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Figure 1. Fluidized bed dryer. 1. Auxiliary, 2. Fluidized chamber, 3. Heater chamber, 4. Centrifugal blower,  

5. Temperature control unit) 
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   ��K� �8� ���O* �� " &,-� 7.�! �� �O*F z�� " :��� ���8

 �'$) 9*�� D�����	 &-6e! &� 4�05	)�/�( / 4�,\!0 .

 {~6   0�mK6 9*�K� &� :0/ #$% `',S/ 4�05	 D��SYW

 �� �60\O! " �\� D�����	 Ef� 9*�� D�����	 &-6e!

 0K/ G�H*� �/� �� c8�" �'$) .   3� �'Ku\! �K��  ��K�   �K(

 #$% &*'Y* :0/150      4�0K5	 D�K�SYW G�KH*�  ��K� G�b

 z�f,*�/0 .�6'� D��SYW &K*'Y* �\)    :�+,K6� wK6'	 �K(

�6'� �) `',S/   ��KH	 G�* ��SATAKE   ;0K!THU 

 ���k �'$) �%�6 �K��b D�'1 . &K� �'Ku\!   2��)0�mK6

&*��:'O8 9*��  �(  �K6'� �KT"�% 3� 41�j  � �K)   #K�

 �$C�! �)0�m6)�)�.J1� (     ��KH	 G�K* �K�BALDOR 

�'$) �%�6 �.��!F ���b ���8 :��m,6� ��'! .  2�K!3 D0!

   �)0�mK6 &Kum�! �� &*'Y* �( 2��) 0�m645   �� &K�*��

0/ &,��b �u*.    4K1�j �KT"�% �9*�� 2��) 0�m6 3� {�

   ��"� #KKC� 4KK%�� �)0�mKK6 ��KK/�! 3�   ��KKH	 G�KK* �KK�

SATAKE   �K��k �'$) �%�6   9*�K� " 0K/ &K,f��  �K( 

 �+�0.� 3� &,-./ " 7C�6/ �0T00*.  

{� :'O8 9*�� �*3" ��0�! �4�05	 D��SYW 3� 9*�� � �

� &,-./ 0�m6 9*�� " 7C�6 0�m6& " 0!F �6� 2�!0*��

 " 4�05	 �+,-./ 01�� 9*��0/ &56��!.  01��)�*3" (

 23" &� &,-./ 9*�� 23" �5-* 3� 0�m6 9*�� �+,-./

:0/ 0�m6 9*�� 4) )Sabouri and Roufighari-
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Haghighat, 2012(  4) 23" �5-* 3� 4�05	 2�!0*�� "

� `',S/ &�C"� 23" &� :0/ 0�m6 9*��&0!F �6� )Faraji 

et al., 2011(.    

 


# +�6�	 � 3��M	�(  

&� �'u\!��� �6���  �(�,!����  �� }S,f! 2�!0*��

 " 20/ #$% 2�!3 �4�05	 �+,-./ 01��9*�� � &�UH	

E��!3F  ��!F  �(G�* 3� :��m,6� ����U�� �(   ��!FSPSS  "

STATISTICA 18.0  BC�8 �� &6 4��',)�� E��!3F

 :�',)��3×3×4 �  �"�"  �'(  �!� IJ6 ��OP)45 �50 �

55  "60 R'�-S6 &T��( ��� IJ6 &6 �)12/0 �14/0  "

16/0 &�*�� �� BN.! �,! ( 9*�� 78� &6 ") " �H� �G��A

 �"��/(&��� �� �  ����=	 >?!�) @�A�� �.	 &6 G�H*� ��

0/. ��+*��! &-���!  ��� 2'!3F 3� 7( �(&\!��0\P  �

0/ :��m,6� �.*��.  

 

N�% � O��5<  

 9��,* &�UH	 78� ��� {*����") �"��/ " �H� �G��A(� 

 �!�)45 �50 �55 "60 R'�-S6 &T�� (  �'( ��� "

  �"�")12/0 �14/0  "16/0 &�*�� �� BN.!�,! ( ��

 #$% 2�!3 " 4�05	 D��1'=% `',S/ 20/ ;"0T ��

1 :0/ &���� �6� . 2�$* 9��,*��� &) E\.Y(��  78�×  �!�

 �!� "×  ��� �+,-./ 01�� �� IJ6 ��  �J%9\� 

01��  20/ #$% 2�!3 �� "IJ6 �� ;�Y,j�  01�� #�

 "E\.Y(��  78�×   �J% IJ6 �� 4�05	 2�!0*�� �� ���

 01�� #��\N! ����6� .�\N! &� &T'	 ��  ���

.Y(��E\�(� ��+*��! &-���! ��� B�)�	 3� 41�j  �(

 �(��Y�	)��� �(�E\.Y(�� ( ���+,-./ 01��  "

���b D�'1 4�05	 2�!0*�� )Soltani, 2007( . 9��,*

��+*��! &-���!  �(E\.Y(��  78�×  �!�);"0T 2 (

 2�$*���  G�8�� �+,-./ 01�� &)�� G��A "  �"��/ 

  �(�!�45 �50  "55 '�-S6 &T���\N! l?,%� R  ���

0*��0* �+�0.� ���   �!� �� 78� "� �( �!�60  &T��

 R'�-S6 �+,-./ 01�� ���,$�� �(�!� ���6 &� �5-*

0*��� �� . 78� �+,-./ 01���H� �\N! l?,%�  ��� ��

  �(�!�45  "50  R'�-S6 &T����/�0*  &� �5-* �!�

 �� �+,-./ 01�� "�  �!�55  "60  R'�-S6 &T��

�&A�\N! �' �,Y)  �����'�  ��H�� VW�� �!� E��U�� ���3

E\	 ��H�� &\�!3 " :0/ &*�� 4%�� �� �	���j  �(

�! ��H�� ��  0N� 4j��! �� �+,-./0\).  &SYT 3�

! 9*�� 20/ ��%�� &) �S!�'WeE\	 ��6��� &) �6� ���(

�! ��H�� 2F �� ��'A� c�� &H�,* �����b . �� 2'P

#$% �)����� �,-�  �"0j  �!�40  R'�-S6 &T��

�! :��m,6� `',S/ 2��) #$%  ��� &� &T'	 �� " �'/

#$%  ���U! 3� �.� &.\���) 3� :��m,6� ;��6 �,-�  �(

�6� q��  �!� )Khoshtaqaza et al., 2007(�  ������\�

#$% �� ��N! :�"0�! #� �	 q��  �(�!� 3� :��m,6� �)

�\N! ���_	 ;��6 �,-���  ��� ���0* �+,-./ 01���  �!�

�! E��U�� �+,-./ 01�� �!� 0j 3� E�� 2��� q�� ��-

0��� .�j 'C�'=�! " :�'%)Haghkhah and 

Maghsoudlou, 2006 ( �� `',S/ p�m	�� �6��� �� U�*

#$%	 " �)_#$%  �!� ���&*�� �+,-./ �� �)  �(

��'.�C�/ �� 9*��&��$! 9��,* &� �2�b�b  �(�   �6�

�0\,��.  78� �E��!3F ��'! 78� &6 �( ��� �� ��\^Y(

�H� ,$�� ���!� IJ6 ��OP �( �� �� �+,-./ 2�U�! ���

���/  &� ���3 ;�Y,j� &� p'o'! ��� &)�bd�" �( 

�! x'��! 78� ��� �.�*�.! " �.�U���'/.  

 9��,* E\.Y(�� �!�×  ��� 01�� ��  �"�"  �'(

 �� 9*�� �+,-./ ;"0T3 &���� :0/ �6� .2�Y(�'A  &)

�! :0(�$! ��'/ �+,-./ 01�� 9*�� IJ6 &6 �( ��

 �!� �� � �"�"  �'( ���60  R'�-S6 &T�� l?,%�

�\N!����  �,$�� ��0�! " &,/�� �(�!� ���6 ��  ��� .

 c��6 �S�% �0,�� �� 2��) #$% �	q��  �(�!� �� 2'P

 :�'�������\� E\	 �( ���" ���!�b `',S/ �� ��U�� E

&,���  &) p'o'! ��� &*�� �+,-./ " `�	 ��H�� VW��

�!�'/ . ��� ��14/0  �+,-./ 01�� &�*�� �� BN.! �,!

  �(�!� ��45  "50  R'�-S6 &T���\N! l?,%�  ���

 &� �!� E��U�� �� &) �C�j �� &,/�0* �+�0.� ��55  &T��

 R'�-S6�\N! �'J� �+,-./ 01�� &,��� E��U��  ���

\^Y( ��6� �+,-./ 01�� �� ��  �(�!�55  "60 

 R'�-S6 &T���\N! l?,%�0*��0* �+�0.� ��  ��� .

  �!�60  R'�-S6 &T�� �( ��&6  ��� �� ��� IJ6

 ���6 �� " &,/�� �� �+,-./ 2�U�! ���,$�� �!� ��OP

�\N! l?,%� �(�!�����  ���� ��� �� &) �C�j ��  �(

  �(�!� �� �+,-./ 01�� ��+*��! �}S,f!45  "50 

 R'�-S6 &T���\N! l?,%� �+�0.� �� " &,/�0*  ���

0*��� �� �+,-./ 01�� ���,Y) .��� E��U�� �� ��\^Y( 

 3�12/0  �	16/0 ���]	 &�*�� �� BN.! �,! �\N! ��  ���

�Y* :0(�$! �+,-./ 01�� 2�U�!�'/ . &� �'u\!

 ;'=�! �� ��'A� c�3'	 �,%�'\.���i 3�  ��b'ST
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&� �'( 3� ��q�� 7Hj 0��� �:0/ #$% " �'/ &,��b ��)

��U! 3� �.� ���#$%  �(�)  &� �5-* ;��6 �,-�

 ���� �,-��6� .2���.Y( " ��d* �*�/�) )Kashaninejad 

et al., 2007 ( U�*:��) G?W�0*� &) 7O! �!� �',)�� ���	

e! ��'A� " �W�6 " �6� 2��) #$% #�,\�6 �� ��

 �,�'A�  �',�! D����]	 ��  �,Y) ���_	 �'( �5-*

&*'Y*���� �*�'fY( ����	 ��� 9��,* �� &) ���� �(.  

  

 ;"0T1-  9��,*&�UH	  �� �'( ��� " �!� �78� ��� {*����"9*�� 4�05	 D��1'=%  
Table 1. Analysis of variance for the effect of variety, temperature and air rate on milling characteristic of rice 

 

 

 ;"0T2- ��+*��! &-���! 78� 4���,! D����  �("  �+,-./ 01�� �� �!�9*��  
Table 2. Means comparison of interactive effect of variety and temperature on the broken percent of rice 

  ���4���,! D���� �(�  Cutting interaction effects  

Variety 78�   �!�)R'�-S6 &T��(  
Temperature (°C) 

 �+,-./ 01�� 

Broken percent  
Shirudi   �"��/  45 17.90±7.30b 

 50 14.07±1.38b 

 55 19.10±2.77b 

  60 

45 
35.97±6.50a 

31.41±6.18c Fajr  �H� 
 50 31.77±3.10c 

 55 43.30±5.06b 
60 

45 
51.36±5.89a 

13.37±5.55b 

Tarom G��A 50 14.72±1.61b 

  55 19.82±3.38b 
  60 29.06±6.63a 

��+*��!  �(  ���� l"�j &��$! �� �( �2',6 D"�m	 �\N!  ���  �.*�� 2'!3F ��0*��0*. 

Means followed by similar letters in each column have not significant differences by Duncan’s test. 
 
 

                                           !D�N��! ��+*��  
                                                            Mean of square               

Sources of 
variation 

D����]	 c��\!  ��3F &T�� 
df 

4�05	 2�!0*��  
Milling recovery 

�+,-./ 01�� 
Broken percent 

20/ #$% 2�!3 
Drying time 

Variety (V) 78� 2 20.70**  4369.503**  **23.618 

Temperature (T) �!� 3 1.375**  2006.405** **350.370 

Air rate (R) ��� 2 4.608**  47.247 ns **8.253 

V × T  78� ×�!�  6 0.095 ns 69.444* **0.852 

V × R  78� ×���  4 1.183**  1.133ns 0.030 ns  

T × R  �!� ×���  6 0.207 ns 54.199* **0.548 

V × T × R 78� × �!� ×���  12 0.468* 20.454 ns *0.299 

Error �J%E��!3F   72 0.207 24.257 0.135 

CV (%) D����]	 B��o )01��( - 0.63 18.36 3.71 

ns � * " ** :&�B�	�	 �\N!��i ��� " �\N! ��� �� @'J6 ;�Y,j� 5 %  "1  .%  
ns, * and ** :  Not-significant and significant at 5% and 1% probability levels, respectively. 
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 9��,* ��+*��! &-���!E\.Y(��  �!� " 78� 2�!3 ��

 20/ #$%) 4./3 ( 2�$*���  #$% 2�!3 ��� &)

�!� IJ6 ��OP �( �� 78� &6 �( 20/ E��!3F ��'!  

�\N! l?,%����� �'T"  ��� . �!� E��U�� �� &)  �'A &�

3� 45  &�60  �'J� 20/ #$% 2�!3 R'�-S6 &T��

�\N! 3�  ���7/14  &�5/6  78�  ��� �W�6 �"��/ 3� �

7/12  &�8/4  78�  ��� �W�6�H�  3� "5/13  &�6  �W�6

 78�  ���G��A ���� E(�) . 2�!3 ���,Y) �������\�

  �!� &� x'��! 78� &6 �(  ��� 20/ #$%60  &T��

�! R'�-S6 �� 78� &6 �( 20/ #$% 2�!3 " 0/��

  �!�45 �6� �+��  �!� &6 3� �,$�� R'�-S6 &T�� .

 �S) �C�j ��3�! 20/ #$% `',S/ 2 ���U�� E�� �! &�

&*�� 4%�� �� �	���j 2�����b E��U�� �SW &H�,* �� " �(

A� ��f5	 �W�6 E��U�� ;'=�! ��'�! E(�)0��� .

2���.Y( "  ����0% D�NC�J! �� &��$! 9��,* 

)Khodadadi et al., 2013(  #$% 0\�F�� ;'A ��

�6� :0/ ���Ub 2��).   

 ��+*��! &-���!E\.Y(��  ���× �!�  #$% 2�!3 ��

`',S/ 20/ ��  4./4 �6� :0/ &���� .2�Y( &) �'A

�! :0(�$! ��'/� �� 20/ #$% 2�!3 ���  �'( ��

12/0  "16/0  ���!� IJ6 "� ��55  "60  &T��

�\N! l?,%� R'�-S6/�� �'T"  ����� &� �'A �� &)

 3� ��� E��U��12/0  �	16/0   �!� ��55  &T��

 3� 20/ #$% 2�!3 R'�-S668/8  &�13/7  �� " �W�6

  �!�60  3� R'�-S6 &T��37/6  &�37/5  E(�) �W�6

���� .�'( ��� E��U�� �� � �"�"  &�� 4�C�U�� IJ6 E�

�Y	&*�� R �('( �� �� ��f5	 �W�6�U�� E� #$% 2�!3 "

�\N! �'A &� 20/�! E(�)  ���0��� . D����]	 ��\^Y(

  �(�!� �� 20/ #$% 2�!345  "50  R'�-S6 &T��

�\N! ��� IJ6 &6 �( ���6� :�'5* ���. 

&*'Y* �!�Y	 &.\�� &� &T'	 ���,�'A� IJ6 #� �	 �( 

� 2�'� 2�-.� D�'1 �� �0*0/ #$% �,��� ���O* �! 

 2���T �W�6 E��U�� ��(��Y�	 �!�Y	  ���  �"�"  �'(

�\N! E(�) VW�� �'( `',S/ 20/ #$% 2�!3 ��  ���

�6� :0/� &� �'A �W�6 E��U�� �� " �!� E��U�� &)

 ���6 &) �,�No" �� " ���O\	 &� #� �( �'( 2���T

H\! �0/�� ���� w���/ �W�6 �� v�* ��0�! E��U�� &� �

�! 20/ #$%�'/ .&��$! 9��,*  �w6'	 3�Y�"� 

)Doymaz, 2004 ( "�'%2���.Y( " �o��	 

)Khoshtaqaza et al.,2007 (�6� :0/ ���Ub.  

 ��6��� ��'! 78� &6 �(  ��� ���,$�� 2�U�!

&*�� �+,-./   �(9*�� � �� �! 60  v� R'�-S6 &T��

��� . �+,-./ 01��  �!� �� :0/ #$% �H� 78�60 

 R'�-S6 &T��)36/51 01�� ( �+�� 78� "� &� �5-*

�'� ��0�! ���,$��.  

 

 ;"0T3- ��+*��! &-���! �!� 4���,! D����  �("  �+,-./ 01�� �� ��� 9*��  
Table 3. Means comparison of interactive effect of temperature and air rate on the broken rice 

                       ���4���,! D���� �(�           Cutting interaction effects    

 ���)&�*�� �� BN.! �,!(  
Air rate (m3.s-1) 

 �!�)R'�-S6 &T��(  
Temperature (°C) 

 �+,-./ 01��  
Broken percent  

  45 17.17±8.20c 

0.12 50 19.17±8.20c 
 55 25.61±12.30b 
 60 40.05±11.35a 
 45 23.41±8.30b 

0.14 50 20.80±9.22b 
 55 29.89±13.66a 
 60 35.81±13.56a 
 45 22.10±12.65c 

0.16 50 20.59±9.30c 
 55 26.72±11.06b 
 60 40.54±9.28a 

��+*��!  �(  ���� l"�j &��$! �� �( �2',6 D"�m	 �\N!  ���  �.*�� 2'!3F ��0*��0*. 

Means followed by similar letters in each column have not significant differences by Duncan’s test.  
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D����]	 �'( ��� ���  �"�"  �\N! 01�� ��  ���

�/�0* �+,-./. ������\� &�&��1 �'u\! 2�!3 �� ��'T

�! �20/ #$% 2�'	:�"0�! #� �	 �!� E��U��  �T &� 

3� �\�N!  3� ��� &) ��) :��m,6� �'( 2���T �,$�� �W�6

��U! �( #$% 7O! ���� �,-� &� �5-* ;��6�,-� �)

�! ;'=�! �� ��'A� c�3'	 �,%�'\.� VW�� &) 0/��

�!�'/.   �'( ��� ��  �"��/ 78� `',S/ 2��) #$%

12/0 �6� &� �H\! &�*�� �� BN.! �,! ���,$�� ����

 4�05	 2�!0*��)37/72 01�� (0/� �C�j �� 2�!0*�� &)

  ��� ��� @'J6 3� #� �( �� 4�05	 �H� " G��A G�8��

2�-.� >�5���	 �'�.  3�  �"�"  �'( ��� E��U��12/0  �	

16/0  ���!� IJ6 "� ��55   "60  VW�� R'�-S6 &T��

0/ 20/ #$% 2�!3 E(�) .  �!� ��55  &T��

 ��� �� 20/ #$% 2�!3 R'�-S612/0  �	16/0  3�

68/8  &�13/7   �!� �� " �W�660  3� R'�-S6 &T��

37/6  &�37/5 ���� E(�) �W�6 .  

  

  

  

  

  

  

  

  

 

 4./4 - ��� �� 20/ #$% 2�!3 w6',!}S,f!  �(�!� " �( 

Figure 4. Average of drying time at the different temperature and air rate 
 
 

  

 4./2 - ��� �� `',S/ 78� &6 4�05	 2�!0*�� }S,f!  �(  
Figure 2. The conversion coefficient of three paddy 

variety at different air rates 
 

 4./3 - }S,f! G�8�� " �(�!� �� 20/ #$% 2�!3 ��+*��! 
Figure 3. Average of drying time at the different 

variety and temperature 
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3M�5< $6: '!�)  

&����	 ��� 9��,* �S) �'A &) ��� 2�$* � �� �!� ���

&*�� �+,-./ 01�� #$% 2�!3 " 4�05	 2�!0*�� ��(
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Abstract 
In this research, the effect of air temperature and and air flow rate was investigated on the broken 

grains percent, milling recovery and paddy drying time of three rice varieties dried in fluidized bed 
dryer. The experiment was carried out as factorial in completely randomized design with three 
replications and the experimental factors were including air temperature at four levels (45, 50, 55 and 
60 °C), air flow rate at three levels (0.12, 0.14 and 0.16 m3.s-1) and three rice varieties (Tarom, Fajr 
and Shirudi). Results indicated that increasing temperature from 55 to 60°C increased the broken 
grains percent of Shirudi, Fajr and Tarom from 19.10 to 35.97%, 43.30 to 51.36% and 19.82 to 
29.06%, respectively. The lowest broken percent (17.17%) was obtained from the air rate 0.12 m3.s-1 
and the temperature 45°C and the highest broken percent (40.54%) was registered from the rate 0.16 
m3.s-1 and the temperature 60°C. The milling recovery of Shirudi variety at the air rate 0.12 to 0.16 
m3.s-1 decreased from 72.37% to 71.74%, but in Fajr and Tarom varieties was not observed significant 
variation in the milling recovery. Increasing the air temperature from 45 to 60°C at the rate 0.16 m3.s-1 
reduced drying time from 13.45 to 5.37 h, respectively, however increasing the air rate from 0.12 to 
0.16 m3.s-1 at the air temperature 60°C reduced drying time only from 6.37 to 5.37 h. 
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