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�=(� >?��!�@�#�A%�BC�D�  
�E	 �$%��� � ���F�G����( �� �:��H��
�I��	�  	��(�J

�	���( �K��+%���*���� ���(� 1�����LM% N(���������H"������H-�;%����%��!�O��P��M% N(43Q�R 
7�L,���M% N( ppm"2��

� L8�*�S�IC��:��M% N( ppm "2�S	 T������ L8�*2��M% N( ppm �QQ��/��CU	-��V%���8����7� L9����M% N( ppm�2Q��/��!

8�*��L/��C*W����M% N( ppm�QQ�S	 T������L/��CU	���8�*G�����
�N0	QQ"3Q������!� 
���S	 T�������	��X�����Y� 
�8�*

.%�I(� J��� � 
�O�	;<(��
 ��$Z�!�[���������	�F�����\<������� ���6� ���� ��,3Q�����;<(�$��O��P������	����C�F������

�H�M% N(�J�/��!�M% N(����]� ���(S	 T������[8�*���� ���(����$Z%�^�� 
�/��CU	���8�*S	 T������+%	N0	�BK��/��CU	���8�*

��X��$Y�Y����� 	
���H���H�.%�I(����-Q23Q<P�J7;<(�����$��$Y�Y�����/KZ��8��_����$���� ���(��%������$Z%�^�� 
�F��

Y�/��!�M% N(�������H��
����NS	 T������/0�%�+%	N0	�/��CU	���8�*-Q23Q<P�J7O��P��$���M% N(��NY�$�����/��!S	 T�����

8�*`�BY���/��CU	��X��+��!�$Y�Y��R 
� 	
��H�� �* 
-Q23Q<P� J7�M% N(S	 T�����8�*�`��X��
�Ka��/��CU	�� 
�� 	
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���C�(�\)�H�/��CU	

�8�"�����X�� �#�$��	 ����� ��
	
�+%	N0	� 	
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"�7=�� �

/0���5� $�� $Y�(� ���� 
� �H � /���� �� �����j� ���

��
 ��$Z�!�  
� ����� 
 ����&'��
	���  	�^��  ��#�/X�R

��H ��	���$k��	����
���
��P���*�l��)�������(�8��Y

$Y�Y������
 ����&'��
	����	��
�I��	�����	���H������

�l��)��	��X��O�	��� ���k��#���	�[�� 	
�	 ��
 ��$Z�!� 


�c��!� N��� �� ����� 
 ��� 
	����
����0�!���c�C
� $��;<(� �	

$Y�Y� 
�
�%��S�I�(�[���%	�;�Z��������[��� �A%����

%�5� �H ���	���  
� /���^�� +��!� �� O�	� $�I��  
� 8�

� �������m ������
-Noy and Uni, 20107.�� 
��0�#��	

$Y�Y�B�b	�[�����n%	�H���(���:G��$��.%�I(��	��X��/���

�� 	��������
�	&b���o*�J/%
��P��8%	����	 ����$���	�(

�$!�������5�;<(�c)	
�$���&'��
	����
����
 	��$����

(�� ���0�$��;<(�M%�#��	�$%&'-In ovo feeding7��p��X�

��C�(��	��X��$�R�0?����_�� 
�$%&'(�M%�#��	� �%���/�	

�����
���$%&'(�� ���0�$!�����������Y�[
�H	�K�
�����

-Noy and Uni, 20107.�6� � �	���C�(� �	��� ;a�� ���

$Y�Y�
	��� M% N(� .%�I(� �����  
� ������ ���� ��� �%��

;<(� 
��&'��F�������H��-Ohta et al., 1999�J7

 
�;!� �R���� /���	� [$�H&�� $�
� 8%��k�p�=�

/�	� ��H� $�)��H�  ��#� �� 	
� ��C�(�  
� � ��d� J�8�*

���)T� [c^�� �� c�]� �	����q�Z!	� �	� �
�I��	� �� ����

��� � ��d�H��� J�S�K�!�(� �	� �%NY� 8�*� 8��_��

��!����� [8��������� [8%�IZ�	�(� [8����������� ��

��Z�;�Z����	�� ����	��Z!	�5�[�r�(�!�c��H���%N�*����

c��0/�	� �?�Z!� ���� 8��r	�-Harvey et al., 2000J7�

;!� ���X�� �R���� /���	�$X��(� �	��� 8�*� cf�� p�=�

� 	�D���%�(�
 �������H��� ���$Y�Y�8��Y��/�	�$�0��-; 

Miles, 2000 ; Tako et al., 2011�Richards, 1997�J7

^P�� 8��_��8�^���b� S	�i	�s��<�� @�t�� ����

;<(��
 �� 
�	 �N�������8�*�[u��[�� �[�IZ0�[;�Z�! -

F������������	�� �
� 
�	 ��a�*�p�=���	N����� � ������


���� �� �������	� J�
	��� $!� ��
���� 
�a���5� 8�^^P�� 8%	

	��	��)�����8��Y�$X��(��	������X���������(��]����

�� /���	� �����	� ;�Z��� �� 	
� �
�%-Yair and Uni, 

2011� J7�0� $!� 
	
� ����� S�^�^P(��%� ��H� /��!� ���

� 
�������������
�/����D� [8�*���H�$��h(��5��$Z%�^�

                                                          
1. 

Early feeding 

�0� ��$�H	
�  ��#� �� 	
� $%&'(�  
�8�*��C*� ��b������	�

-Feng et al., 2007; 2009�J7

�$!� �t����$Y�Y� 
���	����$��8�������[��H������

8�C�	�� ���	���� $�)��H� ����!� 
��P�� $���*��	��� [
�H

/0���$X��(����H ��������	�[8�h(��5�N����[����Y����

��� 	
��%	NZ��+^��8������������� 	

�����$���*- Ohta 

and Kidd, 2001LBhanja et al., 2004 ��LOhta et al., 

1999J7�8�������M% N(�� 
��� �W�c)	
����� ��[8���KC*

/������	�/�Xd���	 ���$Y�Y�8��Y� 
����H�������
�Ka�

�����<�-Tako et al., 20057� J���%
� $XC�t��  
�8��_��

-Bakyaraj et al., 2012� 7;<(� c)	
� M% N(� �����b��

� ���]� �C��P��9Q�� 8�*� ��������� ��Q���������

�$!����0�% 
�8������$Y�Y��R 
����]� ���(� 
�� �* 


����� �%��� �	� ������ $���*���	� 8%	�
��� ��� J��8���  


c����� NY� $��8�����������DL����v�C��*� �	� [8�����������

����
�I��	�N���8��������Z!� ���
�H� J��	��w%	 �VK��

�8������"���Z!� �����:�-��(�c����7���	�A�x���(�����$�

��	����	
��	&b���
�N0	�/��CU	��0�$�� ��#���-�8������

�V%��GG�7y����
�I��	
�H� J���v�C��*�8%	������ 
���	�(

�$��L�����
�H�c%�K(�8������-Dibner, 2003; Yi et al.,

2006J7��

$�0���5� �	� ��%� �	���� $�� � ���0����� 
� ���� 8%�(

���(� 
�[�d�]��=��S��]���%	����/Z%��[������[� ���Y

�����  
� 	 ���%�Y�M0	� �� �
����T�I����X�R����t�P�

��
�!������X�K#�/�	J��� 
������� ���0����
�� �!��	���%

��
�N0	���C�(��%	&b�V%��R/�	��%	&b����-Ahmadi 

and Rahimi, 2010; Sawosza et al., 20077� J��
�N0	���

�o&Y�[�����E��^�� 
/]	 ����� 
�	 ��a�*����(��!�J����-

��q%���	 	
�S	 T��	���%N�0����%����H�z�)� ��Z�����

���;w]�$��{t���r���/KZ����c�H�[��	��	��|��[��H��

�*�
�� �!�S�IR�8%	�$!���HN5�
 	����	�� ��Z�� 
�	 ���

/�	�$�)���B�������Z%���� J�$��M% N(��	�u5�
	���8%	


�/����$���	 ���Y	��	��f!	� /0������������H�V%��(���

�*� �C���� o&Y� ��%�5� /�	� 
�%��  ��Z�� ��-Salata, 

20047�J��� �����i�(S	 T���������8�*���Z!	�8%��(����H 

6��� 
�8��Y� �}]�[� ������S	 T������	 �8�*���Z!	

���)�����	��a�*� �K���������$!�
	
�������K!�/0��� 
��

��Y�$��T�I����/IY���8%��(�O�]� 
�8���H��-Noori et 

al., 2011J7� �	�	�0� 
�� �!� $�� $Y�(� ��S	 T�����
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$�����  
�8�*���Z!	��Z�#��'��O�]�$�� �(� [��Z%�����

$%&'(�+^��$����� 
��!��	�S�XC�t�$Y�Y� 
��*��	����

/�	� ��H��w�	���H��� J�8%	�  
� ��H��w�	�M�^P(� �a�(

�$!�
	
������$����S	 T�������
�I��	�/����D�8�*���Z!	

$Y�Y����Y� 
���� 	
�	 ���H������-Nikonova et al.,

2011J7��$%&'(��� ���M�^P(�8%	��	�Y	��	�p���8%	�����

� ����Y� �	 �
�  
-� L8�*S	 T������L/��CU	� L8�*� ��Z!	

8�*`�L/��CU	S	 T�����8�*���Z!	`/��CU	�7��S	 T������8�*

�%�5� [�H � 
������ ��� ���Y�  
�6 ��5� � �
� c!� �� ��

$Y�Y/�	���H������� J� 
� ��)�(� $�� $Y�(� ��� 8��_��

$Y�Y�O�^��	��[ ��#�6 ��5�~ 	N��$����H�.%�I(����(����

�$�0��� 	�D��� ���
 ���N���.%�I(��	�u5�$%&'(�������


/�	J��

��

�����>������ �

�����"����� �

� V%��� 8������-/��CU	� 7��	� ��%��*� E���� O�=P�

��K��� /!�H�H� $�a(� J� �
��� 8%	� z��)GG� y��Y� �

� �*� �C��C���:4�����H��J�8%	�  
� ��H� �
�I��	� 8�*

+%���*�� 8�*� S�IC��W�
��� $�*� JS	 T������8�*� ��Z!	

6� � MK#Jang and Lim (2010) ���� B�!�(S	 T�����

�/��CU	����8�*�S	���'(���!����6� �M��t�Marinescu

et al. (2006)����
����$!����H�N������ICP
��-�����?5

��H�/IY��%�^C	� 7��	N����H�\<��S	 T������8�*"9�

� �*� /��CU	� �� �R 
WQ�
��� �R 
� J��	� �����#	� /aY

� /)���S	 T������ u�%	� $XH	� 6	�5� �	-�XRD�� 7� �IR��

�H� �
�I��	J�� � �K�� ������C	� ����������QQ��KeV��

O��� 1�EM 208���� u����0� /!�H� /)��-������%���*

�I!� �==<(� 7� �j�C�0 ��� �� ��	��	� 8��X(� �	��S	 T�����

O���� �K��������C	�������������8�*���Z!	� CM120 

�� /!�H� /)���� u����0-�E���#�5� �(�^�^P(� $Z���

�����a��� 7�B�!�(� �j�C�0 ��� �� ��	��	� 8��X(� �	��

S	 T������H� �w�	� /��CU	� �� 8�*� J�	� �tD� 
�XS	 T�����

� 8�*� ��Z!	�"��G�� �	��� �� �������S	 T�����8�*`�/��CU	

""��:� ��*� /���� �������-�� c�H��� �"J7��8�*� /��!��

/��CU	��6� �MK#-Abdel-Monem (1996���H�$�)���$!

                                                          
�
-ICP: Inductively Coupled Plasma  

������
���ICP��8�*��	N����H�\<���,�/��CU	����R 


W9�����R 
��H��J���

��

� !�!������?�����

���*��w�	��	����	�����Y�� �
�+%9::�;<(�� � ���F��

� E	 � $%��-�  
��� F��� 8�,:����� 8������� �� $�I�

;<(�F���� ��",3Q±,39:���� 7� c��HW�� [ ���(:����  	��(

",�;<(��H� �
�I��	�  	��(� ���  
� F��� J� �� �  
�O�	

;<(��
 ��$Z�!�cP��	���	�[���������	�F����	��
�I��	������

�u��� ��\<������� ���6� ,3Q������O��P�� �	� ���C

� � ��H������ ��������$�����$��M% N("��;<(�$��F��-

��H�M% N(� � ������-�$%�	�����M% N(:2��A%� 
���$Y 


;<(��r���������%
��	��X��F��� ���6� � ��� 	���$Z�!-

�M% N(�M��� ��� [�����4������� ������w�	� [�
 �� $Z�!�  


�H� J7c�C	� ����*�cP��M% N(� �	�u5��d���� ��� �����I�

� 
��Z��o	&��H� J��	��� ��_�� �����
�  
�n%	�H� ��(

������H�$�0����|�� 
���Z�%���%���*�����J

���� ��%���*�+�5� [M% N(�B�����{t��8��X(�/aY

�@�t�ppm�"2�[W2������"2�S	 T������@�t����8�*��ppm�

2Q�[�QQ����2Q�8�*�/��!�����/��CU	,��{t�ppm�2Q�[

�QQ�� ��2Q��8�*�S	 T���� `��H��w�	� ���]	�#�/��CU	�J

� ��	��	� ������	 �5� e%���� MK#��[��� �� �  
� ��H� ����

�@�t��8%��a����ppm�"2��L8�*�S	 T������ppm���2Q��/��!

8�*�� ��/��CU	��ppm���QQ��/��CU	� �� 8�*�S	 T�������	��

� 8��X(� ��R	� +%���*��H� J����������	� � �
� ��� ���(

c��H� 1���H��-���M% N(� �7���H� L"�-��%��!� O��P�

� ;%��43Q��R 
7� L ppm"2L8�*� S�IC�� ppm "2�

S	 T�����L8�* ppm �QQ� L/��CU	 ppm�2Q8�*� /��!���

�L/��CU	 ppm�QQS	 T�������
���/��CU	���8�*J��

��

>��@����� �

��R 
� c��H� .%�I(� �� � ��� ��!�0� [.%�I(� �	� �X�

$Y�Y����� $�� $Y�Y� ���� /KZ�� �� $Y�Y� ���� [� �* 


;<(���H� ���%� 	� F��� J�$�C�	� ���� $��%	� $�� $Y�(� ��

;<(��F����I(�����X��S���;<(�$�C�	��������H	
�� 	
�F������

� 
� ���%� 	� 
 ��� S�IR� �	��� $�ZK��� ��'��� �	���� $�

�O��Y���H�$�0����|�� 
�J$Y�Y����H����� 	��(�������

���H�;�Z^(�������
�$���0
�=(� �#�$���� J�$��O�	�����

�8C���$��
� ���P�-9.%�I(��	�u5�/����7��
�������
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-�G��	��X��/���.%�I(�7�$%�5����Y���-�$C�w�!�[S T����]

�;�Z�!����� [p�R�  
�5� [S T� 8(���� [�%��� 8b� � [�%��

��� ���X�� c���� [8������� [8%N%r� [A��� [S�IZ0

������%�� 7���H� $%&'(� J���Y��$�R�(� MK#���%���*����

�� �
�$�� 
�E	 �$%��-Q���(�Q��[���� �����(":������ 

� �"2�� �(:"����� � 7���H�;�|�(� J�8�*��	N���8��_��

���Y�� ��(	� o&Y� �����
� ��� N��� ��-O��Shimadzu 

AA6707� �H� $%Nw(-��� �H � [8%��b*� ���Y� 8�*� �	N��

� B�(�(� $�� ���%�59,� [9Q�� �2G��������  
� ���������!

���YJ7�����%
� ���(�A%�8��_��-QQ"3Q�������!� 
���

S	 T��������Y�  
� 8�*� 7�H� $0�d	� +%���*� $�	��� ���

������� S�Z%�^�� �	� �^% N(� ��� ���(� ��� �*� $Z%�^�

�H��
�I��	�J$Y�Y�8%	����������6 ��5�� �
� 
����9�� ���(

��:��S �R�$�� 	��(��c% ��!�0�+%���*"�G��@�#�BC�D� 


����� �0
�=(� >?��!���H� ����� J�c��H� �
������ S�IR

���C�(�\)�H� [����+%	N0	� [�0�=���	 �)-O���0��7��

K(�B%�d���%�5� 
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Table 1. Effects of different treatments on egg weight and hatching day parameters�

Means with common superscripts in same column are not significantly different (P<0.05). 
1
Control 1: 

without injection; Control 2: injected with 0.3 mL of NaCl 0.9%
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Effects Egg weight 

(g) 

Chick weight 

(g) 

Chick weight/ 

Egg weight 

Hatchability 

(%) 

Control 1
1
 64.0

cd
 43.19

abc
 67.49

ab
 86.96

a

Control 2
1
 64.6

ab
 43.50

ab
 67.33

ab
 73.92

ab

Sulfate Fe 64.3
bc

 40.20
c
 62.53

b
 56.52

c

Iron nanoparticles 63.7
d
 40.61

bc
 63.74

b
 60.87

bc

Alimet 64.9
a
 41.06

bc
 63.27

b
 68.48

bc

Iron+Alimet 64.7
a
 42.76

abc
 66.09

b
 70.65

b

Iron nanoparticles+Alimet 63.9
d
 45.45

a
 71.14

a
 73.91

ab

P value <0.0001 0.015 0.01 0.003 

SEM 0.117 0.98 0.048 4.34 
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Table 2. Effects of different treatments on performance of broiler chickens from 1-21 d�

Effects FI
2 
 (g) BWG

3 
(g/d) BW

4 
(21 d) (g) FCR

5
 PI

6
 (%) 

Control 1
1
 1120 30.1

b
 675.9

b
 1.66

a
 189.5

c

Control 2
1
 1193 32.2

ab
 719.6

ab
 1.66

a
 205.0

bc

Sulfate Fe 1158 32.5
ab

 723.2
ab

 1.62
a
 206.7

bc

Iron nanoparticles 1144 32.3
ab

 719.8
ab

 1.59
a
 205.4

bc

Alimet 1116 32.0
b
 713.1

b
 1.57

a
 214.4

bc

Iron+Alimet 1152 33.5
ab

 744.7
ab

 1.55
a
 227.3

b

Iron nanoparticles+Alimet 1096 35.6
a
 791.8

a
 1.39

b
 264.2

a

Iron nanoparticles in diet 1130 35.7
a
 791.8

a
 1.42

b
 261.5

a

P value 0.07 0.011 0.01 <0.0001 <0.0001 

SEM 21.0 1.09 22.9 0.03 10.6 

Post hatch fasting time 

6 h  1165 
a
 33.9

a
 753.4

a
 1.56 224.7 

18 h 1112
b
 32.1

b
 716.6

b
 1.56 218.8 

P value 0.0008 0.028 0.028 0.66 0.43 

SEM 10.5 0.54 11.5 0.02 5.28 

Treatments 

Control 1+6 h   1103     30.5      682.9    1.62    197.8

Control 2+6 h     1185      31.4     700.9 1.69 193.6

Sulfate Fe+6 h     1220   34.9     772.5 1.60 223.9

Iron nanoparticles+6 h     1209      34.0      756.3 1.60 204.6

Alimet+6 h      1202       33.1      744.8 1.62 220.5

(Iron+Alimet)+6 h      1155      34.1      758.2 1.53 231.9

(Iron nanoparticles+Alimet) + 6 h      1102      36.9     818.8 1.36 230.5

Iron nanoparticles in diet+ 6 h     1145      35.7      792.7 1.45 234.3

Control 1+18 h      1137     29.8       668.9 1.70 183.3

Control 2+18 h      1200       33.1       738.3 1.63 216.5

Sulfate Fe+18 h     1096      30.2      674.0 1.63 189.4

Iron nanoparticles+18h      1079       30.6       683.3 1.58 206.2

Alimet+18 hours     1029     30.5     681.4 1.52 208.4

(Iron+Alimet)+18 h  1149   32.9      731.2  1.58 222.8

(Iron nanoparticles+Alimet)+18 h      1090    34.4     764.8  1.43 234.2

(Iron nanoparticles in diet)+18 h      1114       35.6      791.0  1.41 246.1

P value treatment ×time 0.06 0.49 0.5 0.43 0.64 

SEM 29.7 1.54 32.4 0.05 14.9 

P value contrast*      

1  NS NS NS 0.024 NS 

2  NS NS NS 0.024 0.022 

3  NS NS NS NS NS 

4  NS NS NS NS NS 
1
Control 1: without injection; Control 2: injected with 0.3 mL of NaCl 0.9%; 

2
Feed intake; 

3
Body weight gain/day; 

4
Body weight; 

5
Feed conversion ratio; 

6
Production index; 

a, b,..
 Means 

with common superscripts in same column are not significantly different (P<0.05). SEM: 

standard error of the means. *Contrast:  1, Sulfate Fe with Iron nanoparticles in diet; 2, Iron 

nanoparticles with Iron nanoparticles in diet; 3,Iron+Alimet with Iron nanoparticles in diet; 4, 

Iron nanoparticles+Alimet with Iron nanoparticles in diet.  
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Table 3. Effects of different treatments on performance of broiler chickens from 22-42 days of age ��

Effects FI
2 
(g) BWG

3 
(g) BW

4 
(42d) (g) FCR

5
 PI

6
 (%) 

Control 1
1
 3614

abc
 85.4 2464.8 2.03 569.9 

Control 2
1
 3293

d
 82.4 2350.7 1.91 582.0 

Sulfate Fe 3455
bcd

 84.8 2504.4 1.91 558.7 

Iron nanoparticles 3819
a
 91.6 2642.7 2.00 580.7 

Alimet 3719
ab

 93.3 2671.8 1.91 664.2 

Iron + Alimet 3517
bcd

 85.0 2529.0 1.98 614.9 

Iron nanoparticles + Alimet 3411
cd

 85.5 2578.2 1.91 620.5 

Iron nanoparticles in diet 3483
bcd

 90.0 2681.9 1.85 629.8 

P value 0.003 0.24 0.114 0.22 0.5 

SEM 88.4 3.28 68.8 0.05 37.2 

Post hatch fasting time

6 h  3642 
a
 88.7 2616.3

a
 1.96 607.6 

18 h 3433
b
 85.8 2517.7

b
 1.92 597.6 

P value 0.002 0.21 0.049 0.21 0.71 

SEM 44.2 1.63 34.4 0.02 18.6 

Treatments 

Control 1+6 h     3700 90.6 2585.7 1.95
abcd

 618.3 

Control 2+6 h     3487  84.4 2473.9 1.97
abcd

 561.5 

Sulfate Fe+6 h     3489 84.5 2547.5 1.97
abcd

 559.2 

Iron nanoparticles+6 h      3966 91.3 2673.8 2.07
abc

 558.6 

Alimet+6 h      3889 97.4 2789.4 1.91
abcd

 682.5 

(Iron+Alimet) + 6 h     3688  81.4 2467.0 2.13
a
 554.5 

(Iron nanoparticles + Alimet) + 6 h      3544 89.7 2702.5 1.89
bcd

 662.0 

Iron nanoparticles in diet+ 6 h      3436 90.3 2690.0 1.81
d
 663.9 

Control 1+18 h      3528 80.1 2351.1 2.11
ab

 521.5 

Control 2+18 h     3099 80.4 2427.5 1.85
cd

 602.6 

Sulfate Fe+18 h      3401 85.1 2461.3 1.91
abcd

 558.2 

Iron nanoparticles+18 h      3680 91.8 2611.3 1.92
abcd

 602.8 

Alimet+18 hours      3550  89.2 2554.2 1.91
abcd

 645.9 

(Iron+Alimet) +18 h      3400 88.5 2590.4 1.83
d
 674.9 

(Iron nanoparticles+Alimet) +18 h      3278 81.3 2471.9 1.93
abcd

 579.1 

(Iron nanoparticles in diet) + 18 h      3530  89.7 2673.8 1.90
bcd

 595.7

P value treatment ×time 0.63 0.57 0.54 0.03 0.43 

SEM 125.0 4.63 97.4 0.07 52.7 

*P value contrast      

1  NS NS NS 0.01 NS 

2  NS NS 0.005 0.002 NS 

3  NS NS NS NS NS 

4  NS NS NS NS NS 
1
Control 1: without injection; Control 2: injected with 0.3 mL of NaCl 0.9%; 

2
Feed intake; 

3
Body weight gain/day; 

4
Body weight; 

5
Feed conversion ratio; 

6
Production index; 

a, b,..
 Means 

with common superscripts in same column are not significantly different (P<0.05). SEM: 

standard error of the means. *Contrast:  1, Sulfate Fe with Iron nanoparticles in diet; 2, Iron 

nanoparticles with Iron nanoparticles in diet; 3,Iron+Alimet with Iron nanoparticles in diet; 4, 

Iron nanoparticles+Alimet with Iron nanoparticles in diet.  
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Table 4. Effects of different treatments on performance of broiler chickens from 1-42 days of age��

Effects FI
2 
(g) BWG

3 
(g) BW

4 
(g) FCR

5
 PI

6

Control 1
1
 4734

abc
 57.8 2425.5 1.96

a
 282.4 

Control 2
1
 4485

c
 57.3 2408.0 1.87

abc
 289.0 

Sulfate Fe 4603
bc

 58.7 2463.8 1.87
abc

 277.6 

Iron nanoparticles 4963
a
 61.9 2601.1 1.91

ab
 286.7 

Alimet 4835
ab

 62.6 2630.2 1.85
bcd

 332.9 

Iron + Alimet 4669
bc

 59.2 2486.8 1.88
abc

 313.3 

Iron nanoparticles + Alimet 4507
c
 60.6 2586.8 1.78

cd
 318.3 

Iron nanoparticles in diet 4613
c
 62.8 2639.2 1.75

d
 325.3 

P value 0.006 0.11 0.11 0.003 0.11 

SEM 89.5 1.64 68.8 0.04 16.0 

Post hatch fasting time 

6 h  4807 
a
 61.3

a
 2574.0

a
 1.87 303.4 

18 h 4545
b
 58.9

b
 2475.5

b
 1.84 303.0 

Treatments    

P value 0.0001 0.049 0.049 0.27 0.97 

SEM 44.8 0.82 34.4 0.02 8.0 

Control 1+6 h      4803 60.5 2534.3 1.89
abcde

 305.0 

Control 2+6 h 4672 57.9 2431.6 1.92
abcd

 276.2 

Sulfate Fe+6 h    4709 59.7 2507.2 1.88
abcde

 281.3 

Iron nanoparticles+6 h      5167 62.7 2631.6 1.97
abc

 264.1 

Alimet+6 h     5091 65.4 2748.4 1.86
bcde

 345.1 

(Iron+Alimet) + 6 h      4789 57.7 2424.9 1.98
ab

 286.3 

(Iron nanoparticles + Alimet) + 6 h      4646 63.3 2658.3 1.75
e
 331.5 

Iron nanoparticles in diet+ 6 h      4581 63.0 2647.4 1.73
e
 334.5 

Control 1+18 h      4665 55.0 2308.8 2.03
a
 259.8 

Control 2+18 h     4299 56.8 2384.4 1.81
cde

 301.8 

Sulfate Fe+18 h      4493 57.6 2420.4 1.86
bcde

 273.9 

Iron nanoparticles+18 h 4759 61.2 2570.6 1.86
bcde

 309.2 

Alimet+18 hours     4579 59.8 2512.1 1.84
bcde

 320.7 

(Iron+Alimet) +18 h     4549 60.7 2548.7 1.78
de

 340.3 

(Iron nanoparticles+Alimet) +18 h      4368 57.8 2428.1 1.81
cde

 305.2 

(Iron nanoparticles in diet) + 18 h      4644 62.6 2631.0 1.78
de

 316.1 

P value treatment ×time 0.46 0.54 0.54 0.034 0.27 

SEM 126.6 2.32 97.3 0.05 22.6 

*P value contrast      

1  NS NS 0.036 NS NS 

2  NS NS 0.036 NS NS 

3  NS NS 0.0009 NS NS 

4  NS NS NS NS NS 
1
Control 1: without injection; Control 2: injected with 0.3 mL of NaCl 0.9%; 

2
Feed intake; 

3
Body weight gain/day; 

4
Body weight; 

5
Feed conversion ratio; 

6
Production index; 

a, b,..

Means with common superscripts in same column are not significantly different (P<0.05). 

SEM: standard error of the means. *Contrast:  1, Sulfate Fe with Iron nanoparticles in diet; 

2, Iron nanoparticles with Iron nanoparticles in diet; 3,Iron+Alimet with Iron nanoparticles 

in diet; 4, Iron nanoparticles+Alimet with Iron nanoparticles in diet.  
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Table 5. Effects of different treatments on mortality percent at 21, 42 and entire 

period�

Effects 1-21 22-42 1-42

Control 1
1

2.4 2.8 4.9
bcd

Control 2
1

1.3 6.8 6.3
abcd

Sulfate Fe 3.6 9.2 11.3
ab

Iron nanoparticles 4.9 8.9 12.4
a

Alimet 1.4 1.8 3.0
cd

Iron + Alimet 1.3 0 1.3
d

Iron nanoparticles + Alimet 2.8 5.1 7.3
abcd

Iron nanoparticles in diet 1.4 9.4 9.7
abc

P value 0.7 0.1 0.008 

SEM 1.64 2.66 2.21 

Post hatch fasting time 

6 h  3.7 
a
 5.1 8.03 

18 h 1.1
b
 5.7 6.06 

P value 0.03 0.75 0.21 

SEM 0.82 1.33 1.15 

Treatments 

Control 1+6 h 2.5 2.5 4.8 

Control 2+6 h 2.5 6.7 8.4 

Sulfate Fe+6 h 3.6 9.2 11.3 

Iron nanoparticles+6 h 9.8 9.2 17.1 

Alimet+6 h  0 3.6 3.1 

(Iron+Alimet) + 6 h 2.5  0 2.5 

(Iron nanoparticles + Alimet) + 6 h 2.8 3.6 8.7 

Iron nanoparticles in diet+ 6 h 2.8 6.3 8.3 

Control 1+18 h 2.3 3.1 5.1 

Control 2+18 h  0 5.6 5.0 

Sulfate Fe+18 h 3.6 9.2 11.3 

Iron nanoparticles+18 h 0 8.6 7.3 

Alimet+18 hours 2.8 0 2.8 

(Iron+Alimet) +18 h 0 0 0 

(Iron nanoparticles+Alimet) +18 h 0 6.7 5.9 

(Iron nanoparticles in diet) + 18 h  0 12.5 11.1

P value treatment ×time 0.06 0.95 0.65

SEM 2.32 3.77 3.12

*P value contrast    

1  NS NS NS

2  
0.037 NS NS

3  NS NS NS

4  NS NS NS
1
Control 1: without injection; Control 2: injected with 0.3 mL of NaCl 0.9%; 

2
Feed intake; 

3
Body weight gain/day; 

4
Body weight; 

5
Feed conversion ratio; 

6
Production index; 

a, b,..
 Means with common superscripts in same column are 

not significantly different (P<0.05). SEM: standard error of the means. 

*Contrast:  1, Sulfate Fe with Iron nanoparticles in diet; 2, Iron nanoparticles 

with Iron nanoparticles in diet; 3,Iron+Alimet with Iron nanoparticles in diet; 

4, Iron nanoparticles+Alimet with Iron nanoparticles in diet. 
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Abstract 

An experiment was conducted with 644 Ross strain fertilized eggs in 8 treatments and 4 replicates. Experimental 

treatments were: 1-(without any injection) control; 2-Injection of sodium chloride 0.9 percent) control; 3- Injection 

of 25ppm Iron sulphate (III); 4- Injection of  25ppm Iron nanoparticle; 5- injection of 100ppm Alimet (liquid 

methionine); 6- Injection of  150ppm Iron-Alimet chelate; 7- Injection of  100ppm Iron nanoparticle and Alimet and 

8- Adding of 0.002g/kg Iron nanoparticles to diet. On the day of incubation, the yolk sac of in ovo injection groups 

was identified by candling and 0.3 mL of each in ovo solution was injected. Treatments receiving iron 

nanoparticles+Alimet chelate significantly increased post-hatch chicken weight compared to treatments receiving 

iron, iron nanoparticles and Alimet (P<0.05). Also iron nanoparticles+Alimet increased chick weight to egg weight 

ratio compared to all other treatments except for two control treatments. All in ovo injection treatments except for 

iron nanoparticles+Alimet chelate significantly decreased percentage hatchability (P<0.05). There was a significant 

improvement in feed conversion ratio of in ovo iron nanoparticles+Alimet injected compared to other treatments 

during starter period (P<0.05). In ovo injection of iron nanoparticles+Alimet and dietary supplementation of iron 

nanoparticles significantly increased production index at 1-21 d of age (P<0.05). In total results indicated that 

injection of iron nanoparticles+Alimet in hatching fertile eggs improved performance parameters in broilers.  
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