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Table 1. Ingredients and chemical composition of broiler breeder hens diet (%) 

 
Ingredients (%) 

Fat powder sources 
Control ω3F1 ω3L2 ω6S3 

0% 1.5% 3% 1.5% 3% 1.5% 3% 
Yellow corn 70.19 64.07 59.62 63.62 58.80 63.62 58.80 
Soybean meal 19.17 20.48 19.78 20.35 19.67 20.35 19.67 
Wheat bran 1.49 5.22 9.29 5.80 10.00 5.80 10.00 
Calcium carbonate 6.75 6.32 5.88 6.32 6.06 6.32 6.06 
Fat powder 0.00 1.50 3.00 1.50 3.00 1.50 3.00 
Dicalcium phosphate 1.28 1.25 1.23 1.24 1.28 1.24 1.28 
Vitamin and mineral premix4 0.50 0.50 0.50 0.50 0.50 0.50 0.50 
Salt 0.40 0.41 0.41 0.41 0.41 0.41 0.41 
DL-methionine 0.17 0.18 0.19 0.18 0.19 0.18 0.19 
Threonine 0.05 0.06 0.07 0.07 0.07 0.07 0.07 
L-Lysine-HCL 0.00 0.01 0.02 0.02 0.03 0.02 0.03 
Chemical composition (%)        
AMEn (kcal/kg) 2800 2800 2800 2800 2800 2800 2800 
Protein  14.63 14.63 14.63 14.63 14.63 14.63 14.63 
Crude fat  2.87 4.03 5.25 4.03 5.24 4.03 5.24 
Calcium 2.93 2.93 2.93 2.93 3.00 2.93 3.00 
Available phosphorus 0.34 0.34 0.34 0.34 0.35 0.34 0.35 
Lysine  0.66 0.65 0.65 0.65 0.65 0.65 0.65 
Methionin  0.40 0.40 0.40 0.40 0.40 0.40 0.40 
Methionin + Cystein   0.66 0.67 0.67 0.67 0.67 0.67 0.67 

1 ω3F: ω3 fat powder based on fish oil, 2 ω3L: ω3 fat powder based on linseed oil, 3 ω6S: ω6 fat powder based on soybean oil. 
4 Supplied per kilogram of feed: vitamin A,4400000 IU; vitamin D3, 1400000 IU; vitamin E, 40000 IU; vitamin K,2000 mg; thiamine, 
1200 mg; riboflavin, 4800 mg; pantothenic acid, 6000 mg; niacin, 22000 mg; pyridoxine, 1600 mg; choline chloride, 400000 mg; folic 
acid, 800 mg; biotin,100 mg; vitamin B12,12 mg; Mn,48000 mg; Zn, 40000 mg; Fe, 20000 mg; Cu, 4000 mg; I, 800 mg; Se, 120 mg. 
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 aK
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1942 �	8 �!�)0001/0P<( . H�9w
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1942 _,�Z& Y�2 �M& '+, `� H�*���2H�8 ��!� �*2P! 3 �8 
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C�!�)12 '� � #� ��!� �	R, 1��U1942 [�!�>! /U� ��!�

�M& '+, ��Y�2 +! `S�c Y�2g�h2 ���2 ��U Hi,� �/99�

 aK
 �� 1U�2 Hi,� #8 =5N� ��	
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 �,/R2 -  18�O ��	� L-�M2 78�92 , J	K
 ��I�& �8 /S���M& /�W	&Y�2  #�!+,��M& '+, ,1��	) ���2 Y�2 �� Y�2 )77 -65 

(1*�ZU  
Table 2. Effect of different sources and levels of fat powder on hen day egg production and egg weight in broiler 

breeder hens (65-77 week-old) 
 HDEP1 (%) Egg weight (g) 
Treatments Month 2 Month 3 Total period Month 2 Month 3 Total period 
Control 62.96 a 37.04 d 54.32 b 70.68 bc 72.07 ab 71.03 bc 
1.5% ω3F2 63.89 a 58.15 a 61.98 a 71.86 ab 73.18 ab 72.19 ab 
3% ω3F 56.67 bc 40.74 dc 51.36 bc 72.20 ab 74.65 a 72.81 ab 
1.5% ω3L3 64.08 a 52.59 b 60.25 a 69.27 c 70.30 b 69.53 c 
3% ω3L 60.00 ab 43.12 c 54.37 b 71.15 bc 72.32 ab 71.44 abc 
1.5% ω6S4 53.94 c 51.11 b 52.99 bc 73.56 a 72.58 ab 73.32 a 
3% ω6S 60.93 ab 30.49 e 50.78 c 70.98 bc 72.94 ab 71.47 abc 
SEM 0.81 0.82 0.56 0.36 0.59 0.36 
CV% 3.28 4.50 2.49 1.24 1.98 1.23 
Effect (P-value)      
Treat < 0.0001 < 0.0001 < 0.0001 < 0.0001 0.0185 0.0001 
Time 0.12 0.04 0.04 0.08 0.074 0.07 
Treat × Time 0.46 0.10 0.07 0.20 0.17 0.09 
Animal origin × 
plant origin 

0.59 0.001 0.0013 0.06 0.007 0.01 

ω3 × ω6 < 0.0001 0.001 < 0.0001 0.007 0.81 0.06 
a-e Means within a column with no common superscript differ significantly (P<0.05). 
1 HDEP: Hen day egg production; 2 ω3F: ω3 fat powder based on fish oil; 3 ω3L: ω3 fat powder based on linseed oil; 4 ω6S: ω6 
fat powder based on soybean oil. 



6                             ���8T L�� ����
 #�!+�>  :'!��0
U , �*2P! 1
�N-� 18�O ��	� L-�M2 78�92 �I!3  ,6 #R	R "��0-
. �8...��,T��   

 

 '�,�>! �8 '�FFG2 1^�85/1 Y�2 ���R #8 1U�2 Hi,� %
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 �,�c5/1 %ω3F " aK
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ω6S  aK
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 ��I�&1��	) ���2 Y�2 �� �/�W	& Y�2 )65-77 (1*�ZU 

Table 3. Effect of different sources and levels of fat powder on egg mass in broiler breeder hens (65-77 week-old) 
 Egg mass (g/h/d) 
Treatments Month 2 Month 3 Total period 
Control 44.4 a 26.68 d 38.55 c 
1.5% ω3F1 45.90 a 42.55 a 44.78 a 
3% ω3F 40.88 bc 30.41 c 37.39 cd 
1.5% ω3L2 44.41 a 36.97 b 41.93 b 
3% ω3L 42.70 ab 29.83 c 38.41 cd 
1.5% ω6S3 39.70 c 37.09 b 38.83 c 
3% ω6S 43.24 ab 22.26 e 36.25 d 
SEM 0.59 0.45 0.40 
CV% 3.34 3.38 2.50 
Effect (P-value)    
Treat < 0.0001 < 0.0001 < 0.0001 
Time 0.22 0.05 0.019 
Treat × Time 0.09 0.10 0.07 
Animal origin × plant origin 0.18 0.001 < 0.0001 
ω3 × ω6 0.005 0.001 < 0.0001 
a-d Means within a column with no common superscript differ significantly (P<0.05). 
1 ω3F: ω3 fat powder based on fish oil; 2 ω3L: ω3 fat powder based on linseed oil; 3 ω6S: ω6 fat powder based on soybean oil. 
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 /���N�-) =
! )Chashnidel 

et al., 2010; Al-Hilali, 2018; Ibrahim et al., 2018; 

Abbasi et al., 2019Hi,� '�,�>! H�9w
U .( L-�M2 ��U
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 /9��2

 , �,��N-� =D-iLDL ) ��
Güçlü et al., 2008; 

Chashnidel et al., 2010; Monfaredi et al., 2011; Al-
Hilali, 2018; Ibrahim et al., 2018; Abbasi et al., 

2019 [�!�>! , "(HDL ) =
! �/� ��
Chashnidel et 

al., 2010; Al-Hilali, 2018; Ibrahim et al., 2018; 

Abbasi et al., 2019Hi,� '�,�>! �8 ��� 1^�8 .(��U "��	
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12�
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[U�� /�W	& VLDL 12 /5� ��) /�	�Güçlü et al., 2008; 

Saleh et al., 2009; Chashnidel et al., 2010; Al-Hilali, 

2018 .(HDL �!�!� =5N� 1�e�8 "�,��N-� /�V�W	ZN> , 

��
! �,��N-� , �!/F2 ��& 1�/�!/���N�-)  H�9w
U "=
!

��4> 1-S! `2!	. +! 10��/99� LPL �� ��
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!

)Viveros et al., 2009.( [��2+T �� "�z�c  =D-i [�!�>!
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 �*2P! �,�c 18�O ��U��	� H�! g�h2 #� /��8 =-. H�!3  ,

 �*2P!6 T��� [�!�>! #8 ��92��N2 1� o��^ �/5� �,��N-� 

���Z�
! #8 ��92 #� �/� ���8 +! �,��N-� #-�
, #8 ) /5� #8

`0� (!�ZS 12) �	�Saleh et al., 2009.(  

 , 19K8 18�O#�9
!�>��U '!/
M& �,/R d���� :6  _,�Z&

1942�,�) H�8 ��!� '+, �� 18�O ��	� �,�c 1 ��2+T ��U

�M& �!��2 "'!/
M& '+, "19K8 #6	G2 18�O , ��!$)

�	0�W	> �!/4& �!� '� � rO	� , n��8 ��+ ��U

)05/0<P.( /U�� �,�) 1942 �	6 #8 H��� �8 �!�!� ��!�

#6	G2 18�O �,�) , �	8 19K8 ��92 18�O ��	� �,�c ��U

./��	8 �/� 18�O [U�� #8 ��M2 19K8 18�O H���
�

 �,/R4 - �I! J	K
 78�92 L-�M2 ��	� 18�O 1
�N-� �8 =�-8�] #R	R��,T�� , ��,��8 �� Y�2 ���2 1��	)  
Table 4. Effect of different sources and levels of ω3 fat powder on fertile egg and hatchability of fertile egg in 

broiler breeder hens 
 Fertile egg (%) Hatchability of fertile egg (%) 

Treatment First incubation Second incubation First incubation Second incubation 
Control 86.39 ab 91.56 ab 45.11 cd 43.12 b 
1.5% ω3F1 76.04 ab 80.21 ab 77.38 a 60.57 a 
3% ω3F 73.71 ab 72.63 ab 43.19 d 65.31 a 
1.5% ω3L2 80.72 ab 61.46 b 60.96 b 62.59 a 
3% ω3L 72.64 b 72.80 ab 55.56 bcd 60.23 a 
1.5% ω6S3 91.43 a 68.81 ab 57.27 bc 57.75 a 
3% ω6S 86.79 ab 94.03 a 75.91 a 32.50 b 
SEM 3.15 5.54 2.26 2.16 
CV% 9.49 17.54 9.32 9.69 
P-value     
Treat 0.013 0.02 < 0.0001 < 0.0001 
Animal origin × 
plant origin 

0.031 0.72 0.38 0.0004 

ω3 × ω6 0.001 0.12 0.01 0.0001 
a-d Means within a column with no common superscript differ significantly (P<0.05). 
1 ω3F: ω3 fat powder based on fish oil; 2 ω3L: ω3 fat powder based on linseed oil; 3 ω6S: ω6 fat powder based on soybean oil. 
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18�O ��U��	� H�8 ��"  aK
5/1 %ω3L  ,3 %ω3F  �	6 #8

1942 /�/� !��2 '+, [U�� �.�8 ��!�)01/0<P H�! .(

 _,�Z& #� '�FFG2 1^�8 E�FG& +! `S�c d���� �8 d����

1942��0� �/U� 2 ��!� /�) �	8 ���& ��Ebeid, 2011; 

Radwan et al., 2012; Delezie et al., 2016 C�!�) 1W, (

g�h2 �/� '��8 ./ � =>�� 1�8� 2 Hi,� 1U�2  �,�c

) /�
! r��	���9�!+	0�!EPA /�
! r��	�!�*U!+	�,� , (

)DHA��92 ( #8 [�!�>! r
M& v����!$) , /�� 

�	0�W	>�U 12�	� #� H�! 7��], #8 ��0-
. X	2e�&	V�U -

��>	V�U 1*�N8  H�9w
U .��!�EPA , DHA �8 [�!�>! 

'���R '	^ #8 '!/
M&�U [�!�>! #8 ��92 '+, '!/
M& 

12/�	� )Nateghi et al., 2019.( Y�2 �8 �/� #�$%& ��U

���R1942 _,�Z& 18�O ��	� �,�c ��U �!/4& �� ��!�

 7]!, �� ./��!/� '� � /U�� �,�) �8 n��8 ��+ �	0�W	>

�	0�W	> �8 1Z92 ��I�& 18�O ��U��	� n��8 ��+ ��U

 ./9��!/� 

 �,/R5 - �	� L-�M2 78�92 , J	K
 ��I�&) ��
 ��U/�V�W =D-i �8 18�O �mg/dL1��	) ���2 Y�2 �� ( )77  (1*�ZU  
Table 5. Effect of different sources and levels of fat powder on serum lipid concentration (mg/dL) in broiler breeder 

hens (77 week-old) 
Treatments Triglyceride (mg/dL)   Cholesterol (mg/dL) HDL 

(mg/dL) 
LDL  

(mg/dL) 
Control 1806.80 a 206.25 a 56.75 c 224.25 a 
1.5% ω3F1 937.30 b 140.00 b 63.00 ab 106.75 b 
3% ω3F 843.0 b 132.00 b 63.50 ab 67.75 b 
1.5% ω3L2 927.30 b 140.25 b 67.00 a 58.00 b 
3% ω3L 868.50 b 124.25 b 60.50 bc 67.00 b 
1.5% ω6S3 861.00 b 141.25 b 62.50 ab 94.00 b 
3% ω6S 790.00 b 133.00 b 64.00 ab 50.25 b 
SEM 137.670 9.967 1.506 15.534 
P-value 0.005 0.0023 0.0289 0.0001 
CV% 33.56 16.80 5.91 39.87 
a-c Means within a column with no common superscript differ significantly (P<0.05). 
1 ω3F: ω3 fat powder based on fish oil; 2 ω3L: ω3 fat powder based on linseed oil; 3 ω6S: ω6 fat powder based on soybean oil. 
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 aK
 #8 E-4�2 'T +!5/1% ω3L  ,3 %ω6S �� H�! .�	8 
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�,�c  aK
5/1 %ω3F  ,ω3L  aK
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 �,/R6- �8 18�O ��	� L-�M2 78�92 , J	K
 ��I�&  18�O '+, "19K8 '!/
M&�	0�W	> �!/4& , ��+ ��U rO	� , n��8 Y�2 ��

1��	) ���2   
Table 6. Effect of different sources and levels of fat powder on abdominal fat, ovary weight and large and small 

yellow follicle numbers on broiler breeder hen 
Treatment Abdominal fat (g) Ovary (g) Oviduct (g) LYF1  SYF2 

Control 114.05 a 75.30 a 88.73 b 5.00 ab 10.00 b 
1.5% ω3F3 70.50 d 75.08 a 88.22 b 5.75 a 12.50 a 
3% ω3F 60.19 e 68.15 ab 75.22 c 5.75 a 10.00 b 
1.5% ω3L4 91.44 b 52.46 c 72.88 c 4.25 b 6.50 c 
3% ω3L 82.06 c 58.26 c 100.36 a 5.50 a 7.75 c 
1.5% ω6S5 25.16 f 56.94 c 80.38 bc 5.50 a 10.25 b 
3% ω6S 21.60 f 61.06 bc 80.00 bc 4.75 ab 10.25 b 
SEM 1.21 1.63 1.90 0.27 0.285 
P-value < 0.0001 < 0.0001 < 0.0001 0.03 < 0.0001 
CV% 4.47 6.25 5.56 12.56 6.99 
a-f Means within a column with no common superscript differ significantly (P<0.05). 
1 Large yellow follicle; 2 Small yellow follicle; 3 ω3F: ω3 fat powder based on fish oil; 4 ω3L: ω3 fat powder based on linseed oil; 
5 ω6S: ω6 fat powder based on soybean oil. 
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Table 7. Economic explanation of diets used in this study 

Treatments 
Cost per kilogram 

of diet (Rial) 
Total cost of hens 
feed intake (Rial) 

Total cost of hatched 
chick (Rial) 

Economic 
explanation  

Control 11575.10 515323.45 589821.89 74498.44 
1.5% ω3F1 13505.80 601278.22 860684.18 259405.96 
3% ω3F 13873.70 617657.12 593436.26 24220.86 
1.5% ω3L2 13487.00 600441.24 703457.19 103015.95 
3% ω3L 13844.50 616357.14 631524.84 15167.70 
1.5% ω6S3 13487.00 600441.24 621298.55 20857.31 
3% ω6S 13844.50 616357.14 705141.57 88784.43 
1 ω3F: ω3 fat powder based on fish oil; 2 ω3L: ω3 fat powder based on linseed oil; 3 ω6S: ω6 fat powder based on soybean oil. 
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Abstract 

This study was conducted to determine the effect of different levels of omega-3 and omega-6 calcium fat powders 
on performance, hatchability, serum lipids, abdominal fat, and ovarian follicle count in Ross-308 broiler breeder 
hens (65 week-old). The experiment was performed in a repeated measurement design with 84 hens and 28 roosters 
with seven treatments (four replicates) during three months. The experimental groups included control group (no fat 
powder), 1.5 and 3% of animal omega-3 calcium fat powder of fish oil origin (ω3F), plant omega-3 calcium fat 
powder of linseed oil origin (ω3L), and omega-6 calcium fat powder of soybean oil origin (ω6S). The results 
showed that the highest average of HDEP was belonged to the experimental groups containing 1.5% ω3F (61.98), 
and ω3L (60.25) without significant difference with together (P> 0.05). However, among experimental groups, the 
highest egg mass (44.78 g/h/d) was obtained from consumption of 1.5% ω3F (P<0.05). The highest concentrations 
of triglycerides (1806.8 mg/dL), cholesterol (206.25 mg/dL), and low density lipoprotein (244/25 mg/dL) of serum 
were belonged to control group that was significantly different from other experimental groups (P<0.05). The 
percentage of hatchability of fertile eggs was improved by consuming diets containing fat powder, except 3% ω6S, 
when compared to control (P<0.05). Overall, considering the production performance, hatchability and economic 
explanation of diets, it seems that addition of omega-3 calcium fat powder at the level of 1.5% (ω3F and ω3L) is 
affordable and can have a positive effect on old broiler breeder hens. 

Keywords: Calcium fat powder, Egg mass, Ovary, Lipoprotein, Broiler breeder hen  

  

  

  

  
 
*Corresponding author: ar_mohit@guilan.ac.ir 

doi: 10.22124/ar.2020.14808.1463  


