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 . E�F�G�I� *�6 #���� J����

K�� '�.�  �� /$& J�"�
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9�+��  

����  ����<�L��!] �g4�1� <��D��= ������=� ����X" 

'*��� '� [<�*�6 �)��D <��� ���� �� `"�& "���& <= 

*.�\ �PQ� ��[�� '� ���" *�T" ��� <= "�$���
  �!" 

e(" . *��+,-� *��� �1!U ��� . W��+" ���8�� <� ��%& 

$�0 )Momtaz et al., 2005; Naghizadeh-Raeisi et 

al., 2019( .j2=�
 ���2%2& #<��� �>@�. *�6#�H2,�F 

�"�kg [<�#�6 �>@�. *�6�H�?2� <��� )#/'�$�� `H& . 

�".�X" �� ����� �8H&(# l���& 70��6.#  m�� . L�?2"

W�+" #��= l���& $!���� �� <��D��= ������=� <)�� 

4���\ ERDK=�6# L�?2" ���3� �3 $!���� . <)�� 

$2O� L��= . L�"' . l���& Dn/�2*'�� �� m�� . L�?2" 

j2=�
 ���2%2& . �>@�.�T
 *�6<�*� ����  �Mo"��� 

)Mosharraf et al., 2009; Ertas, 2016; Nasrollah 

Zadeh et al., 2020( .<� ���� ���� p�9G .K2"�,�*�6 

/.�> B ?2� �!� /��� . '� /�����D ���" ��$1" L�?2" 

#e2��,� #e28Q= e�?2!" . K60 `��-<P\5"�* ���� .��$X" 

K2��� *�6$2�� 7�f m��&� . ����X" *[�� E2dG�!2G #$2�� 

$2�� 7�f �m��&��2 �� $!f $��� <��>.� . K2!S%6 

J.���=�
 #�6 K�.� ���� ���� �� E� *��� $2O" . eG�� 

"��'�� .`2�.�� ��<!2"0$2 ���� ���� �
�� '� ���� 

<����6* 45� ���?> /$& ��� )Michael et al., 

2013.( K�� '�#.�  ���� ������ <)�
 <� ���� L��� ����X" 

`��- <)�
#K2d
.�� K�?2G . ��2�  #�%�F�"�$���
 `2�.�� 

�T
<�*� 4[�+9" ����� Y$!> ��0 ���(�  $Rk�)Ertas, 

2016; Tajadoditalab et al., 2020(.   

���� ���� <� j�� j2=�
 ���2%2& q�D . ?2� 

F�G0*���' #K2��� "�$���
 �����= N2��
* �� F�e�*�6 

q�D �� ��2� �%�F� [�� . ���f m��&� K2��� <,&�� $&�� 

)Michael et al., 2013(.  J�,�'�!�� /.51�6 4�O8� 

)IP6( ���� �� ��)�" <� <C��.��;�� rHQs%= �� #K60 

N6�= `��-<P\5"�* �� `2HR
 ���J�H�*�6 `28=.�$26 

�� L�G�= ?2� �� t]�� "���& <= j��  �2Mu
�v"� $g 

���3�� ���� "��&L�?2" .� U�
<2/$& �() W�+" 

<��'.� #���� 35-20 Y�> ��� .K�� �� �G�\ ��� <= 

L�?2" #��"0 W�+" ���� �� �� N2��
  "��) ���8�� A+� 

L�?2" U�
<2/$& L�R� "�) $6�Abka et al., 2016(. 

$2�� E2,2� ���- ��� �� l���& *$2�� rHQs%= K2d
.�� 

– 4�,2� ���
.� J�Q9"�� . �� l���& �v!D rHQs%= 

4�,2� – K2d
.�� <��
�� J�Q9"�� �� '� w��3 E� `� 

���2
�= `2HR
 $6� <= �;!" <� N6�= #�2G5\ 

L�2��
��$26 . �� �D�� ����" N6�= �2G�1� E2,2G�d
.�� 

d
.��K2�6 "���& .rHQs%= 4�,2� – K2d
.�� <��.<Q2 

*�6$��2� E2
�,�.�,HG� R
`2H "���& . �� l���& 

E�F�G��?2� J�"�� L$� '�  �P��H�F�G�2� `��-�2� /��O,�� . 

�`��-�2��,�� . ��8� <� d
.��K2*�6 ��'0 e=�
 $1,8" 

?�0 �2Mu
e�*�6 E2,2G�d
.�� $!,86 )Mosharraf, 

2012 .(r� "�L��
 E2,2�$2�� �� <� L��!]E� j2=�
 

�T
 $g<�*� �12�3 �� �P�  ���>)Abka et al., 2016.(  

N6�= /'�$�� /�n #���� #�2%k
 #L$��82D L�.?�� 

�G�" <���)�'� . *�.��� J�"�
.�$26 #x�,Q& /���6*  �Mo"

�� N6�= L�?2" E2,2�$2�� . E%��6* L0 "�$!&�� .�� 

K2� *�6��%2
 #��=�" *�.��� J�"�
.�$26 �
�Mo"K� . 

��+,-�*K��
 �.� "�$&�� )Vahabzade et al., 2015; 

Abka et al., 2016 .(�� K�� #�.� #���� �9
 ��%2
 

#L$��82D �6���k� . ERD L��=���- "���2> <= 

,���<;2 L0 $2�� E2,2� <� J�,�'�!���2" . �O8� ��'0 

`�$�
 "���&. ��%2
 L�2��
��$26 Y�> *$!�0�� ��� <= 

�� L0 '� ���� �� *�"� 55 <)�� ��28Q� . pH ����� �� 

8/4 <� 4$" 24 �]�� /��O,�� "�$!= .K�� l���& �;!" 

<� �2G�1� �v=�$\ e�?�0 '�,2� /$& . <�?;
 $2�� E2,2� 

l��
 e�?�0 �� t]�� "���& .�3 *�.��� #J�"�
.�$26 $2�� 

E2,2� <� J�,�'�!�� . !�L�2*�6 4�O8� `�$�
 . /$& 

K�����!� b5"� `+," <� L0 �$) . ��'0 "���&$ .�� K�� �.� 

N6�= L�?2" $2�� E2,2� N2��
 '� 50 $U�� ���?> /$& 

) ���Mosharraf, 2012.( �V�� W�3 '� <��%��6* *.�\ 

Y$!> ���� ��0�.*<� /$&J�"�
.�$26 �.� �� 

L�"'0�6* ����>�!���� *�,2%���G�. �$] #�
[�� L�"' 

��,8> �[�3�#�
 *��$��� N2��
 . <)�� �8�L$& 

e=�
 ��  <� ��8�<��%��6 /$R� ��%2
 ���� *.�\ * L�R�

�"$!6� .N��?�� ����  Y$!>�.���*#/$& 7�) 70 �� �� 

��0 N��?�� "�$6� .4�$- 7�) 70 [�� e6 '� /�>$�� 

*��+,-� e(" ��� . e6 /$�$� �
�2� �� <� w��1
 "��'�$�� .

N!=�. K2� 4��2=�
 *��2� . J�HG�"�6* <,��R�  ?2�

j)�" u
D�2 �� $!�0�� L�2�����>.�
� J�HG�"�6* <,��R� 

"��&� )Milani et al., 2009; Mosharraf, 2012( .  
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 <0�J�� ���  

6.@� �� Y$!> ��0 #�g�\ N ���3� L�?2" ��86/13 

 K
�Q> #$U��5/26  K2d
.�� #$U��8/10  ���f #$U��

21/2  z��k,�� <)�� . $U��82  $U�� �=�& '�<&�D 

>)#L52  �,1!U �(&(�&�$& <2(
 #(
 �() .<2 
 �6��%2

��X" ���� <� . N& #<� #�OU 
 ���� $U��/$&��%2  ��

<��%�<� Y$!> ��0 *�6 ��3�D��!H� .$�$& {�Qk" 

 ���" Y�%
 K2!S%6���" /��O,�� 6.@� K�� �� �=�& '� N

& *��$��D L�%G0 x�".$  

%&�6 e-� ���� ����� <� /'�$�� l��," �� . Y�D 4��U

 �.$\ 4��n250 "�,".�H2 ���� <��D��= '���=� >'�,Q2 �.  -

(
 �.�V!G L�,��(& W�f <XC!" ��<2 <,8� �� . $&�6* 

Q��
�2!Q� �� �� ���3� . ��6 <� Y.�X"�?� )18-  <)��

��28Q���$(V� (* �$&) $Abka et al., 2016.(  

 E%= �� J�"�
.�$26 $!���� <!2(� l���&<�>��=2� *

'� /��O,�� �� . *?=�" j=�" b�3 <��� �� 	��� |C� �.� 

 `"�& `X,8" �2T," ��(f *�"�37/43  <)��,�������> #

 L�"'38/94  #<X2-�pH  ���� �%;\ ��8� . �O6 �� �����

��� �R6 �� ����� ���� <�  �PQ� l���& K�� �9
 <=

 E2,2�$2�� ppm788  ~�� �22T
 L�?2" .22  $& ����'��

)Tayefe et al., 2020 .(50  '� Y�> ���� ������ �R6 

e;\ ����� ��D 4�,�� ����  ��pH  �����7 �� �"�* 37/43 

 <)����28Q� <� 4$"38/94 -�<X2  /$��82D.  rs�

��%�<�6 �"� ��* 60  <)����28Q� <� 4$"24  �� �]��

��$(V� L.0* $�$& .<��%��6 $!fK� ,8& �CX" 70 �� ��� �R

$&$� .�)* -A2 ��U ���= .� �
 (pH �(���  <�2/0 ± 2/6 

$2�� . rs� ���* ��L$2  ���3� <�11-10 <� $U�� 

 4$"�R6  �]���� *�"� 50 <)�� ��28Q�  ��L.0 

 ERD$& )Didar et al., 2008; Mosharraf et al., 

2009; Majzoobi et al., 2013; Abka et al., 2016; 

Tayefe et al., 2021(.  

L�"'0 ���W��>�!� � ���$��,�� ���� ��K2QQ%G�� 

)AACCS4-21( Q" ���$��,�� .� �L��� /��%& <� 1-3246 

��� /�V,�� l��
W��>�!� � �$!���� J$" Y�;������� .

��� L�"'0W��>�!� ���� �()� �>@�.F�G�I� *�6E� %D�2 

" Y�;�����2> �6�,"���� L0 '� /��O,�� �� <=* = AQ,k"�O2 

 `U�\ ��0'� (� L�"' 4$" #70 7�) $!��" Y$!><!2 

%D L$& {�Qk"�2 " #(<1��
 L�"')L�?2 %D �".�X"�2  ��

Y�� <)�� . L$& {�Qk" �����(L$& �8�) L$& %D�2  ��

1
 L��= {�Qk" �����K22 "��&�. L�"'0 W��>�8!,8=�  ?2�

�� �.� AACC <� /��%& 54-10 . ���$��,�� �Q" L���� 

<� /��%& 2-3246 l��
 /�V,�� W��>�8!,8=� 

�H2�.�,HG� �$!���� L�%G0 Y�;�� $& )AACC, 2005(.  

 ���� ���� $U�� <� . N& #<� #�OU *�6��%2


� /$& J�"�
.�$26<��%� � Y$!> ��0 *�6!��#/$&  jG�- ��

 ���H
 <� �� ����+
 `"�= b�3$!,��> ���- ����'�� ���"  .

/��� rs� *�6 `U�\�� G��0 �.�?2 ��.r��� E�<��3  ��

 '� /��O,��Y����?�� Minitab  `2Q9
 . <�?;
$&.$� <8��X" 

"K2V��2�6  ?2�=�
 �.� <�� . Y�� l��
 �6����%� e����?�� 

EXCEL $& Y�;��.  

  

K�) � -&��.  

�&$%"��"L<($0#&��L 3  

 /$& J�"�
.�$26 ���� ���� L�.?�� �2Mu
��  L�?2"

 ��0 70 7�) ���� ��E�F�G�I� q��D ����'��  �� �2%D

 '� /��O,������>�!���� L�"'0  �� `H&1 ��� /$& <���� .

 <= ��� L�R� ���,� ���� ���� �PQ� L�?2" �� N��?��


.�$26 /$& J�"�j)�"  N��?��!1"� '� 70 7�) �� ���

2/56 $U��  <�2/59 $U��  `H&) $&2( �2Mu
 K�� .

"� ��2� *[�� ����X" <� $���
<�q�+D L�'�,!� �� �6

$&�� {���" ���� ����  ���� �� ��[�� 70 7�) �2��� <=

) L���H%6 . ?"�> .$!,86Gomez et al., 2011 ���,� ?2� (

� �� �(��R" ���?> ��2� L�.?�� �/��%�$�� /$�$� K�� `2G� .

"� ��B\ $���
/.�>�6 . ���' ��$1
 <� `28=.�$26 *

 ��F.�$26 $��2� ��;�� w��3 '� 70 7�) �2��� N��?��

$&�� �(�0 l��
.  ��%2
 ���� '� `U�\ ���,� K2� W5,D�

 L�R� Y�D . /$&"� <!2
[F <,��R� $U�� <S��!f <= $6�

�)�" /$& #$��� N��?�� �N2� ?2� 70 7�) �2��� �


�"�& #LF.�,8=� *�.��� $!��" J�"�
.�$26 $!�0�� �� .�

 ��O
� ���� �� /$��%2-�� <,��R� L$& <!2
[F"�� .$,�� '

 ?2� 4��n /'�$�� �V�� W�3<�L��!]  70 7�) �� e(" `"�]

 b�C""� K�� .��&N6.@��6 N6�= N2� �� /�n /'�$�� '� �


<�>��= 70 7�) L�?2" N��?�� �� LF.�,8=� $!�0�� *�2�Mo" 

"�) $���Gomez et al., 2011 L���H%6 . r��=�) .(

)Jacobs et al., 2015 �� ���� 4��n <= $�$X,1" ?2� (

 /'�$����?��
 N2� ������
 '� �&�� L�2���$26 w��3 '� �


 �� 70 7�)������6��
 #?�� *N2� 70 *��$(V� �����
 �� *

$����<� ���� . <8��X" �� [�� K2d
.�� L�?2" L��� ���� `2G�

 ��P,�� #70 7�) *��� L0 `��%
 . ��0 ��"� 70 7�) <= �.�

 .$6� N��?�� �� ��0  
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 `H&1- /$& J�"�
.�$26 ���� ���� AQ,k" ����X" . Y$!> ��0 '� `U�\ �2%D Y��>�!���� ����%� :a���� L.$� ( #b (3  #$U��  

c (6  #$U��d (9 .$U��  
Figure 1. Farinographs of wheat flour-based dough and different concentrations of hydrothermaled rice bran:  

a) without bran, b) 3%, c) 6%, d) 9%. 

 

 
 `H&2- ��0 70 7�) �� /$& J�"�
.�$26 ���� ���� L�.?�� �2Mu
 Y$!>  

Figure 2. The effect of adding hydrothermaled rice bran on water absorption of wheat flour 
  

 4��n�&���
  N��?�� �� �(�0 �M� . $���� *�
[�� 70 7�)

 N��?�� #L�?2""�) $���Jujula, 2017 .( *��$��� L�?2"

 �2%D ?2�. �&�� �G.?� $�.�  (���� $-��) $6�& ��%2
 '�

 ��%2
 �
 *.�\9 $U�� ����  N6�=!1"� L�R� �� *���

���  J.$))1 '� `U�\ ����%� *�6�� `H& <8��X" �� .(

 (���� $-��) J.� ��%2
 '� ����%� ��] �22T
 #W��>�!����

 *.�\) Y��(f ��%2
 <�9%  N��?�� (��������<� . �P�

"� e2X,8" <C��� �2%D *��$��� . ����%� ��] K2� $��

 .���� ��).�>) L���H%6 . ?"Gomez et al., 2011 (

�� ��2� L�?2" . ���� $U�� N��?��  *��$��� N6�= `"�]

�= b�C" �2%D��$ . N6�= �2%D *��$��� ��<��. <Q2

 ���� �[�%,\� �-� <�� ��2� ���' ��$X" ��B\ �� /$&��;�

$&�� {���" �2%D e,82� ��  <=`��6 *$2OG�� *� *

�K2��$��� J�d8" �G�HG�" �2%D L��= {�Qk" �3 �� *

 N6�="� .$6� �[�%,\� L�'�,!� '� <= �6QU�� 4��2=�
 K��


L528=�!2���0 7�89" �6"� ���. K
�Q> K2d
.�� �� $��&

 N��?�� . /$& N!=�.!1"� . NR= <� �".�X" �� �� *���

 N6�=W�C1���� ��;�� *��"�) $!!=Wang et al., 
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Table 1. Farinographic characteristics of wheat flour- hydrothermaled rice bran dough 

Treatment 
Hydrothetrmal rice bran 

incorporation content (%)  

Water absorption 

(%)  

Dough 

development time 

(min) 

Stability 

(min) 

Dough softening 

degree 

(after 20 min) 

1  0 a2/000±56.2 bc00.10 ±3 5±0.250a 188±6/000bc 

2 3 a2/200±57.1 c0.100±2.8 4.5±0.200b 210±7/000a 

3 6 a1.800±58.7 b0.150±3.3  3.9±0.15c 196±5/000ab 

4 9 a2.600±59.2  a0.200±4 3.3±0.100d 176±4/000c 

Means followed by the same letters in each column are not significantly different at 5% probability level. 
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Table 2. Extensographic characteristics of wheat flour- hydrothermaled rice bran dough  

Means followed by the same lowercase letters for each trait in each column are not significantly different at 5% probability 

level. 

Means followed by the same uppercase letters for each trait in each row are not significantly different at 5% probability 

level. 
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Figure 3. Extensographs of wheat flour-based dough and different concentrations of hydrothermaled rice bran:  

a) without and with 3 (b), 6 (c), and 9% (d) hydrothermaled rice bran. 

 

  

Energy (cm2) Extensibility (mm) Resistance of extension (BU) 
Bran addition 

percentage (%) 

135 

Min 

90 

min 

45 

min 

135 

Min 

90 

min 

45 

Min 

135 

min 

90 

min 

45 

min 
 

37±1cA 35±3bA 29±2cB 115±2bC 123±2bB 131±2bA 223±5cA 189±4cB 139±8cC 0% 

42±1bA 44±1aA 36±1bB 128±2aB 142±6aA 151±3aA 220±4cA 203±9cB 147±5cC 3% 

43±2bA 44±1aA 36±1bB 104±3cB 111±3cB 129±3bcA 281±3bA 266±6bB 162±4bC 6% 

47± 1aA 45±1aA 47±3aA 100±3cB 104±5cB 122±4cA 331±7aA 291±5aB 197±5aC 9% 

b a 

d c 
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Abstract 
Rice bran is a valuable and economic food source for natural fortification of bakery products. Since 

the use of natural additives for food fortification causes the risk of weakening and reducing the 

rheological and technological properties of dough, therefore in this study, the effect of adding 

hydrothermled rice bran on the rheological properties of dough using farinograph and extensograph tests 

was investigated. The results of rheological evaluations revealed that an increase in the rice bran 

concentration led to a significant increase in water absorption, but dough stability decreased 

significantly. Also, decreasing the dough stability increased dough developing time. Changes in the 

softening degree of dough also showed a significant decrease by increasing the rice bran concentration 

to more than 3%. On the other hand, increasing the bran concentration in the dough was was associated 

with increasing of resistance to extension and dough energy and decreasing the dough extensibility. 

 
Keywords: Extensographic characteristics, Farinographic characteristics, Hydrothermal, Phytic acid, 

Rice bran  
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