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SUMMARY

The paper presents the results of a research in the use of flaxseed (LO) and rape-
seed oil (RO) in a combination with fish oil (FO) in the feeding of laying hens and the
effect on the fatty acid profile of egg yolks (>-n-3 PUFA and > n-6/>_n-3 PUFA ratio).
Nutritional treatments were as follows: C1, C2 = control (5% soybean oil SO), E1
= 1.5% L0+3.5% FO, E2 = 3.5% LO+1.5% FO, E3 = 1.5% R0+3.5% FO, E4 = 3.5%
RO +1.5% FO. Feed mixtures for the laying hens were balanced on the basis of a 17%
crude protein and 11.5 MJ/kg ME, and the n-6/n-3 PUFA ratio in the mixtures was as
follows: C1 13.64, C2 13.10, E1 2.63, E2 1.53, E3 4.84 and E4 6.21. The combination
of the flaxseed oil and fish oil in the feed affected the n-6/n-3 PUFA ratio, making it
narrower when compared to the combination of rapeseed oil and the fish oil. The
control feed C1 and C2 contained only ALA 3.12 and 4.08%, being without the EPA
and DHA fatty acids. The analysis of the fatty acid profiles in egg yolks demonstrated
that the eggs contained 1.16 and 1.26% of DHA in addition to ALA, which means that,
although in the small amounts, the DHA was synthesized and deposited in the eggs
by the laying hens. The following proportions of n-3 PUFAs were found in the eggs
of the experimental groups: E1 6.51%, E2 8.30%, E3 5.17%, and E4 3.54%. The n-6/n-
3 PUFA ratio in egg yolks decreased from 9.67 and 11.85 (control groups) to 3.08
and 2.57, respectively, for the flaxseed and fish oil treatments and 4.25 and 6.95 for
the rapeseed and fish oil treatment. The studies have demonstrated a more efficient
deposition of the n-3 PUFAs in the yolks of the E1 and E2 groups, although the ALA
was most abundantly present in the total n-3 PUFAs.
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INTRODUCTION

Eggs are an excellent source of quality proteins and
lipids (phospholipids and polyunsaturated fatty acids),
as well as of the minerals and vitamins (Miranda et al.,
2015). The market eggs differ between the producers in
a physical quality and chemical composition (Kralik et
al., 2017a). A consumer interest has increased not only
due to a nutritional and dietary value but also due to a
biofunctional value of eggs (Bubel et al., 2011). A com-
position modification of diets for the laying hens using
the vegetable and animal oils can manipulate the lipid
content in egg yolks (Kralik et al., 2005, 2008a, 2008b,
2018; Yalgin et al., 2010; Petrovic¢ et al., 2012; Ehr et al.,
2017). The n-3 polyunsaturated fatty acids (n-3 PUFAs),
such as a-linolenic (ALA), eicosapentaenoic (EPA), and
docosahexaenoic (DHA) acids, have a significant biologi-

cal effect on health. ALA is a biological precursor of the
long-chain fatty acids (LC-PUFA n-3; Meyer et al., 2003;
Fraeye et al., 2012). The conversion of ALA into the EPA
and DHA in humans is only 0.05-0.40%, and therefore
needs to be ingested by food (Hussein et al., 2005;
Burdge, 2006). This fact arouses researchers’ interest
for the most efficient enrichment of products with the n-3
PUFA. The eggs are a suitable product that can be enri-
ched with nutrients (Shapira, 2010). The eggs’ nutrient
content can be altered by a simple technological process,
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adding certain fodders or ingredients into the laying hens
feed (Zaheer, 2015). The free-range eggs contain six
times more n-3 PUFAs when compared to the cage eggs
(Scheideler and Lewis, 1997). Our research manifeste
the influence of the flaxseed and rapeseed oil use in a
combination with the fish oil on the fatty acid profile,
especially the n-3 PUFA content, as well as a 2n-6/2n-3
PUFA ratio in the lipids of hen egg yolks.

MATERIAL AND METHODS

Experimental diet and experimental design

The paper presents our experience in researching
the use of the flaxseed and rapeseed oil in a combi-
nation with fish oil while enriching the eggs with the
n-3 PUFA. Two separate experiments were conducted
with the commercial TETRA SL laying hens, housed
in the enriched cages and being in the 315t month of
production. Technological and microclimatic conditions
met the requirements of these hybrid laying hens. The
diets have been balanced at 17% of crude protein and

Table 1. Composition of basic diet for the laying hens
Tablica 1. Sastav osnovnih smjesa za kokosi nesilice

11.60 MJ ME/kg in the experiments 1 and 2. In the first
experiment (three groups of 45 laying hens in five repe-
titions), 5% of soybean oil (SO) was used in the control
group C1, whereas the combinations of flaxseed and
fish oil were used: E1 = 1.5% of linseed oil (LO) + 3.5%
of fish oil (FO) in the experimental groups E1 and E2, and
E2 = 3.5% of linseed oil (LO) + 1.5% of fish oil (FO). A
combination of rapeseed and fish oil was used in the
second experiment (three groups with 45 laying hens in
five repetitions) instead of the flaxseed oil, as follows:
E3 = 1.5% of the rapeseed oil (RO) + 3.5% of fish ol
(FO), i.e., E4 = 3.5% of the rapeseed oil (RO) + 1.5% of
fish oil (FO), whereas the control diet C2 also contained
5% of soybean oil (SO). Table 1 figures the composition
of the basic diet, modified for the research purposes, in
different vegetable and fish oil combinations.

Feeding and watering were ad libitum. The experi-
ments lasted for 35 days. After the laying hens were fed
by the modified diets for five weeks, the egg samples
from the 1%t and the 2" experiment were analyzed to
detect the fatty acid content.

Iculat iti
Ingredients — Sastojci % Ca cvu ated composition %
Izradunan sastav
Corn — Kuk:
T(?E:Zte d lsloug;n Tostirana soia 47.86 Crude protein — Sir. proteini 17.00
Sovbean cZke Soiina po aéaj 20.02 Crude fat — Sir. mast 8.61
Y yina pog ) 400 | Crude fiber — Sir. viaknina 4.97
Sunflower cake — Suncokretova pogaca
i s 6.65 Ash — Pepeo 14.57
Dehydrated alfalfa — Dehidrirana djetelina ) ..
Limestone — Vapnenac 3.80 Lysine — Lizin 0.15
I . P .. 11.23 Methionine — Metionin 0.45
Monocalcium phosphate — Monokalcijev fosfat .
N . 1.45 Tryptophane — Triptofan 0.20
Qil' - Ulje .. L.
5.00 Arginine — Arginin 0.20
Salt — So/
Methionine — Metionin 036 Ca 1.39
Vitamin-mineral premix? — Vitaminsko-mineralni 0.13 Total P - Ukupnr P 065
! P 050 | Available P — Iskoristivi P 0.38
premiks
Total — Ukupno 100.00 ME, MJ/kg 11.60

'Diets differed in the content: C1 and C2 groups = 5% of SO, E1 group 1.5% of LO + 3.5% of FO; E2 group=3.5% of LO + 1.5% of FO, E3 group = 1.5% of RO +

3.5% FO; C4 group = 3.5% of RO + 1.5% of FO

ZPremix (1 kg) contained: vitamin A 2,200 U, vitamin D5 400 IU, vitamin E; 3000 mg/kg, vitamin K; 400 mg/kg, vitamin B, 400 mg/kg, vitamin B, 800 mg/kg,
nicotinic acid 6 mg/kg, calcium panthotenate 1.6 mg/kg, vitamin B 700 mg/kg, vitamin B,, 4 mg/kg, folic acid 150 mg/kg, biotin 10 mg/kg, choline chloride 80 mg/
kg, vitamin C 4 mg/kg, methionine 40 mg/kg, iodine 160 mg/kg, manganese 13.6-18.4 mg/kg, zinc 12 mg/kg, cobalt 48 mg/kg, iron 5 mg/kg, copper 500 mg/kg,
selenium 30 mg/kg, B-apo ester carotene acid 200 mg/kg, canthaxanthin 600 mg/kg, and a plant base up to 1 kg

Fatty acid analysis

Fatty acid profile in the feed components (oils),
feed, and eggs was determination by the Csapo et al.
(1986) method, as follows: the amount of 0.35 g of the
dried samples was weighed into a flask, and 8 ml of con-
centrated hydrochloric acid was added and boiled for 60
min. After chilling, 7 ml of ethanol was added, then 15 ml
of diethyl ether followed, with a one-minute shaking. The
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next extraction was the one with 15 ml of benzene (b.p.
<60°C). After a phase separation, an organic phase
contained about 150-200 mg of fat was separated and
evaporated under a vacuum on a rotadest. Then, 4 ml
of 0.5 M sodium hydroxide was added into methanol
and boiled in a water bath for five minutes. Thereafter,
4 ml of 14% boron trifluoride was added into methanol
and boiled for three minutes, followed by an addition
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of 4 ml of n-hexane. It was boiled for one minute, and
then the organic phase was brought to the neck of the
flask with a saturated sodium chloride solution. When
the phases separated, the samples were taken from
the organic phase, dried using the sodium sulfate, and
were used for the analysis. The fatty acid methyl esters
(FAMEs) were separated on a 10x0.25 mm wall, coa-
ted by an open tubular (WCOT) column, equipped with
the CP-SIL 88 (FAME) stationary phase. The quantitation
of FAMESs was obtained by a flame ionization detector
(FID) at 270°C. The temperature of the splitter injector
was 270°C, and the carrier gas was helium, with the
head pressure of 235 kPa. The oven temperature was
programmed from 140°C (10 min), with a 10°C/min
increase to 235°C (26 min). The injected volume varied

between 0.5 and 2 ul. The instrument used was the
Chrompack CP 9000 gas chromatograph (Chrompack
B.V., The Netherlands, Middleburg). Individual acids in
diets and yolk lipids are expressed as a percentage of
total fatty acids. The formula (Stibilj et al., 1999) was
used to calculate the egg fatty acids mg/100 g:

gFA 100 g egg = % total fat egg x 0.83 x % FA 1007

where 0.83 is the factor expressing the FA fraction
in the total fat egg.

A fatty acid analysis was conducted for the two
samples of feed and oil and ten samples of eggs per
group. Table 2 figures the fatty acid profiles in flaxseed,
fish, rapeseed and soybean oil.

Table 2. The content of fatty acids in oils (% of total fatty acids, x )
Tablica 2. SadrZaj masnih kiselina u uljima (% u ukupnim masnim kiselinama, x )

Fatty acid Linseed oil (LO) Fish oil (FO) Rapeseed oil (RO) Soybean oil (SO)
Masna kiselina Laneno ulje (LO) Riblje ulje (FO) Repicino ulje (RO) Sojino ulje (SO)
SSFA 11.23 38.90 13.20 7.14
S MUFA 19.04 26.06 51.23 65.57
S 16 PUFA 14.90 7.00 20.96 20.66

ALA (C18:3n-3) 54.82 2.45 8.93 6.63

EPA (20:5n-3) 1.15

DHA (C22:6n-3) 18.44
S 13 PUFA 54.82 28.04 8.93 6.63
2.n-6 PUFA/2.n-3 PUFA 0.27 0.26 2.35 3n

Table 3 figures the percentages of ZSFA, XMUFA
and n-6 PUFA in the laying hens’ diets. The ALA,
EPA, and DHA, as well as the n-3 PUFA and Zn-6
PUFA/ Zn-3 PUFA ratio, are shown separately.The

fatty acid composition of a diet depended on the type
and concentration of oils. The EPA and DHA were not
detected in the control diets, unlike the experimental
diets.

Table 3. The content of fatty acids in diets (% of total fatty acids, x )
Tablica 3. SadrZaj masnih kiselina u hrani (% ukupnih masnih kiselina, x )

Fatty acid C1 group E1 group E2 group C2 group E3 group E4 group
Masna kiselina
>SFA 20.43 21.39 19.45 17.41 20.50 19.38
>MUFA 33.66 23.42 25.24 25.04 31.13 21.42
>n-6 PUFA 42.57 40.00 33.17 53.46 39.79 45.67
ALA (C18:3n-3) 3.12 10.36 17.67 4.08 4.06 4.85
EPA (20:5n-3) - 1.64 1.45 - 1.41 0.83
DHA (C22:6n-3) - 3.19 2.63 - 2.75 1.67
>n-3 PUFA 3.12 15.19 21.75 4.08 8.22 1.35
>n-6 PUFA/Zn-3 PUFA 13.64 2.63 1.53 13.10 4.84 6.21

2SFA (C14:0+C15:0+C16:0+C17:0+C18:0+C20:0+C22:0)

ZMUFA (C16:1+C17:1+C18:1n9+C20:1n9+C22:1n9)

Zn-6 PUFA (C18:2n6+C18:3n6+C20:2n6+C20:3n6 +C20:4n6 +C22:2n6)
ab.¢(P<0.05); **(P<0.01); A B ¢ (P<0.001)

Dietary treatments: C1=5% SO, E1=1.5% LO + 3.5% FO; E2=3.5% LO + 1.5% FO; C2=5% SO, E3=1.5% RO + 3.5% FO; E4=3.5% RO + 1.5% FO

POLJOPRIVREDA 26:2020 (2) 79-87



82 G. Kralik et al.: THE EFFECT OF VEGETABLE OILS AND THE FISH OIL ON THE FATTY ACID PROFILE ...

Statistical analysis

The research results were processed in the
Statistica for Windows, version 13.3. (StatSoft Inc.,
2017). A data analysis was conducted using a descrip-
tive statistics (mean —Xx and standard deviation — sd)
and an analysis of variance (ANOVA), and when the
P value was statistically significant, the differences
between groups were tested by Fisher’'s LSD test.

RESULTS AND DISCUSSION

The results (Table 2) figured that the flaxseed oil
was rich in the ALA (54.82%) but did not contain the
EPA and DHA. The Zn-6 PUFA/Zn-3 PUFA ratio was
very narrow (0.27). The rapeseed oil was rich in MUFA
(51.23%), especially in the oleic acid (OA, C18:1n9). The
fish oil contained a high share of SFA (38.90%) and DHA
(18.44%). The sum of the n-3 PUFA in the linseed oil was
54.97%, 8.93% in the rapeseed oil, 28.04% in the fish oil,
and 6.63% in the soybean oil. The n-6 PUFA/Zn-3 PUFA
ratio in the rapeseed oil was 3.35, in the soybean oil
3.11, and 0.26 in fish oil approaching the flaxseed oil by
this value. From a biological-functional aspect, the EPA
and DHA are most important in the 2n-3 PUFA structure,
and the fish oil contained both of these fatty acids (EPA
7.15%, DHA 18.34%). Frdlich and Rice (2005) stated that

the rapeseed oil is richest in oleic acid (56%), followed
by the linoleic (24.2%) and linolenic acid (6.5%). Laca et
al. (2009) pointed out that the flaxseed contained 50.9%
of ALA. Faitarone et al. (2016) state that the flaxseed
oil contains 50.16% of linolenic acid, and the soybean
oil contains 56.44% of linoleic acid, unlike the rapeseed
oil, which contains the significant amounts of oleic acid
(45.17%) and linoleic acid (36.57%).

Mariod et al. (2015) and Brelaz et al. (2019) stated
that the fish oil is a rich source of n-3 PUFA and a poor
source of n-6 PUFA, and that its addition to the laying
hens’ feed resulted in a significant increase of the n-3
PUFA, whereby this oil use is limited due to an undesir-
able egg odor. Margeta et al. (2019) highlighted a con-
nection of the nutricin used to enrich the eggs and the
sensory properties.

Tables 4 and 5 figure the results of the egg yolks’
fatty acid content study in the 15t and in the 2" experi-
ment. The addition of vegetable oils, flaxseed, and rape-
seed in a combination with the fish oil added to the
laying hens’ diets ahs significantly changed the fatty
acid profile in the egg yolks of the experimental group if
compared to the control ones. The fatty acid analyses’
results were presented as a percentage of total fatty
acids and as a mg of FA/100 g of egg (Stibilj et al., 1999;
Weill et al., 2002).

Table 4. The influence of the linseed and fish oil on the fatty acids content in the egg yolks in the 15 experiment
Tablica 4. Utjecaj lanenoga i ribljeg ulja na sadrZaj masnih kiselina u Zumanjcima jaja 1. pokusa

C1 group E1 group E2 group C1 group E1 group E2 group
Fatty acid (x *sd) (X *sd) (X *sd) (x) (x) (x)
Masna kiselina % of FA in the total FA mg of FA/100 g of egg
% masne kiseline u ukupnim masnim kiselinama mg masne kiseline/100 g jajeta
>SFA 27.41+0.84°C 32.64+0.55 30.38+0.38° 2297.78 2736.21 2546.76
ZMUFA 46.66 +0.84 40.66+0.99 31.84+1.97 3911.50 3408.53 2669.15
2n-6 PUFA 23.41x0.91 20.101.21 21.33%+1.94 1962.46 1684.98 1788.09
ALA (C18:3n-3) - 3.25+0.53" 5.18+0.47° - 272.45 434.24
EPA (20:5n-3) 1.26+0.04 0.27%0.02 0.22+0.01 105.62 22.63 18.44
DHA (C22:6n-3) 1.16x0.07 2.99+0.06 2.90%0.75 97.24 250.65 243.11
>n-3 PUFA 2.42+0.16° 6.51+0.548 8.30£0.447 202.86 545.73 695.79
>n-6 PUFA/Zn-3 PUFA 9.67 £0.51° 3.08+0.23 2.57+0.25° 9.67 3.08 2.57

>SFA (C14:0+C15:0+C16:04+C17:0+C18:0+C20:0+C22:0)

>MUFA (C16:1+C17:1+C18:1n9+C20:1n9+C22:1n9)

2n-6 PUFA (C18:2n6+C18:3n6+C20:2n6+C20:3n6+C20:4n6+C22:2n6)
ab.c(P<0.01); »8C(P<0.001)

Dietary treatments: C1 = 5% of SO, E1 = 1.5% of LO + 3.5% of FO; E2 = 3.5% of LO + 1.5% of FO

The Table 4 data the statistically highly significant
differences in the shares of ZSFA and the Zn-3 PUFA
(P<0.001), whereas the significant differences were
found out in the share of ALA and the 2n-6 PUFA/Zn-3
PUFA ratio (P<0.01) between the egg groups. The hig-
hest share of 2n-3 PUFA in the total fatty acids (8.30%)
was recorded in the E2 group eggs, being 3.42 times
higher when compared to the control C1 group.

POLJOPRIVREDA 26:2020 (2) 79-87

While adding the rapeseed and fish oil into the
laying hens’ diet (Table 5), the share of ALA (2.31% and
1.21%; P<0.001) and DHA (2.64% and 2.23%; P<0.01)
in the E3 and E4 egg groups was significantly increased
in relation to the control C2 group. The highest share of
the 2n-3 PUFA was achieved in the lipids of the E3 egg

group.
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Table 5. The influence of the rapeseed oil and the fish oil on the fatty acids content in egg yolks of the 2" experiment
Tablica 5. Utjecaj repiCina i ribljeg ulja na sadrZaj masnih kiselina u Zumanjcima jaja 2. pokusa

Fatty acid C2 group E3 group E4 group C2 group E3 group E4 group
Masna kiselina (X *sd) (X *sd) (X *sd) (x) (X) (x)
% of FA in the total FA mg of FA/100 g of egg
% masne kiseline u ukupnim masnim kiselinama mg masne kiseline/100 g jajeta

>SFA 31.65%0.05 31.18+0.84 31.46+0.34 2653.22 2613.82 2637.29
>MUFA 36.95+0.848 40.66+1.26" 40.72+2.534 3097.52 3408.53 3413.56
>n-6 PUFA 28.80+1.04° 21.96+1.96° 24.61+3.60° 2414.30 1840.91 2063.06

ALA (C18:3n-3) 1.17+0.898 2.31£0.15% 1.21+0.138 98.08 193.65 101.43

EPA (20:5n-3) Tr* 0.22+0.13 0.10+0.09 Tr* 18.44 8.38

DHA (C22:6n-3) 1.26+0.05* 2.64+0.42* 2.23+0.54* 105.63 221.31 186.94
>n-3 PUFA 2.43%0.15 5.17+0.60* 3.54+0.58 203.71 433.40 296.76
2n-6 PUFA/2n-3 PUFA 11.85+0.8° 4.25%0.70° 6.95+1.30° 11.85 4.25 6.95

2SFA (C14:0+C15:0+C16:0+C17:04+C18:0+C20:0+C22:0)

XMUFA (C16:1+C17:1+C18:1n9+C20:1n9+C22:1n9)

2n-6 PUFA (C18:2n6+C18:3n6+C20:2n6+C20:3n6+C20:4n6+C22:2n6)
Tr* = in trace

ab.c(P<0.05); *2(P<0.01); B ¢ (P<0.001)

Dietary treatments: C2 = 5% of SO, E3 = 1.5% of RO + 3.5% of FO; E4 = 3.5% of RO + 1.5% of FO

The eggs from a conventional breeding are natu-
rally poor in the ALA and do not contain the EPA and
DHA essential for humans. The best EPA and DHA sour-
ces are the fish oil and seaweed (Kralik et al., 2020a;
Kralik et al., 2020b). ALA is found in the flaxseed oil
and is metabolically converted into the EPA and DHA.
Basmacioglu et al. (2003) investigated the addition of
fish oil (1.5%), flaxseed (4.32%), and their combination.
The content of total n-3 PUFAs was highest in the laying
hens fed with a diet containing the fish oil and flaxseed
(7.5%), while the Zn-6 PUFA/Zn-3 PUFA ratio was very
favorable (2.49). Promila et al. (2017) fed the groups of
the laying hens with the diets containing 1.0, 2.0, 2.5,
3.0, 3.5, and 4.0% of linseed oil. They found out a signi-
ficant cholesterol and saturated fatty acids reduction
in egg yolks. The ALA increased in the yolk lipids from
1.52 to 9.79% in the total fatty acids. Bourre (2004)
stated that the flaxseed and fish oil use can increase the
ALA by 1-12 times and n-3 PUFA by 2-5 times. When
exclusively using the fish oil in the laying hens’ feeding,
the egg yolk lipids’ ALA can be increased by 4-8 times
and the n-3 PUFA by 2-6 times. The results of a study
by Zotte et al. (2015) and Ehr et al. (2017) are in line
with the results of the aforementioned authors, as well
as with those from our former research (Kralik et al.,
2017b). Ceylan et al. (2011) fed the laying hens with the
diets containing sunflower, fish, flaxseed and rapeseed
oil (1.5% and 3%). A fatty acid content was affected by a
nutritional treatment. A significant interaction (P <0.05)
was found out between a source and the oil share in the
feed and the eggs fatty acid profile. Linolenic acid was
most prevalent (5.45%) in the flaxseed treatments and
the DHA in the fish oil treatments (1.64%). The results
of our research are also affected by the oil source and
concentration. Zaheer et al. (2015) pointed out out that
designed eggs can be considered a new type of the

functional product. Hudeckova et al. (2012) added 3%
of flaxseed oil into the laying hens’ feed instead of the
soybean oil (control).

The egg analysis demonstrated that the eggs from
the experimental group contained a lower concentration
of n-6 PUFA and a higher concentration of n-3 PUFA
(ALA 0.82: 5.63%, EPA 0.02: 0.13% and DHA 1.09%:
1.63%). Aguillén-Pdez et al. (2020) found out that adding
the flaxseed (13.5%) instead of sunflower seeds into the
laying hens’ feed has increased the n-3 PUFA (0.99%:
6.92%) concentration and has decreased the n-6/n-3
PUFA ratio, without affecting the laying hens’ (22.4
: 2.2) production performance. Promila et al. (2017)
supplemented the laying hens’ diet with 1, 2, 2.5, 3, 3.5,
and 4% of the flaxseed oil and found out an egg cost
decrease, an egg production increase, and the n-3 PUFA
concentration increase in egg lipids. Linolenic acid was
increased from 0.52% to 9.79%, and the n-6/n-3 PUFA
ratio was decreased from 8.46 to 1.79. These results are
in consent with those by Oliveira et al. (2010) and Omar
et al. (2014). Brown et al. (2018) found out that the
laying hens’ diet supplemented with the flaxseed oil did
not affect either the external or the internal egg quality,
except the yolk color.

Weill et al. (2002) found out that 5% of the extruded
flaxseed in the hens feed could increase the n-3 PUFA
share to 258.2 mg/egg unlike the control group, where
the n-3 PUFA increase was 67.3 mg/egg, although the
n -6 PUFA content did not change. The Zn-6/Zn-3 PUFA
ratio decreased 3.6 times, and the LA/ALA ratio decre-
ased 5.7 times. In our study, while using the flaxseed
oil, the n-6/n-3 PUFA ratio decreased by 3.14, i.e., 3.76
times when compared to the control (C1) group, being
identical to the results of Weill et al. (2002) and Laca
et al. (2009). Simopoulos and Salem (1989) reported
that the Greek free-range eggs contained 530 mg/100
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g of n-3 PUFA per egg, while the conventional ones
contained only 52 mg/100 g per egg. Stibilj et al. (1999)
reported the lower values for Slovenian eggs (334-380
mg/100 g DHA and 27-31 mg/100 g EPA). When the
rapeseed oil was used in the laying hens’ diet, the 2n-6/
2n-3 PUFA ratio decreased in the yolk lipids by 2.79,
i.e., 1.71 times when compared to the control (C2)
group. Brettschneider et al. (2006) reported the use of
heat-treated rapeseed (0; 7.5; 15.0; 22.5 and 30.0%) in
laying hens’ diet and its effect on the fatty acid content
in egg yolks. The authors found out that the content of
n-6 PUFA (C18:2 + C20:4) and the n-3 PUFA (C18:3 +
C20: 5 + C20:6) increased by 59%, i.e., 142% with 30%
of rapeseed addition in relation to the control group.
The higher levels of rapeseed can be used in the laying
hens’ diet in case when a variety does not contain gly-
cosinolates (Jeroch, 2005). Trsziszka et al. (2011) found
out the following shares while using the flaxseed and
fish oil in the laying hens’ diet: ALA 3.25%, EPA 0.19%,
i.e., DHA 2.12%, which is an increase by 3.16, 19.0, and
7.48 times when compared to a standard egg. These
results are consistent with our results with regard to the
egg design success.

Ceylan et al. (2011) when using 3% fish oil in
laying hens diet obtained 3.16% DHA (in total FA) in egg
yolks, compared to 1.71% DHA when using rapeseed
oil. These results are consistent with our knowledge.
Gomez (2003) pointed out that polyunsaturated fatty
acids were proned to oxidation, due to several double
bonds, and lipids were faster broken down in eggs.
Faitarone et al. (2016) found out that the addition of 5%
of the flaxseed oil to the laying hens’ diets has signi-
ficantly oxidized the egg lipids, being consistent with
Gomez's (2003) and Cherian’s (2008) results.

Petrovi¢ et al. (2012) attained the Zn-6/Zn-3 PUFA
ratio 3:1 while using 4% of the flaxseed oil in the laying
hens’ diet, being close to our results. Our research has
demonstrated that the usage of flaxseed and fish oil can
obtain the Zn-3 PUFA of 6.51%, i.e., 8.30% in the total
fatty acids (Table 4). The rapeseed and fish oil use resul-
ted in the 2n-3 PUFA increase from 2.43% to 5.17%, i.e.,
3.54% in the total fatty acids (Table 5).

CONCLUSION

Two experiments have been conducted concerning
an effect of the vegetable oils’ (flaxseed and rapeseed)
combination with the fish oil in the laying diets’ on the
fatty acids profile, especially the content of n-3 PUFA
in the egg yolk lipids. A statistically significant higher
2n-3 PUFA was detected in the experimental groups E1
and E2 when compared to the control C1 group (6.51%
and 8.30%: 2.42%, P<0.001) in the 15 experiment with
the flaxseed oil. The experimental groups of eggs E3
and E4 also contained statistically significantly more
2n-3 PUFA (5.17% and 3.54%) when compared to the
control C2 group (2.43%, P<0.01) in the 2" experiment
with the rapeseed oil. The efficiency of egg enrichment
with the n-3 PUFA was higher when using the flaxseed
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oil than the rapeseed oil in the laying hens’ diets. A
narrower 2n-6/2n-3 PUFA ratio (3.08 and 2.57) was
obtained in the eggs with the groups E1 and E2 than in
the E3 and E4 groups (4.26 and 6.03) when compared to
the control groups C1 and C2 (9.67 and 11.85), whereas
the differences were statistically significant (P<0.05).
The fatty acid profile in the diets influenced the fatty
acid profile in the egg yolks of all groups.
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UTJECAJ BILJNIH ULJA | RIBLJEGA ULJA
NA PROFIL MASNIH KISELINA U ZUMANJCIMA JAJA

SAZETAK

U radu su prikazani rezultati istraZivanja uporabe lanenoga sjemena (LO) i sjemena uljane repice (RO) u
kombinaciji s ribljim uljem (FQ) u hranidbi nesilica te utjecaj na profil masnih kiselina Zumanjaka (>.n-6 PUFA
i 2°n-6 PUFA/>’n-3 PUFA). Hranidbeni tretmani bili su sljedeéi: C1, C2 = kontrola (5% sojinoga ulja SO), E1 =
1,5% LO + 3,5% FO, E2 = 3,5% LO + 1,5% FO, E3 = 1,5% RO + 3,5% FO, E4 = 3,5% RO + 1,5% FO. Krmne
smjese za nesilice bile su izbalansirane na bazi 17% sirovih hjelanc¢evina i 11,5 MJ/kg ME, a omjer n-6/n-3
PUFA u smjesama bio je sljedeéi: C1 13,64; C2 13,10; E1 2,63; E2 1,53; E3 4,84 i E4 6,21. Kombinacija lanenoga
ulja i ribljeg ulja u hrani utjecala je na omjer n-6/n-3 PUFA, $to ga ¢ini uzim u usporedbi s kombinacijom
repicina i ribljeg ulja. Kontrolne smjese C1 i C2 sadrZavale su samo ALA 3,12 i 4,08%, bez EPA i DHA masnih
kiselina. Analiza profila masnih kiselina u Zumanjcima pokazala je da jaja, uz ALA, sadrZze 1,16 i 1,26% DHA,
Sto znaci da se, iako u malim kolicinama, DHA sintetizirala i odlagala u jajima nesilice. U jajima pokusnih
skupina utvrdeni su sljedeéi udjeli n-3 PUFA: E1 6,51%, E2 8,30%, E3 5,17% i E4 3,54%. Omjer n-6/n-3 PUFA
u Zumanjcima smanjen je s 9,67 i 11,85 (kontrolne skupine) na 3,08, odnosno na 2,57 kod tretmana s lanenim
sjemenom i ribljim uljem, to jest na 4,25 i 6,95 kod tretmana s repicinim i ribljim uljem. IstraZivanja su pokazala
ucinkovitije taloZenje n-3 PUFA u Zumanjcima E1 i E2 skupina, iako je ALA hila najzastupljenija u ukupnim n-3
PUFA.

Kljucne rijeci: jaje, FA, ALA, EPA, DHA, n-6/n-3 PUFA ratio
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