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ABSTRACT - The objective of this experiment was to study yolk pigmentation stability in omega 3 (®-3) enriched
eggs stored under different temperatures in zeaxanthin equivalent (by using visible light spectrophotometer) and visual score
(with values obtained by yolk color fan) and to verify the correlation among those methodologies. Three hundred big eggs
from Isa Brown hens were distributed into two lots each one containing 150 eggs, stored at room temperature (26.5°C) or
under refrigeration (7.9°C) for 35 days. It was used a completely randomized design in a 2 x 6 factorial arrangement (storage
temperature x storage period). Pigmentation observed with the yolk color fan was steady during the experiment period when
eggs were kept under refrigeration and it reduced when stored at room temperature. At spectrophotometric quantification,
carotenoids decreased in both temperatures studied. There is a high correlation between the methods of analysis for eggs
stored at room temperature and for eggs stored under refrigeration as well, but this correlation is sharper when eggs are stored

under refrigeration.
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Introduction

The pigment found in egg yolk determines the
acceptability of the product by the consumer who prefers
yellow-orange egg yolk. The yellow pigment is mainly
explained by the presence of xanthophylls derived from
carotenoids (Linden & Lorient, 1996; Biscaro & Canniatti-
Brazaca,2006).

Carotenoids are important in the poultry nutrition
because they are controlled by the diet (Bornstein &
Bartov, 1966). Some ingredients used for eggs enrichment
with polyunsaturated w-3 fatty acids are natural sources
of carotenoids and their use in diets of laying hens promotes
greater yolk pigmentation (Carvalho etal., 2006; Cedro
etal.,2009).

According to Rech (2009), yellow corn based diets
contribute to the production of eggs with yellow yolks
whereas diets with low corn pigmentation, sorghum grain
and wheat, with no added dyes, produce eggs with a low
yellow pigmentation. In order to change the yolk
pigmentation, some ingredients can be added to the diets,
such as natural dyes (like as annatto and paprika) and
synthetic carotenoids, such as canthaxanthin (red pigment)
and ethyl ester beta apo-8- carotene (yellow pigment).
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The main carotenoids found in maize are the
xanthophylls lutein and zeaxanthin (Lemos et al., 2006).
Carotenoids contain large numbers of double bonds in their
molecules and because of this they may oxidade depending
on storage time, room temperature and the effect of lighting.
Even the processes of harvesting and milling of corn may
compromise the amount of these pigments and impair the
absorption and deposition of carotenoids by birds in body
tissues, especially egg yolk (El1 Boushy & Raterink, 1992).

The objective of this experiment was to evaluate the
stability of the pigmentation of yolks of ®-3 enriched eggs
stored under different temperatures by using zeaxanthin
equivalent (using visible light spectrophotometer) and visual
score (with values obtained by yolk colour fan) and to verify
the correlation among those methods.

Material and Methods

Three hundred ®-3 enriched eggs were randomly
collected on Shintaku farm, located in Marilia, SP, Brazil.
The eggs were from Isa Brown commercial layers, large
type with brown bark. Five birds were housed per
45 x50 x 45 cm cage (450 cm?/bird) at the farm. From the 2ond
week of age, the hens were fed diets containing 1.5%
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powder substrate and 1.8% of'the liquid oil fractionrich in
-3 (Table 1), with an oleic fraction composed predominantly
of linseed oil.

After collecting, eggs were packed in cardboard trays
and transported in a non-refrigerated truck from the farm
(Marilia, SP) to the laboratory (Seropédica, RJ). The time
spent from egg collection on the farm to the arrival at the
laboratory was four days.

Upon arrival at the laboratory, the eggs were divided
into two batches of 150 eggs, classified as Lot A and Lot B.
The A lot eggs were stored at room temperature (26.5°C)
and 56% of air relative humidity (non refrigerated eggs)
whereas the B lot eggs were maintained under refrigeration
(7.9°C) with 29% of humidity (refrigerated eggs).

Analyses were immediately performed on each batch
(time zero) and continued on the 7th, 14th, 2nd 2gth apd 35th
storage days, randomly analyzing ten eggs from each storage
temperature for each analysis day, considering each egg
one repetition.

The visual assessment of the yolk pigmentation
intensity was performed individually by three people. The
eggs were broken in flat glass and the yolk was manually
separated from the albumen. The degree of yolk pigmentation

Table 1 - Composition of hen diets

Ingredient Quantity
(kg/100 kg)

Corn 56.64
Soybean meal (46%) (46%) 25.20
Meat and bone flour 5.70
Thick limestone 4.20
Limestone powder 4.10
Salt 0.30
Unintcleo pufa ©-3 FL® (oil fraction)3 1.80
Unintdcleo pufa -3 ST® (powder premix)3 1.50
Vitamin supplement? 0.10
Methionine (84%) 0.14
Lisin — HCI1 (78%) 0.05
Choline chloride (60%) 0.05
Endo-power B® 0.015
Mineral suplement’ 0.10
Carophyll (canthaxanthin dye-based) 0.003
Calculated composition

Metabolizable energy (kcal/kg) 2,620
Crude protein (%) 18.38
Crude fat (%) 4.77
Crude fiber (%) 2.67
Ash (%) 12.52
Calcium (%) 4.04
Total phosphorus (%) 0.64

! Data provided by the Farm where the eggs were collected.

2 Composition: vit. A — 8,000,000 UIL; vit. D3 — 3,000,000 UI; vit. E — 15,000 UIL;
vit. K3 — 2,000 mg; vit. B2 — 4,000 mg; vit. B6 — 1,000 mg; vit. B12 — 10,000 mcg;
folic acid — 200 mg; pantotenic acid — 5,350 mcg; antioxidant (BHT) — 100,000 mg;
selenium — 170 mg.

3 Manganese — 68.4 g/kg; zinc — 54.0 g/kg; iron — 54.0 g/kg; cuprum — 9.0 g/kg;
iodine — 1.0 g/kg; cobalt — 0.495 g/kg; selenium — 0.306 g/kg.

was observed in each egg with yolk colour fan DSM®,
which has arange of values of colour intensity from 1 to 15
points. This scale consists of a colour gradient that starts
atlightyellow (value 1) and ends at orange (value 15). In this
analysis, ten eggs from each storage temperature were
randomly analyzed, considering each egg one repetition.

Carotenoids were determined in triplicate in zeaxanthin
equivalents according to the method proposed by
Rodriguez-Amaya (1999) but with some changes. A pool
was made with the yolks analyzed with colour fan. About
3 gofyolk were weighed in triplicate, crushed with the aid
of Celite ® (for increased friction) in a mortar and pestle,
cold acetone was added and the mixture remained resting
for 5 minutes. Then, the mixture was filtreted with a sintered
glass attached to a kitassato, repeating this operation
until the exhaustive extraction of carotenoids, which
remained in kitassato with acetone.

Forthe solventpartition, 15 mL of petroleum ether was
added to a separatory funnel. Then the filtrate previously
obtained (carotenoids +acetone) was carefully added along
the walls of the separating funnel. Successive washes with
distilled water were made on the solution of the previous
item for separation of acetone and for the ether permanence
with the carotenoid. The lower phase (water + acetone) was
discarded and the ether layer was filtered through a funnel
containing anhydrous sodium sulfate (Na,SO,) and
transferred to a 25-mL volumetric flask, which was swelled
with petroleum ether. The solution obtained was read on
spectrophotometer at 449 nm.

The carotenoids content was calculated by the
equation:

C (ug/g) = ABS x dilution x 10%,
molar Abs X m

inwhich C (ug/g) = final concentration of total carotenoids
(in pg of zeaxanthin per gram of yolk); ABS =
spectrophotometer absorbance read at 449 nm; dilution =
dilution of the sample (25 mL); molar Abs = absorption
coefficient of zeaxanthin in petroleum ether = 2348; m=
sample mass.

The design was completely randomized in 2 x 6 factorial
arrangement (storage temperature X storage period), with
ten replicates (each egg was considered one repetition),
analyzed with yolk colour fan and three replicates in the
analysis of total carotenoids. The obtained results were
submitted to analysis of variance and means compared by
ttest at 5% of significance level, using Sisvar 4.3 software
program (Ferreira, 2003).
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Results and Discussion

At the beginning of the experiment (time zero), the
yolks showed pigmentation that ranged from 11 to 12 in
colour fan, staying with close values for subsequent days
(Table 2). Throughout the experiment, under different
temperatures, the highest value of the visual score was 12
and the lowest was 10. It is emphasized that the colour fan
only allows colours viewing represented by integers, but it
was necessary to present averages containing numbers
with two decimal places to show accurately what has been
achieved with the repetition.

The intensity of yolk pigmentation decreased over time
under different temperatures. However, this reduction was
significant (P<0.05) only from the 28™ storage day in
unrefrigerated eggs then decreasing until the 35t day. In
the eggs kept under refrigeration, the reduction was not
significant (P>0.05) during the experimental period. Santos
et al. (2009), studying the effect of temperature and
storage in eggs, observed that the yolks of eggs kept at
room temperature, regardless of storage time, had fewer
pigmentation compared to yolks of eggs stored under
refrigeration, which differs from that observed in this study,
that showed no significant difference (P>0.05) among the
temperatures studied.

The data found in this experiment confirmed an initial
value ofthe yolk pigmentation similar to those described by
Cedro et al. (2009), who found the value 11 on the yolk
colour fan when they studied the intensity of pigment in
-3 enriched eggs. These authors compared the conventional
eggs with enriched eggs and found greater pigmentation in
enriched egg yolk. They attributed this difference to algae
with high carotenoids content used in the diet of laying
hens. In this work, it was not possible to associate the
pigmentation of the eggs to algae, whereas the enrichment
was not done with this product, but with a substrate based

Table 2 - Egg yolk degree of pigmentation

Days A Lot (non refrigerated) B Lot (refrigerated)
X (£ 9)* X (£ 9)*

0 11.50Aa (+ 0.53) 11.50Aa (£ 0.53)

7 11.38Aa (+ 0.52) 11.50Aa (£ 0.76)

14 11.25Aab (+ 0.46) 11.38Aa (= 0.52)

21 11.13Aabe(£ 0.64) 11.25Aa (£ 0.46)

28 10.50Abc (£ 0.53) 11,13Aa (= 0.83)

35 10.38Ac (£ 0.52) 10.88Aa (£ 0.35)

Average 11.02 11.27

CV (%)** 6.06 5.41

a,b,c =means followed by different lower case letters within a column differ at 5%
significance level; A,B = means followed by different capital letters within a
column differ at 5% significance level.

*X = Average and S = standard deviation; **Coefficient of variation.

on linseed oil. The high pigmentation found in this study is
probably the consequence of adding to the ration a dye-
based canthaxanthin, called carophyll.

Garcia et al. (2002) found value higher than the one of
this work, scores from 14 in eggs produced from birds fed
diet with canthaxanthin. The authors did not evaluate the
stability of this value during the storage of eggs.

Schoner et al. (1990), comparing the efficiency of
canthaxanthin 10% and citraxanthin 10% reported that, with
both synthetic carotenoids added to the diets of the hens,
the egg yolk pigmentation remained constant during 12
weeks of storage at refrigeration temperature, stability
similar to the observed in the eggs kept under refrigeration
in this study. Spada et al. (2008), by studying the intensity
of pigmentation of yolks of annatto enriched eggs by using
colour fan, found increased pigmentation of the red in yolks
after 28 days of storage at room temperature (25°C),
stabilizing on the 36" day.

The pigmentation observed in unrefrigerated eggs
was lower than in those stored under refrigeration on all
experiment days, but this difference was not significant
(P>0.05) for any period studied, and this proves that the
temperature did not influence the pigmentation observed
with the use of the fan.

The formation of the egg yolk is an important disposing
of fat-soluble residues from the layer body. The xanthophylls
are fat-soluble and, when deposited in the yolk, provide
characteristic pigmentation, which may be higher or lower
depending on the amount of pigment ingested (Silvaetal.,
2000). Corn, a grainrich in carotenoids lutein and zeaxanthin
have significantly contributed to pigmentation of eggs
and carcasses as the main ingredient in feed for broilers
and laying hens.

In total carotenoids analysis concentration of eggs
stored without refrigeration, there was significant decrease
(P<0.05) of this component already on the 7" day of storage
and this decrease was greater on the 215! day, when it
remained constant until the end of the experiment in a total
reduction of 19.79% of the content (Table 3).

In eggs stored under refrigeration, the significant
decrease (P<0.05) was only seen from the 14" day, when
the reduction was around 10%. This content was reduced
until the last week, reaching 23.57 pug/g, which means a
reduction of 17.44% of the contents of carotenoids. These
results differ from those obtained by Gawecki etal. (1977)
that when evaluating eggs from Leghorn birds, reported
that the carotenoid content of the yolk remained stable for
eight weeks of storage under refrigeration and only
decreased after 15 weeks to 2°C. The authors obtained the
initial carotenoids content from 27.03 ng/g for the egg yolk
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with yellow carophyll, close to the value obtained on the
first day of the study, which was 28.55 ug/g.

When the levels of carotenoids among the storage
temperatures are compared, significant difference was
only observed on the 28 day of experiment, when the
content of non-refrigerated eggs was significantly (P<0.05)
lower than in refrigerated eggs. On all other studied days,
concentrations in eggs stored outside refrigeration were
apparently lower than those under refrigeration, although
this difference was not significant at the 5% significance
level.

The carotenoid content determined at the beginning
ofthe experiment (28.55 ug/g) was much lower than those
reported by Biscaro & Canniatti-Brazaca (2006), who
analyzed eggs produced by hens fed different diets and
found carotenoids concentrations ranging from 64.00 to
122.60 png/g. This difference may be related to the type
and amount of carotenoids used in the birds feeding, to
the methodology for carotenoids analysis (as in
spectrophotometer quantification results can be expressed
in terms of zeaxanthin, o.-carotene among others) or to the
time when the tests were done (the initial quantification of
this research was four days of laying).

According to Harder etal. (2007) the methodology used
for determining the colour of egg yolk by means of standard
colours (yolk colour fan) is extremely subjective and limited
to the perception of who performs the analysis, and this can
lead to errors in the results. Thus, the correlation between
the yolk colour fan average and the carotenoids content
over time of the experiment and under different temperatures
was checked (Figures 1 and 2).

The carotenoid content and the pigmentation values
determined by yolk colour fan for the egg yolks were highly
correlated, both for eggs stored out in room temperature
(r = 0.84; P<0.05) for those stored under refrigeration

Table 3 - Carotenoids content (as zeaxanthin)

Day Lot A (non refrigerated) Lot B (refrigerated)
(ng/g) (ng/g)

X (£ 9)* X (£ 9)*
0 28.55Aa (= 0.81) 28.55Aa (+ 0.81)
7 26.13Ab (= 0.94) 27.47Aab (= 0.98)
14 24.91Abc(+ 0.79) 25.68Abc (= 0.79)
21 23.70Ac (= 0.74) 24.98Acd (£ 0.62)
28 23.12Bc (£ 0.406) 24.61Acd (= 0.36)
35 22.90Ac (£ 0.74) 23.57Ad (£ 1.30)
Average 24.89 25.81
CV (%)** 8.57 7.35

Means followed by different lowercase letters within the same column differ at 5%
significance level and means followed by different capital letters within the same
column differ at 5% significance level.

*X = average and S = standard deviation

**Coefficient of variation

(r=0.91; P<0.05) and this correlation was higher for eggs
stored under refrigeration (Figure 2). Some authors have
reported similar results, a strong correlation between the
concentration of pigment and pigmentation observed with
the fan (Silvaetal.,2000; Garciaetal.,2002).

However, Biscaro & Canniatti-Brazaca (2006), in
experiments with different diets, did not found correlation
between yolk pigmentation and yolk total carotenoids
content measured by spectrophotometry. Bornstein &
Bartov (1966) indicated that the visual impressions of
pigmentation may not correlate with chemical analysis of
pigment concentrations of the yolk, probably for two main
reasons: first because the observation by colour fan does
notidentify which pigments are deposited in the inner parts
ofthe yolk neither it detects unwanted reflections of colour
and second because the human eye is very sensitive to a
slightly darker yellow.
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Figure 1 - Scatter diagram of Pearson correlation for eggs stored
at room temperature.
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Figure 2 - Scatter diagram of Pearson correlation for eggs stored
under refrigeration.
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Conclusions

The pigmentation observed in yolk colour fan is stable
in refrigerated eggs and it decreases when eggs are stored
at room temperature in a period of 35 days. The two
temperatures affects the stability of carotenoids in
spectrophotometric quantification, with a decrease in the
carotenoids levels. There is strong correlation among the
methods of analysis for both temperatures studied.
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