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 א�'	�3+�א���>&)����6M�,1{�Vא�:!��وא�'!�	א�وא���Hא�'	�3+�א���>&)����6M�,1{�Vא�:!��وא�'!�	א�وא���Hא�'	�3+�א���>&)����6M�,1{�Vא�:!��وא�'!�	א�وא���Hא�'	�3+�א���>&)����6M�,1{�Vא�:!��وא�'!�	א�وא�FFFF١١١١�WE�WE�WE�WE��H(&ول�(&ول�(&ول�(&ول�

bî“Ûa@ÕîÓ† @ÕîÓ†

aìäîØÛa 

@ÕîÓ†

|àÔÛa 

ñ�à©a |Üß ‹Ø� bî¾aê pbãìØ¾a@ @

pbäîÈÛa 

IáuH IÝßH 

@Þë�ãìØÛa@�j‚IQPPE@|àÓ@ÕîÓ†H - - 100 2.5 0.7 2 80 

áÇ‡ß@�j‚QP@Ebî’@ÕîÓ† 10 - 90 2.5 0.7 2 79 

@áÇ‡ß@�j‚RP@Ebî’@ÕîÓ† 20 - 80 2.5 0.7 2 81 

áÇ‡ß@�j‚SP@Ebî’@ÕîÓ† 30 - 70 2.5 0.7 2 83 

áÇ‡ß@�j‚QP@Eaìäî×@ÕîÓ† - 10 90 2.5 0.7 2 77 

áÇ‡ß@�j‚RP@EÓ†aìäî×@Õî - 20 80 2.5 0.7 2 73 

áÇ‡ß@�j‚SP@Eaìäî×@ÕîÓ† - 30 70 2.5 0.7 2 70 

@ÁîÜ£@áÇ‡ß@�j‚QPI@EU@Ebî’@ÕîÓ†KU@Eaìäî×@ÕîÓ†H 5 5 90 2.5 0.7 2 78 

@ÁîÜ£@áÇ‡ß@�j‚RPI@EQP@Ebî’@ÕîÓ†KQP@Eaìäî×@ÕîÓ†H 10 10 80 2.5 0.7 2 74 

@ÁîÜ£@áÇ‡ß@�j‚SPI@EQU@Ebî’@ÕîÓ†KQU@EîÓ†aìäî×@ÕH 15 15 70 2.5 0.7 2 75 

�B���+א	LM�B���+א	LM�B���+א	LM�B���+א	LM�6J�6אJ�6אJ�6אJאWWWW 

�yد�!;�א����Hوא�
��وא�j(�/,�J$�!��)�����6)\�א��]��&/��M�]٧�/&���K$CI8;�،�و���د

١٠��K�!�HI8;�،�و����F١٠٠د)��E�aCM��/C(��K$CI��-�،F١٥�H!�
�KE��5د��T�6Mو���&و�W_�7א����]
� �Cl٢٠٠א%/ /&�� �	O(� �!��Hد�٢٩د%(�� K�+א#P� 5
�� z�_l� �א��_�Wوز�د/ �Clא%/ �د%(� �6��C(�Fא

C�<א��� [��-�� ��`��(� K� /&�� �PCא��� �Clא%/ �د%(� V� �و£vد W_א��� �6<£� C�<א��� &�"٦٠��H!��د
.(American Association of Cereal Chemists [AACC], 2000) 

 WWWWא�#$!�dא�'!�!���6M�+��!����8א�:!��وא�'!�	אא�#$!�dא�'!�!���6M�+��!����8א�:!��وא�'!�	אא�#$!�dא�'!�!���6M�+��!����8א�:!��وא�'!�	אא�#$!�dא�'!�!���6M�+��!����8א�:!��وא�'!�	א
�� C&HI� ]�HCL�� ��6I� �"	�Cوא�� �א���א8!� w�!وא��� �وא�C)�د �وא�&U	ن WIوvא�� a	��

.(Thiex, 2009)����� �� �� �� �
��$���6I�+א%&!U	"C'א��a	���C&HI�]�HCL���(AACC, 2000)א�������	u�5א��
�W�� �

�"C$٪�Z��Z��Z��Z�١٠٠١٠٠١٠٠١٠٠	U!&%א+$"C	U!&%א+$"C	U!&%א+$"C	U!&%א+ J� J� J� JF�F�F�F�WIوC"WIوC"WIوC"WIوC"٪�H��H��H��Hد%)�د%)�د%)�د��(%٪�H��H��H��Hن�	Uند	Uند	Uند	Uد٪�H��H��H��H�w�!��w�!��w�!��w�!��٪EEEEK� �
�WWWWא�	(��6א����!���
=COאنא�	(��6א����!���
=COאنא�	(��6א����!���
=COאنא�	(��6א����!���
=COאن����}1,}1,}1,}1, �� �� �� �
�� ,1{� ]� �!��!Hא�� �א���א8!� 
=COאنא�	(�6+�¤�� �HًPو��Reeves et al. (1994) 

(Table 2). 
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����������٦٦٦٦٦٦٦٦�&د���&د���&د���&د�–@
��?	<�א�#"!��א��	�!��@
��?	<�א�#"!��א��	�!��@
��?	<�א�#"!��א��	�!��@
��?	<�א�#"!��א��	�!�� J� J� J� JBC"א�BC"א�BC"א�BC"���������٢٠٢٢٢٠٢٢٢٠٢٢٢٠٢٢א 

�����(&ول�%���(&ول�%���(&ول�%��)'	�3+�א�	(��6א����!���
=COאن)'	�3+�א�	(��6א����!���
=COאن)'	�3+�א�	(��6א����!���
=COאن)'	�3+�א�	(��6א����!���
=COאنFFFF٢٢٢٢�WE�WE�WE�WE(&ول�% �� �� �� �

pbãìØ¾a@ @@òîàØÛaE@ @

Casein 20 

Starch 66.25 

Corn oil 4 

choline chloride 0.25 

Vitamins mix 1 

Cellulose 5 

Salt mixture 3.50 

ïÛb»üa@ @100 

�� C"��א�=COאن!��IאنCO=א���"C ��!��IאنCO=א���"C ��!��IאنCO=א���"C ��!��IWWWW 
� 5
�� �٦٦[�א�G	ل �����\(� �א�6!�1] �א�=COאن ���Sprague�Dawley)\�ذ$	%K3وز�

�$�ن �
F�١٠±��٢٠٠�)�E��	א]�א�=COאن�K�(�\(�K&�א�&%א��+�א��
!��وא�u6	<�؛�(�)���א�4'�&%Y�]

��PCא%/�א��Cl��)%&�د��(٢٥��6	�5א�
���&/���6	ع��K(و[�א�����	O(��)%د���א���א8!��א����!��،�-
 �@�XYW	��!8%�W�I�]�W�!	ز�jא�=COאن

� Xא�و� �!�!8Cא�� �א^�	�� Xא�و� �!�!8Cא�� �א^�	�� Xא�و� �!�!8Cא�� �א^�	�� Xא�و� �!�!8Cא�� �FFFFG1א^�	�� E� E� E� EF� �U&د�אن٦COP�� E��!8א���א� �א�	(�6 5
�� �K���I� ]
��6�����L"�b���	�_�$��K"�9�=�l��Fא����!��و[�א JKE 

��!3�gא����	3!��א^��gא����	3!��א^��gא����	3!��א^��gא����	א^�F��U&د�٦٠%.P�� Eא������א��8�i3�5`�م�
�� �K���I�]ن�	U&Fن�٪١٩	Uد�
���6:(�H١٪F�l��j!"��������/&�K&א<�א�������Vא�=COאن��Eز �

��!-�gא�� �א�&U	ن �6�3� B!
{� ��Mل \(� ������"� �א�=COאن �"�mא� \(� �א��.$& ]�
/C:+�א����	א^��V#ول��!�	وא�'�Kd���3#ول�א�	א�'���	�@�F
_٦٧}��٦٤��@��L�\(�#
!�د

���@٦٧}٧٨א�&U	ن�א��g-!��و��Lو��d)	א�'�#ول�א����	�@�F

#�)\�א�'	�!�#ول�،�"!�����_!�د

3�5`�م����Xא�&U	ن�l	א�����+��I�5٠}١١٦א����_
(��Lو���!-�gن�א�	U&א��\(�#
!���٣٣}١٥٥د@�

�L#ول�!�	א�'�\(�#
!���[�Hl\�א�=COאن�"���	$��ن��Kد-F١٢٠��_
(��L��qوزن�א�\(��_$�E

lY�5&א<�)���u
��C'�ض�א�CFFFFDhanabal et al., 2005�KE�KE�KE�KE� �

�����1ن��K3وز�C&HI�]אن�وCO=א��j!r�Vא�&م��Vز�	$	
q��6א�س�3�!��م�[�����"%��&�"
C'���"��"�m4א�K�y�	�(א���$�ن�	l�d���3#ول�א�	א�'���	�@�Vא�&م��Vز�	$	
qא�a	��(F٧٣�

��@�L#
!��EدCHI�F3�$�d)	3#ول�א�	א�'���	���6و@�F١٦٠��@��L#
!� KEد
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�!;�א�:!��وא�'!�	א��
�5و�78�9א�'6&�وא�'
�5وא�2�34+�א��1د/��$0�&/א��.-,א+א��.-,א+א��.-,א+א��.-,א+&"���!;�א�:!��وא�'!�	א��
�5و�78�9א�'6&�وא�'
�5وא�2�34+�א��1د/��$0�&/�א�=!&/��
>��6א�&�&"���!;�א�:!��وא�'!�	א��
�5و�78�9א�'6&�وא�'
�5وא�2�34+�א��1د/��$0�&/�א�=!&/��
>��6א�&�&"���!;�א�:!��وא�'!�	א��
�5و�78�9א�'6&�وא�'
�5وא�2�34+�א��1د/��$0�&/�א�=!&/��
>��6א�&�&"����א�=!&/��
>��6א�&� �� �� �� �

�F�����-�F�����-�F�����-�F�����
�5א��u	�א������
�5א��u	�א������
�5א��u	�א������
�5א��u	�א�����COP��E�E�E�Eאن�COPאن�COPאن�COPאنZZZZ����٦٦٦٦نننن�FFFF@�	��+��@�	��+��@�	��+��@�	��+��١٠١٠١٠١٠א^�	���א���XY��!3�gא^�	���א���XY��!3�gא^�	���א���XY��!3�gא^�	���א�COP�XY��!3�gאنCOPאنCOPאنCOPאن-�WWWW� �� �� �� �
� 
3�5`�م��iא٢٢٢٢WWWW��8א^�	���א^�	���א^�	���א^�	����+��I�C'�وא�� ������"� U&��"��i	ن���	���COPאن�)��"�

��6J�5א
�F�����;!� K$�_�	���$	3#ول�����Ed٪١٠٠د
� �"����COPאن��٣٣٣٣WWWWא^�	���א^�	���א^�	���א^�	�� 
3�5`�م��iאU&��"��i��8	ن�)��"���+��I�C'�وא�� ����	��

��6M�5
�٩٠٪�¤"���&(�����;!���Kد�!;�s!�٪�١٠د �

3�5`�م��iא����8	���
COP��6M�5אن�)��"��"�������وא��'٤٤٤٤WWWW��Cא^�	���א^�	���א^�	���א^�	�����+��I٨٠٪�

�����;!���"¤د�&(�٢٠٪�!s�;!���Kد �

3�5`�م��iא٥٥٥٥WWWW�8א^�	���א^�	���א^�	���א^�	�����+��I�C'�وא������אن�)��"��"��COP��6M�5
���	����٧٠٪�
�¤"���&(�����;!���د�!;�s!�٪٣٠د �
� ��٦٦٦٦WWWWא^�	���א^�	���א^�	���א^�	�� C'�وא�� ������"� 
3�5`�م��iאU&��"��i��8	ن���	��COPאن�)��"���+��I

��6M�5
�٩٠٪�¤"���&(�����;!���Kد�!;�$!�	א٪�١٠د �
� ��٧٧٧٧WWWWא^�	���א^�	���א^�	���א^�	�� C'�وא�� ������"� 
3�5`�م��iאU&��"��i��8	ن���	��COPאن�)��"���+��I

�6M�5
��٨٠٪�¤"���&(�����;!���Kد�!;�$!�	א٪�٢٠د �
� ��٨٨٨٨WWWWא^�	���א^�	���א^�	���א^�	�� C'�وא�� ������"� 
3�5`�م��iאU&��"��i��8	ن���	��COPאن�)��"���+��I

��6M�5
�٧٠٪�¤"���&(�����;!���Kد�!;�$!�	א٪�٣٠د �
� ��٩٩٩٩WWWWא^�	���א^�	���א^�	���א^�	�� C'�وא�� ������"� 
3�5`�م��iאU&��"��i��8	ن���	��COPאن�)��"���+��I

��6M�5
�٩٠٪���;!�
!�y)\��د}���&(��F٥٪��!s��Hא٪٥	�!$�KE� �

3�5`�م��iאU&��"��i��8	ن���	��COPאن�)��"��"�������وא��'١٠١٠١٠١٠WWWW��Cא^�	���א^�	���א^�	���א^�	�����+��I

��6M�5
�٨٠٪�\(�y!
}���&(�����;!���KE$!�	א٪s��H١٠!��٪�F١٠د �

3�5`�م��iאU&��"��i��8	ن���	���١١١١١١١١WWWWא^�	���א^�	���א^�	���א^�	�����+��I�C'�وא������אن�)��"��"��COP

M�5
���6F٧٠٪����;!�
!��Eyد}���&(\(�F�١٥٪��!s��Hא٪١٥	�!$�KE� �� �� �� �

!�B�!��+�א�&م�}
!�B�!��+�א�&م�}
!�B�!��+�א�&م�}
!�B�!��+�א�&م�{WWWW 

�א�&م�� +��!�� jr�]� �و �א��"� B6�� B!
�א� ��	אل �א�=COאن �[�m!�م �"C_א��� /#P� ��K3�V
� �א�'6& �و78�9 ��H!�س ��K(وא��>&א� �א��,م B�PوFAST� E� ،FALT� E� ،ALP)� E؛�� W(	!6א��� و

� 5
�א�' �W�!Iא�!	Fو$���kو78�9C'وא�� �%� E� /&�$0�� �א��1د/ � FSODوא�2�34+ ،CAT �،
GPx�KEس�C'�6_��א�'6&�وא��و�3���J��CK^א��C:א���[אC)א�]وK� �

�Cو�78�9א�'6&&HI&6'و�78�9א��C&HI&6'و�78�9א��C&HI&6'و�78�9א��C&HIWWWW 
���	
H=�+�א��	א�=��C/�و�2�3YFALP�E¤���HًP+�א�'�B�:I�&6א�3&HI�] Lavie et al. 
�!�س�����(2018)�]�،FAST�E�HCL���HًPوYagi et al. (1985) �{�C&HI�]وFALT�E��HCL���HًPو

Williamson (1985)�{���HCL"�W(	6س�א���!��Bergmeyer and Bernt (1974)Kو[� �
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��?	<�א�#"!��א��	�!��@
��?	<�א�#"!��א��	�!��@
��?	<�א�#"!��א��	�!��@
��?	<�א�#"!��א��	�!�� J� J� J� JBC"א�BC"א�BC"א�BC"���������٢٠٢٢٢٠٢٢٢٠٢٢٢٠٢٢א 

5
�Cو�78�9א�'&HI5
�Cو�78�9א�'&HI5
�Cو�78�9א�'&HI5
�Cو�78�9א�'&HIWWWW 
���HCL���HًPو���Cא�!	%&HI�]Wuepper et al. (2003)�{���HًPو�W�!I�C'א��C&HI�]
��HCL�Shlipak et al. (2013)K� �

IIIIم	�Cא�6	��I!	م�وא��	د&Hم	�Cא�6	��I!	م�وא��	د&Hم	�Cא�6	��I!	م�وא��	د&Hم	�Cא�6	��I!	م�وא��	د&H�W�W�W�W 

��HCL���HًPم�א�&م�و,��Vم�	�C����B$�Cm)\�א�6	��I!	م�وא��	د&HI�]�.Lee et al. 
(1964)� �

�2�3Y�C+�)�1دא+�א�$�&/&HI/&�$�2�3+�)�1دא+�א�Y�C&HI/&�$�2�3+�)�1دא+�א�Y�C&HI/&�$�2�3+�)�1دא+�א�Y�C&HIWWWW 
���HًPو� /C&HI�]�&�
	�I-!	ن�",و$�!&��وq3:�ط�א� �2�3Y�B�:I+�)�1دא+�א�$�&/
��HCL�Wendel (1980)3�C&HI�]و�،�HCL���HًPو��!
I�'ط�א��:�Hadwan and kadhum 
3�C:�ط(2018)&HI�]و����HCL���HPو��!I	!����Rigo et al. (1975)	�C"א$�!&�د �
�WEWEWEWEא�=��uא^30���CK�_�א�=��uא^30���CK�_�א�=��uא^30���CK�_�א�=��uא^30���CK���������FFFF�_چא���	�	א���	�	א���	�	א���	�	 �� �� �� �
��V�F�6-و� ،� �!6C_+�א����	א^��j!r�\(س��C'�6א�'6&�وא�� �_�3��\(�+��!��F�r
�W��(%	P١٠٪��+�=�	P�V��/&����1١٠�V�&!)�B':"�F
�i+�و��ل٪���٧٠	u$��K�،�F!6gא���&�"

XY�F�L���-�j�:א��V�/%	ل�،�א���	3�g�)!'Cون�و)�6	Cs٥��iא��k§��8[� =!�7א��!��+��Vא4
�¤���HًPو�\	ز�
�Wوא!�$	I��!K"Bancroft and Gamble (2008)CK^א�F{��K�uPو�،�K� �

⁄a@ÝîÜznÛaïöb—yZ 

�!
{�]� t(אC"� �"���>&אم t8א����� BIBM SPSS� �٠}�٢٠אm4&א% K(Armonk, NY: 
IBM Corp)�K�%�!א���wאC¨���K[�و�7mא�����t8א�'�!��"���>&אم�)�	��yא �

� �!����lא� a	��(� &��� �K!
�� B�uא��� t8א����� �	��(� 5
�� �'Gא� ]٥٪� K� %�6�MאF 
(ANOVA)�6�Mوא� ،�W��	�@�\(� Cg$��W"� �3%�H�
�� ��>&م�� %Post Hoc test (LSD)�

���3%�H�FKirkpatrick, 2015KEKEKEKEאزوאج�א^�	��+� �� �� �� �
ò“Óbä¾aë@wöbnäÛaZ 
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=��)\�د�!;�א�:!���
=��)\�د�!;�א�:!���
=��)\�د�

!��3%�H(���KL{��6א�'	3#ولMא�و	3#ولوא�'!�	��3%{��6א�'�H(���KL!
Mא�و	3#ولوא�'!�	��3%{��6א�'�H(���KL!
Mא�و	3#ولوא�'!�	��3%{��6א�'�H(���KL!
Mא�و	وא�'!�� �� �� �� �

µmë‹i æìç† ÒbîÛc †bßŠ paŠ‡îçìi‹× òiì�Š ôìn«@òäîÈÛa@@ @

pbäîÈÛa I@áuOQPPÒb§a@æŒìÛa@‘b�c@óÜÇ@áu@H 

Þë�ãìØÛa@�j‚ 9.93f ± 0.06 1.28g ± 0.03 0.54i ± 0.04 0.96e ± 0.03 87.29a ± 0.09 4.45b ± 0.04 

�j‚@áÇ‡ß@QP@Ebî’ 10.38e ± 0.02 3.30d ± 0.03 2.93d ± 0.03 1.06e ± 0.03 82.33e ± 0.09 2.63g ± 0.03 

@áÇ‡ß@�j‚RP@Ebî’ 10.86d ± 0.02 5.86b ± 0.02 3.68b ± 0.02 1.64b ± 0.03 77.96g ± 0.05 2.48h ± 0.03 

@áÇ‡ß@�j‚SP@Ebî’ 11.97b ± 0.02 7.89a ± 0.01 7.48a ± 0.03 1.77a ± 0.02 70.89h ± 0.01 2.47h ± 0.03 

@áÇ‡ß@�j‚QP@Eaìäî× 10.20e ± 0.02 1.56fg ± 0.66 1.25h ± 0.05 0.97f ± 0.08 86.02b ± 1.12 3.52f ± 0.02 

@áÇ‡ß@�j‚RP@Eaìäî× 11.58c ± 0.03 2.48e ± 0.03 1.77f ± 0.03 1.18d ± 0.03 82.99d ± 0.06 5.63a ± 0.03 

@áÇ‡ß@�j‚SP@Eaìäî× 11.63c ± 0.03 3.03d ± 0.03 2.10e ± 0.02 1.33c ± 0.03 81.91e ± 0.07 4.42b ± 0.02 

@ÁîÜ£@áÇ‡ß@�j‚

IUEbî’KUE@aìäî×H 
11.47c ± 0.43 1.74f ± 0.03 1.31g ± 0.02 0.98f ± 0.02 84.50c ± 0.04 3.59e ± 0.01 

@ÁîÜ£@áÇ‡ß@�j‚

IQPEbî’KQPEaìäî×H 
12.14b ± 0.04 3.16d ± 0.02 2.15e ± 0.03 1.36c ± 0.03 81.19f ± 0.03 3.86c ± 0.02 

@ÁîÜ£@áÇ‡ß@�j‚

IQUEbî’KQUEaìäî×H 
12.52a ± 0.02 4.74c ± 0.03 3.10c ± 0.02 1.61b ± 0.03 78.03g ± 0.07 3.79d ± 0.02 

F 122.38* 29.56* 14.72 * 21.57* 645.778* 50.21* 

P <0.001* <0.001* <0.001* <0.001* <0.001* <0.001* 

LSD 5% 0.235 0.360 0.047 0.061 0.551 0.042 

�����SDK±[�א���6,��\�א�6!��3+�"���>&אم� �
F: F�%�6�M��ANOVA�%�6�Mאم�א&<���"�W��	�@�B$�B���]�،�Post Hoc 

(LSD)E� �
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�Eא�>� �
���!�p: p+�א�&%و����	א^��W"��3%�H�
����WG�&����!8��lY�����FP ≤ 0.05Eذא+�د �
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�2�3Y�5+�אFFFF٤٤٤٤�WE�WE�WE�WE(&ول�(&ول�(&ول�(&ول�����KL!
Mא�و	א�:!��و�א�'!��;!�
=��)\�د�ª�+�	��R��
�2�3Y�5+�אI.-,�א��6Jא�&�����KL!
Mא�و	א�:!��و�א�'!��;!�
=��)\�د�ª�+�	��R��
�2�3Y�5+�אI.-,�א��6Jא�&�����KL!
Mא�و	א�:!��و�א�'!��;!�
=��)\�د�ª�+�	��R��
�2�3Y�5+�אI.-,�א��6Jא�&�����KL!
Mא�و	א�:!��و�א�'!��;!�
=��)\�د�ª�+�	��R���'I�&6'��&6'��&6'��&6.-,�א��6Jא�&�
C'���"��"א�������وא��!6	�V�W(א�=COאن�א�6&���א���"��"���'Cوא��!6	�V�W(א�=COאن�א�6&���א���"��"���'Cوא��!6	�V�W(א�=COאن�א�6&���א���"��"���'Cوא��!6	�V�W(א�=COאن�א�6& �� �� �� �

pa�ßŠbjÛa@@ @

pbÇìà�a@ @

AST@ @

IU/lH@ @

ALT@ @

(U/l) 

ALP@ @

(U/l) 

µßìîjÛþa@ @

g/dl)H@ @

@kÛb�Ûa@Þë�ãìØÛaI@MH@ @58.0g ± 2.0 23.67h ± 1.53 85.67i ± 1.15 3.93a ± 0.15 

@kuì¾a@Þë�ãìØÛaHKI@ @102.3a ± 2.52 55.33a ± 1.53 127.3a ± 2.31 2.30e ± 0.20 

@æìç‡Ûa@òîÛbÇ@òjuëK@áÇ‡ß@�j‚QP@Ebî’@ @72.67e ± 2.52 32.33de ± 2.08 97.0f ± 2.65 2.80cd ± 0.26 

@æìç‡Ûa@òîÛbÇ@òjuëK@áÇ‡ß@�j‚RP@Ebî’@ @71.33e ± 1.53 31.33ef ± 2.08 95.67f ± 0.58 3.10b ± 0.20 

@æìç‡Ûa@òîÛbÇ@òjuëK@áÇ‡ß@�j‚SP@Ebî’@ @66.0f ± 3.61 30.0efg ± 2.0 94.0fg ± 2.65 3.03bc ± 0.02 

@æìç‡Ûa@òîÛbÇ@òjuëK@áÇ‡ß@�j‚QP@Eaìäî×@ @82.0c ± 2.0 45.33b ± 3.21 108.0c ± 1.0 3.07bc ± 0.06 

@æìç‡Ûa@òîÛbÇ@òjuëK@áÇ‡ß@�j‚RP@Eaìäî×@ @77.33d ± 2.52 40.0c ± 2.0 104.0d ± 2.65 3.12b ± 0.07 

@æìç‡Ûa@òîÛbÇ@òjuëK@áÇ‡ß@�j‚SP@Eaìäî×@ @69.33ef ± 3.06 35.67d ± 3.06 100.3e ± 2.52 3.21b ± 0.10 

@æìç‡Ûa@òîÛbÇ@òjuëK@ÁîÜ£@áÇ‡ß@�j‚

IUEbî’KUEaìäî×H@ @
60.33g ± 2.52 29.33efg ± 2.08 91.67gh ±1.53 3.27b ± 0.21 

@æìç‡Ûa@òîÛbÇ@òjuëK@ÁîÜ£@áÇ‡ß@�j‚

IQPEbî’KQPEaìäî×H@ @
57.33g ± 2.08 28.0fg ± 2.0 88.67ih ± 1.53 3.70a ± 0.17 

@æìç‡Ûa@òîÛbÇ@òjuëK@ÁîÜ£@áÇ‡ß@�j‚

IQUEbî’KQUEaìäî×H@ @
53.0h ± 2.65 26.67hg ± 1.53 87.33i ± 2.08 3.81a ± 0.20  

F 117.365* 62.956* 118.366* 23.032*@ @

P <0.001* <0.001* <0.001* <0.001* 

LSD 5%@ @4.1753 3.7994 3.3232 0.284 

��SDK±!��3+�"���>&אم����[�א���6,��\�א�6 �
F: F� %�6�M��ANOVA� %�6�Mא� �"���>&אم W��	�@� B$� B��� ]� ،�Post Hoc 

(LSD)E� �
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pa�ßŠbjÛa@ @

pbÇìà�a@ @

bíŠìîÛa@ @

Img/dlH@ @

µäîmbí‹ØÛa@ @

mg/dl)H 

âìí†ì—Ûa@ @

(mmol/L) 

âìî�bmìjÛa@ @

Mmol/L)H@ @

@kÛb�Ûa@Þë�ãìØÛaI@MH@ @24.67f ± 2.52 0.77bc ± 0.11 132.3h ± 1.53 3.33f ± 0.21 

@kuì¾a@Þë�ãìØÛaHKI@ @56.0a ± 1.0 1.03a ± 0.15 167.0a ± 2.0 5.23a ± 0.21 

@æìç‡Ûa@òîÛbÇ@òjuëK@áÇ‡ß@�j‚QP@Ebî’@ @37.0cd ± 1.0 0.83bc ± 0.04 145.0bc ± 2.0 4.87ab ± 0.32 

@æìç‡Ûa@òîÛbÇ@òjuëK@áÇ‡ß@�j‚RP@Ebî’@ @35.67d ± 0.58 0.79bc ± 0.01 143.0cd ± 1.0 4.13de ± 0.15 

@æìç‡Ûa@òîÛbÇ@òjuëK@áÇ‡ß@�j‚SP@Ebî’@ @31.0e ± 1.0 0.78bc ± 0.02 138.3ef ± 2.08 4.07de ± 0.21 

@æìç‡Ûa@òîÛbÇ@òjuëK@áÇ‡ß@�j‚QP@Eaìäî×@ @41.67b ± 1.53 0.87b ± 0.02 148.0b ± 2.65 5.10a ± 0.10 

@æìç‡Ûa@òîÛbÇ@òjuëK@áÇ‡ß@�j‚RP@Eaìäî×@ @39.33bc ± 2.52 0.86bc ± 0.01 140.0de ± 3.0 4.67b ± 0.21 

@æìç‡Ûa@òîÛbÇ@òjuëK@áÇ‡ß@�j‚SP@Eaìäî×@ @34.67d ± 1.53 0.83bc ± 0.02 135.0fgh ± 1.0 4.57bc ± 0.35 

@æìç‡Ûa@òîÛbÇ@òjuëK@ÁîÜ£@áÇ‡ß@�j‚

IUEbî’KUEaìäî×H@ @
31.33e ± 1.53 0.82bc ± 0.03 137.0efg ± 1.0 4.23cd ± 0.25 

òîÛbÇ@òjuë@æìç‡Ûa@K@ÁîÜ£@áÇ‡ß@�j‚

IQPEbî’KQPEaìäî×H@ @
29.33e ± 1.53 0.80bc ± 0.01 134.7fgh ± 2.31 4.07de ± 0.31 

@æìç‡Ûa@òîÛbÇ@òjuëK@ÁîÜ£@áÇ‡ß@�j‚

IQUEbî’KQUEaìäî×H@ @
26.33f ± 2.31 0.77c ± 0.02 134.3gh ± 4.04 3.73ef ± 0.21 

F 80.907* 4.824* 57.465* 17.663* 

P <0.001* 0.001* <0.001* <0.001* 

LSD 5%@ @2.827 0.101 3.798 0.406 

�����SDK±[�א���6,��\�א�6!��3+�"���>&אم� �
F: F�%�6�M��ANOVA�%�6�Mאم�א&<���"�W��	�@�B$�B���]�،�Post Hoc 
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pa�ßŠbjÛa@@ @

pbÇìà�a@ @

SOD 

(U/L)@ @

CAT@ @

(U/L) 

GPX@ @

(mU/mL) 

@kÛb�Ûa@Þë�ãìØÛaI@MH@ @27.13a ± 1.56 129.5a ± 0.45 13.50a ± 0.70 

@kuì¾a@Þë�ãìØÛaHKI@ @7.67h ± 0.49 43.33h ± 1.53 3.03g ± 0.15 

@æìç‡Ûa@òîÛbÇ@òjuëK@áÇ‡ß@�j‚QP@Ebî’@ @11.67g ± 0.81 86.67g ± 2.52 5.23f ± 0.32 

@æìç‡Ûa@òîÛbÇ@òjuëK@áÇ‡ß@�j‚RP@Ebî’@ @14.07f ± 0.21 95.0f ± 2.0 6.53de ± 0.21 

@æìç‡Ûa@òîÛbÇ@òjuëK@áÇ‡ß@�j‚SP@Ebî’@ @17.40e ± 0.95 99.0de ± 1.0 7.80c ± 2.02 

@æìç‡Ûa@òîÛbÇ@òjuëK@áÇ‡ß@�j‚QP@Eaìäî×@ @12.0g ± 0.62 88.0g ± 2.65 5.47ef ± 0.15 

@æìç‡Ûa@òîÛbÇ@òjuëK@áÇ‡ß@�j‚RP@Eaìäî×@ @14.20f ± 0.75 97.0ef ± 5.29 6.10ef ± 0.10 

@æìç‡Ûa@òîÛbÇ@òjuëK@áÇ‡ß@�j‚SP@Eaìäî×@ @18.0de ± 1.08 101.4d ± 1.64 7.43cd ± 0.40 

uë@æìç‡Ûa@òîÛbÇ@òjK@ÁîÜ£@áÇ‡ß@�j‚

IUEbî’KUEaìäî×H@ @
19.27cd ± 0.45 101.8d ± 1.26 7.83c ± 0.55 

@æìç‡Ûa@òîÛbÇ@òjuëK@ÁîÜ£@áÇ‡ß@�j‚

IQPEbî’KQPEaìäî×H@ @
20.10c ± 1.21 113.17c ± 2.25 11.47b ± 0.64 

@æìç‡Ûa@òîÛbÇ@òjuëK@ÁîÜ£@áÇ‡ß@�j‚

IQUEbî’KQUEaìäî×H@ @
24.23b ± 0.42 

120.33b ± 

1.53 
13.0a ± 0.10 

F 130.948* 271.228* 65.220* 

P <0.001* <0.001* <0.001* 

LSD 5%@ @1.467 3.973 1.216 
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on liver, kidney functions and antioxidant enzymeson liver, kidney functions and antioxidant enzymeson liver, kidney functions and antioxidant enzymeson liver, kidney functions and antioxidant enzymes in obese diabetic rats in obese diabetic rats in obese diabetic rats in obese diabetic rats    
 

Tesby M. R. Lotfy*, Asteer V. Abd Elnoor*, Asmaa Kh. Shafiq* 
 
Abstract  

supplemented with chia, quinoa flour and their mixtures on liver and 
kidney functions of obese diabetic rats. Sixty-six male albino rats were used 
in this study, these rats divided into two main groups, first group (n=6 rats) 
fed on basal diet as a (control negative). The second group (n=60 rats) was 
fed on high fat diet for duration of six weeks to activate obesity in rats, and 
then the rats were injected with alloxan (120mg/kg body weight) to induce 
diabetes. Then rats of second group divided into 10 sub-groups. Six weeks 
later, blood samples were collected from each rat to estimate liver function, 
kidney function and antioxidant enzymes. The results of the chemical 
analysis indicated that chia contained a higher level of fat, ash, protein and 
fiber compared to quinoa. Also, bread supplemented with 30% mixture had 
the best results for the chemicale analysis. The results of biochemical 
analyzes indicate an improvement in the level of liver, kidney functions, 
albumin, and antioxidant enzymes in all groups that were fed on bread 
containing chia, quinoa and their mixture together, and the best group was 
that fed on bread supplemented with (15% chia+15% quinoa) mixture 
compared to the control group (positive control). Histological study of liver 
and pancreas tissues supported the results. The study confirms that the use 
of bread supplemented with chia, quinoa and their mixtures play a role in 
reducing and controlling the obesity and diabetes. 

Key words: Chia; Quinoa; Liver and Kidney function; Antioxidant 
enzymes; Obese diabetic rats. 
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