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a Food Control Center, Faculty of Food Technology and Biotechnology, University of Zagreb, Jagićeva 31, 10000 Zagreb, Croatia
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The production of n-3 polyunsaturated fatty acid enriched eggs by addition of linseed oil to the laying
hens’ diet has been evaluated in terms of production parameters and n-6/n-3 ratio. A total of 150
18 weeks old Lohmann Brown laying hens were housed in cages and fed with basal diet and four exper-
imental diets containing 1%, 2%, 3% or 4% of linseed oil added to the basal diet. The effect of the altered
level of linseed oil on hens laying performance, fatty acid content and composition and cholesterol con-
tent in egg yolk has been evaluated during 13 weeks of experiment. Egg weight, yolk fat content, yolk
weight, yolk percentage and shape index were not influenced by dietary treatment. The ratio between
n-6 and n-3 polyunsaturated fatty acids in eggs decreased in first 5 weeks and then remained stable until
the end of the experiment for all experimental groups. Different contents of linseed oil in feed highly
influenced the n-6/n-3 ratio (P < 0.0001). Addition of linseed oil did not influence the cholesterol content
in yolks (P = 0.5200) while the only factor affecting the cholesterol content was the hens age (P < 0.0001).

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

The impact of dietary fatty acids (FAs) on increased risk of car-
diovascular diseases in humans has been studied intensively dur-
ing the last 30 years. The main reason is that cardiovascular
diseases are the leading cause of death in Western countries. About
50% of all deaths can be associated to heart and blood vessel com-
plications. There are several reviews dealing with the uprising ef-
fect of saturated fatty acids (SFAs) and trans fatty acids on blood
lipids and lipoprotein level as a major risk factor for blood vessel
plaque development (Chow, 2008; Krauss et al., 2001; Zyriax &
Windler, 2000). In contrast to that, unsaturated fatty acids (UFAs)
play a prominent role as total plasma and low-density lipoprotein
(LDL) cholesterol reducers. Both monounsaturated fatty acids
(MUFA) and polyunsaturated fatty acids (PUFA) cause the increase
in high-density lipoprotein (HDL) cholesterol levels and, therefore,
have beneficial effect on cardiovascular diseases (Moreno & Mitjav-
ila, 2003). Additionally, PUFAs are precursors of biologically active
compounds called eicosanoids. Linoleic (C18:2n-6) and a-linolenic
acid (C18:3n-3) are essential for humans because the human body
cannot synthesize them. They are converted by enzymatic desatu-
ll rights reserved.
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ration and elongation into n-6 and n-3 long chain PUFAs and eico-
sanoids involved in many physiological processes. Eicosanoids of
n-6 series have certain negative effects on human health because
of their proaggregatory and proinflammatory activities. Intake of
large amounts of n-6 PUFA has been described as a risk factor for
coronary heart diseases. Opposite effects have been found for n-3
PUFAs: inhibition of thromboxane A2 syntheses and production
of prostaglandines that cause vasodilatation (Chow, 2008; Connor,
2000). This emphasises the importance of n-6/n-3 ratio in the diet,
which has been modified during centuries especially in the last
100 years (Simopoulos, 2002) due to changes in human diet and
modern agriculture practise. Official scientific opinions about the
recommended n-6/n-3 ratio pointed out the deficiency of n-3 PU-
FAs in the Western diet. The European Food Safety Agency (EFSA)
documents clearly show that n-3 PUFA intake is equal to or lower
then the recommended daily intake of 2 g/day, while n-6 PUFA in-
take is higher than the recommended daily intake of 10 g/day
(EFSA, 2005, 2009; Krauss et al., 2001).

The lipid composition of animal-origin foodstuffs has been the
object of great scientific interest and many articles have been pub-
lished on the modification of FA composition of several foods by
changing the feed. Various studies have been conducted on the
influence of animal diets on the fat composition of pork muscle tis-
sue (Bragagnolo & Rodriguez-Amaya, 2002; Pascual et al., 2006)
and of poultry meat (Bou, Codony, Tres, Baucells, & Guardiola,
2005; Komprda, Zelenka, Fajmonova, Fialova, & Kladroba, 2005).
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Table 1
Ingredients and fatty acid composition of basal and four experimental diets (%, as-fed
basis)a.

Ingredient (%) Basal
diet

Group
1

Group
2

Group
3

Group
4

Maize 56.00 55.44 54.88 54.32 53.76
Soybean meal 24.00 23.76 23.52 23.28 23.04
Linseeds oil - 1.00 2.00 3.00 4.00
Barley 6.00 5.94 5.88 5.82 5.76
Wheat bran 2.54 2.51 2.49 2.46 2.44
Limestone white powder 9.00 8.91 8.82 8.73 8.64
Dried fodder yeast

(Saccharomyces)
0.80 0.79 0.78 0.78 0.77

Salt 0.40 0.40 0.39 0.39 0.38
Dicalcium phosphate 0.70 0.69 0.69 0.68 0.67
DL-Methionine 0.05 0.05 0.05 0.05 0.05
Vitamin-mineral premixb 0.50 0.50 0.49 0.49 0.48
Antioxidant (BHA and BHT) 0.01 0.01 0.01 0.01 0.01

Fatty acids (%)c

C14:0 0.1 0.1 0.1 0.1 0.1
C16:0 11.7 11.6 11.5 11.4 11.4
C16:1 0.2 0.2 0.2 0.2 0.2
C18:0 3.4 3.4 3.4 3.5 3.4
C18:1 27.2 27.1 27.1 27.0 26.9
C18:2 52.8 52.4 52.0 51.6 51.1
C18:3 3.7 4.2 4.8 5.3 6.0
C20:0 0.4 0.4 0.4 0.4 0.4
C20:1 0.2 0.2 0.2 0.2 0.2
C20:2 0.0 0.0 0.0 0.0 0.0
C22:0 0.2 0.2 0.2 0.2 0.2
C24:0 0.1 0.1 0.1 0.1 0.1

a The group numbers are equivalent to the percentage of linseeds oil added to the
feed.

b Supplied per kilogramme of diet: vitamin A 10000 IU, vitamin D3 2500 IU,
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These results showed the alteration of n-6/n-3 ratio dependent on
FA composition of feed. The same results have been obtained in
experiments with laying hens. Introducing elevated amounts of
different PUFAs and conjugated fatty acids (CLAs) in feed resulted
in the elevated amount of these FAs in eggs (Cabrera et al., 2006;
Cherian, Traber, Goeger, & Leonard, 2007; Pardio et al., 2005). Sev-
eral studies reported that linseed oil (LO) based diet gave the high-
est concentration of n-3 PUFA in yolk (Baucells, Crespo, Barroeta,
Lopez-Ferrer, & Grashorn, 2000; Pita, Carvalho, Neto, and Mendo-
nca Junior, 2010; Oliveira et al., 2010). Eggs contain high-quality
protein, essential FA, several vitamins and minerals and many
other valuable nutrients. The fact that eggs contain high level of
cholesterol unnecessarily decreased egg consumption. Clinical
measurements showed that triglycerides or cholesterol levels in
plasma are not affected by the moderate intake of eggs (Farrell,
1998; Krauss et al., 2001).

Ratio of n-6/n-3 PUFA of eggs produced on farms is higher than
recommended and it ranges from 12:1 to higher values. Therefore
it seems reasonable to decrease the ratio to improve the nutritional
value of eggs. The goal of this study was to evaluate the production
of n-3 enriched eggs by addition of different levels of LO into laying
hens diet in terms of production parameters and n-6/n-3 ratio. One
control and four experimental diets with increasing amounts of LO
were administered to 150 laying hens, divided into five groups. The
effects of the diet on egg production parameters and FA profile
have been examined. The changes in FA content have been moni-
tored during 13 weeks of experimental feeding, and alterations of
the ratio through the production process have been evaluated to
achieve the n-6/n-3 ratio of 3–5:1 as it is recommended in the
legislation.
vitamin E 25 mg, canthaxanthin 3 mg, vitamin K3 2 mg, vitamin B1 2 mg, vitamin
B2 4.5 mg, vitamin B6 2.5 mg, vitamin B12 10 lg, vitamin C 20 mg, pantothenic acid
7 mg, niacin 25 mg, folic acid 0.5 mg, biotin 0.05 mg, choline chloride 400 mg,
iodine 1 mg, copper 5 mg, iron 30 mg, manganese 70 mg, zinc 60 mg, selenium
0.3 mg.

c Fatty acid content expressed as percentage of total fatty acids.
2. Materials and methods

2.1. Birds and diet

The protocol and use of laying hens in the trial were approved
by the Ethical Committee of the Faculty of Veterinary Medicine,
University of Zagreb, Zagreb, Croatia.

Before the beginning of the experiment, hens were reared
according to the defined housing, feeding and lighting manage-
ment program. The total of 150 laying hens of Lohmann Brown hy-
brid, 18 weeks old, were randomly distributed in five experimental
groups. Each group was housed on separated floor in open sided
cages (45 � 45 cm with a height of 45 cm). Four birds were placed
in one cage and temperature was maintained at 20 ± 2 �C. The pho-
toperiod of 16:8 h was achieved in the 21st week (3rd week of
experimental feeding). The basal diet was formulated according
to the requirements of Lohmann Brown hybrid. Feed for
experimental groups was prepared by addition of LO in different
percentage to the basal diet: group 1–1% of LO, group 2–2% of
LO, group 3–3% of LO and group 4–4% of LO. Due to that experi-
mental diets were not isocaloric. FA compositions of basal and
experimental diets are given in Table 1. Feed and water were pro-
vided ad libitum. Hens belonging to experimental groups were fed
with experimental diets for 13 weeks.
2.2. Sample collection

Eggs were collected every morning and weighed for each group
separately. At the end of each week, after collection, eggs were
weighed separately and egg quality parameters were analysed.
Egg heights and widths were measured with micrometre and
shape index (SI) was calculated according to the formula: SI = (-
height/width)� 100 (Pardio et al., 2005). In the next step, 10 eggs
per group were taken randomly and broken. Yolks were freed from
albumen manually and albumen residues were removed by rolling
the yolks on a blotting paper. After that, yolks were weighed, and
yolk percentages were calculated. Then, once a week, pooled sam-
ple of 10 eggs per each group was taken for FA composition and
cholesterol determination. Obtained samples were stored at
�20 �C prior to analyses.

2.3. Fatty acids analyses

Lipids were extracted from egg yolks by modified method of
Folch, Lees, and Sloane-Stanley (1957). One gram of sample was
weighed in Erlenmeyer flask, 25 mL of chloroform:methanol (2:1
vol/vol) was added and homogenised with UltraTurrax (IKA Werke,
Staufen, Germany) for 3 min at 10000 rpm. Solvent was decanted
into the separation funnel and a new portion of solvent (15 mL)
was added. After 3 min of homogenisation, the second portion of
solvent was decanted into the separation funnel together with
the first solvent portion and 50 mL of 1% sodium chloride water
solution was added and mixed. After phase separation, the lower
organic layer was passed through 2 cm anhydrous sodium sulphate
column and filtered through Filtrak 388 filter paper (Filtrak GmbH,
Barenstain, Germany) into the previously weighed, round bottom
flask. The solvent was removed on Buchi R 205 (Buchi Laborator-
technik AG, Flawil, Switzerland), the flask was dried at 105 �C for
30 min and the fat content was calculated together with standard
deviation of measurement. Obtained lipids were converted to cor-
responding fatty acid methyl esters (FAMEs) by trans-esterification
with metanolic solution of potassium hydroxide. Analyses of fatty
acid composition were performed on CP-3800 gas chromatograph
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(Varian, Palo Alto, USA) equipped with the flame ionisation detec-
tor, capillary column DB-23 60 m � 0.25 mm, 0.25 lm film thick-
ness (Agilent Technologies, Palo Alto, CA) and split/splitless
injector. The injector temperature was 250 �C and the injections
were performed with split ratio 1:30. Helium was used as carrier
gas at a flow rate of 1.5 mL/min and the oven temperature program
was: 60 �C (1 min) rising to 220 �C at the rate of 7 �C/min. Fatty
acid methyl esters were identified by comparison with the reten-
tion times of standards. Detailed description of the method and
its suitability was described previously (Petrović, Kezić, & Bolanča,
2010).

2.4. Cholesterol determination

The cholesterol content in yolk was determined by enzymatic-
spectrophotometric method with the use of a commercial kit (R-
Biopharm AG, Darmstadt, Germany). Approximately 500 mg of
yolk was weighed in a 50 mL flask. After the addition of 20 mL of
methanolic potassium hydroxide solution, 10 mL isopropanol and
1 g sea-sand, the mixture was refluxed for 30 min. The solution
was filtered into a 50 mL volumetric flask, cooled and filled to
the volume with 2-propanol. The obtained solution was prepared
according to the manufacturer’s instructions and absorbance was
measured at 405 nm on Unicam UV2 spectrophotometer (Pye Uni-
cam, Cambridge, UK). Samples were analysed in duplicates.

The accuracy and reliability of the method was assessed by
determination of the cholesterol content in the standard choles-
terol solution obtained in the kit and in the standard reference
material (Dried egg yolk). The results obtained were within the
acceptable z-score value of ±2.

2.5. Statistical analyses

One-way ANOVA test was used to analyse effects of diet on egg
production parameters, yolk fatty acids composition and choles-
terol by using Statistica software (StatSoft, Tulsa, OK, USA) fol-
lowed by Tukey’s test. A P-value of <0.05 was considered
statistically significant. Calculations were based on data obtained
after 8 weeks of experimental feeding when all parameters were
stabilized. This part of the experiment lasted 6 weeks, therefore
number of data points for statistical analysis was 6 (n = 6). One
sample of 10 pooled eggs in a given week for each group represents
one data point.
3. Results and discussion

3.1. Egg production parameters

Egg production parameters for all experimental groups are
shown in Table 2. Laying rate has been expressed as the number
Table 2
Egg production parameters for 8–13 weeks of feeding with experimental diets after all pa

Parameter Groupb

1 2 3

Laying rate (%/day) 98.5 ± 0.9d 95.8 ± 1.7d 98.6 ± 1.7d

Egg weight (g) 62.5 ± 0.7d 60.5 ± 0.7d 60.6 ± 0.6d

Yolk (%) 23.4 ± 0.4 23.2 ± 0.4 23.7 ± 0.4
Shape index (%) 78.7 ± 0.5d 79.5 ± 0.7d 77.6 ± 0.7d

Lipids (g/100 g yolk) 27.4 ± 0.3 27.4 ± 0.5 27.8 ± 0.9

a Each value is the mean value ± standard deviation of six replicates (n = 6) obtained d
given week for each group).

b The group numbers are equivalent to the percentage of linseed oil added to the feed
c Correlation coefficient between given parameter and percentage of linseed oil added
d Values in the same row with no common superscript are significantly different (P <
of eggs per hen and per day. Results showed a lower laying rate
for group 2 and the data were significantly different (P = 0.0144).
Statistical analysis of the same data without group 2 was not sig-
nificantly different (P = 0.5540). The laying rate has been stabilized
after 5 weeks of feeding in all experimental groups, except for the
group 2, which has been stabilized after 8 weeks. Mean eggs
weights in the group 1 were significantly higher compared to other
groups during the trial (P < 0.0001). Statistical analysis of the same
data without group 1 was not significant (P = 0.4698). The mean
eggs weight has been stabilized after 7 weeks except for the group
1, which has been stabilized after 8 weeks. In comparison to the
laying rate, the mean eggs weight has been stabilized much later.
Correlations between percentage of LO added to the feed and hen
performance parameters indicate that these parameters has not
been affected by the diet. Small differences obtained could be asso-
ciated with the position of each group within the battery. Light dis-
tribution and exposure to stress influenced the results despite our
effort to minimize these effects. Our results are in good agreement
with the data obtained by Milinsk, Murakami, Gomes, Matsushita,
and de Souza (2003) also for Lohmann hybrid, and with data for
other hybrids (Basmacioglu et al., 2003; Baucells et al., 2000; Par-
dio et al., 2005). Although these authors used different sources of
fat, the increased amount of fat in feed did not influence the laying
pattern. Similar conclusion can be adopted for the average daily
feed consumption (range from 123.2–137.3 g/day), yolk percent-
age and shape index across the entire experimental period. The dif-
ference in lipid content per 100 g of yolk was not significant
(P = 0.6721). The results were similar to those reported by Milinsk
et al. (2003), but seem to be in disagreement with the results ob-
tained by Cabrera et al. (2006), who noticed that yolk weight has
been significantly affected by the addition of sunflower and rice
oils. No mortality of hens occurred during the trial, with the excep-
tion of one hen that died in the 5th week of the experiment.
3.2. Fatty acids

The inclusion of n-3 FAs in the diet consequently increased the
n-3 FA content of egg yolks (Table 3), which was consistent with
other reports. No significant influence (P > 0.05) was observed for
C15:0, C16:1n-7, C18:0, C20:0, C20:1, C20:2 and C20:3n-6 while
a smaller effect (P = 0.0483) was observed for C18:3n-6. Inverse
dependence between C18:3n-6 and percentage of linseed oil added
to the feed indicates that addition of n-3 FAs reduced C18:3n-6 as
well as other n-6 FAs. Amount of FAs of n-3 series, which were ab-
sent or present in minor content (C20:3n-3, C20:5n-3 and C22:5n-
3), reached significantly higher levels as the amount of LO in feed
increased. Although there were differences in SFA content
(P = 0.0019), they were of minor practical importance. This finding
is in agreement with results of other authors (Cabrera et al., 2006;
Milinsk et al., 2003; Pardio et al., 2005). Cabrera et al. (2006)
rameters have been stabilizeda.

P-value Correlationc

4 Control

97.9 ± 1.6d 97.4 ± 1.8d 0.0144 0.127
61.4 ± 1.0d 60.4 ± 0.7d 0.0010 0.035
23.2 ± 0.8 23.4 ± 0.3 0.2551 �0.062
78.7 ± 1.0d 78.6 ± 0.7d 0.0005 �0.293
27.8 ± 0.5 27.4 ± 0.8 0.6721 0.872

uring 8–13 week of experiment (one sample per group = 10 pooled eggs taken in a

.
to the feed.

0.05).



1566 M. Petrović et al. / Food Chemistry 135 (2012) 1563–1568
related this finding to the generally lower absorption of SFA and
the fact that hens tend to maintain an optimal saturated: unsatu-
rated FA ratio for growth and hatchability of chicks. Our results
also show a significant decrease (P < 0.0001) in C18:1n-9 and the
results were in good correlation with the amount of LO in feed
(r = �0.976). Furthermore, the difference in content of C18:2n-6
was also significant (P = 0.0165), but not highly correlated with
LO content in feed (r = 0.314), as in the case of C18:1n-9. We con-
cluded that this is due to the fact that LO contains a certain amount
of C18: 2n-6 (15.8% in our case) and the variation of its content in
feed influenced each group differently.

The greatest influence (P < 0.0001) was observed in the case of
n-3 FAs specifically in the content of C18:3n-3, due to its large
amount in LO (51.3% in our case), and in the content of C22:6n-3,
because it is the final product of elongation and desaturation of
C18:3n-3. As already mentioned, the level of intermediate FA of
this enzymatic process (C20:3n-3, C20:5n-3 and C22:5n-3) was
also elevated. Good correlation between amount of n-3 FAs and
LO content in feed was obtained (r P 0.873). Different authors re-
ported that the content of C20:4n-6 in eggs is strongly influenced
by the FA composition of feed (Baucells et al., 2000; Cabrera
et al., 2006; Carvalho, Pita, Neto, & Mendonca Junior, 2009; Cherian
et al., 2007; Oliveira et al., 2010). On the other hand, Milinsk et al.
(2003) reported that a higher level of PUFA in feed had no influence
on the C20:4n-6 content. Their results for the FA profile of yolks in
the group of hens fed with the addition of linseed and LO show a
significant decrease in C20:4n-6. Our results also show a signifi-
cant decrease (P < 0.0001) in C20:4n-6 content which was in corre-
lation with the amount of LO added to the feed (r = �0.958). This
finding has been assigned by Mazalli, Faria, Salvador, and Ito
(2004), and by Cabrera et al. (2006) to the competition between
C18:3n-3 and C18:2n-6 for D6 desaturase enzymes. C20:4n-6 is
obtained through biosynthesis from C18:2n-6 on the same D6
Table 3
The fatty acid composition of pooled egg yolks of all experimental groups and the control

Fatty acid Groupb

1 2 3

C14:0 0.34 ± 0.01d 0.33 ± 0.01d 0.32 ± 0.02d

C14:1 0.09 ± 0.01d 0.09 ± 0.01d 0.09 ± 0.01d

C15:0 0.07 ± 0.01 0.07 ± 0.01 0.07 ± 0.01
C16:0 25.04 ± 0.49d 24.72 ± 0.50d 24.74 ± 0.64d

C16:1n-7 4.27 ± 0.34 4.33 ± 0.15 4.26 ± 0.36
C17:0 0.17 ± 0.02d 0.17 ± 0.01d 0.16 ± 0.02d

C18:0 7.80 ± 0.39 7.67 ± 0.15 7.80 ± 0.21
C18:1n-9 43.54 ± 0.64d 43.11 ± 0.58d 43.04 ± 0.60d

C18:2n-6 13.80 ± 0.56d 13.77 ± 0.70d 13.47 ± 0.77d

C18:3n-6 0.10 ± 0.01d 0.09 ± 0.02d 0.09 ± 0.01d

C18:3n-3 1.09 ± 0.18d 1.88 ± 0.24d 2.21 ± 0.19d

C20:0 0.01 ± 0.01 0.00 ± 0.01 0.01 ± 0.01
C20:1 0.19 ± 0.02 0.17 ± 0.02 0.19 ± 0.02
C20:2 0.11 ± 0.03 0.11 ± 0.02 0.12 ± 0.02
C20:3n-6 0.13 ± 0.01 0.13 ± 0.02 0.13 ± 0.02
C20:4n-6 1.74 ± 0.11d 1.45 ± 0.15d 1.36 ± 0.17d

C20:3n-3 0.01 ± 0.01d 0.03 ± 0.02d 0.02 ± 0.02d

C20:5n-3 0.01 ± 0.01d 0.01 ± 0.02d 0.04 ± 0.02d

C22:5n-3 0.14 ± 0.08d 0.23 ± 0.04d 0.22 ± 0.03d

C22:6n-3 1.25 ± 0.08d 1.50 ± 0.15d 1.55 ± 0.14d

SFA 33.41 ± 0.61d 32.96 ± 0.48d 33.09 ± 0.54d

MUFA 48.21 ± 0.50d 47.84 ± 0.29d 47.70 ± 0.70d

PUFA 18.38 ± 0.62d 19.20 ± 0.90d 19.21 ± 1.04d

PUFA n-3 2.50 ± 0.15d 3.63 ± 0.26d 4.05 ± 0.28d

n-6/n-3 6.38 ± 0.30d 4.29 ± 0.17d 3.75 ± 0.13d

MUFA/PUFA 2.63 ± 0.10d 2.50 ± 0.15d 2.49 ± 0.17d

a Each value is the mean value ± standard deviation of six replicates (n = 6) obtained d
given week for each group). Abbreviations: SFA, saturated fatty acids, MUFA, monounsa

b The group numbers are equivalent to the percentage of linseed oil added to the feed
c Correlation coefficient between given fatty acid content and percentage of linseed o
d Values in the same row with no common superscript are significantly different (P <
desaturase enzymes. Greater amounts of C18:3n-3 absorbed from
the feed occupy the enzymes, thus reducing their ability to catalyse
the synthesis of C20:4n-6.

As a result of FA content alteration, especially of the enhanced
amount of n-3 FA, changes in n-6/n-3 ratio were obtained. Fig. 1
shows the alteration of n-6/n-3 ratio for all experimental groups
during our study. The control group ratio did not differ signifi-
cantly and was in agreement with other studies (Basmacioglu
et al., 2003; Milinsk et al., 2003) and with our preliminary results.
The analyses conducted after four days of feeding hens with exper-
imental diets showed a decrease of the ratio for all experimental
groups compared to the control group. As expected, the largest de-
crease was obtained in the group 4, while other groups didn’t vary
among each other. After 7 days, the difference among all groups
was significant (P < 0.05). The ratio for the group 1 was the highest
among all the experimental groups and was stabilized first, after
4 weeks of feeding. Good correlation between the ratio and LO con-
tent in feed was obtained for all groups (r = 0.810–0.924). After
5 weeks, the ratio was stabilized in all groups and the differences
remained insignificant (P > 0.05) until the end of this part of the
experiment.

Comparing our study with those presented in the literature, we
found that only few authors monitored the ratio on a weekly basis.
Cabrera et al. (2006) monitored the ratio during 4 weeks of feeding
the hens with the diet enriched with horse fat. In comparison with
our results, they obtained faster stabilization of the ratio after only
2 weeks of feeding. Basmacioglu et al. (2003) reported decrease of
the ratio from the usual value in commercial eggs (P12:1) to the
values below 3:1 using feed enriched with fish oil, LO or a combi-
nation of both. This decrease took place during 4 weeks of experi-
mental feeding, which is in good agreement with our results. Their
results showed that all tested sources of n-3 FAs decreased the ra-
tio. Pardio et al. (2005) studied the influence of adding soybean
group for 8–13 weeks of feedinga.

P-values Correlationc

4 Control

0.30 ± 0.01d 0.37 ± 0.02d <0.0001 �0.925
0.08 ± 0.01d 0.10 ± 0.01d 0.0027 �0.975
0.07 ± 0.01 0.08 ± 0.01 0.3243 �0.723
23.77 ± 0.50d 24.85 ± 0.66a 0.0033 �0.823
4.02 ± 0.12 4.21 ± 0.12 0.2460 �0.497
0.17 ± 0.02d 0.20 ± 0.04d 0.0037 �0.652
7.85 ± 0.24 7.52 ± 0.52 0.1454 0.448
41.91 ± 0.90d 44.44 ± 0.93d <0.0001 �0.976
14.56 ± 0.86d 14.52 ± 0.46d 0.0165 0.314
0.08 ± 0.01d 0.09 ± 0.01d 0.0483 �0.775
3.22 ± 0.38d 0.50 ± 0.04d <0.0001 0.990
0.00 ± 0.01 0.00 ± 0.01 0.8857 0.004
0.17 ± 0.03 0.20 ± 0.03 0.1847 �0.821
0.12 ± 0.02 0.12 ± 0.02 0.6011 0.427
0.13 ± 0.01 0.12 ± 0.02 0.5621 0.455
1.32 ± 0.18d 1.75 ± 0.05d <0.0001 �0.958
0.04 ± 0.03d 0.01 ± 0.01d 0.0005 0.949
0.07 ± 0.01d 0.00 ± 0.00d <0.0001 0.896
0.26 ± 0.03d 0.00 ± 0.00d <0.0001 0.873
1.72 ± 0.13d 0.74 ± 0.03d <0.0001 0.932
32.17 ± 0.59d 33.02 ± 1.00d 0.0019 �0.714
46.30 ± 0.98d 49.12 ± 0.99d <0.0001 �0.966
21.53 ± 1.27d 17.86 ± 0.50d <0.0001 0.941
5.32 ± 0.45d 1.25 ± 0.04d <0.0001 0.990
3.06 ± 0.13d 13.28 ± 0.35d <0.0001 �0.874
2.16 ± 0.18d 2.74 ± 0.10d <0.0001 �0.965

uring 8–13 week of experiment (one sample per group = 10 pooled eggs taken in a
turated fatty acids, PUFA, polyunsaturated fatty acids.
.

il added to the feed.
0.05).



Fig. 1. Alteration of n-6/n-3 ratio during experimental feeding. Results are the
mean values of two determination of a pooled sample, 10 eggs taken in a given
week. LO denotes linseed oil and the group numbers are equivalent to the
percentage of linseed oil added to the feed.

Fig. 2. Alteration of cholesterol content during experimental feeding. Results are
the mean values of two determination of a pooled sample, 10 eggs taken in a given
week LO denotes linseed oil and the group numbers are equivalent to the
percentage of linseed oil added to the feed.
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soapstock to the feed on the FA content, by analysing yolks on the
1st, 9th and 15th week of feeding. The presented results showed
increased ratio, but there was no correlation between the increased
amounts of soybean soapstock and the ratio. Moreover, the ratio
rose in the first week, then decrease in the 9th week and rose again
in the 15th week. Our results show no such alteration, but the ratio
decreased steadily until it was stabilized in the 5th week. After the
time needed for stabilization of the ratio the changes in the ratio
were not significant (P = 0.2951).
3.3. Cholesterol content

There was no significant influence of different amounts of LO
added to the feed on egg yolk cholesterol during the experiment
(P = 0.5200). In contrast to that results of ANOVA test indicate sig-
nificant influence of hens age on cholesterol content (P < 0.0001).
This finding is in agreement with other reports that studied the im-
pact of various fat sources on cholesterol content (Basmacioglu
et al., 2003; Mazalli et al., 2004; Milinsk et al., 2003; Millet et al.,
2006). Vorlova, Sieglova, Karpiškova, and Kopriva, (2001) and Kov-
acs et al. (1998) monitored yolk cholesterol content during laying
period. They noticed a decrease in cholesterol content in the first
weeks of lay. Thereafter cholesterol content reached the plateau
after which it continued to increase slowly until the end of the lay-
ing period. Comparing our results (Fig. 2) with other reports, we
observed good agreement related to the hens age. Our results
clearly show the proven tendency for cholesterol content to de-
crease at the beginning of laying period. Our experiment lasted
for a much shorter period than that of Vorlova et al. (2001) and
Kovacs et al. (1998) and we did not reach the final period during
which cholesterol content increased. Yilmaz Dikmen and Sahan
(2007) concluded that cholesterol content increased with the in-
crease in breeders age, taking into account the only three data
points, which is insufficient to describe this complex behaviour.

We observed a inverse dependence between mean egg weight
and cholesterol content (y = �3.5675x + 97.703, r2 = 0.854) and an
even stronger inverse dependence between laying rate and choles-
terol content (y = �18.617x + 304.38, r2 = 0.920). Despite the well
known genetic impact on cholesterol content, this finding might
explain variations during the laying period. By shortening the time
between two ovipositions, the time for cholesterol synthesis in li-
ver has been reduced resulting in a smaller amount of cholesterol
available for incorporation into eggs. Moreover, it is known that
laying frequency has slightly decreased towards the end of laying
period (Anonymous, 2005; Basmacioglu et al., 2003). Due to that,
liver has more time for cholesterol synthesis, and higher amounts
of the latter are available to be incorporated into eggs. The higher
cholesterol content found in eggs of farmyard autochthonous hens
(Millet et al., 2006; Simčič, Stibilj, & Holcman, 2009) could also be
attributed to the fact that their laying rate is lower than that of
commercial hybrids.

4. Conclusions

The production of n-3 polyunsaturated fatty acid enriched eggs
by addition of LO to the laying hens’ diet has been evaluated to
achieve recommended n-6/n-3 ratio of 3–5:1. The addition of LO
increased the content of n-3 FAs (mostly C18:3n-3 and C22:6n-
3), at the same time lowering the n-6/n-3 ratio. The obtained re-
sults show that adding 1% of LO to the feed was not enough to
achieve the recommended ratio, while the addition of 4% of LO lead
to the ratio lower than 3:1. Although there have been some signif-
icant changes in the ratio in the first week of feeding hens with
experimental diets, 4–5 weeks of feeding is needed for the stabil-
ization of the ratio. It could be concluded that egg production
parameters are not influenced by changes in feed composition
and neither by those in cholesterol content, which is actually af-
fected by age. This study provides useful data for the evaluation
of n-3 enriched eggs production.
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