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This study was conducted to determine the effects of autolyzed yeast with 

enzyme supplementation and barley particle size on performance, immune 

system and ileal digestibility using 400 one-day-old mixed Ross 308 broiler 

chickens in completely randomized design with a factorial arrangement of 2×4 

with 8 treatments, and 5 replicates from 1 to 35 days of age. The experimental 

treatments included the type of additive (without additive, enzyme, autolyzed 

yeast and autolyzed yeast with enzyme) and barley particle size (fine, 2 mm; and 

coarse, 8 mm). The addition of autolyzed yeast and enzyme improved feed 

conversion ratio compared to the treatment without additives (P<0.05). 

Autolyzed yeast with coarse barley particles increased the european efficiency 

factor, energy and protein efficiency ratio compared to the other treatments 

(P<0.05). Supplementation of enzyme reduced the abdominal fat percentage 

compared to other treatments (P<0.05). Autolyzed yeast with enzyme increased 

the length and dry matter percentage of the tibia compared to the treatment 

without additives (P<0.05). Addition of autolyzed yeast with enzyme improved 

the immune system response and ileal digestibility of nutrients compared to 

other treatments (P<0.05). Autolyzed yeast alone and with the enzyme decreased 

litter pH compared to the treatment receiving enzyme alone and the treatment 

without additive (P<0.05). In conclusion, dietary supplementation of autolyzed 

yeast with enzyme in broiler chickens fed diets containing barley would be 

recommended. 
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%	�� � �I�	 �&q� )( #)4 ����F�  

3100 3100 3100 3100 3050 3050 3050 3050 2900 2900 2900 2900 �I�	 �70�>����� )( +�!�� 
% �>���!��  

90/18 90/18 61/18 61/18 37/21 37/21 08/21 08/21 06/23 06/23 77/22 77/22 J�/O�;  �� )()(
%  

79/0 79/0 79/0 79/0 87/0 87/0 87/0 87/0 92/0 92/0 92/0 92/0 Q�0!� )()(
%  

39/0 39/0 39/0 39/0 43/0 43/0 43/0 43/0 46/0 46/0 46/0 46/0 U��% ]��R T0H )()(
%  

99/0 99/0 99/0 99/0 1/1 1/1 1/1 1/1 23/1 23/1 23/1 23/1 QS� ]��R J�9�> )()(
%  

51/0 51/0 51/0 51/0 55/0 55/0 55/0 55/0 62/0 62/0 62/0 62/0 QS� ]��R J������ )()(
%  

76/0 76/0 76/0 76/0 83/0 83/0 83/0 83/0 91/0 91/0 91/0 91/0 J������  +QS� ]��R J��0�� )()(
%  

66/0 66/0 66/0 66/0 73/0 73/0 73/0 73/0 82/0 82/0 82/0 82/0 QS� ]��R J����O )()(
%  

29/1 29/1 29/1 29/1 34/1 34/1 34/1 34/1 42/1 42/1 42/1 42/1 J�>�� )()(
%  

16/0 16/0 16/0 16/0 18/0 18/0 18/0 18/0 18/0 18/0 18/0 18/0 Q�)� )()(
% 

20/0 20/0 20/0 20/0 23/0 23/0 23/0 23/0 23/0 23/0 23/0 23/0 !� )()(
% 

85/0 85/0 85/0 85/0 88/0 88/0 88/0 88/0 94/0 94/0 94/0 94/0 Q����; )()(
%  

228 228 228 228 238  238  238  238  254 254 254 254 ����P ��	�O - #�L ���O�� )�!����	( +�!�� 
% �j	� 

1 J������ :%�7� J��mO 	
 ]�N �%�?� #�L  +�!�� � �	�	 �� �������� ]7*� .A �11000 J�� )i	�  J������ ��!!7>	D3 �1800 J�� )i	� J������ ��!!7>	E �36 �!�� J������ � +K3 �5 �!�� J������ � +

B12 �6/1 �!�� J����O � +53/1�!�� � �J��ZH���
 � +5/7 �!�� J����� � +30�!�� � �J�0��)��; � +53/1 �!�� �J�O��� � +03/0 �!�� �a�>�H )��	 � +1 �!�� �a��O����; )��	 � +24/12 

�!���0��O	 �  + �J����125/0 �!��. +  

2�)�� %	�� ]7*� . �J�P :%�7� J��mO 	
 ]�N �%�?� #�L  +�!�� � �	�	 �� �250 �!�� ���
 M�T>�� � +84  �!�� �9�$�� M�T>�� � +160 �!�� �)� � +6/1 �!�� �V� M�T>�� � +20 

�!��  � ���!� � +2/0 �!�� �3>��� �  +4/0 �!��. +  

  

 #%�T��	 �� #
�% � 
% ���;�
	 ��%��� 
����H�G�	
 �	��� )3�( )4� ( )5 ( ����F�)4 .Q� J��8 �	�  3�0� ����F�

�G�	
 �	 J�/O�; � �I�	 ��%������ )6�( )7�( )8� ( )9(  .)4 #%�T��	  

 �G�	
3       (               100× )/(M�T!O �	 ]�R ]� %	)�O )v!O %	)�O M�T!O )(
% = (#)4  

 �G�	
4 (                                                  100- #)�� )(
% =M�T!O )(
%  ����  
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 �G�	
5 (  100×  
 )���� #)�� )(
% ×�)� ��� J�$���� )( +�!��  

���;�
	 ��%��� 
����H =  
 )e	
�� ]�)�O X�f× J� J�$���� )(��
  

 �G�	
6(                  �H\� Q0�>����� ]��R �I�	 ]� =  

 )e	
�� Q0�>����� ]��R �I�	 
	)?� )((�>���!��× )(#
�% � 
% �H\� e	
�� ]�   

  

 �G�	
7 (  100×  
 )(��� ^�	9H	  +  

�I�	 ��%��� 3�0� =  
 )(�H\� Q0�>����� ]��R �I�	 �>���!��  

 �G�	
8 (               e	
�� J�/O�; )(
% ×J�/O�;  + = #
�% � 
% �H\� e	
��  + �H\�  

 �G�	
9 (  100×  
 )(��� ^�	9H	  +  

J�/O�; ��%��� 3�0� =  
 )(�H\� J�/O�;  +  

 
% ��
35  �L�L ��GR �% �^����P��  ���� J�$����#�+ � r�E��	 ��J���O �	 V; {�N  �	9L	 � ���; V:� .)�)4

.)�)4 	)L �4j  �	
 ����� ��� )�� � ; �	)$�� �; #)�� ^�; ��7*4 #Ti ��8 ���#�	)�	  ��0� ��� � )4 ��+

�P �� ��  M
�()(
%�	 �  #)�� ��� .)4 ����F� �G�	
 �	 9�� k
	�+ #�$��% ~��4 )10 ()4 ����F�.  

 �G�	
10 (  100×  
 )(; k
	�+ #�$��% ���  

k
	�+ #�$��% ~��4 =  
 )(#)�; #)�� ���  

�	�E��	 34
%3H�� ���7O �%�	)L �	 V; � )4 	)L 3R% �� �L�L � �8 ���P |	�	 ��� �	� ���

#�	)�	 ��+ 34
% �	�E��	 M��(�\� ���K� �0��� �	9�� � a�� #%�� )(
% ��>�$8 ���0� ��� �.�� �Q5i � ��

 #�$�����P.��
	 ] )412.[  

�	� #�	)�	 ��&q� %	�� ���/!�	 QS� 3�!��R ��+ )�0�	 �	 �� �� �	��" L
�� �
����	 �#%�T )4J� 
% . 30 

 �	9�� �+��
3/0  )�0�	 )(
% �� �H�f	 #�L �� )4  ��� M)� `�; �L�L 
����	 
% ��
 
	R ��3H+ J� 
% .35 

�+��
 �%  
���� ��%+ �GR k�
 �� � r�E��	 
	*O � �	 �L�L ��GR )�)4 ���/!�	 M����F� � �P  �� ](�H )i �	

 �O ]*� #)�	������ `�;  �	 ]�R ���7L .�*��/!�	 �$�T�	 �
�P  .)4 �0��� �  �� ��8 � �� J�/O�; ��>P #%�� V:�

#�	)�	 Mj�SH � e	
�� ���7�  ��  .)4 ��+ �	 #%�T��	 ��  �� �0��� �  �� ��8 � �� J�/O�; ��>P #%�� QS� 3�!��R

�G�	
 )11 (����F� ] )420.[  

 �G�	
11(                                    DC = 100 −  	100 ∗ 	Mdiet/Mdigesta� ∗  	Ndigesta/Ndiet��  

�G�	
 J�	 
% �DC � #%�� QS� 3�!��R�&q� � �Mdiet e	
�� 
% �
�� )(
% �Mdigesta ��7S� #%�� 
% �
�� )(
% �

Ndiet �e	
�� 
% �&q� #%�� )(
%  �Ndigesta � )(
%�7S� #%�� 
% �&q� #%�� .3�	  

�	�  �����
 
% ���+)�; �(�\��	 ��7�	 h��; � ��
�7�O l	 ��
�14  �28 k
�; #
�%�  � �	 �L�L ��GR �%

 �� 
	*O25/0 �!�� ���0��:��� ��>10  ��� 9�R .��!+ )(
%)�T��+ )SRBC(  
%H�� M�T0H�  ���� �!S" ��� �	

{�?!O  .)�)4�	 V; ��
 3T� � �	  ��+)�; .�� z������� ���7� �)4 ��+ ��� ����� M)�10  3"� �� �?�R%

3000 I��T����� �?�R% 
% 
�% )�%+ �O 4 	)L �P  ��.% ��O V:� ���P �%����!" SRBC  k�
 �	 #%�T��	 ��

] 3H+ 
	R �����
	 %
�� ��O�*�� �������O�!+�7�14 �����
 
% .[24 � 35 k
�; #
�% ���7� �0� �	�
	%� )4 � 

 �	9��pH  �0� 3���
 �#�	)�	 )4 ��+ ]15 .[  
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#%	% ��� ](�i �	 #%�T��	 ��  � 
��P 
	9H	� SAS ) �E0�4/9 (95O�� � ��$���J ��  � J*�	% ����P �	 #%�T��	 �� 
%

��� {G�� �
	% `�;  )(
% .)�)4 �0��?��G�	
 �	  [� J�	 �
��P .)� )12�� ( )�P 3�%:   

 �G�	
12                                                                                        (Yijk=µ+Aj+Bk 
+ 	AB�jk 

+eijk   

�P 
% ��� Yijk�  
	)?�#)����  �#)4µ�  �����L J�$����Aj ���%�9H	 b�� l	 �Bk��L M	
N #�	)�	 l	 � )AB)jk l	 �

 � �L M	
N #�	)�	 � ��%�9H	 b�� ]��?��eijkG� l	 �.3�	 ������P ��  

  

3 .56� 
 7�+ �   

 l	�L M	
N #�	)�	 � ��%�9H	 b��  � %*!7"�L�L��� �4�+� .�)L 
% )3 (#%
�P  � e	
�� |\� �	9�� .3�	 #)4

 3FO k
�; #
�% ]� 
% �)� ��� ^�	9H	�lmO 	)�	 �� � ��%�9H	 b���P ]��?�� M	l	 � �L M	
N #�  ��3H$� 
	R .

 #
�% ]� ]�)�O X�f)�; 
%��+�  ����%�9H	  �	 �2� )�%� 3H��
%  ��+)�; )��4%�� )05/0<Pl	 .(  �L M	
N #�	)�	

 l	 ��L M	
N #�	)�	 ]��?��×  ���%�9H	 b�� � e	
�� ]�)�O X�f����%��� 
	%.  

  
I9�>3 . �;$��.9@�$ )*�  *> !$�= %1$��$ 9�>*> .�&��� �� �6�*F 
: + R, �.35 �F19�  

e	
�� ]�)�O X�f  
�)� ��� ^�	9H	   

 )��  + (�L�L � �	�	  
e	
�� |\� �	9��   

 )��  + (�L�L � �	�	 
�q�� 

 
�O a� 35 �+��
  �O a� 35 �+��
  �O a� 35 �+��
  

      �!(	 M	l	  
      ��%�9H	 b�� 

47/1a 31/1740  72/2560  ��%�9H	 ��)�  
37/1b 74/1823  93/2509 Q�9�P 

41/1b 48/1761  66/2499 #)49�>�O	 7E� 

39/1b 66/1803  22/2518 �� #)49�>�O	 7E� Q�9�P #	7�  
01/0  28/30 85/41 SEM 

003/0  21/0 74/0 .�7�i	 {G�  
      M	
N #�	)�	1

 

43/1  42/1781  64/2546 9�
  
39/1  18/1783  62/2497 34
%  
01/0  41/21 59/29 SEM  
09/0  95/0 25/0 .�7�i	 {G�  

      ]��?�� l	  
      M	
N #�	)�	 ��%�9H	 b��  

49/1  35/1732  84/2558 9�
  
��%�9H	 ��)�  

45/1 28/1748  59/2535 34
%  
38/1 06/1828  79/2527 9�
  

Q�9�P  
36/1 42/1819  07/2492  34
%  
42/1 56/1745  21/2484 9�
  

#)49�>�O	 7E�  
41/1 40/1777  10/2515 34
%  
42/1  70/1819  70/2588 9�
  

�� #)49�>�O	 7E� Q�9�P #	7�  
36/1  62/1787  73/2447 34
%  
02/0  83/42  19/59   SEM 

78/0  88/0 55/0   .�7�i	 {G�  
���� |Z��	 �	
	% ����� �' |�i �� %	)"	 ����� � 
%)��0� 
	% )05/0 P<.(  

SEM.J�$���� %
	)����	 ��G� :  
1�� 34
% � 9�
 M	
N #�	)�	 .  �	� X�OO2  �8 �!��.%�� ��  
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 l	�L M	
N #�	)�	 � ��%�9H	 b�� �%��� 
����H �� �;�
	��� �%��� 3�0�� I�	� /O�; ��J �L�L��� �4�+�  
%

.�)L )4 (#%
�P  ��%�9H	 b�� l	 .3�	 #)4~��4 � �
	 ��%��� �����; � )4
 �J���'P #
�% 
% ���;���� ��	 %��� 
	% 
%

 �#
�% ]�)��4 ��+)�; ���;�
	 ��%��� 
����H �Q�  �O)��4	% )05/0=P�� .(K� �� 
% ���;�
	 #%��� 
����H %��2� )�


�� ^����P #
�% ]�#)�� )(
% ^�	9H	 � �)� ��� ^�	9H	 ]�>% 7E� �%�9H	 �	 �4�� ����#)49�>�O	 #�L �� Q�9�P � ��

 e	
�� ]�)�O X�f ^��� � )��4 �� 3�0� ���;�
	 ��%��� 
����H ��L M	
N #�	)�	 .)4�� 	
��� 
%#
�% �	 a� ��

 .%	)� 
	R �lmO 3FO��%�9H	 b�� ]��?�� l	× �L M	
N #�	)�	� �'P #
�% 
% ���;�
	 ��%��� 
����H 	
 #
�% ]� � )4
 �J��

 3FOO�lm  
	R%	)�����; #
�% 
% ��	 � � 7E�#)49�>�O	 ���� ^�	9H	 g"�� �L 34
% M	
N �� ���;�
	 ��%��� 
����H 
	%

 ��� �� 3�0���+)�; )�%+ )05/0<P��%�9H	 b�� .(�  J�/O�; � �I�	 ��%��� 	
 3FO �����; � )4
 �J���'P #
�% 
%

�lmOmO�l  
	R �%	)��#
�% ]� 
% ��	  )��4 ��+)�;J���; J�/O�; � �I�	 ��%��� ��� �� 3�0� �O��+)�; %	% ����)� 

)05/0<P .(#
�% �	 a� ��� 
% 	
 J�/O�; � �I�	 ��%��� 9�� �L M	
N #�	)�	 3FO ���lmO .%	)� 
	R  

  
I9�> 4 . �;$��.9@�$ )*�   *> !$�= %1$��$ 9�:.1� /��� C�,39�$ �:.1� �*67� �� �>*> T�E+9�3 9 
8��$ �6�*F 
:  R, �.

 +35 �F19�   
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	 ��%��� 
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�!(	 M	l	                            
��%�9H	 b��                         

��%�9H	 ��)�    83/50  92/164  41/127  45/318 b 83/30  54/26  71/20  83/23 b 85/3  31/3  12/3  15/3  b 
Q�9�P   18/51  72/190  14/139  08/355 a 66/30  41/29  80/21  50/25 a 78/3  63/3  28/3  35/3  a 

#)49�>�O	 7E�   26/52  28/195  24/148  46/348 ab 44/31  66/26  19/22  77/24 a 92/3  32/3  31/3  27/3  ab 
�� #)49�>�O	 7E� Q�9�P #	7�    63/50  40/171  22/150  43/358 a 68/30  42/27  34/22  16/25 a 78/3  38/3  31/3  29/3  a 

SEM   15/1  77/9  33/8  06/8  41/0  90/0  49/0  04/0  05/0  11/0  07/0  30/0  
.�7�i	 {G�    75/0  13/0  21/0  005/0  52/0  11/0  11/0  004/0  22/0  17/0  2/0  01/0  

M	
N #�	)�	1               
9�
    55/50  88/169  29/137  35/338  69/30  36/27  37/21  57/24  81/3  39/3  20/3  23/3  

34
%    90/51  27/174  21/145  86/351  11/31  65/27  15/22  06/25  86/3  43/3  32/3  30/3  
SEM    81/0  91/6  89/5  70/5  29/0  63/0  35/0  02/0  03/0  07/0  05/0  21/0  

.�7�i	 {G�    24/0  73/0  34/0  10/0  32/0  74/0  12/0  12/0  33/0  75/0  12/0  12/0  
]��?�� l	                

��%�9H	 b��  M	
N #�	)�	             

��%�9H	 ��)�  
9�
  74/50  72/165  b 02/119  33/318  07/31  53/26  77/19 c 50/23  88/3  31/3  98/2 c 11/3  

34
%  92/50  12/164  ab 80/135  33/318  59/30  54/26  65/21 abc 16/24  82/3  31/3  26/3 abc 20/3  

Q�9�P  
9�
  80/48  26/179  25/146 ab 54/346  82/29  26/28  49/22 ab 37/25  68/3  49/3  35/3 ab 33/3  

34
%  55/53  19/202  02/132 ab 63/363  50/31  56/30  12/21 bc 63/25  89/3  77/3  18/3 abc 37/3  

#)49�>�O	 7E�  
9�
  28/52  45/177  62/126 b 91/337  84/30  44/28  82/20 bc 74/24  84/3  54/3  11/3 bc 26/3  

34
%  24/52  11/141  86/169 a 01/359  04/32  89/24  55/23 a 79/24  99/3  10/3  51/3 a 27/3  

�� #)49�>�O	 7E� Q�9�P #	7�  
9�
  35/50  12/157  27/157 ab 63/350  05/31  20/26  40/22 ab 68/24  82/3  23/3  34/3 ab 26/3  

34
%  48/50  68/193  95/144 ab 41/373  39/30  23/29  44/22 ab 65/25  74/3  60/3  35/3 ab 35/3  
SEM  63/1  82/13  78/11  40/11  59/0  26/1  70/0  05/0  07/0  14/0  10/0  43/0  

.�7�i	 {G�   41/0  09/0  05/0  80/0  12/0  08/0  02/0  72/0  13/0  08/0  02/0  71/0  
���� |Z��	 �	
	% ����� �' |�i �� %	)"	 ����� � 
%)��0� 
	% )05/0 P<.(  

SEMJ�$���� %
	)����	 ��G� :.  
1�� 34
% � 9�
 M	
N #�	)�	 . �	� X�OO 2  �8 �!��.%�� ��  



;<+�� %1$��$ !$�= *> 9 ��?� �*+$�%��@ �� %$��: @�A,B �� C.�&��� ��B6� $,��� 9 ����/  BD: $,�*E��   �>*> :
 6�*F�     115 

��%�9H	 b�� ]��?�� l	 ×3H��
% ��+)�; �� )4 #)���� �����; #
�% 
% ��L M	
N #�	)�	  ���i #�L #)���

3H��
% ��+)�; �� 3�0� �Oj�� J�/O�; � �I�	 ��%��� 3�0� �L 34
% M	
N #�	)�	 �� #)49�>�O	 7E�  #)���

��L 9�
 M	
N #�	)�	 �� ��%�9H	 ��)� #�L 34	% )05/0<P�� .(  3FO �I�	 ��%��� 3�0� �.��H �	9L	 �� �L�O

�� 
	R ��	&' #�L 
% #%�T��	%
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% 	
 �0�24  �%	% 
	R �lmO 3FO �+��


�� ���+ �	9�� �� �	pH ��&qO ��+)�; 
% �0�  #)4��� #)49�>�O	 7E� 9�� � #)49�>�O	 7E� �  ��� �� �0��?� 
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	% )05/0<P��
� 
% .( ��%�9H	 b�� ]��?�� l	 � �L M	
N #�	)�	×  l	 ��L M	
N #�	)�	

���� � �
	% pH)�� #)���� �0�.  
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pH  3���
 )()(
%  ���/!�	 QS� 3�!��R )()(
%    
�q�� 

35 �+��
  24 �+��
  35 �+��
  24 �+��
   �� ��8   �� J�/O�;  �>P #%��  a�� #%��    

                �!(	 M	l	  

                ��%�9H	 b�� 

26/7  90/6 a 61/43 40/42  b52/57  93/59 c 49b/61  c51/63 ��%�9H	 ��)�  

35/7  94/6 a 12/43 03/44  a76/60  02/61 bc ab93/62  b73/66  Q�9�P 

37/7  37/6 b 85/42 85/38 
a30/62  16/64 ab a97/65  a09/70  #)49�>�O	 7E� 

43/7  43/6 b 24/43 02/39  a87/61  65/58 a ab84/63  a04/71   #)49�>�O	 7E��� Q�9�P #	7�  

08/0  07/0  45/2  28/3  16/1  52/1 23/1 62/0 SEM 

43/0  0001/0<  99/0  52/0  004/0  02/0  05/0  0001/0  .�7�i	 {G�  

                M	
N #�	)�	1 

38/7  63/6  74/43  25/39  68/59  70/62  94/63  61/67  9�
  

33/7  69/6  67/42  90/42  30/61  64/62  18/63  05/68  34
%  

06/0  05/0  01/3  32/2  82/0  07/1 87/0 43/0 SEM  

54/0  33/0  63/0  22/0  12/0  96/0  49/0  43/0  .�7�i	 {G�  

                ]��?�� l	  

             M	
N #�	)�	 ��%�9H	 b��  
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��%�9H	 ��)�  
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%  

46/7  93/6  47/40 11/43 13/59 37/61  91/62  84/65  9�
  
Q�9�P  

23/7  95/6  77/45 95/44  40/62  66/60  96/62  61/67  34
%  

34/7  34/6  08/46 61/38 37/61 63/64  98/66  15/70  9�
  
#)49�>�O	 7E�  

41/7  41/6  61/39 09/39 24/63 69/63  96/64  90/69  34
%  

39/7  39/6  72/41 25/37 28/61 99/64  43/64  28/71  9�
  
�� #)49�>�O	 7E� Q�9�P #	7�  

46/7  48/6  77/41 78/40 48/62 15/66  26/63  80/71  34
%  

12/0  10/0  47/2  64/4  64/1  15/2 75/1 87/0  SEM 

42/0  97/0  29/0  76/0  76/0  94/0  88/0  47/0    .�7�i	 {G�  

 �	
	% ����� �' |�i �� %	)"	 ����� � 
%���� |Z��	)��0� 
	% )05/0 P<.(  

SEM.J�$���� %
	)����	 ��G� :  

1�� 34
% � 9�
 M	
N #�	)�	 .  �	� X�OO2  �8 �!��.%�� ��  
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