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Numerous studies have been performed on the effect of rootstock and cultivar on 

physicochemical traits of apple fruit with their results showing different effects of 

these two factors. In order to study three vegetative rootstocks on some 

quantitative and qualitative characteristics of apple cultivars "Golden Delicious" 

and "Red Delicious", an experiment was carried out in factorial design based on 

randomized complete blocks with four replications in orchard of Mashhad 

Agricultural Research Center in 2021. Fruit quantitative and qualitative 

characteristics, including weight, volume, density, length, diameter, firmness, pH, 

total soluble solids, phenol content, antioxidant properties and anthocyanin have 

been measured. The highest amount of total phenol (652.9 μg.g-1FW) and 

anthocyanin (35.9 mg.g-1FW) has been measured in "Red delicious" on M9 

rootstock. The results of this study show that "Red delicious" has had the highest 

amount of diameter (78/64 mm) and weight (166/9 g). The highest amount of fruit 

firmness has been observed in M9 rootstock (5/64 kgcm-3). In general, the results 

of this study indicate a different effect of rootstock and cultivar interaction on the 

studied characteristics. Depending on the purpose of gardener, different grafting 

compounds can be recommended "Red delicious" on M9 and MM106  rootstock 

with highest amount of total phenol and anthocyanin is suggested as a valuable 

grafting compounds in terms of health benefits under Mashhad Climatic 

Conditions. 
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 �� S/�Q�� �1 I"K�� ���� ������	 -i�Z0�  �$	  ���7� ��)� -��/��1 j���� �� �)� 9�)� � b�Z��@ ��/� k" !��)


$	 K�� ��< ���8  $�22 �P�� �� $5�[�� S/� �� !�(�� �"�U� Q"l� �� ��)� ���� ��/� )Liaudanskas et al., 

2015; Drogoudi & Pantelidis, 2011(.  I/	 ��11  � ��)� -��/��1 KV�� �V� �� �� 
�� $�1� S/� �m�64� ��/�

�6�, K/B�7� ) ���� ����/(��Boyer & Liu, 200434	 �� ��L�� ��)� -��/��1 .( �64� ��; a��W ����� S/� m

�6�, �� ��R ����/(�� &� "��� ���� S�� � �)<�	 ���5/	 T	�.� �� !�	 �� Kn�J] � ���, ��; �� m�64� ��; ���< 

)Van der Sluis et al., 2001 K�� -��J6� QR� � o��	 $�]�� ��M/0� d"��< $	 $L�1 �	 -��/��1 I"� KV�� .(

)Ghorbani et al., 201076� -�7B�M� .($	 QR� � $"�@ $� K�� ���� !��� ��  �� �5�� 3.� � /6�l T��
 k" !��)


3;�?@ � ���� -��/��1 I"� 95\1 ) ��� ���5<�	 ��/� ��)� ���60� �	 �� QR� � $"�@ T	�.6� -��N� ���"� !���Kviklys 

et al., 2017+��2� S/� �� .(  � I/��/��6�, �T� T)� !�2/� �	 QR� �/NO1 �	 �)�� ��;�6�, K/B�7�  ��L�� ����/(��

) K��Ghorbani et al., 2010.(  $7B�M� ��Ghorbani & Bakhshi (2012) -��J1 �)7� ��;  ��/� I/	 ����13 

 ��� !��� �1�7B�M� .�)6(��� QR� k/6�l �/NO1 �� �<�� �� !, � ����� +��2� T� T)� ���.� �V� �� S/� -��J6� QR�

	 S/� �� ��)� -��/��1 95\1$"�@ �� � ���� ��6(	 $"�@ p/1��l $ Q� ��)� -��/��1 95\1 ��<��@ ��;  K�� �1

)Mainla et al., 2011-��J1 .( �)7� ��;  QR� S/� �� T� T)� �V� �� ����"�1��/B"  m�64� $"�@ I"�)[ ���

3/	 � �< ��;���  $"�@ �� T� T)� I"�1M7  �MM111 Q� �  $"�@ �� T)� I"�1CG5005 ) �< ��;���Garcia et 

al., 2002.(  �N� ����	12  QR� S/� ��/� ��)� ���60� �	 m�64� $"�@"q/(��","  ��)� -��/��1 95\1 ��� !���

) ���� $"�@ j�� $	 ��6(	Kviklys et al., 2017$7B�M� �� .(  $"�@ $� �N� ��B9 �M9  T� T)� ���.� �	 !�� 	 r���1 �
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�M(	 r���1" Q;�	 ��� !���  � T� T)� �	 QR� � $"�@ 3)�

�)7� �/NO1 I/��/��6�, 3/	 � K<�� ���� $	 I/��/��6�, � T� T)� !�2/� I"�1  ����/@ -��/��1 �� S/1�1"2�/B���"  ���

 $"�@B9  �"
�M(	 r���1" ) �< +��2� !�� 	 r���1 ���Parvaneh, 2019N� .( $"�@ $� �M4 �M9T337  �

MM106  QR� T� T)� ���60� �	"��s(��� m/[��"  $"�@ ��� !���M9T337 3/	 �� ��"� $"�@ �� $	 K�(�  I"�1

) ��	 �����W�	 T)�Milosevic et al., 2018 -�7B�M� .(Jensen et al. )2003�� $"�@ ��� !��� (  !�/	 ��;��B� ����1

� �;�	 �//t1 �� X���/@ �� !l !l �� �W�	 �� Q/V)1 $"�@ d��1 S/� X���/@ ��; $"�@ .���<  ���"� f�.� �� S/� ��;

$6��� ���R �	�"��� ���� !��L ��  X���/@ �J/� � �5� -�JP �	 �1��J6� -��/NO1 �m�64� �5/�R� d"��< �� � ���

�� ) ����U�Moharrami et al., 2011(.  

 $\/6�3;�?@ �; $"�@ �N�  �; 
�R�� � �	$	 S/� �J/� � �5� -�JP  .K�� -��J6� -�<Q�� �� � "  ��;��6��� I"�1

�/NO1 �	 ��U���?"� �� $"�@ -��R ���/� �J/� ��; ����	 ���6��� I"� �	 $"�@ �/NO1 �����[ ���� �� ��� �<�	  ���"� ��;

$	 .K�� $6���� -��P �� �V� $"�@ ��� $	 �X���/@ �"�U� �P�)
 eUL �	 �/NO1 �	 �;  �/NO1 ��/� K/J/� �	 Q/.6(��/� ��8

�� ) ����U�Al-Hinai & Roper, 2004$7B�M� �� .(  $"�@ �N� ��M9  �B9  QR� ��/� ������ �	"BC-2Fuji"  ����	

!, ="�6� � ���� $"�@ $� ��� !��� �;  M9 ��/� u�2	 ��; $	 K�(� ��1B9  ��� �/B�1 �� !��� $�  �NO6� ��/� !�� �;�

 � k/6�l ���� ���R $"�@ ) ��/�Chun et al., 2002Q; .(  ="�6� I/)[Autio et al. )2003 ��/� ������ $� ��� !��� (

S/�  ��;"�)�1���" �"k����/@"  �"+�6)"� k�" $"�@ �/NO1 K01 3;�?@ .K��� ���R m�64� ��;  a�ZW �� �;

 
�R�� �J/� � �5� -�JP �W�	 �	 QR� � $"�@ �N� I//71"2�/B� !���" �"�L��"  �"&��/6�� ���B�"  $"�@ $� ���

 ��"��M9 �MM106 � MM111 Q;�	 $� ��� !��� � !�� �)��� �1�JP �	 QR� � $"�@ 3)�pH  ��U��/NO1 ��/� 
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�� �<�	� $	 ���8 $� 3/	 ��/� �� !�� I"�1  QR� ��;"!��� 2�/B�" 3/	 � $"�@ $� �; ��� !�2/� I"�1 pH   �� ��/�

 QR�"�L��"  $"�@ ���MM106 ) �< +��2�Shaeri et al., 2014Q; .(  -�./.01 ="�6� I/)[Brown & Wolf 

)1992�� �/NO1 ��/� K<�� �6J� �	 $"�@ ��� !��� ( !, $6�B� .���U� ��/� ����� !��� �; S/� ��;"2�/B� ��s�� X��6��" 

 $"�@ ��� �	 Ottawa3 � M26 EMLA ����	 .����	 $	��� �6J� �V� ��  QR� ��/� �6J� �	 m�64� $"�@ $� �N�

"��s(��� m/[��" �)7� �/NO1 ��/� �6J� �	 $"�@ j�� ��� !��� 3/	 � ���� ����  $"�@ $	 f�	�� �6J� I"�1MM106 

) ��	Milosevic et al., 2018�	 .( $"�@ !��	�/NO1  QR� ��/� �6J� �	 S/� m�64� ��;"!��� 2�/B�"  ��

$7B�M�Andziak & Tomala  )2004(  .�< ��;���  

�	 ��/� �/B�1 +���@ ���	 ��)1 $� i�	 K/J/� b�Z� ���	 $ �	 �!���);� ���	 &���� $	 $� !���))�  -��N� �� ��)�

��/� �6�c�  � K�� Q�� �)6(; �;$	 T/B�  �� QR� � $"�@ S/��1 I"�6�	 �"���)< 
�2B ���)� -��/��1 �	 QR� � $"�@ 3.�

 �"�U� +��� v�0B$	 �?"� $	 ����w �"�/���tL d"��< ^����	 ��)� -��/��1 �� �V�  I"� 
�\�� �� b�; I"��	�)	 .���

��"�� $"�@ $� �"���� $("�.� 3;�?@M9 �M7  �MM106  ���\1 S/� QR� �� �"2�/B� !���"  �"2�/B���"  ���

!, � e, d"��< �� !�6W�� I"� �J/� � �5� -�JP �W�	 � ��)� -��/��1 �V� �� �; �� ���� �"��; �<�	.  

  

2(
� 
 ���� . ��  

 3;�?@ I"�$	 ��V)�  ��"�� $"�@ $� �N� ����	M9 �M7  �MM106  S/� 
�R�� �"�/5/<�/	 � �J/� ��5� -�JP �	

"2�/B���"  �"!��� 2�/B�"  &�� ��1400 � �o�	 �  �"�/���tL K/7R�� �	 ���� ������� -�./.01 2��� �� ��L��36 

 � $L��13  � $./R�06  � �B�5< $/��N59  � $L��38 $./R�  �48  .�< 
�\�� �R�< $/��N 3;�?@ I"�$	 -��P T"��6��� 

�� SB�R Y�8 $"�@ X��	 ��; T��� ����Z1 �	 ���[ ��� 1 
�\��  �� 3"���, I"� �� .�<24 �	 KW��  &�� KJ; I�

�< ���J6��$	 ���/	, +�� . ���� �� � $6�@ � ��L -��P .�< 
�\�� ���� �� �1 K�; ��;  
�R�� ���� �� !�6W�� $�P��

 $"�@ ���M9  m"�� ���80 �6���  m"�� I/	 � �6�3 $"�@ ��� 
�R�� ���� �� � ��	 �6�  ��;MM106  �M7  $�P��

���  m"��160 �6���  m"�� I/	 � �6�5/3 ��	 �6���/� .  K<���	 T��� ���/�� !��� �� �; ������� K�L  -�JP ��/�

 .�)6��" &�.6�� ���� ������ ������� ������	 
��
 ���� ����"���, $	 $�P��c	  

  

2 .2�)*�
 . ����+�� ,�� �!�  

������ ���	  ��/�.�< ���J6�� �5\] +�� �� ��/� Q\] ��6	�  � ���� �@ e, �� �)/7� Q\] �1 �� �L��� $���6�� �� q@

$8�� ��/� !�<�� $	 KB�] �� �� $���6�� e, xM� -��//t1 �$���6�� !��� �;  &���� �� ���J6�� �	 � ����, K��d=m/v 

) �< $���0� ��/� �B��[Westwood, 1986�6J� ���6�� �	 ��/� K��	 �6J� .( =)�1  &��)STEP SYSTEM �

��/� K�; e��@ �	 (!�5B, ���� ������ ��6�  &��0� ���L ���� .�< ��/�)TSS(2 �6��6���� ���6�� �	3  &��) &�6/\"�

Kruss dr 101������ q "�	 $L�� S(]�	 (!�5B, ���� �  �MR �)[ qs� � ���/B�� �M.� e, �	 ��6	� ���6�� .�< ��/�

K��� ���R ���6�� ���)� K5(R �� ��/� e, �� ) �< !�/	 ���L ���� T� �P�� S(]�	 !, ���.� �Sotiropoulos, 

2008 .(pH ��/� ���6�� �� ���J6�� �	 pH�6� )&�� 691-Metrohn �q/y�� ����( ������ �< ��/� �	 ��6	� ���6�� .

                                                                                                                                                            
1. Penetrometer 

2. Total soluble solid 

3. Refrectometer 



5%��� 6��� 7�3 ��'� � 68% 5	9 �� ��:; <3� � 3	:� �	�� %) ��='> ?@ �����' �
0�  1425 

�� ��V����� &��0� !��� ���6�� ���6 B� !������R �� q@ � �< ���/B�� ���	 &��0� �� ���J6pH �< z4�� ��/� e, 

)Sotiropoulos, 2008.(  

  

2 .2 .1 -� -�. .  

���Z
 �� T� T)� !�2/�  �	 �;b�7� ������ �6��6��6 s�� ���6�� �� ���J6�� �	 � �/6B���/� I/B��  $	 .�< ��/�125 

 ���/� ���Z
 �� �6/B�� /�375  � e, �6/B�� /�5/2 ��/�  I/B�� �6/B10 < �� �7	 � �< $��w� �P����/� �� $./R� 3  �6/B

 -�)	�� Q"��5/7  $	 2/� �P��!, $	 &��0� .�< $��w� �; K�� $	 ���,  -��5/1  {�1� ���� � � "��1 �� K
��

 |�� &�8 �� eUL !�2/� qs� .�< �������760  ������6�� �)0)� �� ���J6�� �	 T� T)� !�2/� .�< Ky��R �6�����

k/B��  ���1 K��	 
�� k" �� �/��) �< !�/	D’Abrosca et al., 2007.(  

  

2 .2 .2�/0� 1�2�3. .  �0�!�4��  

�6�, K/B�7� $	 ����/(��  +��DPPH ������ (T"����/; T"� /@ T/)� ��) �< ��/� )Brand-wiliams et al., 1995 .(

 ��V)� I"� ���	2 ��/�  �	 $��5� �� 
��10 ��/� $	 � f��4� &���6� �6/B  -��24  � �< q 1�� K
��5  �	 $./R�6000 

 qs� �< l�J"�6��� ���1/0 ��/�  �� $��5� �B���6� &��0� �� �6/B9/3 ��/�  �6/BDPPH 004/0  �� �7	 � f��4� �P��

30  |�� &�8 �� � "��1 $./R�517  �6����� &��) ��6��6���6 s�� ���6�� �	Cecil 2010 UV–visible ���� �

) $M	�� �� ���J6�� �	 .�< Ky��R (!�6(����1�6�, K/B�7� �P�� �( $���0� ����/(�� .�<  

 $M	��1 (                     100×)1- $��5� eUL)- $��5� eUL /(k�c	 eUL- ((&�6)� = ����/(�� �6�, K/B�7� �P��  

] k�c	 ���1/0 ��/�  � $��5� �B���6� ���Z
 �6/B9/3 ��/�  !��	 &���6� &c] �6/BDPPH  T��< &�6)� �9/2 

��/�  �6/BDPPH  �1/0 ��/� �� $��5� ���Z
 !��	 &���6� &c] �6/B  .�<�	  

  

2 .2 .3 6�0����/0� .  

������ ���	  I/��/��6�, ��/���/��� �� eUL bc6W� +�� �� � pH �< ���J6�� -��J6� )Wrolstad, 1976 I"�	 .(

 ��V)�1 ��/� $	 ��/� e, �� �6/B  -��15  �	 $./R�1000 q@ .�< l�J"�6��� $./R� �� ���  �"i�	 9"�� !�����L ��

$��5�  |�� &�8 �� �� �;520  �700  ���6�� ��6	� ��V)� I"� ���	 .�< 
�\�� �6��6��6 s�� ���6�� �	 Ky��R �6����� �	

 ���	1  Q/��6@ �"����)2/0 k"��"��� � �i��  �/��2/0  qs� ��< ���/B�� (�i��500  �	 ���Z
 �� �6/B�� /�5/2 

��/�  ���	 �6/B1 qs� .�< Ky��R |�� &�8 �� �� � ���� f��4� -��� ��  ���	 �	 ���6�� $�]�� I"� ��2 k/6��)  �/��

2/0 -�6�� � �i��  Q"��2/0 ��/B�� (�i�� � �< �500 �6/B�� /�  �	 ���Z
5/2 ��/� �6/B  ���	2  �)��� � �< f��4�

.�< $���0� �"� &���� ��8 I/��/��6�, !�2/� .�< Ky��R T�R $�]��  

 $M	��2(                                             )A520Ph1-A700pH1(- )A520pH4.5-A700pH4.5(= A )���(  

 $M	��3               (                                                          )A/30200
a) (10

3) (647.0
b) (10

c(=  I/��/��6�, 

10
3 =KR� S"�w  

C= �/R� $L�� ����  
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2 .3 . ,���� 7�2�0�  

$	 �w�] 3;�?@ �� Q;�	 ����	 ��V)�  �S/� ��/� �J/� � �5� -�JP �W�	 �	 QR� � $"�@ 3)� ��"���,$	  -��P

 �� T"��6���X��	 $"�@ Y�8 SB�R  T��< xM� $� �� $"�@ &�� T��
 .K��� 
�\�� ��� 1 ���[ �	 ����Z1 T��� ��;M9 �

MM106  �M7 T��< xM� �� �� QR� 
�� T��
"!��� 2�/B�"  �"�� 2�/B�" &���� �� !�)/58� �� q@ .��	  !��	

���� ���� ����, T/�01 � $"2\1 ��; 
�� �	 �;  ��2��SAS  $4(�)4/9���� I/���/� $("�.� � (  !���, �� ���J6�� �	 �;

$)����)[ 
�\�� �P�� =)@ xM� �� I ��� �� .�<      

  

3 .89� 
 :��/0  

3 .1 .���� �2�;< 
 �=> ?@+
  

 $� K�� �5� -�JP �� � " ��/� !���� ���R Q/�R� � $"�@ j�� �)��� �����
 �/NO1 K01 ) ��/�Fallahi, 2012 ="�6� .(

���� q��"��� $"2\1 �)7� �P�� k" &�56]� xM� �� ��/� !�� �	 QR� ���� �N� ��� !��� �;  &��L) ��	 ���1 �� .(

$7B�M� $	 �� Q;�	 ����	 ��V)�  QR� $� � m�64� $"�@ $� 3)�"!��� 2�/B�" �"�L��"  �"&��/6�� ���B�"  !�� �	

�)7� �/NO1 ���/� 4�� ��/� !�� �	 QR� ���) �< zShaeri et al., 2014����	 .(  ��;Sotiropolous )2006(  !���

 ��/� !�� ���"!��� 2�/B�" $"�@ d��1 $	 ����	���� ��; �)7� ��8 �B�]�� �< �NO6� ����  ="�6� $�Al-Hinai & 

Roper )2004 S/� ��/� !�� ��� !��� � "��, I/(�� ("� KB�"� �� ("i��" $"�@ �/NO1 K01 ���R �;  ="�6� �	 $� K����

 QR� .���� ����45; 2/� 3;�?@ I"�"2�/B���"  !�� I/���/� �	9/1663/	 
��  QR� � I"�1" !��� 2�/B�"  I/���/� �	

 !��7/93 Q� 
��  &��L)  ��� a�Z6W� ��W $	 �� !�� I"�12 ��/� �B��[ �	 QR� �N� ��� !��� q��"��� $"2\1 ="�6� .(

 &�56]� xM� ��1 7� �P���)  &��L) ��	 ���13/	 .( Q� � I"�1 $	 �B��[ I"�1  QR� �� S/1�1"�� 2�/B�" )79/1 �	 
��

�6���  � (S7 � �6�"!��� 2�/B�" )27/1 �6��� �	 
�� �6� S7 � ( &��L) �< ��;���2.(  

  

 D��E1 ��� F��'%�� �'GH& .) �'��M9 KM7  �MM10668% � ( )"G0	�) M�2N"  �"G0	�))%" ( �O�� ��9	5 ��	� �<3 ��:;  

-�7	�� I/���/�  
����, $L��  9	�)� -��//t1  

/� �MR��  �8��/� & ��/� �B��[  ��/� Q\]  ��/� !�� 

126ns 17/8 ns 216/0 ns 6/60 ns 992ns 3 ��� 1 

159ns 
**165 210/0 ns 2/49 ns 174ns 2 $"�@ 

**482  4/41ns 
**60/1  *522 

**221 1 QR� 

2/92 ns 
**107 151/0 ns 5/62 ns 234ns 2 $"�@ ×QR� 

8/46  5/14  081/0  106 647  15 �MW 

99/8  07/6  25/21  94/7  80/18  -  -��//t1 S"�w )%(  

� ** K* ns�� : ��Q� 9	&�& ��Q� ��� � �;%) R' � S�� TU5 %) �%�) �� �%�) .��=��  

  

 D��E2��	� �<3 ��:; �� 68% �)�5 ��� . 9	5 

QR�  ��/� !�� )g(  ��/� Q\] )cm3(  ��/� �B��[ )g. cm-3(  /� �MR�� )mm(  

!��� 2�/B�  1/106 b 25/84 b 27/1 b 67/69 b 

2�/B� ��  9/166 a 58/93 a 79/1 a 64/78 a 

��Q� V 1O� ��� �,��	� W�10� V��� �� �;%) S�� D�<1�� TU5 %) ��%�<	& X	� %�) .�=��  
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2L ��/� �6<�� � Q\]� ��?"� ��; �� QR� �; �1�� u�	 ���71 �	 � �<�	 �� $"Ut1 �� ��/� $� �"�;  f��1�� �))�

u�	 ���71 ��)<�	 $6<�� ��L� $)/�	 �] �� KW�� +���@ d/0� �� e, � ��� �X�W ��"�U� ���� ��� .���� k"�2�  �;

I//71  .��	 �);��W ��/� Q\] ��))��)7� �/NO1 KW�� �;���	 ��/� Q\] �	 ���� �1 ��; �;���	 �	 !�6W�� .���� ��< T/ 

��/� I/�)� k[�� ��; �� �/B�1 ��1  �))�)AL-Hinai & Roper, 2004 .(���� q��"��� $"2\1 ="�6�  �/NO1 ����/	 �;

��/� Q\] �	 QR� &��L) ��	 �P�� =)@ &�56]� xM� �� $7B�M����� ��; 1 QR� .("2�/B���"  I/���/� �	58/93  
��

3/	 �1 Q\] I"R� �Q "!��� 2�/B�"  I/���/� �	25/84  
��Q� ��	 ���� �� Q\] I"�1  &��L)2(.  

  

3 .2 .���� �A� 
 B�C  

 �"�8 �� QR� � $"�@�/NO1 �� ���R �/NO1 K01 �� ��/� T < ��MR � &�8 �	 ) �);�Al-Hinai & Roper, 2004 ="�6� .(

���� q��"��� $"2\1 �� TP�] Q;�	 � $"�@ �N� ��� !��� �;  �P�� k" &�56]� xM� �� ��/� &�8 �	 QR� � $"�@ 3)�

�)7�  &��L) ��	 ���13/	 I/���/� $("�.� &��L ^����	 .(  ����/@ S/��1 �� ��/� &�8 !�2/� I"�1"2�/B���"  ���

 $"�@MM106 )05/67 ��/� Q� � (�6� 8 I"�1 �� &�"!��� 2�/B�"  $"�@ ���M9 )12/53 ��/� �� (�6�  &��L) �<�	3 .(

$"�@ !�/� �� 3/	 3"���, ���� ��;  $"�@ �� ��/� &�8 I"�1MM106 )81/66 ��/� Q� � (�6�  �� ��/� &�8 I"�1

$"�@  ��;M7  �M9 $	  �	 S/1�142/59  �51/58 ��/�  &��L) �< ��;��� �6�5
�R�� I/	 ��/� �MR .(  $7B�M�����

�)7� bc6W�  &��L) ��� !��� �P�� k" &�56]� xM� �� �� ����13/	 I/���/� $("�.� &��L ^����	 .(  !�2/� I"�1

 QR� $	 f�	�� ��/� �MR"2�/B���" )64/78 ��/� Q� � (�6�  QR� $	 f�	�� !, I"�1"!��� 2�/B�" )67/69 ��/�  (�6�

��  &��L) �<�	2/� �MR $	 &�8 K�(� .(Q�� �� �� ��?"� I"�1  �S/� ��;������6�� ^����	 .K�� S/� ��;�n ��;

3/	 K�(� I"� ��� ��"� ���� �� ��/� �<�	 k" �� �1  I/	 ��� �&,1/0  �11  I/	 ��� � e�W �<�	85/0  �19/0  �� ��<�	

T	�R ����  �� ���R &��R ) ��/�Faramarzi et al., 20143/	 �$7B�M� I"� �� .( .� I"�1 QR� �� K�(� I"� ���

"!��� 2�/B�"  $"�@ ���MM106  �	87/0 Q� �  QR� �� !, ���.� I"�1"2�/B���"  $"�@ ���M7  �	77/0 $	  .��, K��

 $7B�M�  ��Faramarzi et al. )2014( 3/	  QR� �� ���.� I"�1"�������� ec�"  �	94/0 Q� �  QR� �� I"�1"i��"  �	

84/0 $	 .��, K��  

  
 D��E3 68% � �'�� Z���1� ��� .��	� D�� ��  

����/@ S/��1  �8) ��/� &mm(  

2�/B� !��� M9 12/53 d 

2�/B� �� M9  90/63 ab 

2�/B� !��� MM106  56/66 ab 

2�/B� �� MM106  05/67 a 

2�/B� !��� M7  12/61 bc 

2�/B� �� M7  73/57 cd 

��Q� V 1O� ��� �,��	� W�10� V��� TU5 %) ��%�<	& X	� %�) �� �;%) S�� D�<1�� .�=��  

  

3 .3 . 
 B�D9� !��E ���� ?�/���/�!��� ����      

 �� � " ��/� K<�� �6J�Q�� ��?"� I"�1 �� e�(0� S/� �J/� ��;  � K�� -��J6� QR� $	 $6(	 $� ��<��/�  ��;

KJ� S/�, �	��	 �� �1  K���.� K<���	 �� q@ � /�� � ��;3/	 �1����� � +��� $\/6� �� � ����� ��1i�	 ���\1 
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)Goulao & Oliveira, 2008( -�7B�M� .Autio et al. )1996(  $	 ��� � �� ��/� �6J� ��� �	 $"�@ -��/NO1 ��� !���

���� q��"��� $"2\1 �� TP�] ="�6� .K�� �/t6� ��"� !� �  &�56]� xM� �� ��/� �6J� �	 $"�@ ���� �N� $� ��� !��� �;

�)7� �P�� k" �	 ��� &��L) �4$6��" �	 $� (  ��; Fallahi)2012( �)7� �/NO1 �	 �)��  �6J� �	 m�64� $"�@ ���[ ���

 QR� S/�"i��" . -�7B�M� �Milosevic et al )2018(  QR� �� ��/� �6J� !�2/� �	 m�64� $"�@ $� �/NO1 �	 �)��

"��s(��� m/[��" 3/	 $� ��� !��� 3;�?@ I"� ="�6� .���� K.	�M� "�1 $"�@ $	 f�	�� ��/� �6J� !�2/� IM9 )64/5 

�6��� �	 
����/�  $"�@ �� I/	 � ��	 (S7 � �6�MM106  I/���/� �	13/4 �6��� �	 
����/�  S7 � �6� $"�@ �M7  �	

 I/���/�07/4 �6��� �	 
����/�  S7 � �6� bc6W� ����, �V� ���)7� ������ ��;��� �  &��L)5 .(  

  
 D��E4 �'GH& .) �'�� ��� F��'%��M9 KM7  �MM106) 68% � ("G0	�) M�2N"  �"G0	�))%"( 9	5 ��	� �:	3 � �<3 ��:; �O�� ��  

-��//t1 9	�)�  ����, $L��  
-�7	�� I/���/�  

��/� �6J�   &��0� ���L ����  $6"�/��  ���)� ���60  �6�, K/B�7� ����/(��  I/��/��6�, 

��� 1  3  33/0 ns 404/0 ns 05/0 ns 2677ns 88/4 ns 1/122 ns 

$"�@  2  **36/6 39/2 ns 07/0 ns 
**23985 *2/22 7/113 ns 

QR�  1  31/0 ns *2/10 02/0 ns ns5361 **6/484 39/1 ns 

$"�@ ×QR�  2  03/0 ns 51/3 ns 14/0 ns **25753 0/19 ns 
*3/151 

�MW  15  42/0  27/1  05/0  3587  45/5  5/39  

-��//t1 S"�w )%(  -  31/12  30/6  82/3  50/11  16/20  03/31  

� ** K* ns�� : ��Q� 9	&�& ��Q� ��� � �;%) R' � S�� TU5 %) �%�) �� �%�) .��=��  

  
 D��E5��	� �:	3 � �<3 ��:; �O�� �� �'�� �)�5 ��� .  

$"�@  �8��/� & )mm(  �6J� )kg. cm-3(  ��)� ���60� )mg.g-1FW(  �6�, K/B�7� ����/(�� )%DPPHsc(  

M9  51/58 b 64/5 a 4/632 a 14/20 a 

MM106  81/66 a 13/4 b 1/609 a 6/.18 ab 

M7  42/59 b 07/4 b 1/528 b 81/16 b 

��Q� V 1O� ��� �,��	� W�10� V��� �� �;%) S�� D�<1�� TU5 %) ��%�<	& X	� %�) .�=��  

  
 D��E6��	� �:	3 ��:; �� 68% �)�5 ��� . 

QR�  &��0� ���L ���� )°Brix(  �6�, K/B�7� ����/(�� )%DPPHsc(  

2�/B� !���  58/15a 02/14b 

2�/B� ��  27/14b 01/23a 

                                                 ��Q� V 1O� ��� �,��	� W�10� V��� �� �;%) S�� D�<1�� TU5 %) ��%�<	& X	� %�) .�=��  

  

�� �//t1 &�] �� K<���	 �� q@ � TZ� �8 ��/� &��0� ���L ���� ���.�  &��0� ���L ���� ���60� $[�; � �<�	

 ��/�3/	 �1  �2� �<�	$	 S/� I"�/< ���� ��;�)R ��L� T/B� �� �1 �� S/� �� �)R I"�1 ��5
 ��6���� .�<�	  �<�	

)Hasani et al., 2014 3.� &��0� ���L ���� ���.� .() ���� S/� ��/� K/J/� I//71 �� �5��Jadczuk et al., 

2007.( ���� q��"��� $"2\1 ="�6� ^����	 �)7� �P�� =)@ &�56]� xM� �� &��0� ���L ���� ���.� �	 QR� �N� �;  ��	 ���

 &��L)43/	 .(  QR� �� &��0� ���L ���� ���.� I"�1"!��� 2�/B�" )58/15 Q� � (q "�	 $L�� � �� I"�1 QR

"2�/B���" )27/14  &��L) �< ��;��� (q "�	 $L��5 S/� -��J6� QR� KJ; �� &��0� ���L ���� ���.� ����	 .(

�)7� &��0� ���L ���� ���.� �	 QR� �N� ���� !��� ) ��	 ���Faramarzi et al., 2014Q; .(  I/)[Abedi et al. 

)2019( -��J1 S/� -��J6� p/1��l � QR� K�; I/	 �� ��; �)7� ����  .����� +��2� &��0� ���L ���� ���.� �V� ��
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!, $7B�M� ��  p/1��l �;"!�� 	 r���1"  �	23/33  QR� � q "�	 $L��"�������� ec�"  �	19/11  q "�	 $L��

$	 3/	 S/1�1 Q� � I"�1 ����	 ���� �� &��0� ���L ���� ���.� I"�1 �N� ����	 .13 � ���60� �	 S/� m�64� $"�@ ���

 QR� &��0� ���L"K������" $"�@ ��� !��� ;�)7� �/NO1 � ) �)6<��� KJP I"� �	 ����Jadczuk et al., 2007.( 

Q;  ="�6� I/)[Al-Hinai & Roper )2004 (&��0� ���L ���� ���60� ��� !���  S/�"i��" $"�@ �/NO1 K01  ��;

$	 ="�6� �	 $� K���� ���R m�64� K�� �?@ I"� �� ���,���� K.	�M� $"�@ �/NO1 
�
 a�ZW �� 3;.   

 ����/	 $6"�/�� ���.�!��� 3;�?@ I"� ="�6� .K�� ��/� ���Z
 �� !l���/; !�" KV��  QR� � $"�@ �/NO1 
�
 ��);�

�� ��/� $6"�/�� ���.� �	  &��L) �<�	4 �� ����/@ -��/��1 I/	 �� $6"�/�� .(04/4  �143/4 3"���, ="�6� .��	 �/t6� 

Sotiropoulos  )2006 S/� �J/� -�JP �	 m�64� $"�@ =)@ �/NO1 a�ZW �� !���" &�5< �� ("!��� 2�/B�"  !���
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