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Abstract 
The goal of the study was to investigate the influence of in ovo injection of omega-3 
fatty acids on performance traits, blood parameters and immune response in broilers. 
At day 14 of incubation, 124 fertilized eggs (31 eggs for each group) were injected 
with different levels of omega-3 fatty acid (0.05, 0.1 and 0.15 ml) and one was kept as 
a control. After hatching, 108 chicks were distributed into four groups (27 chicks for 
each group) and each group was subdivided into three replicate (9 chicks for each 
replicate). Results revealed that in ovo injection with omega-3 fatty acids on 14 day of 
incubation resulted in significant increase in the hatchability and final body weight. 
Haematology (WBC, RBC, PCV, Hb) improved significantly in treated chicks as 
compared with control chicks. Furthermore, immune response of chicks treated with 
mega-3 against ND disease increased significantly compared with non-injected chicks. 
In conclusion, in ovo feeding of omega-3 fatty acids, at the levels of 0.05,0.1 and 0.15 
ml resulted in a significant improvement in production traits, haematological 
parameters and immune response in broiler. 
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Introduction 

 
Omega-3 fatty acids (ω-3 fatty acids or n-3 fatty 

acids) are polyunsaturated fatty acids (PUFAs) with a 
double bond (C=C) at the third carbon atom from the 
end of the carbon chain (Scorletti and Byrne, 2013). 
The fatty acids have two ends, the carboxylic acid (-
COOH) end, which is considered the beginning of the 
chain, thus "alpha”, and the methyl (CH3) end, which is 
considered the "tail "of the chain. The three types of 
omega-3 fatty acids involved in human physiology 
are α-linolenic acid (ALA), eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA). Marine algae 
and phytoplankton are primary sources of omega-3 
fatty  acids.  Common  sources  of  plant oils containing  

the omega-3 ALA fatty acid include walnut, edible 
seeds,  oil, algal oil, and flaxseed oil, while sources of 
animal omega-3 EPA and DHA fatty acids include fish 
oils, egg oil, squid oils, and krill oil (Grey and Bolland, 
2014; Zimmer, 2015; O'Connor, 2015). 

Omega-3 fatty acids are important for 
normal metabolism. Mammals cannot synthesize 
omega-3 fatty acids, therefore, they are dependent for 
shorter-chain omega-3 fatty acid ALA (18 carbons and 
3 double bonds) on feed sources and use it to form the 
long-chain omega-3 fatty acids. The essential fatty acids 
were given their name when researchers found that they 
are essential to normal growth in young animals (Van 
West and Maes, 2003). 
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Recently, one of the new technologies introduced 
in poultry industry is in ovo feeding. In this method, 
liquid nutrients are injected into the embryos amniotic 
fluid (Herfiana, 2007). This mechanism is useful for 
embryo development because protein and energy are 
first derived from the yolk of the egg (Vieira, 2007). 
The importance of such a method appears more 
whenever we believe that birds have access to feed only 
after 36-48 hours which may subsequently influence the 
body weight and muscle development (Noy and Uni, 
2009). Genetic selection, nutrition, and management of 
poultry flocks has improved over the last twenty years, 
however, hatchability of broiler eggs set in commercial 
hatcheries has not increased (Schaal and Cherian, 
2007). In ovo technology may help to improve 
hatchability and health of the hatched chicks through 
feeding metabolic modulators to the developing 
embryo. Exogenous fatty acids and antioxidants 
provided to the developing embryo during incubation 
may enhance PUFAs, lipid, and antioxidant status of 
the chicken embryo (Schaal, 2008; Perez et al., 2010). 
It has also been reported that in ovo feeding 
subsequently improved hatchability, hatching weight, 
and growth performance (Bakyaraj et al., 2011; Selim 
et al., 2012) and immune response (Al-Rubaee, 2011; 
Selim et al., 2012). 

The objective of this study was to determine the 
effects of in ovo feeding of exogenous supply of 
Omega-3 fatty acids on chick performance, blood 
parameters and immune response against New Castle 
disease (ND) in broiler. 
 
Materials and Methods 
 
Eggs incubation and in ovo injection 

A total 120 fertile eggs were randomly selected. On 
the 14th day of incubation, the eggs were equally divided 
into four groups: control, T1 (0.1 ml normal saline), T2 
(egg injected with 0.05 ml of omega-3), T3 (egg injected 
with 0.1 ml) and T4 (egg injected with 0.15 ml). The 
eggs in experimental groups were injected with omega-3 
into the site of amnion through air cell which was 
identified by candling with an ultraviolet lamp, through a 
pinhole made at the broad end of the egg, deep 20 mm 
using 1 ml automatic syringe with gage 20 needle. Also 
eggs were disinfected before and after every injection 
with 70% ethanol to prevent cross contamination 
between individual eggs. The pinhole site was sealed 
with nail paint immediately after injection. The injected 
eggs were returned to the incubator after injection. 
Figures 1, 2 and 3 show candling, in ovo feeding and 
sealing respectively. 
 
Birds care 

A total 108 hatched chicks were randomly 
distributed according to the plan as mentioned 

previously. Each experimental unit contained 27 chicks 
(9 chicks per replicate). The birds were reared on floor 
pens, each pen had three square meter with one hanging 
tube feeder and one suspended drinker. Feed and water 
were offered ad libitum and the light program was 
23L/1D. Birds housed on floor pens and used straw as 
litter (5 birds per square meter). During the experiment, 
a two-phase feeding program consisted of a starter (1-
21 days of age) and finisher (22-42 days of age) was 
provided to the broilers. Commercial feed was provided 
according to NRC (1994). The composition of 
experimental diet is shown in Table 1. All birds were 
vaccinated against the common diseases according to 
the prevention program for broiler chicken. 
 
Source of omega-3 fatty acids  

Natural fish oil (1000 mg) as a source of omega-3 
fatty acids was obtained from Natural Assets, Omana 
Group, LLC. Garden Grove, CA 92841, USA, 
dissolved in liquid form (Gelatin capsule) containing 
180 mg EPA (Eicosapentaenoic Acid, 120 mg DHA 
(Dococsahexaenoic Acid), gelatin, glycerine and 
purified water.  
 
Studied traits 

Hatchability was determined with the help of the 
following formula. 

                                      Number of live chicks 
Hatchability of Fertile eggs = ----------------------- x 100              

                                       Number of fertile eggs  
  

Production traits 
Initial body weight, body weight gain, feed intake, 

feed conversion ratio (FCR) and final body weight (7 
weeks) were recorded. These traits were determined 
weekly (except initial boy weight) and the presented 
data as a total mean for the whole experimental periods 
(7 weeks). 
 
Haematological parameters  

Five individual blood samples were collected from 
each replicate for each analysis in a test tube with 
EDTA. Blood was collected from the main wing vein of 
the bird to determine the packed cell volume (PCV), 
Haemoglobin (Hb), red blood cells (RBCs) and white 
blood cells (WBCs) count at day 14, 28 and 42 of bird’s 
age according to Al-Daraji et al. (2008). 
 
Immune status 

To assess immune status, antibody titre of 
Newcastle disease virus (NDV) was measured by 
haemmaglutination inhibition test (HI). Serum was 
collected from the birds at 1st, 3rd and 6th week of age 
from each group. Newcastle antibody levels in serum 
samples were analyzed according to Cunningham 
(1971) and Naji (2004). 
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Statistics analysis 
Data generated from experiment was carried out in 

a complete randomized design (Steel and Torrie, 1980). 
These data were subjected to ANOVA according to 
general linear model procedure of statistical analysis 
system software (SAS, 2001). The significant differences 
among means were determined by Duncan's multiple 
range tests (1955) with (P≤0.05) level of significance. 
 
Results  
 

The data of some performance traits of the birds in 
different treatments are showed in Table 2. The initial 
body weight of chicks (1st day), boy weight gain and 
final body weight (7th week) of hatched chicks were 
significantly (P<0.05) increased in treatment groups 
compared with the control group (T1). While, there was 
no significant difference in initial body weight and feed 
conversion rate among T2, T3 and T4. No significant 
difference was observed between T2 and T3 in body 
weight gain and final body weight, and same in 
between  T3 and T4 in feed intake, while no significant  
difference was observed among T2, T3 and T4 
regarding the hatchability. Some haematological traits 
(RBC, WBC, PCV and Hb) from 2nd to 6th week of 
broiler chicken as affected by in ovo feeding with 
omega-3 are presented in Table 3. The result revealed 
that these traits increased significantly (P<0.05) in T2, 
T3 and T4 as compared with T1. Data of WBCs was 
presented in Table 3 which significantly (P<0.05) 
increased in T3 and T4, while no significant different 
between T1 and T2 in WBC at 4th week of birds age, as 
well as between T1 and T2 in Hb at 4th and 6th week of 
age. Moreover, all of haematological parameters were 
improved significantly (P<0.05) in T3 and T4 compared 
with those hatched from control and T2 groups. 

Furthermore, most of haematological parameters 
were improved significantly (P<0.05) in T2 as 
compared with control group during the current study. 
In addition, T4 showed higher value than other levels or 
treatments regarding these characteristics. 

The effect of in ovo feeding with omega-3 fatty 
acids on immune status are presented in Table 4. The 
results revealed that in ovo feeding increased (P<0.05) 

bird’s immunological response in T2, T3 and T4 as 
compared with control group. 
 
Discussion 

 
The fatty acid reserve leads to improve embryo’s 

ability to hatch and to perform; therefore, supplying 
embryos with exogenous nutrients in ovo could increase 
final body weight of broilers. Fat rich with omega-3 
increase growth by activating bile production which 
leads to increased efficiency of digestion and 
absorption of diet in the intestines. This results is 
compatible with the findings of previous reports (El-Sayed 
and Hashim, 2000; Uni and Ferket, 2003; Al-Zuhairy and 
Alasadi, 2013). 

 
Table 1: Ingredient of experimental diet (NRC, 1994) 

Ingredients Starter diet  
(%) 

Finished diet 
(%) 

Corn grains 30 35
Wheat grains 10 13
Soya bean meal 43.7 35
Flour 10 10
Vegetable oil 1.5 2
Vitamin Min. Premix 4.8 5

Calculated chemical analysis of experimental diet according 
to (NRC, (1994) 

Analyzed 
Ingredient  

Starter diet 
(1-22 days) 

Finisher diet
(22-42days) 

Crude protein (%) 23.00 21.16
Crude fat (%) 2.81 3.5
Crude fiber (%) 2.84 2.71
Ash (%) 5.3 4.19
Dry matter (%) 88.08 87.99
Metabolize energy (kcal/kg) 2852.2 2962
Methionine (%) 0.55 0.52
Lysine (%) 1.3 1.17
Methionine + Cysteine (%) 0.92 0.86
Threonine (%) 0.55 0.77
Tryptophan (%) 0.27 0.25
Arginine (%) 1.56 1.41
Valine (%) 1.06 0.98
Isoleucine (%) 0.94 0.85
Leucine (%) 1.79 1.67
Calcium (%) 0.93 0.72
Available phosphorus (%) 0.43 0.35
Na (%) 0.17 0.16
Cl 0.27 0.27

 
Table 2: Effect of different levels of in ovo feeding of omega-3 fatty acids on hatchability and some productive traits of 

broiler at different ages (Mean ± SE) 

Traits Treatments1

T1 T2 T3 T4 
Initial body weight (g) (1st day) 39.90 ±1.04b 41.19 ± 1.99a 41.12 ± 1.16a 40.96 ± 1.21a 
Body weight gain (g) 2461 ± 41.60c 2779.4. ± 33.77b 2787.6 ± 50.6b 2898.4 ± 55.3a 
Feed intake (g) (7 weeks) 5515±59.6a 5342 ±62.2b 5302 ± 66.7c 5304 ±66.9c 
Final body weight (g) (7 weeks) 2491 ± 22.91c 2836 ±36.18b 2840 ±37.75b 2933 ±76.37a 
Feed conversion ratio (FCR) 2.24 ± 0.02a 1.92 ± 0.01b 1.91 ± 0.04 b 1.87 ± 0.02b 
Hatchability (%)  86.31 ±0.63b 88.63 ±0.48a 90.14 ±0.31a 89.71 ±0.52a 

1T1=control group, T2, T3 and T4 denote in ovo feeding of   0.05, 0.1 & 0.15 ml of omega-3 respectively. Different letters in the 
same row with different superscripts differ significantly (P<0.05). 
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Table 3: Effect of different levels of in ovo feeding of omega-3 fatty acids on some haematological traits of broiler at 2, 4, 
and 6 weeks of age (Mean ± SE) 

Hematological Traits2 Age 
(Weeks) 

Treatments1

T1 T2 T3 T4 

  RBC (×106/mm3) 
2nd 2.615 ±0.39d 4.230 ±0.58c 7.23  ±0.51 b 9.61  ±0.49a 
4th 3.810 ±0.59d 6.310  ±0.49c 8.29 ±0.30b 10.90 ±0.38a 
6th 4.75  ±0.20d 6.83  ± 0.67c 8.87  ±0.29b 11. 05 ±0.60a 

WBCs (×103/mm3) 
2nd 4.24  ± 0.42c 8.03 ±0.90b 10.40  ±1.10a 10.87 ±0.50 a 
4th 9.12 ±0.66b 9.35 ±0.31b 11.46  ±0.15a 11.48 ±0.19a 
6th 13. 40  ±0.83c 17.22 ± 1.46 b 19.97  ±1.84a 20.90 ±0.76a 

PCV (%) 
2nd 37.35 ± 0.62c 42.38±2.30b 48.47±0.76a 48.20±0.94a 
4th 38.40 ± 0.54c 48.71±1.02b 50.54±1.26a 49.89 ±1.35a 
6th 47.49±1.67b 50.55±0.68a 51.04±0.90a 51.49±0.70a 

Hb (g/dl) 
2nd 8.11±0.53b 9.88.0±2.60a 10.25±0.48a 10.55±0.88a 
4th 10.46±0.73c 10.57±0.60c 12.03±0.35b 14.06 ± 1.48a 
6th 12.11±0.22b 12.18±0.188b 14.13±0.12a 14.08±0.27a 

1T1=control group, T2, T3& T4 denote in ovo feeding of   0.05, 0.1 & 0.15 ml of omega-3 respectively. Different letters in the 
same row differ significantly (P<0.05) 
 
Table 4: Effect in ovo feeding of omega-3 fatty acids on antibodies titre against Newcastle disease virus (NDV) assessed by 

Hem inhibition test (HI) at 1st, 3rd and 6th weeks of age of broiler chicken (Geometric mean1 +SE)  
Trait Age (week) 2T1 (control)  T2 T3 T4* 
Immune status(Titter) 
HI Test against ND 

1st 3.30 + 0.36C 5.23 + 0.45A 5.40+ 0.34A 5.53 + 0.21A 
3rd 3.54 + 0.30C 4.73 + 0.44A 4.71 + 0.65A 5.26 + 0.610A 
6th 6.03 + 0.45C 7.06+ 0.25A 7.13 + 0.23A 7.38 + 0.35A 

  1Geometric mean = (the average of the Logs 10); 2T1=control group, T2, T3& T4 denote in ovo feeding of   0.05, 0.1 & 0.15 ml 
of omega-3 respectively. *Means in a same row without common letter differ significantly (P ≤ 0.05). 
 

 
 
Fig. 1: Fertile egg by candling with a hand ultraviolet lamp 

at day 11 of egg incubation. 
 

 
 
Fig. 2: Show the process of   in ovo feeding by automatic 

syringe. 

 
 
Fig. 3: Sealing the injection site of eggs with nail paint. 
 

In our study, hatchability was improved with in ovo 
feeding of omega-3 fatty acids which might ameliorate 
the production of energy during embryo-genesis. 
Recently, it has been shown that nutrient administration 
through in ovo injection could be considered as an 
alternative method to improve hatchability (Amen, 2015). 

The improvement in red blood cells count occurs in 
treatment groups may be due to fast growth and an 
increase in live body weight which make the birds 
suffered from metabolic stress represented by deficiency 
of oxygen in the blood and this leads to an increase 
production of red blood cells to meet the requirement of 
oxygen (Price et al., 1998). The haematological results in 
our study are in agreement with Al-Daraji et al. (2010) 
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who showed that flaxseed (source of omega-3) increased 
erythrocyte number, PCV, Hb and leukocyte number. Our 
results are also in agreement with some of the previous 
reports (Bond et al.; 1997; Kadhim, 2010; Radwan et al.; 
2012; Jameel, 2013; Al-Zuhairy and Jameel, 2014). The 
increase of antibody titer against ND virus could be due to 
omega-3 components are important for the development 
of the immune cell structure and eicosanoid formation. In 
addition, omega-3 PUFAs have anti-inflammatory by 
decreasing the release of pro-inflammatory eicosanoids 
and cytokines (Al-zuhairy and Jameel, 2014).  Korever 
and Klasing (1997) found that increasing dietary omega-3 
inhibited the conversion of omega-6 to long chain omega-
6 fatty acids in immune tissues. Also, competition 
between omega-6 and omega-3 in conversion to long-
chain fatty acids and eicosanoids in immune tissues most 
likely contributed to improved antibody production in 
response to vaccines (Wang et al., 2002; Puthpongsiriporn 
and Scheideler, 2005). Furthermore, Wang et al. (2004) 
reported that omega-6 to omega-3 ratio may influence the 
binding activity of IgG-receptor on the yolk sac 
membrane and thus it affects the maternal-embryo 
transfer of yolk IgG. This result is in agreement with the 
suggestion of Bhanja et al. (2006), Bakyaraj et al. (2011), 
Al-Zuhairy and Alasadi (2013) who evaluated the early 
post-hatch growth and immunity through in ovo. 
Enrichment of cell membrane with omega-3 PUFAs could 
decrease inflammatory response, improve growth rate, 
erythropoiesis, leucopoiesis and increase specific 
immunity (Korever and Klasing, 1997).  

In conclusion, in ovo feeding with omega-3 has 
beneficial impact on performance traits, blood parameters 
and immune status. 
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