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Abstract Article Info 

Background and objectives: Thymus daenensis, a thymol-rich thyme, is one of 
four endemic species of this genus in Iran, known for its pharmaceutical properties 
such as expectorant influence, antimicrobial, antifungal, and anti-inflammatory 
effects, primarily attributed to its metabolically active substances. This study aims 
to characterize and quantify the predominant active substances in different 
phenological stages of two Thymus daenensis chemotypes through LC-MS/MS and 
GC. 
Methodology: Six genotypes from two phytochemically extreme Thymus 
daenensis Celak ecotypes (Zagheh and Malayer) were vegetatively propagated 
through stem cuttings (using 1000 ppm IBA hormone) in a greenhouse. Each clone 
consisted of at least eight individual plants. After well-rooted cuttings were 
transferred to eight-liter pots for further growth until cultivation in the farm. In the 
field, plants were adequately watered through drip irrigation and fertilized with 
20:20:20 (N:K:P) fertilizer. Essential oil (EO) content, phenols, flavonoids, 
percentage of EO components, and antioxidant capacity of methanolic extracts were 
assessed in these clones at different phenological stages (vegetative, flower 
budding, early flowering, and full flowering) and in two organs (leaves and 
flowers). The data were analyzed using a two-factor full factorial experiment based 
on a completely randomized design (CRD). 
Results: Malayer ecotype exhibited higher fresh weight, dry weight, vertical 
growth form, and significantly (65%) higher EO content than Zagheh ecotype. GC-
MS analysis identified 24 constituents accounting for over 95% of essential oils, 
with thymol, carvacrol, carvacrol methyl ether, p-cymene, and γ-terpinene as the 
major components. Thymol content was 33% higher in Malayer ecotype (thymol 
chemotype) than Zagheh ecotype (thymol/carvacrol chemotype), while carvacrol 
content in Zagheh ecotype (~15%) was 13 times higher than Malayer ecotype. The 
highest amounts of thymol-carvacrol and p-cymene-γ-terpinene were observed in 
early flowering and vegetative stages, respectively. EO content and antioxidant 
properties peaked at the full flowering stage, with higher values in flower tissues 
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than leaves. Regression analysis revealed negative and second-order relationships 
between p-cymene and thymol content, and between γ-terpinene and thymol 
content, as well as a significant linear relationship between p-cymene and γ-
terpinene content. LC-MS/MS analysis identified 14 polyphenols and flavonoids, 
with rosmarinic acid and caffeic acid quantified through HPLC-PDA. Rosmarinic 
acid content was higher in Malayer samples, while Zagheh showed higher caffeic 
acid content, both peaking at early and full flowering stages. 
Conclusion: Harvesting Thymus daenensis at the early flowering stage (~20% of 
flowers opened) is recommended for the highest biomass, EO, and thymol/carvacrol 
content. However, for higher antioxidant properties and phenols, harvesting at the 
full flowering stage (~90% of flowers opened) is advisable. Generally, the Malayer 
ecotype exhibited relative superiority in performance and essential oil production. 
 

Cite this article: Ahmadi, H., M.R. Fatahi Moghadam, Z. Zamani, M. Shokrpour, E. Jahantab, M.R. Morshedloo, 
2024. Characterization and Quantification of Predominant Active Substances in Different Phenological Stages of Two 
Thymus daenensis Chemotypes through LC-MS/MS and GC. Journal of Rangeland, 17(4): 640-664.  

 
  © The Author(s).                                                          DOR: 20.1001.1.20080891.1402.17.4.9.4       
Publisher: Iranian Society for Range Management 

  

  

 

  

  

 

 

 

 

 

 

 

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

4.
9.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

24
-1

2-
21

 ]
 

                             2 / 25

https://dorl.net/dor/20.1001.1.20080891.1402.17.4.9.4
http://rangelandsrm.ir/article-1-1226-en.html


 

 

642 

 

 

 
  

���� � ��	
	��  �� �� ������� ����� ����� �� ��	 � !"��# $�	%��� �� &�	' (�)�� *	+���% �,�


LC-MS/MS  �GC 

  

�-��� !�.�10-1� ��	�� 	2�-�3� 4*2� 	�6 ��� 7��8 41��9�:� -�,� 41 ;	� 	<= �	�-�>
� 43��-��� 	2�-�3� 44  

  

1 . ����	 
 ��
��� ��������� �������� �����	 
 ���  !
"���"#� �$"� ���"�% !�&���� ��'(�).    

2 .��#!��+ ,�-+	� ��#� .��"#� �$"� ���"�% !�&���� ��'(�) ����	 
 ��
��� ��������� �������� �����	 
 ���  !
"� :/	��fattahi@ut.ac.ir 

3 . .��"#� ��+1 ��+1 !�&���� ���
��� !������ �(3'(�) �����	) ���5(6�7 
 �%"	 !
"� 

4 . ������ ���  !
"��� !������ �
��� ��  !�&����/��"	 �/��"	� � #��".   

 

 ��	1� *	ABC� (-�:D    

:��	1� F�   

 9	�� /:�;	–  ��<
=> 

  

1402 -�= H17 (�	�� 44  

  

  

��	��� J��	%  10/07/1402  

 :K����� J��	%08/10/1402  

 :L��M9 J��	%08/11/1402  

  

  

(���:�-��� �	N    

��C��� D�#
7  

�,�E(%  

�,
"��
�� 

 �>- �DE#�� 

 .��(:���G	 ����� 

:O-N � �1�	
    3�� ,�E(% �H�� ���GI	 �� D�#
7 J�K ��EL�� 
 M(	��� /��� ��N �� ��# �C��� D�#
7

3(:���G	 �� �'(�
 O() ��K
 3�  /� /� !=#
 �#
�� P��Q ���� ,�'1 ��<R�Q "(S� ��  ���
"�(	�T ��
7

  U#�%�E� 
� V:�� !"W�	 X��(�"% �Y�� 3(E� 
 �#����L "T�Z [(;I% �� \�< .3�� ]��G:��T ��N�^�T

  ME� /� �_�:��1 O�G6	 9Z�"	 � �#��� D�#
7LC-MS/MS    
GC  �	  .�L��  

 L�� � ����:	N   U(%��_ `L    ����� X�a /� /��6�� � /^�� /E�^ �� "#b	 
 /��� U(%��� 
� �� c#"G+��

  �� !��dG�� �� 
 (��#
 e
)1000    ���� "< .���L "(f�% /��6�� � �(�� M#"%�� ,
��#� ��	�< ��.�> .�>

  �� 9^��Z8  /�# �� J> .��� !�L 9(��% �"d�	 !�(�/E�^ ��L ������� /� ���7 ��<�< ��<  "G�5� �"G(: 3

  �� ���Q /� ��<�(� �/ 5	 � .�����	 �^�� /��6�� � / 5	 � 3�� ��	� �% 
 ���L 9;G�	 "G�� �L 3�K

 !"g^ ��(�7  ��5K� �a� ���(C��
b1 
 ���1 ���	 �J���� ���GI	 3#��� � .���L /#hi% ��� ,��I	 
 ��

�� �G�7 3(1"j 
 J���� ���� �:���G	 !�k  ����(+ U(%��� D#� ��<  ���#
) M#_�:��1 /�Z"	 ��N � �<

/l���<�!��� .��G1"� �"^ ���#�� ��	 (9� 
 m"�) 31�� 
� � 
 (9	�� �<��� 
 �<��� 9#�
� �  9a�Z ��<


� 9#�G��1 `#�	�7 M# n��� "� !�L    .���L 5(:��7 �1��k% ob	�� p") ����	 "� ��	�   

:P�	�     ��
 DGL�� "� !
b  /��� U(%��� �� /+#�;	 � "#b	 U(%��� /� ��� ���� ��a� X�"W� D(&��(	 /+#�;	

��'	 �) /� �"G�(� M�Q 
 "% ) J���� ���GI	 ���� ���65    �a�  5(:��7 .��� 5(� �"G�(� ,�E(% 
 ("G�(�

���� �1�"��%�	
"�-    s�EY	 � 3+���% �	"K �Y�� O()24    �� `(� /� � V(�"%95    � J���� �a�

�	 `L�>  ��5K� �� D�(>"%�	�� 
 �DE#�� �> �"%� 9(G	 ,
"��
�� �,
"��
�� �,�E(% .��� �#����L ������

 J���� ��a�/�) "#b	 U(%��� ,�E(% ���GI	 /� ��� ���� u#�G� .����� �<  �
�Z (,�E(% U(%�E� ���� 33  

  U(%��� ,
"��
�� ��GI	 ���K
 D#� �� .��� (,
"��
��/,�E(% U(%�E� ����  /�) /��� U(%��� �� "G�(� �a�

) /���15%  �
�Z (13    ���� �1�"��%�	
"� 5(:��7 u#�G� D(�lE< .��� "#b	 U(%��� �� "G�(� "��"� /� ��� ����

  ,�E(% ��5(	 D#"G�(�-    D�(>"%�	�� ��5(	 D#"G�(� 
 �<��� 9#�
�  � ,
"��
��-    /�Z"	 � DE#�� �>

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

4.
9.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

24
-1

2-
21

 ]
 

                             3 / 25

https://dorl.net/dor/20.1001.1.20080891.1402.17.4.9.4
http://rangelandsrm.ir/article-1-1226-en.html


643 

 

 

�	 31�# ��#
�G�7 3(1"j 
 J���� �a� �M�Q !��	 ��5(	 D#"G�(� D(�lE< .��L  $
� � ����(+��

wQ�L "#��;	 .�#�"� !�<��	 �<���  3(1"j ��< �G�7���(+�� 9� 31�� � 5(� ,�E(% 
 J���� ���GI	 ��

  �J	�(� ��;	 "f���Z ,�kZ ��"� 3L��"� ��	� D#"G�� �"T�Z /':�g	 u#�G� n��� "� .��� m"� �� "G�(�

 D(� �d�	 
� /K� R��
 3+���% ���(�"� 5(:��7 .3�� !�(� �<��� 9#�
� � ,
"��
�� 
 ,�E(% �J����

� 
 ,�E(% 
 DE#�� �> ���GI	  �gQ /g�� M# D(�lE< .��� e��"� ,�E(% 
 D�(>"%�	�� ���GI	 D(� 5(

 �> D(� �����'	I	 .3L�� ��K
 D�(>"%�	�� 
 DE#��
 �(C��
b1 �9� 9�1 ���G �G�7  R��
 5(� 9� ���(+��

  s�EY	 � .��GL�� "&#��#  ��  �G�f	  ����'	14    !�&G�� /�(���  ��(C��
b1 
  ���1  V(�"%LC-MS/MS  

�(�� 
� 
 �L �#����L   M(�#�	� ���GI	 .���L �Y�� 3(E� �#�	 �1�"��%�	
"� R��% 5(� V:�� ���1

/��E�  �  �(��/��E�  /�  3�+�  "#b	  !�L  `#�	�7  ��<  �  5(�  �(��  M(-1��  J�':��  .���  "G�(�  /���  ��<

 /��E�  D#� �� .���(� ��Q ��;	 "f���Z /� 9	�� �<��� /�Z"	 � !�E  V(�"% 
� D#� .��� "G�(� /��� ��<

 ��'	 X
�d% �,�Z  .3L��� ��K
 "Q7 ��#_�:��1 /�Z"	 
� D(� ���  

�,�� :���Q    /�  "G�(� ,
"��
��
 ,�E(% 
 J���� �J	�(� ]�+G�� 3�K "T�Z /':�g	 u#�G� �s�EY	 �

  �� `(� �
�Z /� ���	�) �<��� 9#�
� � ,�kI	 3L��"�20  9� �a��	 /(a�% (���L ��� �<  D#� �� .���

  P��Q "�� ��K
�G�7���(+��  �#�h� �#��a ��"� �"G�(� ���1 X��(�"% 
-  3L��"� ��L�� �SG�� ��	 �#
��

 /� .�"� �<��Q \")"� � ��(� D#� 9	�� �<��� /�Z"	 �  �(:�% 
 ��"��E  "S� �� "#b	 U(%��� ��� �)

  .��� ���� ��"� ��	 U(%��� "&#� /� ��+� �"%"� J����  

  

:�	��
�    ��:�L"	 ..� �]�G���K .� ��>"�L .� ����	� .x ���;	 �Z�G1 ..� �.p ���EZ�1402  D�#
7 U#�%�E� 
� V:�� !"W�	 X��(�"% �Y�� 3(E� 
 �#����L .

 ME� /� �_�:��1 O�G6	 9Z�"	 � �#���LC-MS/MS  
GC . ��%"	17 )4 :(640-664.    

  

 DOR: 20.1001.1.20080891.1402.17.4.9.4  
��	 ��"#� ���'%"	 �E�  DEY�� :              © �����+#��      

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

4.
9.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

24
-1

2-
21

 ]
 

                             4 / 25

https://dorl.net/dor/20.1001.1.20080891.1402.17.4.9.4
http://rangelandsrm.ir/article-1-1226-en.html


��	 � !"��# $�	%��� �� &�	' (�)�� *	+���% �,�
 ���� � ��	
	��  ... / �-��� T��	:�N �                                                                     
  

 

644 

 

 

 ��-1� 

  � "1  XH�kI	  ����  �/1��  �(:�%  "�  !
b  �%�"	

 �� �y'� /� ��G+< �G'�a 
 �#
�� ��<�(� ����	 �"&#�

D#"(L  �!��i�7  �/Y#��  ����	  ���7  �b^�  
5K  5;�
  ��(�

 ��� �%���a��G+< )12  
 26 .(3Q��L ��<�(�   �#
��  

�  /a"   ��<  �'%"	  
  �'(�)  ����	  "<  /;g�	  ��#   �� 

�����<  ���(��  �  c�	  
  /�(	�  /'��%  ��#�>  ��<�(�  

�#
��   !���   
  �	 ����%  X� b)�  /#�>��  �E�	  �  �  �(GQ� 

��;;I	  `#�"� ��<  O�G6	  D#�  /T�Z  �%�;(;I%    


��"���  �"^  ) �<�6 (  ./kQ�L  J���� �d(� 
 �E� ��<

 ��  !�(�  M(G�_  ����	  �"g'	  ��<�(�  ��  �:�kIG��

  ��<�G��1/�Z"	 ���#_�:��� 3L��"� ��	� ���#_�:��1 �

/� �<�(� ����� s�� 
�	 "(Wz% X�L) �"#h>16 .(  

 D�#
7 J�K�� `(� 250   � � �<�(� O�G6	 /���

�	  "�  ���7  D(�  ��  /�  �"(�14   .���  ��K
  ��"#�  �  /���

  �C��� D�#
7 .��G+< ��"#� M(	��� J�K D#� �� /��� ��N

)Thymus daenensis Celak/��� D#� �� ��# ( M(	��� ��<

!�� /GL � !�E  �) /� /� 3�� {�";�� {"'	 � 
  ��<

�	 �L n"���  ) ���73L��"� ���� �) /� .(  "(�  ��:�a�  

��  ��"N   ���  /#
  �|���Z  �'(�)   ����	    
  ����  `%7

  
 �:�+��Q   �(:�%h�  �g(I	 R#�"L � c� ��;� �O('T

 ���G��  
  36�3('EK  ��g(I	  ��'G	  ��<  ��<

 /��� D#�  O�G6	   �"^ {�";��  "gQ {"'	 � �  e��  ��

) 3�� !���23(. 

  "(S�  ,�'1  �#
��  X��(�"%  ��  �'(�
  O()  ��K


D>"%���	 M(�>"%  �"%  �(,
"��
��  
  ,�E(%)  �:��1  ��<

 X�"W� �O�G6	 ��<�(C��
b1 
 ���1 ��> ��<�(�� ��<�(��

  �T �9&��  �T �}�^ �T P��Q "(S�  �d�G6	 ��#_�:�(�

  �]
"�(	�G�7���(+��  �T  
  3��#�  �T  �]��G:�  �T  �

/��� /� /ET�< Xb��	  �C��� D�#
7 /�EK �� D�#
7 ��<

3�� !�"� �g � )22(/;��� !�(� D#� .  �"��� � ��H�) ��

  D�
 .��� �#�h� �#��a � ��L�N 
 /#
�� M# ����  /�

!"	� � D�#
7 ���1 �"1
 ]��I	 J���� !� �  �"���">  

) ��#"	7 �
�� 
 �h� ��	��� .��� �"^ ���KFood and 

drug administration (FDA)  �(  � � ,
"��
�� 
 ,�E(%

  /(�%  ��"�  ��#�  �
��  
  D-Eg	  !
"��G�7 ���(+��  
  �<

!�����&� /;�) �#�h�  ���	  �'(�) ��<3��  !�"� ���� 

)11.( D>"%��	  �,
"��
��  
  ,�E(%  "	
5#�  
  ���1  ��<

 /;�Z � ���7 9(+�
�(< !
"� 3('^�	 /� ��G+< "&#��#

  3('^�	 � 9(+�
�(< !
"� ,�E(% � .��� X
�d% ��5��

 ��� �"^ ��5�� /;�Z �G	 3('^�	 � ,
"��
�� � 
 �%� 

)22.(   R�Q 
 /1"� �T 3�"L ��a� ��5K� �� V(�"% 
� D#�

~=	 X��"Z `#�51� �� /� ��G+< 
7  `#�51� 
 �+d�% ��<

�	 ��Y#� � X�"W� D#� ��)�6	 X�IL"% ���� .    �D#� "� !
b 

D(-%
"> �� �+���E� ��Y#� ���_�%�> ���� ��<  3(:�'1 ��<

�	 ,�E � � ��Q ��
"�(	 �T��� )31.(   "W� � �D(�lE<

  ,�'1  3(:���G	  "&#�  ����  /�  ,
"��
��  ��(���(d#"G��

�	 �(:�% 5(� �� �T 
 ]��G:��T ��<
�� �!�(� D#�  ��L

)31.(   

D�#
7  �#���  !
b   "�  ������   �)  �  /�  ���#�

�3�� !�"� ��(> ��"#� c(�^� /� 
� ��(:��  /+#�;	 �  ��   "#��  

/���  ����K 3��"> 
 u#� /��� D(�lE< 
 J�K D#� ��<

 ) ���� D�#
7 ��'# �7Thymus vulgaris�(   ,�E(% ����


 "%H��  "��"� 
� ��
�Z  J���� �"G�(�  3��  /�  �"%"�    �7

�  ��L7  �	  ����)7  ��^� �#��� �#
�� �"��E  /N "�� .(

/�  ����  D�#
7  !�L  pba� ��  "G�(�  J	�(�  �(:�%  9(:�

 �#����L 
 ]�6G��  ,�Z  D#�  ��  �3��  "%H��  �#���  D�#
7  

 U(%��� ��< "%"� �� /��� D#�  "S� �"��E  M�Q !��	  
 5(�  

3(E�  
  3(d(�   /G+<  9(��%  3�K  J���� /(:
�  ��<

  "#h> ���	� "%H�� �"��E  �� ��^� �(:�% ��G�� � �Zba�

)  3��27( ��<�(�  �"�Q  /��L  �	7  D#"Q7  n���  "�  .

  ,�� � �#
��1399  �  X��(:�% 9� �� �#��� D�#
7 c��

  ���"#�  �#
��  ��<�(�  ��%  �5<  3+#
�1 /0   !���  �a�

  �
�Z  /�  3��5/2  �	  ����  D�#
7  ��  "GE�  "��"�  �L��

)Medplant.ir/K�%  ��  .(    /�  �  !�"G+�  
  �#�L  ��7  c�

M�Q  ���"#�]7  ����	  ��L �7  ��%  /�  
  ��(	�"#�  ��<  


"1D(	�  "#h>��  3��"�  3+��  3L�  
 /�  ��1  ��(�  ��<

3�� ��&:� "((i%   3#�
�I	 �� 3�� �# c#� 3�� /'��% ��

  ����	) �^�% c� �#
�� ��<�(� ���� ��<� D(�lE<  
 ]7

�#
7(D   � D#5&#�K ���kG^� ��<��
��� �� ��# ����  /�

�	 n�+Z� �����"� )4  .( 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

4.
9.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

24
-1

2-
21

 ]
 

                             5 / 25

https://dorl.net/dor/20.1001.1.20080891.1402.17.4.9.4
http://rangelandsrm.ir/article-1-1226-en.html


 (��� 4UVVV%�VVV�17 (�	�� 44 41402              

  
 

645 

 

 

 3('EK  /� 3�� D�E	 �#
�� !�(� M# O�G6	 ��<

)  ��(G�_  9#H�����	  ���L  ��N  
  ��:7  s��%  M%  ��<

  ��(%�-����!�&#�K �c#5�7 !���� �� ��<�<  �(  5#�EG	 ��(�

(�^�"G1�)  �_  ��  �"+�# �<  �"1
5#�  �#��_  ��< D(�lE<  �

`�%~"I	 
 �g(I	 ��<  �#�(E(L s��% �M(:���G	 ��<

��<� ���� ��Q ��   )30( ��(G�_ X�"W� /':�g	 �S�	 /� .

  s��%  D#�  "�  "W�	 ��H  3��  /�  U(%�����<  M#  /���  �  

R#�"L ��+�# 3�� ��	 /':�g	 �"^  ��"(�)30( . 

�"���  J���� �<  �  �#��a  /�  O�G6	  U(%  ��<

�7 �#�(E(L  �&G+�  ���  /�  3I% 5(� ��Q D#�  "(W�%  9	��   

��g(I	  ��	�  �3L��"�  R#�"L  �3��  e
��<  �3 ��    s��

9Z�"	 
 J���� $�"6G�� e
 ������  O�G6	    �"  ̂M#_�:��1

��� )5�� .(  D#�  �
  ��#  ��  c�	D#"%   9C�+	  ��<�(�   ��#
��  

3(:���G	 �d(� 
 �E� X�"((i% ��
 ��"�  � /#���W ��<

�����O�G6	  9Z�"	  
  �<  M#  �L  !�(�   
  /+#�;	  ���7  ��  

3(E�"S�  
  3(d(�   ��  "&#��#  �<��7  .3��  ��  ��5(	  
  

���%�   
 3(E�  3(d(�  !"W�	 ���	    9Z�"	 ��O�G6	 ��L  

[)��	  �  3��  !�(�  M#  3�K  �#
��  3�����#  /�  

 !���� "f���Z  ���	  !"W�	   �(d	  ) ��� �<��Q3  �(:�% ��^�
 � .(

  ��#
��  !�(�  M#  ���	�  /1"a /�  �
";	  ���kG^�  "S�  ��

��� �<��Q  3(:���G	 ��;	 /�/� �7 /#���W ��<   ]��g	 �Z

 �L�� !�(�  �"#� �  ��<�(� � !
b  �#
��    �(:�% ��5(	 "�

!��% 3+#��  3(:���G	 �(:�% ��5(	  !��	 �Z�
 � �#
�� ��<

M�Q  !=#
 3(E<� �� 5(�  ���Q"� ��3��  )5( D(E< "� .

�n���    /�  ���(G��  ��"�  M#  ]��g	  �"��E 3��  ��H  

!"W�	 ���	 ��5(	    � ��K�	  !�(�31�� �  
 �<  O�G6	 9Z�"	

  ��	 ��L/':�g	 
 ��"�  ��"(� �"^  ��G�� D(E< � .

 � !�(� D#�  ��:���G	 X�"((i% ��"� /':�g	 D#� ��  \�<

  � 
 X
�dG	 �#�(E(L U(% 
� � ��E� 
 �L c�	 9Z�"	

 U(%��_  ��'#)  �C���  D�#
7  U(%���  
�  c#"G+��  ��<

U(%��� ("#b	 
 /��� ��<3��.    

  

  

  

 

L�� � ����	N  

  �W	 � !"��# �	N ���X �"� � ��Y:% 

  !�	  �#"�L  �1400  �
�Z  s�EY	  �  �600    �� 

/E�^  �G���  u�>  �d� /%��)  U(%��_  `L  ��  �"G	  ��<

/%��  .�L  3L��"�  U(%���  "<  �  (/:��  `L ���	  ��<

 R��%  �������  ���  X�;(;I%  !�&G+#�  �  b�^  ���	

) ����E< 
 ��EI	2020  !�L 3�� (  ��� M# .�����

/E�^ ��(#�>  ��N �'� 
 9�:� � /(��W ��N X�	 /� ��G�� �<

m"� J�� .���L ���d �T ��G>�� `� }�^� /(��W  ��<

/E�^  3E+^ D#� ,
��#�  ��	�<  ��  !��dG��  ��  
  \hZ �<

  �(�� M#"%��1000    � 3#��� � 
 ���L �E(% �� �> �>

  3�+� �
�Z 3�� ��(�50:50    3(:"> :3(>���� �EYZ

  "#� � 
 /��6�� � !�	 
� X�	 /� �< /E�^ .���L 3��

  ���	� 9a��1 �� /� ��G1"� �"^ M(%�	�%� e�> /	 cG+(�

3  �	 /� 
 ���# 3 �� �� J> .�"� �	 �� /;(^� M# X

/�# /E�^  ��L  �������  /�  ��< MN��  �"G(:  M#  ��<

  3�+� �� / 5	 ~�Q :/��	 :m"� ~�Q �
�Z1:1:2  Z  �EY

  U(%��� "< ��"� 3#��� � .���L 9;G�	6    3�< ��) ����

  /� /��6�� � �L ,�) � ��<�(� .�L ��Y#� (/%�� �# �y 

  ��5(	  /�  
  cS�	  X�a90    "G+�  � ��  3(1"j  �a�

�	 ��(�7 ,��I	 M# �� ���# /Gd< 
� "< D(�lE< 
 ���L

�	 /#hi% �����< !�L [(^ "��"� ��N���L )15  }� �> .(

  D(�) V%"	 X�a /� 5(� ~�Q5 /7-5/6  � 
 !�L ��"� (

�	 c(S�% M#"G(� �(�� ,��I	 ��  ��H �^��	  ��<�(� .�L

����� /� �1�� �L �� J>  ��E< �� �"G(: 3�< "G�5� ��<

  �^�� /��6�� � !�	 3���#�� 9#�
� �% 
 ���L 9;G�	 "G+�

 9�L) �����	1  .( 

  
�  X�	  /�  ��<�(�  / 5	  R#�"L  ��  ������  ��"�

��+�  /#�� � 
   /��6�� ��  $�Q ��y1 �  /Gd<-  ]�G17

  ,
�  �  .���L  9;G�	  / 5	  /�  J��  
  ���L  ����&�

���"Q  �� ���	) (/%�� 3�< 9	�L ���� "<) ���� `L !�	

  ��<�(�  .���L 3�� / 5	 � (U(%���  "< U(%��_ `L

  O#� M# � ���� "< U(%��� "< /� ���"	 /G1�# �L ]�Q

/%�� D(� 9a��1 ��  ��30  �G���  �d#� D(� /�a�1 
 �"G	

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

4.
9.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

24
-1

2-
21

 ]
 

                             6 / 25

https://dorl.net/dor/20.1001.1.20080891.1402.17.4.9.4
http://rangelandsrm.ir/article-1-1226-en.html


��	 � !"��# $�	%��� �� &�	' (�)�� *	+���% �,�
 ���� � ��	
	��  ... / �-��� T��	:�N �                                                                     
  

 

646 

 

 

60   �L ,�) � ��<�(� ��(�7 .���L 3�� �"G	 �G���

 !"g^ X�a /� cS�	 X�a /� ��Y�� �� .�L 

  
  ���L  �<���  ��1  ��
  !�	���"Q  "Q�
�  �  ��<�(�

  /��#� �% 3L�� /	��� �7 �� �'� /Gd< /� �% ��
�Z �<���

  /�Z"	  ��
  ��<�(� 
  31�#  ��#�>  �<��� !�	"(%  "Q�
�  �

3L��"� .���L �<�h� /Q�L"�  �<  � ��#
 /�Z"	 ��"�

14    !�	 ���"Q1401/l�� /�Z"	 ��"� �  � �<�25    ���"Q

  !�	1401    /� ���	�) �<��� 9#�
� /�Z"	 ��"� 3L��"� 


  �
�Z20  /l�� �a�  � (����� !�L ��� �<31    !�	 ���"Q

1401    � 9	�� �<��� /�Z"	 � 3L��"� 
18    "(%1401  

  �
�Z /� ���	�)90  /l�� �a�  ��Y�� (����� !�L ��� �<

/%�� �L �"1 ��"� .�L3:�Z �� ��<�G+#� �% !�(���Q ��<  !�

/�V(%"%    ��� �1    �%5   ��
 ��"� ��"� .�L !��� P�kGQ�

/%��  �L �"1 D(�lE< 
 M�Q 
 "%  � U(%���  "< ��<

  s�EY	10  ) /%��5    U(%��_ "< �� 
 U(%��_2   ��	 (/%��

 .31"� �"^ ���#�� 

 

 
 �:�1 �A�Z� �� ���1�
� 	% �W	 � !"��# �"��� ��Y:% �� [���� ���	\% :  

  

 ] 	
� ^����
�  

  ���GI	  D(('%  ��"�J����  /Q�L"�  �#  9�  �m"�  �

 �
7 � /� (M#_�:��1 9Z�"	 ��"�) ����40  �G��� /K�

  M�Q �
  
�  X�	 /�  ��"� !�L   �"^  !��dG��  ��	  ����

/%�� 
� �� ��L /�Z"	 "< � .31"����� (�y ) �  ��<

/��E�  U(%���  "<�	  X�a  ���"� s�EY	  J��  .31"�

����  �<�(� ���	  �  �%  �L ���6	 �1��k%  X�a /�  �<

  ���	 �"�% "<) �"�% /� ��#�	�7  �E(% "< ��"� s�EY	

  3#���  �  .��"�  ��Y#�  (����  
�  !�L  ���6	  �<�(�

 /��E�  9Z�"	  /�  ���"	  �E(%  3�<  ��  ����  "<  ��<

M#_�:��1  U(%���  
�  D#�    ��"�  (�"�%  /�  ��  �E(%  "<)

 .���L !��dG�� J���� $�"6G��  

 /��E� !�L M�Q ��<  /� �<�&�#�	�7 ]�(�7 /�(�
    /�

  X�'g^  (J���� "G�� $�"6G�� 3�K) 5#  ��;	 
 ���L �"Q

20    "< �� �"�/��E�  J���� 3�K  �
��"% �� !��dG�� �� �"(�

) �:�G(Y#�Sartorius  (��E:7 �  3^� ��   �"� ��5<L ��
��  .�

/��E� !�L 9;G�	 D:�� 9Q�� /� �<  
   "g;	 ]7 �� !��dG�� ��

  cYZ  /�400  ��  ��.���L  !����    !�&G��  �  J��

  "Y�����n�%��>7 p")    !��� �"^  
/�  /��E� "<  X�	    /�

  3 ��J����  ��(��G#"� />���	�1) �L �"(�2000( .   3C�"^

  J�� .�L ��Y�� "Y���� $�	 /�(L �
 �� J���� �EYZ

  H�� ��300    (J����) �#H�� ��1 
 �L /1�T� ��5&< "G(:
"�(	

  �������K �� J> .�L ��K "��E� R��% "Y���� �H�� ��

/��E� J����  �<R��%  X�d:��  c#��  M�Q  �"(&�7    !�L

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

4.
9.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

24
-1

2-
21

 ]
 

                             7 / 25

https://dorl.net/dor/20.1001.1.20080891.1402.17.4.9.4
http://rangelandsrm.ir/article-1-1226-en.html


 (��� 4UVVV%�VVV�17 (�	�� 44 41402              

  
 

647 

 

 


  /�(L �
�  5(:��7 ��	� �% (J���� ,�#
) P�k6	 ��<

X��(�"%    /K�  ��N  ��	�  
  M#�%  9I	  ��G��� ��"�  

 .���L ����&�  

 (6�- ���� 	�� (�	\A �� ���� ���� ����3� ���Q  

!�k !�����  ��"(�  
  ���1  ���	  ���GI	  �"(�

�G�7  3(:�'1 D(�lE< 
 9� �(C��
b1  /�  !�k  ����(+��

  e
) �#����G��2011(   �  .�L ��Y��  X�"((i%  �����  ��

���:�1  ��<50    ��(	"G(:  ��;	  �200   ��(	  /��E�  �"�

  � M�Q m"�20  ��(	  ,���G	 "G(:80    3�+�) �a�1    /�

100  X�	  /�  (24  !�k  "�(L  �
  3 �� .�L  �"(�

.�L /G6# �#�K ���:�1 � 
 !�#�"� _�(d#"G��� J�� 

/��E� D#� /��#� /� /K�% ��  `���
 � 
 ����� �(�� �<

\"'	  �� �	  ��Y#�  !�(�  ��  �<  ��  3C�"^  9��^  /�  ���"�

  ��  �
�+	  ��5(	  /�  !��
�  �����  "G	�%�1
"G����  !�&G��

  "#� /� ���7 ]hK �% ���L [(^ ,bZ8/0    .��"� ��Y�� ��"�

  `���
500    �G:���(� D(:�1 \"'	 "G(:
"�(	10   �a�

  
 (]7 � !�L [(^)500  �� "G(:
"�(	  c#�� X���"�3  

�a�    ]�(%
"�(	 M# �2   ��(	  �� �"G(:100   "G(:
"�(	

�L ���6	 �:���G	 !�k   )  ��  `���
 � �G:���(� D(:�1

!"(%  ��7  ��  
  !�L  �(Z�  ���1  ���	  "%  `���
  � ����

�/��E� �7 �� J> .(3�� "G�(� 9� ���1 ���	 !��<  �<  �

  ��	�45    /K��G�����"�   X�	 /�30  D� 9Q�� � /;(^�

	  $�	  ,�)  �  ]hK  3#���  �  .���L  /�����  ��765  

 ��	 ���	 �	�E% �� .�L 3C�"^ �# 3(�> !�&G�� �� "G	����

  �  �#  �:���G	  !�k  5K  /�  H��  �  !�L  "�x  !��dG��

,��I	  �"�  5K  /�  ��<�����G��  M(:��  !�L  [(^  ��<

  ����  /�  ��(��M�b�  c�  ��"�/��E�  ]hK  ��  ��"� �<

  ���	 ��5(	 .�L !��dG�����1   M(:�� �"�
"�(	 V+Z "�

��(	 "�  �(�� M(:��  �����G��  �gQ ��I�	  �
 ��  "G(:

  !��dG��  �<�(�  !��	  ��;	  ��I:  ��  
  �#�"�  3C�"^  �(��

  �"� ��(	 ,��'	 V+Z "� �#��� "#��;	 !�k  3^ 
 !�L

  M�Q ��
 �"� � �(�� M(:��/�3��    �	7)37( ��"� .

� ���#� 3�� !�"� s���� � e
 /� ��a� 
 /(:
� J�"1 �#�

.��L !�
7  

  

(6�- � �� -�W� �B� ����3� ���Q  

150    
  �:���G	  !�k  ��  "G(:
"�(	150   "G(:
"�(	

  ,���G	 � !�L /(�%) �a� 
� �#"�� c(�(	�:7 ,��I	80  

 /��E� J�� .���L ���6	 "&#��# �� (�a�  M# X�	 /� �<

  � 3 ��  $�	 ,�) � ]hK .���L /����� ��%� ��	�415  

,��I	 3Q�� �� .�L 3C�"^ �# 3(�> R��% "G	����  ��<

  �����G�� ��I�	 �� 3C�"^ 
 ,���G	 � D(G�"C�� �����G��

��(	 X�a /� 3S�� 3#��� �  � ,��'	 D(G�"C�� �"�

�L ��(� M�Q ��
 �"�  .  �� e
 D#� � �#�"�� c(�(	�:7

!
"�!
"� �# ��N !�EL D�"� �G� ��<  9(+�
�(< ��<

�
b1 u�> 
 /� D�"�,��
b1 
 �<!
"� �� �# 
 �< �%� ��<

  /;�Z �(+�
�(< ��A  
 B    9(��% J���E� �<�(C��
b1

�	!����� �h: 
 �<�J���E� D#� ]hK "f���Z �"(�  � �<

 $�	 ,�)415   �L ��Y�� "G	���� )37(. 

   (6�- �_	:����  �6	.�	9  ���	`�  ���Q  ��6#  �	NDPPH 

�� # ����a � �-�.��  

  ��;	100    
  �:���G	  !�k  ��  "G(:
"�(	100  

  �:���G	 ,��I	 "G(:
"�(	DPPH   ��#�:7 �E&(� 3�"L)

  3S�� �� (��#"	705/0    M# � �"� ��(	��(	"G(:    ,���G	

  .���L !�� c< /� ]�(%
"�(	 M# 9Q�� � ���Q /� w:�Q

  J��30    � 
 �L /����� ��#�% � 
 ��%� ��	� � /;(^�

  $�	 ,�) � 3#���517   3C�"^ �# 3(�> R��% "G	����

  �:���G	  ,��I	  ��  .�#�"�DPPH  /�  5(�  �#  �<�L  ���� 

 /��E� ]hK �� "G�(� �#�� �<�L ]hK .�L !��dG�� ,"G��  �<

  ,���G	 �� .�L��80   �L !��dG�� M�b� ����  /� 5(� �a�

/��E�  ��  �7  ]hK  
  3(:�'1  .�L  c�  5(�  �<�L  
  �<

�G�7���(+��  /g�� R��% �)1 (    ��������� �a� X�a /�

�L /���I	 )37 .(  

) /g��1:(  
                                                                                         
 %I=100×(Acontrol-Asample)/Acontrol 

  

  ] 	
� *	+���% �,�
 ���� � ��	
	��  

  !�&G�� ME� /� J���� � ��K�	 X��(�"% �#����L

GC-MS   !�&G�� R��% X��(�"% �E� �"(� !����� 
GC-

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

4.
9.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

24
-1

2-
21

 ]
 

                             8 / 25

https://dorl.net/dor/20.1001.1.20080891.1402.17.4.9.4
http://rangelandsrm.ir/article-1-1226-en.html


��	 � !"��# $�	%��� �� &�	' (�)�� *	+���% �,�
 ���� � ��	
	��  ... / �-��� T��	:�N �                                                                     
  

 

648 

 

 

FID     !�&G��  .31"�  X�a  /��"	  !�&����  � GC-

MS
GC-FID   s��  ��  !��dG��  ��	Agilent 7990 B  

 �	"K "G	
"G���� /� 9kG	A  5977  ��G� ��     �a� u�>

  ,�)  ��  �������(�  ��>  9(G	30    
  ��Q��  "g^  ��  
  "G	

  /#H  3	�6T25/0  ��(	  .���  "G	/	��"�    /�  ��G�  �#�	�

  �
7  �#��G��  ��	�  :�#�"�  c(S�%  "#�  X�a60   /K�

�G�����"�   ��#��"� �/;(^� u�> X�	 /� �	� D#� � O^�% 


  /K� /� �%�"Z�G�����"�    �% �	� `#�51� 
 /;(^� "< �

180    /K��G�����"�  �	� D#� � O^�% /;(^� M# J�� �

  [#5%  M^�%�  ��	� .�L ��Y��230    �G�%� 
240   /K�

�G�����"�   ��#"K 3 "� �� 9	�Z ��� ����  /� c(�< ��� �� 


��(	  M# [#5%  !�&G��  .�#�"�  !��dG��  /;(^�  �  "G(:

) 3(���� 3:�Z � !����split  3�+� �� (1:30   .�L c(S�%

  ��(��5(��# _�G:
70    ��(��5(��# e
 �3:
 �
"G�:�EI   


  ��(��5(��# ���	 ��	�270    /K��G�����"�    .���!�
�I	  

O()  D���  ��  �<m/z  500  -50    �#����L  .�L  c(S�%

�����G�� [#5% �� X��(�"%) "�G'	 ��<(Sigma–Aldrich, 

USA   �"%�(�	��  /��6��G�  ��  !��dG��  ��  D(�lE<  


)WILEY275, NIST 05, ADAMS .31"� X�a (  

  ��  X��(�"%  ���+Z  ������  wQ�L  D#�  "�  !
b 

���:7  ,�	"�  [#5%  ��  !��dG��)  �<30C – 8alkanes, C-n (

(Sigma, USA)  �/ �#����L �� ���(E)� 3�K 
 �	7 3��

  ������ wQ�L X��(�"% 3��/�3��  wQ�L �� !�	7 -

) 5	��7 ]�G� � ��K�	 ������ ��<2017(   !��� 3;��g	

�E� .�LM(> "#� 3Z�+	 DG1"� �� X��(�"% ����  �
�� �<

  !�&G�� �� !��dG�� �� �(Ik% �G��1 �"���GC-FID    �� 


 /� X��(�"% ��;	 .31"� X�a ��+�# �#�	� /	��"� ��E<

  3�K  .���L  ��(�  ��+�  �a�  X�a/�3��    ��
7

  5	��7  ���+Z  ������  wQ�L  /g��  ��  ������  wQ�L

)2017  �3��  V���	  �C�	�  ��#��"�  e
  ��"�  /�  (

 �gQ  ������  �&G��(>  ��  "	�  D#�  ��"�  .�L  !��dG��

 �"�D&E< ��<- .�L ��dG�� �����:7 ,�	"�   

 U�	�  ����Q�%	����  Z��	 # -  � 	Q��  ���=  �,�
  ��C

(LC-ESI-MS/MS) 

  ��  �<�(�  M�Q  !��	  �"�  M#  ��;	  ��G��10  

��(	"G(:    ,���G	70    �7 /� /� �a�1/0   M(G�� 5(� �a�

  X�	 /� ��� !�L /1�T� �(��24  !�k  3 ��  
 �L �"(�

  \�dL !�k  5(:��7 .�#�"� \�a �1�a h��� 
 "G�(1 �� J��

/�3��    !�&G��  R��%  !�	7HPLC    3�"LWaters 

Alliance 2695   O()  M#  /�  9kG	/���
�  �	"K  u��  

)Micromass Quattro micro API  ������K .�L ��Y��  (

��G� R��%Atlantis T3-C18   ��'�� ��3µ, 2.1×150 mm  

��#"K �"� �� 
  )flow rate  (3/0  ��(	"G(:   X�a /;(^� �

��G� ��	� .31"�40    /K��G�����"�    [#5% cYZ 
5  

  + ]7 �� 9��G	 ~"IG	 ��1 ,
� ,bZ .��� "G(:
"�(	1/0 

  �� 9#"G(��G�� 9	�L 5(� �
� ,bZ .��� �(�� M(	"1 �a�

1/0   X�a /� X��(�"% ������K .��� M(	"1 �(�� �a�

 X�	 /� ��G+L /� ��G�� ��) /� 31"� X�a ��#��"�

1    3�+� �� /;(^�20:80    ,bZ)A  ,bZ :(B   .31"� X�a

  X�	 � J��9   ,
� ,bZ 3�+� u#�% /� ��'� /;(^�

  /� �
� /�60:40    D(E< �� ��G+L "&#� /;(^� !� �% 
 �(�

 ,bZ 3�+�  /;(^� �� J�� .31�# /	��� �<20    �%22   3�+�

,bZ  �� �<60:40    /�20:80    � "&#� /;(^� /� �% 
 �(�

 5(:��7 ��	� 9� .���	 �^�� 3�+� ��E<25   _�G:
 .��� /;(^�

O()  !�&G��  �b(>��  �	"K  u��4-   �_"��  
  3:
��(�

  D�(:��30  )  �
"6	 _�G:
  .���  3:
  �
"G�:�Cone  (25  

M�Q ��� ��#"K �"� 
 �	� D(�lE< .��� 3:
) !����2N  (

/�V(%"%  300    /K��G�����"�    
5    J> .��� /;(^� � "G(:

 /�(��� !��6:� X��(�"% �,
�  �	"K �Y�� O() ��Y��  ��

MS2    �	"K O() 
 3+�L ��&:� �� J�� .���L /G+�L

 [(^� "(+d% 
 �#����L 3�K X��(�"% D#�  .�L !��dG�� "%  

����  �� �� -�
� �c�	� � -�
� ����	�6� �,�
 

HPLC 

3(E�  !�&G��  ME�  /�  �Y��HPLC    ����E�  

Waters  ��G� ��  
  ��E:7C18     .�#�"� ��Y��  n��'	 ��1

  + ]7 �� 9��G	 ~"IG	 ��1 ,
� ,bZ02/0    �"% �a�

  ���� ,���G	 9	�L 5(� �
� ,bZ .��� �(�� M(G�� 
��1

02/0    ������K  .���  �(��  M(G��  
��1  �"%  �a�

  /� ��G�� ��) /� 31"� X�a ��#��"� X�a /� X��(�"%

  3�+� �� ��G+L20:80    ,bZ)A    ,bZ :(B    
 �L ���7

  /;(^� � J��10  /� ,
�  �
� /� ,
� ,bZ 3�+� u#�%

  /�30:70    /;(^� �% �'� 
 �(�30  )20   3�+� ("&#� /;(^�

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

4.
9.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

24
-1

2-
21

 ]
 

                             9 / 25

https://dorl.net/dor/20.1001.1.20080891.1402.17.4.9.4
http://rangelandsrm.ir/article-1-1226-en.html


 (��� 4UVVV%�VVV�17 (�	�� 44 41402              

  
 

649 

 

 

,bZ  /� u#�% /� �<60:40   5(:��7 ��'� /;(^� !� � .�(�

,bZ 3�+�  /� u#�% /� �<80:20    J�� .�"� ��(> "((i%

  �5    3�+� �� ��'� /;(^�20:80    3�+� /�100:0   �(�

  {"  � J�� .���	 �^�� 3:�Z ��E< � "&#� /;(^� ��> 


2    /# ���^ 3�+� /;(^�20:80    
 �"� ��(> "((i%3    /;(^�

 ��#�G(��	 .31�# /	��� 3:�Z ��E< � ��G+L 5(� "&#�

G#�  R��%  X��(�"%  ]hK ��&:� �  ���#��G1  /#�7  �G�

  $�	 ,�) !���400-200  �"� �� .�#�"� ��Y��  O�G6	 ��<

 M(-1�� 
 �(�� M�#�	� "�G'	 ��<�����G�� !�L [(^

�E� 
 ��(��"�(:�� �I�	 c� ��"� �(��  X��(�"% ����

   .�L !��dG�� 

  ��	�# Z��	 #  

  `#�	�7 X�a /� `<
=> D#� ��	7 5(:��7 9#�G��1

  /�Z"	 
 (U(%��� 
�) �g� 
� � U(%��� 9	�L ��	�  
�

  � M#_�:��14    �1��k% b	�� p") /#�> "� (/�Z"	) �g�

�"�  � �"�% /� ���51�v 9.4   SAS    /+#�;	 .�#�"� ��Y��

D(&��(	/�	����N  ��	�7  R��%  �<  �g�  �  D����  ��5  

 /%�� s�d%� 
 M�Q 
 "% ��
 X�da .31"� X�a �a�  �<

  ���L ��"� U(%��� 
� "< � 9	�� �<��� /�Z"	 � ���%

�G�7 
 J���� X�da D(�lE< 
  
 m"� 31�� � ���(+��

 ��(�  $
�  /�  /�Z"	)  �<���  9#�
�  /�Z"	  �  ���%  9�

�7  5(:��7  �h:  �31"�  /':�g	  ��	  (��:���G	 X�a  /�  �<

��K
 ��"� 3�K �^�
 � .�#�"� ��Y�� /�����K   \bGQ�

!
"�  D(�  �  ����'	U(%���)  �<31��  
  �<(�< ��	�7  ��t   

  9+�� �51� �"� � "#
�k% 
 �<���E� .�L !��dG�� 9;G+	

  n��� "� 5(� ���(�"� ��<���E� c(�"% .���L c(�"%24 

) !��� 3dK4  M#_�:��1 /�Z"	×  2  U(%���×  3   ��Y�� (�"�%

  .���L  

  

 P�	�   

 �%�� -�� 0�� � "d 4�% T6� 	N  

/%�� �#��< 3E+^ M�Q 
 "% ��
  "#b	 U(%��� ��<

  �<��� $
�  �/�V(%"%  7/152    
90    
 "%  ��
 .��� �"�

  �<��� $
� � 5(� /��� U(%��� M�Q/�V(%"%  61/72   


40/30    9�L)  ���  �"�a2 M�Q  
  "%  ��
  D(&��(	  .(

"#b	 U(%��� /�V(%"%  1/2    
3    u#�G� .��� /��� U(%��� "��"�

  ��	�7t   � U(%��� 
� D#� M�Q 
 "% ��
 /� ��� ����

  �g�001/0  ��'	 \bGQ� "&#��# �� �D(�lE< .���� ��

��'	 \bGQ�  �g� � U(%��� 
� D#� D(� � ���001/0 

/%�� �L �"1 ��"� /� 3�+� "#b	 U(%��� 
 3L�� ��K
 �<

 /%�� /��� U(%���!��G+#� �#�< 9�L) 3L�� "%b2.(  

  

 

 �:�2 :a"d � �% T6� .  �b ���:% K� !�e 	��) ��	� �N-�Q ����� �� �W	 � !"��# $�%��� �� -�� 0�� .±  .(���- 	�
� O��3 �ns  

���	�`� ��'*** 7i
 �� ���	�`�001/0 4**  7i
 �� ���	�`�01/0 4*  7i
 �� ���	�`�05/0 T��6# ��t  .�1�.�  

  

***

***

0

50

100

150

200

Malayer 2 Zagheh Malayer 2 Zagheh

Fresh weight Dry weight

gr

a***

0

1

2

3

4

5

Malayer 2 Zagheh

Growth form

b

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

4.
9.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

24
-1

2-
21

 ]
 

                            10 / 25

https://dorl.net/dor/20.1001.1.20080891.1402.17.4.9.4
http://rangelandsrm.ir/article-1-1226-en.html


��	 � !"��# $�	%��� �� &�	' (�)�� *	+���% �,�
 ���� � ��	
	��  ... / �-��� T��	:�N �                                                                     
  

 

650 

 

 

  ] 	
� -k��  

 9Z�"	 ��a� X�"W�  �J��#�
  /#5Y% ,
�K n���  "�

U(%��� 
 M#_�:��1  J���� ���GI	 3da � �</�V(%"%    �

  �g�5    
 �a�1    ,
�K) ����� ����'	 �a�1 X�"W� .(

  �g� � 5(� M#_�:��1 9Z�"	 � U(%��� 9��;G	5    �a�

 /�  ���  ����  ��a�  X�"W�  D(&��(	  /+#�;	  .���  ����'	

  ��#";%  ��5(	  /�  "#b	  U(%���  J����  ���GI	65/1   "��"�

K n��� "� .��� /��� U(%��� J���� ���GI	 �� "G�(�  ,
�

)2(  
  �<���  9#�
�  /�Z"	  �  J����  ��5(	  D#"G�(�  �

��'	  \bGQ�  /�Z"	  
�  D#�  /�  ���  9	��  �<���  ��  ��

 /�Z"	 
� � J���� ���GI	 �,�Z D#� �� .��GL��� "&#��#

  �) /�  "Q7��'	���    �
�Z40   /�Z"	 ��  "G�(�  �a�

/l�� 
 ��#
 ,
�K) ����� �<�2 .(  

  � /��� U(%��� /� ��� 9��;G	 X�"W� D(&��(	 /+#�;	

) �<��� 9#�
�9/2    �<��� $
� � "#b	 U(%��� 
 (�a�

)5/4  �	 ��Q J����  "f���Z /�  (�a�  9�L) ���4  .(

  ��
�Z  "#b	  U(%���  �  J����  ��;	  "f���Z50    �a�

) 9�L .��� /��� J���� "f���Z �� "G�(�4�	 ���� (  �<�

�L 9Z�"	 31"�(>  �� /�-  ���GI	 "#b	 U(%��� � �E�

�	 `#�51� u#�% /� J����  "f���Z /� �<��� $
� � ����#

  ����'	  \bGQ�  ��Q  ���^  /�Z"	  /� ��  
  ��  �	 ��Q

�	 ���� 9�L) �<�4  
9 .( 

  

  _�-=2(6�- � ��	������� *	>k ] 	���� ��Z,% :��	 � !"��# $�%��� �� �:������� ����� ����� �� (-� ���Q 

 ���	`�

 �6	.�	9 

DPPH 

  ����3�

  -�W� �B�

�� 

  ����3�

 ����

�� ���� 

  ����3�

  �9

!��	
 

  ����3�

 	�	Q

 !��9�% 

  ����3�

 _������	� 

 

  ����3�

_���% 

 

  ����3�

] 	
� 

  �c�	�

-�
�  

  ����	�6�

-�
�  

 �=��

���6#  

*����l% U+�� 

**6/278 
**04/11 

**22/72 
**61/21 

**88/141 
**27/105 

**42/103 
*16/2 

**88/23  **45/56  3   M#_�:��1 /�Z"	 

**04/176 
**53/19 

**37/160 
**53/33 

**86/34 
**1040 

**58/1443 
**04/12 

**63/13  **28/32  1  U(%��� 

**49/22 
*3/3 

*84/22 
**95/4 

**26/27 
**58/112 

**25/52 
*4/0 27/0 64/0  3  U(%���×   /�Z"	

 M#_�:��1 

92/2 35/1 68/5 63/0 85/0 23/1 47/4 11/0 32/0  75/0  16  �gQ 

07/2  21/17  41/11  95/15  40/7  36/14  85/3  20/11  04/8  03/8    CV% 

**  �g� � ����'	01/0 �*  �g� � ����'	05/0 

  

  /+#�;	 U(%���  /�  ���  ����  9��;G	  X�"W�  D(&��(	

) �<��� 9#�
� � /���9/2    $
� � "#b	 U(%��� 
 (�a�

) �<���5/4  �	 ��Q J���� "f���Z /� (�a�  9�L) ���

4  ��
�Z "#b	 U(%��� � J���� ��;	 "f���Z .(50   �a�

) 9�L .��� /��� J���� "f���Z �� "G�(�4�	 ���� (  �<�

�L 9Z�"	 31"�(>  �� /�-  ���GI	 "#b	 U(%��� � �E�

�	 `#�51� u#�% /� J����  "f���Z /� �<��� $
� � ����#

  ����'	  \bGQ�  ��Q  ���^  /�Z"	  /� ��  
  ��  �	 ��Q

�	  ����  9�L)  �<�4   
9  D(�N  5(�  /���  U(%���  �  .(

�	 !�<��	 ���
  �<��� 9#�
� � /� X
�d% D#� �� ���L

"f���Z /�    ����� �<��� $
� � �7 �� J> 
 !�(� !����

  X
�d% �,�Z D#� �� .c(G+< �<�L � J���� ��;	 � ,5�%

��'	 /���  U(%���  � M#_�:��1 "Q7 /�Z"	  
� D(� ���

�E� !�#�  9�L) ��L4  J���� ���GI	 ��<��� 9#�
� � .(

  ��� m"� 31�� �� "G�(� �(+� 9� 31�� � U(%��� 
� "< �

 ��'	 X
�d% 
 �g� � ���001/0  ��	�7 n��� "�t  D(�

 9�L) 3L�� ��K
 9� 
 m"� 31�� 
� "< � U(%��� 
�

b4  "#b	 U(%���  9� 31��  ��  J����  ���GI	 D#"G�(�  .(

)3/6    (�a�/�3��    9�L) �	7b4  /#5Y% u#�G� �D(�lE< .(

 ,�E(%  �a�  ��  J����  ���GI	  /�  ���  ����  �&G+�E<

���'	 /g��) �G�f	 �75/0  r = ���GI	 D(� .3L�� ��K
 (

  5(� D�(>"%�	�� 
 DE#�� �> �a� 
 J���� /�V(%"%  77/0 - 

 
66/0 - .3L�� ��K
 �d�	 ����'	 �&G+�E< /g��

 

 

 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

4.
9.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

24
-1

2-
21

 ]
 

                            11 / 25

https://dorl.net/dor/20.1001.1.20080891.1402.17.4.9.4
http://rangelandsrm.ir/article-1-1226-en.html


 (��� 4UVVV%�VVV�17 (�	�� 44 41402              

  
 

651 

 

 

  

  
 �:�3  :a, c _	:���� �6	.�	9 ���	`� :  ��	� �� �� -�W� �B� ����3� � �� ���� ���� ����3� 4��6# �	N  �Q � m��

$�%���  ���:% �
 !�e 	��) �'�6 � ��B�±  .(���- 	�
� O��3 � : b  �Q � m�� ��	� 6� (-� ^����
� ] 	
� ����3�

 $�%��� ���:% �
 !�e 	��) �W	 � !"��# �	N±   .(���- 	�
� O��3 �ns    4���	�`� ��'*** 7i
 �� ��� 	�`�001 /0 4**   �� ���	�`�

 7i
01 /0 4*  7i
 �� ���	�`�05 /0 T��6# ��t   .�1�.�  

  

 _�-=2T��6# n	
��� .��k� *��)� T���A �� �:������� ����� ����� �� ��	�������� *	>k ���	1� !�e 	�� �.�	1� :   !�e 	�� �.�	1�

����� -�D!�e 	�� T��
 �N �� 4!: �� �� *�	>% o��"� O��� ����� �	N��`� .- ��-  �e�-:� 	� ���� 

 3(:�'1

 ���+��> 

(%) DPPH 

 9� �(C��
b1 ���GI	  

  D(G�"C�� �"� ��(	)

 (M�Q ��
 �"�"� 

 9� ���1 ���	 ���GI	  

 �(�� M(:�� �"� ��(	)

 (M�Q ��
 �"�"� 

 ���GI	

�> DE#�� 

(%) 

 ���GI	

 D�(>"%�	�� 

(%) 

 ���GI	

 ,
"��
�� 

(%) 

 ���GI	

 ,�E(% 

(%) 

 ���GI	

 J���� 

(%) 

 X�"((i% ���	 

c 50/74 b 79/4 c 14/16 a 93/7 a 38/18 d 01/4 b66/48 b21/2   ��#
  

b 66/80 b 98/6 b 39/20 b 93/4 b 30/14 c 74/5  a13/57 b6/2  /l�� �<� 

b 66/82 b 27/7 a 49/23 c 75/2 d 68 /7 a 62/13 a 27/57 a 35/3  �<��� 9#�
� 

a  91 a  91/7 a  44/23 b  84/4 c  34/9 b  46/7  a4/56 a46/3  9	�� �<��� 

  

 �� -�W� �B� � ����� ���� ����3�  

 9Z�"	 ��a� X�"W� /� ��� ���� J��#�
 /#5Y% ,
�K

 U(%��� 
 M#_�:��1wQ�L ��"� �<  ���1 ���	 ���GI	 ��<

  �g� � 9� �(C��
b1 
1    �DET � .����� ����'	 �a�

  �g� � 5(� M#_�:��1 9Z�"	 � U(%��� 9��;G	 X�"W�5  

  .��� �����'	 3da 
� D#� ��"� �a�  

  ���GI	 /� ��� ���� 5(� ��a� X�"W� D(&��(	 /+#�;	

/� /��� U(%��� 9� ���1 ���	 
 �(C��
b1  V(%"%31    
28  

  ,
�K)  ���  "#b	  U(%���  ��  "G�(�  �a�1  n���  "�  .(

) ,
�K2  $
� � 9� �(C��
b1 /� ���"	 ��;	 D#"G�(� �(

) �<���91/7  ��(	  ��� (M�Q ��
 �"�"� D(G�"C�� �"�

��'	 X
�d% /��	 ���� M#_�:��1 /�Z"	 /� �� ���  ��<�

Zagheh
Malayer

2
Zagheh

Malayer
2

Leaves Flowers

Series1 2.62 4.83 4.7 6.33

***

***

0
1
2
3
4
5
6
7
8

E
ss

en
ti

al
 o

il
 c

on
te

nt
 (

⁒)

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

4.
9.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

24
-1

2-
21

 ]
 

                            12 / 25

https://dorl.net/dor/20.1001.1.20080891.1402.17.4.9.4
http://rangelandsrm.ir/article-1-1226-en.html


��	 � !"��# $�	%��� �� &�	' (�)�� *	+���% �,�
 ���� � ��	
	��  ... / �-��� T��	:�N �                                                                     
  

 

652 

 

 

 ��'	 X
�d%  /�Z"	 /� D#�  �:
  .��GL���  "&#��# ��  ���

  �<���  $
�  
  9#�
�  �  9�  ���1  ���	  "#��;	  D#"G�(�

  ,��'	)4/23   ��(	  (M�Q ��
 �"� "�  �(��  M(:��  �"�

��'	 X
�d% /� ��� ,
�K) ��GL��� "&#��# �� ���2  
� .(

/l�� /�Z"	  5(� ��#
 
 �<�/�V(%"%   /�% �  ��'� ��<

  D(&��(	 n��� "� /� ��GL�� �"^ 9� ���1 ���	 ���GI	

��'	  X
�d%  �_�:��1  ��a�  "W�  
  "Q7  /�Z"	  
�  ��  ���

 ,
�K) ����� ���� "&#��# �� D(�lE<2 .( 

 U(%���  /�  ���  ����  9��;G	  X�"W�  D(&��(	  /+#�;	

  ,��'	) �<��� 9#�
� � /���46 /26  ��(	  �(�� M(:�� �"�

  ,��'	) "#b	 U(%��� 
 (M�Q ��
 �"� "�18/23  ��(	

�  /�  �<���  $
�  �  (M�Q ��
  �"�  "�  �(��  M(:��  �"

�	  9�  9�1  ���GI	  "f���Z  9�L)  ���4 "f���Z  .(

  ��
�Z /��� U(%��� � 9� 9�1 ���GI	15    "G�(� �a�

) 9�L .��� "#b	 U(%��� � 3da D#� "f���Z ��4  ���� (

�	  ���1 ���	 ���GI	 M#_�:��1 9Z�"	 31"�(> �� /� �<�

  �<��� $
� � 
 31�# `#�51� u#�% /� "#b	 U(%��� � 9�

  ��1  ��  ���% �7 D(&��(	 ,�Z D#� ��  .�(� ��Q "f���Z /�

��Q  ��#
  ��'	  \bGQ�  9�L)  3L��  ���4  �  .(

�	  !�<��	  ���
  D(�N  5(�  /���  U(%���  D#�  ��  ���L

  �� J> 
 !�(� !���� "f���Z /� �<��� 9#�
� � /� X
�d%

  !�<��	 3da ��;	 � `<�� �����  �<��� $
�  � �7

�	  X
�d% �(< ���K
 D#� �� .��L��'	���   /�Z"	 D(�  ��<

  9� 9�1 ���GI	 D(&��(	 "S� �� /��� U(%��� � M#_�:��1

�E� !�#� 9�L) ��L4 .( 

 D(�lE<  9��;G	  X�"W�  D(&��(	  /+#�;	  n���  "�

 /l�� /�Z"	 � "#b	 U(%��� /� �L !�<��	) �<�94/6  

��(	  U(%��� 
 (M�Q ��
 �"� "� D(G�"C�� ,��'	 �"�

) �<��� $
� � /���72/9   ��(	 "� D(G�"C�� ,��'	 �"�

  ���(� 9� �(C��
b1 ���GI	 "f���Z /� (M�Q ��
 �"�

  9�L)4 /��� U(%���  � 9� �(C��
b1 ���GI	 "f���Z .(

  ��
�Z40   U(%���  �  3da D#�  "f���Z ��  "G�(�  �a�

  9�L) ��� "#b	4  ���GI	 M#_�:��1 9Z�"	 31"�(> �� .(

�% /� /��� U(%��� � 9� �(C��
b1  � 
 31�# `#�51� u#

  9#�
�  D(�  ,�Z D#�  ��  .�(� ��Q "f���Z /�  �<���  $
�

�� $
� 
 �<���  /l�� 
 ��#
 ��1 D(� D(�lE< 
 �<�

��'	 \bGQ� �<�  9�L) 3L��� ��K
 ���4  U(%��� � .(

/l��  /�Z"	  �  "#b	 ���GI	 ��#
  ��1  /�  3�+�  �<�

  ��;	 "Q7 /�Z"	 
� � J�� �31�# `#�51� 9� �(C��
b1

  �� "Q7 M#_�:��1 /�Z"	 /� ��K
 D#� �� .�"� ��(> ,5�% �7

��'	 X
�d% D(&��(	 "S�  "#b	 U(%���  � "&#��#�� ���

  9�L) ��GL���4  
 ���1 ���	 ���GI	 ��<��� 9#�
� � .(

  31�� �� "G�(� 9� 31�� � U(%��� 
� "< � �9� �(C��
b1

 3�+� /��� U(%��� m"� 9� ���1 ���	 ���GI	 .��� m"�

  ,�EGZ� �g� � 
 ��� "G�(� "#b	 U(%��� /�5   D#� �a�

	 \bGQ�  � 9� ���1 ���	 ���GI	 ���K
 D#� �� .��� ����'

��'	  X
�d%  /���  U(%���  9�  31��  "#b	  U(%���  ��  ���

9�L) 3L���  c3.(   31�� � 9� �(C��
b1 ���GI	 "S� ��

X
�d%  �9�  
  m"�  ���  9�  ���1  ���	  ���GI	  ����E<  �<

 9�L)c3  .(  

  

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

4.
9.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

24
-1

2-
21

 ]
 

                            13 / 25

https://dorl.net/dor/20.1001.1.20080891.1402.17.4.9.4
http://rangelandsrm.ir/article-1-1226-en.html


 (��� 4UVVV%�VVV�17 (�	�� 44 41402              

  
 

653 

 

 

 

 

 �:�4$�%���) ��	1�� *��)� !�e 	�� �.�	1� � *����l% - �� : ×�� # *	>k �� (������� ����� ] 	
� ����3� � T�-�.��a  ���	`� .

_	:���� �6	.�	9 4��6# �	Nb ] 	
� ����3� .c  �� ���� ���� ����3� .d  �� �W	 � !"��# $�%��� �� �� -�W� �B� ����3� .

 ���:% �
 !�e 	��) �:������� ����� �����± �� .(���- 	�
� O��3 � T��6# n	
�  ����� -�D !�e 	�� �.�	1�  !: �� ��

!�e 	����`� *�	>% o��"� O��� ����� �	N - ��-  �e�-:� 	� ����  

  

T�Z��   ���	`� �� # �-�.��  �  

 9Z�"	) ��a� X�"W� �J��#�
 /#5Y% ,
�K /� s�K ��

U(%���  
  M#_�:��1�G�7  3(:�'1  3da  (�< ����(+��    �

  �g�1   U(%��� 9��;G	 X�"W� �!
b  /� .����� ����'	 �a�

  ,�EGZ� �g� � 5(� M#_�:��1 9Z�"	 �1    D#� ��"� �a�

  .��� ����'	 3da  

  3(:�'1 /� ��� ���� 5(� ��a� X�"W� D(&��(	 /+#�;	

�G�7  /��� U(%��� ����(+��7   "#b	 U(%��� �� "G�(� �a�

  ,
�K) ���1) ,
�K n��� "� .(2 ���"	 ��;	 D#"G�(� �(

�G�7 3(:�'1 /�) ����(+��91  �a�(    �<��� $
� �  /� ���

��'	 X
�d% ���� ���� "&#� M#_�:��1 /�Z"	 /� ��  ���

  "S� �� �<��� 9#�
� 
 �<� /l�� /�Z"	 
� D#� �:
  3(:�'1

�G�7���(+��    X
�d%��'	���   ��GL��� "&#��# ��    ,
�K)

2/l�� ��1 �/�Z"	 
� D#� �� �'� .(  5(� �<��� 9#�
� 
 �<�

/�V(%"%   /�%  ��G�7  3(:�'1  ��'�  ��<  �"^  ����(+��

 X
�d%  (�_�:��1)  ��a�  "W�  D(&��(	  n���  "�  /�  ��GL��

��'	 ,
�K) ����� ���� ��#
 ��1 �� ���2 .(  

Vegatative
Flower Bud

burst
Early

Bloom
Full Bloom

Malayer 2 73 79 77 88

Zagheh 76 82 88 94

f cd de

b

f
c

b
a

0

20

40

60

80

100

120

D
P

P
H

 r
ad

ic
le

 s
ca

ve
ng

in
g 

ac
ti

vi
ty

 (
%

)

a

Vegatative
Flower Bud

burst
Early Bloom Full Bloom

Zagheh 1.5 2 2.9 2.4

Malayer 2 2.9 3.2 3.8 4.5

f

ef

cd
de

cd 
c

b

a

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5
E

ss
en

ti
al

 o
il 

co
nt

en
t 

(٪
)

b

Vegatative
Flower Bud

burst
Early bloom Full bloom

Malayer 2 12.11 16.79 20.53 23.71

Zagheh 20.18 24 26.46 23.18

d

c

bc

ab

ab

ab
a

cb

0

5

10

15

20

25

30

35

T
ot

al
 p

ol
yp

he
no

ls
 c

on
te

nt
 (

m
g 

g-
1 

G
A

E
 D

W
)c

Vegatative
Flower Bud

burst
Early bloom Full bloom

Zagheh 5.46 7.02 8.36 9.72

Malayer 2 4.12 6.94 6.19 6.1

d

bc
bcd cd

cd

bc
ab

a

0

2

4

6

8

10

12

14

16

18

T
ot

al
 f

la
vo

no
id

s 
co

nt
en

t 
(m

g 
g-

1 
Q

E
 D

W
)

d

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

4.
9.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

24
-1

2-
21

 ]
 

                            14 / 25

https://dorl.net/dor/20.1001.1.20080891.1402.17.4.9.4
http://rangelandsrm.ir/article-1-1226-en.html


��	 � !"��# $�	%��� �� &�	' (�)�� *	+���% �,�
 ���� � ��	
	��  ... / �-��� T��	:�N �                                                                     
  

 

654 

 

 

  $
�  �  /�  ���  ����  9��;G	  X�"W�  D(&��(	  /+#�;	

  ��) /��� U(%��� �:���G	 !�k  ��<���94    3(:�'1 �a�

  ���������DPPH  ��) "#b	 U(%��� 
 (88    3(:�'1 �a�

  ���������DPPH  ��������� 3(:�'1 "f���Z /� (DPPH  

  9�L) ���(�5) 9�L D(�lE< .(5�	 ���� (  �� /� �<�

  �  9�  ���1  ���	  ���GI	  M#_�:��1  9Z�"	  31"�(>

  /�  �<���  $
�  �  
  31�#  `#�51�  u#�%  /�  /���  U(%���

 M#_�:��1 9Z�"	 ��E% �� �7 D(&��(	 
 �(� ��Q "f���Z

��'	 \bGQ� "&#�  9�L) 3L�� ���5  "#b	 U(%��� � .(

�	 !�<��	 ���
 D(�N 5(�  9#�
� �% /� X
�d% D#� �� ���L

�� /�Z"	 /l 9#�
� � �7 �� J> 
 /GL�� ��;	 `#�51� �<�

  ���^  /�Z"	  ��  ��  ��'	"(�  X
�d%)  ,5�%  �����  �<���

  ��;	 "f���Z /� �<��� $
� � !��
� J�� 
 /G1�# (��Q

  9�L) �(� ��Q5  9�L n��� "� .(8 e��"� n��� "� �

�gQ  /g��  ����(�"�  ,�	  M#   ���GI	  ��(	  �G�f	

�G�7 3(:�'1 
 9� �(C��
b1�	 !�#� ����(+��) ��L72/0  

r = .(  

  

  

��-1�   ] 	
� *	+���%  

 ���� �1�"��%�	
"� 5(:��7 -    �
�Z �	"K �Y�� O()

24  J���� � � V(�"%�E� 
 �"� �#����L �< D#� ����

 /�'L �G�G#� /� 9kG	 ���� �1�"��%�	
"� R��% X��(�"%

  9�L) �L ��Y�� ���#5  `(� !�L �#����L X��(�"% D#� .(

  ��95  �	 `L�> � X��(�"% 9� �� �a�c�	 .�����  D#"%

/��E� � J���� X��(�"%) ,�E(% 9	�L O�G6	 �<98/67 -

98/38  )  ,
"��
��  �(�a�14/26-55/0    �(�a�

) D�(>"%�	��07/21-83/8  ) DE#�� �> �(�a�78/8-65/2  

)  "%�  9(G	  ,
"��
��  
  (�a�36/5-1    /�  �����  (�a�

  �� `(�85    9(��% � X��(�"% 9� �a��	.����� �d:7 -

%�d:7 �DK�-�G� �D�(��� �Dd	�� �D�(>-�d:7 �D�"(	 �D�(>-

 �G:�  ����b1-�d:7  ����-  �D�(>"%1  
8-�G�  �,�-�(� -

� �d:7  
 ,�:��(:  �X��(< D�(��� J��"% 
 J(� �DE(�
 -

  .����� J���� c�	 X��(�"% "&#� �� D:��(>"%  �"#� "#�k% �

����  �1�"��%�	
"�  ��  9a�Z  O()- ���#  /�'L  �G�G#�

  9�L) 3�� !�L !�
7 "#b	 
 /��� U(%��� 
� /� ���"	

5.(  

  

  

 
 �:�5:  �6	Q ����Q	���� �� [���� 0��Q�%	����- ��`� T��
�Z� ��$�%� � ] 	
� ��$�%��� (� ���) p���.�� �	N !"��# ��B� � �'�6 �	N

��	 �  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

4.
9.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

24
-1

2-
21

 ]
 

                            15 / 25

https://dorl.net/dor/20.1001.1.20080891.1402.17.4.9.4
http://rangelandsrm.ir/article-1-1226-en.html


 (��� 4UVVV%�VVV�17 (�	�� 44 41402              

  
 

655 

 

 

�/ � "%�  9(G	 ,
"��
�� 
  ,�E(% ���GI	 ����)

 ���GI	 ��;	 
 "%H�� /��� U(%��� /� 3�+� "#b	 U(%���

  "%H�� /��� U(%��� � D�(>"% �	�� 
 DE#�� �> �,
"��
��

  9�L) ��� "GE� �7 ,�E(% 
5  �"� ��L7 J��#�
 /#5Y% .(

  X�"W� /�U(%��� 
 M#_�:��1 9Z�"	) 9��;G	 
 ��a�  � (�<

  D�(>"% �	�� 
 DE#�� �> �,
"��
�� �,�E(% ���GI	 X�da

/�  �g� � J���� ��a� X��(�"% ���� 1    ����'	 �a�

  ,
�K) �����1  ��� ���� 5(� ��a� X�"W� D(&��(	 /+#�;	 .(

 U(%���  � DE#�� �> 
  D�(>"%�	�� �,
"��
�� ��;	 /�

/� "#b	 U(%��� /� 3�+� /��� V(%"%13  �"��"�22  
 �a�

62  .��� "G�(� �a�  

  ��
�Z) ,�E(% ��;	 D#"G�(�57    9Z�"	 � (�a�

/l��  D#� /� �L !�<��	 �<��� $
� 
 �<��� 9#�
� ��<�

 D#"G�(�  .��GL���  "&#��#  ��  �����'	  X
�d%  /�Z"	  /�

) ,
"��
�� ��;	62/13    5(� (�a�  ��� �<��� 9#�
�  �

  ,
�K)2) D�(>"%�	�� /�(:�Z � .(38/18  DE#�� �> 
  (

)93/7 � .��GL�� � ��Q 3(E� D#"G�(� ��#
 ��1 � (

�> 9	�� �<��� /�Z"	  ��
�Z /��� U(%��� DE#��7/2    "��"�

,
�K) ��� "#b	 U(%���2 .(  

  /�  �<���  9#�
�  �  /���  U(%���  �  ,�E(%  ��;	

  �����'	 �%
�d% �<��� $
� �� /� �(� ��Q ��;	 "f���Z

 3L�� �����'	 X
�d% ��Q ���^ /�Z"	 
� �� �	� �3L���

) 9���a6  ��'#) "#b	 U(%��� � ��%�"Z /�;� n���"� .�(

 /l�� � ,�E(% 5(� (,�E(% U#�%�E� /� �(� $
� /� �<�

 /�Z"	 /� �7 �	� �3L�� �����'	 X
�d% "&#� /�Z"	 /� ��

9�L) ��GL��� �����'	 X
�d% D(&��(	 "S� �� "&#��#��6  

 
9 .(  

 U#�%�E�)  /���  U(%���  �  ,
"��
��  ��;	

  ��Q ��;	 "f���Z /� �<��� 9#�
�  � (,
"��
��/,�E(%

)14/26    ��<��� $
� V(%"% /� �7 �� J> 
 �(� (�a�

 /l�� �<�    ��G1"� �"^ ,
"��
�� "#��;	 ��"� ��#
 ��1 


  9�L)a6 �
�Z /���  ,
"��
�� ���GI	 /�Z"	 D#�  � .(

24  ) "#b	 U(%��� "��"�12/1    "#b	 U(%��� � .��� (�a�

  ���Q"� ��+� X��W �� O�G6	 9Z�"	 � ,
"��
�� ��;	

�����  D#�  /�  3L��  �E�  �����  
  ���  X
�d%  5(�  �<

�E�  ����  O�G6	  9Z�"	  �  "&#��#��  �����'	  �����

  9�L)b6X��(�"%  .( �>  /�Z"	  �  D�(>"%�	��  
  DE#��

��#
   J> 
 ��GL�� � ��;	 D#"G�(� U(%��� 
� "< � 


9�L) �L !�<��	 V(�"% 
� D#� ��<�� ��
 �7 ��c , d 

6  31�� �� "G�(� 9� 31�� � ,
"��
�� 
 ,�E(% ���GI	 .(

  \bGQ� "#b	 U(%��� 9� 
 m"� 31�� � ,�E(% .��� m"�

�����'	    �g� �001/0   /��� U(%��� 9� 
 m"� 31�� ��

 /���  U(%���  9�  
  m"�  31��  �  5(�  ,
"��
��  .3L��

��'	  \bGQ�  �g�  �  ���001/0    9�  
  m"�  31��  ��

 9�L) 3L�� "#b	 U(%���7 .(  

  9�L n���"�)8(,�	 e��"� � R��
 ���(�"� ��<

  
  ,�E(%  ���GI	  D(�  �  �d�	  
  
�  /K�  ,�(	��  ��>

) D�(>"%�	��79/0  -  r =  �> 
 ,�E(% ���GI	 D(� 5(� 
 (

) DE#��75/0   -  r = /g��  M# D(�lE< .3Q�� ��L7 (

��'	  �	��  
  DE#��  �>  X��(�"%  D(�  3�f	  �gQ  ��

� D�(>"%/) �	7 3��78/0 r = .(  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

4.
9.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

24
-1

2-
21

 ]
 

                            16 / 25

https://dorl.net/dor/20.1001.1.20080891.1402.17.4.9.4
http://rangelandsrm.ir/article-1-1226-en.html


��	 � !"��# $�	%��� �� &�	' (�)�� *	+���% �,�
 ���� � ��	
	��  ... / �-��� T��	:�N �                                                                     
  

 

656 

 

 

  

 

 �:�6:  �.�	1� � *����l% - ��$�%���) ��	1�� *��)� !�e 	��× �W	 � !"��# ] 	
� ��k� *	+���% �� (������� �����a.   ����3�

�9- 4!��	
b. 	�	Q ����3�- !��9�%c.  _���% ����3�d.   �:������� ����� ����� �� �W	 � !"��# $�%��� �� _������	� ����3�

 ���:% �
 !�e 	��)± T��6# n	
��� .(���- 	�
� O��3 � ����� -�D !�e 	�� �.�	1�!�e 	�� !: �� ��  *�	>% o��"� O��� ����� �	N

��`� - ��-  �e�-:� 	� ����  

  

 

 �:�7 ���:% �
 !�e 	��) �W	 � !"��# $�%��� �� �Q � m�� ��	� _������	� � _���% ����3� :±  .(���- 	�
� O��3 �ns    4���	�`� ��'
*** 7i
 �� ���	�`�001/0 4**  7i
 �� ���	�`�01/0 4*  7i
 �� ���	�`�05/0T��6# ��t   .�1�.�  

  

Vegatative
Flower

bud burst
Early
bloom

Full bloom

Zagheh 38.98 46.29 52.39 50.79

Malayer 2 58.35 67.98 62.16 62.01

e

d

c
c

b

a

b
b

30

35

40

45

50

55

60

65

70

T
hy

m
ol

 c
on

te
nt

 (
%

)

a

Vegata
tive

Flower
bud
burst

Early
bloom

Full
bloom

Zagheh 6.6 10.07 26.14 14.37

Malayer 2 1.43 1.41 1.12 0.55

d 

c

a

b

e
e e e

-1

4

9

14

19

24

29

C
ar

va
cr

ol
 c

on
te

nt
 (

%
)

b

Vegatative
Flower

bud burst
Early
bloom

Full
bloom

Zagheh 21.07 17.42 6.19 9.86

Malayer 2 15.7 11.19 9.19 8.83

a

b

f

de
c

d

e

e

0

5

10

15

20

25

γ-
T

er
pi

ne
ne

 c
on

te
nt

 (
%

) 

c

Vegatative
Flower bud

burst
Early
bloom

Full bloom

Zagheh 8.78 6.1 2.74 7.03

Malayer 2 6 3.78 2.76 2.65

a

b

c

b

b

c

c
c

0

2

4

6

8

10

12

p-
C

ym
en

e 
co

nt
en

t 
(%

) 

d

Zagheh Malayer 2 Zagheh Malayer 2 Zagheh Malayer 2 Zagheh Malayer 2

Thymol content Carvacrol content Thymol content Carvacrol content

Leaves Flowers

percent 55.22 75.41 17.23 1.08 56.82 79.46 22.57 1.43

*** ***

******

0

20

40

60

80

100

R
el

at
iv

e 
pe

rc
en

ta
ge

 (
⁒) At early bloom stage

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

4.
9.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

24
-1

2-
21

 ]
 

                            17 / 25

https://dorl.net/dor/20.1001.1.20080891.1402.17.4.9.4
http://rangelandsrm.ir/article-1-1226-en.html


 (��� 4UVVV%�VVV�17 (�	�� 44 41402              

  
 

657 

 

 

 

 �:�8 6� �d�� � ��
�Q� �i��� :sd	� �W	 � !"��# �� ���N� 	� (-� ���Q (6�- � �	N 

  

  &�	'  ����  -�
�  ��  ����  �  (-�  ��	
	��  *	+���%

 (�	\A  

  s�EY	  �14    
  D(��(��G�7  ���(C��
b1  V(�"%

  �#����L �C��� D�#
7 U(%�E� 
� !�k  �� ���1 ��<�(��

 "&#�  
  X��(�"%  M(>  "#�  �g�  ��+�  �a�  /�  ���L

 ) ,
�K � ���7 /� ���"	 X� b)�3 M(�#�	� .3�� !�	7 (

 M(Y�#"� ��(�� M(-1�� �"%� 9(G	 �(�� M(�#�	� ��(��

�
5&< �(��  !�k  V:�� ���1 ��<�(�� �� �(�� M#_H� 
 �#�

  ,
�K)  �����  �C���  D�#
73  �#�<�(C��
b1  D(�lE<  .(

  !�k  � D(�Y>7 
 �,
"d�	�� �D(:�-%�: �D(G�"C�� "(S�

  .�#�"� 31�# �<��^ �� V(�"% � �%�E  /� ���L �#����L

 !�k  � ���7 X�a /� �<�(C��
b1 �^�� �,�G�#��#� 5K /�

  ,
�K) ��GL��� ��K
3  �(�� M(-1�� 
 �(�� M(�#�	� .(

 �"^  �Y��  3(E�  ��	  /�  �����  !�k  V:��  X��(�"%

  ,
�K) ��G1"�4    9�L 
9  �J��#�
 /#5Y% n���"� .( X�"W�

U(%��� 
 M#_�:��1 9Z�"	) ��a�X��(�"% D#� (�<    �g� �

1    X�"W�  ��"�  �����'	  ,�Z  D#�  ��  .�����  ����'	  �a�

 ,
�K) ��� 31�# 9��;G	1  .( 

  

  

  

  

y = -0.396x2 + 1.41x + 59.66
r = - 0.75
R² = 0.57

0

10

20

30

40

50

60

70

80

2 4 6 8 10

T
hy

m
ol

 c
on

te
nt

p-Cymene content

b

y = -0.224x2 + 5.049x + 31.92
r = - 0.79
R² = 0.63

0

10

20

30

40

50

60

70

80

4.8 9.8 14.8 19.8

T
hy

m
ol

 c
on

te
nt

γ-Terpinene contnet

a 

y = 1.66x + 4.16
r = 0.78

R² = 0.61

0

5

10

15

20

25

1.8 3.8 5.8 7.8 9.8

γ-
T

er
pi

ne
ne

 c
on

tn
et

p-Cymene content

d

y = 0.2x - 9.727
r= 0.72

R² = 0.53

0

2

4

6

8

10

12

70 75 80 85 90 95

T
ot

al
 f

la
vo

no
id

s 
co

nt
en

t

DPPH-radical scavenging activity 

c

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

4.
9.

4 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

24
-1

2-
21

 ]
 

                            18 / 25

https://dorl.net/dor/20.1001.1.20080891.1402.17.4.9.4
http://rangelandsrm.ir/article-1-1226-en.html


��	 � !"��# $�	%��� �� &�	' (�)�� *	+���% �,�
 ���� � ��	
	��  ... / �-��� T��	:�N �                                                                     
  

 

658 

 

 

  

 _�-=4  ����� �� $�	%��� K�:�N�� �� &�	' ���� *	+���% T���A �� -�
� �c�	� � -�
� ����	�6� ���	1� !�e 	�� �.�	1� :

 �:������� �����  

  9��;G	 X�"W� D(&��(	 

  

   �(�� M(�#�	�  

��(	) �"� � �"� (M�Q ��
  

 ,��'	 �(�� M(-1��  

��(	) (M�Q ��
 �"� � �"�  

  /���   ��#
  e04/7  cd08/6  

   /l��  �<�  e23/8  bc11/7  

    �<��� 9#�
�  bc77/10  a31/9  

    9	�� �<���  b16/11  a65/9  

 "#b	   ��#
  cd36/9  e58/4  

   /l��  �<�  b94/10  de35/5  

    �<��� 9#�
�  a32/14  bc00/7  

    9	�� �<���  a85/14  b26/7  

  U(%��� "W� D(&��(	        

   /���  b30/9  a04/8  

    "#b	  a36/12  b04/6  

 M#_�:��1 /�Z"	 "W� D(&��(	        

   ��#
  c20/8  c33/5  

   /l��  �<�  b58/9  b23/6  

    �<��� 9#�
�  a54/12  a15/8  

    9	�� �<���  a00/13  a45/8  
  

)  �(��  M(�#�	�  3(E�36/12    �"�  �  �"�  ��(	

 "G�(� "#b	 U(%��� /� ���"	 ��< /��E� � (M�Q ��


 /��E�  ���  .���  /���  /�  ���"	  ��</  M(-1��  �+�':��  �)

)  /���  U(%���  �  5(�  �(��04/8   ��
  �"�  �  �"�  ��(	

�#�	 �1�"��%�	
"� 5(:��7 n���"� .��� "G�(� (M�Q-  O()

 M(>  "#�  3Z�+	  ��+�  �a�  �/���
�  �	"K  �Y��

 
� .��� "%H�� /��� U(%��� � ��� �) /� 5(� �<�(C��
b1

  9#�
�  
  9	��  �<���  /�Z"	  �  !�L  ��#  V:��  V(�"%

 _�-=3 ��:% �� �� �W	 � !"��# ��B� � �'�6 $�%��� �� [���� � ��  �� 6� (-� ��	
	�� *	+���% :LC-ESI-MS/MS  

(�	��  (-� ��	
	�� &���%   T	�6

 ����6	�  

[M-

 -H]

m/z  
 

 _����

 ��	����  

-[M 2MS
-H]  

 -k��

 �+. 

(�'�6)  

 -k��

 �+. 

 (��B�)  

U�	��  

1  Caffeic acid 4-glucoside  69/2  341  9O18H15C  161 �179  74/15  78/13  Lin & Harnly., (2010)  

2  Catechin  90/2  289  6O14H15C  137�177 �199  9/11  26/10  Hashemi & Kharazian., (2021)  
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