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Summary

Nutritional manipulation of diets for layers can help to naturally modify the nutritional content of eggs. The objective of this
study was to increase the concentration of the omega-3 fatty acid, docosahexaenoic acid (DHA), in the egg yolk by feeding a
diet rich in omega-3 fatty acids from microalgae compared to one containing fish oil to layers. A total of 480 layers (Babcock
B308) aged 28 weeks old were divided into four treatment groups with four replicates per treatment. The layers were fed a
control diet, a diet containing 4% crude salmon oil, or microalgae (Schizochytrium spp.) at 1% or 2% in the diet for eight weeks.
Feed intake and egg production were recorded daily and egg quality tested every two weeks. There were no significant differ-
ences between the control and treatment groups as regards feed intake, egg production, egg weight, egg mass, albumin height,
and Haugh unit of the eggs. The egg samples were obtained at the start of the trial, four weeks and eight weeks for the analysis
of the fatty acid profile in the eggs. The DHA level in the eggs from layers fed even 1% or 2% algae was higher (P < 0.05)
compared to the level from those fed with the control diet and 4% fish oil supplementation. The omega 6:3 ratio in eggs was
significantly reduced (P < 0.05) compared to the control diet and the fish oil groups. Feeding 2% microalgae (Schizochytrium
spp.) in hen diet resulted in an increase in the DHA level (above 100 mg/egg) and a decrease in the omega 6:3 ratio to the
optimal level. The trial demonstrated that DHA concentration in eggs can be enriched through nutritional management of
layers by using algae supplementation in order to provide more favourable fatty acids for consumers.
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Introduction

DHA is an essential omega-3 fatty acid that the body
cannot efficiently produce by itself and must be taken
in through diet. DHA is delivered to infants via their
mother through the placenta during pregnancy and
from breast milk or enriched formula after birth. When
infants are weaned, a nutritional gap is created. Dietary
sources of DHA such as salmon and mackerel are not
commonly found on the plates of children, which can

lead to less than optimal levels of DHA intake.
(McNamara et al., 2010) The diet of the pregnant mother
can have long-lasting health implications for her child.
An unhealthy diet or nutrient deficiency during preg-
nancy creates a higher risk of diabetes, heart disease,
and cancer to the child later in life.
USDA research shows that only 25% of children in

America are regularly consuming the daily amount of
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DHA recommended by experts. The opportunity exists
to fill this nutritional gap with naturally DHA-enriched
foods that are without additives and with no ‘fishy’
taste which is commonly found in DHA-added products
currently on the market (Van, 1997).
While most people believe that fish produce their own

DHA, in fact it is the algae in their food that makes them
a rich source of DHA. By substituting algae, the base of
the marine food chain, as a natural source of DHA,
farmers have the opportunity to return essential fatty
acids back into the diet. Animals receive similar health
benefits to those seen in humans when taking a fish oil
supplement.
Microalgae can accrue high concentrations of omega-3

and omega-6 fatty acids. A specific commercial strain,
Schizochytrium spp. (All-G-Rich®), has been found to con-
tain at least 14% DHA. Microalgae supplementation can
be used as a potentially safe, sustainable alternative to fish
oil in chicken diets to provide DHA-enriched eggs to
help resolve human dietary insufficiencies (McNamara
et al., 2010). Daily intake of omega-3 fatty acid should
be in the range of 140 mg/day to 667 mg/day
(Lemahieu et al., 2013). However, a few countries reach
the human intake of only 250 mg per day; therefore,
the need for producing enriched food products with
omega-3 fatty acids has emerged. Eggs are a good poten-
tial source of n-3 fatty acids because they can be easily
enriched with omega-3 PUFA through dietary modifica-
tions of the laying hens (Ahmad et al., 2010). The follow-
ing trial was conducted to examine the influence of
feeding DHA from algae t laying hens on egg omega-3
levels.

Materials and methods

Animals and diets

A total of 480 layers of Babcock B380 breed at the same
age of 28 weeks were used to determine the effect of
feeding rations rich in omega-3 fatty acids from fish oil
and high fat microalgae on the egg quality and the egg
fatty acid profile. Laying hens were randomly allocated
to four groups of 120 birds fed either a negative control
diet (T1), a positive control diet supplemented with 4%
salmon fish oil (T2) or treatment diets containing 1%
(T3) or 2% (T4) microalgae (Schizochytrium spp.; Alltech
Inc., Nicholasville, KY, USA; Table 1).
The layers were housed with three or four hens per

cage arranged in a randomised controlled block design
at the poultry research farm at Kasetsart University,

Thailand. There were 30 layers per replication providing
four replications per treatment (n = 120). They were fed
ad libitum, twice a day with ad libitum drinking water.
Light was provided for 16 hours per day in the house
for stimulating egg production throughout the eight
week trial. The trial was run according to standard ethical
procedures of Kasetsart University, Thailand.
The diets were produced at the feed mill of Betagro

Agro Group, Bangkok, Thailand. The control diet and
the treatment diet (with crude salmon oil or microalgae
included) were formulated to be isonitrogeneous at
17% crude protein (Table 1). Samples of all diets were
collected at the start of the trial for DHA level analysis
(GC, Internal Lab, Alltech Inc., USA). The chemical
composition of the diets fed to the layers is presented
in Table 2. Diets were within accepted parameters for
all variables measured with the exception of the fat and
the fibre percentages for the fish oil group (T2), whereby
there was an increased fat and fibre percentages.

Data collection

Egg production and feed intake was recorded every day.
Egg samples were selected every two weeks for egg

Table 1. Feed formulation of each treatment group

Ingredient (%) T1 T2 T3 T4

Yellow corn Thai 50.00 43.00 50.00 50.00

Tapioca pulp 3.00 2.96 3.00 3.00

Rice solvent bran 7.56 15.00 7.56 7.56

Crude palm oil 2.56 − 2.56 2.56

Crude salmon oil (Chile) − 4.00 − −
Argentina soybean 46% 19.11 17.81 19.11 19.11

Indian rape seed meal 38.25% 4.00 4.00 4.00 4.00

Pork meal 48% 3.00 2.96 3.00 3.00

Salt 0.19 0.19 0.19 0.19

Monodicalcium phosphate 0.12 − 0.12 0.12

Calcium carbonate 8.63 8.63 8.63 8.63

Choline chloride L 75% 0.14 0.14 0.14 0.14

Amino acid premix 0.37 0.36 0.37 0.37

Dried marine microalgae − − 1.00 2.00

Vitamin mineral premix 1.40 1.40 0.40 0.40

Table 2. Nutrient specification of each treatment group

Parameter T1 T2 T3 T4

Metabolisable energy (kcal/kg) 2700 2700 2700 2700

Crude protein % 17.06 17.05 17.06 17.06

Fat % 5.15 6.41 5.15 5.15

Fibre % 3.30 3.77 3.30 3.30

Calcium % 3.81 4.01 3.81 3.81

Available phosphorus % 0.35 0.35 0.35 0.35

Salt (NaCl) % 0.25 0.25 0.25 0.25

Lysine % 0.97 0.97 0.97 0.97

Methionine + cysteine % 0.72 0.72 0.72 0.72
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quality analysis, including Haugh units, egg yolk colour,
and shell thickness. A total of 10 fresh egg samples per
replication (40 eggs per group) were sampled at the
start of trial and at four and eight weeks and tested for
fatty acid profile (by gas chromatography) at the Food
and Nutrition Laboratory, Institute of Nutrition,
Mahidol University, Nakornpathom, Thailand. The com-
posite egg data from 10 eggs of each replication (four
pooled data of each treatment/week) were used to assess
egg weight, yolk, albumen, shell and fatty acid profile in-
cluding DHA.

Statistical analysis

The data were analysed by means of split-plot ANOVA
with one between factor and one repeated measures fac-
tor. The effects of each diet, interactions, the effect of
time, and the time-factor interactions were analysed.
Confidence limits were set at 95% (P < 0.05). All statistic-
al analyses were performed using SPSS (version 21) using
the General Linear Model (GLM) routine with the
repeated measure procedure.

Results and discussion

Supplementation of fish oil at 4% or microalgae in the
range of 1–2% in layer diets resulted in increased DHA
level in the egg yolk after four weeks of feeding, and
DHA concentration was found to have increased at the
end of the eight week study. The overall performance
of the layers, in terms of feed intake, egg production,
egg weight, egg mass, albumin height, and Haugh unit
of the eggs, was not affected by feeding fish oil or micro-
algae for eight weeks. The average egg weight (without
shell) for all the groups was in the range of 56.55–
58.01 g. Fish oil has previously been shown enrich
EPA, especially DHA, in the egg yolk (Van Elswyk,
1997). Adding 4% fish oil to the hen diets for eight
weeks increased yolk DHA from 10.61 ± 1.30 mg in
the control group, to 32.51 ± 4.72 mg per egg.
However, eggs from the hens fed with 1% or 2% of
microalgae had a higher DHA level per egg (1%
algae = 75.49 ± 18.75 mg, 2% algae = 114.35 ± 16.66
mg), which was significantly higher (P < 0.05) compared
to the control group and the fish oil group (Figure 1).
Fish oil is commonly used in animal feed as a source of

omega-3 fatty acid, and 4% inclusion in feed is currently
being used to produce enriched eggs. However fish oil
typically contains more EPA than DHA so the DHA
levels in the eggs sampled from the current trial was

lower than eggs from hens fed algae. The results of the
present study are in agreement with the findings of
previous researchers (Van et al., 1995) who reported
that 3% of dietary menhaden oil increased yolk
DHA to 252 mg/egg, and Ceylan et al., 2011 showed
that fish oil significantly (P < 0.01) increased DHA in
yolk. Although the use of fish oil has a positive effect
on the fatty acids in the egg, high levels in the diet has
raised concerns with regard to the sensory quality of
the egg (Lawlor et al., 2010; Van, 1997) where eggs
from hens offered above 1.5% fish oil in feed have a
fishy odour or taste. As a result researchers have attempted
to find alternatives for fish oil as a source of omega-3 fatty
acids in the feed. The microalgae Schizochytrium contains
over 50% fat and contains 25–28% DHA whereas fish
oil contains only 6–9%. Abril et al. (1999) used dried
algae to produce eggs containing 220 mg of DHAwithout
lowering the egg production yield. A similar study by
Songarj et al. (2013) demonstrated that DHA in the egg
yolk significantly increased in a dose dependant manner
when Schizochytrium spp. was included in hens diet ( p <
0.01) after 28 days of supplementation.
The omega 6:3 ratio determines whether a diet is

healthy or not, as many human and animal diets are
too high in omega-6 fatty acids (Yannakopoulos et al.,
2005). Epidemiology and dietary intervention studies
have concluded that while an exceptionally high omega
6:3 ratio promotes the development of many chronic dis-
eases, a reduced omega-6:omega-3 ratio can prevent or
reverse these diseases. This study found that adding
fish oil and microalgae to the diets of layers decreased
the omega 6:3 ratio in eggs (Table 3). Before feeding
the supplemented feed to the hen, the ratio was not sig-
nificantly different, but the ratio was found to have sig-
nificantly reduced (P < 0.05) after four weeks in eggs

Figure 1. The DHA(mg) per egg.
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from hens fed 4% fish oil or 1–2% microalgae. The ratio
at eight weeks was observed to have decreased to 14.5:1
for the fish oil supplemented group, but the ratios were
much lower at 6.2:1 and 4.1:1 in the eggs from hens
fed with 1% and 2% microalgae, respectively (P < 0.05)
compared to the control and fish oil diet groups
(Figure 2). These results are consistent with the findings
of Herber et al., (1996), in which it was reported that
feeding hens with algae-containing diets produces eggs
with elevated n-3 fatty acids and decreased n-6 fatty
acids. Supplementation with omega-3 fatty acids from
microalgae promoted a qualitative change in the fatty
acid profile in the egg yolk and reduced the n-6/n-3
ratio to a more beneficial level with regard to human

nutritional needs (Simopoulos, 2002) to within the
approved ratio for humans which is currently stated to
be between 4:1 and 10:1 (Mazalli et al., 2004).
The linoleic acid C18:2 (n-6) level in eggs from hens

fed the control diet was 443.03 mg compared to those
fed 4% fish oil (530.04 mg), 1% microalgae (468.74
mg) or 2% microalgae (462.82 mg). The total omega-6
fatty acid levels in the egg were not significantly different
between the groups. However, the levels of the omega-3
fatty acid, especially DHA C22:6 (n-3), were significantly
different when the feed of the layers were supplemented
with microalgae, compared to the control diet. The inclu-
sion of 1% and 2% microalgae in the diet for eight weeks
increased the level of DHA per egg to 75.49 mg and
114.35 mg, respectively.
After eight weeks of supplementation with fish oil or

microalgae, the DHA deposition in the egg yolk was
increased, especially for eggs from hens fed 2% microal-
gae. Eggs from hens fed 4% fish oil had a DHA level
of 232.50 ± 31.19 mg/100 g of egg yolk or 57.45 ±
8.24 mg/100 g of whole egg, resulting in 32.51 ±
4.72 mg/egg (Table 4). However, to claim success in
developing DHA-enriched egg according to the
European Union Guidelines (2010), at least 180 mg/
100 g whole egg is needed. Feeding 2% of microalgae
promoted DHA deposition to 825.00 ± 125.27 mg/
100 g egg yolk (or 201.50 ± 30.16 mg/100 g whole egg)
which were significantly different (P < 0.05) from the

Table 3. Major fatty acids in one egg at eight weeks from layers fed control diet, or diets containing fish oil 4% or microalgae 1% or 2%

Fatty acid (mg) Control Fish oil 4% Algae 1% Algae 2%

Docosahexaenoic acid (DHA) 22:6 (n-3) 10.61 32.51 75.49 114.35

Eicosapentanoic acid (EPA) 20:5 (n-3) ND 4.64 ND ND

Alpha-linolenic acid (ALA) 18:3 (n-3) ND ND ND ND

Total omega-3 fatty acids 10.61 37.15 75.49 114.35

Linoleic acid 18:2 (n-6) 443.03 530.04 468.74 462.82

Gamma-linolenic acid 18:3 (n-6) ND 8.71 ND ND

Arachidonic acid 20:4 (n-6) ND ND ND ND

Total omega-6 fatty acids 443.03 538.75 468.74 462.82

Omega 6:3 ratio 41.8 14.5 6.2 4.1

Average egg weight (w/o shell) (in grams) 58.01 56.55 56.79 56.89

Figure 2. The omega 6:3 ratios of the egg with different treatment groups.

Table 4. The concentrations of DHA in the egg after eight weeks of feeding

Treatment diet Per 100 g egg yolk Per 100 g whole egg Per egg Omega-3 per 100 g whole egg

T1-Control 80.00 ± 10.80a 18.75 ± 2.52a 10.61 ± 1.30a 18.75 ± 2.52a

T2-Fish oil 4% 232.50 ± 31.19a 57.45 ± 8.24a 32.51 ± 4.72a 67.33 ± 9.69a

T3-Algae 1% 537.50 ± 131.43b 132.70 ± 32.83b 75.49 ± 18.75b 132.70 ± 32.83b

T4-Algae 2% 825.00 ± 125.27b 201.50 ± 30.16b 114.35 ± 16.66b 201.50 ± 54.94b

a,bMeans not sharing a superscript letter are significant different (P < 0.05).
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egg results obtained from the control group or hens sup-
plemented with 4% fish oil. The incorporation of yolk
n-3 fatty acid by up to 200 mg/yolk is significant as
this amount of n-3 FA is comparable with that found
in a 100 g serving of lean cold-water fish (Van, 1997).
The panel of the European Union Food Safety

Authority (2010) considers that the intake of EPA and
DHA of 250 mg/day in humans is required to obtain
the claimed effect as regards eye, brain, and heart health.
Supplementation with 2% microalgae can increase the
DHA concentration to 114.35 ± 16.66 mg/egg (Table 4).
Two of the eggs from microalgae supplemented hens
eggs per day would supply the equivalent of >228 mg
DHA.
Efficiency of DHA incorporation from feed to egg

depends on type of ingredients used. The conversion ef-
ficiency was calculated to determine the level of DHA in-
corporation into the egg yolk. The total amount of
supplemented feed DHA/100 g feed was corrected for
the mean feed intake of the respective groups. The effi-
ciency of DHA deposition in the egg by supplementation
with 4% fish oil was 38% compared to 58% and 42%,
respectively, from the 1% and the 2% microalgae groups
(Table 5). Lemahieu et al. (2013) recently studied the ef-
fect of supplementation of feed with different omega-3
rich microalgae species on the enrichment of eggs of lay-
ing hens, and reported similar conversion efficiencies
ranging from 10% to 43%. Additionally, higher doses
of microalgae yielded poorer conversion efficiency than
lower doses.

Conclusions

There is a growing demand from human consumers for
food products of superior health quality. It is possible to
increase the omega-3 content of eggs through the
enrichment of the layers’ diet with fish oil or algae.
However, the maximum quantity of fish oil that can be
used in the diet of the layers is limited due to the risk
of production of eggs with a fishy flavour (Ahn et al.,
1995). Also, fish oil has limitations as regards its ability

to reach >100 mg of DHA/egg. Feeding 2% of the
microalgae Schizochytrium spp. in the diet of hens resulted
in an increase of DHA to levels above 100 mg/egg.
Moreover, this supplementation can reduce the omega
6:3 ratio in the egg yolk to within the optimal ratio.
Therefore, specific microalgae supplementation of laying
hen diets is a potentially safe, sustainable way to create
functional, DHA-enriched eggs to correct human dietary
deficiencies.
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