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(Richardson et al., 2000).   

  

 �
?\1 - '0�� 
 B0�
$h ��$;��'\ [B #�;NU /�> 

Table 1. Ingredients and composition of experimental diets 

Ingredient (%) 
Total omega-3 fatty acids (% of diet) 

 
0 0.24 0.48 

    
Corn 52.2 50.6 49.0 
Soybean meal 30.8 31.2 31.5 
wheat Bran  2.5 2.5 2.5 
Salomega 0 1.5 3 
Canola oil 1.83 1.60 1.37 
Dicalcium phosphate 1.52 1.51 1.52 
Limestone 6.50 6.50 6.50 
Oyster shell 3.66 3.66 3.66 
Vitamin-mineral premixa1 0.5 0.5 0.5 
DL-Methionine 0.18 0.15 0.16 
Sodium chloride 0.15 0.15 0.15 
Bicarbonate sodium 0.15 0.15 0.15 
Calculated Nutrients    
AMEn (Kcal/kg) 2620 2620 2620 
Crude Protein (%) 18.5 18.5 18.5 
Crude fiber (%) 2.64 2.67 2.71 
Calcium (%) 4.25 4.25 4.25 
Phosphorus (%) 0.43 0.43 0.43 
Total omega-3 fatty acid (%) 0.031 0.245 0.507 
Lysine (%) 1.04 1.016 1.022 
Methionine (%) 0.48 0.44 0.44 
Methionine + cysteine (%)  0.78 0.74 0.74 
1 Vitamin and mineral Premix supplied per kilogram of diet: Vitamin A, 9000 IU. Vitamin D3, 2000 IU. Vitamin E, 18 IU. 
Vitamin K3, 2 mg. thiamin,1.8 mg. riboflavin, 6.6 mg. Niacin, 30 mg. Calcium pantothenate, 10 mg. Vitamin B6, 3 mg. Folic 
acid 1 mg. Vitamin B12, 0.015 mg., Biotin 0.1 mg., Choline 500 mg., manganese oxide 100 mg., ferrous sulfate 50 mg., zinc 
oxide 100 mg., copper sulphate 10 mg., calcium iodate 1 mg., sodium selenite, 0.2 
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Table  2. Effect of physiological stress and omega-3 fatty acids on production performance in laying hens during 

stress period (41 weeks of age) 

     a–c Means with different superscripts within a column are significantly different at P<0.05. 
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� 
� !LM� 4"� ��+?��& ��'\ N� �
N��;�C+� c-d ��

LM� N� %& g�
$h c�]; ��Mi�> LM� 4"� ��+?��& !

R'#�&?M���� LM� �
?� ��+?��& �� ,�#�b; 
� /��!  R#� ,0

B;
� ?��$�  
$"; 4'K�O5 L#�C5� ,1'��HPA  LM� �

� 
�

?���!  
��5
 �� ��'\ N� �
N��;�C+� c-d N� ?O� B�d ,0

,#-.� �@$; ��$'d /�4�� L#�;NU �

� 45� '& �� .
�@U 

.45�# �$f�� ��$'d /����� �� LM� BEM;  LM�

 �'b"� R#� 
� �
N��;�C+� ,)'�
 ,� �?� a�bK� BA#J$K$#C'5

�G� ��A)�* L>�0 [\$;�> .?� /
�-+ R#� y#��� �� $�


�C+ !�'b"�B)'; 
� N� ���E��� ,0 4�� �?� : 	�+

�G� L>�0 [\$; �?� �N
 	�+$)'0 
� �
���$A'�
$0 -

�G� �N
 
 /
�-+ ?� H�;(Wang et al., 2013) R'Mi�> .

B)'; 
� C#$1� 
� �?� �N
 	�+$)'0 
� �
���$A'�
$0 	�+

�G� w�� !g�
$h c�]; L>�0 [f� N

 ��$� 
 /
�-+

?� �G� (Liu et al., 2012). �G� ��A)�* L>�0 
� /
�-+

B; 4�G� ,\
� 
� �'b"� R#� c�]; L>�0 T'K� ,� ?��$�

 !g�
$h c�]; L>�0 �� ,0 4�� B�#?� .?��� g�
$h

L'& ?'K$� 4�\ 	Nm /J��� R';�� ?f0 
� ��
N /�>N��

B��
� 
 �$� ,1'��! �$A'K$5 ,O�$�S�G� 
 �> 
� /
�-+

L'& ,� B����� L>�0 ,1'�� /�>N��B; 
��; ��
N�$� .

 !BA#J$K$#C'5 D��''.� 
� �U !B5�( N�/N�� 
 4h$�  


 ,� �?� 
� �>?'u$A'�
$0$0$)+ W��� ,1'�� 
� ,0 /
��5


B; ��
 4�� ,� T�;?'K$� N� �
 /J��� �#�hx !?�5��?�N B��;

��b��� B;?>� )(Wingfield and Sapolsky, 2003.  
�

��;� <�= /�>?'�� T�A; N� ���E��� �'@�� ~$]h -3  
�

 !�
�?� �$\
 ��+?��& 
� ,M';N R#� 
� B��*Y(� !LM� ��;N

 :$+�h 
 :$; !����� ,)�\ N� ��
�?����& 
� ��d R#� ��

 �� BMf; B��OK�P;
�@U B M�?j  <�= /�>?'�� T�A;

��;�-3 4�� �?� :
�C+ )(Pérez et al., 2013; Nemeth et 

al., 2014.  

  

Item 
 Egg 

production 
(%) 

Egg mass 
(g/hen/day) 

Egg 
weight 
(g/egg)   

Feed intake 
(g/hen/day) 

Feed 
conversion 

ratio 
Condition   

Non stress   98.11a 61.48a 62.68a 108.50a 1.76b 

Stress  88.09b 54.08b 61.40b 98.71b 1.82a 

SEM  1.05 0.65 0.42 0.56 0.02 
Omega-3 fatty acids (%) 

0  94.94 58.68 61.82 106.19a 1.81 
0.24  92.41 57.16 61.82 103.44b 1.81 
0.48  91.96 57.50 62.49 101.20b 1.76 
SEM  1.29 0.80 0.52 0.69 0.02 

Condition  × Omega-3 fatty acids 
Non stress 0 97.91 61.14 62.46 110.92a 1.81 
Non stress 0.24 98.21 61.39 62.53 107.10a 1.74 
Non stress 0.48 98.21 61.92 63.05 107.50a 1.73 

Stress 0 91.96 56.23 61.18 101.45b 1.80 
Stress 0.24 86.60 52.93 61.11 99.79b 1.88 
Stress 0.48 85.71 53.08 61.93 94.90c 1.78 
SEM  1.83 1.13 0.73 0.98 0.03 

P-value 
Condition   < .0001 < .0001 0.04 < .0001 0.04 

Omega-3 fatty acids  0.24 0.39 0.58 0.0003 0.28 
Condition× Omega-3 fatty  0.18 0.19 0.97 0.04 0.14 
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Table 3. Effect of physiological stress and omega-3 fatty acids on production performance in laying hens during 
post-stress period (42-44 weeks of age) 

Item 
 Egg 

production 
(%) 

Egg mass 
(g/hen/day) 

Egg weight 
(g/egg)   

Feed intake 
(g/hen/day) 

Feed 
conversion 

ratio 
Condition 

Non stress   95.22a 59.01a 61.83 107.72a 1.82b 

Stress  91.42b 55.81b 61.12 104.98b 1.88a 

SEM  0.65 0.58 0.43 0.85 0.01 
Omega-3 fatty acids (%) 

0  93.05 57.15 61.40 107.92 1.89 
0.24  94.17 58.16 61.52 105.72 1.82 
0.48  92.87 56.91 61.50 105.41 1.85 
SEM  0.83 0.71 0.53 1.05 0.02 

Condition × Omega-3 fatty acids 
Non stress 0 95.83a 59.22 61.80 109.74 1.85 
Non stress 0.24 94.31ab 58.89 61.97 105.75 1.80 
Non stress 0.48 95.53a 58.91 61.71 107.66 1.83 

Stress 0 90.27b 55.09 60.99 106.10 1.93 
Stress 0.24 93.79b 57.43 61.06 105.69 1.85 
Stress 0.48 90.21b 54.91 61.29 103.16 1.88 
SEM  1.17 1.008 0.75 1.48 0.03 

P-value 
Condition  0.0001 0.003 0.25 0.03 0.05 

Omega-3 fatty acids  0.53 0.42 0.98 0.19 0.14 
Condition × Omega-3 fatty  0.05 0.33 0.94 0.29 0.87 

Week  0.41 0.82 0.93 0.78 0.92 
Condition × week  0.003 0.22 0.87 0.004 0.62 

Omega-3 fatty acids × week  0.35 0.61 0.97 0.85 0.36 
Condition × Omega-3 fatty 

acids × week 
 0.08 0.06 0.96 0.14 0.003 

  a–b Means with different superscripts within a column are significantly different at P<0.05. 

��;� T�A; N� ���E��� �
$; 
� /��#N D�OK�P;-3  N� 
$'( 
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H�; ,)�\�G� /�>BMs 4�\ 
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 <�= /�>?'�� !D�b'b"� R#� N� /
�'�� 
� ,0 4�� ,�5�+

��;�-3  �� /�'@��,1M���5/�> ,���?� /��A)�* 

4��(Küçükersan et al., 2010; Al-Nasser et al., 2011; 

Zhang and Kim, 2014).  !�'b"� R#� 
� N� ���E���

 <�= /�>?'����;� -3  �

� 
� LM� 4"� ��+?��& 
�

LM�! [f� ?� g�
$h c�]; L>�0.  c�]; R'Mi�> R#�
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�!  ��$� 
 ?'K$� ?F
�

�G� �
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 D
$F ,� LM�/�?* .��� L>�0 !L#�;NU R#� y#��� ���P; 

��� �� �4�� �?� � ��;� <�= /�>?'�� T�A; ,0-3  
�

	�'& T#?O� �� ��= ���5����
 �*�� /�'� 
 B�M��+ /�>

B; �-s c�]; L>�0?�$� )(Parra et al., 2008.  /�>?'��

��;� <�=-3 �$AK$; ��b��� �� �'b��; 
$( ,�zM� /�>�'-

 ����� �?MM0?M��;  R';�&
�)(Shashoua and Hesse, 1996 

 �� LMA�>�� R'Mi�> 
T;�$*  ?M��; `)�G; BM#�0
?��

$�

 R'K$���(Nettleton and Katz, 2005)  R'�eK 
(Pérez-

Matute et al., 2007)  
� B��; Lb�N�� 
 4h$�  
 /J���

?�
�� �-s c�]; <�= /�>?'�� ,0 4�� �?� :
�C+ .

��;�-3  ��= ���5� 
�[f�  L>�0 
 R'�eK WP� L#�C5�

B; ���5� R#� 
� ����� ?�$�)(Gray et al., 2013 .B5�( N� 
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$0 �$;
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B; R'�eK �$;
$> �J ��'��$� )(Houseknecht et al., 
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� ,0 45�+ ,1'�� ��$�
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Table 4. Effect of physiological stress and omega-3 fatty acids on physical traits of egg during stress period (41 

weeks of age) 

Item 
 Egg index 

 
Shell 

weight (g) 
 

Shell thickness 
(mm) 

 

Yolk 
weight (g) 

 

Yolk 
index 

 

Haugh 
units 

 
Condition 

Non stress  75.15 6.49 0.51a 16.82 54.38a 109.20 
Stress  75.87 6.74 0.49b 16.29 52.53b 108.23 
SEM  0.49 0.11 0.007 0.22 0.29 0.64 

Omega-3 fatty acids (%) 
0  75.38 6.51 0.51 16.83 53.54 109.85 

0.24  75.55 6.71 0.49 16.70 52.95 107.88 
0.48  75.61 6.64 0.50 16.14 53.88 108.42 
SEM  0.60 0.13 0.009 0.26 0.36 0.78 

Condition × Omega-3 fatty acids 
Non stress 0 74.54 6.60 0.52 17.26 53.38b 109.27 
Non stress 0.24 75.59 6.48 0.50 16.79 53.93ab 108.59 
Non stress 0.48 75.32 6.40 0.51 16.41 55.85a 109.74 

Stress 0 76.21 6.42 0.49 16.40 53.71ab 110.42 
Stress 0.24 75.51 6.94 0.48 16.61 51.97b 107.18 
Stress 0.48 75.90 6.88 0.49 15.87 51.91b 107.10 
SEM  0.85 0.19 0.01 0.38 0.51 1.10 

P-value 
Condition  0.31 0.13 0.05 0.10 0.0004 0.30 

Omega-3 fatty acids  0.96 0.60 0.69 0.18 0.21 0.21 
Condition× Omega-3 

fatty acids 
 0.59 0.19 0.93 0.67 0.002 0.24 

a–b Means with different superscripts within a column are significantly different at P<0.05. 
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Table 5. Effect of physiological stress and omega-3 fatty acids on physical traits of egg during post-stress period (44 

weeks of age) 

Item 
 Egg index 

 
Shell 

weight (g) 
 

Shell thickness 
(mm) 

 

Yolk 
weight (g) 

 

Yolk 
index 

 

Haugh 
units 

 
Condition 

Non stress   75.96 6.26 0.42a 16.63 51.46 109.34 
Stress  76.22 6.51 0.38b 16.24 51.72 108.97 
SEM  0.57 0.05 0.006 0.27 0.57 0.75 

Omega-3 fatty acids (%) 
0  76.09 6.47 0.42a 16.51 51.71 110.51 

0.24  74.88 6.34 0.39ab 16.55 51.12 108.43 
0.48  77.30 6.33 0.38b 16.24 51.93 108.51 
SEM  0.70 0.06 0.008 0.33 0.71 0.92 

Condition × Omega-3 fatty acids 
Non stress 0 76.00 6.33 0.41ab 16.55 51.10 111.09 
Non stress 0.24 74.67 6.20 0.41ab 16.77 51.09 107.69 
Non stress 0.48 77.22 6.26 0.43a 16.57 52.18 109.24 

Stress 0 76.18 6.63 0.43a 16.47 52.32 109.94 
Stress 0.24 75.10 6.49 0.37bc 16.33 51.15 109.18 
Stress 0.48 77.38 6.41 0.34c 15.92 51.68 107.79 
SEM  0.99 0.09 0.01 0.47 1.004 1.31 

P-value 
Condition  0.75 0.06 0.001 0.32 0.75 0.73 

Omega-3 fatty acids  0.07 0.27 0.01 0.77 0.70 0.22 
Condition × Omega-

3 fatty acids 
 0.98 0.64 0.001 0.83 0.69 0.48 

a–c Means with different superscripts within a column are significantly different at P<0.05. 

�#
C� ,0 4�� �?� ���� �� � B)'; 
� �
���$A'�
$0 	�+


� �?� �N
 	�+$)'0 H�; 
��G� /�> �� /�'@�� 
�-+

4��?� ,��$& 4;�Gj )(Liu et al., 2012 B5�( N� . ���E���

 /
�d ��'\ N�30 B)'; �
���$A'�
$0 	�+
�  	�+$)'0

�G� ,��$& 4;�Gj L#�C5� [\$; ��'\?� H�;(Kim  et 

al., 2015). �>;NU y#��� �� $� L#��j�d 4;�Gj L>�0 !

�G� ,��$& 4�� �?� :
�C+ B#�;�+ LM� ,1'�� 
� H�;

)(Mashaly et al., 2004; Song et al., 2012 . �?� :
�C+

 
� R#?M'fK�0 �J ��'� L>�0 �*�� �
N��;�C+� ,0 4��

,��$& �?sN�� H�;�G� /�> 
�-+B;.�$�  
� R#?M'fK�0

�G� ���0 ,E'�)0 �
�� Lb� H�;)(Bar et al., 1996 .

 ,��$& 4;�Gj L>�0 !L#�;NU R#� 
�B; ,1'�� 
� ?��$�

 �'�)0 ?M��; /-.; ��$; ,1'�� 
� 
 g�
$h c�]; L>�0

 
� :
�$+ ������ N� �'�)0 <-\ L>�0 R'Mi�> 


 .?��� LM� 4"� ��+?��&��;� T�A; N� ���E���-3 
�  ��'\

[f�  �

� 
� LM� 4"� ��+?��& 
� ��N lh�� L>�0

 �

� 
� ,��$& 4;�Gj L>�0 R'Mi�> 
 LM� N� %&

LM�  .?� ��+?��& R#� 
�B; L>�0 R#� �@� ,1'�� 
� ?��$�

��;� T�A; -3 ��� LM� 4"� ��+?��& g�
$h c�]; 
� ?

�G� 4'E'0 ,� k$��; D�EF 
� ,0 H�; C'� �� � �
 �$h

 .4�� ����
� � ~$]h <�= /�>?'�� T�A; N� ���E��

��;�-3 H�; 
��G� /�> ,0 4�� �?� :
�C+ !
�-+ ���E���

 N����0 Rs

 
  ��'\ 
� B#�#
� Sf)\ �N
 �� /�'@��

~$]G;
�> ?d�
 !  ,��$& 4;�Gj 
 4�� ,���?�(Ao et 

al., 2015). R'Mi�> /��#� ,OK�P; 
� � Rs

 N� ���E��

H�; ��'\ 
� B>�;�G� /�> !��
N lh�� �� /�'@�� 
�-+

�G� BE'0 D�EF �#�� 
 
�> ?d�
 !,��$& 4;�Gj H�;

4��?� (Küçükersan et al., 2010).  

�<��=��F "��-  

L#�;NU R#� N� TF�d y#��� t��� ��!  BA#J$K$#C'5 LM�

 �
N��;�C+� �� �?� a�bK�
�@U  4'E'0 
 ?'K$� ��A)�* �� BEM;

 ,��$&�G� H�;�
�� ��;� T�A; N� ���E��� 
 -3  
� ��'\ 
�

 �
$; Z$P� L#�;NU�'b"� R#� 
� )24/0  
48/0 ?F
�( !



 �������/	
� �
���/��� ��� B;�� D�?'K$� D�b'b"�1399 )65 -55          (                                                                          63  

 

 
 

 L>�0 �� /�'@p�
�@U  B�d 
 �
�?� LM� BEM;[f� ?#? � 

 g�
$h c�]; L>�0�.?  

 �&���=��+�K �  

� C0�; N� �
 �$h B���
?Q [���; ��+?�
��� ,)'�
 R#?

 ������� (~) 	�0� �$�
 D��d /N

� 0 ���\ :N$;U

  Z�( /��\� /��� 	Nm D���A;� ��$�� �>��5 4�\ ��.;��

B; N���� 
�f)+ 40�� 	��"; 4#�#?; N� R'Mi�> .?M#���

t�e� ��;$K�� �$]"; R';p� 4�\ 
��� ?#$�B; /
�C+-

.�$�  

  

 L��M3N)�5�  

Al-Nasser A.Y., Al-Saffar A. E., Abdullah F. K., Al-Bahouh M. E., Ragheb G. and Mashaly M. M. 2011. Effect of 
adding flaxseed in the diet of laying hens on both production of omega-3 enriched eggs and on production 
performance. International Journal of Poultry Science, 10: 825-831. 

Ao T., Macalintal L., Paul M., Pescatore A., Cantor A., Ford M., Timmons B. and Dawson K. 2015. Effects of 
supplementing microalgae in laying hen diets on productive performance, fatty-acid profile, and oxidative 
stability of eggs. Journal of Applied Poultry Research, 24: 394-400. 

Appleton K., Rogers P. and Ness A. 2008. Is there a role for n-3 long-chain polyunsaturated fatty acids in the 
regulation of mood and behaviour? A review of the evidence to date from epidemiological studies, clinical 
studies and intervention trials. Nutrition Research Reviews, 21: 13-41. 

Augier S., Penes M., Debilly G. and Miachon A. 2003. Polyunsaturated fatty acids in the blood of spontaneously or 
induced muricidal male Wistar rats. Brain Research Bulletin, 60: 161-165. 

Bar A., Vax E., Hunziker W., Halevy O. and Striem S. 1996. The role of gonadal hormones in gene expression of 
calbindin (Mr28, 000) in the laying hen. General and Comparative Endocrinology, 103: 115-122. 

Berenjian A., Sharifi S. D., Mohammadi-Sangcheshmeh A. and Ghazanfari S. 2018. Effect of chromium 
nanoparticles on physiological stress induced by exogenous dexamethasone in Japanese quails. Biological 
Trace Element Research, 184(2): 474-481. 

Coiro V., Casti A., Rubino P., Manfredi G., Maffei M., Melani A., Saccani Jotti G. and Chiodera P. 2007. Free fatty 
acids inhibit adrenocorticotropin and cortisol secretion stimulated by physical exercise in normal men. 
Clinical Endocrinology, 66: 740-743. 

Delezie E., Swennen Q., Buyse J. and Decuypere E. 2007. The effect of feed withdrawal and crating density in 
transit on metabolism and meat quality of broilers at slaughter weight. Poultry Science, 86: 1414-1423. 

De Vriese S., Christophe A. and Maes M. 2004. In humans, the seasonal variation in poly-unsaturated fatty acids is 
related to the seasonal variation in violent suicide and serotonergic markers of violent suicide. 
Prostaglandins, Leukotrienes and Essential Fatty Acids, 71: 13-18. 

Du Bois T., Deng C., Bell W. and Huang X. F. 2006. Fatty acids differentially affect serotonin receptor and 
transporter binding in the rat brain. Neuroscience, 139: 1397-1403. 

Fedorova I. and Salem N. 2006. Omega-3 fatty acids and rodent behavior. Prostaglandins, Leukotrienes and 
Essential Fatty Acids, 75: 271-289. 

Foucaud L., Niot I., Kanda T. and Besnard P. 1998. Indirect dexamethasone down-regulation of the liver fatty acid-
binding protein expression in rat liver. Biochimica et Biophysica Acta (BBA)-Lipids and Lipid Metabolism, 
1391(2): 204-212. 

Gray B., Steyn F., Davies P. and Vitetta L. 2013. Omega-3 fatty acids: a review of the effects on adiponectin and 
leptin and potential implications for obesity management. European Journal of Clinical Nutrition, 67: 1234. 

Hoan N. D. and Khoa M. A. 2016. The effect of different levels of sesame oil on productive performance, egg yolk 
and blood serum lipid profile in laying hens. Open Journal of Animal Sciences, 6: 85. 

Houseknecht K. L., Baile C. A., Matteri R. L. and Spurlock M. E. 1998. The biology of leptin: a review. Journal of 
Animal Science, 76: 1405-1420. 

Hull K., Cockrem J., Bridges J., Candy E. and Davidson C. 2007. Effects of corticosterone treatment on growth, 
development, and the corticosterone response to handling in young Japanese quail (Coturnix coturnix 
japonica). Comparative Biochemistry and Physiology Part A: Molecular and Integrative Physiology, 148: 
531-543. 



64                          ��'1��� ,E(�*  :��
�A�> 
��;� <�= /�>?'�� `)�G; Z$P� �'@p� -3  H�; ��A)�* ���G� /�>LM� I#��� 
� 
�-+...   

 
Kim Y. H., Kim J., Yoon H. S. and Choi Y. H. 2015. Effects of dietary corticosterone on yolk colors and eggshell 

quality in laying hens. Asian-Australasian Journal of Animal Sciences, 28: 840. 
Küçükersan K., Yeşilbağ D. and Küçükersan S. 2010. Influence of different dietary oil sources on performance and 

cholesterol content of egg yolk in laying hens. Journal of Biological and Environmental Sciences, 4: 117-122. 
Liu L., Song Z., Sheikhahmadi A., Jiao H. and Lin H. 2012. Effect of corticosterone on gene expression of feed 

intake regulatory peptides in laying hens. Comparative Biochemistry and Physiology Part B: Biochemistry 
and Molecular Biology, 162: 81-87. 

Mashaly M., Hendricks G., Kalama M., Gehad A., Abbas A. and Patterson P. 2004. Effect of heat stress on 
production parameters and immune responses of commercial laying hens. Poultry Science, 83: 889-894. 

Nemeth M., Millesi E., Wagner K. H. and Wallner B. 2014. Effects of diets high in unsaturated fatty acids on 
socially induced stress responses in guinea pigs. PLoS One, 9: e116292. 

Nettleton J. A. and Katz R. 2005. n-3 long-chain polyunsaturated fatty acids in type 2 diabetes: a review. Journal of 
the American Dietetic Association, 105: 428-440. 

Nieuwenhuizen A. G. and Rutters F. 2008. The hypothalamic-pituitary-adrenal-axis in the regulation of energy 
balance. Physiology and Behavior, 94: 169-177. 

Parra D., Ramel A., Bandarra N., Kiely M., Martínez J. A. and Thorsdottir I. 2008. A diet rich in long chain omega-
3 fatty acids modulates satiety in overweight and obese volunteers during weight loss. Appetite, 51: 676-680. 

Pérez-Matute P., Pérez-Echarri N., Martínez J. A., Marti A. and Moreno-Aliaga M. J. 2007. Eicosapentaenoic acid 
actions on adiposity and insulin resistance in control and high-fat-fed rats: role of apoptosis, adiponectin and 
tumour necrosis factor-α. British Journal of Nutrition, 97: 389-398. 

Pérez M. Á., Terreros G. and Dagnino-Subiabre A. 2013. Long-term ω-3 fatty acid supplementation induces anti-
stress effects and improves learning in rats. Behavioral and Brain Functions, 9: 25. 

Raouf S. A., Smith L. C., Brown M. B., Wingfield J. C. and Brown C. R. 2006. Glucocorticoid hormone levels 
increase with group size and parasite load in cliff swallows. Animal Behaviour, 71: 39-48. 

Re S., Zanoletti M. and Emanuele E. 2008. Aggressive dogs are characterized by low omega-3 polyunsaturated fatty 
acid status. Veterinary Research Communications, 32: 225-230. 

Richardson R. D., Boswell T., Woods S. C. and Wingfield J. C. 2000. Intracerebroventricular corticotropin-releasing 
factor decreases food intake in white-crowned sparrows. Physiology and Behavior, 71: 213-216. 

Romero L. M., Dickens M. J. and Cyr N. E. 2009. The reactive scope model—a new model integrating homeostasis, 
allostasis, and stress. Hormones and Behavior, 55: 375-389. 

Sapolsky R. M., Romero L. M. and Munck A. U. 2000. How do glucocorticoids influence stress responses? 
Integrating permissive, suppressive, stimulatory, and preparative actions. Endocrine Reviews, 21: 55-89. 

Shashoua V. E. and Hesse G. W. 1996. N-docosahexaenoyl, 3 hydroxytyramine: a dopaminergic compound that 
penetrates the blood-brain barrier and suppresses appetite. Life Sciences, 58: 1347-1357. 

Song Z., Liu L., Sheikhahmadi A., Jiao H. and Lin H. 2012. Effect of heat exposure on gene expression of feed 
intake regulatory peptides in laying hens. BioMed Research International, 2012: 484869. 

Stillwell W. and Wassall S. R. 2003. Docosahexaenoic acid: membrane properties of a unique fatty acid. Chemistry 
and Physics of Lipids, 126: 1-27.  

Thaxton J., Dozier W., Branton S., Morgan G., Miles D., Roush W., Lott B. and Vizzier-Thaxton Y. 2006. Stocking 
density and physiological adaptive responses of broilers. Poultry Science, 85: 819-824. 

Vallarino A., Wingfield J. and Drummond H. 2006. Does extra corticosterone elicit increased begging and 
submissiveness in subordinate booby (Sula nebouxii) chicks? General and Comparative Endocrinology, 147: 
297-303. 

Wall J. and Cockrem J. 2010. Effects of corticosterone treatment in laying Japanese quail. British Poultry Science, 
51: 278-288. 

Wang X. J., Li Y., Song Q. Q., Guo Y. Y., Jiao H. C., Song Z. G. and Lin H. 2013. Corticosterone regulation of 
ovarian follicular development is dependent on the energy status of laying hens. Journal of Lipid Research, 
54: 1860-1876. 

Wang X., Liu L., Zhao J., Jiao H. and Lin H. 2017. Stress impairs the reproduction of laying hens: an involvement 
of energy. World's Poultry Science Journal, 73: 845-856. 

Wingfield J. and Sapolsky R. 2003. Reproduction and resistance to stress: when and how. Journal of 
Neuroendocrinology, 15: 711-724. 

Zhang Z. and Kim I. 2014. Effects of dietary olive oil on egg quality, serum cholesterol characteristics, and yolk 
fatty acid concentrations in laying hens. Journal of Applied Animal Research, 42: 233-237. 

 



 

Animal Production Research 

Vol. 9, No. 2, 2020 (55-65) 

 

Research paper 

Influence of different levels of omega-3 fatty acids on the 
performance of laying hens under physiological stress induced by 

dexamethasone 

A. Berenjian1, S. D. Sharifi2*, A. Mohammadi-Sangcheshmeh3, M. R. Bakhtiarizadeh2 
1. Ph.D Student, Department of Animal and Poultry Science, Aburaihan Campus, University of Tehran, Pakdasht, Iran 
2. Associate Professor, Department of Animal and Poultry Sciences, Aburaihan Campus, University of Tehran, Pakdasht, Iran 
3. Assistant Professor, Department of Animal and Poultry Sciences, Aburaihan Campus, University of Tehran, Pakdasht, Iran 

 

(Received: 16-07-2019 – Accepted: 05-12-2019)                 

Abstract 

The effect of omega-3 fatty acids on performance and physical characteristics of eggs in laying hens under 
physiological stress was evaluated using 96 LSL-Lite layers in a 2 × 3 factorial experiment with two levels of stress 
(stress and non-stress) and three levels of omega-3 fatty acids (0, 0.24 and 0.48% of diet) in a completely 
randomized design for 70 days. From age of 35 to 40 weeks, birds were fed with basal diet and various levels of 
omega-3 fatty acids, at 41 weeks of age. Physiological stress was induced by adding 1.5 mg dexamethasone/kg of 
diet for one week. Dexamethasone was then removed from the diet and the birds were fed with pre-stressed diets for 
three weeks (post-stress period). Percentage of production, feed intake, egg mass, as well as physical traits of eggs in 
stress and post-stress periods were evaluated. During the stress period, the percentage of egg production, weight and 
egg mass, shell thickness decreased under stress while feed conversion ratio increased (P<0.05). Feed intake of 
stressed birds fed diets containing different levels of omega-3 fatty acids was lower than other groups (P<0.05). The 
lowest yolk index was observed in the stressed birds fed diets containing levels of 0.24 and 0.48 % omega-3 fatty 
acids. In the post-stress period, the egg production, egg mass, feed intake in birds that experienced stress was lower 
than non-stressed birds and had higher feed conversion ratio (P<0.05). During this period, the shell thickness of the 
stressed birds receiving level of 0.48% of the omega-3 fatty acids was lower than other groups (P<0.05). In general, 
the use of omega-3 fatty acids in stressed laying hens with the intensification of reduced feed intake can increase 
adverse effects of stress on the performance and egg quality.  
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