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ABSTRACT 
The aim of this study was to investigate of the chemical composition of the essential oil extracted from Mentha longifolia 
collected from different regions of Lorestan province (Khorramabad, Aleshtar, Delfan) and to determine the antibacterial 
activities against three certain bacterial strains (Pseudomonas aeruginosa, Staphylococcus aureus, Escherichia coli). The 
chemical profiling of the essential oil was performed using gas chromatography-mass spectrometry (GC-MS) analysis. GC-
MS analysis revealed that essential oil of M. longifolia from Khorramabad region was constituted by pulegone (54.41%) and 
1, 8-cineole (22.05%) as a major component. M. longifolia from Aleshtar was rich in piperitenone (29.29%), pulegone 
(17.53%), piperitenone oxide (14.35%), 1, 8-cineole (14.34%) and the main component of M. longifolia from Delfan was 
citronelyll acetate (59.93%), aromadrene (5.1%), respectively. A significant correlation between geographical and soil 
characteristics, except phosphorus and electrical conductivity, with the essential oils components was detected. The results 
obtained using MIC and MBC showed that the minimum inhibitory concentration of the essential oil of M. longifolia from 
studied region was in the range of 0.03-2 mg/mL. The most effective essential oil in bacterial inhibition for E. coli and S. 
aureus bacteria was the essential oil from Aleshtar and Delfan, respectively. Two bacteria P. aeruginosa and S. aureus were 
least susceptible to M. longifolia essential oil from Khorramabad region. The essential oil of M. longifolia from different 
regions of Lorestan provinc exhibited low to high inhibitory activity against gram-positive and negative 
bacteria,.which depended to the region of collected plants and studied bacterial strains. In this research, three components 
citronellyl acetat, citronellal and aromandrene was detected in M. longifolia essential oil for the first time 
 
Keywords: Antibacterial activity, chemical composition, essential oil, Lorestan, Mentha longifolia. 
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Average temperature  (ºC) 
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Khorramabad (Robat Dowlatshah village) 48˚17ʹ 37ʺ 33˚ 37ʹ 45ʺ 1338.9 523.40 16.10 

Aleshtar (Karamolahi village) 48˚ 24ʹ 46ʺ 33˚ 79ʹ 5  ̋ 1570.5 474.10 13.60 

Delfan (Payame Noor university) 47˚
 
99ʹ 94  ̋ 34˚ 4ʹ 35  ̋ 1844.1 446.70 12.20 
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�AE��" �A*#%� �A)/	%N 8�1 - �d/n6%* �d/N�6%N 

�/�6� ��mN/0 ��,)����< AF%�/���"�,���"�   

3-�d/)��"� 3-d/)��"�&��*� � 2 -D� - R)�Hm� � 

A�#�9%  &�'%"#$ k#�9� A%  ()�*� o2�6� 

`#^ <��  � #�9N� 8,��9� .,
 ���=A6%0#$ � 

()�#$ d���"/6%0 Ma� �� ()�*� ���%= .aG6� #�9N� 

8,��9� �,
 B%"#$��D ���/�/�6� �d/�6� R%�� �&��*� 

�� �A�)��� #"��#> -D� R%F)�#�%* �&��*� R6N/$�I*� � 

d�/FE�,�#�� Ma� �� ()�*� .aG6� �EN� !��*�6
 

,),
. �� A�� Q����< �E$&� 8,	?D� �� &�'%"#$ 

()�*� � ,J�� A�� &�'%"#$ 8,��9� .,
 �mN/0 �  

2/49 ,J��� /6��#I%0 �  9/29 ,J�� � 

R%F)�#�%* &��*� �  93/59 ,J�� .  B%$#$ A�#�9%  

,J�� &�'%"#$ ()�*� o2�6� `#^ �� <� #�9N� � �EN� 

�� R%�9$ .,)���   

&��E$ �� &�'%"#$ ()�*� �� !� �/$ .  /2� 

P:9� .  #%+|$ M��#
 !��m9��� #  3%	" � 3%E%" 

()�*� A�� .)/= 3'�) ��� )Rabiee et al., 2016.( 

t���) Q��@0D�� `�\)� 8,
 �� !*�#  &�'%"#$ 

!��%	%
 8�%= !����� .)/0 P:9� �#" ." ��,a� � 

3%E%" &�'%"#$ .�/)�+ 3f$#%+|$ R��/? !	%FC� � 

!�%���� OF�:� ��#C �.��#= 6 A��# � !� �/$ !^#  

o2�6� �� .  �/6? o2�6� ,4��� 3;> !F��D��* � 

j]J� }%$ !��%	%
 #$#  �� #p) 3�#= )Hoseeini et 

al., 2017.( �� !*�#  3%	" � 3%E%" ()�*� .)/0 �� 

o2�6� OF�:� ��*� v��� � �*�#^ D/-� 34 

B%"#$ �� ()�*� !��*�6
 ,
 ." A�#�9%  �H%� 

1�8 - d/n6%* � d/�6� �� 8�m9��� ���� A�#�9%  

�H%� �mN/0 .  B%$#$ �� .aG6� ��/" � �&�)�/  

/��#I%0 ,%�"� �� 8�m9��� ����" � ��� .  B%$#$ 

A�#�9%  ��,a� �� ,6�
�� )Hoseeini et al., 2017( � 

�� D�a�#�< ! /6> P:9� ,
 ." /�6� B%"#$ 

8,	? ()�*� .)/0 !�,
�  )Okut et al., 2013.(   

�� !*�# D�� `�\)� 8,
 �� !W�/) OF�:� 

�����%>�$ A�#�	;� &�'%"#$ !FJ� ()�*� .)/0 

R��
 �mN/0 � /�6� L��H= 8,
 3*� )Sharopov 

et al., 2012.( �� .4N�G� &�'%"#$ ()�*� .)/0 �� 
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,6x .aG6� �� ��*� �*�#^ D/-� � v��� 

&�'%"#$ 8�1 -�d/n6%* �d/�6� ��mN/0 I%0/��# 

,%�"� � /6��#I%0 A�#�9%  ��,a� �� A%  &�'%"#$ 

()�*� ,6�
�� )Hoseeini et al., 2017( ." &�'%"#$ 

()�*� .aG6� `#^ �� < � #�9N� A�� t���) �� ,%�|$ 

!� .,6" &�'%"#$ !FJ� R%�9$8,6�� ()�*� .)/=D�� 

OF�:� V�64) �� .F	> M. aquatica� M. arvensis� 

M. piperita� M. pulegium� M. rotundifolia R��
 

���/�/�6� 8�1 - �d/n6%* /6��#I%0�,���"� ��mN/0 

�d/�6� �/�6� /�6�/n) � �� AF%�/���" L��H= 8,
 

3*� )Benabdallah et al., 2018( ." A�� &�'%"#$ 

�� .)/0 ��/� .4N�G� �� A�� o%af$ H%) 8,��9� 

.,��#= �� .4N�G� &�'%"#$ ()�*� /0.) M. longifolia 

�� o2�6� OF�:� �*�#^ D/-� � v��� P:9� ,
 

." �mN/0 A�#$Y�  B%"#$ .)/	)D�� &�)�/  )55/49 

,J���( ,;9� )71/45 ,J���( )��/"23/45 ,J���( 

)#	
�"72/40 ,J��( �� R%�9$ !�,�� ." . �9� t���) 

()�*� .aG6� `#^ �� < !�,
�  ��� �� .)/	)D�� �,%I* 

)17/62 ,J���( 3 #$.��,%W )8/38 ,J��( � ���6x 

)77/35 ,J��( B%"#$ /6��#I%0,%�"� A�#$Y�  ��,a� 

�/  )Hoseeini et al., 2017( ." &�'%"#$ ()�*� .aG6� 

#�9N� �  < !)�/:	� .����   

�� ~%� `�," �� o2�6� B%"#$ d])�#�%* � 

R%F)�#�%*&��*� � �,)����< 8,��9� .,9) R �C #"� 

3*� ." &�'%"#$ �d/F)�#�%* d])�#�%* � 

R%F)�#�%*&��*� ZH> &�'%"#$ !FJ� !)���%= ,6)�� 

�&�'"#� R= ��� ��f�� /	%N � v/�I%N�"� 8�/  ." 

#G4� � D���� 3%N�4� ,-!���#�"�  ,6��� )Bakkali 

et al., 2008.( A%6T	� B%"#$ d])�#�%* .  �/6? 

B%"#$ !FJ� ()�*� '\)��� .�/ )Melisa officinalis( 

L��H= 8,
 3*� )Abdellatif & Hassani, 2015.( 

��� �� A�� o%af$ B%"#$ R%F)�#�%*&��*� )93/59 

,J��( �� .aG6� ��EN� d])�#�%* )61/ ,J��( �� 

.aG6� `#^ �� < � �,)����< �� .* .aG6� ��/� 

.4N�G� )`#^ �� <� #�9N� � (�EN� �  #���a� 129/0� 

19/1 � 1/5 ,J�� .  B%$#$ 8,��9� .,
   

  
d�,> 2. D�H>� �9$%R 8,6�� ()�*� .)/0 .* .aG6� ��*#N  

Table 2. Components of essential oil of M. longifolia from three areas of Lorestan province 
Compounds RI Rt 1(Khoramabad) 2 (Aleshtar) 3(Delfan) 
Pulegone 1256 13.08 49.2 17.54 0.73 
Limonene 1032 6.98 0.92 4.21 2.71 
1,8-Cineole 1040 7.13 22.05 14.34 4.55 
Linalool 1077 7.9 0.17 0.19 0.16 
3-octanol acetate 1111 8.71 0.26 0.28 0.59 
Trans Pinocarveol 1148 9.73 0.12 0.04 0.05 
Menthone 1167 10.25 7.57 0.06 0.11 
Isomenthone 1176 10.52 0.35 0.15 0 
trans dihydrocarvone 1188 10.85 1.32 0.44 0 
Terpin-4-ol 1192 10.96 0.19 0.15 0.1 
α- Terpineol 1208 11.45 2.26 0.5 0.42 
Citronellal 1230 12.21 0.61 0 0 
Piperitone 1269 13.51 0.09 0.51 0 
Piperitenone 1355 16.66 1.8 29.3 0 
Piperitenone oxide 1375 17.44 0.15 14.35 0 
Aromandrene 1427 19.46 0.29 1.2 5.1 
α- Thujene 924 5.17 0.03 0.05 0.01 
α- Pinene 936 5.34 1.83 2.33 0.87 
Camphene 956 5.64 0.07 0.1 0.02 
Sabinene 976 5.94 2.28 2.53 0 
Myrcene 986 6.09 5.64 5.96 2.21 
3-Octanol 996 6.24 0.71 1.22 0.52 
Caryophyllene oxide 1595 26.06 0.29 0.09 0.62 
2-e-Hexenal 856 4.33 0.04 0.16 0.21 
α- Terpineol 1180 10.64 0 0.04 0.42 
γ-Terpinene 1059 7.54 0 0.05 0 
Trans Carveol 1212 11.58 0 0.1 0 
Carvone 1274 13.71 0 0.74 2.97 
Germacrene D 1492 22.01 0 0.28 2.75 
Cis Carveol 1211 11.56 0 0 0.23 
ß- Pinene 975 5.93 0 0 1.13 
Menthofuran 1172 1040 0 0 0.07 
Menthol 1187 10.81 0 0 0.68 
Menthyl acetate 1309 14.94 0 0 0.02 
Citronellyl acetate 1408 18.7 0 0 59.93 
Spathulenol 1590 25.86 0 0 0.29 
ß- Farnesene 1449 20.3 0.07 0.2 1.74 
γ- Elemene 1333 15.84 0 0 0.16 
Viridiflorol 1607 26.53 0 0 0.04 
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�� ()�*� .)/0 .aG6� �EN� B%"#$ R%F)�#�%* 

&��*� L��H= !� /
� ." �� &�'%"#$ ()�*� #��* 

o2�6� .4N�G� 8,
 �� A�� o%af$ 8,��9� .,9) 

/6"�$ ~%� .)/= !
��H= !6'� #  �/>� .* B%"#$ 

d])�#�%* � R%F)�#�%*&��*� � �,)����< �� ()�*� 

.)/0 )Rohde et al., 2004; Sulieman et al., 2011; 

Abbaszadeh et al., 2013; Mozaffarian, 2013;. 

Laggoune et al., 2016; Anwar et al., 2017( 

8,��9� 8,9) .3*� �'N�. R �C #"� 3*� ." B%"#$ 

�,)����< �� ()�*� M.spicata �� #;
 &�G* 

Q"�#� L��H= 8,
 3*� )Bensabah et al., 2013.( 

8�]? #  V/) �`�,)� M��#
 !	%FC� ["�W #  �8�m9��� 

Z�96� �!��%��#s> V�E$�� �� �G* ����� }%$/)h �!��%= 

#+� R �a�� }%$/)h � �M%f� �R���$ RW�#� �Dh/N/6� 

��� 3
��#  �8�%= .>�� �!�9^ M��#
 c9^�,
 

L�� � ��� �g�#:�*� �/{W [�%)�=���#�%��� � OF? 

�#� �� �/�"��D�� #+_� #  V/6$ �� ?�#�F	 � &�'%"#$ 

!��%	%
 ()�*� !�,
�  )Karousou et al., 2000; 

Kelen & Tepe, 2008; Hadipanah et al., 2012;. 

Allali et al., 2013; Rodriguse et al., 2013;. 

Laggoune et al., 2016; Hoseeini et al., 2017;. 

Hadi et al., 2018.( !*�# D�� .FJ�W �9) ��� 

V/6$ !�%�)h !�Y�  �� .)/0 �/>� ���� ." !� )�/$, �� 

.\%�) V/6$ !	%FC� ��%�  &��E�� �� �#�� � A%6T	� 

��#> !)h �� #+� A9=#=� �/  � #%S�$ !�6> 

M*/$ �K  �� A�� 8�%= ,
� . �� R" k�� A%6x V/6$ 

!�Y�  �� 3�#�,� � 3��EW `�h[*]0 A�� 8�%= ,%E� 

!� ,
�  � j]J�#= �� �� %4$A% D���#'��� 

8#;  �D���#  j]J� � !F��D��* � 39" � ��" A�� 

8�%= D��� !�,6" )Hassanpour Reyhani et al., 

2017(.   

R �C #"� 3*� ." &�'%"#$ !FJ� ()�*� .)/0 

5	>D��< 8,
 �� o2�6� OF�:� ��*#N D���� ��/^ 

#�� !�.,6
�  1� 8 - d/n6%* D���� #+� ! �#G-�,- � 

R
8,66" &]{? !�,
�  )Lahlou et al., 2002; 

Kim et al., 2014.( A%6T	� A�� B%"#$ 5)�� #%S�$ 

�2#* 8��� U�H  ��)� �  D�aN� �/�0/0< !� /
� � 

D���� &�#+� ,-N��! �; � ,-!���#�"�  3*� )Murata 

et al., 2013.( �mN/0 D���� 3%N�4� !��h/N/%  

.)�=,6xD� R��
 !�)<!)�,%�"�� �! �#�%�,- 

8#9W !9" � !�)<A%N/" ��#�*� !�.,
�  �mN/0 .  �/6? 

c� R��? !)���� D�#  D��	% D�� ! �;�N� R �C 8��E�*� 

3*� )Roy et al., 2018.( ����" R%�)��0 ! /^ �� 

D#%=/F> �� ,
� D#�"�  .�
�� A%6T	� 3%J�^ 

���C !9" � 5��� &�#9W .���� 8�]4  D���� 3%J�^ 

)<!�!)�,%�"� !�Y�  3*� )Kee et al., 2017.( ()�*� 

.aG6� `#^ �� < A�#$Y�  ��,a� �� &�'%"#$ ��mN/0 1�8 - 

�d/n6%* /�6� � ����" .����  

B%"#$ /6��#I%0,���"� .  &,
 !	* � 5��� 

8#9W �N�  A.stephensi RC�) 3*���Y�� )Tripathi et 

al ., 2004.( A)/	%N .  �/2 8�#��= .  �/6? c� 

!)��H�� #G4� � q/FG� �� &Y/if� !�#i� ,6)�� 

���#G? !),%
/)�� � / �J 8��E�*� !� /
.� 8�]4  

ZH> !'%"#$ &Y/if� k�08,66" !m)�^ !�,
� . 

!=@��D�� !����� RS� 3%N�4� ,-�! �#�%� 

!�)< !)�,%�"� � ,-! �;�N� �#)< !'%"#$ q/FG� �� 

5��6J !��K7 � %
/)!), 8�#" 3*� )Erasto & 

Viljoen, 2008.( A�#$Y�  �H%� �� &�'%"#$ /6��#I%0 

� /6��#I%0�,���"� A)/	%N � A*#%� �� .aG6� #�9N� 

8,��9� .,��#= R%F)�#�%*&��*� !4��� �  #G? 

8/%� D� 3*� ." BF7� .  �/6? #G? t��� �3*� 

A%6T	� A�� B%"#$ D�#  !S6^�#" [42D�� #m�� 

8/%� �� AF"���� 8��E�*� !� /
� )Bauer et al., 

1997.( R%F)�#�%*&��*� .  ��,a� D���� �� ()�*� 

.aG6� �EN� 8,��9� .,
  

  

�0�1	.� ��2��3��  4� 5��.�3-��� � ��	���� 

����  

&�'%"#$ 8�1- d/n6%* � /6��#I%0 �  pH k�^ 

!m��'	� 3'S� !64� ���D ,6�
��� ��� ��'$�� ��V�E$ 

�� �G* ���� �  B%"#$ 8�1- d/n6%* !E6� � !64� ��� 

L��H= !� /
.� .  #p) !�,*� .��,%*� k�^ !�� �� 

D���/�"�� 8,66"��,f� ()�*� �� .3*���m9��� 

!*#�*� .  A�,6x ��/� !),4� DKs� �� ���%= 

,6)�� �h�#�%) #E�� � [%*��0 !� )�/$, M*/$ pH 

k�^ 3f$#%+|$ ��#C �#%m  )Kazemi et al., 2017.(  
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�� �#2 #m�� ��'$�� ��,a� [%*��0 k�^ �  8�1 - 

d/n6%* 3'S� � !64� ��� .�/  B%"#$ �EN<A6%0 �  

,J�� A
 � B%"#$ ����" �  ,J�� 3F%* 

!m��'	� 3'S� � !64� ���D �9) ,)���� ��� A%  

B%"#$ /�6� � �EN<d/6%0#$ �  ,J�� v�  !m��'	� 

!E6� !64� ���D 8,��9� .,
 !m��'	� B%"#$ 

A6%0#$�EN< �  ,J�� c�< !E6� .�/  �mN/0 �  M*/�� 

��� � !=,)��  ��'$�� 3'S� � !64� ��� �9) ��� 

d�,>) 3.( !� �/$ .\%�)D#%= �#" ." �  Q��H�� pH 

k�^ �� B%"#$ 8�1 - d/n6%* � /6��#I%0 Q��H�� 

!�, �� � �  Q��H�� ,J�� A
 � 3F%* k�^ "#$B% 

�EN<A6%0 � ����" .  B%$#$ Q��H�� �9) !�.,6�� 

Q��" V�E$�� �� �G* ���� � Q��H�� ��,a� [%*��0 

k�^ y?�  Q��H�� �� B%"#$ 1� 8- d/n6%* 

!� /
.,) B%"#$ �mN/0 �  Q��H�� ��� � !=,)��  

Q��H�� .���� !N�W�� ." B%"#$ /�6� � �EN<d/6%0#$ �  

Q��H�� ,J�� v� � c�< Q��" !�., �� R��/? 

!G%f� R��
 �c�< v� � .*�� A�#$Y�  !m��'	� 

!64� ��� �  &�'%"#$ ()�*� �� 8�%= Chaerophyllum 

macropodum ,6�
�� )Rabie et al., 2018.( .>/$ .  

#%+|$D��K= R��/? D#m�� ,6)�� B%
 �.aG6� ��,a� 

�h�#�%) 8��� !N< �k�^ RW�#� Dh/N/6� �8�%= A* 

8�%= � �/>� [�%)�=���#�%��� � OF? ��#� &�4N�G� 

!F%	�$ ��;69%0 !� /
.�  

  

'�,�&/ $6���������  

��)�t RJ�W �� *�# ! RC�,W 3pF7 =,)����� ! � 

RC�,W 3�pF7 =,69"! ()�*� .)/0 5	>D��< 8,
 �� 

o2�6� OF�:� ��*� ��*#N ��D D#�"� D�� 

*�# ��/�! .  8�#	� ��/^ �)<!#�"� �d� 8��� ���,)��*� 

A%*��"/F��#I%* � A%����/�)�� �� d�,> 3 8���< 8,
 

3*�. A�� t���) �9) !�,�� ." A�#�	" MIC .%F? 

E.coli 125/0 !F%�`#= .  D��� #� !F%�#�%N ()�*� 

.aG6� #�9N� .�/  A�#�	" MIC .%F? Staphylococcus 

aureus 031/0 !F%� `#= .  D��� #� !F%�#�%N ()�*� 

.aG6� �EN� P:9� �8,
 !N�W�� ." A�#�	" MIC 
.%F? aeruginosa pseudomonas 25/0 !F%�`#= .  D��� 

#� !F%�#�%N ()�*� .aG6� #�9N� � �EN� L��H= .,
    

  
d�,> 3. &�i:9� !��%��#s> � k�^ o2�6� 5	>D��< .)/0  

Table 3. Geographical and soil characteristics of Mentha longifolia collection sites 
Piperitenone Piperitenone oxide α- Terpineol Menthone 1,8-Cineole Limonene Pulegone Geographical and soil characteristics 

0.499 ns 0.458 ns -0.999* -1** -0.826 ns 0.894 ns -0.937ns T.N.V1 (%) 
-0.982 ns -0.927 ns 0.619 ns 0.653 ns 0.113 ns -0.924 ns 0.349 ns P (mg/kg) 
0.107 ns 0.152 ns 0.835 ns 0.810 ns 1* -0.459 ns 0.963 ns K (mg/kg) 
0.19 ns 0.235 ns 0.785 ns 0.757 ns 0.994 ns -0.382 ns 0.937 ns OC (%) 
-0.75 ns -0.719 ns 0.932 ns 0.947 ns 0.601 ns -0.99 ns 0.776 ns EC (mS/m) 
0.997* 0.993 ns -0.522 ns 0.004 ns 0.997* 0.873 ns -0.237 ns pH 
0.942 ns 0.926 ns -0.73 ns -0.76 ns -0.262 ns 0.971 ns -0.487 ns Sand (%) 
-0.861 ns -0.837 ns 0.846 ns 0.869 ns 0.440 ns -0.999* 0.643 ns Silt (%) 
0.492 ns 0.452 ns -0.999* -1*** -0.83 ns 0.89 ns -0.940 ns Clay (%) 
-0.057 ns -0.103 ns -0.861 ns -0.838 ns -1* 0.502 ns -0.975 ns Height above sea level (m) 
-0.154 ns -0.108 ns 0.949 ns 0.934 ns 0.973 ns -0.673 ns 1** Annual rainfall (mm) 
-0.152 ns -0.106 ns 0.948 ns 0.933 ns 0.974 ns -0.671 ns 1** Average temperature (ºC) 

ns� * � **: .  B%$#$ �/') &��E$ !64����� &��E$ !64� ��� �� G*j ��	�Wd 5 � 1 .,J��  
ns, * and ** Non significant, significant at the 5% and 1% levels probability, respectively 
1. Total Neutralizing Value 

  
.���� d�,> 3. &�i:9� !��%��#s> � k�^ o2�6� 5	>D��< )/0.  

Continued Table 3. Geographical and soil characteristics of Mentha longifolia collection sites 
Citronellyl acetate Germacrene D Carvone Myrcene Sabinene α- Pinene Aromandrene Geographical and soil characteristics 

0.494 ns 0.572 ns -0.849ns 0.492 ns -0.243 ns 0.725 ns 0.364 ns T.N.V1 (%) 
0.335 ns 0.247 ns 0.924 ns -0.98 ns -0.575 ns -0.995 ns 0.466 ns P (mg/kg) 
-0.911 ns -0.945 ns  0.114 ns 0.767 ns -0.181 ns -0.842 ns K (mg/kg) 
-0.942 ns -0.969 ns 0.383 ns 0.197 ns 0.818 ns -0.097 ns -0.885 ns OC (%) 
-0.189 ns -0.279 ns 0.99 ns -0.745ns -0.081 ns -0.907 ns -0.047 ns EC (mS/m) 
-0.444 ns -0.359 ns -0.872ns 0.997 ns 0.667 ns 0.977 ns -0.567 ns pH 
-0.189 ns -0.097 ns -0.971ns 0.939 ns 0.445 ns 0.999* -0.327 ns Sand (%) 

0ns -0.093 ns 0.999* -0.858ns -0.268 ns -0.97 ns 0.143 ns Silt (%) 
0.5ns 0.578 ns -0.891ns 0.486 ns -0.25 ns 0.72 ns 0.371 ns Clay (%) 

0.889 ns 0.928 ns -0.503ns -0.064ns -0.734 ns 0.229 ns 0.814 ns Height above sea level (m) 
-0.773 ns -0.829 ns 0.673ns -0.147ns 0.575 ns -0.429 ns -0.675 ns Annual rainfall (mm) 
-0.774 ns -0.830 ns 0.672 ns -0.145ns 0.577 ns -0.427 ns -0.676 ns Average temperature (ºC) 

ns� * � :** .  B%$#$ �/') &��E$ !64����� &��E$ !64� ��� �� G*j ��	�Wd 5 � 1 .,J��  
ns, * and ** Non significant, significant at the 5% and 1% levels probability, respectively 
1. Total Neutralizing Value 
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.  �%  #m�� #+_�A�#$ ()�*� �� !=,66"��;� 

D#�"�  E.coli �  S. aureus.  B%$#$ ()�*� .)/0 .aG6� 

#�9N� � �EN� !�,
�  � ["A�#$#+� ()�*� �� 

!=,66"��;� D#�"�  P. aeuruginosa ()�*� .aG6� 

`#^ �� < �/  ." &�,C !=,)�����  < c� `��;x 

!�)< /% c%$ ���,)��*� .�/   

��,a� MBC ()�*� .)/0 .aG6� `#^ �� < � #�9N� 

.%F? E.coli 8 # �#  MIC < ).  B%$#$ d��4� 2 � 1 

!F%�`#= .  D��� #� !F%�(#�%N .  3*� ,�< !N�W�� ." 

MBC ()�*� .)/0 .aG6� �EN� .%F? A%	� D#�"�  4 

# �#  MIC < �/  d��4�) 1 !F%�`#= .  D��� #� 

!F%� .(#�%N �� A�� o%af$ MIC � MBC 

A%*��"/F��#I%* .%F? #� �� D#�"�  E. coli � 

P.aeuruginosa # �#  � d��4� 125/0 !F%�`#= �� 

!F%�#�%N �/ � ��� MIC � MBC !�)< /% c%$ 

A%����/�)�� .%F? D#�"�  S. aureus� 002/0 !F%�`#= 

�� !F%�#�%N .  3*� .,�< 3���a� #� .* D#�"�  ��/� 

.4N�G� .  ()�*� .)/0 .aG6� `#^ �� < #�9%  .3*� 

3%*��W D#�"�  `#= 3'S� S. aureus 3'�) .  ()�*� 

.aG6� �EN� #�9%  �� �� D#�"�  `#= !E6� E. coli � 

aeruginosa. P !�.,
�   

RC�,W 3pF7 !=,)�����  ,
� D#�"� D�� ��/� 

.4N�G� 3f$#%+|$ .* ()�*� A%  03/0 �$ 5/0 !F%�`#= 

�� !F%�#�%N .�/  3'�) MBC/MIC ()�*� �� .aG6� 

`#^ �� < � #�9N� D�#  D#�"�  E.coli� .aG6� #�9N� � 

�EN� .%F? D#�"�  S. aureus D���� 8 �� #�9%  �� 8 

�/ � �� !$�/J ." A�� 3'�) D�#  ()�*� .* .aG6� 

.%F? P. aeruginosa� .aG6� �EN� .%F? D#�"�  E. coli 

� .aG6� `#^ �� < .%F? S. aureus D���� �� #�	" �� 4 

.�/  &�,C )����� !=, ()�*� .%F? .�/*D�� ! �#�%� 

.  &�/J #�� [%�a$ D,6  !� /
:,) 1 - &�,C !=,)�����  

!N�? µl/ml50MIC<� 2 - &�,C !=,)�����  R �C .>/$ 

µl/ml250<MIC<50� 3- &�,C !=,)�����  [" 

µl/ml500 <MIC<250� 4- &�,C !=,)�����  

O%4- �� ,C�� &�,C !=,)�����  µl/ml<MIC500 

)Koba et al., 2004.(  
  

  
R�
 1. &�'%"#$ !FJ� ()�*� .)/0 5	>D��< 8,
 �� .* .aG6� ��*#N )A: `#^ �� <� B: #�9N�� C: (�EN� 

Figure 1. Main component essential oil of M. longifolia from three areas of Lorestan 
(A: Khorramabad B: Aleshtar C: Delfan) 
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#  A�� v�*� &�,C !=,)�����  ()�*� .* .aG6� 

.%F? E. coli� ()�*� �� .aG6� #�9N� � �EN� .%F?   

P. aeruginosa � ()�*� .aG6� #�9N� .%F? D#�"�    

S. auerus R �C.>/$ �/ � !N�W�� ." P:9� ,
 ." 

&�,C !=,)�����  ()�*� .aG6� �EN� .%F? D#�"�    

S. auerus !N�? .3*� &�,C ����� !=,) ()�*� .aG6� 

`#^ �� < #  .%F? �� D#�"�  P. aeruginosa  � S. auerus 

[" !�.,
�   3%J�^ !=,)�����  ()�*� .)/0 .aG6� 

#�9N� � �EN� Oi) !�)< /% c%$ ���,)��*� 

A%*��"/F��#I%* !�.,
�   

#=� 3'�) MBC/MIC D���� �� #�	" �� 4 ,
�  

()�*� 3%J�^ !=,69" D#�"�  ����� ��!N�W ." 

#=� A�� 3'�) #�9%  �� 4 ,
�  ()�*� �� B%"#$ 

c%$��*/�#�"�  )5)�� ,
� D#�"� ( !�,
�  )Berche 

et al., 1991.( �  .>/$ .  A�� V/-/� !� �/$ 3E= 

()�*� .* .aG6� .%F? D#�"�  P. aeruginosa� 

.aG6� �EN� .%F? D#�"�  E. coli � .aG6� `#^ �� < 

.%F? D#�"�  S. aureus 3%J�^ !=,69" .�
�� � 

()�*� �� .aG6� `#^ �� < � #�9N� .%F? D#�"�  E. coli � 

�� .aG6� #�9N� � �EN� .%F? D#�"�  S. aureus 

3%J�^ c%$��*/�#�"�  �9) .,)��� �  .>/$ .  t���) 

A�� Q��@0 ()�*� 8�%= .)/0 5	>D��< 8,
 �� o2�6� 

OF�:� ��*� ��*#N D���� 3%J�^ -!���#�"� , �  

.>�� &��E�� �� [" �$ !N�? ,6��� � A�� 3%J/i^ 

.��  .  Rf� 5	>D��< .)/	) � .�/* D#�"�  ��/� 

Q����< &��E�� !�.,
�   

A�� t���) 3%*��W &��E�� D#�"� �� � H%) �/>� 

&��E$!��� �� B%"#$ ()�*� ���%= ��/� Q����< �� 

P:9� !�.���* �  3��6? .  .������D A�� o%af$ 

!� �/$ 3E= ." 8��E�*� �� ()�*� .)/0 .aG6� #�9N� 

#  .%F? E. coli� ()�*� .aG6� #�9N� � �EN� .%F?   

P. aeruginosa � ()�*� .aG6� �EN� .%F?   

S. aureus ��;69%0 !� /
.� A%6T	� ()�*� .aG6� 

#�9N� !� )�/$, .  �/6? c� 8��� 8,)��,;m) !4%'2 

D�#  ��/� �K7!� j#G� .�/
 `�Y .  #"� 3*� ." 

D#�"�  P. aeruginosa ZH> �/F� !4%'2 8��� 8�/  � 

!� )�/$, R��? D#+_� �� ��\�� 3)/E?D�� �!)��*��	%  

3)/E? D�� D��\� �D����� �#�"� ���! 3)/E? ,�,
 

�� ���	%  !m�^/* � ���	%  �'�] .  c%��%* 

(���#'%� q/�f� �/
 )Song et al., 2001; 

Guedes Stehling et al., 2008.(  

�  .>/$ .  &�#+� ,-! �#�%� R �C.>/$ .)/0 �� 

.aG6� #�9N� � �EN� D�� q�#�%� `��a� v�)/���/* 

��/6�h�#b< L��� !����� ()�*� .)/0 A�� �� .aG6� 

P:9� !� /
.� A�,6x .4N�G� 3%*��W A%��0   

P. aeruginosa .  ()�*� V�64) !FEF� �� �9) 

!� ,6�� )Aridogan et al., 2002; Soković et al., 

2007.(   

  

d�,> 4 .MIC� MBC � 3'�) MBC/MIC ()�*� .)/0 .* .aG6� ��*#N #  .* .�/* D#�"�   

Table 4. MIC, MBC and MBC/MIC of essential oil of M. longifolia from three areas of Lorestan province against 
three strain of Bacteria 

 Minimum Bactericidal Concentration (MBC, mg/ml) 

Microorganism 
Vancomycin Ciprofloxacin 

M. longifolia 

(Delfan) 
M. longifolia 

(Aleshtar) 
M. longifolia 

(Khorramabad) 
 0.125 1 1 2 E. coli 

 0.125 0.25 0.25 1 P. aeruginosa 

0.002  >2 2 2 S. aureus 

 MBC/MIC 

 1 4 8 8 E. coli 

 1 1 1 2 P. aeruginosa 

1  66 8 4 S. aureus 

Minimum Inhibitory Concentration (MIC, mg/ml) 

 0.125 0.25 0.125 0.25 E. coli 

 0.125 0.25 0.25 0.5 P. aeruginosa 

0.002  0.031 0.25 0.5 S. aureus 
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