
�������	
���	��������������  

57                            ����� /��	 
��6 ���� /94 -  �����57  ��70 

  

��� ���� 	 
�� ��� ��� ������� ���� ����� ����� ��� ����� ������� ��!"�� �#� �� ����
 $�%� �� �����BHI  

&��� �'�  
�������	
�����������������	�������������� ������� ���� 	!��."���� ���� ���#$� ��%&  

 :��()� �*)���mashak@kiau.ac.ir  
 :�'��(� )�(�*28/10/1394                                                                     :+���, )�(�*20/11/1394  

  
��+,  

-(�56� -���� 7� ;�<�$ ;�=6$�� ��	! >?@� A� �$� ��%��� -�%20  �(��� 	B(��6��5@� C�6� "�
D (� ����� -�E
���	����' AF#G � AD�* �%���� .	���H��$� %� ���I$� A� -�A�� "���G A� �E�6� -�E�	�(�� �?$ ���% .�(�� ��D� ��� (� �J6?K -�E

��(���' � ��$ >K (� A� �$� "���� ���� ��6��� ���I$� ����� -�E	� 7� A<�(� L6MN* O�� %� P	E .���� ���6, �Q��( � -��
A�� 7� "���G A� �?$ ���% H��$� �����6�	Q �R� ����%(� 	�S �	� 7� (� ;�<�$ ;�=6$�� -���� A6=G �J6?K ����� �	�(��

 TU� -%�� �'����*����� ���$� 75� A� � 	� ���V$� W& (�V� �� �6XM* +�( A=6$� A� �?$ ���% ��6� H��$� .�$� -(���'
Y6K A� (���.�'�� (��F T6=N* �(�� ���D �Z=� �6R�* H�$) �?$ ���% H��$� Y=V� -�E0 �005/0 �015/0 �03/0  �045/0 

A�� -��� � (	B(�) -(��10  �25  �35 ���$ AD(� ^��� _6N� (� ;�<�$ ;�=6$�� -���� �� (����BHI "��% �K ��6J� -�E
 -�E%�() `���%& %�1 �2 �3 �4 �5 �6 �9 �12 �15� 18 �21 �24 �27 �30 �36  �42 ;�=6$�� -���� 	�( .�'�� (��F �$(�� �(�� (

�Z=� ���(�� �� ;�<�$ 015/0  -��� (� �?$ ���% H��$� 	B(�10 ���$ AD(� �Z=� O6�c5E � ����030/0  (� H��$� 	B(�
 -���25  �35 ���$ AD(���J� (�K A� ������� �	6, `E�� -(�� )05/0<P�( �	� .( AJd�X� O�� (� �	�& �$� A� -���6, �Q�

��	���* .	��� ����� ��6e�% �K f@6���(����6� O�� g��66h* ����%(� �
D -	6I� (����  
 :����" -�./�	.	�( ��5!� 	B(� f�(��d �;�<�$ ;�=6$�� ��?$ ���% H��$� ����6, �Q��( �	�  

���0�  
 -��%��� -���(�56� (��(��$� -���� ;�<�$ ;�=6$��

����(�&�' (� >=�� A� 	������� �6Z� ����� -�E �
g�e��?$i��� �j�$ ���(�&�' � �6� �_���� �N* ���?d -�E 

�� >$��� ��6d�� f<#G .	��5� O6@��* 	6d�* � 	�( 	���*
 ��e�� �d�
$� � ����I$� k�' �� A� A=B�! �6��5@�

�� ��	! .���20 �6��5@� C�6� �(��� 	B(� ����� -�E
�� ;�<�$ ;�=6$�� T6d� A� "�
D (�	��� L?K �� .

 ��	J* Y=V� �5=G g��(���510  �d�810  -���� O�� %�
�� "�@�� (� -(�56� ��e�� A� (��F	��� )Kramer et al., 

1989.(  
�	�(�	
�� �l� g��R� A� AD�* �� �6m� "�6d�$ (� ����� -�E

 ���� "��	��� 	6d�* � "��	��� P�U� �76�$ � ���656�
�	�(�	
�� %� ���I$� "�E��m ������ A� 	�@E �J6?K -�E

 n��m AX$�� A�) ��� -(��	��� "��% `���'� �� ��#G
 "��� (� ���656� -�E	�(�	
�� �l� g��R� %� ("& �����6�	Q
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f
� %� ��� .	����	�(�	
�� ���� O��*H��$� �� �E�6� -�E
 ���� ���	
� "�MMN� AD�* �(�� �6m� "�6d�$ (� A� 	�@E
 � �����6�	Q g��R� -�( -���% g�Jd�X� � A'�� (��F �����

A��"& ��	�(��) �$� A'���, g(�B �EJay, 1996 ���% .(
 �E�6� �?$) "���S ������m %�Apiaceae A� �$� ( ��

���G A� ��m �����6�	Q �6B�m -��� (� fd�$ A���� 7� "
�� P�U� "�@�� .��� AMX�� (� �?$ ���% `��( �=B� TN�

 "���� � "�@��G �A����	� %� �J6$� >$��� "��% � ����
o5D �
D -�(�� ���% H��$� .�$� "�@��* �m��� "& -(�&

�� �E	6<���#' "�c5E �I=V� g�?6��* g�Jd�X� (� .	���
 �����6�	Q �6B�m �Y=V� ��e�� L��K %� H��$� O��

-���� (� ��=$ -��� (� p�(�$ >��V* � �?q� k�� -�E
) �$� �	� +(��� �I�� k�� -���� (� �D(�m r���Burt, 

2004; Derakhshan et al., 2008 .(  
H��$� A� �d�5!� A$��m�� g��R� �fJK �� ���% ����M� (� �E

�� ��� s�( � �� ���� %� ���I$� �	�(���"& A� ���
�* A� �( �E
A�� 7� "���G�� ��	N� ����� �	�(�� ���(��  .�%�$

) �J��� -t�d���*Hurdle Technology ���� ���	
� (� (
H��$� �R� �$(�� g(�B A� ������ �E�6� -�E�Z=� (��E -

Y=V�  ��	�(�	
�� ���� ���$ �� k��* ��	� (� �	�� -�E
�	� (� H�$ � �E������%& -�E������ �� g(�B A� 	���*

�	�-���� A6=G �	��� �����6, -�E ��%��� "t�*�, -�E
(��� �I$�� (��F ���) ��6�Listner and Gorris, 1995( .

���R 	���� �Q��( f6E�I� 75� A� ���� g(�?G A�� ��E ��E�6h
"& ���Z� � gu��J� �o���*A��� A� T<�@� �E �	� -%�$%�� -�

 	���� A� ���I$� �� >6*�* O�	� .	�� A<�(� "& -��� �=! ��(
���� %�)$�, A� v���� -�Ef@6���(����6� -�E _���� A� �E

 �-(���' (� T6m� T���G %� �N6NB ����%(� ��X6N�
 ���t�d�6����6� ��#$ � �6I6� -�( �� 	6d�* � -(�	
��

�� A<�(� ����� ����) ���"�(��5E � �6�
� �1391 w
Alghooneh et al., 2015; Tijskens et al., 2003.(  

�Z=� �6R�* L6MN* O�� (� ��d �?$ ���% H��$� Y=V� -�E
 AD(� �6Z� �������� 	�( �	��� (�
� T���G ���$ �� ���5E

A�� "��% � g(��! 	�( ��5!� 	B(� f�(��d -�( �� -(��
 ̂ ���  _6N� (� �;�<�$ ;�=6$�� -����BHI �� �(�� �$(

k�� 75� �� .�'�� (��F �
D �?$��� �Q��( �	� -(��& (��'�
 � 	� A?$�N� x�' _���� �6R�* �N* -���� (�'( �����6,

) �'�� (��F ����%(� �(�� �	� ��&(�� H�$Razavilar 

and Genigeorgis, 1998.(  
��" 1	� 	 ����  

(Yd� �?$ ���% A6
*  ���V$��"& -��D� T6=N* � H��$�  
 ���% "�@��* TU' (� �?$1394 o5D "���� "�$� %� -(�&

 _$�* ��6� �5=G k�� � �	� ��
D ���(�� "�E�6� �	��E�y,
 H��$�.	� 	6��* �E������A��� %� ��6� -�E A��6XM* +�(  ��

) W& (�V�Steam distllation ( g	� A�2  �G�$ ���I$� ��
 g�?6��* �$(�� -��� .	� A6
* �e��=� ���$� %��$ �	�%

 -%�� �'����*����� ���$� A=6$� A� �6d��& �H��$�
)Thermo Quest �"�@=��� ���$� .	���� k�e�� (

 A�6��� "�$ A� �
e� P����*�����DB5  ��J��)30 ×25/0 
�=6� �� �=m�� A�u ���VQ �25/0  �N* � ���� (�����6�

 -��� :	� k�e�� H��$� �6d��& ��% ����� A����� O�%��&50 
���$ AD(� �e�(	* `���'� �� �����5/2 ���$ AD(� ����

 �����, -��� �* AM6F� (�265 ���$ AD(� -��� � ����
 (��y��250 ���$ AD(� �?@� � f6=E T��! %�� .����

 �� ����� -%�$�	D120 ���.  
 TU� -%�� �'����*����� A=6$� A� H��$� T6=N* O6�c5E

�*�'����$� A�) ���D ��Thermo Quest/ Finnigan�
 (���� ����� A����� �N* � A���� A�6��� "�$ �� ("�@=���
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 "�6$��6��� �d�! (� ���D -���*�'����$� .	� k�e��
 "��6��� -t��� %� ���I$� �� �����d�eV70 .	� k�e��  

) ��	�(��%�� zm�� H�$Covats index 7� �E -��� (
�� �	� �	D ���� %�  A� .	� A?$�N� ���V$� "��% ;�$�

A��V��� g�G#K� 75� (� ��D�� o���� A� AJD��� �� � -�
H��$� �	�E� T6��* -��D� �� v�?*(� ����U* L��X* � �E

Y6K �	�E� T6��* -��D� � �6@I* TB�! i��� ��e�$
.	� zV�� H��$�  

AJd�X� �(�� f@6���(����6� A6
* (W  
 ��6=6'�6d ��� -���� ;�<�$ ;�=6$��ATCC 11778 

{(�F "�6@�=� ���� %�-���� � �E "���� -�E–  "��%�$
`E�y, (�� �� %� H, .	���� A6
* "���� �J�B � �5=G -�E

 ̂ ��� _6N� (� ��6=6'�6d ��� t�$�, �d���BHI )Merck /
 (� ("�5d&35  g	� A� ����6��$ AD(�18  ��� ��G�$

& (�	?6� ��� _6N� �� �Xm (��BHI )Merck ("�5d&/
 "& %� -	J� T!��� -��� � 	� k�e�� A���� _���� �N*

.	� ���I$�  
`���%& �	� �!��K (�  

 AD(� � �?$ ���% H��$� ��������	Q �R� ����%(� �
D
A�� g(��! -���� 	�( ��5!� 	B(� f�(��d -�( �� -(��

 O�� .	� �!��K -(���' 	�S �	� 7� ;�<�$ ;�=6$��
 �� T5�� �	��Z=�) �?$ ���% H��$� Y=V� -�E0 �

005/0 �015/0 �030/0  �045/0  -��� A$ (� (	B(�
) -(�	
��10 �25  �35 ���$ AD(�"��% �K � (���� -�E

 ��IB -�E%�() `���%& %� ��6J�1 �2 �3 �4 �5 �6 �9 �12 �
15 �18 �21  �24 �27 �30 �36  �42.��� (  

�6������� |6M=* %�� A6
* (
 ^��� -�N� Ad�d A� (W) A=!�� %� ;�<�$ ;�=6$�� -����

BHI A��V��� %� H, .	� ���� ��M�� (� -(��� -���37 
 g	� A� ����6��$ AD(�18  %� ���� ��� }��	e� ��G�$

Ad�d 7� (� .	� A6
* A���� _���� (� "&  A� T��$� g���
 ^��� _6N� "���'� 75�BHI L6F( � T��$� _6N� -%�$

 (� �������� ��� -(�� W�D ��������� ���09/0 :OD 
�%�	�� �
D � 	� f6Z�* ���$� %� ��� ��K -�6�

 ���'����$�20 ) �I6KMilton Roy Co.  gu��� /
 ��� ��K %� (�	N�600  O�	� � 	���� ���I$� ������
 �������� �Z=� >6*�*610 �=6� �E (� -���� �$� A� �6d

-���� ��	J* .	�&�F( A6
* 75� A� ��=N� O�� (� �E -�E
 �6=, �� �� �F( �E %� �NX$ ��� � ����� �� �d����! -�

 (��& _6N�BHI A��V��� � -��� (� -(���35   AD(�
���$ g	� A� ����24 .	� A?$�N� �G�$  

E ^��� _6N� A6
* (BHI  � H��$� -��!-���� |6M=*
 _6N� A6
* �
D ^���BHI  A��, ��� _6N�BHI )4/7 

 (� (k��240 �=6� (� f�#� g(��! 75� A� �XM� W& �6d
A�6� -�X� 7� -�500 �=6�~6,(� -�6d .	� T! (��

 (� ��� _6N� H�$5  ����M� H�$ � �	� f6@M* P��
 ��IB) H��$� Y=V�005/0 �015/0 �030/0  �045/0 

"��6� A� � �	� A'�Q� (	B(�5  -� �5e! /�5e! 	B(�
) 	��@��Id�$ T6�DMSO) (Merck "���G A�) ("�5d& /

 � (�	��� "�6@d���05/0 �& �5e! /��%� 	B(� (��& (�
)Merck _6N� A� (�	��� �6?q* "���G A�) ("�5d& / -�E

 �Z=�) �?$ ���% H��$� 	F�' 	E�� ���� .	� A'�Q� ���
(�IB  ����M� "�5E �DMSO  .��� (��& (��& �pH  �� �6�
 -�(6 Ad�d (� -�X� �E g���N� H�$.	���� f6Z�*-�E 
~6,(� "��6� A� (��9 �=6�(� � 	� f6@M* �6d  -���121 

���$ AD(� g	� A� ����15 ) 	���� �#��*� AM6F�Mann

and Marham, 1998 .(  
Ad�d %� ���I$� ��  -��! g���610  ;�<�$ ;�=6$�� -����

�=6� �E (��F( ���� _6N� �6d %� �d��� -�E510  �*
CFU/ml2-10 .	� A6
*  
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 �� -��� � H��$� �?6��* �d�! �E -��� >6*�* O�	�
 -(�	
 }�G�5e�24  Ad�d (�3 ��� (� >6*�* A� -�$ -�E10 �25 � 

35 ���$ AD(� g	� A� ����43 A�� %�(�-(�� A'�� �Z� (�
 	B(� f�(��d �������� 	�( k	G � 	�( ;�$� �� �* 	�
 	�( O���6� +�( A� �������� 	�( ��5!�

)�d�5!�Most Probable Number � ( �	E��� ��
F g(�	� �������� ���( T��.��� A?$�N� )USP 24, 

2003 `���%& T!��� ���5* .(3 .	���� (���* A?*��  
) �������� 	�( ��5!� 	B(� f�(��d A?$�N� (�log P%(  

Ad�d ��	J* -�( %� �������� 	�( ��5!� 	B(� f�(��d -�E
AG�5e�) AJd�X� �(�� �d�! �E -�E24 Ad�d g(�	� A� (-�

 +�( %� ���I$� �� �	���� "��� �( �������� 	�(MPN 24 
Ad�d -�)3  ×8) 	� A?$�N� (Fisher and Yates, 1957 .(

����� %�� "��6� AJd�X� �(�� �d�! �E -��� +	�( A� ���
 ����' %� ���� �	� YF��I/G10log�
D  ���I$� A?$�N�

 A� 	����I ��=$ ��	J* O��*u�� �� ����� (� �	� |6M=* -�E
Ad�d � �EG  �� �����MPN ��=$ -�$ "�5E (� �������� -�E
Ad�d"& (� �������� 	�( A� �$� �E .�$� A'�� g(�B �E

 �������� 	�( ��5!� 	B(�)%P �(�� �d�! �E -��� (
 ����' %� AJd�X�)G10log-I10% = 100/antilog (logP 

�%�	�� ;�$� �� .	�& �$� A� -�6�MPN  ~6E A� �����E
Ad�d (� -	�( �	�� �	E��� �EG  �� �����17/0 �� ��	J* .	���

��=$%�6� �(�� -�E ) g(�	� ��e�� � 	�( -���Cell 

Needed �(�� �d�! �E (� �������� 	�( �	E��� -��� (
 ����' %� �6� AJd�X�CN = 100/P%  	� A?$�N�

)Razavilar and Genigeorgis, 1998.(  
���� T6=N*� A��e* (%�E  

�Z=� �6R�* O6�c5E � ��� � �?$ ���% H��$� Y=V� -�E
 � ���
�* A� (H���(���� (���' "���G A�) -(�	
�� "��%

� ���5E 	B(� -�( �� �TM@� -�E�6h� "���G A� fE �

 ;�<�$ ;�=6$�� -���� 	�( ��5!�)log P%(�  "���G A�
 A@��� �6h� H���(�� T6=N* "��%& %� ���I$� ��

)ANOVAk�� 75� A� ( (��'�SPSS  AV@�23  ����%(� .	�  
��J� 	! ��' �� H���(�� T6=N* "��%& i��� %� ���I$� ��(�� 

05/0<P ) k�� A� k�� ��6h� 	�S "�6$��( �Stepwise 

Multiple Regression (��'� k�� (SPSS  AV@�23 O��
� �
 �6h�) �������� 	�( ��5!� 	B(� -��� ���6, �	�

��J� g��66h* � f
� TM@� -�E�6h� �6R�* �N* (A@��� (��
�	� 	6��* � �$(�� �
D .	� ��
��6, "& A� A@����$ �-%

�%&"�O6�(�� � �<�D ��@?5E -�E-  ���I$� �(�� "�@*��
 ����M� � (�Z�� T��F ����M� O6� P#m� O6�c5E � �'�� (��F

AXM� (���5� g(�B A� �	E��� T��F) -�residual plot f$( (
 -��� �=� �	� .��� zV�� �
� -%�@d	� ���(�� �* 	�

Ad��J�	E��� i��� �� �( x�?X�� O��
� A� -�� ��(�� �	� � A
 g(�Bnxn+ … + b3x3+ b2x2+ b1x1Y = a + b �� 	���

 (�Z�� T��F ����M� A� �$� �Q�' �Xm Ad��J� �M6M! (� A�
�� �$� A� AX��( O�� %� �	� �����6, ����J� O�� (� .	��& Ad

Y  �A@��� �6h� �� �����a  ��Q�' �	?� %� ��G �� �����
1b�2b�3b � �*nb  �� �����) "�6$��( >���Qregression 

coefficients � (1x�2x�3x  �*nx  TM@� -�E�6h� �� �����
��>��Q .	���� ) O66J*2R H���(�� �?@� "�6� �
D (

 .	� ���I$� TM@� -�E�6h� H���(�� A� A@��� -�E�6h�
>��QAd��J� >���Q "�6$��( -�E  f�(��d g��66h* -��� �(

 	�( ��5!� 	B(� (� �66h* ;�$� �� ;�<�$ ;�=6$��
 >��Q -�(�� TM@� -�E�6h� .��5� "�6� TM@� -�E�6h�

 ��' "��%& �� "�6$��(05/0<P ��J� "���G A� �Z� (� (��
.	�	� A'��

�%�	�� -���) +%��� ����6� -�6�Goodness of fit �	� (
) H���(�� 	B(�%V %� H���(�� 	B(� .	� A?$�N� �	� (

( AX��(:	�& �$� A� ��% �Q��  
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%V = 1 – (1 – r2) × (n– 1) / (n – N – 1)

 AX��( O�� (� A�2r  >��Q) A���	�S "�6$��( >��Q �� �����
 �(O66J*n ���� -�$ �E (� g�	E��� ��	J* �� �����) �E24 
 � (����N ) gu�! ��	J*15  AJd�X� �(�� �	� (� (�d�!

��) 	���Davey and Daughtry, 1995.(
%V = 1 – (1 – 996/0 ) × (24 – 1) / (24 – 15 – 1)

3��!�  
�?$ ���% H��$� �6d��& i��� (Yd�  

 	B(�-��D�  H��$�s�( +�( %� ���I$� �� -%�� -(���

Y6K A� TU� ��	D (� ���D i�$1 �$� �	� ���� "���. 
�$� A� i��� �6@I* ;�$� �� �	�&13  �	5G >6��* C��

A� 	�	� ���$��� 93/97  T6��* �( x�' H��$� %� 	B(�
��	�E�. �	5G	6E	d& O6��� ���D�� >6��* O��* )Cumin 

aldehyde "��6� A� (96/28 �� 	B(� g�?6��* ���$ .	���
) g����*�� T6�6,�* �� T��� f
�Beta-

terpinylbutanoate (17/22 ) O�6, �� �	B(�Beta-

pinene (93/14 ) O5��$�(�, � 	B(�Para-cymene (40/9 
.��� 	B(�

  
 ��	D1-  %� ���I$� �� �$(�� �(�� �?$ ���% H��$� �6d��& i���GC/MS

Y��(  >6��* k��  	B(�  

1) OD�* �Id&Alpha tujene(42/0

2) O�6, �Id&Alpha-pinene(94/0

3) O�6��$Sabinene(96/0

4O�6, ��93/14

5) O$�6�Myrcene(57/0

6) "(	�#' �Id&Alpha-phelandrene(56/0

7O5��$ �(�,40/9

8) "(	�#' ��Beta-phelandrene(61/0

9g����*�� T6�6,�* ��17/22

10) O�6,�* ����Gamma-Terpinene(60/3

11	6E	d& O6���96/28

121�3 ) O�����E �=�6$1,3 Cyclohexadiene(51/8

13  1�2 ) ���� "�*�1,2 ethane diol(  30/6  

C�5e�  93/97  
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��� � H��$� �6R�* (W  
 ��	D2 ) �������� 	�( ��5!� 	B(� f�(��d ����M�Log 

P% -��� 	�( ��5!� O���6� A� "	6$( %�( (� �( (

 � ;�<�$ ;�=6$�� ��	J*��=$-�E  %�6� �(��-���  	�(� � ��e�
g(�	� )CN�(  ^��� �	� (� H��$� � ��� �6R�* �N*BHI 

�� "���.	E�  
  

 ��	D2- ) ;�<�$ ;�=6$�� �������� 	�( ��5!� 	B(� f�(��d ����M�Log P% � (CN   
 (� �?$ ���% H��$� � ��� �6R�* �N* ^��� �	�BHI  

A�� -��� -(��  
���$ AD(�)(����  

 H��$� �Z=�
(	B(�)  

 	�( YF�* %�(
��������  

 	B(� f�(��d
	�( ��5!�  

CN  
(��	J*)

35  

�IB 107/15/8
005/0  107/15/8
015/0  207/15/8
030/0  376/0  110×7/1

 045/0 376/0110×7/1

25  

�IB  107/15/8
005/0  207/15/8
015/0 407/15/8
030/0  476/0110×7/1

  045/0  545/0110×5/3

10  

�IB  2793/2-410×5/8
005/0  2793/2-410×5/8
015/0  3723/4-610×7/1
030/0 3923/4-610×7/1
045/0  42 >93/4-610×5/8

  
 %� �5� H��$� �Z=�015/0  -(�	
�� -�E��� (� 	B(�25 

 �35  ��� ;�<�$ ;�=6$�� 	�( (�
� >D�� �@���� AD(�
)07/1 =Log P% ��	J* � (5/8  �d�17  �������� ��=$
)CN (� �������� 	�( >D�� �@���* ;�<�$ ;�=6$�� (

 -�E%�(2  �4  H��$� �Z=� (� ��� .���015/0  (� 	B(�
 -���10 ���$ AD(� -��� 	�( ��5!� f�(��d ����

 �* ;�<�$ ;�=6$��23/4- ) �'�� `E��610×7/1=CN (
)05/0<p.(  

 �Z=� (�030/0  -(�	
�� -�E��� (� H��$� 	B(�25  �
35 ���$ AD(� ;�=6$�� 	�( ��5!� 	B(� f�(��d �����

 A� ;�<�$76/0  -(�	
�� -��� (� � 	6$(25  AD(�

���$� �� ���� �* H��$� �Z=� ̀ ���'045/0  -(�
� �R� 	B(�
 ;�<�$ ;�=6$�� 	�( f�(��d 	B(� � 	� �	E��� -��6�

 A�45/0 ) 	6$(05/0<p �Z=� .(045/0  (� H��$� 	B(�
 -���10 ���$ AD(� �* �( �������� 	�( T��� (�K A� ����

 %�(42 ) ��5� YF��93/4-  =Log P% +(�5� Ae6� .(
 A� ��������Ad�d -�$ O�� -��� �NX$ ��� +�(-�E 3 

) ��� �������� 	�( 	F�' �$(�� �m& %�( �* A� ���*93/4-  =
Log P% %� �5� �	�E� "��� (1 �=6� �E (� -���� �6d

 ^��� ��� _6N�BHI .(z6V�* T��F 	! O��5�) ���  
�	� (�-(��& -%�$  
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 f�(��d �A'�K 7� H���(�� T6=N* i��� ;�$���B(� 	
��J� (�K A� �������� 	�( ��5!�) -(��01/0<P �N* (

 i��� ;�$� �� O6�c5E � ���� -(�	
�� -��� � H��$� �6R�*
 "���5E �6R�* �N* �=m�	* g(�B A� A'�K �� H���(�� T6=N*

�� T��G �� �E ��	D (�.	���3  Ad��J� AB#m g(�B A�
�6h� T��� ;�<�$ ;�=6$�� 	�( -��� "�6$��(�G ��E �

 � O66J* >���Q ��<�D ��@?5E �"�6$��( >���Q ��	?� %�
+%(�-�E  O6�(�� "��%&–  O�� .�$� �	� A<�(� "�@*��

 f�(��d ��	G� �����6, �� �Q��( �	� 7� g(�B A� Ad��J�
) ;�<�$ ;�=6$�� 	�( ��5!� 	B(�Log P% 	�( �(

 ��� �X6N� -�E(���' �6R�* �N* �( f@6���(����6�
��.	E�  

  
 ��	D3-  f�(��d -��� "�@*�� O6�(�� "��%& ����M� � O66J* >���Q ��<�D ��@?5E �"�6$��( >���Q ��	?� %� ��G ��E�6h� AB#m

) ;�<�$ ;�=6$�� -���� 	�( ��5!� 	B(�Log P% �K (42 ) -(�	
�� %�(D ^��� _6N� (� (BHI ) -(�	
�� -��� �6R�* �N*T � (
) �?$ ���% H��$� �Z=�EO(  

�E�6h�    "�6$��( >��Q    �<�D ��@?5E  

�?$ ���% H��$� �Z=�    027/0-    140/0-

�?$ ���% H��$� �Z=�×-(�	
�� -���  054/0-    417/0-  
-(�	
�� -���×�������� 	�( YF�* "��%    014/0-    928/0-  

����%�?$ H��$���Z=��   043/0    029/0  

�
-(�	
���-���

   668/23-    671/0-  

�
�������� 	�(�YF�*�"��%

   060/1-    792/0-  

�	?� %� ��G    312/3      

O66J* >��Q    997/0      

"�@*�� O6�(�� (�	M�    216/2    

  
 	B(� (�	M� � ��% Ad��J� T�� A� "�6$��( �	�V :��� 	E��m

Log P%= -0.027 EO – 0.054 EO×T – 0.014 T×D + 0.043 ��� – 23.668 
�
	 – 1.060 

�

 + 3.312 

%V = 1 – (1 – 997/0 ) × (24 – 1) / (24 – 15 – 1) 14/99%  =  
  

 ��	D(�4  � �	� �����6, 	�( ��5!� 	B(� ����M�
 (���5� � �$� �	� A@��M� fE �� �	� �	E���1  g(�B A�

AXM� � �	� �����6, i��� g�'#m� �J6?K ��5!� -�
 �( �	� �	E����� "���.	E�  
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 ��	D4- `6, ����M� � �	� �	E��� ����	M� �K (� ;�<�$ ;�=6$�� -���� 	�( 	B(� f�(��d �	� ��6�42  ^��� _6N� (� %�(BHI 
-(�	
�� -��� � �?$ ���% H��$� �Z=� k��* �R� �N*

A�� -��� AD(�) -(��
���$(����  

 H��$� �Z=�
(	B(�)  

 ����M��	� �	E���  `6, ����M��	� ��6�  
 ����M� O6� P#m�

 ����M� � �	� �	E���
`6,�	� ��6�

35  

�IB  07/109/102/0-
005/0  07/108/101/0-
015/0  07/111/104/0-
030/0  76/078/002/0-
045/0  76/077/001/0-

25  

�IB  07/196/011/0
005/0  07/113/106/0-
015/0  07/169/038/0
030/0  76/068/008/0
045/0  45/037/008/0

10  

�IB  93/2-87/2-06/0-
005/0  93/2-88/2-05/0-
015/0  23/4-27/4-04/0
030/0  23/4-55/4-32/0
045/0  93/4-97/4-04/0

 (���5�1- AXM� (���5� ����M� O6� g�'#m� �J6?K ��5!� -�`6, ����M� � �	� �	E��� -���� 	�( ��5!� 	B(� f�(��d �	� ��6�
;�<�$ ;�=6$��
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4%�  
H��$� �����6� 	�( ��	�(��%�� �R� %����� %� �E�6� -�E

"& �6R�* -�$ A� -���% AD�* ��%�* A� � �	� Am���E �� �
�$� �	� P�XJ� ����� ���� ��@' � "t�*�, T���G -�( 

)Burt, 2004 ��	�(�	
�� � �����6�	Q �6B�m .(
��(���'"& g�M�� � �J6?K -�E _$�* ����� ���� (� �E

 "�E�6� (�=' ;�$� �� � A'�� �$(�� �(�� Y=V� "�MMN�
AM<�� C�� �6� � Y=V� LK��� ���� A��� %� k���=V� -�E Y

) �$� �	� ���I$� g�Jd�X� (� "�E�6�Valero and 

Salmeron, 2003 .(
"t�*�, �� A=��M� �
D �%���� %� ��@' 	d�� �� ��%��� f
� -�E

�N6M=* g�Jd�X�  ���� (� H�$ � ��� _6N� (� �����6�
�� ���I$� �������� .�$(�� (��	� %� ��	J� -�E -�E

A�� � ��������	Q g��R� AJd�X� -��� �I=V��	�(�� �
H��$����� ���5E A� � �E�6� -�E  �$� �	� ���I$� ����

+�( O�� %� �m�� (� A��	� %� �E �6Z� �E������%& -�E
_6N��	� %� ����� �lJ� (� � ��� -�E ��
� ����� -�E

) �$� �	� ���� �"�(��5E � ����1391 wAlghooneh 

et al., 2015; Periago and Moezelaar, 2001; 

Pol and Smid, 1999; Razavilar and 

Genigeorgis, 1998; Tavakoli et al., 2015.(
 -���� 	�( ��5!� 	B(� f�(��d �Q�! AJd�X� (�
 �6R�* �N* -(���' 	�S �	� 7� (� ;�<�$ ;�=6$��
 "��% g	� � -(�	
�� -��� ��?$ ���% H��$� �Z=�

 ̂ ��� ��� _6N� (� -(�	
��BHI  �'�� (��F ����%(� �(��
 ��	D)2 -��� �Xm �	� 7� H�$ .( i��� �����6,

 -�E(���' �6R�* �N* �������� 	�( ��5!� 	B(� f�(��d
.	� A'�� (�� A� (����  

 �?$ ���% H��$� -��D� T6=N* %� �	�& �$� A� i��� (�13 
 A� �'�� (��F ���$��� �(�� >6��*g�?6��* O���6� 

) 	6E	d& O6��� %� �6� H��$�96/26  g���*�� T�6,�* �(	B(�
)17/22 �) O�6, �� �(	B(93/14 ) O5��$�(�, � (	B(�40/9 

�� (	B(� -��D� ���$ O6�c5E � g�?6��* O�� A� 	���
�� ��,�*���� (�m�$ -�(�� H��$� ��	D) 	����1 .(

) -��q,�$ "�E�d � g�?��$����2005 "�(��5E � "��m(� �(
)2008) "�(��5E � ����� � (2015 A� 	���� "��� �6� (

 ���% H��$� g��R� � ���� ��,�*���� g�?6��* %� (���$ �?$
 �?@� g�?6��* O�� ��D� A� �( H��$� O�� �����6�	Q -�F

) 	����Akrami et al., 2015; Derakhshan et al., 

2008; Nanasombat and Lohasupthawee, 2005.(
 -(�	
�� -��� (� �Q�! AJd�X� (�25  �35  AD(�

���$ �Z=� `���'� �� ���� �Z=� �* �?$ ���% H��$�
030/0  `E�� g	� A� ;�<�$ ;�=6$�� -���� 	�( 	B(�

) �'��76/0Log P%= �� H��$� -(�
� �6d�J' O6�c5E .(
 ���M* �	�E� "��� A� 	� ��6� ��� `E�� �� -���� -�(
 ��5G� �R� (� H��$� � ��� (���' �� �����6�	Q �6B�m

"& k��*�� �E) 	����(��5E � ���� �"1391 wBlackburn, 

2006.(  
) "�(��5E � �*�6@�u2001 A$ 	�( k	G � 	�( ���	N� (

 #��5d�$ �;�<(� ;�����=6'�$� �������� A��$
 	�( -�E(���' (�l! (� �( ;�<�$ ;�=6$�� � H�	6����

 ���� 	����pH ^��� _6N� (� ����*� �Z=� � ��& �6d�J' �
BHI �� .	���� (��F �$(�� �(�� 	�( ����� AJd�X� A��

 _6N� (� �������� 	�( g(�	� �	E��� 75� A� ��������
�%�	�� ^��� O��5� ��Q��( �	� ����%(� �
D .	� -�6�

)�	�(��%�� �Z=�Minimum Inhibitory 

Concentration�� 	�( �%�D� -���� A� A� ( ��� � ����%(�
�( ���	N� A� 	� ���� "��� x�' AJd�X� (� .	� k	G /	

 �Z=� � ��� �6R�* �N* g	� A� ;�<�$ ;�=6$�� 	�(
�� ����*�) 	���Lanciotti et al., 2001.(  
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 	�( (�
� ����� AJd�X� A���� �6� ���� Y=V� g�Jd�X� (�
H��$� �R� �N* ;�<�$ ;�=6$�� -���� (� �E�6� -�E

) �$� �	� ���� "��� O6��, -�E���Pol and Smid, 

1999; Periago and Moezelaar, 2001.(  
) "�(��5E � ~���D�( ���� AJd�X� (�2005 �����6�	Q �R� (

 ;�=6$�� � ;�<�$ ;�=6$�� -�( �� �( ������(�� � O6@6�
 ̂ ��� _6N� (� �	�� H�u���$BHI  ����� �	� (� H�$ �

 (� `���%& k�e�� %� `6, .	���� ����%(� ��6�% >6$ �(�,
 )��	�(��%�� �Z=� TF�	! ������ �	�MIC ( ���6� A6=G �(

f@6���(��Z=� �6R�* �N* (���� -�E� O6@6� Y=V� -�E 
 �	� (� Y=V� -(�	
�� -�E��� (� ������(��BHI  �$(��

�� �� A� 	���5� "���G � ���� �* -(�	
�� -��� ̀ E10  AD(�
���$�Z=� (� �������� 	�( (�
� ����� %� -�5� -�E

�� g(�B ������(�� � O6@6�) ��6�Rajkovic et al., 

2005.(
) �@� ���%	��m& � �F�q6�2007 ��5!� 	B(� f�(��d (

 ;�<�$ ;�=6$�� -���� 	�(ATCC 11778  7� (� �(
 ^��� �	�BHI  T���5  �Z=� O���& H��$� Y=V�

 �-%��6�5  �O@6� Y=V� �Z=�3 pH  � Y=V�3  -���
 �K -(�	
��43 "& .	���� �$(�� %�( �E (� 	���� "���

 -���10 ���$ AD(��Z=� �� O6@6� � H��$� ����� -�E
�� ;�<�$ ;�=6$�� 	�( (�
� >D�� -�5� 	���

)Misaghi and Akhondzadeh Basti, 2007 (� .(
Jd�X��Z=� �R� �6� �Q�! A 	B(� �� H��$� Y=V� -�E

 	�( zm�� "���G A�) �������� 	�( ��5!� f�(��d
�Z=� �-(�	
�� -��� `E�� �� � �	� ����%(� (-����-�E 

 (��F �6R�* �N* �( -���� 	�( �?$ ���% H��$� %� -�5�
 ��	D) ���2.(

76��* AJ$�*`6, �� -%�@d	� L'�� -�E��� ��6�$ A� �>
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Abstract 

Bacillus cereus is a food-born pathogen that 20% of total outbreaks of food intoxication in the 

world are caused by Bacillus cereus. Nowadays there is an increasing interest in the use of plant-

derived antimicrobial compounds as natural preservatives for foods. Cuminum cyminum L. is an 

Iranian native plant that is used in traditional medicine and food products. The aim of this survey 

is providing of predictive mathematically model for evaluation of antibacterial effects of Cuminum

cyminum L. essential oil on Bacillus cereus in a multi-factorial system. The essential oil of 

Cuminum cyminum L. plant was obtained by steam-distillation and analyzed by GC/MS. Then, 

effects of different concentrations of Cuminum cyminum L. essential oil (0, 0.005, 0.015, 0.030 

and 0.045%) and storage temperature (10, 25 and 35°C) were evaluated on growth of Bacillus 

cereus in BHI broth during at certain intervals (1, 2, 3, 4, 5, 6, 9, 12, 15, 18, 21 24, 27, 30, 36 and 

42 days). The growth of Bacillus cereus was significantly decreased by 0.015% EO concentration 

incubated at 10°C storage temperature and 0.030% EO concentration incubated at 25 and 35°C

storage temperature (p<0.05). The predictive mathematically model produced in this study can be 

a useful tool for evaluation of changes of this microorganism along of the food chain. 

Keywords: predictive mathematically model, Cuminum cyminum L. essential oil, Bacillus cereus,

Log P%


