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Abstract Article Info 

Background and objectives: Aromatic and essential oil-bearing plants are 
significant sources of medicinal plants in Iran, extensively used in the 

pharmaceutical, food, and cosmetic-hygiene industries. Identifying and analyzing 

the active compounds in these plants is essential to determine their applications and 

economic value. Cleome quinquenervia Boiss., belonging to the Cleomaceae 

family, is a medicinal and essential oil-bearing plant. This study aims to investigate 

the phytochemical and morphological characteristics of Cleome quinquenervia in 

the rangelands of Darab City. 

Methodology: Two natural habitats of Cleome quinquenervia Boiss., Nassabeh and 

Tang Katouyeh, were identified in the rangelands of Darab City. Leaf samples were 
collected from each habitat, and essential oil extraction was performed using 

hydrodistillation and gas chromatography (GC). For the extraction, 100 grams of 

crushed flowering shoots were subjected to hydrodistillation for 3 hours using a 
Clevenger apparatus in the Medicinal Plants Laboratory of the Faculty of 

Agriculture and Natural Resources in Darab City. The chemical composition of the 

essential oil was identified using gas chromatography-mass spectrometry (GC/MS). 

Results: The extraction and analysis of the essential oil of C. quinquenervia from 

various habitats in Darab City led to the identification of 31 different chemical 

compounds. The average yield of the essential oil in the Nasabeh and Tang-e 

Katuyeh habitats was 0.2% and 0.3%, respectively, based on the dry weight of the 

plant (w/w). The dominant chemical compounds identified in both habitats included 

ethane isothiocyanate, α-pinene, β-pinene, 3-cyclohexen-1-ol, 4-methyl, myrtenol, 

and benzene. In the Nasabeh habitat, the main compounds were ethane 
isothiocyanate (41.39%), α-pinene (17.65%), β-pinene (17.39%), 3-cyclohexen-1-

ol, 4-methyl (2.89%), myrtenol (2.89%), and benzene (2.04%). In the Tang-e 

Katuyeh habitat, the most abundant compounds were ethane isothiocyanate 

(21.38%), α-pinene (23.21%), β-pinene (20.80%), 3-cyclohexen-1-ol, 4-methyl 

(5.72%), myrtenol (4.34%), and 1(7),5,8-o-menthatriene (2.37%). 

Conclusion: Phytochemical studies are crucial for the effective utilization of 

medicinal and aromatic plants. The extraction and identification of active 

compounds enable the evaluation of their medicinal applications. The analysis of 

the essential oil of Cleome quinquenervia Boiss. in Darab City revealed that ethane 
isothiocyanate is the most abundant compound in the natural habitats of this plant. 
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Isothiocyanates exhibit significant pharmacological activities, including anticancer, 

anti-inflammatory, antimicrobial, insecticidal, and antifungal properties. 

Additionally, α- and β-pinene compounds are widely used in the essential oil 

industry. Identifying these plants and promoting their cultivation and essential oil 

extraction can support domestic industries. Furthermore, the export of essential oils 

or their processed products could significantly contribute to Iran's economy. 
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 ��0  � ���� 1#$ !��  .�I�) � ,�6��� F� F�2� � ,( @���� "� !���� �	 �6  fB$ �SW�� ���I .  ,��)

 ,( "� ��* !��(�2 Cq�Nh	 � @���� ���I �  � ��$��$ �^� ,��� ��N�O� �� !�?L	 [5� ��6.   

  

:�0	�� !��Bh	 � �.t  �. �����0_ � 1403 .  ����   �W� ���2 C�^I]�4�2��	 � ���B�* �% Q� ��	 RST ����� ����) 1���Cleome quinquenervia 
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  F�  "�  ���^���  �  �� ��$  ����	  F���)  �  ,���  ��  ��_�	

�#��( ������ RS�'	 ���I �� �S	 1�2�w-   � ��*��0 

  ���GH  g��  F�  @����  A��'���6���,�  .�*  K"��  �  
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�G4  1��  ��#�  U�M��  �0�(  !��   �P�\  X�5h)  U�M��  10_

  ���� Q� ��	 RST ) 1���C. quinquenervia  (�* ��'���  .
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.4��%  �c� �6  ���� F� !f�08 � "��� c��	� �   3    �#' 
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  ���b$ ���	 ���T 1��  �) ��0x ����) .  Ex�8  �  �2�%*

Z�%* ��  �.���1�� ��H "� ���*�8 ���" ����) .  �6  )30  .(
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1�4��2�P  !�6���(  �  � ��%�	 e��*  ��  ������$�

@����  �6�+#�	"(���NT  �  �6['  "�  �4���)�  !�6  !�6

.���  ��  RS�'	 Cleome U��  . !�6 C. brachycarpa 
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  y�T�BM	  .12��  ���O  ���� 48  @����  ��  g�$�) C. 

quinquenervia     �19  @���� �� g�$�) C. brachycarpa 

@���� �� ��* � �"�� g4�H C���$�) .���* �����* C. 
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�I��(  �Dibutyl phthalate  )13�I��  (  �β_Element  )11  

�I��  (����   .  ���� ���	 ��C. brachycarpa �SI� !�&_� �
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ol   )02/68  �I��( �  Cembrene    )98/6  �I��  �(  � Juniper 

camphor )2/4 �I��( )13 .(    
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  ��	 RSTQ�1���  .5D�	 ��  F�"    k��2  1*�  .�W���8

�*  ��+���  e��)  ����  F�  @����  &�4��(  j���  .

) !"�� Z����)�	��$GC-MS  ����) ��� ,�#� (15  �52    �

42    ���B�* g�$�). g�)�)    F� !�6�G  � c�  �.#� ��

  ������  C���$�)  .�*  12� -�^4(  �F��8 - F��#�  F��8

 C���$�) � c�  �� ��* �����* C���$�)α-eudesmol   �

β-eudesmol   E0	 C���$�)  F�)  ��* �����*   .#�  ��

.����  ����    F��pB6β-eudesmol  ��BT  F��8  ��  �  F�)

��	 RST �G  "� ��* A��'��� @���� �� g�$�)  �1�  )16  .(

)  ,���%B6  �  ��$�_2023(    1�4��2  ����B�*���2  g�$�)

���(  3�����8  �  � ��%�	�P1B�O ������$����6 !�6 

   .���  @����C. rostrata  �B_  U�_  1 �)  "�  ��*  !��(

  .����� ���O ����  ���	 ,����W3�Sh) GC-MS   y�T�BM	

39  1B�O  �SI�  C���$�)  .��$  �����*  ��  g�$�)  !�6

���6 C. rostrata ) F����2 3	�*49/0�I��(  �4-3��	 -

�,�$��-1-) ��07/14  �I��(  �2�7-!�) F4��^�S��	81/4 

�I��() ,���2 �05/6  �I��  (  �,�$����)  �4-3��	-)81/4  

�I��  (  .���� .�2�  ��� ,�#� X�5h) F� !�63�����8 ���� 

C. rostrata ���( ���	 ,���T .  ��,����$�  � ����� !�6

�P  3	��T ���	  |^\  ��  �4�B�\�  !�6�� ��$  �  � ��%�	

�	  .��_�  !"������  �  ��GH��$  )13 .(  ,�55h	    ��

  !��  �  ��W  ����   ��	  RST  .���C.  coluteoides 

 �B_  "� ��* !��(  ,��0) "� ��M2 �S	 i��8  .M��� F� . 

 .$  ������  3�%#)  C���$�)  F��#�   K��  ��  ���6� 

  ��  �(  �  ��D5)Heneicosan  )38/5  (�I��  �Phethalic 

acid  )68/10    (�I��  �Carvacrol  )12/46  (�I��    3�%#)

���1�� � )6  .(  

.��� �W�   @�_ !�6Cleome   ���	 ���� g� ��

  ���O ���^���.�2��    �1�� C. viscosa L K�) E�� �  �6���

�?�  �  !�O  !�  �}S)  �    �  ���	  !�5	  ���	  �F�S	  ���	��

�	  U�$�P  ��6��	�)  ��0�4�  �2�  ��  ,(  Z�N	  .�*� 

��\���� C��?� �	�&_ !�6��4�� ,�	�� � K��W ����8 !�6

 �	  �6�w  ��^	E~6  �?�  ����  F�  c�  .��$  �  �GH  ����$

RO��	 c�  ���* � ���� �� !�6��� !�6��B') ����$  !�6

�	 ,�	�� �� ����� ,( �"�)  �2� �� ���P�	 ��?�) �  � ��$

�	 �O�� �?�	 �����  ��\����  ���� U�$�P �?� ���� .��� .��*

  F%*��  � 1��  )11  .(1B�O  .�S$  ����  !�6C. 

brachycarpa Vahl  ����  �B��    y��Nh�	 ,( "� � ���� }S)

!��B�  ,�	��  ��  [��  3h	  �\���  ��  �����8  !�6

�	  ���^���  ��0�4�  �2�  F��pB6  �  E��)�	���*  )9  .(

����  C���$�)  �  �6���4�%4(����  @  C. africana   ���	

����     .$  1��  ���  ���4�%4(  .�  !��\  .$  .�2��  ���O

  �0�(  F��#� –β    1��  ���   �P-hydroxphenethy 

(dinethylanine)  �^4( 3	�* @���� C���$�)-  3�2 �F��8�)

  3��	 � ���]�� �Cs���&�( � 3��	 !� �C���� 3����] �C����

1�� ���  Cs���&�( )25.(   K"�� C��?� � 1�B6� .  ._�) � 

Q�  ��	  RST  ����  !q�  ����� v��W  �  1���

���(�,(  ���	��  C��?�  �  �x��O  �P  �����$�   1��  "���  

!��#�  C��4�D	  U�M�� ���� F� !��  ��*.   ������ F�B6 ��

  Z�6  "�  �P�\ [6�78  .   ����   �W� ���2 C�^I ���B�*

]�4�2��	  ��%    ��	  RST  �����  ����Q�1���  )C. 

quinquenervia  (��    ����� ��+#�� �� .��$ `�) � . ��� 

 �� .1�� ����� ,����0* �)��	  

 

A�� � ����E  

�LM��� !N
O�� (���  �� ��� ������ �
� �N
P5 (E

 ��!���   

  [6�78 U�M�� !�� �P�\  ��+#�� �� ����h	 ��� �  �

Q� ��	 RST ���� �����  � ��	 "� ���^��� �  1��� RS�'	

  �������� !�6�M��_ ��BST C��4�D	 ��%����� ���S2 3	�*

[6�78K��&�  ������	  !�6  �  .�\�N	  �����*��$  !�6

  �����*  �����	  !�6��"�  �  ��Sh	  ���2�  �  ,����*��$

�*��  . �6 .5D�	 t�^)�� "� ����  uD� ��� � ��T 

���2���_ .  .S��� ��+��� 1��O�	)  ��GPS  ��	  �

Vista�"���� (,���) �!��� ����  ���_)1(  3%*)1 ( . 
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 Q�/.1 : �
��R� ��
���S.�LM��� �� ��� �
� �N
P5 (E��!���  "���� #	��$� �� 

 (��	) ��� uD� "� t�^)��   (.���? /.5�O�/._��) ���2���_ ���  ���2���_ ��T   (.���? /.5�O�/._��)   �6��� !�6 .��B� !��( �B_ 3h	  

1135  54°41'48.8"E  28°39'06.7"N   . ���  

1139  54°34'25.0"E  28°45'18.9"N   .��$ `�)  

  

  
 T��1 : "���� #	��$� �� �� ��� �
� �N
P5 �LM��� !
NO��  

  

 2-��- A�� (" %�. � (��������� (��U  ���������� (E

 �
�  

 8  �����*  "�  @��+#��  �����  !�6  ��	  RST

Q�  ���+#�� �6 �� ����� ,����0* �� 1���2    1%����)

 ��� �  �2��N) ��� . 100  t�BM	 ��) �* �5��	 ��	4  

  �6 !�"� .  1%����) �6 ����	� �� @b� .(1%����)10  ��	

Cs8 f2×1  .  ����� �5��	  t�BM	 �� .%���40   Cs8

  �� .���� �5��	 .5D�	 ����	���8  �Cs8 �6  [*�8 !�6

.��� 3$ [*�8 A�) �I�� :3	�* �6���  ����) ���_�	 !�6

Q� ��	 RST .�8  t�^)�� � .��� F� [*�8 A�) �I�� �1���

  3%*) �* 1*���  .)� 3  C�^I �Cs8 �6 �� F��pB6 .(

3� ��� 3�	 �%�4�2��	.W�* ����) � ���� t�^)�� �Fz(  

3��"����  ���6� &��  �2����8�)  3	��T  F�  "�  .�*  !���

.12�� ���O ����  ���	 ��� uD� "� t�^)�� 3	��T  

.��B�  ��+#��  �6  ��  j���  .�*  1*���  i�W  !�6

�B_ X���	  i�W ���B�*�%&�2  C��I�NW  RST  !��(

Q�  ��	��  ��  1�����+#  !�6�����    ����� �*  .����

 ���_)2 .(  

  

  

  

  Q�/.2 : �
��R�%�. V50� W� ��
�
����X
�  (��U  �� �����!��� (2��	D Y0& � 2�Z- 23[0�) "���� �N
P5 �LM��� ��  

 . ��� ��+#��   .��$ `�) ��+#��   !��� �"���� !�6���$�2   R��  

58/7  44/7    .�����pH 1  

58/0  08/1  )!��*��	 �  @�B" k� (EC   2  

68/72  68/75  F* �I��  3  

32/11  32/11  1S�� �I��  4  

16  13   k� �I��  5  

30/0  48/0   i�W �4( ���	 �I��  7  

117  190  ���8 �E  	)� S�¬U�� $ � �U���S (  8  

11  8   	) �^�2� S� U�� $ � � U���S (  9  
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�� �� ��� �
� ��
�
��	
� 2N�[�(\ !���  

1-   �
� (��U %�.  

.��B� .5D�	 �6 �� ��#�� �*� .S\�	 ��c�  !�6 

����  Q� ��	 RST����� !�6 ��+#�� "� 1���   !��( �B_

 3%*) �*3  �4  .(  

  

    

    
 T��3�
� :  �� �����!��� �� �N
P5 �LM��� ��  "���� #	��$� �/0Z��- :%P0�)1402 (  

  

 
T��4�
� (^� ���U : �� �� ��� !���_-�� \��`	�� !$. �- :%P0�)��/0Z1402 ( 

  

2-   � #��D aM� A�� _-�� \��`	��  

U����  ���SD	��  C�����)  "��  "�  !����S_  !��   !�6

�B_ �6���  !�	� �� � .�� �� ��* !��(10-20   ._��

�����  �@���� A��'��� 10_ .���* f#W ����100    U��

 .W�*�� "�  K�� .  ����( "� ���^��� �  ��* ��W ���S� !�6

  C�	 .  �M��S$ ��+��� fB$ .  � �( �  ��D5)3   1T��

  � ��	  �  !"���#$  ��%#���  �����  ,�6���  ��+#�	"(  ��

@����  �����  ,����0*  �����@����  .�*  !���  !�6

  `��� �  ��+��� ,��� "� !"����_ "� @8 ��* A��'���

 1 ��� �( ,��  C�^4�� �  �v�N'	  @b� .���* ���"

@����  ���^��� �  @���� ��4�) ��"�  �I�� � ��* F"�) �6

 "�) .D ��1(  ���� .���h	)15( .  

) .D ��1 (  

 @���� ��"�  �I�� �

 @����  ,"�

����  f#W  ,"�
*100 
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  @����  ��+���  .  X�&)  ,�	"  �)  !��+ (  "�  @8

Z����)�	��$"��    !�	� ��4    ��p' �� ���� ����� ._��

 .#�* Z��w ���* !���0+� .��  �� !� )22  :(  

3-   _-�� �/0E� T
�M& �P
D�& ���0�  

  ���6� 3�%#) C���$�) 1�^�$ � 1�B$ F���) 10_

"�  @����  Z����)�	��$"��  ��+���  )GC: Gas 

chromatography(   j�� R�� .  3N�	 Z����)�	��$ "�� �  

  �	�_)GC-MS: Gas chromatography-mass 

spectrometry ( .�* ���^��� 

4-  �EL	�� 2�XH& (E A��  

��� -) ������&���D^� �R`M�GC( 

t��  Z����)�	��$"��  ��+���  "�   Agilent 

technologies    ��	A  7890  ,���  .  &0M	  �5-HP   . 

  ���30    �DO ���	32/0    F$�� "�2 .q 1	�'P � ��	 �S�	

25/0    ���^��� ���	��%�	.	���  .���� ,��� ��	� !&�

  "�60    �)210  �  ���� ����� ._��    ._�� .� !�	� [�&2�

  �  .5�O�  ��  ����  �����210    �)240  ._��    �  ���+�����

� .5�O� �� ���� ����� ._�� 1��  !�	� [�&2�   .  ��W�)  

C�	  5/8    "����%*( "� .�* U�M�� ��0� !�	� �� .5�O�FID  

  !�	�  � 290   �����  ._��t��  �  ,]�����  "��  "�  �  ����  

�S�	 f 1T��.  �.5�O� �� ���4  ���^��� 3	�\ "�� ,���T

.�*  X�&) .d^h	 !�	�240 ����� ._�� .��  ����  

 "-  �
5  2�  TR	�  ������&���D^�  �R`M� G0�   

)���.GC/MS( 

t��  "�  �	�_  j��  R��  .  3N�	  Z����)�	��$  "��   

Agilent technologies ��	  5975C � ,���HP-5MS    . 

  ���30    �DO � ��	25/0  F$�� "�2 .q 1	�'P �25/0  

  ��	��%�	.	���  .�*  ���^���   .��*  ,���  �)���\  !&�

.	���   !&�   ��+���  ��  ,���  GC    .d^h	 !�	�  �  ��� 

  X�&)280    ��+��� �� ,����&��� !]��� ����� ����� ._��

70   3	�\ "�� � 14� ,���%4�  �S�	 f 1T�� �  U��S6  ���4

  !"����_ !��  .��  .5�O� �   �  3�%#) C���$�) �����*

 ��+��� "� @���� ���6� GC-MS   ��&_� �I�� F���) !�� 

��+���  "�  ,(  GC   .�*  ���^���   �����*   "�  ���^���  � 

  F�  .��5	  �  �	�_  R��  3��O  "�  RS�'	  !�6��	���8

.d2�\  ��  ��_�	  C�Ts��  �  �6��	���8    ��+���  �)��b	�$

GC-MS  12�G8 U�M�� � ��	 �  )2  .( 

5-   ���0�c
D�& _-�� �/0E� T
�M& (E  

��+��� .  @���� X�&) "� @8� Z����)�	��$"�� !�6 GC-

MS   �!���"�  ,�	"  �!���"�  @���  "�  ���^��� (RT) 

g�$�)R��  "�  ���^���  �  �6  a'#	  �	�_  !�6���*  .

  !�6��	���8  "�  ���^���  �  ��*  �����*  C���$�)  @b�

  ��_�	 C�Ts�� �  .��5	 � �	�_ R�� .SB_ "� RS�'	

��+��� .��' ��$ �� GC-MS   ���) � �����* ��+� � ��	 �

���* .  

  

 G�	-  

  �� ��� �
� ��
�
��	
� 2N�[� (�����!���   

g�$�)  "�  U��$�6  ����  �I��  ���6�  3�%#)  !�6

@����  Q� ��	 RST ����� ����  1���uD� .  ._�) �    �"

   U����)�	��$ R�� �� ,( ��h�	.�	( 1�� )3%* !�65  

�  6( .  g�$�)  ��	  RST  ���� @����  ��  ��* �����* !�6

Q���+#��  ��  1��� !�6   �)��	  ��  .��$  `�)  �  . ���

  �����  ,����0*��� ����_)  �*  .  !�63    �4(  �?�  ��  .

 @����  &�4��(  �  A��'���C. quinquenervia     ��

��+#��  �����  ,����0*  ��  RS�'	  !�631   g�$�)

���* �����* C��^�	 ���B�*  ���_)!�6  3    �4  �I�� .(

.  @���� ��"� ) . ��� !�6 ��+#�� �� g�)�)2/0  `�) � (

)  .��$3/0g�$�)  F��#�  .1��  ( ��_�	  ���B�* !�6

��	  RST  @����  ��  Q� 1���    ��  . ���  ��+#��  ��

3	�*  �����  ,����0* C�������)�&�  ,�)�  Ethane, 

isothiocyanato  )39/41 �^4( �(�I��-  F��8)65/17  �(�I��

�� -)  F��839/17�(�I�� 3 Cyclohexen-1-ol, 4-

methyl)89/2  )  ���)��	  �(�I��89/2    ,&�  �  (�I��

)04/2  g�$�)  F��#�  F��pB6  .1��  (�I��  !�6

��	 RST @���� �� ��_�	 ���B�* Q�1���    ��+#�� ��

 C�������)�&�  ,�)�  3	�* ����� ,����0* �� .��$ `�)

)38/21  �^4(  �(�I��-)  F��821/23  ��  �(�I�� -  F��8

)80/20    �(�I��3 Cyclohexen-1-ol, 4-methyl  )72 /5  

)  ���)��	  �(�I��34/4    �  (�I��1(7),5,8-o-

Menthatriene  )37/2    @����  .&M)  j���  .1��  (�I��

Q� ��	 RST g�$�) ��� ,�#� ����� ,����0* �� 1��� 

 �� �� ���B�* g�$�) �I�� F�)q�  C�������)�&� ,�)�

 ���5	 F�)q�  ��+#�� �� F�  �� F��pB6 .1�� ��+#��  
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�6�#	 . ��� ��+#�� �� g�$�) F��    F�	�� � F�	�� .�*

Q� ��	 RST @���� �� ��* �����* E0	 g�$�)  1���

��+#�� ��!�6  .�4�D	 ���	  . g�)�)  �^4( 3	�*-��  � F��8-

 8�^4(  �I��  .1��  F��-��  �  F��8- `�)  ��+#��  ��  F��8

  . ���  ��+#��  .  1���  .��$  �)q�  �����  ,����0* ��

  RST ���� @���� �� ��* �����* !��  E0	 g�$�) .1��

��	Q�1���  3 Cyclohexen-1-ol, 4-methyl    .$  �1��

  ��+#�� "� ��#�  .��$ `�) ��+#�� �� g�$�) F� ���5	

.  E6 ���)��	 .1�� . ���  f ,���T  g�$�) �� K"�� � 

  ��+#��  ��  ,(  �I��  .$  �*  �����*  ����  F�  @����

  ,&�  g�$�) .1�� .��$ `�) ��+�� "� ��#�  .��$ `�)

  g�$�) � . ��� ��+#�� ��1(7),5,8-o-Menthatriene   �&_

g�$�)��+#�� �� ��* �����* E0	 !�6  �� ���� F� !�6

.1�� ����� ,����0*   

  

  

�� T5:  Dd����&��� �� �� ��� _-�� (^� (2��	D Y0& 23[0�)  "���� #	��$� �� !���  

 

   

 T��6 : Dd����&���  �� ��� _-�� (^���!���  (2�Z- 23[0�) "���� #	��$� ��

5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00

0

1000000

2000000

3000000

4000000

5000000

6000000

7000000

8000000

9000000

   1e+07

 1.1e+07

Time-->

Abundance

TIC: mahmoodi102.D\data.ms

 3.500

 3.826 5.439

 5.713

 6.070 6.586

 6.825

 6.898

 7.696

 7.956
 8.041

 8.158

 8.816

 9.557
10.121
10.612
10.87511.256

11.369
11.48511.969

12.262

12.475

12.951

13.31013.653

15.503

15.720
16.961

22.965
24.720

5.00 10.0015 .0020.0025.0030.0035.0040.0045.0050 .0055 .00

0

1000000

2000000

3000000

4000000

5000000

6000000

7000000

8000000

9000000

   1e+07

 1 .1e+07

 1 .2e+07

 1 .3e+07

T ime-->

Abundanc e

T IC: mahmoodi101.D \ data .ms

 3 .564

 3 .849

 5 .433

 5 .700

 6 .066 6 .579

 6 .815

 6 .894 7 .033
 7 .691
 7 .949

 8 .036

 8 .154

 8 .810

 9 .257 9 .556

10 .12810 .613
10.87311.258

11.368
11.48611.970

12 .260

12.465

12 .951

13.654

15.502

15 .735

22.975

24.729
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 Q�/.3 :�- 2Z�3�8 �� ��P
D�& /� 2��!� U/��  ^��� ��� �
� _-�� �� !��� 2�Z- �LM��� �� "���� #	��$� 

 ����   c
D�& d-   /��� cZf �� ��� #�X
�   (���^�  #�^Retention Time  

1  Ethane, isothiocyanato 39/41  56/3 

2  1,3,4-Thiadiazol-2-amine 19/1  85/3 

3  Bicyclo[3.1.0]hexane 54/0  43/5 

4  Alpha-Pinene 65/17  69/5 

5  Camphene 29/0  06/6 

6  Sabinene 42/0  57/6 

7  Beta-Pinene 39/17  81/6 

8  Beta-Myrcene 32/0  89/6 

9  2-Dehydro-1,8-cineole 22/0  03/7 

10  Alpha-Terpinene 49/0  69/7 

11  Benzene, 1-methyl-2-(1-methylethyl) 76/0  94/7 

12  dl-Limonene 10/1  03/8 

13  1,8 Cineole 51/0  15/8 

14  Gamma-Terpinene 94/0  81/8 

15  trans Sabinene hydrate 37/0  25/9 

16  Alpha-Terpinolene 24/0  55/9 

17  Imidazole-4(1H)-carboxaldehyde 05/1  12/10 

18  Thujone 12/1  61/10 

19  Alpha.-Campholenal 58/0  87/10 

20  Bicyclo[3.1.0]hexan-2-one 72/0  25/11 

21  trans-Pinocarveol 18/1  36/11 

22  trans-Verbenol 62/0  48/11 

23  Pinocarvone 83/0  97/11 

24  p-Mentha-1(7),2-dien-8-ol 37/0  26/12 

25  3 Cyclohexen-1-ol, 4-methyl 89/2  46/12 

26  Myrtenol 89/2  94/12 

27  Benzene, (1,1-dimethylethyl) 30/0  65/13 

28  Benzene, butyl 04/2  50/15 

29  Phenol, 5-methyl-2-(1-methylethyl)- (CAS) 22/0  73/15 

30  Caryophyllene oxide 88/0  97/22 

31  Beta.-Eudesmol 36/0  72/24 

  

  �
� ���������� �N�[� ("  

 ����  3�Sh)  �  .&M)  �   �6���  [*�8  .  l� �	  !�6

  ��	 RST .��� [*�8 ,�&�	 .$ �* a'#	Q� 1���    ��

   .�4�D	 ���	 .5D�	27/32   ��$��\ � 3O��\ .1�� �I��

��	  RST  .��� [*�8  �I��Q�1���  . g�)�)  20    �50  

  ��	  RST  .���  E$��)  e���	  F��pB6  .1��  �I��

Q�1���    .�4�D	 ���	 .5D�	 ��05/3    3O��\ .1�� .�8

  ��	  RST .��� E$��)  ��$��\ �Q�1���  . g�)�)  1    �4  

 .1�� .�8    ��� ,�#� �6��� C�^I ����  "� 3I�\ j���

  ��	 RST ���� t�^)�� F�+���	Q�1���  40/53  �����  ��	

�	  ���� t�^)�� 3O��\ �*� 30  �����  t�^)�� ��$��\ � ��	

 ����  70  �����  ��	1��  .  !�6���$�2  &�� ���� �%]�4�2��	

A�)  �DO  3	�*3�  ���  �[*�8  ����)  �  Fz(

 .W�*3�  .$  ����6�. g�)�)  81  �20/41    �90/37  

�������7� ���6� ,�#� �1�� ��	  �� ���� F� E0	 !�6

 .�4�D	 ���	 .5D�	1��   ���_)5.(  
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 Q�/.4 :�- 2Z�3�8  �� ��P
D�& /� 2��!� U/��  ^��� ��� �
� _-�� ��!��� �LM��� ��  "���� #	��$� 2��	D Y0&  

 ����   c
D�& d-   /��� cZf �� ��� #�X
�   (���^�  #�^Retention Time  

1  Ethane, isothiocyanato 38/21 50/3 

2  1,3,4-Thiadiazol-2-amine 54/0 82/3 

3  Bicyclo[3.1.0]hexane 02/1 44/5 

4  Alpha.-Pinene 21/23 71/5 

5  Camphene 33/0 07/6 

6  Sabinene 56/0 58/6 

7  Beta-Pinene 80/20 72/6 

8  Beta-Myrcene 32/0 89/6 

9  Alpha-Terpinene 93/0 69/7 

10  Benzene, 1-methyl-2-(1-methylethyl) 59/1 95/7 

11  dl-Limonene 53/1 04/8 

12  1,8 Cineole 81/0 15/8 

13  gamma.-Terpinene 62/1 81/8 

14  Alpha-Teppinolene 42/0 55/9 

15  Imidazole-4(1H)-carboxaldehyde 07/1 12/10 

16  Thujone 51/1 61/10 

17  Alpha.-Campholenal 96/0 87/10 

18  Bicyclo[3.1.0]hexan-2-one 12/1 25/11 

19  trans-Pinocarveol 74/1 36/11 

20  trans-Verbenol 93/0 48/11 

21  Pinocarvone 08/1 97/11 

22  p-Mentha-1(7),2-dien-8-ol 48/0 26/12 

23  3 Cyclohexen-1-ol, 4-methyl 72/5 47/12 

24  Myrtenol 34/4 94/12 

25  Chrysanthenone 40/0 31/13 

26  Benzene, butyl 38/0 65/13 

27  1(7),5,8-o-Menthatriene 37/2 50/15 

28  Phenol, 5-methyl-2-(1-methylethyl)- (CAS) 18/1 72/15 

29  Lilac alcohol formate D 36/0 95/16 

30  Caryophyllene oxide 70/0 96/22 

31  beta.-Eudesmol 47/0 72/24 

 

 Q�/.5:  �� ��� 2-�� �E
� ��� ���3���!���  

 3O��\  ��$��\  F�+���	  ����	 Z��h�� C�^I 

1 4 05/3   E$��) 

20 50 27/32   [*�8 A�) �I�� 

40 137 65/71  [*�8 A�) c�&  �DO 

70 30 40/53  � t�^)�� � �� 

35 50 20/41  z( 3� ��� F 

17 52 90/37   ���6� 3� .W�* ����) 

  � g)�2H
	- (�
�  

  ����� ,�6��� �� @���� �I�� ���5	 �� ��_�	 t��)

�	  �[�� 3h	 �B�SO� e��* ����� f���] .  l� �	 ����)

 �,��$ f#W K�� ����� 1*���  ,�	" ���� uD� "� t�^)��

�*�  3	��T  F�  3 �5�	 �?�  �  @����  A��'���  K��  )7  .(

  !�	� � �%#Wq�   ���h	 ,�6��� �� ��  &�����2 ,�&�	 �

�	  �i�W "�  ��GH ���	 �G_ ,�&�	 �� ����)  �  �  ��"��

�	 ,���� ��x� �� ��O � .��	( !�6���� ��4( ���	 ��4�)  ��$

��H  C�����)  ����  e��*  F�  ��  .$��M�  !��T ��  ��*

  1�4��2  ��*  ��M�  e��*  �  .S �5	  !��  �  ���$  12���

.W�x1�4� ��	 ��4�) .  l� �	 !�6  ���� [6�$ �� .�4�� !�6

���2  �T�  �1�4� ��	  ��4�)  !�6���	  !"�� .���?  !�6

�	 @��������  )8  .(    
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  @����  ��"�  �I��  ���  ,�#�  j���. g�)�)   ��

)  . ���  !�6  ��+#��2/0)  .��$  `�)  �  (3/0  .1��  (  ��

,�55h	 ������ F�B6 U���� @���� �6�"�  ,�&�	  ���6 !�6

  ����Chaerophyllum macropodum  )28  (  �� ���  �����  

��*�W �&!  ����6�$ �  )Echinophora cinerea Boiss. (

)10  (  .����B� K��&� ��+�% "� C��^�	  C���$�) .  ._�) � 

�����*  RS�'	    @����  ��  ��*  ��	  RSTQ�1���  �

F8�)���	  .$  ����  a'#	�SI�  �6 !�&_�  ����  F�)

3�%#)  @���� ���6�  � ���� ��$&� ,( "� @8F8�)  !�6

����  ����  ��  !��#�  E0�  �� �$����6  C�5�5h)  �  .$  �

  ��*  U�M��g�$�)  F��#�  .����  15 �D	  �S�O  !�6

��	 RST @���� �� ��_�	 ���B�* Q�1���   ��+#�� ��

  3	�* ����� ,����0* �� . ���Ethane, isothiocyanato 

)39/41  �^4(  �(�I��- )  F��865/17  ��  �(�I��-  F��8

)39/17  �(�I�� 3 Cyclohexen-1-ol, 4-methyl)89/2 

) ���)��	 �(�I��89/2  ) ,&�  � (�I��04 /2   .1�� (�I��

g�$�) F��#�  F��pB6  @���� �� ��_�	 ���B�* !�6

��	 RST  Q� 1���    ,����0* �� .��$ `�) ��+#��  ��

) C�������)�&� ,�)� 3	�* �����Ethane, isothiocyanato (

)38/21  �^4(  �(�I��-)  F��821/23  ��  �(�I��-  F��8

)80/20    �(�I��3 Cyclohexen-1-ol, 4-methyl  )72 /5  

)  ���)��	  �(�I��34/4    �  (�I��1(7),5,8-o-

Menthatriene  )37/2    @����  .&M)  j���  .1��  (�I��

Q� ��	 RST g�$�) ��� ,�#� ����� ,����0* �� 1��� 

,�)��    �� �� ���B�* g�$�) �I�� F�)q�  C�������)�&�

  .1��  ��+#�� @����  ���B�*  ���W�� .  ._�)  �  �6

�( �i�W t��) ���� �*� 3h	 ����2���_ 1��O�	   �    ���6

�	 (��_�	 �( ,�&�	 � ��� uD� "�  t�^)��  C��^�	 ����)

.�*�     �  �6�S�  "�  @8  �  [�8  .��B�  !��  �3N2  ��\

 �	 U�M�� [��x ,( �� .$ ��T��  ���B�* ���W�� �  ��*

@����  ���W��  �+�  ��G��?�  E0	  3	�T  1��  ��G��?�  �6

F� "� 1�� ���� �%���]    �%���] �  3B�#	 3	��T U�B) ��

@����  &�����  �  �D�h	  �  �?�  v�W  ����  f  ��  �6

�	F�  .���G�  f  .$  C��I   e��*  ��  �6���  .���

�	  �D�h	  RS�'	  @����  ����)  ��?L	  C���$�)  �  ��6

F�� ��  ��$  ��4�)  ��  ,������  �����  1�4��2  �  RS�'	 

�	F�  ,��)    ���W��  ��  ��������  .$  12��  .M���  .���

�M�	 ���B�* �	 ���B�* C���$�) �� t��) ��M� . ��* 

)4  .( 

  ��	  RST  ����  @����  .&M)  ��Q�1���    ��  ��

  ,�)� g�$�) ����� ,����0* .��$ `�) � . ��� ��+#��

 ��W .  ��  ���B�* g�$�)  �I�� F�)q�  C�������)�&�

 g�$�) F� ���B�* ��	�2 � �4�%4�	 ,"� .��� v�N�W�

. g�)�)  14/87    �NS5H3C  1��  )24  .(  ���B* 3%* ��7 

1�� ��* ���� ,�#� ,( ���B�* ,�B�W��  .  

  

  
  T��7:  ��
�
� �	�� #&� >  �-
��
&�X�� 

)Ethane, isothiocyanato (  

  

 C�������)�&��6 (ITCs) ��%4�	  ����6 ����� !�6

 ,����  .  .$[�$��  ����  ��^4��������  !�6  XS�)  �G8

�	�BT  ���W��  !����  �  ����� R–N=C=S   ����)  .����6

C�������)�&� "� �0_�) 3 �O  � ��	 "� �6  ��_ RS�'	 �6���

��* &��� �0�( "� �W�  � ��*1�4��2 C�������)�&� .���  !�6

�P  .SB_  "�  �0_�)  3 �O  �%]�4�$�	��2  �P  �,����

 ,�#�  ���H  �  ���%�	  �P  ���0�4�  ���� ���  )3  .(  

C�������)�&��  ���B�*  C���$�)  "�  �6���  �6    �#�	

  ,�6���  ��  ������2  .  .$  ����6  �6���g*  ���)   ,�� 

�	  12� ����  Cq�Nh	  ,���T  .  C���$�)  F�  .���* 

0)q��"�$�S� &�4����6 "� 3I�\ �B�) �18  ( R�� � ��  ��

r��O "�  �����!�6  !��$�  � !&$�W  �6��� ����B�  !�6

  �?�	����6  )23.(  ���	 �� .$ �)��4�D	 "�  ��#\ v��W 

g* ���) ,�6��� �#$ C��I ,�� �	 1�� .�2��  .  ,��)

 �)�������)�&�  C���$�)  1�B�  ����     !�� ��(  .#b* 

Coleoptera: Tenebrionidae)  ����  �  ( 1�B�

 Cq��"�$�S�  "�  3I�\  C�������)�&�  E')  !��  �6

  �	 ���� �	���W��  .��$ ���*�  F� ,��  q�  .  ._�) � 

�	 ���� F� �� E0	 � ���B�* g�$�)  F� "� ,��)  .  ����
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��#\ ,���T!��B�  � C�2( ����$ 10_ ����� [$  �� �6

F�	".��'S�  �  !"���#$  !�6 !��M)  ��D�  ��  ,(  "�  �6

.��$ ���^���   g�$�) F�	�� @���� ���B�* &�4��( k��� � 

Q� ��	 RST ���� �� E0	  1���(^4�  ��  � -   F��8  .1��  (^4 �  

 ��  �-F��8    @����  1��I  ��  .�)  ,���TC���$  .�8!�  

  ��H�� !�6�)�  .�	 ��B*  ����� ��#�	 .  ._�) �  � ��(

  1�B6� &��\ ����  �0�(.����6  �^4(-  F��8���	    !��  .�4��

  �  �6�DT  �F8�)  F"�  �  ������  ���2�$  �����8�)  &���

 F"�  �4(  ���B�*  ���	  ���  �  �6����  ��T��N	  !�6

1��  �T��N	.    ,��  !�� ��$  .  ._�)  � �^4(-  F��8  ��

  "�  ,��$�  E6  �1��I�^4( -  F��8  ��4�)  !��  ���B�*

�	 ���^��� ��*��0  � �#��( Cq�Nh	��*  )12.(   ��  -

 8F�� (Beta-pinene)   �&_  .$ 1��  ���B�* g�$�)  f

F8�) �61�� @���� �� �  � ��� ����	 ,�6��� "� �W�  !�6

�	 12� A�$ �%�W � f�W !�  !���� g�$�) F�  .��*

 ���	  ��*��0  �  !"������  �!"���DT  ���I  ��  �  1��

�	  ���O  ���^��� ��  �F��pB6  .����-  �P  v��W  F��8

  (�M�#) �P) f��B��b�� �P � ����$�  �P �� �0�4�

����.    ��	 RST ���� !�� �  �P�\ .�4�D	 j���Q� 1���  

  ����� ���	 f ,���T .  ���� F� @���� .$ ��� ,�#�

  g�$�)  "�  ��H�^4(-  F��8�	  .$  1�� ._�)  ���	  ����)

1$�*���� !�6���� ���O !"��  .  ��+#�� 1��O�	 .��5	

Q� ��	 RST1��� [6�78 ��� �  ����  F� �� �6�    �+��� 

��+#�� F� f]�4�$� e��* �� C��^)�6   C��^) F� .1��

f]�4�$�  3	��T  "�  !����  �   	  ...�  ���  �1 ��� ��	�  ����
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