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Abstract 
In order to investigate the effect of Savory and Ajwain essential oils on performance and the quality of produced eggs in the challenged hens with 
Salmonella Enteritidis, 100 Hy-Line W-36 laying hens with 44-week-olds, in a randomized complete block design were studied for 13 weeks. 
Treatments included negative control, positive control, antibiotic: 0.15g oxyvet per kilogram of basal diet, Savory essential oil, and Ajwain essential 
oil ((1g per kilogram of the basal diet). All experimental groups except negative control were challenged with 1 mL of suspension solution containing 
1×107 CFU/mL Salmonella Enteritidis bacteria by oral gavage in the ninth week. Quantitative and qualitative parameters were evaluated at the end of 
each week, and before and after the challenge, respectively. Challenge with Salmonella Enteritidis had no significant effect on laying hen performance 
and egg quality.  Before the challenge, antibiotic and essential oils of two medicinal plants reduced feed intake and egg weight compared to the control 
group; and reduced feed intake and feed conversion ratio after the challenge (P<0.05). In the pre-challenge period, all three treatments, especially the 
essential oil of Ajwain, reduced the albumen Haugh unit (P<0.05). After the challenge, Savory essential oil reduced yolk cholesterol content; and 
essential oils of two medicinal plants decreased yolk lipid oxidation in both pre- and post-challenge periods (P<0.05). The results of this study showed 
that the essential oils of two medicinal plants increase the quality of produced eggs by reducing egg yolk MDA and cholesterol levels. 
 
Keywords: Feed conversion ratio, Haugh unit, Malondialdehyde, yolk cholesterol, yolk lipid oxidation 
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 �� #T� .&+ �� �&	� �+�K �� ��`

�� � *��.  )��V ������W��� �� X�CFU 107×1  )�.'��
�
��.
�.�� 0��!*�� T�� ��K  ���8 )�.'�� ����� ' U'�� ��

�.'��) ��	K� ���T� ��@R��� ��KUW��� ���R��� �  [��
 .���K ���� ,*�- ���+� (\���8) ��Q �  
�&6 ���Q.�� ��X� � O�� �� 2[���I ;*�� )�+

���8� �R
���S )�+  �� ' ���K g
��� ;*�� �� )�X�
���� 2,
���S ��
�IA� � �R
���S =�> ?*�6 �� �+ )�+

uB��'  ���� �/��C�Uy�
 �  X��B  .����8 ���6Uy�
 � 
 X��B ���� �+  �� �� ���&.��N�� ��U/� SAS  $��)9/1 � (

;�@���� �
�Q� .%/�8 N�y�� ;���� ����S �� ���&.�� �� �+
A� � �R
���S =�> *��1� v��5� �/��C� uB��' )�+

 5���)1( �� �K��  .  
5��� )1       (                       Xij = µ + δi + Tj + Єig  

 5��� ;
� �� 'Xij  ��" ���Q���+�R� �+ )� µ  �����
 �;�@���� ��δi  �A� � ���Tj  � ��!�� ���Єig   �R
���S ��F.K�

.%��  
#$� ��`��  D�� �> �� ��7813  ,
���S N�y�� .&+

 ,K D�� )��� ��� ���O .���K 
7j� �
�7` ���O �� ��
 .&+ %&+ D�� )��� N�� ���O � .&+���&.������  ���6

��� #'��� � ?�'�� .%/�8���O )7j� � �� �/�C� )�+
 ���O)1( .%�� ��K r���  

���
��� ����� D�&n  ,
���S ;
� ��D��F"  :�� �����  
#$� ��`�� ��� !" � ����� D�&n (�*�  2��78

#$� ��*�� ���Q� B��K#$� ��� 2(�n��) (�� 2(N�8) (��
#$� ���� ��*��) (������ �#$� ) a�C� ���Q� 2((��

� (N�8) A���^ ?
�b  ���F��� D�&n .��� A���^ B
�F�
� [�� �+ �
� )������ 8�����K ).  

#$� ��*��#$� ��� � (��(��2 #$�  )��*�� (��
���8 �+� �R
���S ) %��� �� �� � ����� D��n
g!O .���K [��!K � )��S �S ��� �W� )����� �� �+

 %����V �� ��.�y
�1/0 ������ N�8.�K )��8  �n��
�*��#$� � (��q�����  5���)2( #$� ��� ;�@���� � (��

q�����  5���)3(  .���K F��X�  
5��� )2(                               =#$� ��*�� �n��(��  

 )
.&+ �+ �� )��*�� #$�(��)�+  ���1�

.&+ ��> �� ���� (��)�+  ���1�
  (× 100  

5��� )3(                      =����#$� ��� ;�@(�� (N�8)  

. 
.&+ �+ �� )��*�� #$�(��)�+  ��� B'

  #$�(���+   B' ���1�
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 @��,1�'#, A#�'% . 67% ��9'� �):C% �� �D'E� ��&�>F ��� �&:;  

�D'E� ��&�>F �&>�   G1 (&) @�& �'#,44  �%50 (�K?��   G1 (&) L�� �'#,50  �%57 (�K?��  

(����) N�O  33/57   47/56  

(����) �)>1  40/21   50/21  

(����) 5
>; ��>R  75/5   20/5  

(����) L�S; T> 1  00/1   30/1  

67% 8'� U>E7� �'?��VS� �&:;1 (����)  00/2   00/2  

(����) �)>1 G9��  25/3   50/3  

(����) N��VD 6#V3� ��  17/0   18/0  

(����) 6#V3� N�S'�  00/9  75/9  

 X	2�DL – (����) G#�>#?�  10/0   10/0  

(����) Y>	Z�  100   100   

�'#, �� �:C� �&>� 6�&'%      

(L';>3#� �� �'*��>3#�) 6V#*>�?� X�- �['�&  2870  2870  

(����) L�F G#\%�'R  20/16  44/16  

(����) 6#V3�  56/4   63/4  

 '�VDX�- T'?1� (����)  50/0  48/0  

(����) G)]#*  87/0  89/0  

(����) G#�>#?�  44/0  45/0  

(����) ^#\*>S#* �#1&  30/2   40/2  

167% 8'� ���� �� �'?��VS� . :51& ')( �:C� �&>� ���" L';>3#� '� �� �&:;5/4  �G#�>#?� ����875/1  �G)]#* ����4/5  '�VD ����X�- T'?1� �

29/18  �6#V3� ����6/5  �6)�1 ����440000 �3#� G#��?)� L';A  �(@>S#%�)165000 �3#�?)� L'; G#��D3 �*>�) �(@�'�#V3�825 �3#� L';�)��?#G E 

��) @& - �(N�?1& @�'D>�>% ��*&110 �3#� G#��?)� L';K3  �(�>)��S�)1/1 �3#� G#��?)� L';B12  �(G#�`�>� >��#1)85 �3#� G#��?)� L';B1  �(G#��#%)275 

�3#�  G#��?)� L';B2  �(G)��D> )�)330 �3#� G#��?)� L';B3 1�#�) �(G#30 �3#� G#��?)� L';B9  �(^#*>D �#1&)75/2 �3#� G#��?)� L';H  �(G#%>#)165 �3#� L';

 G#��?)�B6  �(G#V���)'R)1400 �3#� G#��?)� L';B5  �(^#S%>?��R �#1&)6325 �3#� ��)&'3� G#*>� L';4400 �3#��) ]SKS� L';  �(N��*>1 ]SKS� N�>�85 

�3#��) �) L'; N&�) N�>�  �(6#V3�2750 �3#��) G�. L';  �(G�. N��*>1 N�>�6 �3#�) 0� L';� N�>�  �(0� N��*>110 �3#��) L>#S31 L';  N�>�

 �(6)�1 5#S314400 �3#�(��� N��*>1) ��� L';.  

  
� ������ ���	�?
�b � A���^ a�C� ���Q� )��8 

 �6�� 2�
�7` B
�F� .&+ �+ )�T.�� �� A���^ �����
g!O  ��� B' ��� �� �S ���Q� � �K )��S���
g ��K  ��

 ��' .&+ ��>�K?
�b ���Q� F��X� )��� .  B
�F�
 A���^(FCR)  5��� �� U��)4( .�K ���&.��  

 5���)4(                               =?
�b A���^ B
�F�  

. 
�N�8�.&+ �� �/�C� A���^ ���Q� 

�N�8�.&+ �� )��*�� #$�)�+  ���  o�!y�
  

#+ ;�	- ���� ��*��#$� )����8 )��� (�� )�+
 �� �R
���SBn�V h�b #$� ��� ;�@����(�� )�+

#$� �n�� �� )��*��] �K ;��1� )��783.[ 

� (h  %�&�' ,y	� ���	�#$� (�� �+ 2)��*�� )
#$�(�� ��� �� �� �R
���S ���8 �+ � v 1.� )�+

g!O �*��.�]^�K � �K )��S)�+  B��K �&�'
 o�&��� 2.��I �F�� ��� 2.��I N��X.�� 2.��I %��$b
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 .&+ �� ���� ��� � ���� �F�� ��� 2��+ �V�� 2���&�
��*�� � ���.� ' ��U�� � (,*�- �� BF6) #.&+)� ��+�*S

#$� ����(�� �� �+.&+ �+ #+� � (,*�- �� BF6) #y	I )
 (,*�- �� �1�)������ 8�� .���K )  

 )���#$� �&�' D�&n ���
���(���� �+   D�U�Ty�
 ���&.�� �
��K ]3[. 

1- %��$b ��@.�� ���) P����.�*� f	�E-2 
.��I %��$b ;��1� )��� (;I�\ ��R' %^��  

2- #$� N��X.�� ,y	� ��@.��(�� )Egg Shell 

Force Gauge( ���)-2  )��� (;I�\ ��R' %^��
������ $� .��I N��X.�� ��U�� )��8#(��  
3- #$� ��8�	- �@����S ��@.��(�� )Egg Multi 

Tester(  ���)EMT-5200  )��� (;I�\ ��R' %^��
������ .���� ��� � ���� ��� 2���&� o�&��� )��8  

 ��+ �V��q�����  5���)5( �� F��X�  :��K  
 5���)5    (HU = 100 Log [H – (1.7 × W

 0/37
) + 7.6]                                                                                            

 5��� ;
� �� 'H  ?�V��) ���&� o�&��� �� �����
�� � �.� � (W #$� ��� �� �����  .%�� (N�8 ?�V��) (��

� ������ ���	��8�) #$� .��I ���(��2�+ .��I�+ � 

D��n ��8��O � D�� 48 %"�� �� ���� )��� 
���T@�) �S ��� �W� � ���K�+ �� )����� �
y���.  ��
���V�% 1/0 ������ N�8�8�) �K.  

������ )��� 2���� ���.� ' ���Q� )��8 ���Q�
P  N�8
���� �� $� �K� #$� (�� �+) � �� � ����� �+� � *��. 
hS ��!� � /�b� �n�� �� P!� � �+  %"�� �� D��

K ��@.�� �������  �1� � ���K ���� ����
P �� � *��.  ��
��!�� ���� 6��v ��K hS ��  � P!�10 6� ������v  .�K

 �W�100 ��*�����. hS  2P!�
P �� � *��. U�S a�1�
!� 
 �10 ��*�����.  �� ��!�
��
�@ � � ���K �� $�
;  B!"
���) � ���.� ' ������.���U ��� .%/�8 N�y��) T���  �� X�

2P�0�  ��10 ��*�����. � hS
����U  �W� � �K ���&.��

��!� � �+  D��15 6��Q ��� ��) 37  O���.��� ���8  ��
;� ���)  �I � �	./�8 ���6 � ��
; � 2D�����U  ��� h7O

��> ��  ���500  �.����������^ �K ]4.[  
��*�� ���Q�)�) ��+�*SMDA� ���� (  �C^�K ���	"

�����'� ��U�� )������- ��� �� ���&.�� �� 2�+ [��
�.��./��.�W��) ����������.
P ���� ������ ;
�� .�K )��8

 �� �� ���� ��!� �� N�8 P
 ��.�� ���	�*�* � )[�I�����  �
� �� ��T- �S )�� �W� � .$
� \�&
�.��� B��6 ���� �.�*

)���� ') P�.��TCA � (5/2 � ��; ���� �.�* 
��'����+ �*��) ;rBHT� � �K /�b� (  D��60  �� ����

*�* )�1�  V�� �� .�
��8 ����� :�� ��� ��@.�� � �+
 �� � ��K BQ.	� \�&
�.���RPM 3000 �  D��30  Q�6�

\�&
�.��� �� �I .���K \�&
�.��� �� ��O�� ��U@+ 
: 2
 �� ��O�� ��S ��/ � .$
� ��� �� *�* D�
�.X� �5�

*�* �� �+  )�1� N�8 �� .�K a�n P
 ��!� ;!��� 7`�'
 �� ������� g
�� #yVTCA � �� f	I �  � �K ������� �.�*

� �� � ���Q�  �.�* TBA *�* � ������.�� *�* � )��V )�+
*�* �W� .�K /�b� ��!�� �+  D��30  �� Q�6�;� ��� )

 )��� ��70 � �1� � ���K ���� ���6 q��� � O�� �� %"
� )��� h7O ��U�� � ��K P	^ 2��� hS ��   ���

��> �� � �.��./��.�W�� ��@.��  ���521 ������ �.����� -

.�K )��8  
 2D�& � o�� ��+ ,
���S ��> �� ' %�� �'w � N�:

 �	�*�� #r0" 2(��T�� �	���) �K���8 �0.^���R� ��	+� 
#$� ��*�� %/�� 2)��!�� ��O� %�&�' %/�� � (�� .��I

#$� ��./� � �y / 2(��`�F>��1 ����^ � 2#��*�F���' �	��� �
#$�#$� ��`�� ;�� �� (�� .�R� ��+�R� ��78  

  
3 .��� 
 ����  

#$� ��`�� ��� !" �� �R
���S )�+��!�� ���  � ,�I ��78
 )�.'�� �� ,*�- �� �I �
��.
�.�� 0��!*��� ?����  ��
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���O ) )�+2) � (3( K ���� ��R�.%�� �� ��!+  '��>
� ��+�R��  �� �
���� ���8 �� ����� � %�
���I ��K

#$� ��� ,+�' ?O�� ,*�- �� ,�I �R
���S ���� (��
) ���K �+�K ��!�� �� �
�Q� �� )��*��05/0P< �� � (

?
�b 2,*�- �� �I ���� �� �
�Q� �� �� A���^ B
�F�
) ����� ,+�' �+�K ���8 �� �+05/0P< .(#+ 	-;�  �+

 �� �+ �� A���^ a�C� ,+�' ?O�� �*�!"�� ��!�� �
���8 �� �
�Q� �� ����� ����) ���K �+�K )�+05/0P<.(  

 ���R+�euI  �5� � ���U/� ' %�� ��K [��U8

150 2250  �350 � �� ?O�� ����� ���8 ����� �� N�8
O�O ��� �5^ ,
�U/� �� )��� �*� ��K �.K�8 )�+

 � A���^ a�C��b
? �F�
B  ����� A���^]11[.  
 ��,+�eI  ���U/� )�@
�200 � �� ���8 ���C" N�8

O�O ���O N�8� �' �+ �� ����� ��+ 2�.K�8 )�+����� 
�	1� ��8���I ��� � A���^ a�C� ��U�� �� )���

 ��FT� ?O�� �*� 2%K����b
? �F�
B  �K A���^
]17.[  #$� ��� ,+�'(�� ,�I �R
���S )�+��!�� �� �+

�� ,*�- ��.�K�� A���^ a�C� ,+�' �� �K�� �����  
  

 @��,267% ��9'� �'23	4 ' �a)��(. �����	#% '/& . �&:;- �'?�� � <*�= (& <#R 0)�#?)'?�& ��>	*�1 (6?a� �% @�& �?��)  

'+)A � %)X b&�>F 
b&�>F c'E�  

((�� �� L';) 

67% ��>%8'�  

;/(��/8'�)(L' 

67% �(�8'�  

(L';) 

67% �#*>%8'�  

(����) 
����	#% 

66/1  69/96 a 98/57  13/63 a 27/92  ���
  

65/1  24/91 b 61/55  41/60 b 05/92  5V)(��R+�)�R �'#,  

61/1  69/90 b 51/54  21/60 b 44/93  �('� 0��1&+�)�R �'#,  

58/1  96/90 b 81/57  89/60 b 93/94  ,#�' �R)��( 0��1&+#��  

03/0  009/0  18/0  009/0  51/0  SEM 

21/0  01/0  23/1  045/0  46/1  P-value 

:a-b G#K��#� c�?F&�S!� �N���?� c�'" � �>?1 '� �� ��) �S?V� �&�05/0<P.(  

SEMG#K��#� �&���?1& ��eF :.�� 

 

@��,367% ��9'� �'23	4 ' �a)��(. �����	#% '/& . �&:;- �'?�� � <*�= (& 0R �#?)'?�& ��>	*�10) )1 �% 6�� �?��#6��]( 

'+)A � %)X b&�>F 
b&�>F c'E�  

((�� �� L';) 

67% ��>%8'�  

(L';/(��/8'�) 

67% �(�8'�  

(L';) 

67% �#*>%8'�  

(����) 
����	#% 

59/1 ab 

67/1 a 

56/1 b 

52/1 b 

52/1 b 

45/87 a 

44/89 a 

93/81 b 

80/82 b 

60/82 b 

52/53  

59/55  

42/53  

34/54  

51/54  

04/62  

70/62  

10/60  

13/60  

91/60 

12/88  

82/88  

75/88  

82/89  

00/90  

 ��S� ���
  

5 f� ���
  

5V)(��R +�)�R �'#,  

�('� 0��1& +�)�R �'#,  

��#�( 0��1& + �)�R �'#, 

042/0  41/2  15/1  71/0  07/2  SEM 

02/0  03/0  25/0  049/0  68/0  P-value 

:a-b G#K��#� c�?F&�S!� �N���?� c�'" � �>?1 '� �� ��S?V� �&�) �05/0<P.(  

SEMG#K��#� �&���?1& ��eF :.��  
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�	1� ,+�' ����b
? �F�
B  ,*�- �� �I A���^
���8 �� �
�Q� �� ��!�� � �+ �� �+�K )�+s:�!.V� 

�S ����� � �����A��� )�.��� �� �+ � ���� ����
� ���'
 � )7j� ���� h7O ��FT� y�.���#+ ;�	-  ,+�'

� %�*�1/ � %�1!O ,+�') ���� �� /����� ���*���.
� )7j� ���� a�C�)�.'��  ��� ,
�U/� %
�T��� � (�+

��T�.%�� ���U�� g&� � )7j� ���� �� )��  

q�����  ���O f
�.�)3( �� ,*�- 2 0��!*��
�
��.
�.��  ��`�� ��� !" �� 2%FJ� �+�K ���8 ��

#$�  ��78������� �rUO ,
�U/� ?O�� �Q/ � %K��� ) 
 ���Q��b
? �F�
B  .�K �&	� �+�K � %F�� A���^

 ' %�� ��K [��U8�
��.
�.�� 0��!*��  )0.�� ?O��
#$� ��`�� �� ��r�&�����I )��!�� � ��78��K2  �� ���

,�� ��  ����������#$� %�&�' � %�!' �� ) )��*�� )�+
#$� ��*�� ?O�� �T	� � �����(�� ;
� � ���*S )�+

�� )�.'��] ��K9 223  �24 ���U/� ��� 1*�5� P
 �� .[
O�O A���^ � ���� ���8 ���C" � .$� =�5� )�+
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