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Abstract

Nowadays, the evaluation of the fat content of dietary components in the poultry sector carries
considerable significance in assessing their utilization and deposition within the animal body and the
resulting products. The effect of dietary flaxseed meal and different antioxidant sources on layers
performances and egg quality was investigated in a 6-wks feeding trial on 120 Tetra S layers (38
weeks) assigned to 4 groups (C, E1, E2, E3). The control (C) diet was characterized by 2800 kcal
metabolisable energy (ME) and 17.8% crude protein (CP), 1.13 g a-linolenic acid/100g FAME.
Compare to C diet, all three experimental groups were supplemented with flaxseed meal 5%, and
different antioxidant sources: 27 mg vitamin E/kg diet (E1), 100 mg vitamin E/kg diet (E2), and 2%
red grape pomace meal (E3). The flaxseed meal supplementation increased up to 10 times the
a-linolenic acid dietary concentration. At the end of the experiment, 18 eggs/group were collected to
determine the eggs nutritional and quality parameters. The ingesta of polyunsaturated fatty acids
omega 3 (PUFA) concentration increased highly significantly (p=0.0001) by 7.5 times at all
experimental groups (0.60; 0.60; 0.61 g FA/ingesta) compared to C group (0.08 g FA/ingesta). The
fat concentration of yolk significantly decreased (p < 0.05) in E2 and E3 groups compared to C. The
same trend was noticed for the cholesterol level which significantly decreased (p = 0.039) on all
experimental groups (0.25; 0.25; 0.23g/100g egg) compared to C group (0.29g/100g egg). A highly
significantly level (p= 0.0001) of Q3 fatty acidswasrecorded on E1 (62.59 mg/ whole egg), E2 (64.45
mg/ whole egg), and E3 (59.97 mg/ whole egg) groups compared to C group (17.61 mg/ whole egg)
which determined a low Q6/Q3 ratio. The index of thrombogenicity (TI), important indicators
thrombogenic potential of fatty acids, registered lower values (p <0.05) on E1, E2 and E3 (0.54, 0.57,
0.55) compared to C group (0.70).

In conclusion, the dietary flaxseed meal inclusion and the antioxidants supplements registered a
high transfer rate of omega-3 fatty acids to egg yolk therefore enhancing the egg nutritional quality
with real benefits for human health.
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INTRODUCTION

In recent years, there has been growing
interest in enhancing the eggs’ nutritional
quality while promoting the well-being of
laying hens. As the awareness of health
among consumers continues to grow, there
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is an increasing desire for sustainably
produced eggs that also contain essential
nutrients and antioxidants [1]. Obtaining an
enhanced egg quality led to the
investigation of various feed ingredients
approaches, including flaxseed meal and
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different antioxidant sources in laying hens’
diets [2]. In recent years, the importance of
flaxseed (Linum usitatissimum) has also
increased due to the newer trend of
veganism among consumers around the
world and the perception of consumers in
terms of societal concerns associated with
the consumption of products of animal
origin [3]. In the same time, flaxseed is
recognized as a functional food source, with
significant health benefits for consumers
due to the well-established biological
effects of o-linolenic acid (ALA) and its
high content (aprox. 55%) although this
triggers a poor oxidative stability of linseed
oil [4]. After the oil extraction the by-
product resulted, flaxseed meal has
impressive nutritional value, but research
on its potential is limited. It offers
significant benefits as a non-traditional
protein source for livestock and poultry.
However, its recent introduction to the feed
industry faces a major challenge due to the
presence of an anti-nutritional factor as
cyanogenic glycosides [5, 6]. The studies
carried out on livestock have revealed that
incorporating n-3 PUFA rich dictary
sources into their diet not only improves
their growth and fatty acid metabolism but
also enriches the nutritional value of animal
products [7, 8]. This aspect presents
promising possibilities for developing
functional livestock products by utilizing
flaxseed oil or meal. Another study [9]
stated that supplementing hens' diets with
flaxseed (7.5 mg/kg) in combination with a
plant polyphenol extract can be regarded as
an effective method for boosting the n-3
PUFASs concentration in egg yolks. Other
researchers [10] highlighted the positive
impact of flaxseed meal dietary inclusion,
either alone or in combination with
rapeseed meal or rice bran, on eggs’
nutritional quality due to a significant
reduction in saturated fatty acid (SFA)
content, as well as a decrease in the
>SFA/EUFA ratio and the PUFA ®6: ®3
ratio. The most favorable results were
observed using 2.5% flaxseed meal and

10% rice bran, which exhibited the lowest
values for lipid indices in egg yolks,
indicating a potential health benefit for
consumers. Vitamin E serves as an
important cellular antioxidant, protecting
cells from oxidative damage. Enhancing
yolk vitamin E levels and adding
tocopherols to layers’ diets can prevent lipid
oxidation.  Furthermore, vitamin E
supplementation notably enhances egg
production in laying hens under heat stress
[11]. Red grape pomace meal, derived from
grape industry waste, presents a significant
antioxidant capacity due to its rich content
of phenols, flavonoids, anthocyanins,
catechins, resveratrol, luteolin, quercetin,
and kaempferol. It has been shown to have
favorable impacts on the productive
performance of livestock and the nutritional
quality of animal products, as a natural
source antioxidants, dietary fiber and
pigments [12].

This study investigates, the dietary
flaxseed meal inclusion and the antioxidants
supplements in laying hens’ diet and their
effects on laying performances, eggs’ fatty
acid profile and health lipid index.

MATERIALS AND METHODS
Experimental Ethics

The study was conducted at Laboratory
of Animal Nutrition Physiology of the
National Research-Development Institute
for Animal Biology and Nutrition (IBNA)
Balotesti, according to the principles of the
animal welfare stated by the EC Directive
63/2010/EEC regarding the protection of
the animals for the experimental trials. All
experimental  procedures  were  in
accordance with an internal protocol no.
1250/28 February 2019 approved by the
Authors’ Institution Ethics Committee.

Animals management

A 6-week feeding trial was performed on
120 Tetra SL (38 weeks) laying hens,
assigned in a completely randomized design
with four dietary treatments with 15 cages
(replicates, n=2 birds, 50x50%40 cm, with a
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floor slope of 12°) per treatment. The hens
were housed in an experimental hall, in a Big
Dutchman double-sided, 3-tier battery cages.
Each cage was equipped with individual
nipple drinker (two nipples/cage), positioned
on the back of each cage. At the front of the
cages were mounted feed gutters made of
galvanized metal. At each battery level, the
feed line was divided for each cage so as to
ensure that the hens were not able to
consume feed assigned to the adjoining
replicate. Moreover, the cages’ structure
allowed the daily recording of the feed
administered and of the leftovers in the feed
trough, 24 hours after the administration of
the feed. Prior to the birds purchase and
accommodation, the experimental space,
cages, watering system, feeding gutters and
egg collecting tape were cleaned and
disinfected properly using Virkon® S
disinfectant (1% solution with 50%
Pentapotassium active substance).

The experimental test was performed in
the spring, between March and April, but
the hens were kept on under controlled
environmental conditions and monitored by
ViperTouch  computer  (temperature:
18.32+1.31 °C; humidity: 54.81+4.84%;
ventilation: 3.074+0.77%). The light regimen
was in agreement with Tetra SL-LL Hybrid
Commercial Layer Management Guide
(2018) (16h light/8h darkness). Hens’ had
free access to water and diets. The feed was
weighed daily and administered to the birds
in the morning at 08:30 h. All productive
parameters were monitored throughout the
experimental period and calculated using
the method described previously by Panaite
etal., [13]. The body weight of the birds was
realized twice, at the beginning and at the
end of the experimental period. Feed intake
and eggs from hens were daily collected and
weighed. The egg production were
calculated as rate of production per hen per
day and FCR were calculated as feed
intake/egg mass. No vaccination treatments
were applied during the entire experimental
period.

The intake of n-3 PUFA fatty acids was
calculated as the product between feed
intake, the dietary fat concentration, and the
concentration of the fatty acid per 100
grams of feed, according to the folowing
equation:

FIx % EE x FA (g)

AG ingested = 100

where: FI, feed intake (g/day/hen); EE,
ether extract concentration (%); FA, fatty
acid concentration (% of ether extract)

Experimental diets

A dedicated software HYBRIMIN®
Futter 2008, (Hybrimin GmbH & Co.,
Hessisch Oldendorf, Germany) was used to
design the diets in agreement with the
feeding requirements of laying hens as
given by [14] and optimized according to
the Commercial Layer Management Guide
[15]. The formulation of the basic diet was
similar for all four groups. The C diet had a
conventional structure, based on corn and
soybean meal (2800 kcal’kg ME and 178 g
CP/kg). Compared to C diet, the three
experimental diets included flaxseed (5%)
as a source enriched in omega-3 PUFA. To
protect the lipid feed structure,
experimental diets with flaxseed meal
included 27 mg vitamin E/kg feed (E1); 100
mg vitamin E/kg feed (E2) and 2% red
grape pomace meal as a natural antioxidant.
The feed was manufactured in a single
batch, in IBNA Balotesti pilot station, the
bags being labeled for each group and
stored in special conditions of humidity and
temperature. After the manufacture of
compound feed, samples were collected
from each batch (approx. 500 g/sample), in
order to perform basic chemical analyzes
and fatty acids profile, according to
standards. The ingredients and the
calculated analysis of the experimental diets
are presented in Table 1.
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Table 1 Diet formulation and estimated chemical composition of experimental diet

Dietary treatments

Ingredients, g/kg diet

E1 E2 E3
Corn 537.40 560.20 560.20 540.20
Soybean meal 238.50 256.20 256.20 256.20
Sunflower meal 80.00 - - -
Flaxseed meal 50.00 50.00 50.00
Red grape pomace meal - - 20.00
Vitamin E - - 0.10 -
Sunflower oil 27.00 14.80 14.80 14.80
Monocalcium phosphate 13.50 14.40 14.40 14.40
Calcium carbonate 87.90 88.00 88.00 88.00
Salt 4.00 4.10 4.10 4.10
Methionine 1.20 1.80 1.80 1.80
Choline 0.50 0.50 0.50 0.50
Premix* 10.00 10.00 10.00 10.00
Calculated analysis
Metabolizable energy, kcal/kg 2800.00 2800.00 2800.00 2800.00
Crude protein, % 178.0 178.0 178.0 178.0
Ether extract, % 44.6 37.4 374 37.43
Fatty acids composition, %
Miristic(C 14:0) 0.14 0.11 0.12 0.13
Palmitic (C 16:0) 8.63 8.49 8.68 8.56
Stearic (C 18:0) 2.64 2.60 2.67 2.61
Lignoceric (C 24:0) 0.11 0.08 0.08 -
Total SFA 11.52 11.28 11.55 11.3
Palmitoleic (C 16:1) 0.37 0.19 0.19 0.13
Oleic (C 18:1) 32.64 29.63 29.80 29.49
Total MUFA 33.01 29.82 29.99 29.62
Linoleic (C 18:2n6) 52.92 44.53 44 .14 46.21
y-Linolenic (C 18:3n6) - 0.05 0.05 0.05
Eicosadienoic (C 20:2n6) 0.15 0.20 0.17 0.16
Arachidonic (C 20:4n6) 0.50 0.35 0.36 0.35
Total n-6 53.57 4513 44.72 46.77
a-Linolenic (C 18:3n3) 1.13 13.29 13.19 11.93
Octadecatetraenoic (C18:4n3) 0.31 0.24 0.24 0.24
Eicosapentaenoic (C 20:5n3) 0.09 0.08 0.08 0.13
Total n-3 1.53 13.61 13.51 12.3
Total PUFA 55.1 58.74 58.23 59.07
n-6/n-3 34.88 3.32 3.31 3.80

where: C,control diet; E1, flaxseed meal + 27 mg vitamin E; E2, flaxseed meal supplemented + 100 mg
vitamin E; E3, flaxseed meal supplemented with 2% red grapeseed pomace meal; ¥SFA: sum of
saturated fatty acids; ZPUFA: sum of polyunsaturated fatty acids; ZPUFA-w3=C18:3w-3+C20:3w-
3+C20:5w-3+C22:6w-3; ZPUFA-w6 = C18:2w- 6 +C20:2w-6+C20:4w-6;

*Per kg premix contained: 1350000 IU/kg vitamin A; 300000 IU/kg vitamin D3; 2700 1U/kg vitamin E;
200 mg/kg vitamin K; 200 mg/kg vitamin B1; 480 mg/kg vitamin B2; 1485 mg/kg pantothenic acid; 2700
mg/kg nicotinic acid; 300 mg/kg vitamin B6; 4 mg/kg vitamin B7; 100 mg/kg vitamin B9; 1.8 mg/kg vitamin
B12; 2500 mg/kg vitamin C; 7190 mg/kg manganese; 6000 mg/kg iron; 600 mg/kg copper; 6000 mg/kg
zinc; 50 mg/kg cobalt; 114 mg/kg iodine; 18 mg/kg selenium.

Feed and eggs sampling collection and
analysis

After manufacturing, the feed samples
have been collected and chemically
analyzed wusing the methods from
Regulation (CE) 152/2009 (Methods of
sampling and analysis for the official
control of feed) for CP using the Kjeldahl

method; ether extract (EE) determined by
extraction in organic solvents and fatty
acids concentration (FA) determined by gas
chromatography according to standards SR
CEN ISO/TS 17764-1/ 2008 (Feeds.
Determination of the fatty acids content 1.
Preparation of the fatty acids methyl esters)
and SR CEN ISO/TS 17764-2/ 2008 (Feeds.
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Determination of the fatty acids content 2.
Method of gas chromatography).

Eighteen eggs samples from each
treatment were colected randomly to
determine external and internal egg quality
parameters. The egg measurements were
carried out the next day, after the eggs were
previously kept in the refrigerator for 24
hours at 4 °C. Before the measurements, the
eggs were weighed individually using an
analytical scale (Kerm scales, precision
0.001) and before the eggs were broken, the
shell thickness and the breacking strength
were measured using Egg Shell Thickness
Gauge (ORKA Technology LLC) and, Egg
Force Reader (ORKA Technology LLC)
respectively. The egg components weight
(g/egg) represented by albumen, yolk and
shell was registered using the same balance
as for the whole egg. The pH-ul (albumen
and yolk) was measured using a pH-meter
portable (kit Five Go F2-Food with LE
4271P67, Sensor Metler Tolledo). Albumen
height (mm) was measured by using stage
micrometer manually. And based on
albumen height, Haugh unit was calculated
using the equation proposed by [16]:

Haugh unit =100 log (H — 1.7W%¥7 + 7.6)

where: H is albumen height (mm) and W is
the egg weight (g)

The yolk colour (colour scale from 15,
dark orange, to 1, light pale) was determined
by comparing yolk colour with the DSM
yolk color fan (DSM Nutritional Products
Ltd., Basel, Switzerland), according to the
CIE standard colorimetric system.

After completing the measurements on
the eggs, six samples of yolk (3 eggs/sample)
for each group were subjected to drying in
the etuva for 48 h at a constant temperature
of 65 °C for processing to determine the
content of the total fat egg yolk, the
cholesterol content (g col./100g whole egg)
and the fatty acids profiles (g FAME% fat).
Fatty acids profiles and cholesterol
concentration were determined as described

by [13]. Fatty acids were determined by gas
chromatography were the working principle
of gas chromatography is to convert fatty
acids from a sample into methyl esters,
which are subsequently separated on a
chromatography column, identified by
comparison with a standard chromatogram,
and determined the percentage of fatty acid
esters. To measure the cholesterol content it
was used the AOAC International Standard
2002 method (Cholesterol in
Multicomponent Foods - Gas
Chromatography Method, Assoc. Off. Anal.
Arlington  Chemistry, Virginia).  This
method's underlying principle involved
saponifying the sample, followed by
extracting it with petroleum ether,
concentrating it, and adding chloroform.

Health lipid indices of yolk eggs

The fatty acid profile is important for the
nutritional quality of lipids in yolk eggs. The
health indices of yolk eggs were calculated
using the following formula: AI and TI
indices [17, 18]; hypocholesterolemic fatty
acids, hypercholesterolemic fatty acid and
ratio between
hypocholesterolemic/hypercholesterolemic
(W/H) [19]; health-promoting index (HPI)
[20]; cholesterol index (CI) [21]; cholesterol-
saturated fat index (CSI) [22] and catalysis
enzymes of long-chain polyunsaturated fatty
acids: elongase; thioesterase; A9-desaturase
(16+18) and A5 + A6 - desaturase (€2:6).

Al =[C12:0 + (4xC14:0) + C16:0] / (EMUFA
+ SPUFA n-6 + SPUFA n-3)

TI = (Cl40 + Cl60 + CI8:0) /
[(0.5xSMUFA) + (0.5xXn-6 PUFA) + (3xZn-
3 PUFA) + (n-3/n-6)]

h/H = (cis-C18:1 + XPUFA)/(C12:0 + C14:0+
C16:0)
HPI = SUFA/[C12:0+(4 x C14:0) + C16:0]

CI = 1.01 (g of SFA/100 g of fresh matter —
0.5xg of PUFA/100g of fresh matter) =
(0.06xmg of cholesterol/100 g of fresh matter)
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CSI=(1.01xg of SFA/100 g of fresh matter)
+ (0.05xmg of cholesterol/100 g fresh matter)

Elongase = C18:0/C16:0
Thioesterase = C16:0/C14:0

A9-desaturase (16+18) = [Cl6:1 + Cl18:1
/(C16:1 + C16:0 + C18:1 + C18:0)] x 100

AS + A6 - desaturase (Q:6) = [(C 20:2n 6 + C
20:4n6)/(C 18:2n6 + C 20:2n6 + C 20:4n6)] x
100

AS + A6 - desaturase (2:3) = [(C20:5n3+C
22:5n3 + C 22:6n3)/(C 18:3n3 + C 20:5n3 +C
22:5n3 + C 22:6n3)] x 100

The first two indices, IA and IT, are
most often used to evaluate fatty acids
composition. The Al index reflects the
connection between saturated fatty acids
that promote lipid adhesion to immune and
circulatory = system cells, promoting
atherosclerosis, and unsaturated fatty acids
that have anti-atherogenic properties,
reducing the risk of coronary heart disease
through plaque inhibition and lowering
blood cholesterol and phospholipid levels.
The TI index shows the tendency to form
clots in the blood vessels, and is defined as
the relationship between pro-
thrombogenetic fatty acids (saturated) and
anti-thrombogenetic (unsaturated).

Satistical analysis

All experimental data were analysed
using one-way analysis of variance
(ANOVA) procedure of the SPSS version
20 (Inc., Chicago IL, USA). The following
linear model was used: Yij =p + Aj + eij,
where: Yij = value of trait (dependent
variable); p = overall mean; Aj = the
treatment effect; and eij = random
observation error. Tukey test was used to
compare differences among treatment
means. The probabilities lower than 0.05
were considered as statistically significant
(p < 0.05). The results were expressed as
mean + standard deviation.

RESULTS AND DISCUSSIONS

The proximal chemical composition and
fatty acid profile from flaxseed meal and red
grapeseed pomace meal are presented
within Table 2. Flaxseed meal has a good
nutritional value and can be used as a high-
quality non-conventional protein feed for
livestock and poultry [6]. The flax seeds
contain up to 23% CP of the total weight of
the seeds, a significantly higher quantity
being noticed in the flaxseed meal obtained
after oil extraction (up to 35 - 40%) as
reported by [23]. In the present study, the
flaxseed meal utilizsed is characterized by a
high level of CP (34.57 + 0.063%) and EE
(9.79 £ 0.133), the results being similar to
the data presented by [2].

Meanwhile the high quality of the protein
is given by the balanced content of amino
acids, much preferable in flaxseed compared
to soy [24], however, the nutrient profile may
vary depending on factors such as the
flaxseed variety, oil extraction method and
the manufacturing process [25, 26].
Compared to soybean, the lysine/arginine
ratio of flax seeds is significantly lower (0.37
vs. 0.88), correlated with lower
thrombogenic and atherogenic potential,
having a Dbeneficial effect on the
cardiovascular system health [24]. Flaxseed
meal is an important source of additional n-3
PUFA [27]. It is characterized by a high
content of unsaturated fatty acids (UFA;
90.76+0.078%) compared to saturated fatty
acids (SFA; 9.20+0.122%). Of the total
UFA, PUFA represent 68.40+£0.062%, of
which o-linolenic acid (ALA) is found in the
largest amount of 51.67+0.062% (Table 2).
Therefore flaxseesd meal is considered a
higher source of n-3 PUFA compared to fish,
corn, soybean or seaweed oil [28, 29, 30],
however, environmental and farming
conditions may influence the fatty acid
profile [31, 32].
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Table 2 Flaxseed and red grapeseed pomace meal nutritional characterization

Parameters Flaxseed meal Red grapeseed pomace
meal
Calculated analysis
Dry matter, % 90.24+0.083 93.55+0.339
Organic matter, % 84.95+0.085 88.71+0.123
Crude protein, % 34.57+0.063 7.88+0.729
Crude fat, % 9.7940.133 4.85 £ 0.899
Crude fiber, % 8.56+0.316 18.86+ 0.827
Ash, % 5.29+0.002 4.83+0.784
Nitrogen-free extractive substances, % 32.02+0.597 57.11£ 0.578
Antioxidant profile
Total polyphenols (mg echiv ac galic/g) nd 22.45+5.67
Antioxidant capacity (mM echiv Trolox) nd 272.86+32.22
Lutein+zeaxanthin (mg/kg) 1.37+0.19 1.79+0.17
Vitamin E (mg/kg) nd 20.62 +3.24
Fatty acids profile
Caproic (C 6:0) nd 0.02+0.008
Miristic (C 14:0) 0.08+0.005 0.25+0.035
Pentadecanoic (C 15:0) nd 0.06+0.021
Palmitic (C 16:0) 6.41+0.143 11.75+0.028
Heptadecanoic (C 17:0) nd 0.09+0.007
Stearic (C 18:0) 2.52+0.004 3.72+0.396
Arachidic (C 20:0) nd 0.08+0.106
Behenic (C 22:0) 0.19+0.267 nd
Lignoceric (C 24:0) nd 0.09+0.021
>SFA, % 9.2040.122 16.04+0.510
Pentadecanoic (C 15:1) nd 0.06+0.021
Palmitoleic (C 16:1) 0.07+0.009 0.34+0.007
Pentadecenoic (C 17:1) nd 0.08+0.049
Oleic (C 18:1) 22.29+0.007 15.39+0.566
>MUFA, % 22.36+0.016 15.87+0.474
Linoleic (C 18:2n6) 16.03+0.278 64.17+0.212
y-Linolenic (C 18:3n6) 0.3040.131 nd
Eicosadienoic (C 20:2n6) 0.16+0.052 0.13+0.134
Arachidonic (C 20:4n6) 0.13+0.191 0.60+0.219
> PUFA-n6 16.73+0.001 64.89+0.141
a-Linolenic (C 18:3n3) 51.67+0.062 2.03+0.495
Octadecatetraenoic (C18:4n3) 0.104£0.007 0.63+0.134
Eicosapentaenoic (C 20:5n3) nd 0.05+0.028
> PUFA-n3 51.77+0.054 2.7140.601
> PUFA 68.40+0.062 67.60+0.742
YUFA 90.76+0.078 83.46+0.269
SFA/UFA 0.10+0.001 0.19+0.007
PUFA/MUFA 90.76+0.08 83.46+0.269
n-6/n-3 0.32+0.001 24.59+5.412

n.d. — not detected,

The results on the chemical composition
of red grapeseed pomace meal are presented
within Table 2, and shows a polyphenols
high content (22.45+5.67 mg equiv ac
gallic/g), vitamin E (20.62+3.24 mg/kg),
and a high antioxidant capacity

(272.86+32.22 mM equiv Trolox), being
among the most valuable sources of
polyphenolic compounds [33]. Among the
phenol group, in large quantities are found
proanthocyanidins [34] its antioxidant
activity being 20 times higher compared to
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vitamin E and 50 times higher compared to
vitamin C [35]. However, due to the large
amounts of lignin, tannins and fibers,
moderate use in poultry feed is
recommended [36].

The effects of flaxseed meal and red
grapeseed pomace meal evaluation on
productive  performances and  egg
classification are presented within Table 3.
No statistical differences (p > 0.05) were
noticed concerning the initial and final body
weight. The total feed consumption
(kg/hen/period) exhibited significant lower
differences (p < 0.05) on E2 and E3 groups
compared to C and E1. A significantly higher
(p < 0.05) feed conversion ratio (g feed/g
egg) was registered on E3 group compared to
C and El1 groups. Egg weight parameter
registered significantly higher values (p <

0.05) on C and E1 groups compared to E2
and E3. Egg production parameter was
significantly higher (p < 0.05) on E3
compared to C and E1 groups. Contrary with
our results Hayat et al., [37] registered no
significant differences (p > 0.05) in egg
production due to dietary flaxseed inclusion
supplemeted with 2 types of antioxidants: o-
tocopherols and butylated hydroxy toluene
at 3 levels (50, 100, and 150 IU or mg/kg).
Other authors, [38] found no significant
differences (p > 0.05) concerning egg
production, egg weight, feed conversion
ratio when tested flaxseed meal
supplemented with dried tomato and grape
pomace on laying hens’ diet. Also, Kara et al.
[39] using 4 and 6% grape pomace dietary
inclusion found no negative effects (p>0.05)
on laying hens performances.

Table 3 Effects of flaxseed and red grapeseed pomace meal on productive performances and

egg classification

Parameters Experimental diets SEM p-
C E1 E2 E3 value
Initial body weight (g/hen) 1744.33 | 1710.03 | 179419 [ 175717 | 28.9 | 0.227
Final body weight (g/hen) 1841.83 1853.83 1844.33 1848.33 | 14.068 | 0.990
Total  feed —consumption, | 3590 | 3762 | 379 | 3.77° |46.382 | 0.008
(kg/hen/period)
Average daily feed intake, | yo5 g0 | 12546 | 122.31° | 121.79° | 1.004 | 0.018
(g/day/hen)
Feed ~ conversion ratio, (g | 4 g3 195° | 1.98® | 202 | 0020 | 0.011
feed/g egg)
Intake of PUFA n-3 fatty acid 0.08° 0.60* 0.60* 0.612 0.005 | 0.0001
Egg weight, (g/egg) 66.21° 66.57° 65.49° 64.30° | 0.110 | 0.0001
Egg production, (%) 96.27° 97.94° 95.93° 97.542 0.454 0.004
Egg size classification (European Council Directive, 2006):
XL, (> 73 9) 5.66° 9.97° 7.15% 1.64° 0.753 | 0.0001
L, (63-73g) 72.90 | 65.25 67.19 64.58 221 | 0.058
M, (563-63 g) 21.02° 24.53% 25.50% 31.48° 2.19 0.023
S, (<539) 0.42 0.25 0.16 2.30 0.631 0.051

where: C,control diet; E1, flaxseed meal + 27 mg vitamin E; E2, flaxseed meal supplemented + 100 mg
vitamin E; E3, flaxseed meal supplemented with 2% red grapeseed pomace meal; SEM, standard error
of the mean. #*Mean values within a row not sharing the same superscripts are significantly different at
p < 0.05; XL-extra large egg, L-large egg, M-medium egg, S-small egg.

Within table 4 are presented the results
concerning the effects of flaxseed meal and
red grapeseed pomace meal on external and
internal egg parameters. The egg
components weight values (albumen, yolk,
shell) registered no significant differences
(p > 0.05) among groups during the whole
experimental period. The pH albumen

values decreased significantly (p < 0.05) on
E2, E3 groups compared to C group. No
significant differences (p > 0.05) were
noticed between groups concerning yolk pH
value and breakingshell strength. The yolk
color parameter registered significant
highly (p < 0.05) values for E2 and E3
groups compared to C and El groups.
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Tufarelli et al. [38] stated that dictary
flaxseed meal supplemented with tomato
pamace and grapeseed pomace as natural
antioxidant sources showed no effects
(p>0.05) on eggshell thickness, strength,
Haugh unit. On the other hand, statisticaly
significant (p < 0.05) results, similar with

our study, were noticed on yolk color
intensity. Taking into consideration that egg
color intensity represents a major criteria
for consumers, as expected, the results
showed that the highest intensity was
recorded on the E3 group due to the yolk-
coloring agent of grape pomace properties.

Table 4 Effects of flaxseed and red grapeseed pomace meal on external and internal egg

parameters

Parameters c | g?perm'l\entalE(;ets [ E3 SEM p-value
Egg Weight and components (g)
Whole Egg 65.84 67.23 66.32 66.61 1.024 0.590
Albumen 40.62 41.75 41.32 41.04 0.910 0.654
Yolk 16.47 16.51 16.57 16.86 0.383 0.742
Shell 8.76 8.97 8.42 8.71 0.263 0.228
Breakingshell strength 4.02 4.05 4.04 4.19 0.238 0.881
Fresh Egg (Value)
pH-albumen 7.58% 7.54%° 7.42 7.35¢ 0.055 0.0001
pH-yolk 6.29 6.15 6.16 6.12 0.115 0.473
Albumen height 8.80 8.48 8.32 8.23 0.416 0.537
Yolk color 5.06° 5.50° 6.222 6.392 0.271 0.0001
Haugh Units 91.90 89.65 89.05 88.53 1.56 0.442

where: C, control diet; E1, flaxseed meal + 27 mg vitamin E; E2, flaxseed meal supplemented + 100 mg
vitamin E; E3, flaxseed meal supplemented with 2% red grapeseed pomace meal; SEM, standard error
of the mean. #*Mean values within a row not sharing the same superscripts are significantly different at

p < 0.05.

The effects of flaxseed and red grapeseed
pomace meal on cholesterol and fatty acids
profile are presented in table 5. Fatty acid,
total lipid, and cholesterol profiles in the egg
yolk  showed significant differences
(p<0.05) among of experimental groups
compared to the C group. The results
obtained from the yolk samples from the
experimental trials showed higher levels (p=
0.006) of palmitoleic acids (C16:1) as part of
saturated fatty acids (SFA) and omega-3
polyunsaturated fatty acid (PUFA n-3)
(p<0.0001) which included the a-linolenic
(C18:3n3), docosapentaenoic (C22:5n3) and
docosahexaenoic acids (C22:6n3), but lower
(p<0.0001) levels of heptadecanoic (C17:0),
nervonic  (C24:1n9) and  omega-6
polyunsaturated fatty acid (PUFA n-6) like
linoleic (C18:2), v-linolenic (C18:3n6),
eicosatrienoic ~ (C20:3n6),  arachidonic
(C20:4n6) or docosatetracnoic (C22:4n6) in
the yolk of eggs. For human health, a
significant importance is given to PUFA n-3

fatty acids concentration. The significant
increase (p < 0.0001) in omega-3 fatty acids
in the egg yolks from the groups fed with
flaxseed meal (5%) demonstrates an
efficiency in the of omega-3 acids yolk
transfer up to 3.65 times compared to the
control group. Among the total PUFA n-3
acids, a-linolenic acid (C18:3n3) increased
significantly (p < 0.0001), by 7.04 times
higher in E1, 5.64 times higher in E2, and
6.16 times higher in E3 compared to C group.
Furthermore, docosapentaenoic acid
(C22:5n3) was significantly higher (p <
0.0001), while docosahexaenoic acid
(C22:6n3) increased significantly (p <
0.0001), up to 4 times in the experimental
groups compared to the C group. No
significant differences (p > 0.05) were
recorded between the concentrations of ALA
and DHA determined in the egg yolks from
the experimental groups (Table 5). Increased
>n-3 fatty acids and PUFA in egg yolk and
liver were obtained by [40] when added 50
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and 100 g/kg dietary flaxseed meal in laying
hens aged 24 to 36 weeks of age. In a study
conducted by [41], Hy-Line Brown hens
were fed a diet supplemented with 10%
flaxseed. Starting from the second week of
the experiment, it was noticed a significant (p
<0.05) increase in DHA and total n-3 PUFA
concentration in eggs. Additionally, there
was a decrease in total n-6 PUFA and the n-
6/n-3  ratio. Other researchers [42]
supplemented 10% flaxseed in laying hens

diet and obtained improved eggs (above 600
mg of n-3 PUFA, from which ALA accounts
above 80% of the total n-3 PUFA). Some
authors [43] used dried tomato waste (7.5%)
as another antioxidant source in addition to
flaxseed supplementation (5%), and noticed
that the n-3 fatty acids content significantly
increased after 4 weeks of experimentation.
Additionally, the dried tomato waste
decreased the enhanced eggs' lipid oxidation.

Table 5 Effects of flaxseed and red grapeseed pomace meal on cholesterol and fatty acids profile

Experimental diets*

Parameters C E1 E2 E3 SEM p-value
Crude fat, % 30.71° 29.37% 29.06° 28.15° 0.556 0.002
Cholesterol, mg/egg 290.40% | 245.60° | 247.56° | 236.03° 0.017 0.039
Fatty acids, mg/egg
Miristic C14:0 3.25 3.24 2.91 3.26 0.143 0.279
Pentadecanoic C15:0 0.932 0.832° 0.79%° 0.74° 0.037 0.011
Palmitic C16:0 312.74 297.53 306.58 302.88 7.170 0.511
Heptadecanoic C17:0 2.232 1.92° 1.63° 1.68% 0.069 0.0001
Stearic C18:0 156.80 132.47 148.45 132.49 7.890 0.102
> SFA 475.95 436.00 460.36 441.04 13.900 0.192
Miristioleic C14:1 0.41 0.55 0.47 0.54 0.039 0.056
Pentadecenoic C15:1 2.06% 1.58% 1.592 1.33° 0.170 0.045
Palmitoleic C16:1 28.60° 36.32° 32.79% 36.94° 1.630 0.006
Heptadecenoic C17:1 1.992 1.59% 1.56%° 1.32° 0.158 0.050
Oleic C18:1 426.40 451.60 440.40 447.80 10.300 0.348
Erucic C22 (1n9) 1.08 0.63 0.84 1.63 0.412 0.374
Nervonic C24 (1n9) 4.68° 2.16° 2.20° 2.03° 0.177 0.0001
> MUFA 465.18 494 .46 479.82 491.60 11.400 0.280
Linoleic C18:2 269.44° 229.82° 224.61° 236.68° 4.940 0.0001
Linolenic y C18:3n6 1.752 1.34° 1.28° 1.43% 0.009 0.009
Eicosadienoic C20 (2n6) 2.612 2.09%° 1.72° 2.06% 0.171 0.013
Eicosatrienoic C20 (3n6) 4.322 2.62° 2.79° 2.76° 0.242 0.000
Arachidonic C20 (4n6) 56.84° 38.02° 44.98%° 41.78° 3.110 0.002
Docosatetraenoic C22 (4n6) 18.502 1.97° 2.57° 2.27° 0.519 0.0001
Linolenic a C18:3n3 3.23° 22.73° 18.232 19.90% 1.150 0.0001
Eicosatrienoic C20 (3n3) 3.54 2.94 3.33 2.70 0.373 0.395
Docosapentaenoic C22 (5n3) 1.01° 2.38%® 2.61° 1.93° 0.164 | 0.0001
Docosahexaenoic C22 (6n3) 9.82° 34.54° 40.282 35.43° 2.760 0.0001
> PUFA 371.05 338.45 342.40 346.94 8.570 0.059
> Q6 353.45° 275.86° 277.95° 286.97° 6.370 0.0001
>Q3 17.61° 62.59° 64.45° 59.97° 2.500 0.0001
06/Q3 264.15° 56.87° 55.41° 61.46° 2.330 0.0001
Q3/Q6 0.65° 2.87°2 2.98?2 2.682 0.101 0.0001

where: C,control diet; E1, flaxseed meal + 27 mg vitamin E; E2, flaxseed meal supplemented + 100 mg
vitamin E; E3, flaxseed meal supplemented with 2% red grapeseed pomace meal; Y SFA, sum of
saturated fatty acids; Y MUFA, sum of monounsaturated fatty acids; Y PUFA, sum of polyunsaturated
fatty acids; Y n-6 omega, sum of 6 fatty acids, > n-3, sum of omega 3 fatty acids; SEM, standard error
of the mean; n=6 samples/group; #°Mean values within a row not sharing the same superscripts are

significantly different at p < 0.05.
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The lipid indices of eggs’ yolk are
presented within Table 6. In terms of human
nutrition, saturated and polyunsaturated
fatty acids have different metabolic effects.
They can  promote or  prevent
atherosclerosis and coronary thrombosis,
based on their effects on serum cholesterol
and low-density lipoprotein-cholesterol
levels. Therefore, very low Al and IT values
are recommended for a healthy diet.

In our research, there were no
statistically significant differences observed
in the lipid indices of egg yolks, except the
TI index which showed significantly lower
values (p < 0.0001) and the A9-desaturase
(16+18) index which exhibited significantly
higher values (p <0.007) in all experimental
groups compared to C group.

The fatty acids C14: 0 and C16: 0 are
known to be among the most atherogenic,
while C18: 0 is considered neutral in terms
of atherogenicity, but is considered instead,
to be thrombogenic [44].

Preserving favorable Al and TI indices,
and maintaining an appropriate n-6/n-3
PUFA ratio, promotes consumers’ health.
Therefore, the health indices, AI and TI,

introduced by [17], showing low values
were recommended for a healthy diet [45].
The A9-desaturase is involved in MUFA
biosynthese used to synthesize the PUFA,
phospholipids, triacylglycerols and
cholesterol esters [46]. On the other hand,
high values of peroxidability index (PI),
ratio of  hypocholesterolemic  and
hypercholesterolemic (HH), are
recommended as well as beneficial healthy
promoters for a healthy diet [47].

Some authors [48] reported that
moderate consumption of hen eggs, up to
two per day, does not appear to increase the
risk of heart disease in healthy people. A
2007 human study showed no correlation
between moderate consumption (6 per
week) eggs and cardiovascular disease,
except for the subpopulation of diabetic
patients, who had an increased risk of
coronary heart disease [49]. It is important
to note, however, that the increase in both
atherogenic LDL cholesterol and anti-
atherogen HDL  cholesterol  occurs,
resulting in virtually no change in the
LDL/HDL ratio, a major determinant of the
risk of cardiovascular disease.

Table 6 Effects of flaxseed and red grapeseed pomace meal on lipid indices of eggs’ yolks

o , Dietary treatments

Lipid indices of eggs’ yolk c = = E3 SEM o-Value
Cholesterol index (CI) 0.31 0.28 0.31 0.28 0.010 0.275
Cholesterol-saturated fat index 0.49 0.45 0.48 0.46 0.012 0.202
Indices of athergenicity (Al) 0.39 0.37 0.39 0.38 0.0048 0.129
Indices of thrombogenicity (T1) 0.70° 0.54° 0.57° 0.55° | 0.0115 | 0.0001
Hypocholesterolemic Fatty Acids 75.50 75.97 75.59 75.66 0.167 0.364
Hypercholesterolemic Fatty Acid 24.04 23.66 24.08 23.83 0.171 0.419
Hypocholesterolemic/ 2.21 2.35 2.21 2.31 0.0445 0.174
Hypercholesterolemic Ratio
Health-promoting index 2.27 2.37 2.28 2.35 0.0299 0.120
Elongase 0.50 0.44 0.48 0.44 0.0177 0.096
Thioesterase 96.37 93.82 107.23 93.22 4.300 0.195
A9-desaturase (16+18) 263.74° | 336.912 302.64° | 336.68° 12.90 0.007
A5 + A6 - desaturase (Q:6) 18.08 14.67 17.27 15.59 0.879 0.104

where: C, control diet; E1, flaxseed meal + 27 mg vitamin E; E2, flaxseed meal supplemented + 100 mg

vitamin E; E3, flaxseed meal supplemented with 2% red grapeseed pomace meal;
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CONCLUSIONS

Experiments conducted recently on
poultry nutrition concluded that flaxseed
dietary utilization can significantly improve
health consumers’ due to positive biological
effects of a-linolenic acid content. The study
observed that the flaxseed meal dietary
inclusion combined to different antioxidant
sources, increased the PUFA ingesta up to 7.5
times at all experimental groups compared to
C group. Also, a highly significant level of Q3
fatty acids was recorded on all experimental
groups, determining a low Q6/Q3 ratio. The
findings indicated a significant transfer of
omega-3 fatty acids to the egg yolk, resulting
in an improved nutritional quality of the eggs.
This egg enrichment presents advantages for
human health, especially when considering
that all experimental groups displayed lower
thrombogenic index values.
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