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 U�(�J A�C7'(� ' -p(�� U#%��	  ����� �(�J 45�< ' 	< U���

) �(%Blair et al., 2008.(  

  

 �'&J1 - ��J� ]�%(7 ' �(�J �J	J #��;D #��	) -��  
Table 1. Ingredients and composition of broilers’ diet 

Ingredients (%) Starter (1-10 days) Growth  (11-24 days) Finisher  (25-42 days) 
Corn 54.04 57.08 62.56 
Soybean meal 39.08 35.54 30.14 
Dicalcium phosphate 2.03 1.81 1.65 
Vegetable oil 2.33 3.29 3.49 
Calcium carbonate 1.04 0.94 0.86 
Common salt 0.23 0.27 0.25 
Sodium bicarbonate 0.15 0.10 0.13 
Vitamin premix1 0.25 0.25 0.25 
Mineral premix2 0.25 0.25 0.25 
DL- Methionine 0.30 0.26 0.23 
L- Lysine HCl 
L- Threonine  

0.21 
0.09 

0.16 
0.05 

0.16 
0.04 

Total 100 100 100 
Calculated analysis    
Metabolizable energy (kcal/kg) 2780 3000 3100 
Crude protein (%) 22 20.8 18.9 
Digestible Arginine (%) 1.37 1.21 1.08 
Digestible Lysine (%) 1.34 1.13 1.00 
Digestible Methionine (%) 0.63 0.57 0.52 
Digestible Methionine + Cysteine (%) 0.99 0.85 0.78 
Digestible Threonine 0.82 0.75 0.67 
Calcium (%) 0.96 0.87 0.78 
Available phosphorus (%) 0.48  0.44  0.39  

Na (%) 0.15  0.16  0.16  

Cl (%) 0.22  0.24  0.24  

1 Vitamin premix provide Vitamin A 9000 IU/g. Vitamin E 18 IU/g. Vitamin K3 2 mg, Vitamin B1 1.8 mg, Vitamin B2 6.6 mg. 
Vitamin B3 30 mg. Vitamin B6 3 mg, Vitamin B7 0.1 mg, Vitamin B12 0.015 mg, Choline chloride 500 mg, Ca pantothenate 10 
mg and Folic acide 1 mg in one kilogram diet. 2 Mineral premix provide Mn (Mno4) 100 mg, Zn (ZnO) 100 mg, Cu (CuSo4) 10 
mg, I (CaI) 1 mg, Se 0.2 mg and Fe (FeSo4) 50 mg in one kilogram diet. 
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 #?�?@7 �� :���)&�  �% N�7	�<'(� .� ���`�
�

%V��
	* ��'� �� ���.'� 0.' ����5� �� :�'(� -��

 4��&� -(B�(Abudabos et al., 2013) >�?@7 T���� �� .

 (^�f ����'() 45�����&$$%  N�7	�<'(�V��
	*%  ��

 0��� �	  .� 0.' ����5� (=� .� #7'�`7 &��� �< �d��?!

���& .(/�� #?�?@7 �� &$r (� &� ���� 0���  �%

.� ���`�
� 	� �� 0&< 0.' ����5� ]\
 ��&�7	C*%

�J	J 4
� �&� #��	) -��(Rutz et  al., 2006)  ��� '

&���� 0��� (/�� #
�(< N� ��  �%�'()#���!." -�� 

[(S!�&$$%  �< �d��?! �� &�7	C*%	� .� #$D E,!�'() 

�J	J �� &��� �	  .� -(���< 0.' ����5� #��	) -��

 &���� 0���(Wang et al., 2009) # (< E<�?! �� .

 .� ���`�
� �% 4
� ���� 0��� V�?�?@7500 A7 �� �() 

�(�J �� &�7	C*%	� �J	J #��	) -�� -(B� ����5� (<

 0.'4��&�  .(Pelicia et al., 2010) E�c� .� #,� 

#a��f� �J	J Z��	  [(S! ' &�� ���% -��

 F*�G! H	I
 �< �&� ��;l7 #��	) &�7	C*%	� ��

 ���!." (^�f#! &��	7 -��&�7	C*%	� (���?! A�5� c�< �<

 u	<(! 0&< �� #5�^� .&��<�b� �	S@!#� a	<�7�%�d� 


�-��&� C*%	�N� 0&< ��U 
�&� �'�N� ��&?! '- 

��c"0	� L5� ��	! o�J �% 4
�#  0&< .�&$�d�  '�&�(� 

� s5� 4bJA� �f� �	  0&< .� ���  �< ��	!���  �<

p(�� [(h- <�$< .����A��( ��5� �<�� �I
 &�7	C*%	�  ��

�(�J 4
� A,! a	<��! ��<#,� .-���  �&� ���' 0&< (<

�� '�$� p(��-  0&< �� ����5�&<��.     

 �� N�7	�<'(� .� ���`�
� 4
� ���� 0��� V�?�?@7

�J	J  4��&� -(B� Z��	  E�&\7 ]�(^ (< #��	) -��

(Abudabos et al., 2013). /�� #7�?�?@7 T���� 0��� (

�J	J ����(�J �< �% #��	) -�� &�7	C*%	� -'�f -��

 E�&\7 ]�(^ -���� &��	< �&� ��;l7 (G! ���S+ .� �%

 &��	< -(�b<(Tipa, 2002) . �	\b< U(/�� V�����)

 E�&\7 ]�(^�J	J ' &��(% &�q�7 �� #��	) -�� 4*+

�< �� 0"  ���S+ �� �	J	! -��&�7	C*%	� &�`! (�B�7

4\d� (G!  &����(Rutz et al., 2006) . V�?�?@7 ��

 -(/��:���) �J	J �� �% 4
� �&� U#��	) -��

�'()#���!." -�� 45�����&$$%  &�7	C*%	� -'�f E,!

 �< P��O ���'()  E% A�$j� ' #����� ��'� �� &���

&$���� -(�b< E�&\7 ]�(^ ��'�  

et al., 2009) .(Wang  (< �'1+ (G! ���S+

	C*%	� U&�
�	$�!" &$��! -(/�� -;l! ��	! ��&�7

 �% ���� #�&L! ��	! ' A�!���' 4
� A,! �	\b< �<

 E�&\7 ]�(^ &$$% N%(Rutz et al., 2006) . :���)

4
� �&�  �%�d��!'��%�
 ����'(
  N�(@7 �<

t'(,�! ��	! .� ���`�
� U:��	) ��/�
� &�`! -��

#! �	\b< �� #��;D &�G<)Kocher et al., 2004 .(

 ��&�7	C*%	�]\
 #)n�' �	\b< .� Z��	  -����� �L
	7 

��'� V���	�f �� �(,*+ �	\b< ' #$�� ��d�
 �	\b< U

#! 0�	J &�	�Gardiner et al., 1995) .( 0��� V�?�?@7

 4
� �����L
	7 ����5� �� &�7	C*%	� .� ���`�
� ��'� 

0�d�� ��  Pozo and Gil, 2002) (Sanchez  Z	  '

(Martinez-Puig et al., 2007) ��	< (B	! 4
� . .�

 E!�+ '� (�B�7 4@7 #��;D E�&\7 ]�(^ �% #��K�"

4
� #5(S! Z��	  ' 0.' ����5�U  T���� �< �J	7 �<

[(S! �% (^�f >�?@7 �'() �� ���.'� Z��	 #���  �%

�	< (�% &��	< ��(% 45���� &�7	C*%	�U �K��� ��  A��

�'() ������.&��	< -(�% E�&\7 ]�(^ -  

�% ��� 0��� T����  (B��'()#���!." -��  (< F*�G!

��&�� ' ��c V�`h#$L! 0&< #* �� -�� �	\� ���

)05/0>P .� ���`�
� �% 4
� ���� 0��� V�?�?@7 .(

�J	J �� V��
	*% N�7	�<'(� 0.' (< #��	) -��

��&�� ' ��c V�LIO 4��&� -(B� 0&< #* �� -��

(Abudabos et al., 2013) �% 4
� �&� :���) .

�J	J �< ��(� (G! ���S+ .� �% #��	) -��

��c �(,*+ �	\b< &�&� ��;l7 ��&�7	C*%	� '  ����5�

 &$���� ��< ' 0�� 0.'Rutz  et  al., 2006)(.  ���S+

 &$��! -(/�� -;l! ��	! ��&�7	C*%	� (< �'1+ (G!

L! ��	! ' A�!���' U&�
�	$�!" 4
� A,! �% ���� #�&

 &$$% N% ��c �(,*+ �	\b< �<                     

Rutz  et  al., 2006)(.  &$�d� -;l! ��	! ��&�7	C*%	�

 �?� ]*O ' #�*,
� V1_+ U��'� �(,*+ �	\b< �� �%

 &����(Grimble and Westwood, 2000) A�� [1  (< .

#$L! ����5� (^�f >�?@7 �� UV�����)�� ' ��c �� -�
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��&�� .&�� �&���! 0&< #* �� -��� �� ��&�7	C*%	

 &���� E��7 N�C*%	� &�
� E,� �� �� ' ��."(�D E,z�

#! �_� #�G
 �z< ' &$z��< ��&���&�	� )Borda et al., 

2003 .( �< u	<(! T���� �� V'�`7��B"  �� ��&�7	C*%	�

�J	J ��c �� &�� �(,*+ (< �(�J! #��	) -��#-

E,! A�� �� �	J	! V�\�%(7 (��
 �< &��	7 k\7(! ��

 �	S@! A�� �$�!" -��&�
� E�5'(� {	S  �� .&��<

 .� #�G< A�$j� .���&� �	J' #7�+1R�
�-��&� !"�$� 

A�C7'(� �� �	J	!#<'(,�! ��$! �< -��  �(5 �<


�-��&� !"�$� D &$�d� U ��a�f# �b$7 �% 
�-��&� 

!"�$� �(5 L !#��	7&$ �f�� �< �&�. V��	J	! 0&< ��# 

J ' �_�; ��(O 0&< ���`�
� ��	! ' �&� t &�(�/<

)Sanchez Pozo and Gil, 2002(.  

 (B� �< u	<(! T���� F*�G! H	I
 ' V��
	*% N�7	�<'(�

  &�7	C*%	� .� #$D E,! ���+ A�/���! (<Anti-SRBC 

UE%IgG   'IgM  -��.'� ��21 U28 U35  '42  :�'(�

0��� -��.'� �� �% ��� 21  '42  -�����+ U:�'(�

Anti-SRBC  UE%IgG ' IgM  4@7�'() (�B�7 -��

) 45(/� ��(O F*�G! #���!."05/0>P �'&J U4( .  

 .'� ��28 �'() U:�'(� N�7	�<'(� #���!." -��

V��
	*% '400  '500  A7��� ���+ -���� &�7	C*%	� �()

 ��*+ E%SRBC  �'() �< 4\d� -(���< &��	< &���

)05/0<P .( ���+IgG  �% #�'() ��500  A7 �� �()

�'() �< 4\d� �	< ��(% 45���� &�7	C*%	� ' &��� -��

600 ) �	< (7c�< &�7	C*%	� A7 �� �()05/0<P #a' U(

#$L! [1� � V��
	*% N�7	�<'(� �'() �< 4\d� -���

) 4��&�05/0>P.'� A�� �� .(U �'() #���!." -��

7	�<'(� ' V��
	*% N�400  '500  A7 �� �()

 ���+ U&�7	C*%	�IgM ) &$���� -(7c�<05/0<P �� .(35 

�'() U#).'� #���!." -��400  '500  A7 �� �()

�'() ��?< �< 4\d� U&�7	C*%	� E% A7��� ���+ -���� ��

 ��*+SRBCU IgG  'IgM ) &��	< -(7c�<05/0<P .(  

     
   

 �'&J2 -  N�7	�<'(� (B�V��
	*% (< &�7	C*%	� .� #$D E,! F*�G! H	I
 ' �J	J &�� �(,*+#��	) -��  
Table 2.  Effect of probiotic CloSTAT and different levels of enriched nucleotide supplement  on performance 

of broilers 
Treatments  Average daily feed 

intake (g) 
Body weight gain (g) Feed conversion 

ratio 
Control 98.2a 50.7ab 1.93a 

Probiotic CloSTAT 99.8a 51.1ab 1.95a 

Nucleotide (400 g/ton)  89.7b             53.4a 1.67b 

Nucleotide (500 g/ton) 83.3bc 51.4ab 1.62b 

Nucleotide (600 g/ton)   79.4c 49.0b 1.62b 

SEM 2.18 0.40 0.035 
P-value 0.001 0.004 0.001 
Means within the same column with different superscripts differ significantly (P<0.05) 

 �'&J3 -  N�7	�<'(� (B�V��
	*% (<  &�7	C*%	� .� #$D E,! F*�G! H	I
 ' #��	) -�� �J	J ��c -��J� &h��  
Table 3.  Effect of probiotic CloSTAT and different levels of enriched nucleotide supplement  on carcass 

compartments of broilers 

 

Thymus 

 
Bursa of 
Fabricius 

 
Abdominal 

fat 

 
Wing 

 
Breast 

 
Thigh 

 
Carcass 

efficiency 

Treatments 

0.22 0.12 1.31 8.45 37.55 31.32 61.65 Control 
0.25 0.13 1.19 8.21 38.62 30.29 61.32 Probiotic CloSTAT 
0.38 0.11 1.12 8.64 38.64 31.04 63.13 Nucleotide (400 g/ton) 
0.35 0.14 0.96 8.53 39.06 31.07 62.48 Nucleotide (500 g/ton)   
0.27 0.13 1.21 8.52 37.66 32.02 61.81 Nucleotide (600 g/ton)   
0.01 0.006 0.04 0.09 0.32 0.21 0.28 SEM 
0.06 0.08 0.11 0.17 0.67 0.47 0.75 P-value 
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 �'&J4 -  N�7	�<'(� (B�V��
	*% (< &�7	C*%	� .� #$D E,! F*�G! H	I
 ' 6
�� -��#$��  ��*+ (<SRBC  ��

 -��.'�21 U28 U35  '42 :�'(�  
Table 4. Effect of probiotic CloSTAT and different levels of enriched nucleotide supplement on antibody 

responses to sheep red blood cell (SRBC) on days 21, 28, 35 and 42 of age

        Means within the same column with different superscripts differ significantly (P<0.05) 

#��" 0���!-��< -���&� &�a	7  ��*+SRBC 0��� �&$��

��d�
 4�L^'  4
� ���	!	� #$��)Grasman, 2010.(  

A�a	<	*)	�	�� ����5�#! 0	  -��0��� &��	7 6
�� �&$��

�J	J (�b< #$��&��< #��	) -��  (Yang et al., 2012) .

#��" ���+ V�(��l7 �� &$`
	) �!(O �	\*) ��*+ -��<

���!." >���7 :'� (�B�7 4@7 4
� A,! F*�G! -��

#��"!. ' A
 U0p�J	J #,���p �$� &��< ��(Yang et al., 

2012)�&� :���) . 4
� N�7	�<'(� �%���� (< -�� 

��*�<	
 P	*�
�< �J	J �(,*+ .� �� #��	) -����� 

�d���,! �	\b< #$�� ��d�
 N�(@7 &$��! #���&$�G< 

(Teo and Tan, 2007) ��� 0��� -(/�� >�?@7 .1/0  &h��

 N�7	�<'(�V��
	*%  ���J	J #��	) -��]\
  �	\b<

 U0���,� ' #��I*
) &� #$�� 6
��1394 �&� :���) .(

 �� 0&< #$�� ��d�
 �	\b< ]\
 ��&�7	C*%	� �% 4
�

 Z	  ' 0�d��#!&�	� (Grimble and Westwood, 2000) .

 ��&�7	C*%	�]\
 #)n�' �	\b< .� Z��	  -����� �L
	7 

��'�b< ' #$�� ��d�
 �	\b< U-� V���	�f �� �(,*+ �	\

#! 0�	J &�	�Gardiner et al., 1995).( ���!." A�� T���� 

�< A���� V�?�?@7  .4
� >\I$!:���)��� (< #$\! ��� #

��	) #$�� ��d�
 (< -(G! Vc	S@! (�B�7 ����5� -��

0	*O	< Ex! �	�R F*�G! (Cetin et al., 2005)، �J	J -

 #��	) -��(Gao et al., 2009) y(! '�G7 -�� ��;)

(Lensing, 2012)  >��! Vc	S@! .� -���d< .���� �	J'

 4L$h �� (G! .� �&�#! ���`�
� �	�R	�� Vc	S@! .&

Q�7&+ (G! �&� >��!  ��< &$��! #a	*
 ��	�� -��J� -'�f

1U3 ��< U1 U6 0���! U0�%	*)) &���%�
	/�a�MOS �� (

 &$�d� ��&�7	C*%	�(Klis et al., 2006) . �(,*+

��&�7	C*%	� #$�� (<  -&��	� �!� U4d�� ~G�! H	^' �<

                                                                    Total Anti-SRBC  
 Treatments  Day 21 Day 28 Day 35  Day 42 
Control 1.00 3.20c 3.80b 2.40 
Probiotic  CloSTAT 1.10 5.20b 4.50b  2.20 

Nucleotide (400 g/ton)   1.60 6.60a 6.60a 2.80 

Nucleotide (500 g/ton)   1.60 6.90a 6.10a 2.40 

Nucleotide (600 g/ton)   1.20 3.40c 3.60b 1.70 
SEM 0.21 0.25 0.19 0.12 
P-value 0.33 0.0001 0.0001 0.48 

                        IgG   

Control 0.30 2.30b 2.10bc 1.5 
Probiotic  CloSTAT 0.50 2.60ab 2.50b  0.9 

Nucleotide (400 g/ton)   0.40 3.40ab 3.50a 1.5 

Nucleotide (500 g/ton)   0.40 4.70a 3.30a 1.3 

Nucleotide (600 g/ton)   0.40 1.70b 1.60c 0.5 
SEM 0.11 0.26 0.12 0.11 
P-value 0.45 0.03 0.001 0.11 

                    IgM   

Control 0.70 0.90c 1.70c 0.90 
Probiotic  CloSTAT 0.60 2.60ab 2.00bc  1.30 

Nucleotide (400 g/ton)   1.20 3.20a 3.10a 1.30 

Nucleotide (500 g/ton)   1.20 2.20ab 2.80ab 1.10 

Nucleotide (600 g/ton)   0.80 1.70bc 2.00bc 1.20 
SEM 0.13 0.17 0.12 0.11 
P-value 0.57 0.02 0.003 0.41 
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0�% U-&�7	C*%	� E,! �,$�� (< #$\! ���� �	J' A�a�'���%

A  �	*
 (�x,7 '#��" E<�?! �� �� ��@R -��0p :	! �� ��

#! ����5� &��(Adjei et al., 1999)�	*
 . �b! -��

4�
	%	a Ex! #$�� ��/�
�$a U��4�
	` �	*
 ' ��

#R�G!  �< �J	7 �< ��'�.�
 ' 4 	
  -c�< �Kf ' #a	*


0" -c�< .��� A�$j� Us�(
 �$%�' U&�7	C*%	� �< ��


 -�(< -�'&@! ���d< 4�5(v4 �  .&���� &�7	C*%	� ��b7

 &�7	C*%	��	*
 A�� �� F��v' ��K�� -�(< #J��  s\$! .� ��

0" #L�\R 4
� �b! ���d< ��(Burrells et al., 2001).  

 .� Eh�f T������B"  F*�G! H	I
&�7	C*%	� .� #$D E,! 

 #a	*
 #$�� 6
�� 0���! (<24  '48  >���7 .� �� 4+�


 -&*J(�.PHA-P  �'&J ��5  T���� .4
� �&� ���� 0���

���� #
�(< .� Eh�f 4\d� #�
	� 4�
�df �< u	<(! -��

 �<PHA-P  (B� �% ��� 0����'()" -�� #���!. 0���! (<

#$L! #a	*
 #$�� 6
��) �	\� ���05/0>P.(  �&� :���)

 �% 4
� ��(� -��(G! ��/�
� �	\b< ]\
 ��&�7	C*%	�

 #$�� ��d�
 ' :��	)#a	*
  ��#��! 4
� �&� .(Lin et 

al., 2009; Shiau et al., 2015)  T���� �< V�?�?@7 A�� T����

 (^�f ���!."#a	*
 #$�� 6
�� ��	! �� �	�R ��  4?<�I!

.���&� #! V'�`�! (B� A�� 4*+ �< &��	7��	) �� V'�`7 

��	�f�La�I! ��	! # .&��<  U(^�f ���!." �� A�$j�

 �� #$�� N�(@7#�$7 �J	J -�(<	J' #��	) -�� �

 (�b< Z�� -�(< .4��&���B"  ' �(,*+ (< -&�7	C*%	� E,!

.&�(�) V�	h -(���< V����!." 4
� �.c �&�(� #$��  

�:�*���� )��+  

#! #*% �	R �< ��5� ��,< &�7	C*%	� H	I
 ��7 4`) 0�	7

 >�?@7 A�� ��]\
  �	\b< ' ���.'� Z��	  [(S! ���%

&� Z��	  E�&\7 ]�(^U  -��J� -'� �!���&�� ' ��c -��
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Table 5. Effect of probiotic CloSTAT and different levels of enriched nucleotide supplement on PHA-P stimulation 

index 

 Stimulation index (mm)*  

24 h 

Stimulation index (mm) 

48 h 

Control 0.26 0.32 
Probiotic CloSTAT 0.41 0.32 
Nucleotide (400 g/ton)   0.42 0.36 
Nucleotide (500 g/ton)   0.26 0.39 
Nucleotide (600 g/ton)   0.33 0.26 
SEM 0.03 0.03 
P-value 0.60 0.30 
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Abstract 

This research was conducted to evaluate the effects of different levels of nucleotide supplementation on growth 
performance and immune responses of broiler chickens. An experiment was conducted as a completely randomized 
design using 300 day-old male chicks, were divided into five treatments with five replicates and 12 chicks in each 
replicate. The treatments consisted of the basal diet without additives (control), the basal ration + 500 g/ton of 
probiotic CloSTAT, basal diet + 400, 500 and 600 g/ton enriched nucleotide supplement, respectively. Daily feed 
intake, daily body weight gain and feed conversion ratio were measured at the end of each period. Humoral and 
cellular immunities were evaluated by intramuscular injection of sheep red blood cell (SRBC) and intradermal 
injection of phytohemagglutinin-P (PHA-P) in wing, respectively. The results indicated that all levels of the 
nucleotide reduced the daily feed intake (89.7, 83.3 and 79.4 vs. 98.2 g, respectively) and improved feed conversion 
ratio (1.67, 1.62 and 1.62 vs. 1.93, respectively; P<0.05).  On day 28, probiotic CloSTAT and 400 and 500 g/ton of 
nucleotide had higher levels of total anti-SRBC (5.20, 6.60 and 6.90 vs. 3.20) and IgM (2.60, 3.20 and 2.20 vs. 0.90; 
P<0.05). On day 35, the treatments of 400 and 500 g/ton nucleotide have higher total anti-SRBC (6.60 and 6.10 vs. 
3.80 and 4.50), IgG (3.50 and 3.30 vs. 2.10 and 2.50) and IgM (3.10 and 2.80 vs. 1.70 and 2.00) than the control 
group and probiotic CloSTAT (P<0.05).  Cell immunity in response to PHA-P injection was not affected by 
treatment groups (P>0.05). It is concluded that consumption of 400 and 500 g/ton enriched nucleotide supplement in 
the diet has beneficial effects on performance and immune responses of broiler chicks. 
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