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2. Approximate analysis 
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Table 1. Proximate analysis of saffron petals 
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Percentage (w/w) Parameters 
90.57 Dry matter 
9.90 Protein 
3.80 Crud fat  
7.50 Crud fiber 
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0.4 g; biotin 40 mg; vitamin B12 6 mg; choline chloride 100 g; manganese oxide 39.64 g. Zn 33.88 g; Fe 20 g; Cu 4 g; Calcium 
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��A �	 �� 
*� 
�	� 4	/A-& ) et al., Botsoglou

2005( �    %��R#&� 
�R20 �R,.O	 
��V-    )4	��R.�� � �RN�&)

1394(    �R7>x5 �� *R��	� 4	/A-& B/C,0 ���(# U2�/5 ��

E5 4�c/#E5 4&� /� �	>0H/#%*2O"5 %��  �R�L# /2@�5-

                                                 
1 Black cumin (Nigella sativa L.) 
2 marigold (Tagetes erecta) 

 .9�	*� %�	�� � zQ! /�7 �R#&$ h7 )/R\�[ �  ��2Ra[ � 

4	��.�� )1393 ( =�	^R0 � *R��/  R��  
��A R�	 &	  
��RV- 

B/C,0 4	/A-& `-�� �"C��  	^R:	7� 4&�  �R�	&�� �  /R\7U 

*RRC57X �	"RR!� �� �RR?"?�RR�%  RR�"0� *RR�.  � 4	/RRA-&

 4	/RA-& B/C,0  �R#    ���'R(7�#&$ �7	/R� �� *R��	"5 ��R@$ 

 �7�7/ ���*\4�(� *��� .��2a[ � 4	��.�� )1393(  ^2�

 �� *��	� 4�(��# 4	/A-& B/C,0 %�� *�	"5 X7*C5 U7/\

4&� �7	^:	 � �	�"! �?"?  JR7	 )*��� /@"# � �"0 %��

��@$  �� 	� 9Cl#��@$ B/C,0 �7�7/ ��� *\   �"RC�� � 4	/A-&

"0 
�' �� 92L\�=�	  .*��	� 9Ca�	7   �� n��RM5 +*R- J

� �7�# h. 9�	 J  �R5 XN	*[  )%*R[ �R�   gR, E# S"MR� 


*� 
��A �	 )�7	/�   F��RA # �R���/6 )   �7"R� �� F��RA5

=��/6 ��"#  � 
��A R�	 X.�     |"R�/# (... )
��RV- )��"R6)

.*��� �# /w� �� J2�j��*�� �,- �:/V# &�� 4	^2# c�

�7�RR#&$ �� 4�RRa.7)gRR, E# %�RR� RR��� ~"RR�5 �RRA2� � �

 �7�2�2� F�C2�/5 (
/@"# �	"#)  � /Rw� ��"R# 
�20  &	 �R��

/: 
"s� )9�	�/� 4�#& )
�20 �7�� Xs#$.. � %��. ) %"RC� 

 )4	��.�� �1396(   F��RA5 JR7	 �� ^2�  XR2!� �R�  R����.* 

 )��	"# J7	 /� 
�Q-)2007( .et al Botsoglou  �� *�*o L#

Ingredients 
Control Saffron petals (g/100g diet) 

- 1 2 3 
Corn 49.74 49.91 50.08 50.26 
Barely 5.00 5.00 5.00 5.00 
Soybean meal  28.49 28.23 27.97 27.71 
Soybean oil 2.10 2.10 2.10 2.10 
Limestone  5.63 5.62 5.61 5.60 
Dicalcium phosphate 1.52 1.52 1.52 1.52 
Oyster shell 3.50 3.50 3.50 3.50 
Common salt 0.40 0.40 0.40 0.40 
NaHco3 0.16 0.16 0.16 0.16 
Sand 2.71 1.81 0.90 0.00 
Saffron petals 0.00 1.00 2.00 3.00 
Mineral premix 0.30 0.30 0.30 0.30 
Vitamin premix 0.30 0.30 0.30 0.30 
DL-Methionine 0.15 0.15 0.15 0.15 
Calculated (%)    
ME (Kcal/kg) 2670 2670 2670 2670 
Crude protein 17.40 17.40 17.40 17.40 
Calcium 3.90 3.90 3.90 3.90 
Available phosphorus 0.41 0.41 0.41 0.41 
Lysine 0.92 0.91 0.90 0.89 
Methionine 0.42 0.42 0.42 0.42 
Met + Cys 0.71 0.71 0.71 0.71 
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 �7	>c 
/2? �� ���C���#   
*R� �R7>x5   �RM2s# �� � *R�	

%��RR�2� XRR#	"- &	 %��RR-XRR� �� � 	&)  m"RR,M# �M7	/RR�

����^:	 �� 9�	 J.�# )*�"� �# 
�	� =��/6  �R� �� �7��

�# 
��A �	 �/.,�- �"C�� z*�.*��*� �E��6 *�"�  

V!E5 �A2� F�2G"H/#     4��^R:	 /R@	 �R� |"R�/# h7� � :

     /R� �7	>Rc 
/R2? �R� 4	/A-& B/C,0 ��"6 g, E# S"M�

E5 �A2� F�AG� A� �� H/#  %�R�4-1  )(��	 
���)8-4 

 � (+�� 
���)8-1  ��*? �� (
��� X�)4  .9�	 
*� �v	�	

    �R�L# /R@	 4	/RA-& B/RC,0 ��"6 &	 
��A �	  4&� /R� %�	�

  *R[	� )
*2A�    4&� )
��& X.R� D!�R� )
��& 4&� )��R�

    X.R� D!�R� � ]"RVE# 4&� )� �"6 9#�E\ )� �"6

E5  ) 9R�	*� H/R#05/0P>     B/RC,0 ��"R6 4��^R:	 /R@	 .(

 
/2? �� 4	/A-&�o:  
��& ��/ a,� 4	^2# � 
��& _�� /�

E5��L# H/#) �"� �	�05/0P< 4��^:	 .(��  �7��   *RG��

_�� /6 `-�� 4	/A-& B/C,0 ��"65  �R�L# 4*R� / 
��& �	�

      ZR7 �R��5 �R� �R��/0 J2R�j�� � *��� 
�/0 �� 9Ca�

        *R� *R��"� 
�/R� 9R:�7�� 4	/RA-& B/RC,0 ��"R6 *G��

)05/0P<
/2? &	 Z7 /� �� �7�� H/# .( ��"6 %��[ %��

) 4	/A-& B/C,01 )2  �3    �R� )*R��"� 
�/� 9:�7�� (*G��

��L# �"TE5 %�	� H/R#    ��/ Ra,� %��R[ 
��& �R� �7�R� 

      ) *R��/� *R2O"5 *��R� 
�/R0 �R� 9CRa� / ��05/0P< .(

 %��[ 
/2? J2�j����   ^R2� 4	/A-& B/C,0 ��"6 *G��

  
/R2? �R� �a7�o# ��   %��R[ %�R� ZR7  ���    ��"R6 *RG��

  �R�L# ���R� `-�� 4	/A-& B/C,0   ��/ Ra,� 4	^R2# �	�

E5 
��&) *�*� H/#05/0P<.(  

(2008) et al. Aydin &	 
��A �	 �� *��	� 4�(�  
�2� 
/7&

E5 �"2T 
/2? ��D!�� %�� %/2@�5 �	>0 X.�  RE5-

H/#  D!�R� �  X.R� 
��&      �7	^R:	 `R-�� �RO� )9R�	*�

 �R�L# ) .*R� 
��& 4&� �	�(2016 et al. Skrivan    /R@	 ^R2�

��L#  �� 
*2AR� � 
��& 4&� /� %/AL? X0 
��V- &	 %�	�

H/#E5 %��    �R� 
*R� 
�	� 4�R(� J2�j�� .*� :�2� �	>0

 RR�	 )4	��RR.�� � 9RRE�"�) �RR�"6 &	 
��A1389 S"MRR� � (

 )4	��.�� � 9E�"�) %&	/2� J(7�$ 
��V- � ��"6 g, E#

1391��L# /2@�5 (   4&� � 
��& 4&� )
*2AR� 4&� /R� %�	�

E5 ]"VE#.9�	 � �	*� H/#  

 J2RR��/� X#�RR� �,RRG	 URR2�/5 �RR� X#�RR� 4	/RRA-&1  �

   )(4	/RA-& _R�� ��I7	 X#�-) 4$ F�o (# R��/��/.26J22 

 � (4	/A-& LT ��I7	 X#�-)���	/:��3    %"R� ��RI7	 X#�-)

4	/A-& ]"VE# _�� X#�- .9�	 (4	/A-& ^2�  J2R��/�-

4D  &	 �2� X#�� 4	/A-& .9�	150  /ML# � �	/: U2�/5

9�	     ^R2� %��2Ra� �	/R:/2c F�RC2�/5 %��[ 4	/A-& � CO	 .

9�	   J5���R� )J6"R.2O )J2 �	^0) ��*27"�5���� X#�� ��-

E5� ( �RR,6 *� RRa� ��*7����RR�)2012 et al., Fahim .(

 �R# 4�(� F�LO�M#�� R�   _R�� &	 
��A R�	 �R� * �R�	�  %�R�

     _R�� �"RC�� UCR� �R.�7	 /� 
�Q- �"2T 
/2? �� �L2CT

E5 
��&�# H/#�"�)     ��	� �R6 �� ^R2� 	� 
*R�/6 � #Q�

)2014 et al., Cho  �R� h7�R � ���(# F���	^0 J7	 .(  9R��

(7�#&$ &	 
*#$ F�(2007) et al. Botsoglou  �et  Skrivan

(2016) al.  *���a6 U25/5 �� 4��^:	 *��	� 4�(� �� 9�	

 RE5 4�c/# 
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�20 �	q
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 %��[ 4	/A-& Z(! B/C,06/0 *G��   � J2R��/�6/12 

(w/w) ��/Ap#��6 9�	      uRC�# ZR7 4	"R�- �R� *�	"5 �# �

J2 ��/� � ��/Ap#�� m"!7     92RG�! �R� �5�RC2�/5 �R� )

� �$*� a� 4	/A-& B/C,0 /@"# �	"# &	 � ��	*2a�	) ��� *

)2015 et al., Zeka .((2007) et al. Botsoglou � �$ /@	-

%"N ��	*2a�	   �R� 9CRa� 4	/A-& /5 %��R#&� �   �R�"6 �� 	�

 ����  �R�/K 4"2�	*2a�	 
��& RE5   *R��	� 4�R(� H/R# .

Py�� [	  F�C2�/5�,�:)    B/RC,0 �� �"R?"# ��L: F�C2�/5

 .*� RRa� 4	/RRA-&   �RR(��� /RR@	  4	/RRA-& B/RRC,0 /RR�

4"2�	*2a�	/6 ��*2p2O   ) 9R�	 
*R� 
�	� 4�(�Serrano-

2012 et al., Diaz .( J2RR�j�� 
��& ��/ RRa,� ���RR�

E5   ) %/RAL? XR0 4��^R:	 /@	 /� H/# et al., Lokhande

                                                 

1. Crocin 

2. Picrocrocin 

3. Safranal 

4. D-crocin 

5. E-carotenes 

6. Kaempferol 

7. Crocetin 
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/RR2? �RR� 4	/RRA-& B/RRC,0 ��"RR6
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1. Kaempferol 

2. Isorhamnetin 

3. Delphinidin 

4. Petunidin 
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 ��*?3 -  4��^:	 /@	 ��"6H/# %*2O"5 �/.,�- /� 4	/A-& B/C,0E5 %���	>0  
Table 3. Effect of saffron petals powder on laying hens’ performance 

Feed intake (g/day)    Egg mass (g/hen/day)    Egg production (%)   

Whole period 
(Weeks 1-8)  

Weeks 4-8 Weeks 1-4   Whole period 
(Weeks 1-8)  

Weeks 4-8 Weeks 1-4   Whole period 
(Weeks 1-8)  

Weeks 4-8 Weeks 1-4 Treatments 

108.38±0.33 108.57±0.22 108.06±0.76  60.53±0.77 62.82±1.07 59.56±1.56  92.30±0.64 94.71±2.12 90.79±1.53 Control 
106.87±0.54 106.86±1.07 106.70±0.71  60.75±0.78 60.68±3.21 60.89±2.21  91.58±2.62 91.77±2.94 91.08±2.32 1% saffron petals 
108.65±0.73 108.63±0.72 108.65±0.73  61.78±1.30 61.64±2.56 61.85±2.38  92.08±2.39 90.80±2.23 93.33±3.06 2% saffron petals 
107.99±2.40 107.99±2.50 107.98±2.51  61.89±1.56 61.89±1.06 59.02±1.88  91.08±2.55 90.26±2.91 91.58±2.39 3% saffron petals 

0.54 0.57 0.57  0.09 0.89 0.83  0.55 1.48 0.77 SEM 

0.13 0.145 0.14  0.47 0.75 0.10  0.78 0.52 0.26 P-value 

Weight gain    Egg weight   Feed conversion ratio  

Whole period (Weeks 1-8)   Whole period 
(Weeks 1-8)  

Weeks 4-8 Weeks 1-4   Whole period 
(Weeks 1-8)  

Weeks 4-8 Weeks 1-4 Treatments 

 20.66±20.40    65.64±0.59 65.29±1.01 65.60±1.34   1.79±0.02 1.75±0.02 1.80±0.04 Control 
 35.50±22.27    66.40±2.46 66.14±3.22 66.79±2.56   1.75±0.01 1.75±0.10 1.74±0.05 1% saffron petals 
  38.00±73.56    67.13±2.08 67.93±2.66 66.27±1.37   1.75±0.04 1.75±0.11 1.75±0.06 2% saffron petals 
 14.83±36.51    67.95±1.99 68.63±2.67 65.58±2.93   1.73±0.05 1.74±0.05 1.82±0.06 3% saffron petals 
 17.96    0.78 1.03 0.88   0.01 0.02 0.02 SEM 

 0.78    0.22 0.11 0.73   0.19 0.96 0.07 P-value 
SEM: Standard error of the means 
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Table 4. Effect of saffron petals on egg quality traits of the laying hens 
Yolk color Yolk index Yolk weight (g) Haugh unit Albumen weight (g) Treatments 
5.27b±0.46 41.33±1.51 17.72±1.69 89.56±1.93 34.64±0.40 Control 
5.16b±0.70 41.72±1.43 17.33±1.41 89.59±2.45 33.62±1.58 1% saffron petals 
6.00a±0.52 40.30±1.06 17.75±1.17 89.74±1.86 36.42±3.55 2% saffron petals 
6.00a±0.49 40.61±1.19 18.08±1.14 89.82±1.308 34.92±1.94 3% saffron petals 

0.09 0.37 0.32 0.62 0.89 SEM 
<0.0001 0.07 0.45 0.96 0.20 P-value 

Yolk cholesterol (mg/g) Egg index Egg gravity Egg shell thickness (mm10 -2) Egg shell weight (g) Treatments 
157.85a±5.92 75.46±2.71 1.0901±0.003 40.28±1.62 6.13±0.51 Control 
145.37b±4.95 75.36±2.45 1.0902±0.003 40.70±0.61 6.22±0.39 1% saffron petals  

134.39b±8.00 75.66±2.49 1.0901±0.003 40.78±1.69 6.50±0.65 2% saffron petals 
130.12c±0.00 74.17±2.31 1.0901±0.001 41.45±2.28 6.25±0.45 3% saffron petals 

1.73 0.58 0.001 0.74 0.109 SEM 
<0.0001 0.28 0.94 0.35 0.21 P-value 

a-c Means with different superscripts within a column differ significantly (P<0.05). 
SEM: Standard error of the means 
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Table 5. Effect of saffron petals powder on biochemical parameters of the laying hens 

Total cholesterol (mg/dL) HDL (mg/dL) LDL (mg/dL) Triglycerides (mg/dL) Glucose (mg/dL) Treatments 
185.12a±9.81 40.85±4.31 47.29a±1.88 1803.7a±67.75 184.08ab±10.37 Control 
162.94b±10.57 42.86±1.62 47.48a±1.68 1762.1a±34.02 180.78b±8.84 1% saffron petals 
162.90b±12.16 42.18±2.52 45.44ab±3.05 1722.5a±230.96 189.16a±10.07 2% saffron petals 
144.17c±12.16 41.32±1.48 42.85b±3.44 1310.7b±376.40 176.78b±5.68 3% saffron petals 

3.13 0.48 0.51 44.97 2.62 SEM 
<0.0001 0.54 0.010 0.001 0.01 P-value 

a-c Means with different superscripts within a column differ significantly (P<0.05). 
SEM: Standard error of the means 
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Abstract 

In this study, a total number of 144 Lohmann LSL-Lite laying hens (41 weeks old) were randomly assigned to 
24 groups (four treatments with six replicates of six birds each). The hens were fed to diets supplemented with 0 
(control), 1, 2, or 3% saffron petals (SP) for the 8-week trial period. The treatments did not influence production 
performance parameters, albumen weight, yolk weight, Haugh unit, egg shape index, yolk index, shell weight, 
eggshell thickness, and egg gravity (P>0.05). Diets supplemented with 2 or 3% SP improved yolk color 
compared to the group that received 1% SP and also the control group (P<0.05). The hens received SP produced 
eggs with significantly lower content of yolk cholesterol (P<0.05). Diet supplemented with 2% SP significantly 
increased blood glucose compared to the groups that received 1 or 3% SP (P<0.05). Diet supplemented with 3% 
SP significantly decreased blood triglycerides compared to other groups (P<0.05); besides, 3% supplementation 
with SP significantly decreased blood LDL compared to 1% SP and the control group (P<0.05). The hens who 
received SP (1, 2, or 3%) had significantly lower blood cholesterol levels compared to the control group 
(P<0.05). Based on the results of the present study, SP may improve yolk color and decreased yolk cholesterol. 
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