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ABSTRACT 
Iris species are known to be a rich source of isoflavonoids. Iris germanica L. is one of the most important species of 
bearded irises which is known as Irsa in traditional medicine. In this study, the amount of phenolic compounds and 
antioxidant activity of the waste obtained during the essential oil extraction process of 34 samples of German iris 
rhizomes (6 parent samples, 27 hybrid samples and 1 commercial sample) were evaluated. Iris samples were 
collected from the Ornamental Plants Research Center (OPRC) in Mahallat city and commercial sample were 
purchased from the market. After extracting the EO, samplings were carried out using the extract in balloon. The 
phenol content was measured by Folin-Ciocalteu method, flavonoid by Aluminum-chloride method and antioxidant 
activity with DPPH and FRAP assay. The results of variance analysis showed that all measured factors were affected 
by the type of hybrid, which was significant in all factors (P<0.01). The results of mean comparison showed that 
samples with purple and violet flower colors had the highest amount of phenol and flavonoid, followed by the highest 
level of antioxidant activity. In other words, the highest amount of flavonoid (113.22 mg QUE/g DW plant) and 
antioxidant activity (DPPH) (817.73 mg TBHQ/gDW plant) was observed in sample P6 (purple parent) and the 
highest amount of phenol content (261.31 mg GAE/g DW plant) was observed in sample P3 (violet parent). In 
general, the water residues from the Iris EO extraction can be used as a suitable and cheap source for obtaining 
natural antioxidants. 
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Table 1. The information of studied German iris (Iris germanica L.) hybrids and parents. 
No Code Code in OPRC Type Name 
1 H1 OPRC 3 Hybrid Iris germanica 
2 H2 OPRC 6 Hybrid Iris germanica 
3 H3 OPRC 7 Hybrid Iris germanica 
4 H4 OPRC 11 Hybrid Iris germanica 
5 H5 OPRC 13 Hybrid Iris germanica 
6 H6 OPRC 15 Hybrid Iris germanica 
7 H7 OPRC 17 Hybrid Iris germanica 
8 H8 OPRC 19 Hybrid Iris germanica 
9 H9 OPRC 23 Hybrid Iris germanica 

10 H10 OPRC 27 Hybrid Iris germanica 
11 H11 OPRC 28 Hybrid Iris germanica 
12 H12 OPRC 31 Hybrid Iris germanica 
13 H13 OPRC 32 Hybrid Iris germanica 
14 H14 OPRC 34 Hybrid Iris germanica 
15 H15 OPRC 35 Hybrid Iris germanica 
16 H16 OPRC 42 Hybrid Iris germanica 
17 H17 OPRC 45 Hybrid Iris germanica 
18 H18 OPRC 46 Hybrid Iris germanica 
19 H19 OPRC 47 Hybrid Iris germanica 
20 H20 OPRC 52 Hybrid Iris germanica 
21 H21 OPRC 55 Hybrid Iris germanica 
22 H22 OPRC 56 Hybrid Iris germanica 
23 H23 OPRC 61 Hybrid Iris germanica 
24 H24 OPRC 62 Hybrid Iris germanica 
25 H25 OPRC 70 Hybrid Iris germanica 
26 H26 OPRC 75 Hybrid Iris germanica 
27 H27 OPRC 76 Hybrid Iris germanica 
28 P1 P 1 parent Iris germanica white 
29 P2 P 2 parent Iris germanica yellow 
30 P3 P 3 parent Iris germanica violet 
31 P4 P 4 parent Iris germanica blue 
32 P5 P 5 parent Iris germanica purple 
33 P6 P 6 parent Iris germanica brown 
34 C ns Commercial ns 

ns  ;@=�not specified ��.-
�"                               ns stand for not specified. 
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g��R �� C" 750 !�$'�!�$� g+ �!hY� 500 !�$'�!�$� 

� %$�'�,%$� 7$'%# p!(� 1000 !�$'�!�$� Q�5"!, 

N&-� 35 -K�� )Na2CO3 (C#�A� -
 .v%<=� 2R �� 

Z$ � -
 �� 10 �<$� !�$' g+ !hY� C" Q-
 ��6 

.��� -
 .v%<=� C" Q-� 30 CY$ � �� /��� f�6� 

.�����!  -
 2u� �� E%I a%� 725 !��%*�* �" 

.��@��� �� z���%*�* )T�!  -
 .g+ !hY� C" �%5? 

E!�5, .��@��� -
 .C" W$*�6-$�� �� ���-*���� �%5?

-&�!3 .��@��� ./�%�^� 7*�6 S, C" Q�%K TA/g 

.��� WJM �$" -
 C,  .��@��� �"�� �5^5� 

���-*���� C$86 .-
 �" !@K �6 100 �<$� b!3 !" TA 

C0��^� -
 )Tamilselvi et al., 2012(. 

  

!"#��'�� 1�2�3& ���� 4�� �� ��#� +DPPH  

.��-*� /�!"��*+ )$'�(# /!$3 [�� C" �*�-$�,�

DPPH �� �>=J� ��-Y� �g��R  W& �� �� �'%*���

 + C" � C�=&� �J&���+ C'%'2000  �� !�$'�!�$�

 E%<^�DPPH )5-10×6 E%� !"  !�$'95 -K�� 

E��&���/��  .��� ��6 SK�B E%<^� .-
 C#�A� (���+

 -
Q-� C" .�dJ&���+ /��� �� �30  /��-8d* CY$ �

2u� -&�!3 �� gl1 a%� E%I 517  �� !��%*�*

) !��%�#�!��u��NanoDrop, Model: epoch(  )T�! 

 S	? e�" [�� C" G$* (W5<") -��
 C$86 )81 .-


 C, Q��@6 7&� �" -
 /�1 C"g��R �� 50 '�!�$� !�$

 E%*�6�80 ) -
 .��@��� -K��Nakajima et al., 

2004t��� !" ���-*���� �5^5� .( Tert-

butylhydroquinone (TBHQ) C" x&��* � N$�!6 �

�<$� Q�%K E��(� b!3TBHQ  WJM �� b!3 !"

) -
 [��G3 .�$3Ebrahimzadeh et al., 2008.(  
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)4                                          ( DPPHsc % =  

.(
�� ������)���� ���� (
�� ������)���� ���

(
�� ������)���� ���
× 100 

 :-��
 gl1 �G$�Abs control  

 :C*%	* gl1 �G$� Abs sample  

  

!"#��'�� 1�2�3& ���� 4�� �� ��#� +FRAP 

g��R C*%	* � ��3 �<$� .��6 p!(� !�$'FRAP  !#�")

Q���� N&-�300 �<$� C�&-$�� �" �e%�6/3W&!# � -

S&-&!R /!6 -t� - v%<=� N��" (-&!<, W&!# � 7&��&!6

 Q-� C" SK�B v%<=� .-*-
30  g+ b�	B �� CY$ �

 /���) b!337  gl1 � )#!3 ��!  (t%$�<$� C1��

E%I �� + a%�593  .�d��� �� .��@��� �" � !��%*�*

) !��%�#�!��u��NanoDrop, Model: epoch(  )0�*

Q�@'%� �� .-
 .-*�%M -��
 C" �5^5� N�� /�!" 7�+

.��� x&��* � -&�!3 .��@��� ���-*����t���!" ��mmol 

Fe++/g DW ) -
 �$"Zugic et al., 2014.( 

  

���)� $��(/ � ��56/  

.���C" � ��!�6 C� �" .-�+ )�� C" /�� |!I Q�%K

 ��G#� b!* �� .��@��� �" �#��>6 U��,SAS 9.1  G$'�*+

 %��+ �� .-*-
LSD .��� 7$d*�$� C�&�Y� /�!" ��

 � �����%	* N�� /�!" 7$5}	� .-
 .��@���

b!* �� �d��0	� ��G#�Excel .-&�!3 .��@���  

  

>2� � ?���  

$+ $%& ��'()  

x&��* C&G_6 .��� 2*�&���S, S5# /�%�^� /�� �J* ��� 

C, �G$� S5# S, C*%	* �����!" ��%� /�� �*�	'+ Z0*� 

�5(� pU�M��� /��� ~h� E�	�B� W& -K�� -5�
�� 

)E�-1 2(.��� 7$	� 7$d*�$� C�&�Y� x&��* � �J* ��

 �� yM�
 7&� .��" C, -*���42/143  �631/261 

�<$�  !$��� WJM �� b!3 �� W$'�3-$�� E��(� b!3

 C" v%"!� S, S5# �G$� 7&!6e�" .)�� .�%"P3  -'��)

, � (F@5" C" v%"!� G$* + 7&!�	P6  (�*�%V�� -'��)

�� S�
) -
�"1 C" )0�* F@5" -'�� �!d&� Q��0? C" .(

 �*�%V�� -'��11/45  .���� /!�J$" S, S5# �G$� -K��

 )$'�(# �" n06!� /��!�����R S, -$T%*�U# � S5# /�%�^�

��*+) -5��� �*�-$�,�Tohidi et al., 2017Q�0$,!6 .( 

�<5# C" �%5? ���!#7&!6 ��*+�-$�,��� �� N&P� �&�lV 

��*� �� !�* C�#!3 ��-*%
 C, /���� 7&-5\ )$'�(# 

W&P%'%$" N8� ) -5���Mocan et al., 2018(.  7&�

 )^6 ��h$^� n&�!
 �� �%" !D��� !" .�U? Q�0$,!6

 G$* !A�B F��OR �� .-5��� ��$�*P S��%? !$D�6

 � ��-&!0$� 7$" �� S, S5# �G$� e�" pU�M� �%1�

 S, S5# /e�" �G$� .)�� :%A%� 7&� -&%� 7&-'��

) �*�	'+ Z0*� b�G&� ��Basgedik et al., 2014 � (

C*%3 !&��Z0*� /��  )�� .-
 [��G3 G$*

)Hacibekiroğlu & Kolak, 2015; Mocan et al., 

2018 7&� �� .���� )Y"�h� !A�B F��OR x&��* �" C, (

 -&�!3 y=J� F��ORg��R  C" �*�	'+ Z0*� .�$3 b�G&�

) �0*�1 E%>^� �%5?31/261 �<$� E��(� b!3

 .��>? �" C�&�Y� �� (WJM �� b!3 �� W$'�3-$��

�� �'%*����<K� E%>^� �%5? C" Qe%>^� !& 18/27 

�<$�) WJM �� b!3 !" W$'�3-$�� b!3Zhang et al., 

2018 �(3/226 �<$� WJM �� b!3 !" W$'�3-$�� b!3

)Phuyal et al., 2020 �(62/66 �<$� !" W$'�3-$�� b!3

) WJM �� b!3Ghasemi et al., 2019 �(12/69 -

19/21 �<$�!3 !" W$'�3-$�� b!3 WJM �� b

)Alirezalu et al., 2020 � (60/76 -59/25 �<$� b!3

) WJM �� b!3 !" W$'�3-$��Koczka et al., 2018( 

, S5# �G$��J* 7&� � ���� �&e�" S .-5��  )$	��

g��R �� .�$3 7&�.-
�"  

 
 E�-12C&G_6 . 2*�&��� Q�$K%>M �&�$	$
%�$# 7&-'�� � /��-&!0$� Z0*� �*�	'+ )Iris germanica L..-
 C('�h� (.  

Table 2. Variance analysis of phytochemical characteristics in studied German iris hybrids and parents (Iris germanica L.). 

Source of  
variation 

df 
Mean of squares 

Total phenolic  
content 

Total flavonoid  
content 

Total tannin  
content 

Total carotenoid  
content 

Antioxidant activity  
(DPPH) 

Antioxidant activity  
(FRAP) 

Treatments 33 2233.72** 1.01** 1050.41** 82354.97** 29960.84** 12.25** 
Error 68 26.711 0.005 1.669 981.162 994.807 0.319 
Total 101       
CV (%)  2.631 2.998 2.674 7.707 5.815 4.024 

* * Q��@6�5(� E�	�B� ~h� �� ���1  .-K��                                                                 **: Significantly difference at the 1% probability level. 
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Figure 1. Mean comparison of total phenol content of German iris hybrids and parents (Iris germanica L.). 

  

$+ #�-���.& ��'()  

 x&��* S, -$T%*�U# /�%�^� C, ��� �J* Z$Y^6 7&�

 )@K /�!" 2*�&��� C&G_6 .�%" -&!0$� :%* !$D�6 )^6

�5(� Q��@6 �%1� �� �,�B ���!" ��%� 7$" �� /���

C*%	* E�	�B� ~h� �� C('�h� ��%� /��1 �� -K�� -

 E�-1) -
�"2 .(��� �J* 7$d*�$� C�&�Y� x&��*  C,

-$T%*�U# /�%�^� 7&!�J$" ) S,22/113 �<$� b!3

 C" v%"!� (WJM �� b!3 �� 7$��!T%, E��(�P6 

) + ��-Y� 7&!�	, � (�*�%V�� -'��)92/50 �<$� b!3

 C" v%"!� (WJM �� b!3 �� 7$��!T%, E��(�H19 

 -&!0$�)19 S�
) )�� (2W$'%5#-$�� 7$" �� .( C, ��

)$'%"��� �� �3�G" .�!3-$T%*�U# �-5��� C&%*�D /�� ��

��*+ )$'�(# 7&!�J$" /���� �� �*�-$�,� -5
�"

)Martins et al., 2011; Fattahi et al., 2013 �� .(

Q�('�h� �<0   /�� !" C�#!3 Q�%K �&�$	$
%�$#

 Z0*�Q�0$,!6 �*�	'+ �� �@<�=� �C<	1 ��-$T%*�U# 

)Asghar et al., 2010; Ibrahim et al., 2012; 

Mohamed et al., 2013[��G3 (  .)�� .-
 7&�

.�!3 /��B �Q�0$,!6/��  S��? C, -5��� �<$�,��-$�

E��&��� �!, E�(#!$V/�� ��	
 C" ���$3 �� ���+ 

�� S	? N�$*��� .-5&+  C6U, -5&�!# Z&!I �� ��-$T%*�U#

E�(#!$V �& � �!, E��&��� �!,)�� ���+ /�� 

)Pourmorad et al., 2006(. Ullah et al. )2015�� ( 

 �5$�*�%$# C�&��� �*�	'+ Z0*� C, -*��� �J* �%M C('�h�

) -$T%*�U# �&e�" �G$� /����27/100 �<$� E��(� b!3

 )Y"�h� C('�h� 7&� �" �� x&��* C, )�� (b!3 �� 7$6��

 /�%�^� �G$� C, -
 .��� �J* !A�B F��OR �� .����

 S, -$T%*�U#g��R  C*%	* �*�	'+ Z0*�P6 %V�� -'��) (�*�

 )0�*) W$'� C"Crataegus meyeri (62/18  !"�!"

)Alirezalu et al., 2020) C5��� �(Artemisia sieberi (

06/2 ) !"�!"Ghasemi et al., 2019 .%$� � (Meistera 

chinensis 11/14 ) !"�!"Tee et al., 2021 )�� !�J$" (

 7&�!"�5"�� �%6g��R  905� W& �%5? C" �� .�$3 7&�

$0I.�!, �#!(� -$T%*�U# �� /%  � �(  

  

) $+ 0��/ ��'()TTC(  

 ���-&!0$� 7$" �� C, ��� �J* !A�B F��OR x&��*

 7*�6 /�%�^� !�* �� �*�	'+ Z0*� /��_6 C*%	* � ��-'��

 �� Q��@6 7&� C, ���� �%1� /��&� ��$�" Q��@6 S,

 E�	�B� ~h� �� /���+ ��^'1 �5(� -K�� )�� ���

 E�-1)2 C*%	* �� S, 7*�6 �G$� Q��@6 .(H13 

 -&!0$�)13) 7*�6 �G$� 7&!�J$" C, (79/6 �<$� b!3

 )0�* ���� �� (WJM �� b!3 �� W$*�6-$�� E��(�

 C"P6  S, 7*�6 �G$� 7&!�	, /���� C, (�*�%V�� -'��)

)36/1 �<$� �� b!3 �� W$*�6-$�� E��(� b!3

�� (WJMW&�G* -
�"  C"5  S�
) )�� !"�!"3 .(

7*�6�� Q�0$,!6 �<R�<5# -5��� C, C" �%I �($0I �� 

���$3 )#�& ��-*%
.   
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Figure 1. Mean comparision of total flavonoid content of German iris hybrids and parents (Iris germanica L.). 

  

 
 S�
3 S, 7*�6 /�%�^� 7$d*�$� C�&�Y� .7&-'�� � /��-&!0$� Z0*� �*�	'+ )Iris germanica L.(.  

Figure 1. Mean comparison of total tannin content of German iris hybrids and parents (Iris germanica L.). 
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Corral et al., 2020(. 
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Figure 1. Mean comparision of total carotenoid content of German iris hybrids and parents (Iris germanica L.). 
  

 7&!�J$" C, ��� �J* 7$d*�$� C�&�Y� x&��*

 .��	
 -&!0$� C" v%"!� S, -$T%56��, �G$�12 

)H12 .��	
 -&!0$� C" v%"!� G$* + 7&!�	, � (14 

)H14�� ( c$6!6 C" �8*+ �G$� C, -
�"27/728  �

56/169 <$���� WJM �� b!3 �� b!3 S�
) -
�"

4F56 �" C<"�Y� /�!" ���$3 .( �� �h$^� /��

N��$� /-$T%56��, Q�0$,!6 C<	1 �� �?�#� /��

�� .��@���) -55,Rossa et al., 2002 Q�0$,!6 7&� .(

��*+ )$K�M /���� Q�-  � .�%" �*�-$�,�

��*+  Ch"�� + -$T%56��, �G$� �" .�$3 �*�-$�,�

�) ���� N$Y��Hassan Sultan et al., 2016.(  
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 �%1� �� �,�B ���!" ��%� )@K /�!" 2*�&��� C&G_6
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TBHQ  C" v%"!� (WJM �� b!3 ��H12  -&!0$�)

12 S�
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Figure 1. Mean comparision of antioxidant activity (DPPH) of German iris hybrids and parents (Iris germanica L.). 
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Figure 1. Mean comparison of antioxidant activity (FRAP) of German iris hybrids and parents (Iris germanica L.). 
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Figure 7. Pearson correlation between phytochemical properties of German iris hybrids and parents (Iris germanica L.). 
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