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��K� LM$�, N�O P"�H �� <�Q.?'4  <��R��5  � �+�5�10 
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ABSTRACT 
The aim of this study was to investigate the effect of physical properties of zinc oxide on serum changes of interleukin 6 (IL-

6), tumor necrosis factor alpha (TNFα) and occludance 1 (ZO-1) in broiler breeders. A total of 200 hens (Ross 308), at the 

age of 54 weeks, was used in a completely randomized design with 4 treatments, 5 replications, and 10 birds per replication. 

In this study, two levels of zinc (70 and 100 mg/kg diet), and two ZnO sources (regular zinc oxide and activated zinc oxide) 

were used. The production performance of the birds and the concentration of interleukin 6, tumor necrosis factor and 

occludin in serum were measured at the end of the experiment. The supply of 70 mg/kg diet in both its regular and activated 

ZnO forms increased blood concentration of TNFα and ZO-1 (P<0.01). In contrast, addition of 100 mg of ZnO from both 

sources reduced pro-inflammatory factors and concentration of ZO-1 in the blood (P<0.01). Results of present study showed 

that the concentration of blood inflammatory factors and tight junction proteins in hens that are prone to intestinal 

inflammation which probably occur due to a meal in a day decreases with the consumption of higher levels of zinc. Changes 

in inflammatory factors and the concentration of tight junction proteins were in the same direction. Consumption of 100 mg 

of activated ZnO decreased IL-6 compared to 70 mg (P<0.01). Therefore, it is concluded that the change in physical 

properties, has improved the functionality of ZnO. 
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��& .6 "728 	$!9� ��":& �� �-.,�( � ;)����& 
�%� *�/� � �"�& *%�<��-� � �"�=	8 >?!@ '/=��� 
�� �"
.A B=1C- )!D.E/0/.�� %2��- �.2	�� ���/ �. 

�1�� ��%!#$�� � �").��%2& F�� 1�E!6 ��":& ;�� 
(Huang et al., 2019; Ao & Pierce, 2013) .��& 

�/1$�)/$ ��":& �"�& �!G <� 300 D��.I <� J=	K 
0��0�!3 <� �L#) � �/�"$!6 
��!<��% )MacDonald, 

2000( ;�� �  MN�	1O� <� "P.Q '"12$ ��1R�� � 
�"�=	8 %� �ST�.� �� ULO �.2	� �%� GV� ���� 

(Zhang et al., 2009; Wang et al., 2013) � �.3 
�� �"�=	8& F J$ W��/X *�Y1�� ��/- ��!J1�/  ��

 Z"(-�9�
10� [-�/8 �!��	.�D �  [-�/8"\- -�%
�� 
	��!; �!"1S& ���� ."728 3.� -�� � �] �2	.� J��

)T!?�71R�"� (� (�?�71R�) ���#1$� �� ;>  "!��  ��"^ 
-�%�� � "!��  *�"1#X�& �� J_�����& =?�� J��-�� 
�.2	� %2��- ��.�$/1.3�� � D��.I�� �"�& /V .; 

`��F ��& �.2	� <� "P.Q '�() <��& �.2	� 0/=�� � 
�/R� ���� (Dardenne, 2002)J� . �/P =$�� ��& �!I1# 
8�)��  <� ��"P.Q '"12$ `��F��& ��
10�� )Finamore 

et al., 2008( �ST %� �"�=	8 � ��1R�� ULO ��. 
(Lambert et al., 2004) ;>  - ��"^ "!�� ���%.  

0��0�!3 <� �L#) DK J1���& <� �.D���D.I�� ;�� 
J$ �� N.J �!��"� �ST& '/=� ��"^ ���� � �!0��%!D 

"1�� ,�L#) 0�� �� �� �\)& a��R 0/=�� 0� �$!D 
-� %2$ .��& � 2-!D.b/ <� ���/1$�)/$& �.3 D��.I 

%21#� .0��0�!3 <� �L#) *����& .��  c�/�� <�
�.D���D.I��  ;��J$ $���"$��& <.��& �� *�Y1�� 

W��/X ���� � "�� ��
10�%:�  ��<� J=	K "1	
-.3 �.3 
���"$��$"P <� J$ ;�.Q T!" 0 ��"$ '�()!=F/d� 

��$��.��% �.3 e�!JL �� b�f�� -�%�� .0��0�!3 <� �L#) 
*����& ��%V- gF]/L�."& *��� �� �!D h2 !I -�%2$. 

��& J� J_��� "!��  "� 0/ !% D��.I �/�"$!6

��!<��% J$ �� 0/ !% ,�2�"$ #=$!I J1�/F IC i"- 

2j	� � ���� GV�! 3"!��  S
/F ;)�� "�� �"f-& 
0/ !IC  %�  ��SV��  �� J$31R�� k �"F!3��  ����

�S !IC  [i"- �� �!D ;>  "!��  ��"^ -�%�� 
)Mayer et al., 2018(.  

%� *����& <� k �"F!3���. J� b�� ,N�7 � >-I� 
�S ![ *%
 ;�� .,N�7 � I�>- <� k �"F!3��& 
�ST�. ��
l
K�� [-�
 �/=$�.3 )occludin(� 

" & 0/=�!3 )tricellulin( � �\8�& *��/��R �m$.3 
)claudin( � 2j	�!3 <� k �"F!3 �ST�. 6 
K��� 

���< n��/=$�� )ZO( 1� 2� 3 � ZAK � %2l.3 
k �"F!3 �.�ST >-!_� �S ![ *%
 ;��  )Walter 

et al., 2009 .(GV� 0��!J ,N�7 � I�>-� h2 !I 
gF]/L�."& a��R 0/=�� %� *����& �� '/=���& 
S
/F� ;��. �1�.o ,�(0�_- �F.J � �-<�.��YS� ��S� 
*��� ;�� J$ ��& �� h2 !I %� ,N�7 � I�>- 
*����& GV� ���� )Zhang & Guo, 2009; Wang et 

al., 2013(. ^� GV� %2l"�!Q ��& ��%
Y� ��& 
'/=� I�>- ,N�7 � b�f#�� � ��1R����& F�!=1!'� 

�� c�/�� B=1C- '/=���& *����& � pCS-!;# 
)Miyoshi et al., 2016(. J� �/P=$�� �0��0!3 <� �L#) 

*����& -!��D gF]/L�."& *��� �� <� "P.Q �� #-!�" 
� G��$!�� = �%�� %
� �/1$�)!'� ^�"8� )Vascular 

Endothelial Growth Factor J$ (�� G��$ k �"F!3 ��& 
"L#)�.J= #-!" � *%21�")!'�2Y )ERK(� gF]/L�."& 

�� �D)�.G -�%2�� I�>- � " �ST %� ��"$�.  <�
"P.Q h2 !I �!�� �/=$.3 2- G��$ �� %�� )Wang 

et al., 2015(.  
��& MN/	(- J� ,�/? .6 qr2- T!0�"�  %2��-

�� ,�L0/�&� �"=$.% ��&  �#$�!% ��& � .� J� ,�/? 
.6 qr2- 0�� %2��- n�=d	$��&  �"Fk!2�� 

-�!��/2!%& � �/�"$! ��%� J� K!*" J)�:� -��/
 .
W<�� g+ .J�& q��2- ��/- �%(-� J� -!��D 
;#.< �	��") �� *��- �"�& P!�/ Y1#�� ���� )Salim 

et al., 2008(- .!��D ;#.< - "?�28 �	��")!�"� 
J� ��/28 SC�� *%
 *��/R "728 <��  � *%
 9gK J$

0�() [>- J�!;  �/R '�() [�
 J� � *%
 [V12- �/R
%r .[ -��/
� "( .B *%
 ;�� )O’Dell, 1983(. 
O0m!; �!D .6 �/1$�) ����� �"�& 9gK �%(- ��/-� 

� I$!<� �D)� �� .;��.G -!��D ;#.< �	��")  ��/-
�%(-� ��%V-& � <�.3 �"� J$ ��/-& )�� q!��<�& 

O!��/ ��.% K J�!*" J)�:� �/
 1� �� � G��$!Jf 
� q)� ��%V- �s"7- G��$��� A�/  *%�"F G��$ 
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-�.%�� (Cheng et al., 1998)#$� B=1C- q��2- .%! 
&�� <� "h� �Xt.�&�� )�.�!	!
/�.D! %2��- *<�%�� 

�,��] [�
 � *<�%�� �@_�  �)m1R��  J$ %����
-� %��/  ;#.< 	��")� ��&  ;>  ��"!��   %�� ��"^

(Alves et al., 2018) .�� + !!" �.Xt���& )!D.�� 
#$�!% ��& 0/	(-� .2(�  �,��] [�
 � *<�%��@_� 
�� �D)�.G .J1)� � �� 1�!Jf ;O��"   u�D� ,��] <�

9gK -�%�/
 .  
'�	8� ��%>-.; $��/R� �� *%�"F�� vK/- 

"C .v ;)�� S
/F� *��� � �D)�.G ]/L�gF."& � .� 
;S� <� *��� )Leaky gut (-��/
 )Kuttappan et 

al., 2015( .��%>-.; $��/R� vK/- �D)�.G @_� 
 �/$!��"1�/� �	�mF �- ��"X J$ 1�!Jf �� 'm1R� 

�� .Yl��d�� w%� *����& � <�"� 9�
10� �!	1#� � 
(:/-� ;�� )Abu-Dieyeh, 2006( .��& ����& 
GV� O! �� �� ULO .l��d�Y� '/=���& S
/F� 

� �"�=	8 %� *����& �� W/-  )Sturniolo et al., 

2002 (� ) ��#��Roy et al., 1992 (;�� � �/r	$ 
��& vK/- �.��f IR< �� ��<"F& *��� � ��!v J� 

�"�=	8 %� �.2	� �� -��/
 )Wapnir, 2000(. 
GV� ��& �� `��F��& %: ��
10�� � ;-��V- �� 
"��"� ;�/L8�� �!D ,�r�� *%
 ;�� )Shankar & 

Prasad, 1998.( �� i"-��& ���- 1
/X� �!D J$ �� 
<�� .6 *%8� x��/R ��%>- ��.;)� -�%22$ � 

1	#^� <� <�� *�Y1�� W��/X �
�� 0�R� ;�� 
'�	1O� <�"� 9�
10� �� *��� �/K� ����. "� �.3 y��� 

s%� <� b�f�� �.3 �-<�.G ��"�� "!��  + !!" � 
�/r
� �.Xt���& )!D.�� #$�!% ��& 0/	(-�  "�

3!$/0"12.� �-"� ,�"!!+ 6*<�"�� [-�8 �  *%22$
n��/=$�� � �L0��/-/ 1  �"�=	8 J(0�_- &�"�

�� "!��  � &�� ��.E/0/.D!) "�  �� *��� ;-m�
"-i ��& ���- 1
/X�  .�/�  

  

(��� � =�
�: 

 3.�G��tF  ��
�!J�� W��"F IC  i"- ���gX  �� q^��
D- J8�
</-�� S��tF� �"F.n <���S$&  q��2- �
rP!(� *�YS��� ��"
   ��� v0�^ z"P Mm-�$ )��7 � 
J� ,�/? '��(1- �� 4  !��	 �� 5 ��"�  � 10 *%��S- 

�� "� ��"�  b�f�� %
 .3.�"��2� �� c/	f- 
200=10×5×4 J(_^ i"- ���- �1
/X J./� "y�� 
308" �� 3� 54 �Y1L� � J� ,%- 12 J1L� �*��L1� 

%.�"X.  !����	& J(0�_-��/- [-�
 �� @_� J!?/  
*%
 � 3!.�F"  <� <�!� "728 ��& )100 � 70 

-!=� b"X �� $!b"X/= (� 2 c/� qr2- #$�!% ��& 
)#$�!% ��& 0/	(-� � #$�!% ��& '�()*%
 (�/� .

#$�!% ��& '�() *%
 <� ��>0 *<�%�� ,��] � [�
 
"��e& �� #$�!% ��& 0/	(-� 1-,��L ;�� J� />�& 

J$ ,��] #$�!% ��& '�() *%
 X%2r#l� %���%� � 
J� �/R� �� x��/R </ .q -�%�/
 )Zaghari & 

Honarbaksh, 2020.(   

�.Xt���& )!D.�� qr2- #$�!% ��& '�() *%
 
[-�
 �[�
 *<�%�� �,��] �!0�!; � -!��D [C=C  �� 

�-<�.*�YS 77C � -!P�2!�/ ��/- *<�%�� X!"& �"^� 
;)"X .*<�%�� ,��] � [�
 ���� �� *��L1�� <� 

-!�/���"� �/�) &Olympus, CX22LED(� ����!3 
�.f!'�1 )KECAM-SPCMOS05000KPA( � 

b"� ��D)� '"12$ ����!3 (KEView) *<�%��X!"& %
 .
-!��D ��& �/K/- �� "� �� qr2- ��& 76 %?�� �/� 

J$ �� W�� P!B f2�� 9gK 	 �� *<�%��X!"& 
% .
�� K!*"��& �-<�.S� <� [	�- �%(-� %^�) "728 
��&� J$ <� ;$"
 [	�- <��& -!P�2!�/ 
 !J *%
 

��/� *��L1�� %
 .i"-�� ;>  /Y0�& �/�& 13:30 
;8�� �2
���. � 10:30 ;8�� �� .�� ��"^ %21)"X .
,�8�� �2
���. <� 7 @r? �  8:30 v
 �/� .�-�& 


�!J�� <� "P.Q '"12$ �!I1# /
 .J � �-"X.�G �� 
*��%>- 23-22 JK�� 1������"X ��%
Y�& %
 .��
l 

 !��	 �"�& b�f�� �.3 �-<�.G "h��� J1)"X %
 J$ �� 
��	!  '�� � b�� @_� 70 � 100 -!=�b"X ��& �� 

$!b"X/= K!*" <� qr2- #$�!% ��& 0/	(-� � ��  !��	 
b/� � b��
l 	�!3 z/_� ��& <� qr2- #$�!% ��& 
'�() 
*% *��L1�� %
 .K!*"��& �-<�.S� "� y��� 

'�%K 1O�!,�K� �gT�. i"- ���- 1
/X� )ROSS 

308, 2016( h2 !I %�%
 )'�%K 1 (� J� v! "  155 
� 130 b"X x��/R J� &�<� "� i"- � y�"R �� ��
l 

J1L� '�� G��tF �� "h� J1)"X %
 � <� J1L� If2F 5 
b"X J� ��%V- *"!K&�� �)"7- *��D)� %
 .F!G <� 
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c�"
 �-<�.G J� ,%- �� J1L� <� K!*"��& %^�) ��& 
�"�& =C !J R]!*" ��<�- ��& *��L1�� %
 )Lambert 

et al., 2007 .(K!*"�� %^�) )!�<�1 1��� �! /!6 � 
��!��%& 0�� %��/�.  

  
'�%K 1. $" !v ��/- $��/R� � ��/- g+-& K!*"��& 

�-<�.S�  
Table 1. Ingredients and calculated nutrient content 

of basal diet 
Ingredients (%) Female Male 

Corn 70.28 67.23 
Soybean meal 19.51 6.25 
Wheat bran 0.47 23.28 
Carbonate Calcium 7.45 0.81 
Di-Calcium Phosphate 1.23 1.36 
Salt 0.34 0.32 
Sodium bicarbonate 0.1 0.1 
Vitamin premix1 0.25 0.25 
Mineral premix1 0.25 0.25 
D-L Methionine 0.13 0.1 
L-Lysin HCL - 

0.04 
Nutrients composition   

AME (Kcal/Kg) 2800 2700 
CP % 14 11.5 
Ca % 3.2 0.7 
Available P % 0.32 0.35 
Na % 0.18 0.18 
Lys (Dig) % 0.63 0.44 
Meth (Dig) % 0.34 0.28 
Meth + Cys (Dig) % 0.55 0.47 
Thr (Dig) % 0.47 0.35 
DCAB (MEq/Kg) 173 163 

1 .[	�- �.-�1!2� � �%(-� ��V-." <." �� �� "� $!b"X/= x��/R -� !3 
�/	� :10000 %O�� �!3 ==	0�� �.-�1!3A � 3500 � %O��!3 ==	0�� 

�.-�1!3 D3� 100 � %O��!3 ==	0�� �.-�1!3 E� 3 -!=� b"X �.-�1!3 K� 3 
-!=� b"X �.-�1!3 B1� 6 -!=� b"X �.-�1!3 B2� 35 -!=� b"X �.-�1!3 

B3� 15 -!=� b"X �.-�1!3 B5� 3 -!=� b"X �.-�1!3 B6� 15/0 -!=� b"X 
�! /!�3 50/1 -!=� b"X 0/)!6 ��!�% 02/0 -!=� b"X �.-�1!3 B12� 16 
-!=� b"X �n- 25/1 -!=� b"X .�% 40 -!=� b"X �3�� 120 -!=� b"X 

2-!�b/.D 30/0 -!=� b"X 2=�!�b/ � "L? -!=� b"X ��&.  
1. Vitamin and mineral premix supplied the following per kg of diet: 

Vitamin A 10000 IU, Vitamin D3 3500 IU, Vitamin E 100 IU, Vitamin K 

3 mg, Vitamin B1 3 mg, Vitamin B2 6 mg, Vitamin B3 35 mg, Vitamin 

B5 15 mg, Vitamin B6 3 mg, Biotin 0.15 mg, Folic Acid 1.50 mg, 

Vitamin B12 0.02 mg , Copper 16 mg, Iodine 1.25 mg, Iron 40 mg, 

Manganese 120 mg, Selenium 0.30 mg, and Zinc 0 mg. 
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� �� #V !I  ��"� ��%(  i"-��� -!��D � %?�� 0/ !% 
IC  i"- �� <�� Jr��>- %.�"X .�� �F.�� "� J1L� 

��%(  J� IC  i"- <� "� ��"�  "�  !���	 �<�S$� *%
 
� ;-�C: J1�/F ���� *<�%��X!"& %
 .�"�& 

*<�%�� X!"& ;-�C: �J1�/F %(� <� 31#�
 IC  i"-� 
J1�/F �� J1#
 � 6SR %
 .;-�C: J1�/F �� 

*��L1�� <� -!"1-�"� �.f!'�1 �� J� GC� �
1��& 
�3
F �
1��& ���.6 � GC� -!��� *<�%��X!"& %
 � 

-!Y��!3 �.3 J� �%8 J� ��/28 ;-�C: J1�/F �� "h� 
J1)"X %
 .�� 3� 65 Y1L��� <� �� *%�"F �� "� 
���"�  J�/	� �/R J� -!��D "V .r� 3 -!=�0!"1 <� ��.% 

�<���. J1)"X %
 . �/R b"� �nd� A�/  � *%
 �%K
;d!F��& �/1��F .6��� s"7- J� -! �"�!9/��& 
9����� '�V1�� � �� �-�& 20- JK�� 1������"X 

%	f2- �"X.% .;h=T �.$/0"12!36� [-�8 *<�"�� *%22$ 
�/-/  �L0� � k �"F!3 ��& ,N�7 � I�>- )n��/=$��1 (

�/K/- �� b"� �� *��L1�� <� 2� !6 N�.�D � $!; ��& 
f ��& �.*t P!�/ )BT., changhai, China (*<�%��
X!"& %
 .-!��D ;!$ ;!��#O��& IL6 �TNFα  �

ZO-1 J� v! "  53/0 �35/2  �028/0  "� b"X/���
-!=�0!*��� .�/� "1��J� & ;�� � �� *%-�. �� G��tF 3

 J.�� <� *��L1��GLM <� b"� ��D)�SAS 9.3  )2011 (�� 
v0�^ z"P Mm-�$ )��7 � 0���!D %�%
 � -!Y��!3�� �� 

*��L1�� <� �/-<� %2l J2-���& 3���� �� @_� 
2(-� ���& 5 %?�� �V-.J# �"X.% .'%- ��-�& z"P 
J�  ".< ,�/?�/� :  

Yij= μ + Ti + eij   
J$  �� ��Yij �,�%��S- :μ- :!Y��!�3 Ti  "�� :!��	 

i  � b�eij :*�r1
� �-<�.S� �/�.  

  

��#�> � ?@�  

*<�%�� �],� �� #$�!% ��& '�() �*%
 6l/$"  <� 
#$�!% ��& 0/	(-� �/� � ��<.J �.WD "1
�& ;
�� 
�� 1�!Jf =��^!; �/=C- �%
 ���� �� K!*" �F.J "1
� 
<� #$�!% ��& 0/	(-� �/� )'�%K 2 � [�
 1.(  

  
'�%K 2 .�.Xt���& )!D.�� #$�!% ��&  � �0/	(-

'�() *%
 

Table 2. Physical properties of regular zinc oxide and 
improved zinc oxid 

Zinc Oxide source RZ1 IZ2 

Particle size (μm) 100-1000 <150 

Shape 
Angle repose (degree) 

Rod-like 
35 

Platelet 
28 

Mixability Poor Good 

1. #$�!&��% 0/	(-�  
2. #$�!% ��& '�()  

1. RZ= Regular zinc oxid  
2. IZ= Improved physical characteristic of regular zinc oxide  
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                   RZ= Regular zinc oxid                                         IZ= Improved physical characteristic of regular zinc oxide 

  

  
Representation of particle size of IZ (measured by light microscope equipped with appropriate camera and software)  

 

[�
 1. [�
 N��: #$�!% ��& '�() � (�l) �0/	(- (;���) *%
� [�
 �F!.3: #$� ,��] *<�%��!% ��& ) '�()KECAM-

SPCMOS05000KPA & KEView(  
Figure 1  Shape of regular ZnO (Left) and  improved physical characteristics of regular ZnO (right), b ottom particle 

size of  improved zinc oxide (Top view 3.7). 

  
s"7- 70 -!=�b"X ��& �� $!b"X/= K!*" ��%� 

JK/  J� c/� qr2- #$�!% ��& ��%V- TNF-α ��  J� ;r#�
 s"7-100 �=!-b"X ��& �� $!b"X/= K!*" G.�D)� ��� 

) -1/0P<( �-� �� ��/- IL-6 �.3 ,��L  AV) �� ��-< 
s"7- #$�!% ��& '�() *%
 2(-���� �/� )'�%K3 .(

��& J� ��/28 �/1$�)/$ D��.I 0��0�!3 �<� �L#) 9�
10� � 
gF]/L�."& *�Y1�� W��/X �� ;>  "!��  ��"^ -�%��. 

0��0�!3 <� �L#) *����& <� "P.Q J� #-!" �,��L1- 
"L#)�.J=��"$ 0!d!%A  J$ <� �DK�& ��	1R��� 

0!=F/d� ��$��.��%& �/K/- �� �ST& K��R� 
"1$��&�� %21#�(Riggle et al., 2013) � ;(��	- <� 
0�()!; J8/	f-  �"Fk!2� '"12$ *%22$ 0/ !% 
��.$/1!3�� �� ��/28 "�/1$�) J1#� �& /V .; *%22$ 

f�<!*" 6r� �F�$ <� �/L20!; ���& ��� '�() *%
"
1� 

(Warner & Nunez, 2013) � X/=K!"& <� 0�()!; 
X!*%�"��& Toll like (Fawley & Gourlay, 2016) 
-�%��/  q��- 0/ !% �!$/1!3��& ��
10�� �/
 )Bilski 

et al., 2016( ."� y��� �1�.o ,�(0�_- b�f�� *%
 �� 
i"-��& 1
/X ���-� �D)�.G  ��%V-��& �� K!*" 
0/ !% �!$/1!3��& ��
10�� �� G��$ -�%�� )Mayer 

et al., 2018� � (.3 �1�.o ) ��#�� ��Finamore et al., 

2008 x/R � ((Liu et al., 2014) �!D  *%
 *%��S-
;�� J$ 0�![ �� "� y��� ,�(0�_- �-<�.��YS� 

G��$ �!�� �!$/1!3��& ��
10��  ;�� *%
 ��/28
)Sargeant et al., 2011; Li et al., 2015.( �� �.3 

G��tF �!D �� �D)�.G @_� ��&  <�70  J�100 

                                                                               
1. NF-κB (nuclear factor kappa-light-chain-enhancer 

    of activated B cells) 
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-!=� b"X �� $!b"X/= �� K!�*" � ��%V-!$/1!3��& 
��
10��  G��$.;)� .<�"� 9�
10� � 0�()!; � J��-�

 �� �2	.�;R�� 3!k �"F*t.� &�� ����� GV� J$ &�
b�%�� c�)� ��&��	!� [-�/8 "��"� �� ���< � + !!" �� 

`��F �.2	� %���� pCS- -��/
 .k �"F!3��& <�) 
��O %2��- )!"r.��E/2 k �"F!3 C G2$��gF." � 

�/=X/1d�!3 �� �V0�& IL-1 � IL-6 0/ !% � @
"  
-� %�/
 )Gruys et al., 1994( .�.3 k �"F!3�� " ��< 
<� 3 ��F�� "��e -�%�/
 � G��$ ���� �� `��F��& 

��
10�� �� ����%��1#F � JK/K�� �� ��r �� ;�� 
)Eckersall, 2000.(  

s"7- 100 -!=�b"X ��& �� $!b"X/= K!*" 
��%� / JK J� c/� qr2- #$�!% ��&� =T;h ZO-1 

�/R b"� � ��!D  J� ;r#� s"7-70 �=!-b"X ��& 
�� $!b"X/= K!*" G��$ ���  )01/0P< � '�%K3 .(
J� "h� -�%�� ULO b�f#�� k �"F!3��& ,N�7 � 

I�>-  �/j	�) *��� ;)����." ;)���� %2��- �.J (
q��- ;S� �DK�& �� J� [R�� �/R -��/
 ) Bao & 

Knoell, 2006 .(Xiaoyang et al. (2015)  W��DX
3!k �"F *%��S- %��/	� �/R �� I�>- ,N�7 � &��

�- &D+- ��/R &��%� �%
 J1#�
 <� �
�� %��/ 
)Blood brain barrier(  D+- �=R�� &D."�/R Jf!1� ��

Jf!1� 3!VV>- 3.� .%
�� J$ %��/	� &"!X
3!k �"F &��  �/K/- I�>- ,N�7 ��- �/R �� %��/ 

J�  �1#.< ��!(- 6. ��/28)Biomarker(  ���"� &�"�
 ��/- &D+- &D."�/R '�	1O� � I�>- ,N�7 � b�f#��

x/R ��/- �� ,�V!V>  o.�1� .�"!Y� ��"^ *��L1�� ��
) &�� &N�� z/_� s"7- ��� ��S�3000 �=!- b"X
3!k �"F ��!� ��D!- (b"X/=!$ ��  I�>- ,N�7 �

$�N/��<) y/$/- �� �� (3.�/=b/�EE )Zhu et al., 

2017� y/$/- � (.=!b/ )Zhang & Guo, 2009 (
�D)�.G -�%�� .2j	�!�3 � [�
 s"7-0� ��& �� 

��X%�"F ��l� G0�l #$/$!%.</ � "1#=$.%.b/ 
")"F.n2f2 -!��D �!�� �/=$�N/��<.3 �� �D)�.G 

-� %�� J$ -�%��/  �"�"�/- *��� &".gF]/L� G��$ & 
) %
��Bortoluzzi et al., 2019 .(�!$/1!3��& 

��
10�� %2��- �.$/0"12!3 � [-�8 <�"�� *%2�� �/-/  �L0� 
-!��D 9�
10� �D)� ��.G  �<� "P.Q  G��$ �"Fk!3��& 

"L#)�.J= *%
 *%21�") �!'�2Y � G��$ �!�� 
�/=$.32�(Wang et al., 2015)  -!��D ]/L�gF."& 

*�Y1�� W��/X �� D)��.G -�%2�� .y���"� �1�.o ��." 
V> !�,�V �!�� 0��0�!3 <� �L#) *��� �& -!��D 9�
10� �� 

G��$ � J� J_��� G��$ �!�� �!$/1!3�� ,N�7 � 
I�>- �� �D)�.G -�%�� )Wang et al., 2015(.  

s"7- #$�!% ��& '�() *%
 ;-�C: J1�/F 
IC  i"- �� ;r#� J� s"7- 70 -!=�b"X #$�!% ��& 

-(0/	� �D)�.G ��� )05/0P<(، �-� 0/ !% � �<� 
IC  i"- ;>  "!��  ��%V- ��& K!*" � c/� qr2- �� 
��"^ ;)"Y� )'�%K 4.(  

MN�	1O� 0�![ �.3 �/r
� + !!" �.Xt���& )!D.�� 
� �� 1�!Jf �/=C- �%
 .;R�/2� ��& �� x��/R � 

b%8 "-/=X�.*D �%
 �� %
�� )Nouri et al., 2019(.
  

'�%K 3. "!��  z/_� B=1C- ��& � #$�!% ��& �0/	(- �  '�() *%
 "� @_� ��.$/1!3��& ��
10�� � k �"F!3 ,N�7 � I�>- 
�� i"- ���- 1
/X� 

Table 3. The effects of different dietary levels of zinc and sources (regular and improved) zinc oxide on inflamatory 
cytokin and tight junction protein level of broiler breeder serum 

Treatment RZ1-70 RZ-100 IZ2-70 IZ-100 SEM P value 

Tight junction protein       

ZO-1 (pg/ml)3 0.50 a 0.250 b 0.566 a 0.216 b 0.057 <0.01 

Inflammatory cytokin       

TNF (pg/ml)3 45.25 a 23.617 b 48.383 a 21.550 b 4.40 <0.01 

IL6 (pg/ml)3 10.625b 3.467b 29.3a 1.267b 4.77 <0.01 

ab: -!Y��!3��& �� s�"O T!" ��#	� �� "� ��.B sm1R� 2(-���� %���� )001/0P<.(  
1 .#$�!% ��& 0/	(-�  
2 .#$�!% '�() *%
 

3 .b"X/�!F "� �=!-"1!0  
a, b: Means with different letters in a row differ significantly (P<0.001). 

1. RZ= regular zinc oxide  
2. IZ=improved physical characteristics of regular zinc oxide 
3. Picograms per millilitre 
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'�%K 4. "!��  z/_� � q��2-  B=1C- #$�!% ��& )#$�!% ��& �0/	(- �  '�() *%
( "� 0/ !�% �<� � ;-�C: 1�/FJ IC  i"- 

�� i"- ���- 1
/X� 

Table 4. The effects of different dietary levels of zinc and sources (regular and improved zinc oxide) on egg 
production,egg weight and eggshell thichness of broiler breeder 

Treatment† RZ1-70 RZ-100 IZ2-70 IZ-100 SEM P value 

Egg production (%) 43.2 38 39.2 42.6 2.147 NS 

Egg weight (g) 70.24 71.09 71.63 70 0.795 NS 

Eggshell thickness (mm) 0.342 b 0.343 ab 0.358 a 0.348 ab 0.0041 <0.05 

Initial body weight(g) 3813.8 3876.8 3887.2 3810.4 32.48 NS 

Final body weight(g) 4390.2 4358.8 4476 4437 73.21 NS 

Change in BW during 12 weeks (g) 576.4 482 589.6 626.6 72.63 NS 

ab: -!Y��!3��& �� s�"O T!" ��#	� �� "� ��.B sm1R� 2(-���� %���� )001/0P<.(  
1 .#$�!% ��& 0/	(-�  
2 .#$�!% '�() *%
 

3 .b"X/�!F "� �=!-"1!0  
a, b: Means with different letters in a row differ significantly (P<0.001). 

1. RZ= regular zinc oxide  
2. IZ=improved physical characteristics of regular zinc oxide 
3. Picograms per millilitre 

  
�� ��." V> !�,�V *��L1�� <� qr2- 0�� ��& �� 

�V-.J# �� qr2- T!0�"� ��� ;-�C: � b��>1�� �/FJ1 
�� �D)�.G ��� )Zhang et al., 2017; Huang et al., 

2019( .%�.
�  ;��0�![ $ �/r
�!L!; J1�/F �� 
1�!Jf *��L1�� <� qr2- 0�� ��& D!�  � "1
� 9gK
.;R�/2�"  �� -��%
�� �3.� �/K� �� VV>-!3  "$]

*�/	�%�� J$ �D)�.G 0�()!; �/�"$!6
��!<��%  ��-< ��
�S ![  J1�/F0�![  ��;�� )Zhang et al., 2017 .(

�� ��%( & <� V> !,�V 0� [�
 <� *��L1��� T �!" �0� 
��& ;#��/1� -!��D 0/ !% � $!L!; IC i"-  ;>  ��

"!��  %�� ��"^ )Tabatabaie et al., 2007; Olgun et 

al., 2017( .J1�/F IC i"- ��O& 96 %,�2�"$ 
#=$!I -�%
�� � �"�& 0/ !% "� IC i"- 2-5/2  b"X
#=$!I � ��/-!<�  ;��(Al-Batshan et al., 1994) .�� 
'/P JR"l 0/ !% �[�- #=$!I <� *�Y1�� W��/X 

9gK � A�/  �/R <� F�!=1!b/ �/r8 *�"$ � ���� 
�"f-& �%T J1�/F<�� -��/
 .�� ��/- $!L!; J1�/F 
IC i"- �1�.o V> !,�V ��S� *��� �D)�.G ��%V- 
#=$!I �� b"�(Panda et al., 2008)  �D)� �.G -!��D 
�V��& #=$!I (Mutus et al., 2006) "L#) � )Mutus 

et al., 2006( $!L!; �D)� �� J1�/F.G -�%�� .GC� 
N���. '/=���& F�!=1!b/ GC� 9gK*%22$ �*��� 
#-'/k 9gK ��/- �gT�. %21#� .,N�7 � �I�>- 
�\)& �!3 0/=�� -!�� '/=���& F�!=1!b/ ��f- "F �� �

- � *�"$!��D gF]/L�."&  %�*����& � 1� ��!Jf 

-!��D �gT ��/- �����.� �%(- ��/- � 9�� �� ;>  
"!��  ��"^ -�%2���"��2� ..�3  %� v��2- �"�=	8
*����& [��^ "!��  
K/ �  "�ULO '��(  �%� � 

;-m� *%�"F ���� .N/��< �/=$�.3 J� ��/28 .�� <� 
$" !,�r =?�� N�7 �, I�>- �� h2 !I -!��D 

gF]/L�."& '/=���& F�!=1!b/  �ULO  %� �"�=	8
*����& O � ��#�� ��!,���/ -� %��/  -!��D  � I\�

g+- ��/- 9gK&  .%�� ��"^ "!��  ;>  ���"��2�.�3 J�  "h�
-�%�� ��&  @_� ��70 -!=�b"X �� $!b"X/= K!*" � 

J� [�
 #$�!% ��& '�() �*%
 �� "!��  "� ,N�7 � I�>- 
%� *����& � "!��  "� ;-m� �*��� ;#��/  -!��D ���� 
��/- �%(-� #=$ %2��-!I  � *��� ��"^ "!��  ;>  ���� 

1�!Jf $!L!; J1�/F �� �/r
� %��.   
  


��������  

�1�.o �.3 G��tF ��S� ��� ���D)� 100 -!=�b"X 
��& ;r#� J� 70 -!=�b"X ��& <� "� �� qr2- 

#$�!% ��& 0/	(-� � '�() *%
 vK/-  ,�"!!+ 
3!$/0"12.� �-"�6*<�"�� [-�8 �  � �L0��/-/  *%22$

n��/=$��1 �-�- ;
��"� 3!2l .�/
 J$ �/

G!F &���/1$�) G��$ ���
10�MN�	1O�  G��$ [!0� J�

3!k �"F ;S�[!�S  &��  �� I�>- ,N�7 � *%2��
 y��� "� .%
�� �/Ro.�1� G��tF 3.�� �	1O����� ' 

3!k �"F � ���
10� &���/1$�) ��%V- J$ ,N�7 � &��
i"- �� *��� ;)�� I�>- s"7- [!0� J� J$ ���- &��
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 �� %21#� *��� 9�
10� Z"(- �� x��/R *%8� 6.
�� " N�� z/_� s"7-&  G��$ %��� 3!2j	� .%��.

3!k �"F ��%V- � ���
10� &���/1$�) ;h=T "!!+ ��& 
,N�7 � I�>- �!D �� .6 �1��� %��/� .s"7- 100 

-!=�b"X #$�!% ��& '�() ;r#� J� 70 -!=�b"X 
vK/- G��$IL-6  %
 .�"��2�.�3 2l!3 1�!JfX!"& 

-��/
 J$ + !!" �.Xt���& )!D.�� #$�!% ��&� 
�"�=	8 )!D.E/0/.�� �� �� �/r
� -�%SC�.  
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