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ABSTRACT
Current study was conducted at Faculty of Animal Husbandry, University of Agriculture, 
Faisalabad during 2019. The objective was to determine the role of flaxseed (FS) inclusion 
in diet on omega-3 fatty acid composition, production performance, quality of eggs and their 
sensory evaluation in laying hens. Lohmann Selected Leghorn Lite (LSL) (n=192) laying 
hens (age=31 weeks) were selected for the study. Birds were distributed into three groups. 
Experimental diets had three levels (0, 5 and 10%). Total duration of the study was 10 weeks 
including two weeks adaptation period. Gas chromatography technique was used for fatty acids 
analysis of eggs. Amount of omega-3 fatty acid in eggs improved with higher level of FS while 
linoleic acid (omega-6), decosahexanoic acid (DHA) and ecosapentanoic acid (EPA) contents 
were remained unchanged. Addition of FS decreased egg production and weights of eggs. Feed 
conversion ratio was better in birds fed with control diet than those fed with FS. Feed intake 
(FI) and egg quality parameters like yolk weight, yolk percentage, albumen weight, albumen 
percentage, shell weight, shell percentage and shell thickness remained unchanged with dietary 
treatments. However, higher level of FS produced fishy smell in eggs. It was summarized that 
incorporation of FS in layers diet improved omega-3 fatty acids contents in eggs but decreased 
egg production and weight. 
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INTRODUCTION
The advancement in nutritional science coupled with 
consumer’s awareness has increased the demand for 
healthy food with better nutritional profile. These foods 
may act as a shield against various health issues 
arising from consuming unhealthy foods. Fortunately, 
poultry birds have distinct capability to accumulate 
supplemented fatty acids among eggs (Cachaldora 
et al., 2006). Polyunsaturated fatty acids (PUFA) aid 
in prevention from diseases of hearts (Meyer et al., 
2003). In addition, PUFA was considered necessary for 
standard growth, boost immunity and aids in prevention 
of cardiovascular diseases (Lewis et al., 2000).
Poultry products can be developed with omega-3 fatty 
acids by dietary manipulation. Dietary manipulation 
may include inclusion of omega-3 fatty acids rich 
sources i.e. vegetable (FS, algae etc.) or animal by 
product (fish meal) in poultry diets. Fishy odors and off-
flavors in eggs were observed by addition of fish oil 
in laying hens (Imran et al., 2015). However, addition 
of FS to laying hens diet improves yolk omega-3 
fatty (Yalçyn et al., 2007). Microscopically gut health 
and structure in layer birds can affect the efficacy 
of n-3 FA inclusion in eggs (Nain et al., 2012). Birds 
have the capability to enhance and desaturate alpha 

linolenic acid source in flaxseed, to the functional n-3 
fatty acids like EPA and DHA (Gregory et al., 2013). 
Flaxseed products efficiently deposit ALA to poultry 
products due to greater content and bioavailability 
(Fraeye et al., 2012). Eggs from unsupplemented 
laying hens may contain 93 mg ALA and 173 mg total 
omega-3 fatty acid (ALA, EPA, and DHA)/50 g egg 
while adding 15% dietary flaxseed can increase ALA 
and total omega-3 fatty acid contents to 358 mg and 
468 mg/50 g egg, respectively (Samman et al., 2009). 
According to the Canadian Food Inspection Agency, 
an omega-3 labelled egg should contain at least 300 
mg of n-3 PUFA per reference amount (Canadian Food 
Inspection Agency, 2017). Similar, study by Hayat et al. 
(2009) concluded that elevated omega-3 fatty acid and 
dropped  omega-6 fatty acids level in laying hens fed 
FS containing diets than control.
There are conflicting reports in literature about using 
FS in laying hens diet. Decreased production were 
observed with inclusion of FS above 10% (Najib and 
Al-Yousef, 2011). The supplementation of linseed into 
birds diets had no impact on feed intake (Ehr et al., 
2017) while Novak and Scheideler (2001) suggested 
that FI biproduce is improved by FS supplementation. 
These conflicting reports on the use of FS in laying 
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hens diet give rise to certain questions that need to 
be addressed. The most important is to figure out the 
optimal FS level in laying hens diet at which eggs 
can be enriched with omega-3 fatty acids without 
drop in production. The present study was designed 
to measure impact of FS inclusion on performance, 
fatty acid profile, quality of eggs and their sensory 
assessment during production phase of hens.

MATERIALS AND METHODS

All procedures used in this study were approved by 
Director Advanced Studies, University of Agriculture, 
Faisalabad, Pakistan.

Experimental diets and animal husbandry
Lohmann Selected Leghorn Lite (n=192) hens 
(production phase) were randomly divided to three 
experimental groups. Each experimental groups 
consisted of 8 replicates with 8 hens in each replicate. 
The experimental diets were iso-caloric (2800 kcal kg -1) 
and iso-nitrogenous (168 g kg -1) (Table 1). Birds were 
confined in cages inside controlled layer house and total 
duration was 8 weeks. The experimental diets were 
designated as 0 FS (contained no FS supplementation 
and served as control), 5 FS (contained 5% FS) and 10 
FS (contained 10% FS).

Data collection and statistical analysis
Average daily feed intake per bird was calculated. 
Birds were offered restricted diet and then refusal was 
recorded for each replicate. Weekly weight of all hens 
were recorded for each replicate. FCR was observed 
on per dozen of eggs for each replicate weekly. Eggs 
were collected, weighed and counted daily for each 
group. Average egg weight was estimated weekly. After 
the measurement of average egg weight, egg mass 
was determined. Egg shell was cleaned and weighed. 
Egg shell thickness was recorded. Egg meter used 
to measure albumen height from middle part of thick 
albumen. Haugh unit score was estimated (Haugh, 
1937). The yolks separated from eggs carefully, 
pooled, homogenized and frozen for an overnight for 
fatty acids estimation by gas chromatography (Horwitz, 
2000). Folch method was used for esters preparation 
(Folch et al., 1957). Statistically data was examined 
by mixed procedure of SAS (bird was taken as 
random effect); whereas, treatments and weeks were 
considered as reliable variables. Tukey’s Test was used 
for comparison of means. All Data were analyzed using 
completely randomized design with GLM procedure 
of SAS and treatments means were compared using 
Tukey’s Test (Steel et al., 1997).

Table 1. Experimental  diets  ingredients  and  their  nutrients  
              composition

Ingredients FS 0% FS 5% FS 10%
Corn 58.5 55.5 52.65
Canola meal 5.0 5.0 5.0
Sunflower meal 10.0 10.0 9.98
Dried distilled grains soluble 10.0 10.0 10.0
Soybean meal 3.3 1.9 0.5
Limestone 10.0 10.0 10.0
Bone ash 0.53 0.53 0.53
Salt 0.21 0.20 0.20
Sodium bicarbonate 0.10 0.10 0.10
Lysine sulphate 0.34 0.36 0.37
DL-Methionine 0.12 0.12 0.12
Threonine 0.06 0.06 0.06
L-Tryptophan 0.02 0.02 0.02
L-Isoleucine 0.03 0.03 0.03
Phytase 0.003 0.003 0.003
Furazolidone® 0.01 0.01 0.01
Colistinsulphate® 0.03 0.03 0.03
Enramycin® 0.05 0.05 0.05
Antioxidant(Vit-E, Se) 0.01 0.01 0.01
Poultry fat 1.5 0.82 0.15
Mineral premix* 0.1 0.1 0.1
Layer vitamin premix** 0.1 0.1 0.1
Flaxseed 0 5.0 10.0
Total 100 100 100
Calculated nutrients composition (%)
CP 16.8 16.8 16.8
Energy 2800 2800 2800
Calcium 3.9 3.8 3.9
Available phosphorous 0.43 0.42 0.43
Lysine 0.79 0.80 0.79
Methionine 0.39 0.39 0.40
Threonine 0.55 0.56 0.55
Tryptophan 0.17 0.17 0.18
Analyzed nutrients composition (%)
Moisture 11.69 9.77 10.57
Crude protein 15.31 15.42 14.88
Crude fiber 5.91 6.21 6.37
Ash 12 14.04 13.41
AIAa 1.0 1.34 0.85
Phosphorus 0.74 0.72 0.63
Calcium 4.25 4.41 4.49

*30 mg nicotinic acid, 300 mg Choline chloride, 1 mg Folic acid, 50 
μg d-biotin, 100 mg Mn, 60 mg Zn, 0.5 mg I, 25 mg Fe, 5 mg Cu 
and 0.2 mg Se; ** Vitamin and mineral premix provides per kg of 
diet: 12000 IU Vitamin A, 25 mg Vitamin E, 3 mg Vitamin K, 2000 IU 
Vitamin D3, 6 mg Riboflavin, 8 mg Pantothenic Acid, 20 μg Vitamin 
B12, 3 mg Vitamin B6, 1 mg thiamin; Acid insoluble ash.

RESULTS AND DISCUSSION
There was no effect on feed intake of hens fed on 
different levels of FS. However, birds fed on control diet 
and the 10FS diet had increased body weight compared 
to birds fed the 5FS diet. The higher percentage of FS 
resulted in poor (P<0.001) FCR while birds fed control 
diet had better FCR. Similar pattern was observed 
in egg production where increasing the level of FS 
dropped (P<0.001) the egg production compared to 
control. Likewise, average egg weight, egg mass and 
uniformity percentage was high (P<0.001) in birds fed 
the control diet than birds fed 5FS and 10FS diets 
(Table 2).
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Table 2. Effect of supplemented diet production performances  
              of layers

Experimental diets

Treatments FS 
0%

FS 
5% 

FS 
10% SEM   P-

value
Feed Intake 5817 5817 5817 1.91 NS
Body weight 1603a 1555b 1599a 8.04 ***
FCR 1.34c 1.39b 1.45a 0.0118 ***
Egg 
production % 92.7a 89.2b 85.8c 0.699 ***

Average egg 
weight (g) 60.6a 59.4b 59.1b 0.107 ***

Egg mass (g) 56.1a 52.9b 50.7c     0.444 ***
Uniformity % 79.4a 71.2b 69.3b 1.45 ***

NS: non-significant (P>0.05); *:P<0.05; **:P<0.01; ***: P<0.001; 
Values with different superscript in rows are significantly different

Dietary supplementation of FS enhanced (P<0.001) 
egg shell thickness than control. Likewise, albumin 
weight percent of egg was increased (P<0.01) in eggs 
from group fed on FS supplemented diets compared 
to control. The rest of characteristics (eggshell weight, 
albumin height, yolk weight percent of egg, and albumin 
weight percent of egg) remained unchanged by dietary 
supplementation (Table 3).

Table 3. Effect of flaxseed on quality of eggs

Egg quality
Experimental diets

SEM P-
valueFS 0% FS 5% FS 10%

Egg
weight, g 63.3a 58.8b 59.0b 1.12 0.016

Egg shell 
thickness, 
mm

0.40b 0.44a 0.45a 0.009 0.001

Egg shell 
weight, g 8.4 8.3 8.5 0.243 0.749

Albumen 
height 5.9 5.8 5.6 0.583 0.935

Yolk
weight, g 16.1 15.2 15.6 0.412 0.386

Yolk weight, 
% of egg 25.4 26.0 26.4 0.596 0.494

Albumen 
weight, g 38.8a 35.3b 34.9b 0.86 0.008

Albumen 
weight % of 
egg

61.3 60 59.1 0.642 0.08

Haugh unit 66 71.2 67.9 6.84 0.862

Values with different superscript in rows are significantly different

Alpha-linolenic acid (ALA) n-3 increased with 
increasing levels of FS. It was higher (P<0.001) in eggs 
collected from group fed 10FS diet followed by the 5FS 
diet while it was lower in control diet. But linoleic acid, 
DHA and EPA contents remained unchanged during 
the study. Linoleic acid (LA) n-6 was higher (P>0.05) 
in birds with 5FS diet followed by 10FS diets and lower 
in control group. The EPA was greater (P>0.05) in egg 
from control group followed by the 10FS diets and low 

in the 5FS diet while DHA contents were high (P>0.05) 
in eggs from group fed 5FS diet and lower in control 
group (Table 4).

Table 4. Effect of flaxseed on fatty  acid  composition  of  eggs

Fatty acids, 
%

Experimental diets
SEM P-

valueFS 0% FS 5% FS 10%
Linolenic acid 
C18:3 0.3c 2.8b 4.9a 0.3 0

Linoleic acid 
C18:2-cis 12   .7 14.8 13.7 0.7 0.2
EPA
C20:5 n3a 0.9 0.1 0.2 0.0 0.1

DHA C22:6b 0.4 0.8 0.6 0.1 0.2

Values with different superscript in rows are significantly different: 

aEicosapentaenoic acid; bDocosahexaenoic acid

In sensory evaluation flavor was different among all 
dietary treatments. However, eggs from group fed the 
10FS diet had fishy smell. While eggs from group fed 
5FS and control diet had salty flavor. Among taste eggs 
from group fed 5FS and 10FS diets showed moderately 
like taste compared to eggs from control group (Table 
5).

Table 5. Effect of flaxseed on sensory valuation of eggs

Parameters
Experimental diets

SEM P-
valueFS 0%  FS 5%  FS 

10%
Taste 4.0 5.0 5.0 0.364 0.486
Flavors 4.0a 4.0a 2.0b 0.254 0.000

Values with different superscript in rows are significantly different

Alpha linolenic acid was higher in the eggs from birds 
fed 10% flaxseed supplemented diet than control while 
linoleic acid (omega-6), decosahexanoic acid (DHA) 
and ecosapentanoic acid (EPA) contents were not 
affected. Similarly, Ansenberger et al. (2010) reported 
that hens fed 10% FS diet showed greater n-3 fatty 
acids in eggs than control group. Yi et al. (2014) 
reported that concentration of alpha DHA, EPA and 
ALA increased in bird’s eggs which fed F Soil alone or 
mixture of FS oil than those fed control diet. Imran et 
al. (2015) described that extruded FS addition in bird 
diet showed greater contents of omega-3 fatty (18:3) 
in egg yolk and reduction in arachidonic acid than the 
eggs from birds fed control diet. However, addition 
of various levels of FS in diet showed an increase 
in polyunsaturated fatty acids in eggs compared to 
control.
Body weight and feed intake was not dissimilar 
(P>0.05) among all groups; however, body weight was 
numerically greater in FS10% and control diet compared 
to FS 5%. Similarly, Ahmed et al. (2009) described that 
addition of different levels of linseeds on body weight 
of birds during the developing age 17-23 week was not 
different but body weight was significant at end of trial. 
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Grobas et al. (2001) reported that birds with 5 or 10 % 
FS oil causes less feed intake. Schumann et al. (2000) 
stated that supplementing birds with 100g/kg flaxseed 
and 40g/kg flaxseed oil reduced their body weight than 
control.
FCR was better in birds fed control diet than those fed 
flaxseed; however, it was poorer in FS10% and FS 5%. 
Similarly, 15% flaxseed level was related with poorer 
FCR in the layer birds (Ansari et al. 2006). Yassein 
et al. (2015) described that FCR was not affected in 
flaxseed @ 5, 10 or 15% supplemented birds compared 
to control.
Egg production was greater in birds fed diet containing 
no flaxseed as compared to 5 and 10% FS diet. Jia 
et al. (2008) stated that 150 g kg-1 FS in diet to layers 
showed reduction in production of eggs than canola 
seed and control diet. Leeson et al. (2007) described 
that egg production was less with 10% flaxseed 
supplementation than hens fed diet without flaxseed 
supplementation. Al-Nasser et al. (2011) described 
that 7.5 or 10% FS diet had no influence on production 
of eggs.
Egg weight was higher in eggs of birds fed no flaxseed 
than those fed 5 and 10% flaxseed supplemented diet. 
Ferrier et al. (1995) stated that weight of egg was not 
influenced by the supplementation of 0%, 10% and 
20% ground flaxseed in the bird’s diet. Contrary to this, 
Leeson et al. (2000) described that FS resulted in rise 
in weight of the eggs. Highest egg weight was recorded 
with 20% flaxseed.

Egg mass was higher in birds fed no flaxseed followed 
by FS 5 and 10% supplementation. Yassein et al. (2015) 
reported that egg mass was greater for the linseed @ 
5, 10 and 15% fed birds compared to control. Higher 
egg mass was seen with 15% FS than those fed 5 and 
10% flaxseed and control group.

Albumin weight of eggs was greater in control diet than 
in flaxseed supplemented birds. Yassein et al. (2015) 
described that albumin percentage was not different 
in linseed @ 5, 10 and 15% supplemented fed birds 
than control group. Omar et al. (2014) reported no 
difference by linseed oil supplementation on albumin 
index and albumin percentage.

Haugh unit was not different across all dietary 
treatments However, it was numerically higher in FS 
diet than control. Similarly, Bean and Leeson, (2003) 
described that supplementing flaxseed in diet showed 
no difference on albumen height and Haugh unit of 
eggs than birds fed control diet. It can be summerised 
that addition of flexseed in layer diet improved 
Omega-3 fatty acid contents in egg and decreased egg 
production and weight.

CONCLUSION
Inclusion of flaxseed in layer during production phase 
significantly enhanced the linolenic acid contents but 
decrease the egg production and egg weight.
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