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 �I���$ ��K #� B�
� �
 �E +
� ��F�� 	��;9 ���* +$�
 �� �� 	7�$ � <>�	* �E �IE	* �9�� �
 ����  ����� ���E �9�� :;7 2+
�8� ���� ���E �
 ����
�I
 � ��. �� +$��)Rice et al., 1989(
 �7�  �
 . ���1C* 	
��
 �� <4�K A��1� � U.) +
�8� <2+��� 2( ����� "�� �����
 ��� �
 ��. ���� �.�� ���#�D� �E ����
 ��1D�
 +
�8� X�
 d�LI� �
 +
�8� �1�E ���� ��I��
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� .��� ���E 	/7�  <
�? #�"�* �
 �� �9�� :;7 +P���  	�m����� �������� <�UD  O7�* �
����� #��
Q�*�$ �� ����j�>E�����V�U!�* ��
 :;7 2+
�8� l6K ���"$� �
 � ��. ����j�>E����� � :� ��� ���E �� �9��	* ���)Akdeniz et al., 2006( ��F�� ��IM�� . Vm <�UD  � 	R�Z �������� �
 ��"
 &��6K 	�E ���J  2	 ���K ����
 \E �I���* ��D$ ��7�	* d�� �
 &��6K ��� �� �9�� 	�E ����* �E ���� 	* �1$�)Mellema, 2003( .  
� <
�? � �1D�
 ��%�  2�����
 ��� �� ���
 ��� ��� �!�"�� #��
 ��E�vKb*<U.) +.�� �9�� :;7 ���E �� �� 5 +*�=R ���"$� .( �
 ��%�  	>4� <�Q� �� <=>=  ���E � +
�8� ���� ���E 2�1
�� �����
 ��Q �� ��j�>E����� ��� �� ���61
� d�LI� �
 �9�� :;7.�I1P�     4�>5- ),�� ��  5	� &'( �0���� 
��.�*�"�.� 	 
����� ��� �� ����  �!�	"# �$	%�� �� ���7/�� @�AB� -"�  #�D� ��"
 ���K	IJ* &��6  ��I������� ��
 �������� � ���. ���#�D� 5T�E ���K � ���
 ��� ��� �!�"�� ���K ��� &��6  ��I�� 	IJ*) +
� �����
 ��� &��' ������ ��
 ���05/0<p.(     5	� 6�7�   	>=>=1* �����1��
 #��E X�
 �I���$ d�LI� �
 �E 	��F�� �� <�UD 	* �9�� �E ��.	*#� �� ����  ������ ���"$� �
 2�IE '�6� ��  �9�� 2&��6K ���	*�
 ����  �9�� :;7 #�"�* � ��. ���� 	1K��  ����
�I
 .�
�� ���E :;7 ���� ������ �
 ��bZ �E +
� ����R������ "�� 	��;9 ���* +$�
 �
 �9�� '�6� #�"�* 2�9����. ����.   U. YN8 <6 ��� �
 ���
 ��� ��� �!�"�� #��"$� +!�K �� \� 2+��� �� �9�� '�6� #�"�* ���1�E 2�
����� �
 \� � �����
 ���  "�� �����
 ��� �
 ��. ���� �.���
 �E �. ����D*	* �v��� �
� � �.�� +>Z �
 "�� �����
+���IU� 	�� � �1D�
 +
�8� l6K 2�  ���"$� �
 � +
� ���E 5�E �9�� '�6� ���E �
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 ���
 ��� ��� �!�"�� �
 ��. ���� �� :� ����/L� +�$�c .�*� +
� ���  +$�
 <��� �� +
�8� l6K 2��j�>E����� ���U.) <1 #�"�* ���E � ( U.) <=>=  <4 (	* 	
��
 �� .�.�
 �%�* �9�� '�6� ���E �� ���� +��� �� �9�� '�6� #�"�* ��� ��� �!�"�� �� ���61
� d�LI� �
 )�* ��� .����� ����D* 	/7�  <
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#��"$� �
 �9�� '�6� #�"�* B�
� ��� �
  ��� �
 ���
 ��� ��� �!�"�� �
 �����
	IJ* &��4U.) ��
 �1�E ���� <6 ��� ���K 2h?�� �� .( ���E � +
�8� ���� �� �����>7 �
 �����
 ��Q �� ��j�>E�������� ���E 	/7�  <
�? #�"�* �
 �� �9�� '�6� #�"�* 2d�7 V��1��.  
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����� ��� �� ����  �!�	"# �$	%�� �� ���7/�� @�AB� -"� 
��  #�D� ��"
 ���K	IJ* &��6  ��I������� ��
 �������� � ���. ���#�D� 5T�E ���K � ���
 ��� ��� �!�"�� ���K ��� &��6  ��I�� 	IJ* ��� &��' ������ ��
 ���) +
� �����
05/0<p.(     8��  +������  ��1D�
 	��I.�� 2"�� &��' ������ �
 ��. ���� �.�� +$�� ���E 	��I.�� #�"�* �����
 ��� &��' ������ ���"$� �
 � �I1.�� V��7)1 .( <4�$ �K �� ��� +PU. �
 �� 	��I.�� &�. �� &��6  +>Z ��� �IE��� 2&��' ������ ���"$� �
 �E ��� +NP� �����
 ��� &��'���  @�� � ���� X� �1D�
 .�. ����� �      I	�(1- ),�� 8�������� �* ��> ���� -"� 
�� ��� J�/2� 
���*�"�.� 	 
����� ��� �� ����  �!�	"# �$	%�� �� ���7/�� @�AB� �* 	 
����� 
b* value a* value L* value 

 =�	%3� 49���K���	����  ��� L��6 ������
����� ���.� M��  33/45±0/41Aa 16/13 ±0/33Bb 46/11 ±0/55Ba - "�� ���> 30/94 ±0/43Bb 19/38 ±1/04Aa 37/87 ±1/83Cb - 0
�1* 27/46 ±1/72Bc 13/69 ±0/15Cc 35/97 ±2/02Bb - +.�� 35/22 ±0/84Aa 17/98 ±0/19Aa 48/92 ±1/23Aa �����
 ��� "��  �$	%�� 
	�N����  �!�	"# 33/59 ±1/39Aa 15/59 ±0/70Bc 48/38 ±0/39Aa �
����� 33/67 ±0/12Ab 14/45 ±0/70Bb 47/49 ±0/35Aa �����
 ��� 0
�1* 29/43 ±0/94Bb 20/51 ±0/87Aa 42/45 ±1/01Bb �
����� 30/05 ±0/04Ac 15/19 ±0/31Bb 41/16 ±0/13Ab �����
 ��� +.�� 28/01 ±3/52ABb 18/54 ±1/67Ab 40/66 ±4/00Ab �
����� #�D� ��"
 ���K	IJ* �b1�� ��I������� ��
 �������� � ���. ��� �!�"�� ���K ���#�D� 5T�E ���K � ���
 ��� ��� �b1�� ��I�� 	IJ*) +
� �����
 ��� &��' ������ ��
 ���05/0 <p.(    
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 ��j�>E����� �%� 	
��
 ���� ���K ��� �!�" +��� � ���� #�"�* ���1D�
 ���
 ��� ���j�>E����� �?�$ ��� �� �
 .�I1.�� �� ���� #�"�* ���1�E �v�	* �
 ��j�>E����� ��� �
� �IE�� �� +E�.�
�"�>*���E �I��* 	��� ���"$� ON
 ��b��* � #� +
� ��. ����     O/3�* 4�3	"# %�$���  +��� �� 	16
 #�"�* ���1D�
 2A��1� B�
��
�.�� )�* ���  ���� �����
 ��� &��' ������ ���"$� �
 � �. ����D* "�� �����
 ��� �
 ��. V��7) +$�� ���E +�4�G� ���2 .(Maskat  �Kerr )2004 �
 ( +��� 	���1U!� ��U
��U�* 	
��
������ �
 ��. ��!�  ������  [>1=* &��' ������ �
 �����
 ��� �� ���61
� d�LI� �
 �E ����� #�D� �����
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 ��Q ��
 �� �.�� ��/  0
�1* &��' ������ �
 �E 	��� <
�? �����
 ��� &��' 2���. ���61
� +.�� &��' ������ �
 �����
 ��� �� �E 	��*� � ��
 �  ����D*�1
��� �UN. 2�. ���
 � �D� ����D*�. <�UD  	�����1��
 #� ��7  �E 	* <G1* �L��U� �
 �� �����
 ��� +.�� &��'#� .��E�� &��6  ��� ��  �����
 ��� &��' O�E�  #�"�* �
 �
 h?�� �� .����� +NP� �
����� � �.�� d�LI� ��� 2#��E X�
 ,-
 � �����
 � �
����� �
 +��� 	�� ��$ �
����� �� � ���E :;7 ��1D�
 :� 2"�� &��' ������ �
 �����
	*�
 +���IU� 	D.�� �  ��� ��� �� 	/
�D* �I���$ .���� ��7� �����
	* ��6 � +.�� � "�� ���� �1$� ��$ �
����� �� �E 	 ��' #�"�* �* 	*+
� �1�E ���� .	* "�� �����
 ��� �UI�� �
 �7�  �
��� �� ����  �
�� �1
��� ��Q � ���
 ��$ �
 &��' ������ ���E �
 ����
�I
 2��� <�UD  �� �� +��� 	16
 #�"�*��IM�� .�. ����� ���"$� ��Mohamed  �  #���U�� )1998�E ����D* ( 	16
 #�"�* 2�
�� ���E �9�� ���1C* �T�� �E ���+$�� ����� ���"$� ��. X�
 &Q�GC* +$�
. 4�K A��1� �
 	��L� �
 < 	* 	
�T ���1C* ������� �� 	
�T ���1C* �E +$���� #�� �.�� ��� 	IJ* &��4 �
 "�� �����
 ��� �
 ��. ��������� ���
 �� �1�E ���� +
��  ��� �E	* .���� 	16
 ���"$� O7�* ����      I	�(2- O,P�	),�� O/3�* 
�������� �* ��> ���� -"� 
�� 
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���*�"�.� 	   	IJ* �b1�� ��I�� #�D� ��"
 ���K����� ��
 �������� � ���. ��� �b1�� ��I�� #�D� 5T�E ���K � ���
 ��� ��� �!�"�� ���K ��� 	IJ*) +
� �����
 ��� &��' ������ ��
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� �
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 ��� ��� �!�"�� �E 	1!�K �� 2��
 ��Q ��� a�N �� �
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� �U�* �E �. ����D* ��1D�
 +$�
 	16
 �. ���61
� �� ����
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 2�.�
 �1.�� 	L1P
 <=>=  #�"�* � +$�
 	16
 ��
 B�UJ*+��� <�!� �
 �. �$�R� �����
 ��Q �
 ��j�>E����� ��� �E 	9�* ���+6
 +$�
 2�1�E <=>= \E��1* � � .����� ����D* �� Mah   #���U�� �)2009( �8�9 �
 :� ��� ��� �!�"�� V�>C* �� �����
 )�* � �� #��E ��#� .�I1$�� �� 	/
�D* A��1� ��I�=R ���"$� �
 �� 	16
 ���"$� ��� �� +*� �I1P��� 0N �* �1
��.  +��� �� 2y�F �� +�>
�? A��1� �
 �7�  �
 ��� &��' ������ ���. ���+��� �� �*� 2+.��� y�F �� +�>
�? �
 ��%� �����
 �!�"�� ���K ���
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 ���. ������"$� 	1$�
 #��* 	L1
��� �
 2�����
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 #��* 	L1
��� �
 +
�8� ���E �
 �E ����� #�D� ( 	* ���"$���.. � �P���*� "�� 	1$�
 #��* 	L1
��� � +
�8� #�"�* A��1 A��1 �
 .��� #�D� �� 	/
�D*	* �v��1.� 2+
�8� ���E �
 �
�� ��� ��� 	I� 	* 	1$�
 #��* 	L1
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 @I �LI  a�N �� �� .���. O7�* �
����� �
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 ��� �
 \� ���
 ��� ��� �!�"�� #��"$����E +��� �
 +NP� 	1$�
 #��* 	L1
���.����� ���. ���  �
  V��7 B�
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 ��� &��' ������ ���"$� �
 2 +$�� ���E #��
 .�
	* �v� � 	
�T ���1C* �>�7 �� <*�Z ���IT �
� ��� �
 ���
 ��� ��� �!�"�� #��"$� �
 .�I1P� ��;���%�  	���� ��� �
 +
�8������
 	IJ* �b1������� ��� #��
 	H�4 	���� ��
 ����
 �� � +��� �
����� �
 ��j�>E����� ��� O�E�  �*� 2�D� ����D* ���. �������� �
 +NP� �� #��
 	H�4 #�"�* +P���  .��� ���E ���. ��� Vm <�UD  +�>
�? � V�GC* +
�8� � 	
�T ����* �>�7 �� <*�Z ���IT��� �!�"��	* ���
 ���  .�I.�
 �%�* #��
 	H�4 #�"�* �
 �I���    ��
 2��IM�� .+$�L� ���? &��' ������ ��%�  +C  #���7 +�>
�?+��� #���7 +�>
�?+��� � ���. )�* ��� ��� ��� �!�"�� ��1C* ��� �!�"�� #��"$� �*� 2�D� ����D* ���� 	IJ* &��6  �����
 ��� �� ���
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 ��� �
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 	6�E � �� �� �����
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5Introduction: Over the last few decades, development of the industrial life has remarkably increased the demand for consumption of ready-to-eat foods. Deep fat frying is a fast and conventional method for cooking and due to creating crispy surface, soft internal texture, desired color and taste has popularity among consumers. The main problem related to fried food products is the high oil absorption during deep fat frying that is harmful for human health and has negative effects on shelf life of the product. Therefore, the aim of this study was to investigate the role of breading particles size as well as the influence of addition of soy protein isolate in breading and batter layers on properties of chicken nugget.   
Material and Methods: First, breading was divided to three particle sizes. Sieves with mesh size 40 (0.42 mm) and 60 (0.25 mm) were used for separation of small breading. Also, sieves with mesh size of 18 (1 mm) and 20 (0.84 mm) as well as 10 (2 mm) and 12 (1.68 mm) were used for preparation of breading with medium and large particle size, respectively. Three percent soy protein isolate was separately added to breading with particle size of small, medium and large and used for production of chicken nugget. Also, 3% soy protein isolate was added to batter mixture and then nuggets coated with three different breading particle size without soy protein isolate. Breading pick-up, moisture content, cooking loss, porosity, oil absorption and penetration, color and textural properties of the chicken nuggets were then evaluated.   
Results and discussion: Based on the results, the coating of chicken nuggets with small breading size led to the product with the highest moisture content and lowest porosity, oil uptake, oil penetration and shear force. However, chicken nuggets coated with small breading size had the highest breading loss. After incorporation of soy protein isolate to breading, the highest hardness and lowest springiness, cohesiveness and gumminess were related to the nuggets coated with small breading size, however, chewiness was not affected by breading particle size. Breading with small particle size containing soy protein isolate caused the highest L*, a* and b* values in fried chicken nuggets. Addition of soy protein isolate to breading layer significantly caused a decrease in cooking loss, porosity, oil absorption and penetration (p < 0.05). These samples had higher moisture content than the control sample. After addition of soy protein isolate to batter layer, color of chicken nugget did not considerably change (p > 0.05). The effect of soy protein isolate on textural properties is dependent on breading particles size. Generally, the addition of this compound to batter layer decreased hardness, gumminess and chewiness; however, its effect on springiness and cohesiveness is dependent on breading particle size. The presence of soy protein isolate in batter layer increased moisture content which in turn could diminish porosity, cooking loss, oil absorption, and oil penetration (p < 0.05). Overall, the comparison between chicken nugget properties when soy protein isolate was added to breading or batter layer indicated that the presence of the protein in breading layer was more effective in retention of moisture, reducing of cooking loss, porosity, oil absorption and oil penetration. However, these samples had more hardness, gumminess and chewiness compared to those containing soy protein isolate in batter layer. Cohesiveness of chicken nugget containing soy protein isolate in breading was not significantly different with those produced with the compound in batter layer.  The production of chicken nugget with small breading size containing 3% soy protein isolate in batter layer was proposed for production of products with better nutritional and physicochemical properties.   
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