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�"&Z 1 -  _J'�- /�+Z�" 	&?I� 	#JZ *��J�J� TJ%#-*�����= /�I  

Table 1. Feed ingredients and composition of experimental diets  

4.5 %  
grape pomace 

3 %  
grape pomace 

1.5 % 
grape pomace  

Control diet 
(0 % grape pomace) 

Feed ingredients (%)  

54.08  56.05  58.01  56.01  Corn grain  

24.33  24.32  24.12  24.62  Soybean meal  

4.5  3  1.5 0 Grape pomace (GP) 
1  1  1  2.5  Wheat bran  

2.25  1.88  1.33  2.00  Soy oil  

20.3  20.2  20.1  1.99  Dicalcium phosphate  

10.45  10.45  10.46  11.43  Oyster shells  

0.24  0.24  0.24  0.23  Common salt  

0.15  0.15  0.15  0.15  Sodium bicarbonate  

0.16  0.16  0.16  0.16  Dl-Methionine  

0.005  0.003  0.004  0.005  L-Lysine HCL  

0.3 0.3 0.3 0.3 Vitamin premix1  

0.3 0.3 0.3 0.3 Mineral premix2  

Calculated nutrients  

2700  2700  2700  2700  ME (kcal/kg)  

16  16  16  16  Crude protein (%)  

4.4  4.4  4.4  4.4  Calcium (%)  

0.5  0.5  0.5  0.5  Available P(%)  

5.5 4.8 4.1 3.2 Crude fiber (%)  

0.17 0.17 0.17 0.17 Sodium (%)  

0.45  0.45  0.45  0.45  Methionine (%)  

0.72  0.72  0.72  0.72  Met+Cys (%)  

0.85  0.85  0.85  0.85  Lysine (%)  

0.54  0.54  0.54  0.54  Threonine (%)  

0.19  0.19  0.19  0.19  Tryptophan (%)  

200  202  202  204  DEB3 (Meq/kg)  
1 Supplied vitamins per kilogram of diet: mg: A, 10000 IU, D3 2500 IU, E 10 IU, B1 2.2 mg, B2 4 mg, B3 8mg, B6 2 mg, B9 0.56 mg, B12, 
0.015 mg, Cholin 200mg. 
2 Supplied minerals per kilogram of diet: Mn, 80 mg, Fe 50 mg, Zn 60 mg, Cu 12 mg, Sodium Selenite 0.3 mg.  

3Dietary electrolyte balance 
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and Kocaoglu-Guclu (2012)  ;B�C- *��J�J� @�,J%#-

 �
 
�.(�;�+l- �\ 	��� &P
� #���c� " 	�#% jJe-"#: " d

�
 ��\ TJ-#- ;< 6/91" % 7/11�#% 8
�+$ %&(  
� ;%

 " &(��< W����= j�� 
� 	&� 8
�+$ #���c� 	�"&a� /�l<

 #���c� +J( ��\ #,J3NDF  "ADF ;(��( /�#< �
 ;B�C- /�I

 ;< 
�.(� �"&L 
� TJ-#-6/46  "6/38 .&(�#% 8
�+$ &P
� 

)W����= x"#� 
�  jJ.(�J�� *��&�<� ��"H# �"&L �I

38±1314  /���(� 
� "W����= +J( �"&L 54±1361 �#$ 

��< Q���( .;�+l- 	���H#� ��" /�I ��� ���( +J( �I ;% 
�

*?N� @"�C- )	
"� /���(�H#� ��" jJ.(�J� jJ< /
�� /�I

 .�
�&( ��Z" 
�.(� ;B�C- D �E� F�G� �< 	&� ;�9]- Q���(


� #< 
�.(� ;B�C- D �E� F�G� @�#A� &JB�- &PH#��I  
�

) �"� 	
"�4 ) �"� 	
"� )(�"� ;�CI4  	
"� _% " (�"� ;�CI

)8  (;�CI�"&Z 
� 2 .2�� 	&� ;��
�  

;(�� 
�.(� ;B�C-;(�� /"�L )
��*�(= 2JP�\ �< /���� /�I-

 *(�&J�%�*� i�< 
�JK /"
 #< @�cJca- .&��<(Haugheset 

al., 2005; Law and King, 2003) � ���( ;% 2�� 	��

*� ;��I 	
�U!;Z�Z &�
 #< *C?� @�#A� /�"&L �- &(��--

 ���< i�< ;< �
 �#' �! WI�% j�� _JB� ;% &��< ;���� �I

	��� X�,-
� 	&� oJ ]- 	
�U! 
� dJB�?3 @�,J%#- ��
 )&(�

 /"�L 	
�U! j��90  dJB�?3 @�,J%#- &P
�2�� 
� 

*-
�P 
�.(� ;B�C- @�#A� @������= �� ;%;< *-"�C�� Q���( )-

 .2�� 	&�= 2�� 8
�+$  ��cca� �� *\#< )��n� /�#<

	�#%�� 	��C��� ;% &(�  YG� �- 
�.(� ;B�C-3  )	#JZ &P
�#A� 

*?N�#< /
�� 2�� ;���&( *���$ /�I ;Z�Z &�
 �#' �!
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�"&Z 2 - �E- &JB�- &P
� #< dB�- �� [: 	#JZ 
� 
�.(� ;B�C- D �E� F�G� #A� H#�H#�I/� 
�9.�E-  

Table 2. Effect of different levels of grape pomace in post-molting diet on egg production performance (%) of laying 
hens 

Total period (0-8 weeks)  Weeks 4-8  Weeks 0-4  Grape pomace levels (%)  

82.37 79.86 84.89 0 (control) 
79.28 76.42 82.14 1.5 
80.25 76.29 84.20 3 
78.81 76.13 81.29 4.5 
1.490 2.091 1.011 SEM 

ns ns ns P value 
ns: non-significant

(Goni et al., 2007; Brenes et al., 2010 and Sayago et 

al., 2009).  �#' �! #< 
�.(� ;B�C- *C?� #JA�- �&! _JB�

;Z�ZdJB�?3 @�,J%#- jJ��: 
�&c� )*���$ /�I  �= 
�

2�� 	&� 8
�+$ .<; /
�K  ;%;�  )
�.(� ;B�C- &P
��c3 

/"�L 8/4  dJB�?3 @�,J%#- &P
���< 2�� 	(Goni et al., 

2007) .RS,O * : @�,J%#- *C?� @�#A� +J(�� ��?3 " ��$


 #< �J<�B;Z�Z &�
 �#' �! 	&� 8
�+$ �I2�� (Nayacoti 

et al., 1997). ��?3 * :*-�,J%#- �I ��I&? *� ;% 
� &?(��-

Je-"#: k9Z " ��Ij" &??% ��l�� �S�\� �I  
� �S�\� �<

jJe-"#: k9Z " ��IRi���L� �I &JB�- &?(���< jJe-"#: " �I


� �E- &JB�- ;lJ�(�� 
� +J( �
 H#� H#� * n�&JB�- 	�.�

* : .&?I� WI�%��?3;< �I _JB� 	"#$ _J�%"
&JI /�I

W?%�"	&?I� 	"#$ ;< )jJe-"#: _J(�<#% 
� " 	&J,�
 �I

*� 2B�\� ��(= k9Z .&??% *\#< ����cca�  +J( 8
�+$

�#%	��C��� ;% &( YG� �- 
�.(� ;B�C- �� 	�3 &P
�  )	#JZ ;<

* : jJ��: /���a� _JB���?3 )�I��(���(;  2�� *�L #JA�-

 *C?�<"#: *��e �� ��I 2J <�O # ;?J�= /�I&J�� " jJe-

&��< ;���� (Goni et al., 2007).  +J( #^�L W����= 
�

 " &� 	��C��� 
�.(� ;B�C- �� )
�.(� ;��I 	
�U! /�l<

� ;% &� �E��	
"� �� d� �JI 
�= /�I 	
"�) *����

(	
"� _% " �"� )�"� *?N� @"�C-�E- &JB�- 
� /
�� H#�

	"#$&�( 	&I��� D �E� /�I )05/0>P( "  ;B�C- �� 	��C���

G� �- 
�.(� Y5/4  	#JZ &P
�H#�/�I  @&� ;< 
�9.�E-

2�I  ;�CI#JA�- *?N�#< /
�� &JB�- &P
� �E-2��&( H#� .

 )W����= j�� Q���( �< w3��� @������= �� *\#<(Kara and 

Kocaogli, 2012) �#% 8
�+$ +J(	� ;% &( #A� 
� �� 	��C���

"�  )
�.(� ;B�C- &P
��E- &JB�- 
� H#�H#�/�I 
�9.�E- 

 #JA�- 2a- dB�- 	
"� �� [:23#.( 
�#O .*�L  #.�� *\#<

 ��cca� �� (Kara et al., 2016) 	��C��� ;% &(� 	��� ���( ��

�� #-i�< ��+J� ;< 
�.(� ;B�C- YG� ) W����= j��6  
� (&P
�

	#JZ H#�/�I �E- )
�9$*?N� #JA�-
���#' �! #< /  &JB�-

�E- H#����&(2�� ;. ca� �� *\#< ��c< �< +J(;% ��#< 
�

5/1 
� 
�.(� ;B�C- &P
� *?N� @�#JJ]- )jJ

& < 	#JZ-

&(�#'( 8
�+$ �E- &JB�- 
� /
�� (Silici et al., 2011) .

E- ��" Q���(� H#� ;�9]- ��$&(#: D �E� F�G� �< 	&�

 +J( 
�.(� ;B�C-�"&Z 
� 3 .2�� 	&� ;��
�  

�E- ��" #< #A�� _��! jJB"�\ ��" )H#� *B" 2�� H#� ��

H#� ��" )W����= j�� 
� �� 	
"� /���(� " �&�<� 
�  �I

 @�,J%#- )H#� ��" #< 	"S! .��< 
��
�\#< *�i�< *�\��?'�

���� 	#JZ /9]� _<�O /r#(� &?(�� &J�� )��JB�<���  k#


jJe-"#: )dJeB�?JB &J�� " ��\ *� +J( jJ(�J�� ;?J�= &?(��-

*?N� #JA�-" #< /
���E- �� ���� j�� *B" &?��< ;���� H#�

	#JZ ;�I 
� /9]�	#JZ ;�I " 	��< ���'� �I�I

�"&Z 3 - �E- ��" #< dB�- �� [: 	#JZ 
� 
�.(� ;B�C- D �E� F�G� #A� (�#$) H#�H#�/�I 
�9.�E-  
Table 3. Effect of different levels of grape pomace in post-molting diet on egg weight (g) of laying hens  

Total period (0-8 weeks)  Weeks 4-8  Weeks 0-4  Grape pomace levels (%)  

65.37 65.77 64.91 0 (control) 
65.34 65.72 64.97 1.5 
65.11 65.70 64.52 3 
64.92 65.37 64.27 4.5 
0.269 0.250 0.378 SEM 

ns ns ns P value 
ns: non-significant
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�
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�� H#�

 &�( 	&I��� *�����= /�I
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 YG� �- 
�.(�5/4  )	#JZ &P
��E- ��"*(i�K 
� H#�-

 @&�23#.( 
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 ��cca�(Kara and Kocaogli, 2012)  ;% &(�#% 8
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 YG�W�  
� 	#JZ &P
�H#�/�I �E-
�9$*?N� #JA�- )-
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) �"�4 ) �"� 	
"� )(�"� ;�CI4 ) 	
"� _% " (�"� ;�CI8 

�"&Z 
� (;�CI 5  b#U� )�"� 	
"� 
� .2�� 	&� ;��
�

< ��$&(#: `�
�\ ;*?N� 
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"� _% " �"� /�I

 `�
�\ b#U�H#�/�I  ;B�C- /i�< YG� �< 	&� ;�9]-
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�.(�5/4 *?N� WI�% &I�� 	"#$ ;< 2,�( )(&P
� /
��

��� ���( )05/0<P( ���( #�� j�� ;% �� *\#< ��Z" 	&?I�

;�9]-&^ _���! j(�- &?(�� 
�.(� ;B�C- 
� /�2��  
� ;%

 YG�5/4  b#U� WI�% " ����� WI�% �!�< &P
�

 ��cca� �� *\#< Q���( ;<��� Q���( j�� .2�� 	&� `�
�\

(Sayago et al., 2009) 2��  ;B�C- �� 	��C��� &(��� ���( ;%


� 
�.(�  YG�W� *� )j(�- ��Z" _JB� ;< 	#JZ &P
�-

&I� WI�% �
 ��$&(#: `�
�\ b#U� &(��-)  j�� Q���( *B"

��cca� �� #.�� *\#< Q���( �< W����= (Kara et al., 2016) 

 YG� �- *�L 
�.(� ;B�C- �� 	��C��� #JA�- �&! ;% ��< #��]�

W�  
� ��$&(#: `�
�\ b#U� " ����� #< �
 	#JZ &P
�

#�H�E- /�I
�9$  �� 	��C��� jJ?s�I .&(��� ���(5/1 

	#JZ 
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�.(� ;B�C- &P
� #< /#A� jJ

& <  `�
�\ b#U�

2�� ;���&(  (Silici et al., 2011). *� @��O�?- j�� _JB�-

 
� j(�- ��+J� )
�.(� ;��
�" " x�( 
� @"�C- #K�\ ;< &(��-

" W����= �
�� /�I
�.(�  
� ;(�� ;��I " ;��\ ��+J�

;B�C-&��< W����= �
�� /�I (Kara et al., 2016)  *�L ;%

;B�C- @"�C�� #,J3*� +J( �I #JA�- ��$&(#: /����� 
� &(��-

 #< 
�.(� ;B�C- D �E� F�G� @�#A� Q���( .&��< ;���� T�#^

�E- &JB�- /�#< `�
�\ _�&,- H#��"&Z 
� ��$&(#: 6  ;��
�

.2�� 	&�   

  

 
�"&Z 4 - �E- 	��- #< dB�- �� [: 	#JZ 
� 
�.(� ;B�C- D �E� F�G� #A� (�#$) H#�H#� /�I
�9.�E-  

Table 4. Effect of different levels of grape pomace in post-molting diet on egg mass (g) of laying hens 
Total period (0-8 weeks)  Weeks 4-8  Weeks 0-4  Grape pomace levels (%)  

53.82 52.53 55.11 0 (control) 
51.80 50.23 53.37 1.5 
52.23 50.12 54.34 3 
51.05 49.77 52.25 4.5 
0.919 1.390 1.122 SEM 

ns ns ns P value 
ns: non-significant
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�"&Z 5 -  (�#$) `�
�\ b#U� #< dB�- �� [: 	#JZ 
� 
�.(� ;B�C- D �E� F�G� #A�H#�I/� 
�9.�E-  
Table 5. Effect of different levels of grape pomace in post-molting diet on feed intake (g) of laying hens 

Total period (0-8 weeks)  Weeks 4-8  Weeks 0-4  Grape pomace levels (%)  

102.2a 102.3a 102.1 0 (control) 
101.7a 101.8ab 101.6 1.5 
101.5a 101.6ab 101.7 3 
100.6b 100.4b 101.5 4.5 
0.353 0.583 0.400 SEM 

P<0.05 P<0.05 ns P value 
a,b The means with different superscripts within each column are significantly different (P<0.05); ns: non-significant

 

�"&Z 6- � [: 	#JZ 
� 
�.(� ;B�C- D �E� F�G� #A� #< dB�- ��E- &JB�- /�#< `�
�\ _�&,- T�#^H#�  (�#$:�#$)H#�/�I 


�9.�E-  
Table 6. Effect of different levels of grape pomace in post-molting diet on feed conversion ratio of laying hens (g:g) 

Total period (0-8 weeks)  Week 4-8  Week 0-4  Grape pomace levels (%)  

1.90 1.95 1.85 0 (control) 
1.96 2.02 1.90 1.5 
1.95 2.03 1.87 3 
1.97 2.01 1.94 4.5 
0.026 0.054 0.280 SEM 

ns ns ns P value 
ns: non-significant
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�.(� ��� ���( W��+3� &I�� 	"#$ ;< 2, 	
"� _%
� *B"
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#.�� ��cca� @��
�+$ (Kara and Kocaogli, 2012)  +J(
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Table 7. Effect of main effects of grape pomace levels, storage duration times and temperatures on egg internal 

quality traits 
  Yolk index Albumen pH  Haugh unit      

Main effects of grape pomace levels (%)  
  37.35  9.36a  80.01b  0 

  37.36  9.26b  83.75a   4.5 

  0.178  0.012 0.93   SEM  

  ns  P<0.05  P<0.05    P value  

Main effects of storage  duration time 
  37.15  9.28b 83.65a  1 day after storage 

  37.51  9.31b 81.33b   7 day after storage 

  37.57  9.40a 79.19c   30 day after storage 

  0.218  0.015 0.114   SEM  

  ns  P<0.05 P<0.05   P value  

Main effects of storage  temperature  
  37.58  9.09b 82.17a  4ºC  

  37.84  9.63a 81.34b   27ºC  

  0.178  0.012 0.093   SEM  

  ns  P<0.05 P<0.05   P value  
a,b The means with different superscripts within each column are significantly different (P<0.05); ; ns: non-significant 

 
�"&Z 8 - #A��E- * \�� *CJ% @�CP #< 
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� 	&� /
�&�.( H#�D �E� /�I  

Table 8. Interaction effects of grape pomace levels and storage times on egg internal quality traits 

Yolk index  Albumen pH  Haugh unit  
Interaction effects 
(grape pomace level × storage duration time)  

37.10  9.29bc  82.38b  0% ×1d  
37.48  9.36b  81.63c  0% ×7d  
37.52  9.44a  80.24d  0% ×30d  
37.20  9.21c  83.23a  4.5% ×1d  
37.55  9.34b  82.64b  4.5% ×7d  
37.62  9.32b  82.75b  4.5% ×30d  
0.022  0.022  0.162  SEM  

ns  P<0.05  P<0.05  P-value  
a,b,c,d The means with different superscripts within each column are significantly different (P<0.05); ; ns: non-significant 
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Abstract 

An experiment was conducted to evaluate effects of different levels of grape pomace in diets of laying hens on egg 
production performance and egg internal quality traits during different times and temperatures. One hundred and 
sixty Leghorn laying hens in post-molting phase were assigned to four treatments with five replications and eight 
birds each based on completely randomized design. The birds fed experimental diets containing zero, 1.5, 3 and 
4.5% of grape pomace for eight weeks. Egg samples from treatment 4 were selected and stored in different 
temperatures (4 and 27° C) and duration times (1 day, 1 week and 1 month after production) at the end of 
experiment, then their internal quality traits were evaluated. Results showed that with the use of 4.5% grape pomace, 
the egg production rate, egg weight, egg mass and feed conversion ratio of birds were not affected, but feed intake 
decreased (P<0.05). Evaluation of egg quality traits during different storage duration times and temperatures showed 
that 4.5% grape pomace in diet increased Haugh unit and decreased albumen pH of eggs (P<0.05). Interaction 
effects showed that although, Haugh unit of eggs decreased and albumen pH increased with increasing storage 
duration time, but the use of 4.5% grape pomace could restrict fluctuations. In conclusion, it is possible to use 4.5% 
grape pomace in layer hen diets in post-molting phase without having any negative effects on production 
performance and due to antioxidant properties of grape pomace, it might keep egg internal quality during storage 
times.  
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