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Abstract

For the antioxidant effect evaluation of a winery by-product - the grape pomace cakes, a 4-week
trial was conducted on 180 Lohmann Brown laying hens, aged 52 weeks. The layers were assigned
to three groups: a control group (C) and two experimental groups (E1 and E2), with 60 hens/
group, housed in standard Zucami type cages (2 hens/cage). Compared to the control formulation,
the experimental formulation included 5% flax meal, enriched in polyunsaturated fatty acids and as
antioxidants 100 mg vitamin E/kg feed (E1); 2% grape pomace cakes (E2). Forty eggs/group were
randomly collected in the end of the trial, 10 eggs/group being stored at +20°C and 10 eggs/group
at +4°C, for 14 and 28 days in order to determine their fatty acids content and the quality
preservation over time. After 14 days, eggs stored at +4°C has significantly (P <0.05) higher values
of the Haugh unit, compared to those from 28 days, with comparable values for both experimental
groups and control group. In contrast, the eggs stored at room temperature (+20°C), has lower
values of the Haugh unit in both storage periods (14 and 28 days), compared to those stored at
+4°C, without significant differences between groups (P>0.05), although experimental groups
included flax meal. The results regarding the freshness of the eggs stored in the fridge (+4°C) for 14
days showed a 20% AA eggs in E2 group, while in the other groups were no AA eggs. Only group
E2 had 10% eggs, stored at +20°C for 14 days, with grade A freshness, compared to 0% for groups
C and E1. The grape pomace cakes had comparable effects with vitamin E on the preservation of
egg quality over time, thus it can be affirmed that the grape pomace cake diet is effective in
maintaining the quality of eggs enriched in polyunsaturated fatty acids over time.
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INTRODUCTION

Current researches in poultry are
increasingly focused on the use of nutritional
strategies to improve the nutritional value of
animal products [19], by increasing the content
of protein, polyunsaturated fatty acids, amino
acids, xanthophylls, vitamins or minerals.

Today it is well known that
polyunsaturated fatty acids (PUFAs) can play
an important role in preventing the occurrence
of cardiovascular disease, high blood pressure,
diabetes, cancer, arthritis, other inflammatory
and autoimmune disorders [11], [16], [17].
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The main polyunsaturated fatty acids (PUFA)
are linoleic acid and alpha-linolenic acid.
Therefore, ensuring adequate amounts of
PUFA fatty acids cannot be lacking in
nutritional recommendations.

Obtaining animal products rich in PUFAs
on tne nutritional way through the use of
plant raw materials rich in these acids can
lead to lipid oxidation processes [15] and the
quality of eggs enriched with fatty acids may
decrease over time. In order to minimize
these processes and to prevent lipid rancidity,
in general, it is added to the ratios of birds
produced with antioxidant properties.
Antioxidants can be obtained synthetically,
such as butylated hydroxy- anizole (BHT),
tertiary butyloxy hydroxy quinone (TBHQ),
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or may be plant-based. Antioxidants such as
vitamin E, vitamin C, carotenoids or raw
plant materials rich in polyphenols with
derivatives (extracts, oils, sows) can play a
beneficial role in slowing down the lipid
oxidation process.

The use of vegetable by-products plays
an important role in modern agriculture
because they are low in price of the synthetic
compounds used conventionally, and
depending on the nutrients and contained
biofactors, they can significantly contribute
to improving the characteristics of the feed,
the quality of the animal feed and the
environmental protection.

MATERIAL AND METHODS

Animals and experimental design

The experiment was conducted in the
experimental halls of the National Institute of
Animal Biology and Nutrition (IBNA-
Balotesti, Romania) based on a protocol
approved by the ethics commission of the
institute. For 4 weeks, a number of 180
laying hens, Lohmann Brown hybrid, aged
52 weeks, divided into 3 groups, one of
which control (C) and two experimental (E1
and E2), each with 60 chicks /group, were
housed in 90 standard Zucami cages (2 chiks

Table 1 Compound feeds formulation

/ cage), allowing daily recordings of the eggs
production. Allotments was made according
to the live weight of the chickens, so that
there were no significant differences between
the groups, with an average weight of
1668.40 £36.10 g.

According to the Lohmann Brown hybrid
breeding guide, the lighting of the
experimental room was ensured according to a
program with up to 16 hours of light daily, the
temperature was maintained in the range of
22-24°C, and the relative humidity at 60-70%
throughout the entire experimental period.
Feed and water were administered ad-libitum.

Feed

The structure of each diet was calculated
based on the chemical composition
determinated in the raw feed materials using a
mathematical model of the composition of the
feed diets for birds [1]. The birds received a
basic diet based on: corn, soy meal, and corn
gluten. The diets of experimental groups El
and E2 were different from the diet of group C
by including 5% flaxseed and the nature of the
antioxidants used. Thus, to the diet of
experimental group E1, vitamin E was added
in proportion of 100 mg / kg DM feed, and to
the diet of experimental group E2 were added
grape seed cake in proportion of 2% (table 1).

ltems C E1 E2
Corn 60.35 55.35 55.35
Flaxseed - 5 5
Grape seed cake - - 2

Soy meal 25 25 23
Gluten 1 1 1
Sunflower oil 2 2 2
Monocalcium phosphate 1.25 1.25 1.25
Calcium carbonate 8.9 8.9 8.9
Salt 0.3 0.3 0.3
Methionine 0.15 0.15 0.15
Choline 0.05 0.05 0.05
Premix A6 1 - 1
Premix A6 + 75 ppm vit E (100 ppm vit E in furaj) - 1 -
Total 100 100 100
Content per kg diet: vitamin A: 13,500 IU; vitamin D3: 3,000 IU; vitamin E: 27 mg; vitamin K3: 2 mg; vitamin B1: 2
mg; vitamin B2: 4.8 mg; pantothenic acid: 14.85 mg; nicotinic acid: 27 mg; vitamin B6: 3 mg; vitamin B7: 0.04 mg;
vitamin B9: 1 mg; vitamin B12: 0.018 mg; vitamin C: 25 mg; manganese: 71.9 mg; iron: 60 mg; copper: 6 mg;
zinc: 60 mg; cobalt: 0.5 mg; iodine: 1.14 mg; selenium: 0.18 mg.

Sampling

To determine the shelf time, at the end of
the experiment, from all three groups (C, El,
E2) were randomly collected:

- 20 eggs / group that were stored at room
temperature (+20°C), for 14 days (10
eggs/group), respectively 28 days (10 eggs
/group), in total 60 eggs;
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- also 20 eggs / group that were stored in a
refrigerator, at a temperature of +4°C for 14
days (10 eggs / lot), respectively 28 days (10
eggs/lot), in total 60 eggs.

After 14 days, respectively 28 days, both
on the eggs stored in the refrigerator and on
the ones stored at room temperature were
made determinations regarding the Haugh
Unit and the degree of freshness.

Chemical analysis

To determine the profile of fatty acids
from raw feed materials, compound feeds
and eggs, firstly, the fat was extracted from
the egg yolk samples, which were then
subjected to saponification through reflux
boiling, in an acidified methanol solution
(2% Ha2SO4 in methanol) to obtain methyl
esters (FAME) from fatty acids. It was
followed by the resumption of methyl esters
of fatty acids in hexane and the concentration
on rotavapor, according to SR CEN ISO / TS
17764-1: 2008. The samples thus processed
were subjected to gas chromatographic
analysis, according to SR CEN ISO / TS
17764-2: 2008 using a Perkin Elmer-Clarus
500 chromatograph, fitted with a system for
injection into the capillary column, with high
polarity stationary phase (BPX70: 60m x
0.25mm inner diameters and 0.25um thick
film); or high polarity cyanopril phases,
which have similar resolution for different
geometric isomers (THERMO TR-Fame:
120m x 0.25mm ID x 0.25pm film).

The concentration of polyphenols in
grape seed cake was determined according to
the method described by [8], modified. The
equipment used was a Thermo Scientific UV-
VIS Spectrophotometer. The results were
expressed in mg equivalent gallic acid / g
fresh substance (mg EAG / g sample).

The antioxidant capacity in the methanol
extracts was determined by the DPPH method
proposed by [7] using a UV-VIS Analytik
Jena Specord 250 Plus spectrophotometer with
thermostatic carousel. The results were
expressed in mM Trolox equivalents /g sample
(mM TE / g sample).

The determinations regarding the Haugh
Unit and the degree of freshness were made
with the Analyzer TM device, type 05-UM-
001.

Satistical analysis

The effects of treatments were tested
using the StatView program, variance
analysis (ANOVA and t test), the results
being presented as mean values + standard
error, the differences being considered
statistically significant at P <0.05

RESULTS AND DISCUSSIONS

The flaxseed added in the diets of laying
hens with the purpose of enriching eggs in
PUFAs was characterized by a content of
12.19 g saturated fatty acids (SFA), 66.93¢g
polyunsaturated fatty acids (PUFA), of which
44.50g represented by omega-3 PUFAs,
respectively 22.43g / 100g fat omega-6
PUFAs. There are a number of studies in the
literature that present the results of using flax
in poultry diets [2], [3], [13] and its by-
products [10], [12], [18] in poultry feed, as a
raw material rich in PUFAs.

However, the diets rich in PUFAs, over
time, are exposed to oxidative degradation
with the occurrence of the rancid
phenomenon. Among the natural sources, with
a high level of polyphenols, which confer
antioxidant capacity are also the winery by-
products: grapes marc, seeds and peels of
grapes, as well as cake, respectively meals
from grapes. The abundance of bioactive
polyphenols from these by-products [6], [14]
is of real interest for animal nutrition, as they
can be used as natural antioxidants, as an
alternative to synthetic antioxidants.

The grape seed cakes, used as an
antioxidant in the present study to prevent
this phenomenon were characterized by a
content of: polyphenols 0.631 mg EAG / g;
flavonoids 5.0651mg / ml and antioxidant
capacity 28.4678 mM Trolox equivalents / g
sample, results comparable to those presented
by researchers [4], [9], [12].

Due to flaxseed, raw feed material rich in
PUFAs added in the ratios of experimental
groups, it was found that the values of these
acids increased by 0.27% in the diet of E1
group (with the addition of vitamin E),
respectively by 7.00% in the diet of E2
group, compared to the diet of C group (table
2). This difference between the experimental
groups E1 and E2 is due to the contribution
of PUFAs brought by the cakes from grape
seeds added in the E2 diet.
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Table 2 Content of saturated, unsaturated fatty acids and their ratios in the tested feeds (g / 100g fat)

ltem C E1 E2
SFA 13.43 13.94 13.83
MUFA 31.16 30.61 27.14
PUFA 55.11 55.26 58.97
UFA 86.27 85.87 86.11
PUFA / SFA 4.10 3.96 4.26
SFA- saturated fatty acids; MUFA- monounsaturated fatty acids; PUFA- polysaturated fatty acids; UFA-
unsaturated fatty acids.

Omega-3 fatty acids are part of the long- Alpha linolenic acid (18: 3n3) is

chain PUFAs family and are represented by
alphalinolenic acid (ALA), eicosapentanoic
acid (EPA) and docosahexanoic acid (DHA), all
of which have good well-known health effects.

considered essential fatty acid because it
cannot be synthesized by the body, the main
source of obtaining is by food.

Table 3 Content of saturated, unsaturated fatty acids and their of egg yolk fat (g / 100g fat)

ltems C E1 E2

SFA 36.06 +0.72 35.64 +1.05 34.93 +1.83

MUFA 37.85 #1.52 36.66 +1.69 37.25 +1.96

PUFA 26.03 +1.23 27.62 +0.86 27.74 +0.41
a-Linolenic fatty acid (18:3n3) 0.32°¢ +0.03 1.57% +0.06 1.79° +0.17
Docosahexaenoic acid (22:6n3) 0.96°° +0.12 2.27% +0.02 2.79% +0.29

SFA/UFA 0.56 +0.02 0.55 +0.02 0.54 +0.04

PUFA / MUFA 0.69 +0.06 0.75 +0.06 0.74 +0.05

SFA- saturated fatty acids; MUFA- monounsaturated fatty acids; PUFA- polysaturated fatty acids; UFA-

unsaturated fatty acids; Omega-3 — omega-3 fatty acid; Omega-6 — omega-6 fatty acid.

a, b, c significany differences (P<0.05) between groups C, E1, E2

As it can be observed from table 3, the
eggs collected from experimental groups El
and E2 have a significantly higher (P <0.05)
a-linolenic acid content, compared to eggs
from the C group, registering an increase by
7.09 times, in group El (with vitamin E
added in feed), respectively by 5.59 times, in
group E2 (with cakes of grape seeds added in
feed). The total PUFAs registered an increase
by 6.11%, in group El, respectively by
6.57%, in group E2, compared to the value
registered in the C group. In a review
regarding on the possibilities of enriching the
eggs with omega-3 fatty acids, taking into
account 26 studies carried out between 1991-
2011, which used as sources of omega-3 fatty
acids , oilseeds, fish oils and / or micro-algae,
[5] show an increase in ALA and DHA
content of eggs, observing many variations,
being influenced by the type of supplement
used and the level of inclusion of the source
in the diets.

In order to determine the effect of the
natural antioxidant presence - the grape seeds
cakes, compared with the vitamin E, in the

preservation in time of the quality of the eggs
rich in PUFAs the Haugh Unit was
determined and their degree of freshness.

From the graphical representations
(figures 1 and 2) it can be observed that with
the increase of the storage period of the eggs
from 14 days to 28 days, for both cases at
room temperature (+20°C) and in the
refrigerator (+4°C) the Haugh Units values
has decreased.

However, by comparing the storage
conditions, it can be observed that in the case
of eggs stored in the refrigerator (+4°C) the
values of the Haugh Unit were significantly
(P<0.05) higher, compared to those stored at
room temperature (+20°C), regardless of the
storage period. Thus, in the case of E1 group
(with vitamin E added in feed), there were
increases with 102.11%, at 14 days of storage,
respectively by 61.27%, at 28 days of storage.
And in the case of E2 group (with grape seeds
cakes added to feed), there were increases of
86.66%, at 14 days of storage, respectively by
35.98%, at 28 days of storage.
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Figure 1. Haugh unit values - between the eggs groups
stored at +20°C

Figure 2. Haugh unit values - between the eggs groups
stored at +4°C
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Figure 3. Egg freshness 14 days from harvesting, Figure 4. Egg freshness 14 days from harvesting,
stored at a temperature of +4°C stored at at room temperature +20°C

Figure 3 shows the results regarding the
freshness of the eggs kept in the refrigerator
for 14 days. It can be seen that in group E2,
were obtained 20% of AA eggs while in the
other there were no AA eggs. In the case of
eggs kept for 14 days, but at room
temperature (+ 20°C), no eggs with in AA

class were obtained, but only 10% eggs with
A class (figure 4).

The determinations made on eggs stored
for 28 days in the refrigerator (figure 5) show
that also in E2 group (with grape seed cakes
added to feed) a percentage of 35% eggs with
freshness grade A was obtained.

El

E2

mAA
mA
me

Figure 5. Egg freshness 28 days from harvesting,
stored at a temperature of +4°C

Figure 6. Egqg freshness 28 days from harvesting,
stored at at room temperature (+20°C)

Eggs stored at room temperature (+ 20°C)
for 28 days (figure 6) were not obtained eggs
with freshness degree AA, but only eggs with
freshness grade B, 40%, in E1 group and of
35% in E2 group, respectively eggs with
degree of freshness C in percentage of 60%,
in E1 group (with vitamin E added in feed)

and of 65%, in E2 group (with grape seed
cakes added in feed).

CONCLUSIONS

* The inclusion of 5% flaxseed in the diets of
the experimental groups resulted in increases
in the values of polyunsaturated fatty acids
(PUFA) in both feeds and eggs;
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* The recorded values of the Haugh Unit in
the case of eggs collected from the
experimental groups, kept in the refrigerator,
for 14 days, were significantly (P<0.05)
higher than in those kept 28 days;

» The data regarding the freshness of the eggs
kept in the refrigerator, for 14 days, revealed that
only in the group with 2% grape seeds cakes
there were eggs with freshness degree AA;

* The results show that the ratio for laying
hens with grape seed cake was effective in
maintaining the quality of eggs enriched in
polyunsaturated fatty acids in time.
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