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���O 9�4� K��! 4(Me� $!��# Z�C � ��� 	��O  	R(8 `��� 4� ?"��
"� ��-�* f�
8 	� C�%�� �(R� ���! 

 
 	��/E4� 	��� ��)�*a K ?�(EC �(�� bK  46��C a4��a  K 	��6� �(\�c 

 
 

a  ���&'�� <�3�� $��F A�	E
�, ���� (��-�� ��./ $�0&'�� (:.���&
 :��  
b �<�3�� $��F �����	� A�	E
�, ���� (��-�� ��./ $�0&'�� (:.���&
 :�� 
c<�3�� $��F �@�� :.���&
 :��( A�	E
�, ���� (��-�� ��./ $�0&'��  

 
 

���*� �M���� [���, :1388/8/16                                                                                        ���*� o���8 [���, :1389/8/15  
 

$�(/H 
 ���'�:    ��� .� �%�          �� ��0'� A��
 P&? �����M 62&
 :��/�M B���� <��,  �3�@  .   �@�> �#�� (��� :���	����8      � !�F :��� ���>

 $���/ o��                         �1�� ����' R�=+� ��1�
 �� �2�� 6*' � $�3 {�E+� ��0'� A�3 P&? �����M �@ �s�� �"�� B���# R�=+� :.��
�� ���
. 

  Z�C � !���  ��:            wd� ���� �� ��� )��s� k�*+, <�� ��50  (60  (70    �80   �	'�� �>��    �@�> �#�� (���F       �� �� !�F :��� ���>
  wd�1  (2    �3       $���/ o�� � ��'�s �@ �	�        $���/ A��@ wd� ���� �� R�=+� :.��   $���/ (:.��      $���/ (��� {/ �@ :.��     )��@�
 �@ :.��

  ����	85  ����    �0/4  ����     $���/ � A�	�. <���       ���� ��E
����� �@ :.��0/5     ̀ ?�3 :�� �@ ����       .� B��� 62&
 �1�
 :��
�@ ��0'� A�3 P&?  �'����1� �M�F ���� ����@ ����. 

�7���  ��:     �@�> �#�� (��� :���	����8      $���/ o�� � ��� ���>      ��5� ���E@ )��s� R�=+� :.��     $��� )�3 �@ :���      {�> � A�3 :�
  �'��� {/ ��\�  .    $���/ � ��� :���	����8          ��5� ���E@ ��s�, �	����� :�� �@ :.��            ��5� ���E@ �s� ��� �	����8 X*M � �'��� ���    �@ :���
���� �F��
���. 

��(7� ?4(^ : 62&
 l�2\� �� $���/ o�� �@ �
 ���� $���/ (��� {/ :.��  ����	8 )��@�
 �@ :.��5  � ����0/4  A�	�. <��� ����
$���/ �  ���� ��E
����� �@ :.��0/5  :��� �� ����93 �	'�� �>�� :��� �� (���F 60 �  70 �	'�� �>�� $��/ ���@ ���F       :���� (�_'�

�� :�	�@ ��1�
 ��3�@.   
 
$j�� ?�(�8 ?�� : $���/ �@�> �#�� (��� (A�3 P&? (:.�� (��� ���> 62&
 ��1�
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     ���'� 
                                                               �	�� ���, :��@ (��&
 9�? ��0'� k;��� �y
� ��

                                                   �� $��1	�� $�F��@ �� A.�� .� 62&
                    A/ � ��3
                                                            :��� �� ��0'� A��
 P&? :��@ �
 ��� �d�+�

         �@ ��./            �� ��
       ���     .                                            .� ��� ���@ $�F��@ <�� �;�+�
    $��>                                                  �3�@ )�'���� B
d�� �� � �
�? :��     .          <�� ��

                                                        �'a�; A��
 P&? :��@ !.a A��. )�� o��
                                  }                                  �M�m� A/ �@ r�? � ��F ����=]� �Y�. ���� � ���

  ��                                                                    �'��� T���. 9���8 �
 k;��� �?�@ �� � ��3
                        �� 6��
 62&
 ��1�
                                        .� �F����8 �s� �� � �@��

        �� <�@       ���     .                                             ��� o�� <�� �� 62&
 ��1�
 R�	�

                                                                 61�@ ������ �53� 6@�, �� A/ B��� � ��� �"2#

                 �
� �@ ��3��?                                             �
� ��� ��9\, �
� �
 ��� ��        ��
  ��       ��3 .                                                       ��1�
 �@ 62&
 ���� ���, :��@ $.����

                                                                   $�0	�� .� (�3�@ �Y�. ���� .� :��# �
 �	�@         :��
   P&?                           �� $��1	�� <
                                           A��� A/ .� �
 ��3
   P&?      <
                         :��
>� �	���� :��1     )   P&?                     A���> �@ <


          ��� :���     (       P&? �      <
                                  <�� :��@ :��3��? :��
                                  �� ���� $��1	�� ���� ��z��         �'��F     .                     A��
 $�,�
 :��@

                                                        62&
 ��1�
 A��@ a�@ � A�3 P&? A��. )��
                   P&? ���@ (�"���                                              � ����; ��� :��� A���> �@ <


           ��3 �	?��     .                                               A�� �1"	]� :���	����8 A��� <�� ��
                  �@�> �#�� (���                                    $���/ o�� (!�F :��� ���>          :.��

                                                        �� ��s�, ��0'� A�3 P&? A��. � ��1�
 �@            �'���F
                                                                 )�3 (�*d�� �d�+� X���3 � ��� �@ �	E@ �


                                       �� )��1	� ���	����8 <�� )��s�        �3�@     .              P&? �����M
                        �'�F �@ �	E��@ A�3                                              A��. �@ �>�, �@ �
 �3�@ :�

        �
 (A/                                 ̀ ?�3 �� �� ���^, <��,                        R�=+� �1�
 :��
               ���2' ��\��     .                              ��� :���	����8 ����@ (          �#��

    �@�>                  ��� ���>               $���/ o�� �                                 ���/ � A��. �@ :.��
                        �@ ��0'� A�3 P&?                              �3 !�\'� ��1� �'��     .       c��	'

                                                 �@�> �#�� (��� :���	����8 �
 ��� A�&'                    � ��� ���>
     $���/                                 ��5� )��s� R�=+� :.��                            � A��. �@ :���

                                        �'��� A�3 P&? ���/ X��	�     .               o�� ��s�,
     $���/                                                               ���. ���E@ ��0'� A�3 P&? �����M �@ :.��
  ��                                                                    �, �� A�3 P&? A��. (����� �?�@ �� � �3�@
69     %         �� 6��
       ���     .                                         .� �?�@ �� 9�' ��� 6��9M�

   o��               $���/ :��                 �, :.��66     %                       �� A�3 P&? A��.
         �� 6��
       ���     .                    �@�> �#�� 6��9M�                       !�F :��� ���>

        �� 9�'                             ���� �, �'��,8/6     %                    A�3 P&? A��.

                             ��� 6��
 �� R�=+�     )                        � ���%3�8 ��-�
              (A���%2�1386  .(                                            R�� �
 ��� A�&' <��t2�

                                                   �� �� �	M�� ���^, c�8 � :� �"2>��                       A���# �@ A��,
     �����                                                            �� �@�;� )����^, A��@ ��> R�� <��,

                                    ��2' A��@ A��
 P&? !�0�� )                    � ���%3�8 ��-�
          (A���%2�1388    .( 

                                                           ��0'� A�3 P&? ���/ (A���%2� � .�
.��
 )       ���Muscatel     (                  :��� �� ��60                �	'�� �>��              � ���F

                  �
E' �@�;�22                     o�� �@ ����               $���/ :��          :.��
                                 A/ �'��2' <��5, 4"	]�                                      �
 ��	M�F �\�	' ��

     $���/                                A��. )�� �� :.��3                             R�"+� $��2� �*���7  
                                               A�	�. <��� � ����	8 )��@�
 ����0/4               �� ����

        :���60                �	'�� �>��                                    A��
 P&? A��. )�� ���F
               .� ��80              �@20                          �� 6��
 �#��         ���     .                                        ��

                                                                                                 $���+� �� u�1' ���m ���*� k�*+, <��
10-10     × )2/8-1/2     (                                                      �___3 <�___�______5,

 )Vazquez et al., 2000  .( 
                                                          a�@ :��@ )��1	� �%�9�M o�� P� �*�*+, ��

                                      �@ ��0'� A��
 P&? )�3 A��@             �@ �'��                $��@ ��

  �3     .                                                        X��, ��0'� wd� A�3 $��Y�� �
 o�� <��

                                                      �;�� !���� o�� �@ (��� $����� �"��� P�         :��
                                     ����F �E��*� )�j��� B�,� ��     .  A/                             �� �
 ��	M���� ��

                                                              �� �@�&� A��
 P&? �#�� ��+� .� o��
  ��                                                     $���/ o�� .� B��� 62&
 ��� �3�@          :.��

                      $��, �'� ($�����                           �� ��? �@ :�,        ���F     .          <�� ��
                                                        P� X��, A��
 P&? ���/ <��t2� k�*+,

                                                                            ����F <��5, 9�' u�1' ���m � A��@ �m��� R��  
 )Matteo et al., 2000  .( 

                         $���/ :����2�, )��s�                                 P&? )�3 :�� �@ :.��
                   �@ ��0'� A��
                                                  ����@ a�8 � .�2��� X��, �'��

     ����F     .                               �@ ��0'� k�*+, <�� ��                               ����� �@�;� �@ �'��
80/5         �73/3                  �+, ����2                 $���/ ��2�,                 ���� :.��
    �M�F     .                               �;�� B��3 R�� ��2�,                            R�"+� �� :��

                     ����	8 )��@�
 )0/5                      �� !�F�"�
10             {/ �	��     (   �
0/05                                                              �@ � X�+� :��� �� A�	�. <��� !�F�"�


                                                    �;�� B��3 !�� ��2�, � �*��� P� )��               :.�� ��
                                ����	8 )��@�
 R�"+� �� )0/5                    �� !�F�"�
10          �	��

  {/     (     �0/2                  B�,� !�F�"�
                                        �@ � X�+� :��� �� )�j���
                      ��@ �*��� P� )��     .                   6���./ :�����32     (50     (60       �

70                    �	'�� �>��                                                    �� ��� A���> �#�� � ���F

1- Forced (air) convection   

	��/E4� 	��� ��)� <�C�/�� � 
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   P&?          <
1/2                              ��@ ��'�s �@ �	�     .                     �����M R�; ��
                        �@�> �#�� (A�3 P&?                                    � �@�;� (A.� (��� ���>

           �'�2' �'�               $.��'� ��             �3 :��F     .                         A�&' )�&���./ �\�	'
  ��                                                                !�� ��2�, �� ��0'� A�3 P&? ���/ �
 ���

                                           $��� )�3 � R�� ��2�, .� �	&�@                              A/ �� 9�' A�3 :�
  �
        ��@ �,   )Doymaz & Pala, 2002 (   . 
            o�� )��s�               $���/ :��                                  P&? �'�� :�� �@ :.��

                           ̀ ?�3 � ��0'� A��
                                      ����' $���/�M �1�
 :��
                                              ����F ����@ A���%2� � �'��0�8 X��,     .          )�&���./

                 P&? P� ��                                       :��� :��� �@ <
60            �>��
     �	'��                            �@�> �#�� � ���F        ���>    0/5                            � ��'�s �@ �	�

                $���/ :����2�,                                    ����F !�\'� 4"	]� :.��     .       c��	'
                                   $���/ o�� �
 ��� A�&'                                   R�"+� �@ ��0'� :.��

                                                            �� �� ��0'� A��
 P&? )�3 (���� ��E
�����
                   o�� �@ �E��*�                     �@ �0�� :��                               ��; �@ �	M� ��


    ��5�                      �� 6��9M� :���           ��� )Pangavhane et al., 
1999 ( . 

                                                                      � )�j��� B�,� .� $��1	�� �
 ��� A�&' .�2���
                                                              ��/��. A��
 P&? A��. �� ����	8 ��1��E�@�	�

    �s��      ��           �3�@ )Doymaz, 2004      .(               �� <��t2�
           R�� ����@                                                R�� (��0'� A�3 P&? �m��� :��

                                                                                                ��2' {�]	'� R�� <��	�@ A���# �@ �� c�8  
 )Doymaz, 2006  .( 

                                                                �#�� (��� :���	����8 ��s�, k�*+, <�� ��
    �@�>                                $���/ o�� � ��� ���>                         �@ R�=+� :.��       ��1�


                           �@ ��0'� A��
 P&?                                         � �5��d� ���� ��1� �'��
             �� ���� ����@      ���F . 

 
          Z�C � !���    �� 

       6���./                              �@ ��0'� :�� �@ ��                            �3 !�\'� ��1� �'��   .
                                                                  �3 ���, <��9� A�	E
�, �*d�� .� .��' ���� ��0'�   .

                                       ���� �� ��0'� ����� �@�;� )75-70     (                �d� � ����
    �'��                            ���� �� A/ :��1/3-1/1         �	'��             ��@ �	�     .      ����

                               9�' ��0'� X��	� ���26/16              ��@ ����     .              �� ����0'�
                             ���� :��� � �'�?���1     ±    4                �	'�� �>��               �� ���F

                       �'�3 :����0' 6���./ )�� . 
                                                             ��# �� .� A��
 P&? )��"2# !�\'� :��@

   P&?                              �@�s ���0&���./ <
 )               <"�
 l�' .�1     (         $��1	��
     ����F     .         P&? <��      <
                                           � $��@ A���� ��&
 �?�� ��

                                                         {-*'� �=# �,�*�*+, �2	\� �� )        A��.��

     6��78                                        A���� �	5�� � �2"# :��     (                    �'��� ����  
 )       B%31      .(   P&?      <
                                       P&? :��@ $��1	�� ���� :��

           $��� A��
                                                        P� :���� � $��@ ����� )�\�9
� � ��
                �� P
&� �+1�                                              )��� �@ ��� A���> �
 ��3�@

                                                                 A�3 P&? R�� �� R�=+� �@ ��. .� � �;�*	�
             �� ���?�@                 ���2' )         B%31      .(                              .� !��
 �� ��5@�

   P&?      <
                                                       ��# � R�; .� ��� )��
# ��40  
     �	'��                        l�1,�� � �	�165         �	'��       �	�     .            �'�2' �2E�         ��F

                ���� :����100         �	'��                                          � $�0	�� 4
 .� �"��M �	�
        ����60         �	'��                                  P&? 4*� �, �"��M �	�            ��@ <
   .

                          P&? <�� .� !��
 ��      <
                                     �,���� �
�� �� :���� ��
          �� B*	E�                                                          � �,��g��
 �"��� �@ �%� �
 ��3�@

                                     �� R�	�
 �	�� )��� �@ :�0��        ���F     .             ��� A���>
                                         ��2�� ��. �� �
 $���� P� X��,                              R�	�
 ���� ���� ��

  ��       ��3     .                                 $���� <�� ��� ��� A�9��                      $���+� �� ��
220-180                                                     �2�� P� X��, �#�� �@ �5%� �	�

                     �� ��z�, B@��          �3�@     .            �"��M ��                       ���� :�40  
     �	'��                                               �t��� (�'�2' e�� .� �,a�@ �	�                 :��@ ����

                                                     ��� $�3 ��
5, {�;�� :��� b��?     .      :��@
      $.��'�                                                                � <���. �2E� �� ��� �0E� �� ��� :��F

                                                                ��� :��� � ��� $�3 ��
5, �'�2' B��� wd� ����
                                                         �'�2' �@ T�2, .� �5@ � B
� ��                      6���./ :��

      $.��'�             �� :��F         ���2'     .             $��� )��"2#                         B���M �� :����@
         �'��.30                                                         �@ R�	�\�� :�.��, P� �"��� �@ �*���
       ���0/01     ±                                                             :��	'� �, ��	@� .� A/ c��	' � !�\'� !�F

                ����F �
s 6���./ . 
             $.��'� :��@                        �@�> �#�� :��F                              �� !�F :��� ���>

   P&?                             �#�� $�0	�� .� <
             ��� c��2           R��AM-
4201                  A��,�� �
�33                �3 $��1	��     .              $�0	�� <��

               $.��'� ��"@��                                         �, ��� ��
# �#�� :��F20              �@ �	�
                          �� ���� �� ��'�s        �3�@     .                                :��� �#�� ��z�, :��@

                                                                B+� �� ��� c�� �#�� $�0	�� �'���8 ��	@� (:����
                                                                    $�0	�� X��, ��� ��
# �#�� � $��� ���� ��� ��
#

          �3 �Y���     .                                                           �@ �;�@�� �2�� .� $��1	�� �@ A/ .� L8
                    P&? $�0	�� $����                                          A�9�� �@ ��� ��
# �#�� (<


               �� ��z�, $��]��    �3 . 
                                                           R�� c�� �@�;� � c����� .� $��1	�� �@HT-

3003                                                      )����^, )�&���./ R�; �� A��,�� �
�3
                                                               X�+� :��� �
E' �@�;� � $�0&���./ :���

      $.��'�         �3 :��F . 

1- Kiln dryer         2-  Anemometer        3- Lutron 

���O 9�4� K��! 4(Me� $!��# Z�C � ��� 	��O  f�
8 	R(8 `��� 4� ?"�� 

jftn
.sr

bia
u.a

c.i
r



 ����� � ����	 
��

  /

  �������
1390

 /
���� ���

 /
 �����

3 
                         

 
                                       

 
 

                           
Food Technology &

 N
utrition / Sum

m
er  2011 / Vol. 8 / N

o. 3 
  

 

57 

                                                                  B���� �@ $�-# .��' ���� ���0&���./ B����
                                                                     ��\�� ��"@�� �@ �-? A�/ .� �'��@ )��
# (R�25�

                        �, k"d� ��&M150                                   $��> c����� (��@ �"��         (:�
          �	��	
��M�1        :�	8 (                                          �	�� � �%�	�-8 e��� (6��

    ���@ . 
                                                      .� ��,��
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     $���/                                                            !�F :��� :��� � A���> �#�� (:.��
   P&?            �@ (<
              �@ ��0'�                                         ���� ����@ ���� ��1� �'��
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                .� ��,��
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1-              ���3 ��2�, )          $���/ A��@      :.��   ([P1] 
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      A��.150         ��'�s[P2]   )             (A��9������1379 ( 
  3-                                 ����	8 )��@�
 ��2�,5                  � ����0/4          ����

                                                  A��. � X�+� :��� �� A�	�. <���5         �*��� 
[P3]    )        (�@��m1377 ( 

  4-                                ���� ��E
����� ��2�,0/5                        :��� �� ����93  
            �	'�� �>��                       A��. � ���F5                                 {/ �@ �&	E3 � ��'�s
              ���� ���5         �*��� [P4]  )Pangavhane et
al., 1999 ( . 

                        P&? :��� ��^	�                            wd� ���� �� <
50     (60     (70  
     �80                �	'�� �>��                                                 :���� 9�' ��� �#�� ��^	� � ���F

              wd� ��1     (2         �3                              ��@ ��'�s �@ �	�     .         .� L8
     $���/                                      )�� �@ ����0'� (:.��2                        :��� �� �#��

                                                                        X�+� �@ R��5, ���� �@ �, �'�3 $��� ���� X�+�
     ����@     .              ���� Lg�125-120                                     �@ �� �'�2' �� .� !�F

          ���� :��                                                  ���� ��a P, )��� �@ <
 P&? :��
               ���� � $���                          P&? B?�� �� ��                      �'�3 �	3��F <
   .
             $��� )��"2#              :����@ )                 �'�2' �&
 A.�      ��     (            B���M ��

30                                                         ��� �@ R�	�\�� :�.��, P� X��, �*���0/01    
 ±                                                                            �
s �����M :��	'� �, ��	@� .� A/ c��	' � !�\'� !�F

     ����F     .                                                        �@ R�=+� �@�;� �
 �'��. �, B2# <��
        ����15                            �� ����� ���@ ����        �M��     .      6���./             �� ��

                ���%, �� )                                                 ���� �� �M��=, B��
 :���/ q�;
        B���	
�M     (                        P&? .� � �3 ��>�                            �@�s ���0&���./ <


             ����F $��1	��   . 
                                                              �� :��@ A��
 P&? 6���./ A���8 .� L8

                                                    �'�2' �@ !���� ���%, �� �� ��2�,                      � $�3 :��F
     �'�2'                                         ��� �@ �.��, P� X��, ��0/01     ±                 <�.�, !�F
    �'�3     .                                                          :��� �� �? �+, A�/ .� $��1	�� �@ Lg�

70                �	'�� �>��                       ��&M � ���F150                             )�� �@ ��@ �"��8  
                             �'�3 $��� ���� �#�� )Tsami et al., 1990 (     .    L8

                               �'�2' B��
 A�3 P&? .�                   }            �'�3 <�.�, ����\� ��   .
                                   �d@�� .� $��1	�� �@ Lg� )1     (                            �@ �'�2' �@�;� ���*�

                           ����F <��5, P&? :��
�     .                               �� .� :��F <�0'��� �@
                                                              A���8 �� 6���./ ��2�, �@�;� ($��/ ���@ �@�;�

                            �3 <��5, 6���./ �����M     .                                 ��2�, �@�;� <��5, .� L8
                                                                 �d@�� .� ��2�, P&? A.� (6���./ A���8 �� )1   (

                                                                      �@ �d@�� A�2� .� $��1	�� �@ Lg� � ����F �
��+�
                                                              �'��. B���M �� 6���./ ��2�, A.� <	3�� ��� ��

                           A��. �� �@�;� ���*� $�3 �
u                  ��/ ���@ a�@ :��   . 
1- Refractometer  

	��/E4� 	��� ��)� <�C�/�� � 

     �/E1-                       	��%
���"# A8 N
� y4L  
   )F     (  <M   ) .H     (           ���F ����   ) .S     (                          �'�2' B��� P
&� �+1�   ) .T1     (                                              �'�2' B��� P
&� �+1� .� B
� c�����   ) .T2     (                          �+1� .� �5@ c�����

                   �'�2' B��� P
&�   ) .SW     (               A���M :����"
   ) .DL     (           $��� )�
s          �� )       �Fa�	��    ) .(CE     (                          �%�'��	%�� R�	�
 �	E��   )  .DE     (           $�� �	E��           .��'�
          �%�'��	%��   ) .EH   (           $.��'� �0E�                 X�+� �@�;� :��F   ) .ET   (           $.��'� �0E�                  X�+� :��� :��F 

jftn
.sr

bia
u.a

c.i
r



 ����� � ����	 
��

  /

  �������
1390

  /
���� ���

 /
 �����

3 
                                 

 
                          

 
 

                                                                              
 

  
Food Technology &

 N
utrition / Sum

m
er  2011 / Vol. 8 /  N

o. 3
  

 

58 

( ) 067.010050
0

×�
�
��

�
�×××= vCvm

 )1   ( 
 

                       �d@�� <�� ��M     (Mw     � Md                          �@��@ ��,�, �@
                 �@�;� ���*� )db  (%                                          P&? �'�2' � �, �'�2' A.� (

                 �� !�F�"�
 �E� �@      �3�@       . 
                                                               �� A��
 P&? )�&���./ !�\'� .� L8

                                                                     .� P� �� )����^, �s� ����@ ��z�� �@ $�0&���./
                                   �@�> �#�� (��� :���	����8                               o�� � :��� ���>

     $���/                          ̀ ?�3 :�� �@ :.��                     62&
 �1�
 :��         :��
                                                         (6���./ �+, :����0'� A�3 P&? .� $��/ ���@

      $.��'�                                                       $��� )�3 (�	����� �	����8 ���� :��F        :�
                                                            q�3 �@ �F��
��� � {/ ��\� {�> A�9�� (A�3

            �3 !�\'� ��. . 
                �'�2' �	�����                                                   �@ �'��./ A�����	�, :��
� �@ ��

               ��� R�"+�0/1                                             <�j��	M B�M e�5� ��h� �� �a��
             ����F !�\'�     )Canellas et al., 1993 (     .            �@ �'�2'

                                                          ���*� ($�3 ��? �?���%� ��; �@ ���@ {���/ �"���
5                                    ��� �@ �'��./ .� !�F0/01    ±                            �� <��@ A��� !�F

      $��
2�                      �� ��.�, (:�       ��3     .                                 � B=	� <��@ �@ ��
�
                                                             )�� �@ o�> {/ !�2� A��� (A/ )���	+�30  

                         �� $��� )���� �*���       ��3     .                             (<��@ A�3 P�? .� L8
                                                         P�-M A��� �@ �2
 )��� �@ A/ )���	+�50  

                                            ��-# �, � B*	�� :�	�� �"�� )50               �	�� �"��     (    �@
                 �� k��� ({/       ��3     .                                � v�"]� P�-M )���	+�

                                            �� �	"�M �M�� � ��?�@ 4�� X��,        ���F     .            �"��� �@
         (�g�825                                                       �&@ �@ $�3 e�� v�"]� .� �	�� �"��50  

                                                                 � $�3 $��� R�*	'� A92� :���� :�	�� �"��0/5  
                                                           �� �M�m� A/ �@ <�j��	M B�M e�5� �	�� �"��        ���F   .

                                                                    )��@ .� $��1	�� �@ (v�"]� !���� A�. �� <2m
                ��� :���0/1                                            P� R�=� �, A�����	�, (�a��

                                              )�� �@ ��F�'�� �,��� �'�30                        !�\'� (��'�s
  ��        ���F     .                                                      ���@ ��. �d@�� .� �'��./ �	����� A�9��
  ��     ��/ : 
 
 )2                                                                   (         �'�2' !�F /              P���� ���� !�F 

 
           A/ �� �
m                          (!�F �E� �@ �'��./ A.�v          �_\�

                                                 (�_	�� �"�� �E� �@ A�����	�, �� �M�=� ���c 
               � ��� �	��a��v0      �                         �
 $�3 e�� v�"]� .� �2\

       �� �	�,                          �� �	�� �"�� �E� �@ (��3      �3�@     .              �_z' �� �@

              ����*� <	M�Fm   (C     �v0                              (6_���./ �� $��1	�� ����
                                        ��@ ����? ��. )��� �@ ��M �d@�� $�3 $��� : 

 
 )3         (v  0/268 =100           �'�2' !�F /              P���� ���� !�F 
 

           $��� )�3                    �'�2' A�3 :�                               b��]	�� :��
� �@ ��
       �'��0'�              $��� :��                                             �@/ R�"+� X��, �'��./ .� :� 

         P�	������-                   ��������M2     %–    1   )  %    �2\�     (   �
      $.��'�                         �� {�> :��F420         �600                �� �	��'�'        �3�@ 

 )Canellas et al., 1993      .(     �'�2'                       �"��� �@ ��
                                                                  ���*� ($�3 ��? �?���%� ��; �@ ���@ {���/5  

                                       ��� �@ (�'��./ .� !�F0/01    ±                         <��� A��� !�F
          �� <�.�,        ���F     .                          (b��� �'��	�� X��,50                 �	�� �"��

                                  P�	�� ���� �@/ R�"+�–                               �'��./ �@ ��������M
                        )�� �@ ($��9M�10                                             �@ �*M� wd� :�� �@ (�*���

                      �� ���� <
�� ��;        ���F     .                              A92� P� �@ A92� X��,
                                                                 !�\'� b��]	�� B2# (a�@ �#�� �@ �E�;��^�

  ��        ���F     .                                                �M�� � ��?�@ 4�� X��, B��� v�"]�
                                                                    B*	�� b��� <��� A��� �@ ($�3 �	"�M v�"]� � �	"�M

                                         P�	�� ���� �@/ R�"+� �@ �–                          �\� �@ ��������M
200                             �� $�'��� �	�� �"��       ��3     .                     v�"]� {�> A�9��

                         b�� R�; �� (����'           :��420         �600                  �� �	��'�'
                      $.��'� �	��	M��	%g��             �� :��F                    <�� <2m (��3             .� �


                          P�	�� ���� �@/ v�"]�-                 ��������M0/02    –    0/01  
                                                              �	��	M��	%g�� A��
 �1� � ��z�, :��@ �2\�

            �� $��1	��        ���F     .          $��� )�3                                    �@ �@��@ �'��./ A�3 :�
                                            b�� R�; �� {�> A�9�� <�@ e-	?�           :��420       �

600            �� �	��'�'      �3�@ . 
                                �'�2' {/ ��\� {�> A�9��                              <	]�� :��
� �@ (��

                               $.��'� � {/ �� �'��./                              �� A.� 6��9M� :��F        �3�@ 
 )Canellas et al., 1993 ( .                                    �@ �'��./ �� ����� A.�

       ���0/01    ±                                            �� ���� �&@ A��� � <��5, !�F         �'��F   .
                                                              �'�� �
 :��; �@ ($�3 �M�m� {/ ���&@ �@         :��

                            }                  �'��F ���� {/ A��� --��
 62&
     .            B���M ��
         �'��.15                 �'�� (�*���                                        .� L�8 �"��� �@ 62&
 :��

                                                                      R�2	�� :�� �@ ����/ �@ ($�3 $���/ A���@ {/
                                                                  {/ ���, �
 :��; �@ (�	M�F ���� P&? :���


            �'�2' �+d�                            ���F R�2	�� {�> ��     .                ��� �@ Lg�
0/01    ±                               }                          :�	+� �&@ B?�� �@ ����\� � <�.�, !�F

                     �� $�'���F�@ {/        �'�3     .                                   �
 �'��. �, B2# <��
                                �
 ����	� <�.�, �� e-	?�               .� �,0/01    ±             (��3 !�F

d

dw
M

MM
M

−
=
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          �� �����        �@��     .                                                ��. �d@�� .� �'��./ {�> ����
         �� �
��+�     ��3 : 

 
   )4                               (                   {/ ��\� {�> ���� 
 

       �
W1         �W2                                                .� B
� �'��./ A.� ��,�, �@
                                   �� �@�s A.� �@ A���� .� �5@ � A��./       ��3�@ . 

 
                                                              �� �'��./ <	]�� :��
� �@ �F��
��� A�9��

                                                                       � b��� �'��	�� A��� <Y���, .� ���5� �\�
      $.��'�                                                       �� <��5, $�3 �\@�> �\� :��F                                 ��3

 )Canellas et al., 1993 ( .                                �� (��z�� <�� :��@
                               A��
 P&? A��./ :��	@�5                                {�]	'� ��0'� �
� ��#

            A/ �\� �                            �3 �	M�F $.��'� ��     .                      A�3 P&? .� �5@
           }                 A/ �\� ����\� ����0'�               $.��'� ��             �3 :��F     .       A�9��

                                                        �\� �@ $�3 P&? ��0'� �\� �
E' �F��
���
                  �� ��0'� �����        �3�@     .                                    v�@�� )�&���./ :��>� .� L8

                                                                  �� �1�
 :����	
�M `?�3 ���� )����^, �@
                                                                        :���/ ��9M� !�' .� $��1	�� �@ (6���./ :����2�,

                                           $��� B�"+, � ��9\, (�%�	E�,�	��                        q�; k@�d� ��
                                            }                   � B���	
�M )�&���./ ���� �� �M��=, --��
 :���/
                                                                        L'����� ��9\, .� L8 � �3 !�\'� ���%, �� ��

    $���                          <�0'��� �E��*� (��                                      �"��� �@ $��/ ���@ :��
                    wd� �� <%'�� A��./1   %    ��5   %         �M�F )��� . 

 
     �7���    �� 

                                       $��� L'����� ��9\, c��	'                        )�&���./ :��
      $.��'�                     $��� )�3 :��F                                   .� B��� 62&
 A�3 :�

            �@ ��0'�                         ��1� �'��           �� A�&'                      �
 ���       ���^,
                               �@�> �#�� (��� :���	����8                          $���/ � ��� ���>          :.��
                              ��5� ���E@ )��s� R�=+�                            $��� )�3 �@ :���        :�

                  wd� �� A�31     %     �'���     .                                B@�*	� )��s� !�2, <��t2�
                                             �@�> �#�� (��� :����^	� <�@                          � ��� ���>

     $���/                                  $��� )�3 �@ R�=+� :.��                         wd� �� A�3 :�
1     %    ��5�            �� ���         ��3�@     .          }                        X��, --
� �\�	' <�� �@�&�

                       o�� :��@ A��9������                      $���/ �0�� :��                  o��9F :.��
       ��@ $�3   )             (A��9������1379 (   . 

                                        $��� B�"+, � ��9\, .�                             $��/ ���@ :��
     �\�	'                                                             �#�� (��� :���	����8 ���^, �
 �3 :��F
    �@�>                            $���/ � ��� ���>                                    ���E@ )��s� R�=+� :.��

    ��5�                                               wd� �� {/ ��\� {�> :�� :���1     %     �'���   .

                                                                  (��� :����^	� <�@ B@�*	� )��s� !�2, <��t2�
           �@�> �#��                          $���/ � ��� ���>                             :�� �@ R�=+� :.��

                    wd� �� {/ ��\� {�>1   %    ��5�        �� ���       ��3�@   . 
                                       $��� L'����� ��9\, c��	'                        )�&���./ :��

      $.��'�                                                        ��0'� .� B��� 62&
 �F��
��� :��F
  �@                           �� A�&' ��1� �'��                                            ��� �	����8 ���^, X*M �
 ���

                    ��5� ���E@ ��s�,                                           wd� �� �F��
��� �@ :���1   %
    ����     .                                 ��� B@�*	� )��s� <��t2�     ×     $���/                      ��� � :.��
     ×              ��� �#��     ×     $���/                         wd� �� :.��1     %    ��5�         ���
  ��         ��3�@     .                       }                          A��9������ X��, --
� �\�	' <�� �@�&�

          o�� :��@                      $���/ �0�� :��                              ��@ $�3 o��9F :.��  
 )             (A��9������1379 ( . 

                            $��� L'����� ��9\, .�                           $.��'� )�&���./ :��          :��F
                            �\�	' 62&
 �	�����                                        ���^, �
 �3 :��F

                              $���/ � ��� :���	����8                                    ���E@ )��s� R�=+� :.��
    ��5�                                              wd� �� 62&
 �	����� :�� :���1     %     �'���   .

                                                                   wd� �� 9�' �� <�� <�@ B@�*	� �s� <��t2�1   %
    ��5�        �� ���      �3�@ . 

 
   s)� 

                                           <�0'��� �E��*� R��> �@ �>�, �@      ��     )        R��>1 (   (
     �\�	'             �� :��F                             $��� )�3 �
 ��3                     �@ A�3 :�

                        �� 6��
 ��� 6��9M�        �@��     .                             6��
 �;�? �@ A/ �"#
                         �� A�3 P&? A��.        �3�@     .           $���/ o��              � :.��

           �@�> �#��                                          $��� )�3 �� 9�' ��� ���>              A�3 :�
                                                                 $���/ o�� � l�' �@ �	E@ �
 ���� ��s�,          :.��

            ��� )��1	�     .                    �� �� A/ �"#                                  �"���# ��s�, �� A��,
         ��'��pH                                                      �� �
 :���� � �@�;� A�9�� (R�=+�
     $���/                         �� $��1	�� :.��                 �E'�� (�'�3     )           ��8 �"
�,   (

1380  .( 
                        <�0'��� �E��*� R��>                   �� A�&' (��                 A�9�� ���

                                    $���/ o�� �� {/ ��\� {�>            :.��P4               �@ �
E'
          o�� ����               $���/ :��                     �� �	&�@ :.��        �3�@     )      R��>

2      .(                                                       �� ��s�, {/ ��\� {�> A�9�� �� 9�' ���           ����F
                                                    $���/ $��� l�' �@ �	E@ A/ ��s�, �
                   )��1	� :.��

   ���     .                    �� �� A/ �"#                                         �+d� �M�@ ���^, �� A��,
                        $���/ �s� �� ��0'�                �E'�� :.��     .                        {�> A�9�� ��� ��

                                                    �
 :��	?�� )����^, (�3�@ �	&�@ {/ ��\�              �� :�,
           �� S� R�=+�     ���   )         ��8 �"
�,   (1380  .( 

                                              <�0'��� �E��*� R��> �@ �>�, �@      ��     )        R��>3 (   (

	��/E4� 	��� ��)� <�C�/�� � 
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     �\�	'             �� :��F                                               6��
 �@ �F��
��� A�9�� �
 ��3
                 �� 6��
 ���                                           $���/ o�� �@ �	E@ �
 �@��          :.��

                          �� )��1	� A/ A�9��        �3�@     .                               B��� �@ ��� 6��
 �@
   <��                                                              �
 R�=+� b��? � B?�� <�@ :��� )����^, �

  ��                                    �3 ����? �
 �F��
��� ��3     .           �@�> �#��          ���>

                       $���/ o�� � ���                                            ��s�, �F��
��� A�9�� �@ :.��

    ��5�           ����' ��� . 
                                                         $���/ o�� � ��� �@ �	E@ �	����� )����^,          :.��

           �� )��1	�                                                           A�9�� ��� 6��9M� �@ �
 :��; �@ �3�@
                     �� 6��9M� �	�����        �@��     .           $���/ o��                  R�=+� :.��

                                       �� ��s�, �	����� A�9�� �� 9�'                                   �� ��s�, <�� �
 ����F
                      �� )��1	� 4"	]� :�����        �3�@ )      R��>4  .( 

���O 9�4� K��! 4(Me� $!��# Z�C � ��� 	��O  f�
8 	R(8 `��� 4� ?"�� 

      0��O1-                               $�.B &�E A(%��(� �3��'� <��"#                              	� C�%�� "� �-�* f�
8 <�E ?�           �(R� ���!   

 ���(oC) ��� �#�� 
 )m/s( 

$���/ o�� R�=+� :.�� 80 70 60 50 
0/326RS 0/273JKLM 0/251GHIJ 0/225DEF 1 

P1 0/243EFGH 0/300NOPQ 0/327RS 0/279LMN 2 
0/305OPQR 0/265HIJKL 0/294MNO 0/254GHIJK 3 
0/319PQR 0/243EFGH 0/171C 0/304OPQR 1 

P2 0/332S 0/298NOPQ 0/299NOPQ 0/242EFGH 2 
0/341S 0/294MNO 0/286LMNO 0/221DE 3 
0/355T 0/371U 0/239DEFG 0/096A 1 

P3 0/328RS 0/280LMN 0/248FGHI 0/102A 2 
0/321QRS 0/308OPQR 0/233DEFG 0/102A 3 
0/359TU 0/239DEFG 0/219D 0/088A 1 

P4 0/297MNOP 0/276KLN 0/307OPQR 0/149B 2 
0/290MNO 0/320QRS 0/267IJKL 0/158BC 3 

* -  !�# �0'�&' �@�&� e�����>� ��5� e-	?�  wd� �� ���5 %�� �3�@. 

      0��O2-                                                        	� C�%�� "� �-�* f�
8 b# !��� b�O A(%��(� �3��'� <��"#             �(R� ���! )       A/��!5  (%  

 ���oC )( ��� �#�� 
)m/s( 

$���/ o��  :.��
R�=+� 80 70 60 50 

1657/8 5 619/8  823/7 315/3 1 
P1 1658/7  141339/7  1440/4 29/79 2 

 131238/6  1133 926/2 17/62 3 
1869/4 2691/9 2485/2 2588/8 1 

P2 1869/6 1869/2 2175/3 29104/4 2 
1658/8 28100/9 2073/7 30105/6 3 
1762/9 1762/1 1028/29 6 720/4  1 

P3 2280/7 2175/1 1132/6 721/3 2 
1237/6 1544/8 519/2 417/3 3 

36136/2 31108/6 2281 33115/3 1 
P4 33115/6 2795/6 34125/8 35131/8 2 

2383/3 1971/3 1972/3 32113/1 3 
��5� e-	?� ��>� !�# �0'�&' �@�&� ���#�  wd� �� ���1  %�� �3�@  .$��F ���5, A��     �	&_�@ �E�"0'� :�
1�� e��� .� ��
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	��/E4� 	��� ��)� <�C�/�� � 

      0��O3-                                                     	� C�%�� "� �-�* f�
8 	^�(8�4H A(%��(� �3��'� <��"#             �(R� ���! )       A/��!5  (%  

 ���)oC ( ��� �#�� 
)m/s( 

$���/ o��  :.��
R�=+� 80 70 60 50 

0/236 BCDEFGH 0/257 DEFGHIJKL 0/229 ABCDEF 0/298 LMN 1 
P1 0/239 BCDEFGHI 0/241 BCDEFGHI     0/300 LMN 0/190A 2 

0/249 BCDEFGHIJ 0/261 FGHIJKLM      0/209ABC 0/282 IJKLMN 3 
0/266 FGHIJKLMN 0/258 DEFGHIJKL 0/212 ABCD 0/253 CDEFGHIJK 1 

P2       0/309 N 0/236 BCDEFGH 0/244 BCDEFGHI 0/267 FGHIJKLMN 2 
0/225 ABCDEF 0/215 ABCDE 0/248 BCDEFGHIJ 0/258 DEFGHIJKL 3 
0/265 FGHIJKLM 0/223 ABCDEF 0/278 HIJKLMN 0/236 BCDEFGH 1 

P3 0/238 BCDEFGHI 0/245 BCDEFGHI 0/266 FGHIJKLMN 0/275GHIJKLMN 2 
0/244 BCDEFGHI 0/237 BCDEFGHI 0/295 KLMN 0/237 BCDEFGHI 3 

      0/204 AB 259/259 EFGHIJKL 0/247 BCDEFGHIJ 0/230 ABCDEFG 1 
P4 0/236 BCDEFGH   304/304 MN 0/241 BCDEFGHI 0/28 HAIJKLMN 2 

0/231 ABCDEFG   0/292 JKLMN 0/224 ABCDEF 0/25 BCDEFGHIJ 3 

 0��O4- 	� C�%�� "� �-�* f�
8 �7��(�� A(%��(� �3��'� <��"#  �(R� ���!) A/��!5(% 

 ���)oC(  ��� �#�� 
 )m/s( 

$���/ o��  :.��
R�=+� 80 70 60 50 

1/33ABCDEFGH 1/35ABCDEFGH 1/52FGHI 1/35ABCDEFGH 1 
P1 

  1/33ABCDEFGH 1/35ABCDEFGH 1/57GHI 1/35ABCDEFGH 2 
1/31ABCDEFG 1/34ABCDEFGH 1/58HI 1/35ABCDEFGH 3 
1/35ABCDEFGH 1/20ABCD 1/41DEFGH 1/66I 1 

P2 1/34ABCDEFGH 1/29ABCDEF 1/47EFGHI 1/67I 2 
1/33ABCDEFGH 1/39CDEFGH 1/46DEFGHI 1/67I 3 
1/34ABCDEFGH 1/11AB 1/28ABCDEF 1/21ABCDE 1 

P3 1/34ABCDEFGH 1/10A 1/27ABCDEF 1/20ABCD 2 
1/29ABCDEF 1/14ABC 1/28ABCDEF 1/21ABCDE 3 
1/37BCDEFGH 1/33ABCDEFGH 1/28ABCDEF 1/21ABCDE 1 

P4 1/38CDEFGH 1/34ABCDEFGH 1/27ABCDEF 1/20ABCD 2 
1/37BCDEFGH 1/33ABCDEFGH 1/28ABCDEF 1/22ABCDE 3 

*  =��5� e-	?� ��>� !�# �0'�&' �@�&� e���  wd� �� ���5 %�� �3�@. 
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            (A���%2�1386 (                  ̀ ?�3 9�' �                          $���/�M �1�
 :��
                                                                    ��� .��	�� 6���./ :����2�, .� P� �� (����'

                                  R��> �� c��	' � $����F5              ��� $��/     .    `?�3         :��
                                                  .� ��,��
# R���> <�� �� ��� .��	��     :            P&? A��.

                                                                  :��/�M $�F��
 P� :��
 A��. �@ �>�, �@ �
 A�3
          �y
���12            �#�� )720         �*���     (                       �3 �	M�F �z' ��   .

                          $��� )�3 o���8 B����                             A�9�� �@ A�3 :�0/11   (
                                                  A�9�� �@ {/ ��\� {�> B����70 %           B���� (

                           A�9�� �@ �F��
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            f���"# C��(�             <�E N
� <��"             <�E N
� D,�#     $�.B        <�E ?�         !��� b�O         	^�(8�4H        �7��(��          �8 "�(7�� 

T1v1p1          *  * * * 
T1v1p2      *  *  *   ** * 
T1v1p3          *  * ** 
T1v1p4        *    * ** 
T1v2p1      *    *  * *  ** 
T1v2p2      *  *  *   ** * 
T1v2p3          *  * ** 
T1v2p4      *  *  *  * **  ** 
T1v3p1      *    *  * ** * 
T1v3p2      *  *  *   ** * 
T1v3p3          *  * ** 
T1v3p4      *  *    * ** * 
T2v1p1      *        * 
T2v1p2      *  *    * ** * 
T2v1p3      *    *  *    *** 
T2v1p4  *  * *  *  *  * ***** * 
T2v2p1      *        * 
T2v2p2     *  *  *   *  ** 
T2v2p3  *  *  *    *  * *    **** 
T2v2p4  *  * *  *  *  * **    **** 
T2v3p1      *        * 
T2v3p2     *  *  *  *     **** 
T2v3p3  *  *  *    *  * *    **** 
T2v3p4  *  * *  *    * **   *** 
T3v1p1  *  *  *     * **** 
T3v1p2  *  *  *  *  *  * ****** 
T3v1p3  *  *  *  *  * * ***** * 
T3v1p4  *  *  *  *  *  * ****** 
T3v2p1  *  *  *    *  * ***** 
T3v2p2  *  *  *  *  *  * ***** * 
T3v2p3  *  *  *  *  * * ***** * 
T3v2p4  *  *  *  *  *  * ****** 
T3v3p1  *  *  *      * **** 
T3v3p2  *  *  *  *  *  * ****** 
T1v3p3  *  *  *    * * ***** 
T3v3p4  *  *  *  *  *  * ****** 
T4v1p1  *  *  *  *  *   **** * 
T4v1p2  *  *  *  *  *   ***** 
T4v1p3  *  *  *    *  * ***  ** 
T4v1p4  *  *  *       *** 
T4v2p1  *  *      *  * **** * 
T4v2p2  *  *  *  *  *   ***** 
T4v2p3  *  *  *    *  * **** * 
T4v2p4  *  *  *  *  *   **** * 
T4v3p1  *  *  *    *  * **** * 
T4v3p2  *  * *       *** 
T4v3p3  *  *  *    *  * **** * 
T4v3p4  *  *  *  *     **** 

 0��O5- 	� C�%�� ?��C��(� �� 	�! "�(7��  ���!�(R�  

���O 9�4� K��! 4(Me� $!��# Z�C � ��� 	��O  f�
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     $���/                                         ��5� ���E@ )��s� R�=+� :.��               �@ :���
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3-                                                            ��0'� .� B��� 62&
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��� A�9��
  �@                                    �� ��� ��^	� .� �3�' X*M ��1� �'��      �3�@   . 
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Abstract 
 
Introduction: Drying is one of the most important step in raisin processing. Temperature, air 
velocity and pretreatment are important factors in grape drying process and the quality of 
final product.  
Materials and Methods: In this research, the effects of the following conditions on the 
quality of Thompson seedless raisin were studied: temperature at four levels of 50, 60, 70, 
and 80ºC, air velocity at three levels of 1, 2 and 3 m/s, and four pretreatments consisting of 
hot water, %5 potassium carbonate, with %0.4 olive oil, %0.5 sodium hydroxide and no 
pretreatment. 
Results: The results indicated that factors such as temperature, air velocity and 
pretreatments have significant effects on browning rate and rehydration. Similarly 
temperature and pretreatment factors have significant effect on acidity and only temperature 
factor has significant effect on shrinkage. 
Conclusion: Raisins dried at 60 and 70ºC and pretreated in hot water, %5 potassium 
carbonate and %0.4olive oil and %0.5 sodium hydroxide provided better quality. 
 
Keywords: Air Velocity, Drying, Pretreatment, Quality Raisin, Temperature.  
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