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ABSTRACT. This experiment investigates
the effect of flaxseed meal, rapeseed meal
and vitamin E supplementation, when used
together, on the production parameters of
fatty acid composition and eggs quality
characteristics in Tetra SL laying hens (38
to 46 weeks of age). For this, 120 hens
were allocated one of three treatments, with
40 hens in each group. The hens were fed
either a control diet (C), a control diet
including 2.5 % flaxseed meal and 2.5%
rapeseed meal (E1) or 2.5% flaxseed meal and
2.5% rapeseed meal with 73 mg/ kg feed of
vitamin E as an antioxidant supplement (E2)
for 8 weeks. Hens consuming the E1 diet had
greater egg production and egg mass than
those from group C. The feed conversion
ratio in both the E1 and E2 groups was lower
(P < 0.05) than in the C diet group. E2 had
considerably higher egg weight, albumen pH,
yolk pH and Haugh unit than E1 and C (P0.05),
as a response to the vitamin E antioxidant
effect. The most a-linolenic fatty acid content
(1.07 g FAME) was found in eggs produced
by chickens fed the E2 diet, (1.07 g FAME),
followed by El (0.91 g FAME), with both
being significantly higher than C eggs

(0.23g FAME). Furthermore, all n-6 studied
fatty acids concentrations were significantly
lower (P < 0.05) in E1 and E2, while all n-3
fatty acids concentrations were significantly
greater (P > 0.05) in El and E2. When
comparing the n-6/n-3 ratio of fatty acids
from experimental treatments (6.44 and 6.74)
with C treatment (18.19), a significant
difference was observed (almost 65% lower).
Keywords: egg fatty acids; egg quality;
flaxseed; laying hens; rapeseed.

INTRODUCTION

Laying hen eggs, original and
natural foods, are an important
component of human nutrition.

The food provided to the birds
greatly influences the fatty acid profile
of the eggs, which use a large part of the
ingested acids for the deposition of the
yolk. Given the health benefits of n-3
fatty acids, scientists have focused on
conducting research to enrich eggs with
those beneficial fatty acids and meet
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consumer requests (Ao et al., 2015;
Lordelo et al., 2017).

The most commonly known,
functional food is the polyunsaturated
fatty acid (PUFA)-enriched eggs that are
a topic of continued interest (FAO,
2010). Such eggs are produced by laying
hens that are fed with various sources of
PUFA, like flaxseed meal (FM) or
rapeseced meal (RM) (Fraeye et al.,
2012), with or without natural or
synthetic antioxidants (i.e., vitamins).

Flaxseed meal (Linum
usitatissimum) has a high content of
proteins  (22%), lipids (43%) and
minerals (3%) with a high concentration
of a-linolenic fatty acid (37% to 60%),
which represents the main characteristic
of the by-products (Rahimi et al., 2014).
For these reasons, flax is making its
mark in the world's food and feed supply
as a functional food, by delivering health
benefits, serving as the best source of n-3
for non-fish eaters. Rapeseed meal
(Brassica rappa) is generally rich in
protein (33% to 40%), scarce in lysine,
but higher in methionine and cysteine.
Rapeseed also contains higher crude fibre
when unlike with soybean meal or
flaxseed. In monogastric nutrition RM has
limited usage because it has a low energy
content and because it contains anti-
nutritional factors (Khajali et al., 2012).

Under conditions of moderate
amounts of 150 to 200 g / kg of diet, no
adverse effects were found on the growth
of the chicken (Ahmad et al., 2007).
Gheorghe et al. (2019) summarised the
implications of FM and RM in poultry
nutrition, presenting the numerous
beneficial effects of PUFA in diets and
its implication in poultry nutrition.

The most important antioxidant
contained in yolk lipids is vitamin E,
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which completes the lipid peroxidation
chain, stabilizing lipid peroxides
(Dominguez et al., 2019).

Lukaszewicz et al. (2007) found a
decrease in fat content due to increased
protein levels, as well as antioxidant
properties, as an effect of vitamin E.
Sigolo et al. (2019) find that vitamin E
promotes growth performance in poultry.

For human nutrition, fatty acids and
antioxidants contained in eggs are
particularly important, at least in terms
oftotal PUFA and n-3 fatty acids. Feeding
laying hens diets that are rich in PUFA,
through dietary manipulation, strongly
influences egg composition (King et al.,
2012) by positively influencing several
nutrients ~ with  important  health
implications (Vlaicu et al., 2021).

The scientific investigations carried
out aimed to highlight the influence of
administering RM and FM in poultry
feed as natural sources of PUFA, with or
without synthetic vitamin E, as a source
of antioxidant, on the productivity of
laying hens, the eggs quality and the
yolk fatty acid profile.

MATERIALS AND METHODS

Ethical statement
Care was taken in the animal use in
this study, which was conducted according

to the experimental protocol no.1250/
28.02.2019, approved by our Ethical
Committee  according  to  Directive

2010/63/EU. The researches were performed
at National Research and Development
Institute for Animal Biology and Nutrition,
Balotesti, Romania.

Bird management and housing

A number of 120 laying hens of the
Tetra SL breed, aged 9 and a half months,
were arranged randomly, 4 in 30 enclosures
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each. Each cage (pen) was considered to be
an experimental unit. The Zucami-type
cages, sized so as to comply with the
sanitary-veterinary norms, were placed in an
experimental hall. Through a Viper Touch
computer, the environmental factors were
maintained at the following parameters:
temperature 20.78 £1.5°C, humidity
52.11 +3.05% and ventilation 3.55 + 0.37%.

Experimental treatments

The study was performed in three
experimental diet variants: C (control); El
(2.5% FM and 2.5% RM); and E2 (2.5% FM
and 2.5% RM with 73 mg/ kg of premixed
vitamin E supplement). The 8% sunflower
meal from the C diet was completely replaced
in experimental diets with FM and RM, to
meet the nutritional requirements of Tetra
SL LL (Management Breeding Guide, 2019).

The vitamin E supplement was only
added in the vitamin-mineral premix of the
E2 diet. Diets - isocaloric and isonitrogenous
- were applied ad libitum during the eight
experimental weeks, as presented in Table 1.

Parameters of performance

Feed intake (FI) (g feed/hen), laying
rate (%), egg mass (g) and feed conversion
rate (FCR) (kg feed/kg egg) were established
each day. Egg mass was established with an
appropriate formula.

Obtaining and preparing samples

Proximal determinations of the
chemical composition were performed on
samples of 500 g of raw materials and diets
for each treatment variant. The analyzes
were performed in compliance with the
provisions stipulated by the Association of
Official Analytical Chemists. At the end of
the experimentation period, the quality of the
eggs was assessed based on the specific
parameters.

For the 18 eggs chosen at random from
those obtained in each diet, the mass of eggs
and yolks, the mass and thickness of the
shell, the Hauch units and the color of the
yolks were established and appreciated,
respectively.

Table 1 - Dietary ingredients and nutrients

Ingredients,

%gas feed basis . = -
Corn 53.74 55.84 55.84
Soybean meal 23.85 25.64 25.64
Sunflower meal 8.00 - -
Flaxseed meal - 250 2.50
Rapeseed meal - 2.50 2.50
Vegetable oil 2.70 1.76 1.76
DL Methionine 0.12 0.14 0.14
CaCOs3 879 8.76 8.76
Monocalcium Phosphate 1.35 1.41 1.41
Choline 0.05 0.05 0.05
Salt 040 0.40 040
Mlnefal and vitamin 100 1.00* 1.00**
premix

Total 100 100 100
Nutrient analysis

Metabolisable 2800 2800 2800
energy, kcal/kg

Crude protein, % 17.80 17.80 17.80
Crude fat, % 4.46 3.81 3.81
Crude fiber, % 4.75 3.40 3.40
Ca, % 390 390 3.90
P, % 063 0.66 0.66
Av. Phosphorus, % 0.38 0.38 0.38
L-lysine-HCL, % 089 092 0.92
Methionine, % 042 042 042
Meth + Cist, % 073 0.73 0.73
Threonine, % 0.68 0.68 0.68
Tryptophan, % 020 0.19 0.19
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* For every kilogram of C and E1 diets the premix
is assured 13.500 IU vitamin A; 3.000 IU vitamin
D3; 27 mg vitamin E; 2 mg vitamin K3; 2 mg
vitamin B1; 4.8 mg vitamin B2; 14.85 mg
pantothenic acid; 27 mg nicotinic acid; 3 mg
vitamin B6; 0.04 mg vitamin B7; 1 mg vitamin B9;
0.018 mg vitamin B12; 25 mg vitamin C; 71.9 mg
manganese; 60 mg iron; 6 mg copper; 60 mg zinc;
0.5 mg cobalt; 1.14 mg iodine and, 0.18 mg
selenium. C - control diets; E1 - control diet
+2.50% FM and 2.50% RM; E2 - control diet +
2.50% FM and 2.050% RM and 73 mg/kg feed
vitamin E. ** Premix with the addition of 100 mg
vitamin E / kg feed.

Subsequently, fatty acid content and
yolks chemical composition were analyzed.
The determinations were performed on six
samples consisting of three yolks separated
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from eggs collected from each group of
18 hens.

Chemical analysis

The nutrient concentration  was
measured on dry samples at 65°C. The
Kjeldahl method was used to determine the
crude protein (CP) and the crude fat (EE)
was determined by extraction into organic
solvents.

To determine the crude fiber (CF)
content, the intermediate filtration process
was used, as regulated in the SR EN ISO
6865: 2002 standard. All assays were carried
out in compliance with the provisions of
Regulation (EC) no. 152/2009.

Egg quality parameters

The mass of the egg white, yolk and
shell were measured with a Kern precision
balance. The establishment of the Haugh unit
was done with the help of an Egg Analyzer
TM. Eggshell thickness and breaking
strength were measured with specific
equipment produced by Sanov.

The pH values of the egg white and
yolk were determined with the WTW InoLab
pH meter and the color of the yolk with the
Roche yolk color fan produced by Hoffman-
La Roche Ltd.

Yolk fatty acids determination

The fatty acid composition of the
yolks, plants and feeds was determined with
a  Perkin-Elmer  Clarus 500  gas
chromatograph. Considering the average
values of each fatty acid, the amount of total
saturated  fatty acids (SFA), total
monounsaturated (MUFA) and total
polyunsaturated (PUFA) was calculated.

Statistical analysis

The assessment of the effect of the
diets applied on the performance indices of
the hens and the composition of the eggs was
made on the basis of the unidirectional
analysis of the variance (ANOVA). Based on
the Tukey test with multiple intervals, the
significance between the individual media
was determined. For (p) values less than 0.05
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the mean differences were considered

significant.

RESULTS AND DISCUSSION

Chemical composition
of flaxseed and rapeseed meal

The average proximate chemical
composition of FM and RM are
presented in Table 2. Each of these two
by-products is an important source of
protein and fat, and it should be noted
that FM had the highest level of ether
extract (EE), while RM had the highest
level of crude fibre (CF).Moreover,
rapeseed is the second protein source
after flaxseed, having a higher essential
amino acids content. Both presented
comparable values for dry matter (DM),
organic matter (OM) and crude protein
(CP). FM had a higher concentration of
minerals like copper (Cu) and zinc (Zn),
while RM was rich in manganese (Mn).
Both of the meals used had similar
values for calcium (Ca), phosphorus (P)
and iron (Fe). Data in the literature for
FM displays large variations of chemical
composition, 29.97 to 43.30% for CP,
1.13t0 15.69% for EE, 8.33 to 12.94% for
CF and 3.87 to 6.40% ash (Mueller et al.,
2010). Significant variation was also
reported for RM: 31.15 to 38.00% CP,
0.85t0 3.80% EE, 9.13 to 15.49% CF and
4.70 to 8.02% ash (Mikulski et al., 2012).

The various results for these meals,
presented in the literature (Mueller et al.,
2010; Sepher et al., 2021), are given by
different factors, such as oil extraction
process, soil, temperature, storage
conditions or other influential climatic
factors.
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Table 2 - Composition of flaxseed meal and rapeseed meal

ltem Nutrients
DM,% OM,% CP,% EE, % CF, % Ash, %
Flaxseed meal 90.24 84.95 34.57 9.79 8.56 5.29
Rapeseed meal 89.08 82.76 33.79 2.11 10.99 6.32
Trace elements
Ca, % P, % Cu, ppm Fe, ppm Mn, ppm Zn, ppm
Flaxseed meal 0.32 1.13 27.60 202.79 52.90 89.46
Rapeseed meal 0.55 1.21 7.84 198.49 76.43 74.50
Fat degradation
Peroxide indices Fat acidity Kreis Reaction
Flaxseed meal 0.32 12.99 negative
Rapeseed meal 0.33 12.43 negative

DM - dry matter; OM - organic matter; CP - crude protein; EE - crude fat; CF - crude fiber

Laying hens performances

Data expressing the effect of
experienced treatments on laying hens
performance are listed in Table 3.

The use of E2 treatment,
significantly decreased feed intake (FI)
(p < 0.0046) unlike with E1. We found
no significant effect for feed conversion
ratio (FCR), egg weight, laying
percentage or egg mass.

The results obtained from the
experimental study undertaken agree with
the values obtained by other researchers
(Irandoust et al., 2012; Jiang et al., 2013),
where no effect on egg weight and/or
FCR was found.

Contrary to our results, it was
recently reported that hens without
supplemental vitamin E had a reduced (p
< 0.05) egg mass and an increased FCR
(Liu et al, 2019). Moreover, it was
reported that higher levels (10%) of
flaxseed meal and camelina meal in
laying hens diets significantly increased
FI (Cherian et al., 2016).

Overall, the majority of reports did
not indicate any relevant impact on
laying hens' performance.
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Internal and external
egg quality characteristics

The tested treatments did not affect
the egg weight, their constituents
(Table 4), shell thickness or strength of
the eggs (p > 0.05). This illustrates that
the treatments used did not result in any
unfavourable side effects in eggshell
quality. The yolk colour after E2
treatment, measured with a Roche colour
fan, tended to be higher in E2 unlike
with C and E1, but with no significant
(p > 0.05) effect. In contrast, the Haugh
unit (HU), which is a freshness
parameter in eggs, was significantly
higher (p < 0.0322) in E2 unlike with C
and El eggs, as a main effect of the
added vitamin E supplement.

Some reports showed no effects on
the egg quality when laying hens were
fed with 0.2 g/kg of vitamin E or
0.25 g/kg of vitamin E (Jiang et al.,
2013). Similarly, Hayat et al. (2009)
reported a significantly higher HU
(88.83), when hens were subjected to a
diet which contained 10% FM and 50 IU
tocopherols as an antioxidant, unlike
with a control diet. The lack of
antioxidants (natural or synthetic) in
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laying hens diets supplemented with
flaxseed or rapeseed oils could result in
lower HU, as obtained by Ceylan et al.
(2011). This could be a negative effect,

considering the fact that PUFA-enriched
eggs undergo proton to lipid oxidation,
which may further affect the shelf-life of

eggs.

Table 3 - Performances obtained through the experimental period (8 weeks)

Item Cc E1 E2 SEM P
Feed intake, g/day/hen 123.02°° 127.19° 119.70° 0.939 0.0046
Feed conversion ratio, kg feed/kg egg 2.13 212 213 0.015 0.9742
Egg weight, g 64.21 64.26 63.93 0.123 0.5260
Laying percentage, % 90.00 91.88 89.64 0.651 0.2010
Egg mass, g 57.77 58.90 57.60 0.401 0.0935

2 the means marked with a different superscript letter are significantly different. C - control diet;
E1 - control diet with 2.5% FM and 2.5% RM; E2 - control diet with 2.5% FM, 2.5% RM and 73
g/kg premix vitamin E.SEM — standard error of the mean. p - significance

Table 4 - Egg quality characteristics

Items c E1 E2 SEM p
Egg weight (g) 64.73 65.60 66.49 0.406  0.2022
Albumen weight (g) 38.94 40.00 40.49 0.437  0.3836
Yolk weight (g) 17.20 17.23 17.51 0.218  0.8137
Shell weight (g) 8.59 8.36 8.48 0.075  0.4817
Shell strength (kgF) 4.25 4.18 4.03 0.079  0.5033
White pH 9.08 9.07 9.12 0.019  0.4613
Yolk pH 6.18 6.23 6.13 0.023  0.0522
Yolk colour fan 5.77 5.78 6.33 0.118 0.0513
Haugh units (HU) 86.96° 87.08° 91907 1.021  0.0322

The symbols used have the same meaning as in Table 3.

Fatty acid composition of eggs

Data expressing the effect of
dietary treatments on yolk fatty acid
composition are listed in Table 5.

The results obtained showed that
the most abundant of saturated fatty acids
(SFA) was palmitic acid, significantly
higher (p < 0.0022) in variant C unlike
to variants E1 and E2. This was
followed by stearic acid which was
higher in C unlike with E2 (p < 0.0192).
Heptadecanoic fatty acid was
significantly higher (p < 0.0363) only in
the eggs obtained from hens fed in
variant El1. Of the total MUFA,
palmitoleic acid and oleic acid recorded
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significantly higher values (p < 0.05)
higher in the yolks of variants E1 and
E2. Unlike to the yolks of variants E1
and E2, the yolks nervonic fatty acid
content of variants C was significantly
higher (p < 0.0001). The linoleic acid
and arachidonic acid, which are the main
n-6 fatty acids, were significantly (p <
0.001) lower (p < 0.005) in both
experimental treatments (E1 and E2)
unlike with C yolks. However, of the
total n-3 essential polyunsaturated fatty
acids, the most important, through their
involvement in human physiology, were
found in the yolks obtained from hens
fed in the E1 and E2 diet variants.
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The docosapentaenoic, a-linolenic
and docosahexaenoic acid concentrations
in E1 and E2 yolks, were two times
higher unlike with C yolks. The hens
from the El and E2 experimental
treatments deposited significantly (p
< 0.001) higher concentrations of n-3
PUFA into their eggs unlike to those
obtained from C diet variant. The
significant increase in o-linolenic and
docosahexaenoic fatty acids, with a
concomitant decrease in linolenic and
arachidonic fatty acids from E1 and E2
egg yolks unlike with C yolks, was also
presented by others (Halle et al., 2013;
Imran et al., 2015).

The variation of fatty acids (SAT,
MUFA, PUFA) in eggs obtained in the
three groups of laying hens is due on the
one hand to the conversion of one acid
to another acid (e.g., stearic acid to oleic
acid) and on the other hand, to the
involvement of enzymes in generating
and depleting of these fatty acids.

Decreased arachidonic and linoleic
acids due to desaturation and elongation
of hen’s liver, caused an increase of
o-linolenic, which was metabolised to
long-chain n-3 fatty acids (Ozkan et al.,
2015). The antioxidant added (Vitamin
E) has a major -contribution in
modulating ~ A6-desaturase in  a
favourable way and increases the
deposition of n-3 fatty acids in yolks.

Moreover, the fatty acid
composition, from the current study,
showed that the enrichment with PUFA
in eggs was causedd by the increase
concentration of total PUFA in the diet,
which resulted in an increased
accumulation of n-3 and n-6 PUFA in
eggs. The fatty acid composition in eggs
directly correlates to the fatty acids
consumed by monogastric animals
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because they are not able to entirely
modify the fat consumed during the
digestion of food but deposit this fat in
eggs, with small modifications.

In this context, the administration
of diets high in PUFA is the main tool
used to successfully increase the amount
of PUFA in eggs (Yi et al., 2014), which
represents a wanted effect for today's
consumer requests. Current scientific
reports show that vegetable by-products,
such as RM and FM (with or without
antioxidants at moderate levels), could
represent a key food ingredient for
obtaining enriched foods in order to

promote health effects for consumers
(Kouba et al., 2011; Vlaicu et al., 2021).

Fatty acid classes of analysed eggs

A summary of the various fatty
acid groups is presented in Table 6. The
saturated fatty acids group was
significantly lower (p < 0.0026) in
experimental treatments, the highest
concentration being noted in C
treatment. Total MUFA was significantly
higher (p < 0.0009) in E1 and E2 groups.
Also, a significant (p < 0.0009)
modification in total PUFA and UFA
from E1 and E2 eggs, unlike with C group,
was observed. The ratios between
PUFA/MUFA and SFA/SFA were
significantly (p < 0.05) lowered in the
El and E2 groups, unlike with the C
group. On the other hand, E1 and E2
eggs were significantly (p <0.0001) rich
in n-3 PUFA, which resulted in an
increase of 59.43%, 59.77% higher than
in C eggs. This resulted in drastic
alterations in the n-6/n-3 ratio (p < 0.05)
in egg samples from E1 and E2, unlike
with the C treatment. The obtained
results on PUFA/ MUFA and n-6/n-3
ratio are commonly used as indicators
for an egg’s nutritional value and the
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healthiness of an egg’s fat for human

consumption.

The increase in the palmitoleic and
oleic acid content of the yolks obtained
in the E1 and E2 diet variants had the
effect of significantly increasing the

MUFA. The same effect had been
confirmed previously (Vlaicu et al., 2021)
because animal systems only produce
SFA and MUFA, but mostly oleic fatty

acid.

Table 5 - Fatty acids composition of analysed eggs

Items c E1 E2 SEM p
Myristic C14:0 0.26 0.26 0.29 0.006 0.0217
Myristioleic C14:1 0.04 0.04 0.05 0.010 0.3066
Pentadecanoic C15:0 0.06 0.06 0.06 0.007 0.0901
Pentadecenoic C15:1 0.11 0.09 0.10 0.020 0.2142
Palmitic C16:0 23.79° 2298° 2328° 0.109 0.0022
Palmitoleic C 16:1 2.48°  2.80° 295  0.076 0.0204
Heptadecanoic C 17:0 0.13®® 0.12° 0.15°  0.005 0.0363
Heptadecenoic C17:1 0.10 0.10 0.08 0.025 0.1344
Stearic C18:0 11.09° 10.61® 9.97° 0202 0.0192
Oleic C18:1 33.94° 3582° 36.24° 0.303 0.0005
Linoleic C18:2n6 20.15° 18.40° 19.19° 0.232 0.0020
Linoleic y C18:3n6 0.13 0.133  0.12 0.005 0.6810
Linoleic a C18:3n6 0.23° 0.91° 1.07°  0.090 <0.0001
Eicosadienoic C20:2n6 0.20 0.16 0.16 0.009 0.0551
Eicosadienoic C20:3n6 0.25 0.23 0.22 0.008 0.2059
Erucic C22:1n9 0.08°  0.06° 0.05°  0.004 0.0057
Eicosatrienoic C20:3n3 0..23 0.22 0.22 0.005 0.4432
Arachidonic C20:4n6 4.02° 355° 3.19°  0.112 0.0027
Nervonic C24:1n9 1.35° 0.39° 0.33°  0.013 <0.0001
Docosapentaenoic C22:4n6  0.32°  0.22° 0.20°  0.116 <0.0001
Docosapentaenoic C22:5n3 0.06" 0.14° 0.13? 0.012 0.0002
Docosapentaenoic C22:6n3 0.89° 2.29° 2.05° 0.157  <0.0001
Others 0.05° 0.41° 0.11°  0.041 <0.0001

The symbols used have the same meaning as in Table 3.

Table 6 - Fatty acid classes of analysed eggs

Items C E1 E2 SEM P
SFA 35.33° 34.03° 33.57" 0.243 0.0026
MUFA 37.07° 39.142 39.66° 0.348 0.0009
PUFA 27.56° 26.41° 26.66° 0.191 0.0243
UFA 64.63" 65.55° 66.32° 0.228 0.0030
SFA/UFA 0.55° 0.52° 0.51° 0.006 0.0023
PUFA/MUFA 0.74° 0.67° 0.67° 0.011 0.0042
n-3 1.44° 3.55° 3.58° 0.245 <0.0001
n-6 26.12° 22.86° 23.21° 0.381 <0.0001
n-6/n-3 18.16° 6.44° 6.74 1.326 <0.0001

The symbols used have the same meaning as in Table 3.
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CONCLUSIONS

Based on the data obtained, we
conclude that diets containing flaxseed
meal and rapeseed meal, with or without
vitamin E as an antioxidant, significantly
increased the PUFA concentration in
their eggs, especially in n-3 eggs.

We consider it equally necessary to
carry out further investigations to
establish the influence of dietary
ingredients and nutrients on the physical
and chemical properties of eggs, sensory
characteristics and shelf-life during
storage, very important elements for
their acceptance by consumers.
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