
Arc
hi

ve
 o

f S
ID

����� ��	
� � ���	�� ��
� � ���� /�	�������� /��	 ! ��� � "#$)&(/�	#� ()*+ 

��� 

�,��	�	� -	.,	/�	� -	�0	1 �	� � 2/�� "�	3 45,� � �0	� �! -	���56 7���6 

�8	9 :;< =�>?� @�A� �� �
� 

B�� :<� 7��:.<C3 (*

)���	
� �	
� :��/�/�����	�� �	
� :��/�/��(

�B�D$ 

5��	�E F	�� � �� �	��	� �0	
G �	>�� �� ��	�� ��	.0	��HE�BI� :,	�<	� �35! �JKKK � �,��	L�	� :�#6 -	.,	/�	� �� -	�0	1 76 

��BI�MNKK :;< -	.,	/�	� �� -	�0	1 76 8	9 �
� B�<�6 ��!��.-	L���56 7���6 �5� �0	� �L! 7L0� �	L� � 2/�L� "L�	3 45L,� �

-	�0	1 P�� �B>��JK%R�� F	�� 5� -	.,	/�	�:,� , :I�� ���	S6 5�T ���5� :,� , P�B! B
�:�" � B�E .U�/ ��	� 50�	I� V;� P

7�W6�59 �	/ P�	/ X	�<� P�	/ ��5$ P�<��� ����0� P� � ��B� �<��� ����0�C<��� R�� YL�� 	L#,E �	/ 45,� �	L� AOAC)JZZK(

���B,� �T5B!.��BI� 7�W6�59 �	/ P�	/ X	�<� P�	/ ��5$ P�<��� ����0��� � ��B� �<��� ����0� C<��� ��	�	� -	�0	1 [�656 :� �, P

M/J\P\/KP]/\PM/J�J/K8	9 :;< -	�0	1 �� � BG�� P[�656 :� �
�\/^KP_/JMPM/_P^/^\�]/\\��� BG��.-	�0	1 :L� �,��	�	� 

2�`,KPJNP^KP]NPaKPMNPZK�JKK BG�� :;< -	�0	1 �8	9 �
� 2�`, :� JN�]NBG�� PB,BL! b�L�?� :L0	9 �5�c 	� 2L#c P

C�� 7���6 45,� d��,� ��"�	3 �	� � 2/�� )TMEn , TME , AMEn , AME(P-	�0	1 ^K�5T ��:L0ef6 R�� :L� �BL! b�L�?� �5�c 

g<	� F�5/ :�A3 �	#$ :� �	�c� B! �B,���/ ���#h<.����CAMEn-	�0	1 �,��	�	� 656 :L� =L�>?� @�AL� �� L�P[\ZJN P^N^N P

^Z^M P^a]^ P^M\_ P^aMJ P^a_M �^MJM i���5<	ii �� �� � �5T�����CAMEn-	�0	1 
i j	9 :;<�656 :L� =L�>?� @�A� �� L�[

\aMM �\\MZ i�5<	i��i �� ���� �5T��.��5>�045,� 7�5L� �	� � 2/�� "�	3 	L1 0,��	Li	� -	��kAL� �� )l�5L� � BLG�� 

	10j	9 :;< -	� 
i�kA� �� (mc :� 2�`, BG�� �	9 �50� ::B�E 2��.

�4�� �	B��� :�	� � 2/�� "�	3 45,� P�,��	�	� -	�0	1 P:;< -	�0	18	9 �
� 

:�BI� 

����
����� ���� ! "#�� 
 $��%���  &	�'��( $�)�� ! 
� $����*� +

$���,	��
-�".���/ 0���  
� 1234 5
!6��7� 89�:;��� 1444 <�� 

+ "9+
���=�� 8��:> ?���,9�@
�= 
� ?�*	���A
!6��7�BC44 <�� 

8D; ?�,9�@
�= 
� ?�*	�AE�� ="'6:;F "�/�F)2(.

H!�� <	! 8=
F�:I 8�	�J 
� "=!
F�@ K��� L	 %! K��M)� ! 

%�  + �@F  N��. HO�9! 6	�� ���P)Metabolizable energy(

+?�Q:=� �J� �!F�H����P RST�� $� .N���. HO��9! $!U�:�

 N	V� 8� "=!
F@ �!F� K��M) !�	% 
� H���	% 
�:W�� ��:#X! %! 


!�
F@�� 
F:I 8	�J5� ! YV+! :5K��M) ! N��. HO�9! <	�)T�:� 

�F��@ 8��� !
 Z���� [��S + 6:M��  ���/FP 6��:;F ���>\ 8��'	UX

 ]�^)@!"��6X.

�."*:QI &��'� + H%
+�T= ?�7:7_ U=�� 6/
! ��'/
�=�".�/ $�,	��
-U	�Q 5

*:"`:9+�)`;! �W� 5?�Q�`� 0FaW� :e_abdi2005@yahoo.com 

www.SID.ir



Arc
hi

ve
 o

f S
ID

����� ��	
� � ���	�� ��
� � ���� /�	��������/��	 ! ��� � "#$)&(/�	#� ()*+ 

��b 

Y�:9�c :d�^� U\ 5E!
F@ �'e) ! 6'f g[=!�� ��� " F`*� 8h�!
 

+ �
!� $� K��M) ! N��. HO�9! Y��e;�c :H!��� K��M)� ! N���. HO��9!

 ��7� ��>\ [�>� + H
+��A %��:9 L�	 
F:IH�� �>9� )1C(.

<	!���'� �:#X! [:�i' 
� "=!
F�@ �!F�� HO��9! j�:.� <:�:* 

K�:\ �X� 
F:I H8"� </+
 "�F@ ���P.89�M� �)� HO��9! 8�#X 

�:#:/ H!�� 6	�� + �W:9 ��) � N��. Z�� H!�� E!
F@ L	 "	

 $!U:� <::* HO��9! "=!
F�@ K���� L�	 %��  + �@F�  N���. 

k	��%� �X�F/ l�,9! "`	OF;F:� H)1m.(


� 
FT��= �
F��� 
� "n����= + &����\ kX+o��� $F'=��� ���� 

?
F( "9+
�=�� ?�,9�@
�= ?�*	�A)��p98!6�'f ��X 5� 

 �A �
F� 
� "=69! ?�*;�h�?�*	� "9+
��=�� 
� 8�9�@
�= L�	 

?
F�( $�) ! 6'f �)��P8)m5q+C(
� +�	� �
F�� r�:$!U

 !:�X6H��:�A 8'	9+
�s�� ?�*"n��. +:! [tX �	�F�an"��>9� 

8\F\ 
� �XH)/FP "9:UK%!69! :P�H6/K!� )��.(d6X %!

+ %���  + �@F��  N����. HO���9! <:��:* 5k	����%� <��	! H!���\!

 "	�:#:/ ?�Q:=� ?�*	�A "9+
�=�� 8�D; ?�*	�A +E��� "�'=5

+ 
F:I 8	�J 
� K��M) ! �>\ [�X <:�'f N���. HO��9! <:�:* 

"9+
�=�� ?�*	�A %�  + �@F  8�D; ?�*	�A +E��� "�'= 
� 

uFh �F� $F: �P
 ?V��*� %! K��M) ! �� + vn)S� .

���� �R��	�

H!�� l�,9! <	! ��%�	5k��*� + &	�'�( $��%��  %! !6)�! $�)� ! $�

 ?��,9�@
�= �W:; ".�/ $�,	��
-� 8�:> 
� �F�\F� "9+
��=�� 

�W��:; <��	! 
� 8��= 6��	��P 8��:> $�)�� ! ���X <��	! 6��:;F ���:��w 

?�,9�@
�= �F� K6/ �
!UP U:9 .8�14?��,9�@
�= <�	! 6(
� 

�+
 ���� ! ���� + 6��	��P 8��*\!��8��9F#9 "���^�� H
!����� 

8��7QI ���	���� l���,9! H
!����� 8��9F#9 K6��/ H6��'�.98��9F# ���X H

&#\ H
+� 6�96	��P xF�nS� + y�:� � 89�P!6\ 
FI 8� K6/ .%!

89F#9 �X
� K6/ H
+� &#\ H�	�>9 "	��>9 89F#9 L	 8�� �� � 

6�� .
F�:I "`:;F���)� K�pT	��%� 
� j:7_ <	!5&�.!+ 
� 8�z
U�

 
� &�.!+ 
F�:I �
+�� "/%F�� H�)� +
 &�#),� "�  K
����
� 

	��
-� $�) ! H%
+�T= ��>\ �%F�� $��, ����P l��,9! ".��/.

<;� k	��%� �F�� { �'� 8	F> K�p) � 8� U>,� 8���9�� %! +1m

+ "	�'/+
 �z� 1m"`	
�� �z��  ��P K��M)� ! �	 + 6$!U�:� 

N��. �#	� 8n: + 8� U:9 "	�'/+
[:i' �F� .j:7_ <	! l�,9! H!��

q3 %! K���  |�� ��� 5};��� 6:M�  $
F�>p; �+��@ 8*h. 8	F�  

�XH<	V )Hy - line(5�=�/ %! �
+�� 
!��P [�S 
���� Z��� 

»L��� «6�/ K�!� 0�7)9! k	��%� H!�\! N_� 8� + 6/ H
!6	�@

+%! k	���%� "n(! 8n��� 
� m3�+��@ %! 8�*h. ��X $%+ 8�= 

��!�� + $�W`	 ��Q	�7 ��1/4±m6')/!� l�PFn:= K��M) ! 6�	��P .

h  + ?�*	�A 8	�J H!�� +� 
� k	���%� <�	! ��>9� vn)S� uF

���P l�,9! 8n���.

H!�� �+��@ H�	��� ?��z ��X 6�	6\ "�h:_� �	!��/ 8�� 

YVF#*� 1q� ! "��= %+
 )1�(.N:;� 8� ";+ <	! 8�= �+��@ ��X 

�)W� 
� H��	% ?6�%?��z H!�� 69�F� K��= "P69 ��)>� H�	���

 �� �>9��:_� K�� L	 �+6� + �)T:� $��% <	! �
�i9 6�/ 8�)��P .


� 0F�I H�	��� ?���z ?6�� +8�n��� l��,9! %! N�Q. "n��(! 

�+���@ 8��#X 5k	����%� ���X 8:��(F j����h� NRC H!����$������ 

[S 5
!�P �:\ �� K!H+�� H1C?
F�( 8�� l�@ <:a+�� 6(
� 

696/ 8	�J �!%�)�+1q.(l��# 
� U:9 y� 8= � ! �=- 8� l%V

 
�:)@! 
� �!%� ?
F( 8� k	��%� ?6��>9� ���P 
!�. .+ 0F��� 


� 8	�� K�:\ ?�Q:=�0+6\ 16/ 8�!
! K!� .

6*� %!5"X� ?��z 8n��� m38�� k	��%� �
F� �+�@ 8*h. 

B+ 696�/ [:W7 "	�
�>f K+�P H!��� <)�/!69 "�9%+ ?+��M 

"'*� 
!� <:� +�PK�X$F�%� %! �X"n
)Hartley’s test(��� ���� 

�P �9�	
!+ $�F� $�W`	K+�X6/ K��M) ! )�.(?�*	�A "9+
�=�� 


�B�QW�����9 )1C5245qC5�45BC5�4+ 51446�����(
� (+

8D; ?�*	�AE�� "'= �QW9 +� 
� )1C+qC6(
� (8�	�� K�:\ ��

 �D  + K6/ xFnS� 696/ 8	�J .N�Q. %!
!6�7� 8�	�J �+��/ 

�: �W�� ��� ";��):,	� H+%!�� ��� "��^� E!
F@41/4l��P 

+ <	%F�
+ 6�/ 8)S	
 
!� y
� "`:) �� d+�w N@!� �!F�� 

y�:� � 8�	�� K�:\ �� $6/ xFnS� %! NQ. k	��%� �
F� "=!
F@

 
� �D  + K6/�QW9 ��XH5K6�/ ��s- ����= 8�	�� E!
F�@ ��� 

K6	��P xFnS� +
�"=!
F�@ K���� + 8�	�� K��:\ �F#,� �	�>9

www.SID.ir



Arc
hi

ve
 o

f S
ID

56 7���6-	.,	/�	� -	�0	1 �	� � 2/�� "�	3 45,� � �0	� �! -	���... 

��� 

��BcJ.:0	9 �5�c -	���56 � ���5� 

"=!
F@ K��� 6(
� 

?
- C�/B1

�	F  8;�,'= 32/mm

$!FS) ! 
�F� B�/q

':��)	+ N#`�"2/4

"96*� N#`� 2/4

L#9 m/4

)�<:9F: 4q/4

8	�� K�:\ 
� �F\F� H�J� �!F� + HO�9! 

[W:;F��)� N��. HO�9!)l�PFn:= �� H�;�=Fn:=(m�43 

l�@ <:a+��(%) 1C

l�@ "��f(%) �/m

l�@ d�:;!(%) m/2

[:Wn=%)(C/1

K��M) ! N��. �MW�(%) Bm3/4

<:9 HO
�(%) 14�/1

)�<:9F:(%) 22/4

)�<:9F: +: W)a<:(%) �/4

U:;<	(%) m�C/4

�
F� k	��%�24�F� l�P .

%!m3�+�@ 8*h. 5�� 6X��/ $!F�'z 8� "	�
�>f K+�P L	

 L	 + 6969�� 8' �P k	��%� �@�K+�P !
 8�	�� K��:\ "	��
�>f 

�= ���	
� K�:\ �X + 69� U:9 8� q�+��@ %! 8*h. ��X K6�9!
F@ 

6/ .��8��X 
� 5H�	��� ?���z K
+� 0��Q9� k	���%� mq�z��  

�+�@ H!�� "p' �P �X6/ 8)��P �i9 
� .l!6�.! <�	! %! d6�X

 N��= 8:nSK�p) � �F�� "�nQ. E!
F@ %! �
!FP .8�	�J �D� 

 �+��@ ?VFt� + 6/ l�,9! H
�Q\! ��X 8�� ?6�� q3�z��  

&#\ 6	��P H
+� .��X H!��� K6�/ K�!� ]�^�)@! $��% <	!���'�

 k	��%�Bm�z�  U�:9 k	���%� +� <:�� ��!�)� ! K
+� 
� �F� 

�+�@ �X696/ 8	�J 8	�� K�:\ �� )1q(.

�� %!H
�Q\! 8	�J 5�+�@ �X�M. 8� �XK
�#�/ HH
!��P

 + 696/ N7)'� k	��%� $!
+� K6/"':  H�X �F�6�� H
+� &#\ 


% �� 8=�
+ �X��X �	% 
� 5�F� K6/ K69�/F� "�F:':�F;� H��M. 

���P 
!�. 89�P!6\ 
FI 8� .�F�6�� H
+� &�#\ %! $�':#I! H!��

 %! H�:PFn\ +"P�F;���6;�Q:�  H��>T:� �+
 %! "\
�@ �!F� 5

8W��:= %! K��M)�� ! ���X �F�6��� K6��''= H
+� &��#\ H���� ?!���::J 

6/ K��M) ! 
�= N	� + 
� H�^)S�)m4(.

989F# �XHK
�#/ ��:;�*� %! H�:PF�n\ ��>\ K6�/ H
!��P

 H�)=�� H�:#S �X?VFt� 8:nS �;F>  +%!8W:= �X"9Fn	�9 H

696/ K�!� 0�7)9! 
U	�� 8� 589F#9 �D  �X��� + |
��@ 
U	�� %! 

%! 8W:= %! 8:nS �Xd�w $%+ + K6/ N7)'� "�F:':�F;� d+�w 8� 

?VFt� �� d�w +K%!69! :P696/ H�.K���� 6�(
� <:�:* H!��

 %! !6�)�! ?VFt�� 5l�@ HO�9! + $O+�):9 5LT@ ��;�� ���#,9! 

www.SID.ir



Arc
hi

ve
 o

f S
ID

����� ��	
� � ���	�� ��
� � ���� /�	��������/��	 ! ��� � "#$)&(/�	#� ()*+ 

��� 

?6� 8� + |
�@q3�� $+� 
� �z�  H���C��4 K�!� 
!�. 

&�#\ l��p'X 8�= ?VFt�� ��FI
 � 696/ yF�I�� H
+�

 69�F�8)��P ?VFt�� LT�@ K��� 6(
� {:� <	6� �F/ 

U:98�� � 6��� )1�(�� ?VFt�� �D�  8y�:� � 8n:� +

 L	 0���� �� "X�pT	��%�"n:� �)� y�: � 8�9F#9 + 696/ ��X 

"IF. N@!� 8� ��X <	6�� 8�= N	�)� ! "`:)� �� L�fF= H


Fi'�H
!6	�@ �+��@ K
�#�/+ 696�/ 8)S	
 69�F� K6/ 

8�9F#9 <�	! %! 6/ �Qc 8IF��� "IF. H+
 ��X H!��� l��,9! 

k	��%� �X��M) ! K6	��P .

8	U, �7	�Q""=!
F�@ �!F�� ?VFt�� +�+
 j�QI ��X H

AOAC l�,9! 6/ .H!�� <::* l�@ HO�9! 5H�;�= {#� K�p) � %! 

L:���	�� H�)� �
�)Parr Adiabatic(+��>9� $O+��):9 <::* H!�� 

=+�`:� K�p) � %!,0!6n 06�� �F�m244 5K�pT�	��%� 
� &�.!+

 U	�Q K�pT9!� "�!� lFnz K+�P l!� 8	�J K��M) ! 6/ .LT@ K���

 $+� %! K��M) ! �� 89F#9)H��� 
�C�14C ?6�� 8� mq�z��  (

8� � � 6�� .K
F�= %! K��M) ! �� 89F#9 l�@ �)W=�@ "�`	�)`;! ��� 

?
!�� 8\
�C�CC4 
�?6� C6/ <::* �z�  .K�p)� � %!

��	r�Q 06� �b�b H!�� !69! K%H�:P d�:;! + ";Fn  K
!F	� 5l�@ 

$+6� ";Fn  K
!F	� "�#X ��)� H�;��= {�#� K�p)� � %! 5U;Fn�  

H!�� L:���	��K%!69! :P%! + l�@ HO�9! H��+
 H!��� 8nW�=F  

K%!69! :P6	��P K��M) ! l�@ "��f H�.

K
�^z H
�z %! $O+�):9�� U:9 $��s [s �� �F#,�+al�@ <: 5

l�@ "��f 5�)W=�@ %! l�@ d�:;! +
!67� LT�@ K��� 8�� �� � 

6��)3.(

�!F9! HO�9! N��. %�  + �@F  K�:\ �XxFnS� H)8�	�� K��:\

 �!F� ?�,9�@
�= ?�*	�A 8��A! 8�"	!�� (0F��� %! K��M) ! �� ��X H

6;�Q:  8n: + 8� K6/ 8�!
! 8Q �_�6	��P .

f eGE GE
AME

Fi
−

= [�]

n
/ NRAME AME

Fi
×

= −
8 73 [�]

NR=Ni-Ne [�]

TME=AME + EEL
Fi

[�]

n n
EEL / NRTME AME

Fi
+ ×

= +
8 73  [�]

AME = N��. HO�9!%�  + �@F  H�X�w )H�;�=Fn:=
�l�P (

AMEn=N��. HO�9! %�  + �@F  H!��� K6�/ �:_^� H�X�w 

?%!)l�P 
� H�;�=Fn:=(

TME = HO�9!%�  + �@F  "7:7� )H�;�=Fn:=(

TMEn=HO�9! %�  + �@F  ?%! H!��� K6�/ �:_^� "7:7� 

)l�P 
� H�;�=Fn:=(

GEf="��^� HO�9! N=)�=Fn:=H�;(

GEe="*�� HO�9! N=)H�;�=Fn:=(

Fi=E!
F@ 
!67�"��^�)l�P(

Nf=?%!��^�")l�P(

Ne="*�� ?%!)l�P(

EEL = "n@!� "*�� HO�9!)$�P69�� "*�� HO�9! N=8' �P (���

H�;�=Fn:= {W� 

NR = K6/ �7�! ?%! 

H!�� 8Q �_� HO�9! %��  + �@F  
� k	���%� �
F�� ?�*	��A 

xFnS� K�:\):\?�*	�A + 8	�� K� (U�:9 K��M)� ! ��	% 0F���� %! 

6/.

]�[EF+(1-P)EB  ×ED=P 

ED = HO�9!%�  + �@F  xFnS� K�:\ )8	�� K�:\ +?�*	�A(

EF = HO�9!%�  + �@F ?�*	�A 

EB = HO�9!%�  + �@F 8	�� K�:\ 

P=K�:\ 8� ?�*	�A $�F#9 8��A! �QW9 

1-P = �QW9K�:\	�� xFnS� K�:\ 
� 8

o0	>,pq� �

�in� ���!F H�J� K%!69! :P/ H���*	�A 
� K6��=�� ?��"9+
�


� 0+6\m� ! K6/ �
!UP .8W�	�7� 
� "9+
��=�� ?�*	��A

��'P 8��9!� �������QI l6�j6��\ 0+NRC )1��q(����LT��@ K��+

T:� l�@ <:a+���H�) [�X <:�'f l��@ �)W�=�@ +l��@ d��:;! 

H�)#=�/!�.

www.SID.ir



Arc
hi

ve
 o

f S
ID

56 7���6-	.,	/�	� -	�0	1 �	� � 2/�� "�	3 45,� � �0	� �! -	���... 

��� 

"I "T�	��%� H6�#�! )m(5?�*	��A l��@ <:a+��� 
!6�7�

 !
 "9+
�=��2/11$� l�@ HO�9! + 6(
� !
qmmC H�;��=Fn:= 
�

+ l��@ <:a+��� 
!6�7� ��� 8W�	�7� 
� 8�= 5��= �
!UP l�PFn:=

HO�9! kX+o�� <�	! 
� k	���%� �
F�� "9+
��=�� ?�*	�A l�@ 

�)#= H
!67�"��<	! ";+ 6/�d�)@! U:f�9 
�:W� "�� �6�/�.��� 

8� 8\F<	! 8=�
F�� !
 8�9�@
�= L�	 ?�*	��A $�T	! k	���%� 

%! kX+o� <	! 
� ";+ 69�F� K�!�
!�.14?��,9�@
�= N= 6(
� 

89F#9 K6/ H
!���5� ! Y���= ?���)@! <	! !�; ��i9 8�� "�*:QI 

"� 
6 ."9+
�s�� ?�*	�A l�@ <:a+�� �i9 %! k	��%� <	! �	�)9 

�p	� " 
�� r	 �	�)9 �� [X�
!� H���	% "9!F@)m1.(L�	 �	��)9 

%! U:9 �p	� kX+o���_; �	�)9 l�@ HO�9! 8�� � ! 
� K6��� �	<

!
 j:7_6:	� "�9$�T�9 �	��)9 + 6�	�# "�� �6�'X ?�*	��A 8�= 

HO�9! yF@ &Q'� L	 "9+
�=�� � !)13(.

�!F9! HO�9! K�:\ [W:;F��)� N��. �Xvn)S� uFh  H+�� H


� "9+
�=�� ?�*	�A 0+6\ 28�!
! K6/� ! .�#X $�
F�I 8�= 

0+6\ 
�2� ! RST� 5K��:\ HO�9! �!F9! <:� ��X H+��� H

?�*	�A vn)S� �	��7� "9+
��=�� d�)�@! "�'*� 
!� �F�\+ H

�/!�)4C/4<P(.K�:\ 8� "9+
�=�� ?�*	�A �QW9 k	!U�! �� 

8	�� 5HO�9! �!F9!N��. K�:\ [W:;F��)� 8�?
F( k	!U��! "�h@ 

	��� .�:� H+��� K��:\ 8�� xF���� HO��9! <	�)T144 6�(
� 

"9+
�=�� ?�*	�A�F� H+��� K��:\ 8� xF��� HO�9! <	�)#= +

?�*	�A 6(
� �M("9+
�=�� 8	�� K�:\ $�#X �	 �F�� .8�� N�:;� 

<	! 8=�)T:� "9+
�=�� ?�*	�A HO�9! "��56/� k	!U��! ��� !��; 

8�	�� K��:\ 8�� "9+
��=�� ?�*	��A �QW9 5. HO��9! �!F�9! N���

 %�  + �@F  k	!U�! K�:\ 	���.$��\ $�  kX+o� 
�)11(

k	!U�! �� U:9 �QW9 <�+
 $!��p���)�� �!F�9! 8�	�� E!
F�@ 8�� 

[W:;F��)� N��. HO�9!8�
FIY���= ����	 k	!U��! "�h@ .�!F�9! 

HO�9! v�n)S� uFh  
� 8= "9+
�=�� ?�*	�A [W:;F��)� N��. 

K%!69! 8	�� K�:\ 8� �QW9 H�:PK6/ 0+6\ 
� 569!qK6�/ 8��!
! 

� !.

�� 8\F 0+6\ 8� qK6X�T� "�PN���. HO��9! �!F9! 8= ���

 
� "9+
���=�� ?�*	���A [W��:;F��)�uFh��  ?+���M v��n)S� 

"'*� 
!� 69
!� H)4C/4P< .(<	�)T:� "9���% HO��9! 8�� �� � 

�h  
� "9+
�=�� ?�*	�A 8= � ! K6��246(
� 8�� �QW�9 

K�:\8	�� K%!69! :P�6/ H5?+��M 8= 6'f �X "�'*� 
!� <:�� H

uFh BC5�4+144 K6X�T� 6(
� 6	��p9 .HO��9! <	��)#=

 �h  
�qC6(
� ��! <	! 56	��P K6X�T� "�� %! "�/�9 6�9!F

 �c!N��7)� 6�/�� 8	�� E!
F@ + "9+
�=�� ?�*	�A <:� .��8��i9

"� 
<	! 6 �:c� %! "/�9 ?!�::J 
� "=!
F@ �!F� 8)	%F`W	+ 

$���% ?6�� + 
FQz �z�  �::J + �
!FP K�p) � H
�P6�9�� 

6/�� �
!FP K�p) � 
� E!
F@.


�E!
F@ N���. HO��9! 
!6�7� 5?�*	��A "��# 
� + 8	�� 

H!�� K6/ �:_^ H�X�w [W:;F��)� $O+��):9 HO��9! %! �)T�:� 

"�7:7� [W�:;F��)� N���. HO�9! 
!67� + H�X�w [W:;F��)� N��.

�:_^ H!��� K6�/ [W�:;F��)� N���. HO��9! %! ��)#= $O+��):9

 "7:7��F�.

�P! 0��* $O+�):9 6/�� "M'� AME LfF= �%!AMEn +

TME �
U� �%!TMEn 6�X!F@ ��P! �F�� 0���* ��Qe� ?%! 

56/�� %+�� �;�� <	! �`z "� 6'=)1B+1�.(6;�Q:�  �+
 
�

YVF#*� 0��* $O+�):9 "M'� "���	�)9 �� 8= 6/�8�� � 
� K6�� 

�
!� �7��h� k	��%� <	!.

"I "T	��%�5"),� )q(
!67� TME ?�*	�A !
 "9+
��=�� 

2��B H�;�=Fn:= 
�l�PFn:= K�F#9 �
+��� 8�� �QW9 8= TME 

kX+o� <:	�� �A�� �� "�� �6�/� .6;�Q:� TME 8�9!� l6�'P !
 

2344 H�;�=Fn:= �l�PFn:= 
8�� � � ! K�
+� .8�� 8�\F ��

<	! 8=%! "9+
�=�� �#W. l6'P 89!� UJ� 8�� � 8:> 
� + K6�� 

<:	��� HO�9! H!
!� 8= �FQ  $� H�� "�� �56�/� K6�/ |
��@ 

)14(5l6�'P 8�9!� �F�@ 8� �QW9 "9+
�=�� 8= � ! "*:QI !�;

 H!
!�TME �V��6/�� .


� j:7_ 8�	�J 
� "9+
�=�� ?�*	�A ?!�c! $� 
� 8= H�p	� 

$F�#n.F� ��X + };���� H$+6�� lF`�  5�F��� K6�/ 8��*;�h� TME 

?�*	�A "9+
�=�� q244 H�;�=Fn:= 
�l�PFn:= 8��� � K6��� 

)13(5
!67� %! 8=TME 8�� � K6�� �)T�:� ��A�� j:7_ 
� 

�"6/�� .<	!8;�W� YV�#)�! "�
� d�)�@! N�:;� 8� 69!F 8�9FP 

www.SID.ir



Arc
hi

ve
 o

f S
ID

����� ��	
� � ���	�� ��
� � ���� /�	��������/��	 ! ��� � "#$)&(/�	#� ()*+ 

��� 

��Bc r.��56[sef� ���� -	�0	1 tu0	��E ���� �0�e 

?�*	�A 

K��� 

LT@ 

(%) 

�)W=�@ 

l�@ 

(%) 

<:a+�� 

l�@ 

(%) 

"��f 

l�@ 

(%) 

d�:;! 

l�@ 

(%) 

K
�^z %! H
�z 

$O+�):9(NFE) 

(%) 

K
!F	� ";Fn  

(NDF) 
(%) 

K
!F	� $+6� ";Fn  

"#X U;Fn  (ADF) 

(%) 

HO�9! l�@ 

)H�;�=Fn:=

l�PFn:= 
�(

"9+
�=�� �/���/��/���/��/b�/�b�/��/b���� 

8D;

E�� "'= 
�/���/��/�b�/��/�����/���/������ 

1- Nitrogen Free Extract       2- Neutral Detrgent Fiber        3- Acid Detergent Fiber 

��Bc ^.�5�c �`�<��	>� "�	3 45,� d��,� 7�h,	�� :`0	I� 	�-	�0	1 -�	v>�50�	I� �	w �,��	�	� 

:0	9 �5�c� )�� 5� 5<	������5T��(

�QW9"9+
�=�� ?�*	�A 8�K�:\8	�� AME MEnTME TMEn

b:�bb 
241±hm3Cq 11±hm�1C 24±h2134 11±g24m4 

�C:�C 
�±gm��B 24±g24�1 �±g2mmm 24±f21�C 

�4:�4 
14±f2m11 2C±f2mC1 14±f2C2B 2C±f2231 

�C:�C 
12±e2m3C 21±e2q4B 12±e2�14 21±e2C11 

�b:�b 
C±d2qC4 mC±d2q�4 C±d2BBC mC±d2C�q 

�C:�C 
11±c2C1q 2m±c2C�m 11±c232� 2m±c2��� 

�4:�4 
2C±b2CB� 2B±b2�2q 2C±b2�41 2B±b2B23 

�bb:b
mq±a2�1B 1�±a2B1B mq±a2�qm 1�±a23m1 

SEM 
3/�q/1q3/�q/1q

�X 
�$F)  5"��.
! 8= H!
!�� d+��"+�M) 6')WX d�)@! 5"'*� 
!� H69
!�)4C/4P<(.

1.AME = 5H�X�w %�  + �@F  N��. HO�9!AMEn = �:_^ �� H�X�w %�  + �@F  N��. HO�9!$O+�):9 

TME = "7:7� %�  + �@F  N��. HO�9!TMEn = �:_^ �� "7:7� %�  + �@F  N��. HO�9!$O+�):9 

m.<:p9�:�±H�h@
�:*� 

www.SID.ir



Arc
hi

ve
 o

f S
ID

56 7���6-	.,	/�	� -	�0	1 �	� � 2/�� "�	3 45,� � �0	� �! -	���... 

��� 

��Bcx.=�>?� @�A� �� �,��	�	� -	�0	1 �`�<��	>� "�	3 45,� d��,� 7�h,	�� :`0	I� )5<	��������5T���� 5� (

�QW9� ?�*	�A 8� "9+
�=�

 8	�� E!
F@)6(
�(
AME AMEnTME TMEn

4241±fm3Cq 11±fm�1C 24±f2134 11±f24m4 

1C q4±e2qq1 qq±e2C2C q4±e2B�� qq±e2�q4 

24 2m±a23�3 CC±a2�2B 2m±aqmm2 CC±aq4qm 

qC m3±d2Cm1 m4±d2�q2 m3±d23q� m4±d2BqB 

�4 �±b2�33 m3±b2Bm3 �±bq41q m3±b2322 

BC 2B±c2C�1 Cm±c d2�B1 2B±c2�1B Cm±c d2BB� 

�4 2�±c2�m� 2B±b c d2�3B 2�±c2�CC 2B±b c d2B�m 

144 mq±c2�1B 1�±b c2B1B mq±c2�qm 1�±b c23m1 

SEM �/1Cq/13�/1Cq/13

1.<:p9�:� ±H�h@
�:*� 


� �X $F)  d+�� 8= H�!6z! 58��T� d�)@! H!
!� 69
!69 "'*� 
!� H"��6'/�)4C/4<P(.

�Q:�  8�f ��P! 6�/�� k	���%� �
F� K69�� H+
 k	���%� ��� 6;

K��@ ��X <:�� l6�'P H�+��@ ��X ?+��M $F�#n.F� + };��� H

"'*� 
!� � ! 8)��:9 H5�i9 8�"�
?+��M N:;� 6  <:�� TME 

?�*	�A $F#n.F� + �A�� j:7_ 
� "9+
�=�� "�"�/�9 6�9!F

 �!F� %!l�@ �
� �F�9 N�:Q. %! "9+
��=�� 8�:> 
� K��M)� ! �
F� 

"9�+U�! �F\+ �	 l6'P �X
�"9+
�=�� 8�*;�h� 
� K��M)� ! �
F� 

6/�� 
F=�� .K+�z��8�� H
+� <� + "9+
�=�� 6'	!�� KF_9 $� 

U:9 $� 
� 8)�
 
�="�<	! 
� 69!F?+�M6/�� N:@� .

H6#�! AME +AMEn?�*	�A "9+
�=�� !
{�:� 8�� 

2q3B +2C42 H�;��=Fn:= 
�%! 8�= K���= �
!U�P l�PF�n:= 

�	�)98�� � �K6� ��)#= "=6�9! j:7_ <	! 
� "�� �6�/� .���

 8� 8\F<	! 8=?�*	�A l�@ HO�9! "9+
�=�� H+ k	���%� 
� 

!�; �F� �)#="�[W:;F��)� N��. HO�9! 8= �/!� 
�i)9! $!F$�

6/�� �)#= U:9 .+ U��:n	+#X$!
�` $�F� �)T:� N:;� U:9TME  

"9+
��=�� !
��A l���@ HO���9! $�F��� �)T��:� 8��� ?
- %! ?�*	�

"9+
�=��K�!� �QW9 69!.

�� 8\F 0+6\ 8� NRC)1��q (</+
"�P�!F�9! 8= ���

 N��. HO�9![W:;F��)� N���. HO�9! %! �)T:� "9+
�=�� ?�*	�A 

l6'P [W:;F��)�"����! <	! 8= 6/� "�/�9 "�
!�� 6�'	!�� %! 

0��#z! "9+
�=�� 8:> 6'	!�� 
� 8= � ! "�� �P��� .H
+����

"
!�� !�89�X?��� H"�� + 6�'s 8�':VO !
 8) �T�9 6�9!F

 8) �T�9 ��:� H�X6	
�s�  "n� �:;�� 6�A ?!��c! 8�s !
 H!

8	�J 8�\F\ 
� H! ��X 6�X� k	!U��! !
 6�9
!� )m1(.<�	! 
� 

H�X�w [W:;F��)� N��. HO�9! U:9 kX+o�?�*	�A + "9+
�=�� 

�+6�� l6�'P ��� 8W�	�7� 
� {�:� 8� �F  8)/
m4+1C

6(
� �)T:� �F�.


� 0+6\ C
 5)S� uFh  <:� ��!+n"9+
��=�� ?�*	�A v

8	�� K�:\ 
�(X) ��[W�:;F��)� N���. HO�9! �!F9! $!U:� xF�nS� 

"9+
�=�� ?�*	�A + 8	�� K�:\(Y) 8�!
!� ! K6/ .

�!F9! N��. HO�9! %�  + �@F  K��:\ ��X �	���7� H+��� H

www.SID.ir



Arc
hi

ve
 o

f S
ID

����� ��	
� � ���	�� ��
� � ���� /�	��������/��	 ! ��� � "#$)&(/�	#� ()*+ 

��� 

��Bc m.>?� @�A� 7�� y���� �-	�0	1 =:0	9 �5�c �� �,��	�	�(X) 	�"�	3 45,� d��,� ��C�� �	� � 2/�� 

b��?� �,��	�	� -	�0	1 � :0	9 �5�c (Y) 

�!F9! HO�9! N��. 

%�  + �@F  

?V��*� 8Q �_�HO�9! N��. + �@F 

%�  ?�*	�A "9+
�=�� 
{	�A <::Q (R2)

HO�9! N��. %�  + �@F  "9+
�=�� ?�*	�A 

(X=100))H�;�=Fn:=l�PFn:=
�(

AME X��/�+����=Y��/b���b 

AMEnX��/�+����=Y��/b���� 

TME Xb�/�+��b�=Y��/b�b�� 

TMEnX��/�+�b��=Y��/b���� 

X=
!67�8	�� K�:\ 
� "9+
�=�� ?�*	�A6(
� {W��� 

Y=N��. HO�9! $!U:�%�  + �@F  xFnS�"9+
�=�� ?�*	�A + 8	�� K�:\ H�;�=Fn:= {W��� l�PFn:= 
� 

��Bc z.I�:`0	 7�h,	���,��"�	3 45,� d�	� � 2/�� �5�c 	�:;< -	�0	1 -�	v>� 50�	I� �	w 8	9 �
� 

:0	9 �5�c �=�>?� @�A� ��)5<	�������5T���� 5(

8D; ?�*	�A �QW9E�� "'=8	�� K�:\ 8� AME AMEnTME TMEn

b:�bb �b�±a���� ��±a���� �b±a���b ��±a�b�b 

��:�� �±a���b ��±a���� �±a���� ��±a�b�� 

��:�� ��±b��b� ��±b���b ��±b���� ��±b���� 

SEM �/�����/����

1�<:p9�:� ±
�:*� H�h@ 

d�)@! 56')WX "+�M)� d+�� H!
!� 8= "��.
! 5$F)  �X 
�"'*� 
!� 69
!� H)b�/bP<(.

8D; ?�*	�A ?+�M)�E�� "'= 8	�� K�:\ +vn)S� uFh  
� 
� 

0+6\ �� ! K6/ K�!� $�T9 .

8D; ?�*	�A �QW9 k	!U�! ��E�� "�'= N���. HO��9! �!F�9! 5

8D; ?�*	�A HO�9! !�	% 5���	 kX�= K�:\ [W:;F��)� E��� "�'= 

�F� [= 8	�� K�:\ 8� �QW95HO��9! �!F9! $� �QW9 k	!U�! �� !�; 

8� 
FI "'*� 
!� kX�= H	��� .[X<:�'f 6�A �!F�� H!
!� 8�D; 

8	�J 8= � ! H!"��_ !
 [tX �:n��. 69!F�:c�6X� 
!�. .

�!F� <	! %!"�K6�''= �*9�#� 8� $!F ��X 8�	�J H+ %��a+�� H!

 [	U9� �� 8= %�:�� �X69
!� N��7 "/
!FP H[X<:'f H�!F�� 8�� 

[:7)W� �:� ?
F( 8� 8=[tX 
� %! 6�9
!� ��;�@� y��\ +

<:)`; N:Q. 5<9� 56	
�=��  "�n� + 6:� F)=V�P ��M;� ��X ��:� H

8) �T9 ��= K
�/! 0Fn_� H!)1(.

kX+o� L	 
�)B(
!6�7� TMEn, TME , AMEn , AME 

{��:� 8��� �F��S9m3�4 5m�13522m� +2m42 K6��/ �
!U��P 

� ! 58D; ?�*	�A HO�9! �!F9! �� 8W	�7� 
� 8=E�� "'= 8�� 8�=

 {:�m�44 5m�B35m�m� +mB31 H
�\F� HO�9! �!F9! + �F� 

www.SID.ir



Arc
hi

ve
 o

f S
ID

56 7���6-	.,	/�	� -	�0	1 �	� � 2/�� "�	3 45,� � �0	� �! -	���... 

��� 

��Bc+.:`0	I� 7�h,	���,��"�	3 45,� d�	� � 2/�� :;< -	�0	18	9 �
� =�>?� @�A� �� )5<	�������5T���� 5(

E�� 8D; ?�*	�A 
!67� "'=)6(
�(AME AMEnTME TMEn

�� ���±a��bb ��±a���� ��±a���� ��±a���� 

�� ��±b�b�� ��±b���� ��±b���b ��±b���b 

1.<:p9�:� ±
�:*� H�h@ 

d�)@! 56')WX "+�M)� d+�� H!
!� 8= "��.
! 5$F)  �X 
�"'*� 
!� 69
!� H)b�/bP<(.

{��:� 8��� 8��= 8��D;mm�25mq�� 5m�13+mCB2 �)T��:� �F��� 

"� �6/� .�9!�Q`� ! kX+o� $�F�� �)T�:� ���_; %!AMEn %! 

AME $�F� �)T:� +TME  %! TMEn !
 �A�� kX+o� �	�)9 

6:	� "�96	�#)B(.

N�����. HO����9! �!F���9!%����  + �@F���  8���D; ?�*	����A 

E�� "'=)0+6\B(�F�S9 HO��9! ��� 8W�	�7� 
� NRC )1��q(

�)T:�"��6/� 5��! <	! 8="�"���f $�F�� �)T:� %! "/�9 69!F

 8D; ?�*	�A l�@E�� "'= 6/�� �FS9 �� 8W	�7� 
� .8�
F�IH8�=

 8D; ?�*	�A 
� l�@ "��f $!U:�E�� "'= B/36(
� "�� �6�/� 

";�� 
� �FS9 
� l�@ "��f $!U:� 8=2/1K6�/ �
!UP 6(
� 

� !.8�N:;� <	! 8=E�� 8D; ?�*	�A %! ">\F N��. kS� "�'=

 N:`T 89!F\ !
"��6Xl��@ <:a+��� + l��@ "���f $!U�:� +

�)T:� 89!F\"��6/� .[W�:;F��)� N���. HO��9! $�F�� �)T�:� !�;

 8D; ?�*	�AE�� Y���= �FS9 %! "'=�F� 6X!F@ 
�i)9! N��. .

��	
� ���� ��	v>�� 

1.K�P� 5l.|.| 5.�A

F� 5�.u.&:#  5u +.
."9�#�
.1232.l�@ �FS9 %! K��M) ! + "	!�� �%
! <::* 59�W:@ + 8)S�6
� K6/ K

8	�J8\F\ �X")/FP H.
FT= $�	U�� + "�!� lFnz K�p'= <:;+!5�> K�pT9!� $!.

m.y 5H6#�!.1234.%! K��M) !?�*	�A 8\F\ 8	�J 
� "9+
�=�� �X")/FP H.6/
! " �'/
�= 8��9 $�	�� 5"��!� lF�nz K6`T�9!� 

H%
+�T=5U	�Q K�pT9!� .

2.5 l�9 "�1234.6�!+ �W:; �X".�/ $�,	��
-� $�) ! 0�*� H6:;F H.K
!�!K�>� + ")*'( $��*� + &	�'( $��%�  H
+U	�Q 5.

q.�5"), �.12Bq .
� "9+
��=�� ?��,9�@
�= ?�*	�A vn)S� uFh  ���
�= �c! " 
�� 8�	�J 8�\F\ ��X ")�/FP H.8���9 $��	�� 

6/
! " �'/
�="�!� lFnz 5|�= 6�!+ "�� ! �!%� K�pT9!� .

C.5H�^:. �.5�.�.<	6 ��� +.$�: �Qz .12B3 .
�':#  <:�+� ?V�7� 8zF#,� "T�X+o� �= 
F�:I + l!� 8�	�J 
FT.��8W� 

� lFnz ?�7:7_"�! 5
FT= |�=.

�.! 5$�:nP.l +.�."':*� .12BC .
F:I "	!�� ?�\�:)�!)8#\� .(�9+�*� "TX+o� + "/%F�� 6�!+ H%
+�T= H��^�).! $��%��  

�cF=$!�> 5.

7. Askabrant, S. U. S. 1988. Metabolisable energy content of rapeseed meal, soybean meal and white- flowered peas 
determined with laying hens and adult cockerels. Br. Poult. Sci. 29: 445-455. 

8. Farran, M. T., G. W. Barbour, M. G. Uwayjan and V. M. Ashkarian. 2001. Metabolizable energy values and amino 
acid availability of vetch (Vicia sativa) and ervil (Vicia ervilia) seeds soaked in water and acetic acid. Poult. Sci. 
80: 931-936.  

9. Ott. L. 1988. An Introduction to Statistical Methods and Data Analysis. 3rd ed., PWS- Kent Pub. Co., Boston. 
10. Potter, N. N. and J. H. Hotchkiss. 1995. Food Science. Fifth ed., Chapman & Hall, USA. 

www.SID.ir



Arc
hi

ve
 o

f S
ID

����� ��	
� � ���	�� ��
� � ���� /�	��������/��	 ! ��� � "#$)&(/�	#� ()*+ 

��� 

11. San Juan, L. D. and M. J. Villamide, 2001. Nutritional evaluation of sunflower products poultry affected by the oil 
extraction process. Poult. Sci. 80:431-437. 

12. Scott, A., F.G. Silversides, H.L. Classen, M.L. Swift, M.R. Bedford and J.W. Hall. 1998. A broiler chick bioassay 
for measuring the feeding value of wheat and barley in complete diets. Poult. Sci. 77: 449- 455. 

13. Sibbald, I. R. 1976b. The true metabolizable energy values of several feedingstuffs measured with roosters, laying 
hens, turkey and broiler hens. Poult. Sci. 55: 1459-1463. 

14. Sibbald, I. R. 1984. The TME system of feed evalution. Animal research center contribution 83.1. Research branch, 
Agriculture Canada, Ottawa. 

15. Sibbald, I. R. 1986. The TME system of feed evaluation. Research Branch Contribution 86-43. Animal Research 
Center, Agriculture. Canada. 

16. Sibbald, I. R. 1989. Metabolizable energy evaluationof poultry diets. PP. 12-26. In: D. J. A. Cole and W. Haresinn 
(Eds.), Recent Developments in Poultry Nutrition. Butterworth, London. 

17. Sibbald, I. R. and M. S. Wolynets. 1985. Relationships between estimates of bioavailable energy made with adult 
cockerels and chicks: effect of feed intake and nitrogen retention. Poult. Sci. 64: 127-138. 

18. Williams, J. E., R. L. Belyea, F. H. Hsieh and J. D. Firman. 1997. Responses of growing turkeys to the dietary 
inclusion of inedible pasta and unextruded and extruded biosolids from milk processing. Anim. Feed Sci. and 
Technol. 70: 123-136. 

19. Wiseman, J. and M. Lessire. 1987. Interaction between fats of differing chemical contents. Br. Poult. Sci. 28: 663-
672.  

20. Yagobfar, A. and F. Boldaji. 2002. Influence of level of feed input and procedure on metabolisable energy and 
endogenouse energy loss (EEL) with adult cockerels. Br. Poult. Sci. 43: 639-647. 

21. Zaghari, M. 2006. Ileal amino- acid digestibility of wheat, autoclaved wheat and spaghetti by-products for broiler 
chicks. Anim. Sci. J. 77: 422-426. 

www.SID.ir


