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Abstract 
The aim of this study was to investigate the effect of an emulsifier in diet with reduced energy on performance, carcass characteristics and some of 
blood traits of broilers. A total of 540 one-day-old male chicks of Ross 308 strain in a 3×3 factorial arrangement with three levels of dietary emulsifier 
(0, 250 and 500 mg / kg) and energy (requirement, 45 and 90 kcal/Kg; requirement, 60 and 105 kcal/kg; requirement, 75 and 120 kcal/kg less than 
requirement for the starter, grower and finisher diets, respectively) were used in a completely randomized design with 9 treatments, 4 replications and 
15 birds per replication. In total rearing period, feed intake increased by decreasing the dietary energy (P<0.05). Birds fed diets supplemented by 
emulsifier had higher weight gain and lower feed conversion ratio (P<0.05). The relative weights of the liver, ceca, and abdominal fat were not 
affected by different levels of dietary energy. The emulsifier × diet interaction had no significant effect on cholesterol, High-density lipoprotein 
(HDL), Low-density lipoprotein (LDL), cholesterol: HDL, Alanine aminotransferase (ALT) and alkaline phosphatase. Adding emulsifier to normal 
diets or diets with more energy deficiency increased blood triglyceride concentration (P<0.05). Supplementing diets with mild energy deficiency by 
emulsifier increased serum Aspartate aminotransferase (AST) (P<0.05). According to the results, the use of 250 gr/t emulsifier in low energy diets 
improved the performance of broiler chickens. 
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�'��� ���2 4 6�� aB �# ]W! �9���� "��5 


7	���( "�# �
��+�2��� ��! 4 �� a��9 6�7�� %
��9B �  

���s
 20- 
!�  ?���*� "���Wd� �2.  


7	���( "�# �
��+�2��� 6�� ���� ]�*J -�4�'�*& 

"�� �
���*5 -a�1 I���4�N�f�� "�# �� ���dX 3�� 

)HDL-( I���4�N�f�� "�# �� 
'����  P& )LDL( 4 �*�1 

P& )VLDL-( �3B�I �B�9���������	 )ALT-( .����f�B 

�B�9���������	 )AST( 4 I���)�B 9�����( 
��+� "�# 6�� 

a�1 
� >+& ]�& "�# �+
\�B ]&�2 ]�
9 �+�2 4 

� ��'�� 9� ��d'�  �\
3������ �9���� "��5 ���2 ]8[. 

� �  "�# C/�� �� � ��'�� 9� 6�� ��\(� SAS 
s�� 4/9 



4� GLM ���" ��� "���B )1( 

\7� 4 I�d���� �# 


� >+& a��9B �&�� �  E�� �	�� "��  g	N �/�  


�
�e� ���2.  

 
����)1   (             Yijk = μ + Ai + Bj + (AB)ij + eijk  


& �  I
� -
���� Yijk- ���e� �# ��#�r� μ- I�d���� 

�.��#�r� Ai- ��� E�� i6� ��'&�( A i���� 
� E�� "$��� 

C��= P������'� ����! Bj- ��� E�� j6� ��'&�( B i���� 
� 

E�� ��
�������� ABij- ��� C��e'� E�� i6� ��'&�( A �  

E�� j6� ��'&�( B 4 Eijk- "��1 �r
��9B .]��  

  

��
��  

�  C& ��4  Y�4�N )>
 �� 42 -(�594� ��� E�� "$��� 

���! �� %
�\(� a94 
��94� �	�� ��   �b� �4�!) 2(- ��� 

Z�0� [���1 4 Q
�� C
�b� [���1 ���5���N 
& �� 

���! "�# �� "$��� P& �� 9� 9��� 

_`� ���2 %�� �� 9� 

a�5���N 

_`� ��2 �� ���! ��+��  �� )05/0P<(. a 4\(� 

�
�������� )250 �
 500 6�5 �  (I� 
� ���! �� Z�0� 
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[���1 �  C& ��4  "��� ]2���- ��� � �  �# �d���� %#�& 

Z�0� [���1 �� %
�\(� E�� �
�����B �  ���!  ����. 

���5���N 
& �� ���! "�# "4�� R��� {*'s� �
�������� 



_`� -���2 %
�\(� a94 ��3�� 4 Q
�� C
�b� P& ��" 

9� �
�� a�5���N �	'2�  )05/0P<(. ��4��� �  %
�\(� 

a94 4 Q
�� C
�b� ���5���N 
& �� ���! "�# "4�� 4  

E�� 250 4 500 6�5 �  I� �
�����B ](�
�  �� �& 

��#�r� .�r�  

  

 #�(%2�.) . �7�8) W4& ��'% � �!��'
12�) ���D=) �� ��96	: �%2% ��� ��
2> �� �� V!) ���� O@42 >0��(�  

m��	� .����`�  Z�0� [���1 )/6�5 (94�  %
�\(� a94 /6�5) (94�  Q
�� C
�b� [���1  

.���� �*/�  

���!*  

1  2/81 b 6/49  63/1 c 

2  2/91 a 9/49  82/1 b 

3  4/92 a 8/48  89/1 a 

SEM  58/0  35/0  01/0  

��������
� )(I�/6�5  

��/  3/89  1/48 b 85/1 a 

250  2/88  1/50 a 75/1 b 

500  4/87  2/50 a 74/1 b 

SEM 58/0  35/0  01/0  

��� C��e'� !��� × ��������
�  

1  ��/  3/81 b 6/49 abc 64/1 e 

1 250 8/79 b 4/49 abc 61/1 e 

1  500  4/82 b 9/49 ab 65/1 e 

2  ��/  0/93 a 0/48 bc 93/1 ab 

2 250 5/90 a 5/50 ab 79/1 cd 

2 500  1/90 a 2/51 a 76/1 d 

3 ��/  4/93 a 8/46 c 99/1 a 

3 250 1/94 a 4/50 ab 86/1 bc 

3 500  5/89 a 3/49 abc 81/1 cd 

SEM  00/1  61/0  02/0  

��+'��  

���!  < 0001/0  1/0  < 0001/0  

��������
�  08/0  0004/0  < 0001/0  

���!× ��������
�  01/0  03/0  0004/0  

a-c: [���� J�\�) �� �� �2�& �� ]��G "���B��8 �-N� �)� T&) )05/0P<(.  

SEM: �4;� ���)(8��&)'Q8�'*.  

 �7�8) �)D'� *��'% :�� 1 - ���G �7�8) �� (G F0�'8 2 - ���G 45" 60 � 75 ��1�@26'@ �� J�>26'@ �7�8) I@ �� 0) F0�'8 3 - ���G 90" 105 � 120 ��1�@26'@ �� 

J�>26'@ �7�8) I@ �� 0) 0�'8 �� A'��� �)�� ���� ��� "*!0�LC (
� � .�8�!�  ��'% 0) J)(@ �� �� ��� 324& �� "250 � 500 J�> �� .(
 �=�M) �!��'��C O	9� *�  
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���! Z�0� -Y�4�N ��4  C& �   "$��� %#�& �� �
�#

%�� �
�������� a4�� 4 �� ���! 9� ��   �� ���+�� "�#

)05/0P<(���! Z�0� a�\�� I�� ��4��� �	X�# .  �� �
�#


� ��� -�r� ��#�r� �
�������� "4�� 4 "$��� %#�&  ��S

�	����J ���! I
� �  �
�������� E�� %
�\(� �� "��   -�#

�aB Z�0  {*'s� R��� a 4\(� .](�
 %#�& �#

���! 
� �
�������� P& "$��� %#�& �� �
�#  a94 %
�\(� -��

  �   �bW� �� C
�b� Q
�� 4 
��94�)05/0P<( .4��� ��� -

�	��  a�5���N C
�b� Q
�� 4 a94 %
�\(� I�� "�� 



_`� ���! �� ��2 P& "$��� �� "�#  E�� 4  4 9��� 9� ��

�
�����B )250  4500 .�r� ��#�r� (I� �  6�5  

��� v�� -���! �
�������� 4 ��� C��e'� ���!× �
�������� �� 

� 9�� -
23 a94 �b�� ��d'�  -Y���5 -�b& ���X 
S�c� 

�	�� 4 � 4� "�# ��& �	�� ��   �b� �4�!) 3.(   

  
 #�(%3. �.) �7�8) W4& ��'% � �!��'
12�) ���D=) �� �
^ ��0�� J)(8) �U
8 �0� � �%2% �6;)� ��� ��� ��
2>  ��42  �>0��

(�(8�  �(80 �0� 0) �(��� A
G��)  
m��	� .����`�  � 9�� 
23  ��d'�  Y���5  �b&  ���X �+)2  � 4� "�# ��&  ?���  

.���� �*/�   
���!*  

1  13/63 24/12 31/2  12/1  47/0  17/0 a 

2  44/64  59/11  10/2 05/1 59/0  15/0 ab 

3  74/63 08/12  02/2 05/1  57/0  12/0 b 

SEM  43/0  46/0  09/0  08/0  04/0  01/0  
��������
� )(I�/6�5  

��/  32/63  97/11 10/2 13/1 53/0  14/0  
250  21/64  80/11  18/2 94/0 54/0  15/0  
500  78/63  13/12 15/2 14/1 57/0  14/0  
SEM 43/0 46/0 09/0  08/0  04/0  01/0  

��� C��e'� !��� × ��������
�  
1  ��/  22/62  74/12  23/2 01/1 51/0  20/0  
1 250 73/63  88/11  42/2  97/0  43/0  19/0  
1  500  45/63  10/12  28/2 37/1  48/0  13/0  
2  ��/  20/64  92/10  98/1 17/1  48/0  13/0  
2 250 72/64  57/11  17/2 90/0  59/0  16/0  
2 500  39/64  28/12 15/2 08/1  71/0  15/0  
3 ��/  55/63  26/12 09/2  22/1  59/0  11/0  
3 250 17/64  97/11  94/1 96/0  61/0  11/0  
3 500  50/63  02/12  01/2  97/0  52/0  14/0  

SEM  74/0  80/0  16/0  14/0  07/0  02/0  
��+'��  

���!  1211/0  5937/0  1064/0  8151/0  1098/0  0395/0  
��������
�  3653/0  8828/0  8394/0  1936/0  7358/0  8175/0  

���!× ��������
�  9125/0  7595/0  8165/0  3199/0  2509/0  1206/0  
a-b�-N� "���B��8 ]��G �� �2�& �� �� J�\�) [���� :  T&) �)�)05/0P<.( 

SEM: �4;� *'Q8�'� ��)(8��&) .��  
 �7�8) �)D'� *��'% :�� 1 - ���G �7�8) �� (G F0�'8 2 - ���G 45" 60 � 75 ��1�@26'@ �� J�>26'@ �7�8) I@ �� 0) F0�'8 3 - ���G 90" 105 � 120 ��1�@26'@ �� 

J�>26'@ �7�8) I@ �� 0) 0�'8 �� A'��� �)�� ���� ��� "*!0�LC (
� � .�8�!�  ��'% 0) J)(@ �� �� ��� 324& �� "250 � 500 J�> �� .(
 �=�M) �!��'��C O	9� *�  
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 ?���
���( ?��� �b�� a94 �� ���! v�� ��� �W	�

�	��  �� ��  )05/0P<(
� - "��S  "$��� E�� %#�& �� 
&

 ���5���N I�� ��� I
� 9� 4 ](�
 %#�& ?��� a94 -���!

9��� �� �  "$���) ���+�� ���! �� 
&(  �� �� � �& 

_`�

 "$��� ���
�2  �b+& "4�� ���! �� a�5���N 9� �#4�5 ��

�	�� .4��� �� �� � �& 

_`�  �2 ��#�r� "�� 

)05/0P<(�	��  �!4�� .  ��� a�r��� �
��������  .��/ ��

� �  -
23  
& ���5���N 
&  �  a�r� �#�
��������  ���! � 

��\� �b& 4 �'W� 
23 � 9�� �� �+� ](�
�   �1  "��

P# .�	'2�   a 4\(� I�	X�
�������� ���! 
�  R��� �� "�#


� �� 
23 � 9�� -"$��� {*'s� �	����J ��S  %
�\(� "�� 

���! �   �bW� I
� 4 (�#�2 ���! �� 
�
�e� � )  �   �� "�#

P& %#�& . �� �� �Wr� "$��� E�� ��  

g
�'� C/�� 9� ����� v�� -���! C+)� �
�������� 4 

.���� C��e'� aB �# �� ]�*J -�4�'�*& HDL- 

"�� -�
���*5 ALT )�3B�I �B�9���������	-( AST 

).����f�B �B�9���������	-( VLDL- ]b�� :�4�'�*& 

HDL 4 I���)�B 9�����( 6�� a�1 
!�! "�# �'2�5 �  

�4�! "�# )4( 4 )5( 
t��� ��2 .]��   

 -�
���*5 "�� -�4�'�*& a�\�� �� ���! ���LDL -

ALT  4VLDL �	�� a�1 6�� . �b� ��   a�\�� ���HDL -

AST :�4�'�*& ]b�� 4 9�����( I���)�B -HDL  6��


!�! I
� a�1  ](�5 ���= ���! v�� ����� ]c� �#

)05/0P<( 
� �4�'�*& ]b�� ���! "$��� E�� %#�& .

HDL P# 4 ]b�� I
� I
��3�� 4  �  %#�& �� 6��  I�	X

HDL 
!�! �   ���2 

_`� ���+�� ���! �� 
& �
�#



_`� a�5���N �� ��� I
� 9� 4 �2 ��#�r�  �� ��2

���!  �	'2�  .4��� "$��� P
U�  �b+& "4�� "�#

)05/0P<( ]�*J .AST  "$��� E�� %#�& �� 6��

���! I
��3�� 4 ](�
 %
�\(� �#  a�5���N �  aB ]�*J



_`� ���! �� ��2   �� "$��� P
U�  �b+& "���  "�#

)05/0P<(P& a�5���N I
� .  �� 9�����( I���)�B a�\�� I
��

 �	'2�   �1 6�� �  \��)05/0P<(.  


!�! 

_`� ���! �� �#  �
�������� "4�� "�#

 ���� �
 �e�HDL -AST  4VLDL   �  %
�\(� ��

)05/0P<( ���N 4 "4�� ���! 
& ���5250  I� �  6�5

 �� �& ](�
�  �
�����BAST  4VLDL  6�� �  "��3��

 �
�������� �=�( ���! �� 
& ���5���N 
� ]b�� a�1

 �	'2�  ���2 

_`�)05/0P<( a�\�� .HDL  �4�'�*& 4

 ���e� 
& ���5���N �  a�1500  �
�����B I� �  6�5

 ��3�� �� �& ](�
�   �1 ���! �   �� a�5���N �
�� 9�

)05/0P<(.  

���! C��e'� ��� × -�4�'�*& �� �
��������HDL -

LDL �4�'�*& -HDL -ALT  9�����( I���)�B 4

�	�� ���! 
� �
�������� a 4\(� . �b� ��   4 ���+�� "�#

���! �
 %��  �b+& �� �
�#  %
�\(� Q!�� "$��� ��

"�� ]�*J 
� -�2 a�1 �
����*5 "��S 3�� 
& I
��

"�� ]�*J 

_`� a�5���N 6�� �  �
����*5  �� ��2

) �
�����B "4�� ���+�� ���!500  (I� �  6�5

 ��#�r�) �205/0P<( ���! 
� �
�������� a 4\(� .

 %
�\(� Q!�� ���+��VLDL  ���5���N 4 �2 6��

���! �� 
& %��  �b+& �� "�# ) �
�����B 4 "$��� ��500 

���2 

_`� (I� �  6�5  a�\�� I
��3��VLDL  �  ��

 .4��� �#�2 a�5���N �� ��� I
� 9� 4 �	'2�   �1 6��

�	��  "�� ) �	'2� 05/0P<(.   

 P
\�B ]�*JAST  %#�& �� ���! 
& ���5���N � 

P&  4 "$��� E�� ��250  ](�
�  �
�������� I� �  6�5

 �#��+�� �
�� 9� ��3�� �� �&)  ��05/0P<( a 4\(� .

���! 
� �
��������  Qb� "$��� P
U�  �b+& �� "�#

 ]�*J %
�\(�AST  �2)05/0P<(. P& ��
I  a�\��

 "4�� ���! �� 
& ���5���N �  6�� 9�����( I���)�B

 ���2 

_`� �
�������� a4�� 4 "$��� P
U�  �b+&
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 .4��� �d
  a�5���N �� ��� I
� 9� 4 �2 ��#�r� �	'2� 

)05/0P<(.  a 4\(� �� P
\�B I
� ���� ]�*J %#�&

 ���e�500 ���! 9� 6��&�# 
� �
�����B I� �  6�5  \�� �#

. ��  �Wr�  

  

#�(% 4 .�.) �7�8) W4& ��'% � �!��'
12�) ���D=) �� ('_'1��� )�6'� J�> �� �&� (��'1 J�& �� �%2% ��� ��
2>  

m��	� .����`�  �4�'�*&  TG  LDL  HDL  VLDL Col:HDL 

.���� �*/�  

 ���!*  

1  2/101  2/66  3/17  6/70 b 9/11  a  4/1  

2  7/104  9/58  9/12  80a 2/10  3/1 b 

3  8/99  58 9/14  3/73 b 6/11  4/1 a 

SEM  334/2  83/2  065/2  55/1  52/0  03/0  

��������
� )(I�/6�5  

��/  4/100 ab 4/57  7/14  2/74 b 10b 4/1  

250  3/98 b 3/61  5/16  6/69 b 1/12 a 4/1  

500  107a 4/64  0/14  2/80 a 7/11 ab 3/1  

SEM 33/2  83/2  06/2  55/1  52/0  03/0  

��� C��e'� !��� × ��������
�  

1  ��/  101 7/46 de 4/19  2/72  75/8 c 40/1  

1 250 94 7/68 abcd 8/15  5/64  5/13 ab 46/1  

1  500  7/108  2/83 a 6/16  2/75  5/13 ab 44/1  

2  ��/  2/105  7/77 ab 2/8  5/81  8/11 abc 29/1  

2 250 100 7/44 e 1/18  73 8/8 c 37/1  

2 500  7/108  2/54 cde 4/12  5/85  3/10 abc 27/1  

3 ��/  95 7/47 cde 5/16  69 5/9 bc 37/1  

3 250 101 5/70 abc 7/15  2/71  14a 41/1  

3 500  5/103  7/55 bcde 6/12  7/79  3/11 abc 30/1  

SEM  04/4  90/4  58/3  69/2  89/0  050/0  

��+'��  

���!  336/0  096/0  324/0  0007/0  0720/0  024/0  

��������
�  036/0  223/0  673/0  0002/0  0200/0  183/0  

���!× ��������
�  443/0  0001/0  400/0  2840/0  0005/0  769/0  

a-e�-N� "���B��8 ]��G �� �2�& �� �� J�\�) [���� :  T&) �)�)05/0P<.( 

SEM: �4;� *'Q8�'� ��)(8��&) .��  

 �7�8) �)D'� *��'% :�� 1 - ���G �7�8) �� (G F0�'8 2 - ���G 45" 60 � 75 ��1�@26'@ �� J�>26'@ �7�8) I@ �� 0) F0�'8 3 - ���G 90" 105 � 120 ��1�@26'@ �� 

J�>26'@ �7�8) I@ �� 0) 0�'8 �� A'��� �)�� ���� ��� "*!0�LC (
� � .�8�!�  ��'% 0) J)(@ �� �� ��� 324& �� "250 � 500 J�> �� .(
 �=�M) �!��'��C O	9� *� 

TG: ��� (!�
'6> "�2; HDL: *'`��� 2_'1 ��� �� �1�Qa "^�� LDL: *'`��� 2_'1 ��� �� ��'
8)� "I@ VLDL �6'; "I@ Col:HDL: TU
8 #���
6@ �� HDL  
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 #�(%5�.) . �7�8) W4& ��'% �  ���D=)I!D8C �� �!��'
12�) �%2% �� �(U@ ��� ��
2> ���  

.����`� m��	�  AST (U/L)  ALT (U/L)  (U/L) I���)�B 9�����(  

�*/� .����  

���!*  

1  6/169 c 5 6850a 

2  6/208 a 9/5  5593b 

3  7/192 b 7/5  7060a 

SEM  49/3  41/0  1/353  

��������
� )(I�/6�5  

��/  3/184 b 2/5  6313 

250  5/197 a 2/6  7096 

500  189ab 1/5  6094 

SEM 49/3  41/0  1/353  

! C��e'� ������  ×��������
�  

1  ��/  5/164 c 4 7723a 

1 250 5/163 c 25/6  7222a 

1  500  7/180 bc 75/4  5605ab 

2  ��/  7/188 bc 5/4  3464b 

2 250 232a 5/6  7003a 

2 500  205ab 75/5  6312ab 

3 ��/  7/199 b 25/6  7752a 

3 250 197b 6 7062a 

3 500  2/181 bc 75/4  6365ab 

SEM  05/6  718/0  6/611  

��+'��  

���!  0001/0  288/0  014/0  

��������
�  0394/0  1182/0  128/0  

���! ×��������
�  0004/0  423/0  002/0  

a-c�-N� "���B��8 ]��G �� �2�& �� �� J�\�) [���� :  T&) �)�)05/0P<.( 

SEM: �4;� *'Q8�'� ��)(8��&) .��  

 �7�8) �)D'� *��'% :�� 1 - ���G �7�8) �� (G F0�'8 2 - ���G 45" 60 � 75 ��1�@26'@ �� J�>26'@ �7�8) I@ �� 0) F0�'8 3 - ���G 90" 105 � 120 ��1�@26'@ �� 

J�>26'@ �7�8) I@ �� 0) 0�'8 �� A'��� �)�� ���� ��� "*!0�LC (
� � .�8�!�  ��'% 0) J)(@ �� �� ��� 324& �� "250 � 500 J�> �� .(
 �=�M) �!��'��C O	9� *�  

ALT: 8^C'* �C'0)��
8)��2-" AST: [����_&C �C'0)��
8)��2-   
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