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Indian meal moth Plodia interpunctella Hübner (Pyralidae) is one of the most 
important pests of storage products in Iran, which is controlled by chemical 
fumigants. The use of plant essential oils and their compounds can be a suitable 
alternative to conventional fumigants due to their low risks to mammals. The 
present study invesrigates the mortality, inhibition of alpha-amylase enzyme, 
and the total protein content of Indian meal moth larvae (Plodia interpunctella 
(Hübner)) affected by saffron petal extract with high concentration of 
anthocyanin under experimental conditions. The concentrations have been 500, 
690, 1000, 1380, and 2000 ppm, used against the fifth-instar  larvae of the pest in 
four replications within 24 and 48 h. The lethal concentration to kill fifty 
percentage of larvae (LC50) by saffron petal extract after 24 and 48 hours is 
estimated to be 2244.950 and 1434.828 ppm, respectively. Alpha-amylase 
enzyme activity in the fifth instar larvae of Indian meal moth, treated by saffron 
petal extract, has been significantly different from the control. The highest 
activity of the alpha-amylase enzyme in pest larvae treated by saffron petal 
extract has been recorded with 83.1%, and the inhibitory rate of this enzyme has 
been 21.8%, which is significantly different from control. Also, the amount of 
protein in the larvae affected by this extract significantly differs from the control 
groups. Therefore, due to its fumigant toxicity and the alpha-amylase inhibitory 
activity of Indian meal moth larvae, saffron petal extract can be considered for 
additional researches on managing this pest based on an ecological principle.  
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1. Dracocephalum moldavica L. 
2. Anagasta kuehniella Zeller 
3. Pistacia vera L. 
4. Ocimum basilicum L. 
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#�LS�" ���" U* . N" ,� ����R� N� K^�* ��� z 

���!� {V� ����� U�� d �� ��R $���|� ��
� � ,B�B o�"�� �� 
#�LS�" �" U�* "�W �� .�� 	�}�!���! �� 

S�"�~� 8"��" ���  �q"� � ��_� �� "�W � $��# 	�&��!��k �"�d ) ��	 �� $��# .�&��!��k #"�4& 20 #�9 ,B�B o�"�� 

/	�� �"�d 
#"# �� .8�R ,� ��� )�" ,� 	�&��!��k �� $��# b�l kJ z �"�d ��S�"#. "��� %&�, 
��P9 I�J�� ���� ,� 

��f���$#��I ,���� �� 	� ���� ."��� "N ��\�	 �" e ��f���I S�#� ,� �" /5d #�� 
�� #��� 
#�LS�" �� .,���� �� �# 

�	#� 4 ,W�# �S��� #"�� �� ��# g 15000 "���  >�	15 d#�,2 �S���L�f� ���� .Ut� Xj� R��� 	�&��!��k ��

����)�N (�" Xj� ,&���N  "�W
�� �	# �# �� 20-  ,W�#�S��� #"��  $�	� �&����� ,'� �"#� .����  

  

2 .6 .=���. pH (:,: -�,� 48�  

 �"�2	pH  o�"�� ,B�B,� 
@� 	 
#������ !�  �"K%	 �&N ��@� ��� (	�[ ���#� B�4  �� ,� )�" >"��� $���) 

I�JK ��� ��"��� ��YZ& 	� #�"c��� �# .����  �>"��� �"pH 	 
#������  �"�2	 ��pH %��,� B�4 �) I�JK ��� $J  ��

	 Q���S	� ���� �# "cB .X��@*  �q��pH ,B�B o�"�� Q� 
�* ���� ��I 4&��N �� .  

  

2 .7 .?��( �8	@  

(	�[ 56�4� �)� ��!0	 e	"��" � �� ��� B�0�� ,�  �\� �" >��pH  ��S�� .)�" ��S�� )(&pH ,'� �  NS�"#$J 

 �#e 3& ��"�� �# )	��2	 � m�T ,V2���� pH  ��� �� e�� ��$�!	" �c* .)�"  � ��Tris-HCl "��� 
�"��" ���� 

B�4 �) I�J�K  )\0] ��50 	�0� �R�	 %&�, #���"�� .� �*�N  $#��JpH  �"HCl  
#�LS�" �R�	 X��� )Őzgür et 

al., 2009.(  

  

2 .8 .� B�=)  ��:	/��0�5���C /�#   

"��� %&�, 100 	�0�B��S " �"N  b�4	e B�� 8�����0�e �"��  K^� ,� �V2	 kJ ��50 	�0�B��S 
����� 
��  �30 �� 8��K 

��S*�K  , �q" $J ,� >"��&��&.�� ~�0j	 /<�� $J ,� ��d K�  y=	�� �& �� 
#�)T"��! #�� Ut� .20 	�0� B��S  ��0(	 �"

��������� ��K 2  ,� �V2	 kJ �� /� K^� � 
#�I " $J ,� ��	��100 	�0� B��S �� 
����� )Mirshekari et al., 2017(.   

  



202                                          �� �����	
 ����� ����  � �������� ����� ��� �1402 

2 .9 .=���. :	=8�4 ����E 	�:�-)���G  

B�4 �) �LBJ 	J��=  �" 
#�LS�" ��o�� ��� Bernfeld )1955(  �Baker )1991( ���" ��� 3&��� ^���
� �� .�# "N 

X^�� �" ��0(	 ,S���� e �<�# ,� 
#�LS�" "�S���� $"��9�� .X��"� �� �"�2	 20 	�B��!��S I�J�K 10 	�B��!��S 

,S���� � 80 	�B��!��S � �� 8�^�"  ��� ,� >�	 35 d#�,2 N� 8��� �# ��	� �	# ��� 38 ,W�# �S��� #"��  .�� ,��!�"

 �"�2	 Ut�100 	�B��!��S b�4	 #� ��B����S���0�e �"�� )DNS"�� � , �q" ,9��^	 ,� (�  >�	10 d#�,2 �# kJ 

o�W �"�d ) ��  p�	 ��6 �# kcW �540 
�"��" �S	���� ���� �� )Baker, 1991; Bernfeld, 1955.(   

  

2 .10#� .�� ��� �#*) .�I���% JK  

�"�� 
�"��"���� �"�2	 �&��*�N /� �" o�� Bradford )1976( 
#�LS�" ��. N�� Q�&�& ,� $�� e  �# 
���250 

�V2	 kJ �S�B��!�	 I��f��� e �" 
#�LS�" �� �# �S�#  ��	#4 ,W�# �S��� 
�� ,B #"�� �12000  ��# �# ,2�d# ,�  >�	

10  ,2�d#f��L�S���  Ut� .��10 �S�B��!�	 ��0(	 ���  ��500 �S�B��!�	 b�4	 �'�� ���	�� �0� $��# k��&��!�	 

~�0j	 U* .��  �"5 �,2�d# kcW ,������ �# ��6  p�	595 �S	���� 
��"�T N" .�� X�	�J  ��%_ �# �"�!& 8�^�" ��. 

,5��(	 $"I�	 N��&��* �� 
#�LS�" �" ��(�	 #�"���S�" <.) �� >��   

  

2 .11���  �	)� (��6� . 	!  

 �Y" X�	�J)\0] ���  i0Sj	 �# $"�L9� O�50� 
��P9$�	� �� �� i0Sj	 �O�	 ��	� ��R��� N� v�* Q�  
�*

��� ,�* ?�6 �� /��S��  X�	�J QB�d �# �y=	�� N�'���	 ,��2	 .�� 8�^�" � #�P&  {V� �# ���& $�	�J 1�6 �" ��

 ���S�"5 ) 
���� )\0] N��4& �"�� .�� 8�^�" �<�#LC50
#"# ,I^& .�� 
#�LS�" )����* ,I^& o�� �" (  �� ��

8��  ���	J �"I "SPSS .�� 8�^�"  

  

3 .	0��L MN@ �  

3 .1 .��	
�  ����� �����  

,� "�S�" �# � ��\�	/� O�50� )�L�� ����,�� �" /<�� ���  �O�50� 
��P9 p"�jS�" �"�� $"�L9� e_�� � O�I� ���

,� N������S�J )\0] 
�"��" ����" ���4	 $"��9 ,�� �# O�50� N������S�J )\0] #"# $��� v�S� .�� ���� O�I� ���

437/1 ��	��!�	 �� 8�� $�� ,�� �# � O�50� e_�� ���358/1 ��	��!�	 �� 8�� $��  /!�) #�� O�50�1 .(

/� �" N"����� ,�� ��� X�� N������S�J )\0] �� O�I� ��� X�� �& �� 
#�LS�" O�50� 
��P9 p"�jS�" �"�� �&  N�&

.���� ,S�"# "� >"��� �� ��YZ&  

O�50� k�jS�" �# ��%	 wT�� $"�L9� O�50� N������S�J 
��P9 �"�� Q���	 ��� 	 $"�L9� O�50� �����  "�� .����

O�50� X�� N������S�J �"�"# ��� X�� ��������� >"�Y" �& 
��� m"�T �# ��& N������S�J .)�"# ��"�T $"�L9� ��� 

,�"�'���" �������=  )�" ,� �# /���"� ��0���� �	���*" O�50��� 7�^& "��* �	N" .��� >�5���& �"�"# ,�	"# �'�� �" 

I	�d �& XL�� �# ,������ i0Sj	 /� 
#�� � ���l ����� �5� �� ����'B" �&��LS	 "� #�^" �	) ���Meng & Wang, 

2004
#�� �"�� >"��� kcW �# N������S�J .(��0� �" )\ �(	 ��c� X��"�* � ���� " �"���	 ,4�" ��"�� �# ����� ���

,� � XL�� $"��9 �S�Je�&��� �# ��"�� /	"�9 �������"� �# ����!�	 ) #�"# X2� $�����Chandrasekhar et al., 2012 .(

N������S�J �� ������!�0� ,�* e �"�"# $�!�0�J �"��*�� ,� ��S�� $��5�_ ��d 
I�B�!�0�) ($�� �9�� X"I "  ��"��*
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$J �	 ��#��. �# �Y" N������S�J �I�B�����e �� ���!B�	 ��d � ,20� $�!�0�J )N�������S�J (#"�J �	N������S�J � ���� ��

��!B�	 #"�4& u��"��,256 $J �# #�W�	 ��d ����	 ���� .����3 -����!�0� 3� 5 - ������!�0'# �N����LB# N������ � 

N������=* N������S�J ��� �0<" �# N��4& s�� �	 ����� )Hasnaoui et al., 2011.( 

  

  
L.I 1+?& -����� @� M������ +�
�,� .1 B��C M����#2;�F !�E�� & !����  

  

,ST�� $�� N������S�J � 7�^& $J �# ) ����� ����� )(& ��YZ& /	�9 ��� �L0Sj	 �" ,0�W $"I�	 >"���� ��� 

�I��0�) N��� �����"�J � #�W�	 (��S!B"�� �# ) �� �� �"�d �	 #��� )Taiz & Zeiger, 2006(. ,�>��59 �'#� A4��& 

,4��& *�$��' ��� ��0� � )T�� N������S�J �� NS �R�� $"I�	 >"�������� �� )5�� K�2S�	 ,S�"# � �� �0	�9 ,� 

��"�S� ��� �X"I " kcW � ,ST�� $�� ����d �Yh	 ����� �9�� X"I " $"I�	 N������S�J /� �# O�50��� �	 #��

)Vitrac et al., 2000.( �" �S� 
�"��"���� �	 N������S�J$"�& ,� $"��9 �PT�� �"�� $��� $#"# >�� ,I^& ,S���� 

� $"I�	 7�^& �����d 
�����" ,� ,V�"� ,I^& �6 ,�"�W ��� 
�]��� Q�����	� 
#�LS�" .#���  

  

3 .2 .��45 6$/� ��	
�   

 �Y")\0] ���  i0Sj	 �$"�L9� O�50� 
��P9$�	� �� �# ��S��  �# N" /��2S	 >"�Y" � �����"�d x�4	 �# �O�	 ��	� 

��R��� N� v�* Q� ��� 
�* �{V� �# ���S�" 1 �<�# ��4	 �"#  #��)01/0P<( ���W) 1 .(  

 
O%�  1. E'3
+ ��%
P�� )�@� 5Q�R �>7 S�;T� -���� B��C !���� %�7 %�G7�> HI �?> -9��F 7 !��� �� �>7 24 % 48 5��#  

���3& 75�	  �#"�J ,W�#  >�4��	 N�'���	  

$�	�  1  **33/3333  
)\0]  5  **33/4463  
$�	�× )\0]  5  **08/262  


�5S�"  36  43/27  
/�  47    

) >"���3& Q�q%(  57/17    

**: ��4	 �"#  ���S�" {V� �#1 .�<�#  

  

K� �&N 	�$"I O�	 ��	� �#  )\0]500 �* �* 8" O�50� 
��P9 $"�L9� 87/11 �<�# "I " �� ,� #��X  
��P9 )\0]

	�$"I O�	 "I " ��	�X ) �� ,� ��6� ,� )\0] �#  1380 �* �* 8"  ,�25/46  �<�#����X�� . �&N 	�$"I O�	  �# ��	�

 )\0]2000 �* �* 8" �� ��"�� � 65 ) #�� �<�#���W 2.(  

                                                                                                                                                            
1. ,��  $�� ,� e_�� ���5  �B"8 ,�� � 8��  $�� ,� O�I� ���8  �B"10 .��#�� 8�� 

a
b

 0,00

 0,20

 0,40

 0,60

 0,80

 1,00

 1,20

 1,40

 1,60
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�S�v /<�� �" I^&, ���*�) O�	 Q� �����R ��	�) ���W �# $"�L9� O�50� 
��P9 ��"�� �# ���� 
�*3$��� ( 

K� 8�9 ,� ,W�& �� .)�" 
�� 
#"# $����6" #��� �����* �#�2	 ���LC50 $�	� �# 
�� #��J��  ���24 ))001/3035-

305/1860 (950/2244 � (48 )) )9��236/1670-903/1275 (828/1434 ���	J �\� �" ���c	 �#�2	 N�� b=ST" �(

��4	 N��* � �6 �" .)�" �"#  �"�2	 $#��LC50 $�	� �# 48  $�	� ,� )5�� )9��24 �	 $��� )9�� X"I " �� ,� ��#

 .)�" ,S � X"I " $"�L9� O�50� 
��P9 ,� ) J �����R )����� $"I�	 $�	�  

 �#X��@* �TJ N� ��R �" �q�� (K^�*) Q� ��� 
�*� "��� ����� )��� �� 
#�LS�" $"�L9� O�50� 
��P9 .

R ,� #�� N" �� x� ����  �# N" N��� ,� )5��� ��R /�"�	� X�� �L�& �Y" ��YZ& )(& �&�  O�50� 
��P9

 �"�d $"�L9�	������"�� �TJ N� ��R .� *�"�"�� Q���	 $�!	 $#��� �5&/ L� ,� $���
�  "c] /T"# �"� ����&� 

�&�
� 05d /�"�	 �# 
��� ��R� ��$�� 	�J� � r�(& X�� �&� ���"#. X�� "cB � 
��P9 x�4	 �# �&����  �"�d	� -

��#�. " �"N ���  �#X��@* �� �" �q���) T�&���  
��P9O�50� $"�L9� Q� �TJ N� ��R ��S�� �# ��� 
�*�  
#�LS�"

 ��,� ,� �\� 	� ��� �� ,S�]J �"�# $#����5�" ?�V� � ��
��P9 �� �"c] >R�P(	 ��"�%'� ������ ����� �	 ��"�&

 ��S�� �#��R Q� �TJ N� ��� 
�*�  #�J.���� �Yh	 �S�v  
��P9 ,� #"# $���O�50� Q� ��� $"�L9� ��� 
�*� 

���) �L�&� "#�^ 	� ���K� . 	 N��_�$"I ���) �L�&� "N  ,� ,W�& �� 
��P9 X"I ")\0]  NS ���"�d $�	� >�	 �

��R��  
��P9 x�4	 �#) � X"I " . ,���	 X��@* �#�Y" 
��� ��� 5^�� 
��P9�/ ��� )j� ,��� ,�  o�tB��

��5�"�  $�	� )�c� �� 
��P9 )\0] X"I " �"I "X ) #"# $���Park et al., 2003.(  ����� ��YZ&
������ 
��P9 -

��� 0!B"� �� ��5S�" O�� ��"I'� 
��P9 � �!�� ���d ���5S�" /� ��Ld�# $���� Q� �TJ N� ��R��� 
�*�  $���


��P9 )\0] X"I " �� ,� #"#O�	 ���� �0!B" ��� 	 X"I " K� ��	����� K� � N��_ N�'���	 >�L0& ��R )(& ��

��4	 b=ST" �"�"# i0Sj	 $����� 
��P9 ��YZ& � 
��P9 )\0] X"I " �� � 
#�� �"#���� O�	 $"I�	  >"��� ��	�


��P9 ��YZ& )(&"I " ��X ) � )Rafiei Kahroudi, 2010.(  

N��*  $#��#�2	� LC50  
��P9 
�� ,5��(	 $"�L9� O�50� �" U*24  �48 	 $��� )9��� ��#  
��P9 ,�

O�50� $"�L9� "�"#� ��/��d )� �%W�& ��� Q� ��R ��� 
�*� 	�����Q� )����� . �" �T�� ,� #�J ���� 
�*


��P9��� �# I�� ����� ��� )�" 
�� )5Y � ����� ��T" ���)Sanna Passino et al., 2004; Hematpoor et 

al., 2017; Lee et al., 2020 �" p�jS�	 >�5���& �� ) J N" )��	 $�!	" �� ��5	 �q�� X��@* v�S� ,� (

�	 ��Z& "� $����� .���  
  

O%�  2 . %�G )���3 ����HI -9 ��F 7�?> 5Q�R �� �� �V& !���� B��C -���� S�;T� 7�>24  %48 5��#  
 )\0](µl/l) (h) 24   (h)48  

500  d17/5  e87/11  
690  c02/16  d12/23  
1000  b11/21  c00/35  
1380  b14/26  b25/46  
2000  a36/48  a00/65  

N�'���	 >��L& �"�"# >��LS	 b��� �"�"# �����4	 �"# ) ��S�� ���& $�	�J u��"��005/0P≤.( 

  
O%�  3 .�;�
W E'3
+ &%9�5 -����>7 L��X �� �#�5 -���� B��C !���� %�7 �>%�G7 HI-9 �?>7 ��F  

P χ2 
(df=3)  �" x�9��5	 Q�� LC50 (95% Fiducial limits) (ppm) $�	� )h(  

316/0 537/3 659/5 - 285/2 )001/3035-305/1860 (95/2244 24 
930/0 449/0 866/2 - 492/2 )236/1670-903/1275 (828/1434 48 
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3. 3 .36$/ 	!  8���9,:,�; �  

pH ,B�B ��� o�"�� $"�"�!B�*,� 
��9 ��6 0d��� 	� ���� �� ,�� B�4 �) I�JK���  �# #�W�	$J ��YZ& 	� #�"c� .�"�2	 

pH "��� Q� K^�* N� ��R��� 
�*#�J �  �� ��"��9 4&��N ��B�4  .�) I�JK �LBJ-�=�	J ��R �# ���
������& ��  
��P9

 ���S�" {V� �# $"�L9� O�50�5  b=ST" �<�#��4	 �"#� ��  .)�"# �����"�2	 B�4 �) I�JK �LBJ-	J��=  K^�* N� �#

��R�  )(& ���YZ&  
��P9O�50�  $"�L9���"�� �� 10/83 �� 
����	 �<�# ,� ,� >��<��4	 �"# �K� �&  ���� ����& �"

 .#��	�$"I �������%	�  $"�L9� O�50� 
��P9��� I�JK �LBJ-	J��=  K|�* N� ��RQ� 
�* ���� ��I ���"�  ��8/21 

 �<�##�� ,�  b=ST" ���� ����4	 �"#� 	 $��� "�� ) ��#���W 4 .(��YZ& 
��P9  $"�L9� O�50���� 	�$"I �&��*�N 

Q� K^�* N� ��R��� 
�*#�J � ��I 
�"��" ���� ��,� #"# $��� ,^�S� . 	�$"I �&��*�N & �#����  
��P9O�50� $"�L9� 

 �� ��"��19/1 	�0� 8�� �2	 �# ,� #��,�  �� ����)09/1	�0� 8��"I " (X  ���W) )�"#4 .(  

  
O%�  4. @� %� !���� B��C -����7 ��V6�5 ���� % C�������&� E�F
Y F���-�F��"  %�2;[�7 \3%9�?� +�2� :��2C �>%�G7 

HI -9 �?>7 ��F 

) /� N��&��*mg (   ) �����"#���%(  �5�� )�B�4  )%( ����& 
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