V n8� nm 490 JS��X .!���� F�
�>@ �Q��8)   3 �
Q ���6� D
��� .!   $
6R� 5�����3 $8 �
��� �
��9�A 7�V�+$-  �Q�8_�� F��� �\� ]�
��
� �Q !�78� T�7
67@ &>
I�	�E �!�Q� J��E
�
� B	
^ g��� Agar Milk Skim B���� J_�` �� MIC ]�
�� ��:� .!  >� L� J�3   24 ���
� B��3
Q 
�8�;�
��8�  �Q��Qb�� L�!�7�
N ��:� 	 �@ ��!�� 10 ���7	�6�� �� 43�� J��E m���� .!  >� g��� !X
N ]�
�� �Q��8�� !�
  J[�� %�
(��� .!  �� ����� J��E
� �Q �!� 24 J�
� �� B
�� C°37 ��
i���B��R� .!�!  �� J�
:� J�7
�N 
6���78I�	�E 
Q %>�!��B��� ��X �7
� ~
(  ~��V� W�� ! � B��3
Q 
���Q ! . T�� F�
�>@ �Q��8) 3 �
Q ���6� D
��� !  )1968 Kazanas,(.    ��,;�?
4(�+ 	��)A  �� L� >� F�
�>@
� WX�!^ 3 �
Q ���6� .!  A�
�� J�!Q%!�@ �� �;�
�� 
Q ��8�� !�
  
Q �8�>@ 4�7
�@ ]�
���	 L��N�V )ANOVA( 	 �8�>@ �;�
��B� LSD ��8� 
���Q X��� .!��N�� ���
��� ��8Q �	
(�
� 
Q ��!��   
P ���3 >� 05/0 
Q
�>�� .!     �����  %����<= >
 $�	�3 5�����3  U�3��B
� W�6��%!��� ]�
��B
� 4 ��8� %>�� �� �	!" 1 �
�� %��� %! .J�� 	�3�	�
3&� ��
E -T��� 	 
�
�-T��E�� U�3��B
� %!�� �8"8� �� ]�
��B
� %>�� &B�9�� � 
�
��>8G 	 B�
��iQ .!��8Q �	�3�	�
3 F�Q >� 80% >� U�3��B
� ]�
��B
� %>�� B�9�� � 	 
�
��>8G �� W�6�� 
�.��� ��!�� T�� U�3�� B��Q >��% B�
��iQ 5/55% .�8Q U�3��B
� %!�� ]�
�� %>�� 
6��8� �QU���� &�8��� 
�
�-&T��E�� ��
E -T��� 	 �	�3�	�
3 �8Q!�.      



200   5���� $6�17$) 	�3 ... W+�O 1- >
 $�	�3 %����<= 1�= �� 5���� 4 ���K 17$) ���) ����Y)   Z���  [�� >
 $� \B�= 	���7�8  5���� 17$)  	$]<
=�  %��:�7�B  	��
:^8  �9
��)  1  α-thujene 926  1/0  -  3/0  8/0  2  α-pinene 937 3/0  -  6/0  4/0  3  camphene 952  -  -  2/0  -  4 β-pinene 977  4/0  -  -  1/1  5 myrcene 989  0/1  0/1  3/1  7/0  6 α-phellandrene 1003 2/0  1/0  -  -  7 α-terpinene 1013 5/0  2/0  2/1  2  8 ρ-cymene 1021 2/4  8/3  6/17  9/16  9 1,8-cineole 1030 3/0  6/0  -  -  10 γ-terpinene 1058 6/1  4/1  6/9  6/17  11 ρ-mentha,3,8-diene 1071 1/0  2/0  -  -  12 terpinolene 1083 0/1  3/0  0/1  1/0  13 n-nonanal 1100 0/1  5/0  0/2  -  14 borneol 1165 5/0  2/0  3/1  2/0  15 methyl ether thymol 1233 0/1  1/1  -  -  16 thymol 1290 6/0  9/0  0/3  46  17 carvacrol 1295  83  5/87  5/55  6/7  18 E-caryophyllene 1424  -  -  1/2  5/2  19 germacrene D 1483  4/1  -  -  -  20 spathulenol 1575  -  -  5/0  3/0  _��;) 2/97  8/97  2/96  2/96    H
���� �'%8+$9
) 5�����3   T�� ��7
�� �\� !Y 
Q	�6�� ]�
�� 4 ��8� %>�� ���� 	� ��8� ���!�
��� 2
�8�	�8� �>8��"	�S@ 
Q 	� ?	� ��8� 
���Q ���X .JN�� B��Q T���� �7
� D!� ! � >� ?	� L;�� �j8�(�� 	 B��Q T���� MIC >� ?	� T 8����	�6�� a��Q %�
(��� .!  
�
�� ]�
��
� B���� J�7
�N 
Q	�6��!Y ���� �� 	� ��8� ��8� ��7
�� .!��8Q A�
�� W)
^ �� �	!" 2 �
�� %��� %! .J��       



 !�" &����� ���� 	 
�	��� �
�
�� �
����� ��
��
�	�36 %�
�  &2     201  W+�O 2- H
���� �'%8+$9
) 5�����3	 17$) �
4M ����	�3 N���)+��� �7�<
O+$PA  	$: �8  5���� 17$)  $YG ���3 [�M �=� )mm( MIC (µg/ml)  MBC (µg/ml) N���)+��� �7�<
O+$PA PAO1 B�
��iQ  6/0± 3/9  4096  4096  
�
��>8G  2/1 ± 3/12  2048  2048  
6��8�  8/0 ± 8/8  4096  4096  B�9�� �  5/1 ± 2/10  2048  2048  N���)+��� �7�<
O+$PA 8821M B�
��iQ  4/1 ± 5/11  2048  8192 
�
��>8G  4/1 ± 2/13  2048 4096 
6��8�  9/1 ± 11 2048 8192  B�9�� �  3/1 ± 1/13  2048 4096    $
6R� 5�����3 $8 H $�  
Q �"8� �Q A�
�� QJ�!&%!�@ 
�
�� ]�
��
� �� J_�` 
�

�
 MIC U"8� �
:� W�
3 J3�^ .!�!  T��e�� J_�` �

�
 MIC ]�
��
� 4�� U"8� F�
3 ���
��� J3�^ B��3
Q !  )P≤0.001(. �� T�� &F�
�>@ ]�
�� %>�� 
�
��>8G T�����Q �\� 
�!��3�
:� �� J �� �	!") 3.(    W+�O 3- $
6R� HI4J �

�
 MI 5����	�3 4 ���K 17$) $8 H $� ���� N���)+��� �7�<
O+$PA PAO1    �3�=  5���� 17$)  	��
:^8  %��:�7�B �9
��) 	$]<
=� $YG ���3 H $� (mm) 76/0 ± 83/7  58/0 ± 67/6  29/0 ± 17/5  29/0 ± 17/6  5/0 ± 5/5  ���� `3�   ---  9/14 %  34 %  3/21 %  8/29 %  ����) P  ---  *02/0  *001/0<  *003/0  *001/0<  *: B���� ~P�G� 
������    $
6R� 5�����3 $8 ?
9@� Q4
��
8  A�
�� �
�� ��� �� 4 ]�
�� %>�� B���� J�7
�N !Y 
���N8�Q ���� 2
�8�	�8� �>8��"	�S@ PAO1 !��8Q. ��� ]�
��
� �� J_�` �� MIC U"8� F�
3 ���
��� W�6�� b��N8�Q !�!  )≤0.001P.( A�
�� W)
^ �� W6  1 F�
�� %��� %! .!�� T��e�� !)�� F�
3 W�6�� b��N8�Q �� �	!" 4 �3� %!  .J��    



202   5���� $6�17$) 	�3 ...   ?9= 1- �F���) $
6R� HI4J �
�
 MIC 5����	�3 17$) $8 ?
9@� Q4
��
8 ���� N���)+��� �7�<
O+$PA PAO1    W+�O 4- ��,
) `3�  ?
9@� Q4
��
8 ���� N���)+��� �7�<
O+$PA PAO1 �� ��a� HI4J �

�
 MIC 5����	�3 17$)    5���� 17$)  	��
:^8  %��:�7�B �9
��) 	$]<
=� ���� `3�  HbF� �8 �3�=  8/72%  3/80%  2/79%  2/79%  ����) P  *001/0<  *001/0<  *001/0<  *001/0<  *: B���� ~P�G� 
������    $
6R� 5�����3 $8 �
��� S�<�T�A  A�
�� �
�� !���� �3 
�
�� ]�
��
� �� J_�` �

�
 MIC U"8� F�
3 ���
��� !�78� �
��c7@ �� ��8� 2
�8�	�8� �>8��"	�S@ 8821M 
�!�8  )05.0≤P(. �� T�Q ]�
��
�& %>�� 
�
��>8G �\� 
��
3 B����Q J �� 	 J;��8� �Q ��4�� B����Q !�78� �
��c7@ �� 3F�
 .!�� A�
�� W)
^ �� W6  2 F�
�� %��� %! .!�� T��e�� !)�� F�
3 !�78� �
��c7@ �� �	!" 5 �
�� %��� %!  .J��    W+�O 5- ��,
) `3�  �
��� S�<�T�A ���� N���)+��� �7�<
O+$PA 8821M �� ��a� HI4J �

�
 MIC 5����	�3 17$)    5���� 17$)  	��
:^8  %��:�7�B �9
��) 	$]<
=� ���� `3�  HbF� �8 �3�=  6/21%  6/74%  7/31%  9/45%  ����) P  *013/0  *001/0<  *002/0  *001/0<  *: B���� ~P�G� 
������    0.125 0.034 0.025 0.026 0.02600.020.040.060.080.10.120.14 5����OD 490 !�
 B�
��iQ 
�
��>8G 
6��8� B�9�� �



 !�" &����� ���� 	 
�	��� �
�
�� �
����� ��
��
�	�36 %�
�  &2     203    ?9= 2- �F���) $
6R� HI4J �
�
 MIC 5����	�3 17$) $8 �
��� S�<�T�A ���� N���)+��� �7�<
O+$PA 8821M    $
6R� 5�����3 $8 �
��� 7�:�U�  �� T�� ��7
�� �\� ]�
�� 4 ��8� %>�� �Q !�78� >
��d� ��8� 2
�8�	�8� �>8��"	�S@ PAO1 
���Q !����. J_�` �� MIC �� 4 ]�
�� U"8� F�
3 ���
��� !�78� >
��d� !  )≤0.001P(. A�
�� W)
^ >� T�� F�
�>@ �� W6  3 �
�� %��� %!  J��. T��e�� !)�� F�
3 !�78� >
��d� �� �	!" 6 �3� %!  .J��      ?9= 3- �F���) $
6R� HI4J �
�
 MIC 5����	�3 17$) $8 �
��� 7�:�U� ���� N���)+��� �7�<
O+$PA PAO1  0.562 0.44 0.143 0.384 0.30400.10.20.30.40.50.60.7 5����OD 540 !�
 B�
��iQ 
�
��>8G 
6��8� B�9�� �2.89 0.4 0.265 0.32 0.3600.511.522.533.5 5����OD 490 !�
 B�
��iQ 
�
��>8G 
6��8� B�9�� �



204   5���� $6�17$) 	�3 ... W+�O 6- ��,
) `3�  �
��� 7�:�U� ���� N���)+��� �7�<
O+$PA PAO1 �� ��a� HI4J �
�

 MIC 5����	�3 17$)    5���� 17$)  	��
:^8  %��:�7�B �9
��) 	$]<
=� ���� `3�  HbF� �8 �3�=  2/86%  85/90%  96/88%  5/87%  ����) P  *001/0<  *001/0<  *001/0<  *001/0<  *: B���� ~P�G� 
������    $
6R� 5�����3 $8 �
��� �
��9�A 7�V�+$-  �� T���� ����7
�� ���\� 4 ����8� ]�
���� %>���� ���Q !���78� @T�7
��67>
��I�	�E ��8��� 2
�8�	�8��� �>8����"	�S@ PAO1 
���Q !����.  J�_�` �
�

 MIC  
�
���  ]�
��� 
��  U�"8� F�
3 ���
��� !�78� T�7
67@>
I�	�E !  )P≤0.001(.  A�
��� W)
^ >� T�� F�
�>@ �� �	!" 7 %��	@ %!  .J��    W+�O 7- $
6R� HI4J �
�

 MIC 5�����3	 17$) $8 �
��� �
��9�A7�V�+$- N���)+��� �7�<
O+$PA PAO1  �����  �3�=  5���� 17$)  	��
:^8  %��:�7�B �9
��) 	$]<
=� $YG ���3 )mm( 58/0 ±33/21  58/0 ± 33/15  87/0 ± 5/12  15/1 ± 67/12  00/1 ± 00/14  ���� `3�   ---  13/28 %  4/41 %  6/40 %  4/34%  ����) P  ---  *001/0<  *001/0<  *001/0<  *001/0<  *: B���� ~P�G� 
������    ���  2
�8�	�8� �>8��"	�S@ 
6� >� =�
 T��� B��3
QB
� D�� 
(�� J)�NU�V �� J�8(�B
� 
�
���
��Q J�� �3 J�	
�� WQ
X 
:"8� �� �Q��Q ��8� !Y
Q	�6�� .���� Q
 �"8� �Q F��4N� �	4N�>	� J�	
��B
� 
��@
6��8�Q& F���� �Q T�49�
" ���3 
:�@ 
Q %��	@�NB
� 
��[V F��4N� ��N
� .J�� �
��]B
� 
�
�� 
Q ���� ��8Q U�3��B
� !Y
Q	�6�� h��i� 
�!���8� �Q��8�� %�� ^
� B��Q B��9��E 	 �
:� J�8(�
�B 
Q	�6�� !� 
Q )2010 .,al et Tajkarimi(. 
G�Q �
�7
�� �
�� %���!�� �3 ]�
�� %>�� B���� J�7
�N 
Q	�6��!Y WQ
X 
:"8� �� �Q��Q B��3
QB
� D�� J[�� 	 
(�� J�� ) Cilkiz, & Tepe 2016(. Sefidkon 	 ���
6�� )2007( �� ��7
��B�  B
��\�
Q	�6��!Y ]�
�� 	� ��8� %>�� B�
��iQ 	 
�
��>8G �� �� 	� ��^�� J ���Q W[X 	 !�Q >� 
�!�� �� �Q��Q !�s B��3
Q �j8�
E D�� J[�� 	 D�� 
(�� >����" 2
�8�	�8� �>8��"	�S@ 
Q ?	� L;�� �j8�(�� ��8� 
���Q ���X .!���� �� 	� ]�
�� �� �� 	� ��^�� J ���Q B���� �\�B
� !Y
Q	�6�� ���� ��� B��3
Q
� .!��8Q �� ��^�� W[X >� 
�!�� �� 	� ]�
��  B
��\�!Y
Q	�6�� 
:Q
�� !�� �� 
�� �� ��^�� !�Q >� 
�!�� %>�� 
�
��>8G ��6���  B���\<�J �� 	 J;��8� B
���X �7
� D!� ! � B����4Q �
��� .!�3 
� �� T�� ��7
��  B
��\�!Y
Q	�6�� ]�
�� �
:s ��8� %
�� %>�� �� �Q 2
�8�	�8� �>8��"	�S@ ��8� 
���Q ���X .b���� ��  T�� F�
�>@ L;�� &�j8�(�� ��X �7
� D!� ! � �
��� %!  g�8� 
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�
�� �
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�	�36 %�
�  &2     205  ]�
��B
� %>�� 
�
��>8G 	 B�9�� � �� �� 	� ��8� 2
�8�	�8� �>8��"	�S@ J[;� �Q ]�
��B
� %>�� B�
��iQ 	 
6��8� ����Q �8Q �3 >� T�� J:" 
Q ��7
�� Sefidkon 	 ���
6�� )2007( J�Q
�� .���� T��e�� A�
�� W)
^ >� F�
�>@ T 8����	�6�� a��Q 4�� 
Q A�
�� L;�� �j8�(�� J�Q
�� .���� A�
�� �
�� !���� �� 4 ]�
�� %>�� B���� �\� �
:�
�!��3 ! � 	 
�!��3 �� �� 	� ��8� 2
�8�	�8� �>8��"	�S@ .!��;� ��!�� MIC 	 MBC �� ��8� 2
�8�	�8� �>8��"	�S@ PAO1 B��Q ]�
��B
� %>�� 
�
��>8G 	 B�9�� � �Q��Q hx� ��!�� MIC 	 MBC ]�
��B
� %>�� B�
��iQ 	 
6��8� .�8Q �� ��8� 2
�8�	�8� �>8��"	�S@ 8821M ��!�� MIC ��� ]�
��
� �Q��Q �8Q 
�� MBC ]�
��B
� %>�� 
�
��>8G 	 B�9�� � hx� 	� ]�
�� %>�� �9�� .�8Q �� �8��� �� �� 	� &��8� ]�
��B
� %>�� 
�
��>8G 	 B�9�� � 
�iQ�\� B����Q !�� �� 	 �� J_�`B
� B���3 U"8� �
:� ! � 	 
� T��3 ��8�
� .!�!  Seghatoleslami 	 ���
6�� )2009( �� ��7
��B� 
�
��8� ]�
�� %>�� 
�
��>8G �� �� �
:� ! � !�s B��3
Q &B>�8� W�N	�S@	�6�� 	 
QB>�8� 
Q ?	� �
�@ T 8���� ��8� 
Q
�>�� ���X .!���� T�� ]�
�� U"8� �
:� ! � 
�
�� B��3
Q
� .!  T�����Q ��!�� MIC �Q��Q 
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     Pseudomonas aeruginosa is one of the most common opportunistic bacteria in nosocomial infections, which has a significant resistance to antimicrobials. Due to the restrictions in the use of antibiotics, the tendency to replace them with natural products has increased. In this study, the antimicrobial effect of four species of Satureja essential oils (S. mutica, S. bachtiarica,  
S. rechingeri and S. khuzestanica) on virulence factors of P. aeruginosa was evaluated. The minimum inhibitory concentration of Satureja essential oils was determined by microdilution broth method against standard strains of P. aeruginosa including PAO1 and 8821M. In the following, the effect of sub-minimum inhibitory concentrations (sub-MIC) of essential oils was investigated on virulence factors of this bacterium including motility, biofilm formation and alginate, elastase, and alkaline protease production of these two strains. All four Satureja essential oils had antimicrobial effects against the standard strains of P. aeruginosa, and also sub-MIC concentrations of the essential oils significantly reduced the virulence factors production of these strains. In this study, the suitable antagonistic effects of Satureja essential oils were observed against P. aeruginosa standard strains. By further study, these essential oils can be used as an antimicrobial compound against this bacterium.  Keywords: Essential oils, Pseudomonas aeruginosa, virulence factors, Satureja.  


