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This study aimed to evaluate yolk lipid content, fatty acids, carotenoids, and the preservation of egg
quality in quails fed diets containing different lipid sources. The experiment followed a completely
randomized design with five treatments (soybean oil, corn oil, canola oil, sunflower oil, and poultry
fat), 10 replicates, and seven birds per experimental unit, totaling 350 quails. Ether extract, carotenoid
levels, fatty acid profile, and egg quality after 7 and 14 days of storage were evaluated in relation to
lipid inclusions. Data were subjected to analysis of variance, and polynomial regressions were applied
to estimate the effects of storage time. The effects of lipid sources were evaluated using Tukey’s test at
the 5% significance level. Lipid source had no effect on yolk ether extract content; however, quail fed
soybean oil produced eggs with lower carotenoid levels. A significant effect (P<0.05) of lipid source
and of the interaction between lipid source and storage time was observed for egg quality variables,
except yolk diameter. Different lipid sources did not influence the preservation of egg quality during
storage, but they did affect carotenoid and fatty acid deposition in the yolk. The inclusion of sunflower
oil improved the deposition of linoleic acid and p-carotene in egg yolks.

KEYWORDS: Shelf life / beta-carotene / lipid sources / omega-3 / omega-6

The different methods of producing quail eggs, especially the availability of
processed eggs, increase consumption and production, resulting in a significant
expansion of the Brazilian market and the demand for better quality final products.
Eggs have great nutritional value because yolks are nuitrient rich. These nutrients are
composed of unsaturated fatty acids, minerals, and vitamins that act beneficially in the
human body [De Almeida et al. 2021].

Each component of the egg has specific functions in the body, and these can be
modified by altering the birds’ diet [Figueiredo et al. 2011]. In this context, nutrition
directly influences product quality, and commonly used nutrients such as lipids can be
strategic ingredients in production, as they provide a greater quantity of fatty acids in
egg yolks [Hayat et al. 2010]. The demand for foods that improve health conditions,
such as eggs enriched with polyunsaturated omega-3 fatty acids (®-3), requires the
supplementation of these acids in poultry diets.

Over time, the quality of eggs deteriorates as the storage period increases [Santos
et al. 2021]. Therefore, egg-producing farms have sought alternatives to address the
problem of egg deterioration over their shelf life. The inclusion of fatty acids in egg yolks
can accelerate their deterioration over time due to the ease of oxidation, with the number
of unsaturated molecules being a decisive factor for the reaction rate. Concentrations
of unsaturated fatty acids, heat, oxygen, humidity, and pro-oxidant metals affect lipid
peroxidation and, consequently, product quality [Moraleco ef al. 2019].

Dietary lipids are commonly exposed to these pro-oxidant conditions during
processing and storage, and the duration of exposure to these conditions determines
the extent of peroxidation [Song and Shurson 2013]. During peroxidation, fatty acids
are converted into various products, including peroxides, aldehydes, ketones, acids,
esters, and other compounds [Rocha ef al. 2013], which can negatively affect the
physical, chemical, and organoleptic quality of eggs.

Thus, this study was conducted to characterize the lipid content, fatty acids, and
carotenoids in the yolk and to determine the quality of eggs from Japanese quails fed
different lipid sources.

496



Fatty acids and carotenoids in quail eggs

Material and methods

The study was submitted and subsequently approved by the Research Ethics
Committee under protocol number 16/2020. A total of 350 Japanese quail (Coturnix
Jjaponica) aged 85 days and with a 90% laying rate and an initial weight of 158.50
+5.41 g were used. The plants were distributed in accordance with a completely
randomized experimental design with 5 treatments (soybean oil, corn oil, canola oil,
sunflower oil, and poultry fat) with 10 replicates and 7 Japanese quail at the peak
laying time per experimental unit. The experiment lasted 84 days and was divided into
3 periods of 28 days each.

The diets were formulated based on corn and soybean meal without the inclusion
of lipid sources and according to the food composition and nutritional requirements
established by Rostagno et al. [2017], as shown in Table 1. The animal density per
experimental unit was 178.5 c¢cm?bird. The experimental diets were isonutritive,
differing only in the type and amount of lipids included to meet the birds’ calculated
energy requirement. The diets were offered ad libitum three times daily in galvanized
metal trough feeders running the full length of the cages. The feeders were divided
according to treatment and replication status. Water was also provided ad libitum to
nipple-type drinkers.

Table 1. Nutritional and calculated composition of the experimental diets for Japanese quails in the production phase

Lipid sources

Ingredients

Soy Corn Canola Sunflower Poultry fat
Ground corn 56.291 56.291 56.291 56.291 56.291
Soy bran 45% 30.707 30.707 30.707 30.707 30.707
Inert 1.059 0.963 1.023 0.816 0.888
Lipid source 2.674 2.770 2.710 2917 2.845
Limestone 6.950 6.950 6.950 6.950 6.950
Dicalcium phosphate 1.026 1.026 1.026 1.026 1.026
Salt 0.343 0.343 0.343 0.343 0.343
DL-methionine 0.417 0.417 0.417 0.417 0.417
L-lysine 0.323 0.323 0.323 0.323 0.323
Vitamin Premix! 0.100 0.100 0.100 0.100 0.100
Mineral premix? 0.100 0.100 0.100 0.100 0.100
Nutritional composition

EM (kcal/kg) 2800.00 2800.00 2800.00 2800.00 2800.00

Crude protein (%) 18.920 18.920 18.920 18.920 18.920
Digestible lysine (%) 1.149 1.149 1.149 1.149 1.149
Digestible Methionine+Cist (%) 0.942 0.942 0.942 0.942 0.942
Digestible Tryptophan (%) 0.186 0.186 0.186 0.186 0.186
Digestible Threonine (%) 0.733 0.733 0.733 0.733 0.733
Calcium (%) 2.990 2.990 2.990 2.990 2.990
Phosphorus available (%) 0.282 0.282 0.282 0.282 0.282
Sodium (%) 0.147 0.147 0.147 0.147 0.147

The composition of the mineral premix (kg/product) was as follows: copper (Min.) 7,000.0 mg; iron (Min.) 50.0 g;
and iodine (Min.) 1500.0 mg. Manganese (Min.) 67.5 g. Zinc (Min.) 45.6 g. Vitamin Premix (kg/product): Folic acid
(Min.) 145.4 mg. Pantothenic acid (Min.) 5931.6 mg. Choline (Min.) 121.8 g; niacin (Min.) 12.9 g. selenium (Min.)
480.0 mg. Vitamin A (Min.) 5,000,000.0 IU. Vitamin B12 (Min.) 6,500.0 mcg. The vitamin B2 (Min.) 2000.0 mg. The
vitamin B6 (Min.) 250.0 mg. Vitamin D3 (Min.) 1,850,000.0 TU. Vitamin E (Min.) 4500.0 TU. Vitamin K3 (Min.)
918.0 mg.
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Temperature and relative humidity (RH) were recorded twice daily, at 8:00 a.m.
and 4:00 p.m., using Novo Test TH802A thermohygrometers and dry- and wet-bulb
thermometers placed at the centre of the shed at the birds’ back height. The minimum
temperature was 20.1+£0.25°C, and the maximum temperature was 35.94+0.28°C, with
a maximum RH of 78.9+1.8% and a minimum of 49.8+1.7%. Air conditioning and
curtain control were performed based on daily temperature analysis. Sixteen hours of
daily light was provided throughout the experimental period and was controlled by an
automatic clock (timer). For the lipid characterization of the yolk, analyses of ether
extract content, carotenoid content, and fatty acid content of the egg yolk and the diet
were performed.

Ether extracts of the content of the yolk

Three hundred eggs were collected, 60 per treatment, on the same day of laying.
Each replicate sample was composed of a pooled homogenate of six yolks. Each yolk
replication sample was weighed, placed in an aluminium tray, and placed in a forced
ventilation oven at 55°C for 72 hours. The samples were subsequently exposed to air
to reach equilibrium at ambient temperature and humidity.

The plants were weighed to determine the dry matter content (DM), ground in
Wiley mills with a 1 mm knife, and stored in a freezer at -20°C for laboratory analyses.
The ether extract analyses were then carried out using a Soxhlet extractor following
the methodology described by the Brazilian Animal Feeding Compendium (2009),
with all the parameters expressed on a dry matter basis.

Carotenoid content

The carotenoid content was determined as described by Rodriguez Amaya [2010].
Carotenoid extraction was performed from 2 g of a sample taken from a pool of 3
eggs that had been previously macerated with chilled acetone, followed by filtration.
The filtrate was transferred to a separation funnel, where petroleum ether was added,
forming two layers: an upper layer of petroleum ether with carotenoids and a lower
layer of water and acetone.

The lower layer was discarded, and to ensure the removal of acetone, the ether-
carotenoid solution was washed 4 times with distilled water. The solution was then
collected in a 50 mL volumetric flask and covered with aluminium foil to preserve the
carotenoids. The extracts were evaluated on a spectrophotometer (Biochrom Libra
S60PC model) at 450 nm. The results are expressed in mg equivalent of B-carotene/g
of the sample.

Yolk and feed fatty acid contents

To evaluate the fatty acid profile of the yolks, six eggs were collected from each
repetition on the last experimental day, forming a pool of six yolks, which were
homogenized and frozen at -5°C in a freezer. Later, Lyophilization of yolks was
carried out by sublimation. For fatty acid determination, the egg lipid fraction was
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extracted following Bligh and Dyer [1959]. Sixty milligrams of the extracted lipid
fraction was weighed and then subjected to methylation following Maia & Rodriguez-
Amaya (1993) to prepare it for gas chromatography analysis. For the analysis of fatty
acids, myristic acid (C14:0), palmitic acid (C16:0), palmitoleic acid (C16:1), stearic
acid (C18:0), oleic acid (C18:1), and linolenic acid (C18:3) were extracted.

Fatty acids were identified by comparing retention times with standard methyl
esters (Sigma-Aldrich) and quantified by area normalization, with results expressed
as the percentage of each acid relative to the total fatty acid area. The esterification
of lipids followed Hulan ef al. [1989]. After esterification, the samples were analysed
on a Shimadzu GC-17A gas chromatograph equipped with a flame ionization detector
with manual injection, a capillary column (CARBOWAX), and H: as the carrier gas.

The fatty acid content was calculated through integration using specialized
software connected directly to the gas chromatograph detector, ensuring precise
quantification of the chromatographic peaks. This integration process enabled accurate
determination of the relative proportions of fatty acids present in each sample.

In addition to yolk samples, representative samples of the experimental bird diets
were collected and subjected to the same extraction and methylation procedures to
characterize their fatty acid profiles to obtain a direct comparison between dietary
lipid composition and deposition in egg yolks.

Table 2 presents the fatty acid composition of diets supplemented with different
lipid sources for Japanese quail.

Table 2. Descriptive analysis of the fatty acid content of Japanese quail diets enriched with different lipid sources

Lipid sources

1, 0,

Fatty acid profile (%) Soy Corn Canola Sunflower Poultry fat
Total Ac. fatty 95.47 95.44 95.28 96.96 96.14
C16:0 (Palmitic) 13.95 16.37 8.95 11.95 20.56
C16:1 (Palmitoleic) 0.53 0.59 0.67 0.53 6.94
C18:0 (Stearic) 7.13 5.97 4.13 6.13 8.03
C18:1w9 (Oleic) 26.67 34.63 55.81 26.78 42.54
C18:2w6 (Linoleic) 44.82 36.51 24.35 49.32 16.97
C18:3w3 (Linolenic) 2.12 1.12 1.12 2.03 0.89
C20:4w6 (Arachidonic) 0.13 0.13 0.13 0.11 0.10
(C22:6w3 (Docosahexaenoic) 0.12 0.12 0.12 0.11 0.11

Egg quality. To verify the quality of plants under preservation, a completely
randomized design was used with five treatments (lipid sources) and three storage
periods (0 (fresh egg), 7, and 14 days) as repeated measures over time (5 x 3 factorial
design), with 10 replications. Three eggs from each replicate were considered the
experimental unit; a total of 450 eggs were analysed during each experimental period,
and a total of 1350 eggs were evaluated; the eggs were kept at natural temperature
throughout the entire storage period.

Egg storage (7 and 14 days) was carried out in a room with natural ventilation,
free from direct sunlight, in dry and ventilated places, with minimum and maximum
temperatures of 32.84+0.2°C and 21.940.15°C, respectively, a maximum relative
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humidity (RH) of 69+1.3%, and a minimum RH of 41.5£1.5%. The eggs were
identified according to their treatment and individually weighed using a semianalytical
balance with a precision of 0.01 g. The quality of the eggs was evaluated following
Moraleco et al. [2019].

Specific gravity. Eggs were immersed in eight saline solutions (NaCl) with
densities from 1.065 to 1.100, increasing in 0.005 increments. The density at which
the eggs float was considered their specific gravity following Castello et al. [1989].

Yolk coloration. After the eggs were broken, the shell, yolk, and albumen were
separated on a flat surface, and the yolk coloration was evaluated using a portable
colorimeter model (Minolta CR 410). The luminosity (L*), redness (a*), and
yellowness (b*) parameters were evaluated at three different points on the surface of
the yolk. The egg colour was also evaluated using a La Roche colorimetric fan.

Height of yolk and albumen. Yolk and albumen heights and yolk diameter were
measured with a calliper on a tripod; yolk height at the centre and albumen height 4
cm from the yolk. This analysis was performed by only one evaluator to obtain greater
accuracy in the data.

Weight and percentage of yolk, albumen, and shell tissue. The yolks were
separated from the albumen and weighed individually on a digital balance, and the
weight of the albumen was obtained by the difference between the weight of the egg,
the yolk weight, and the weight of the shell. The weight of the shell was obtained after
washing and drying in an oven at 65°C for 72 hours. The percentages of shell, yolk,
and albumen were obtained by dividing these components by the weight of the egg
and multiplying these results by 100.

Shell thickness. After washing and drying, shell thickness was measured at three
points with a Digimess precision micrometre (0.001 mm), and the mean of these
measurements was recorded.

Haugh unit. The Haugh unit was measured using the mathematical equation
described by Stadelman [1999], which correlates the weight of the egg with the height
of the yolk or albumen.

Yolk indices. The yolk index was calculated as the ratio of yolk height to yolk
diameter, according to Moraleco et al. [2019].

Statistical analysis

The statistical model used to analyse the data can be described in scalar notation
as follows:

Yijk “utTt Bj + (TB)U + &iik
where:

Y, — the observed response variable for the k-th observation of the i-th
lipid source and j-th period;

p— the overall mean;

7,— the fixed effect of the i-th lipid source (treatment);
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Bj — the effect of the j-th period, included as a covariate;

(tB), — the interaction effect between the lipid source and period (when
applicable);

g, — the residual error term, which is assumed to be normally and
© independently distributed with a mean of zero and constant
variance.

To check statistical assumptions, the Shapiro-Wilk test was used to assess the
normality of residuals, and Levene’s test to evaluate homogeneity of variances.

Egg composition data were analysed by analysis of variance using the MIXED
procedure of SAS (SAS 9.3). The period effect was included in the model as a
covariate. When significant effects were found, the means were compared using
Tukey’s test at the 5% significance level.

Egg storage data were analysed by ANOVA using the MIXED procedure in SAS
(v. 9.3), with the REPEATED statement to account for evaluation days as repeated
measures over time. The period effect was included as a covariate. When significant
interactions between lipid sources and time occurred, orthogonal polynomial
regressions (linear and quadratic) were performed. For the main effects of lipid
sources on egg quality, means were compared using Tukey’s test. The significance
level was set at 5% for all analyses.

Results and discussion

Lipid sources influenced the total fatty acids C16:0 (palmitic), C16:1 (palmitoleic),
C18:1w9 (oleic), and C18:2w6 (linoleic) but did not affect the percentage of ether
extracts in egg yolks. The inclusion of soybean oil in the diet resulted in a lower
number of carotenoids in eggs than did the inclusion of sunflower oil, but eggs from
birds fed corn, canola, or poultry fat lipid sources had similar beta-carotene contents
(Tab. 3).

There was no effect (P>0.05) of the interaction between lipid source and storage
time on the variables egg weight, yolk weight, shell weight, albumen weight, %
yolk, % shell, or % albumen. However, there were isolated effects of storage period
on yolk weight, albumen weight, % yolk, % shell, and % albumen. Yolk weight, %
yolk, and % shell maintained an increasing linear relationship; that is, they increased
with storage time. On the other hand, the albumen weight and percentage exhibited
decreasing linear trends and decreased with increasing preservation period (Tab. 4).

For the variables related to egg colour, there was no interaction between the lipid
source and storage period factor or between the lipid source factor and the individual
factor. However, for the storage period factor, there was an isolated effect on the
variables fan and colorimeter (L, A, and B), with a quadratic effect for the 0-, 7-, and 14-
day storage times (Tab. 5). The L, A, and B parameters exhibited quadratic behaviour,
as evidenced by the regression equations.
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For the variables specific gravity,
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Carotenoids are liposoluble pigments
synthesized by plants and photosynthetic microorganisms that are generated by
animals through their diet. Like all animals, birds metabolize carotenoids but cannot
synthesize them and therefore require supplementation in their diet.
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Table 4. Weights and percentages of yolk, shell, and albumen of quail eggs fed lipid sources subjected to different
storage times

Lipid sources P value

Variables Day soy com canola sunflower po;lalttry Average SEM so(usr)ce ((ig})/ S*D
0 11.00 1091 10.80 11.00 10.71 10.88

Egg 7 10.35 1047 10.25 1031 10.10 10.30

weight 14 10.28 1044 1023 10.32 10.17 10.29 0.031 0591 0212 0.820
average  10.54 10.61 1043 10.54 10.30 10.72
0 372 368 363 370 3.55 3.62

Yolk 7 350 372 3.63 3.61 3.63 3.66

weight 14 388 390 399 394 3.95 3.93 0.017 0436 0.001 0293
average 370 377 375 3.5 3.71 3.74
0 089 089 087 0.87 0.87 0.88

Shell 7 089 091 088 087 0.87 0.88

weight 14 088 0.8 0.8 0.89 0.86 0.88 0.003 0.092 0775 0.585
average 088 089 0.88 0.88 0.86 0.90
0 640 638 626 638 6.32 6.35

Albumen 7 582 571 561 5.68 5.45 5.65

weight 14 551 559 531 551 5.34 5.45 0-0310.0568 <0.0001 0.9263
average 592 590 573 586 5.70 6.06
0 3292 32,60 3271 33.12 3252 3292

% egg 7 3478 3636 36.12 36.07 36.66  34.78

yolk 14 37.25 37.08 3878 38.12 3833 3725 0.176 - 0.333 <0.001 0.556
average 3498 3535 35.87 35.77 35.83 3498
0 8.15 824 8.09 8.00 8.22 8.14

% 7 856 870 852 845 8.61 8.57

eggshell 14 858 845 8.64 8.63 8.56 8.57 0.026 0.560 <0001 0.178
average 843 846 842 836 8.45 8.43
0 58.73 59.05 59.03 58.74 5938  58.99

% 7 56.51 55.04 5510 5587 54.60 5542

albumen 14 54.02 5432 5240 53.61 53.07  53.48 0.196 0.393 <0001 0.382

average 5642 56.14 55.51 56.07 55.68  55.96

SEM - standard error of the mean.

Regression equation with a linear effect % egg yolk — Y = 0.391x + 32.198; P value <0.001; R2 = 0.158.
% eggshell - Y =0.031x + 8.177; P value <0.001; R2 = 0.146.

% albumen — Y = -0.419x + 59.689; P value <0.001; R2 =0.175.

Albumen height — Y =-0.123x + 4.204; P value <0.001; R2 = 0.370.

Albumen weight — Y =-0.067x + 6.557; P value <0.001; R2 = 0.144.

Yolk weight — Y = 0.023x + 3.596; P value <0.001; R2 = 0.048.

According to Zaheer [2017], chicken eggs can be considered ideal carriers of
biologically active carotenoids for human consumption. Moreover, moderate egg
consumption is no longer associated with an increased risk of developing CHD
in healthy individuals. Hens fed diets based on canola/corn oils with or without
microalgae (Nannochloropsis oculata) produced eggs varying in carotenoid content
and fatty acid composition of the yolk [Gtadkowski et al. 2011]. This difference
is associated with the greater amount of linoleic acid, which is consistent with the
present research, where the addition of sunflower oil increased the carotenoid content
and C18:2w6 (linoleic) fatty acid content.
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Table 5. Yolk colour of quail eggs fed lipid sources subjected to different storage times

Lipid sources Average SEM P value
Variables Day poultry source day «
soy corn canola sunflower fat (S) D) S*D
0 471 494 468 4.86 4.86 4.81
7 513 516 498 530 4.92 5.10
Fan 14 455 475 473 493 493 478 0037 02310001 0632
average 479 495 480 5.03 4.90 4.90
0 55.68 55.89 55.64 55.52 56.11 55.77
7 64.69 6592 6635 64.63 6622  61.24
*
L 14 61.86 61.54 61.15 60.57 6138  61.30 0.260 0.877 <0.001 0.539
average  60.74 61.12 61.05 60.24 6124  61.53
0 -1.96 -1.85 -2.00 -1.78 -1.64 -1.84
7 -2.87 -3.14 293 -298 -2.84 -2.95
*
A 14 282 232 240 246 208 244 0035 0389 <00010.957
average -2.55 243 244 240 -2.22 -2.41
0 36.01 37.10 36.54 36.34 37.68  36.73
7 44.06 4649 4431 4571 4523  45.16
*
B 14 4430 45.04 44.05 44.13 4487 4448 0.225 0.083 <0.001 0.423

average 4146 4288 41.63 42.06 42.59 4249

SEM - standard error of the mean.

Regression equation with quadratic effects Fan — Y =-0.006x"2 + 0.097x + 4.738; Y = 8.08 days; P value = 0.005;
R2=0.013.

L-Y =-0.246x"2 +4.043x + 51.868; Y = 8.21 days; P value <0.001; R2 = 0.441.

A—-Y =0.027x"2 - 0.456x - 1.442; Y = 8.44 days; P value <0.001; R2 = 0.042.

B-Y =-0.169x"2 + 3.076x + 33.543; Y = 9.18 days; P value <0.001; R2=0.819.

Another important point related to the content of carotenoids in egg yolk is the
natural antioxidant effect of pigments. Egg farms have sought alternatives to increase
the shelf-life of eggs and reduce product deterioration. The use of antioxidants is
a reliable option since they increase the shelf-life of eggs destined for consumers.
Therefore, exploring dietary enrichment sources is a way to add value to poultry
products, ensuring improved nutritional quality.

Egg yolks from birds fed canola and sunflower lipid sources presented greater
total fatty acid quantities than did those from birds fed soy, corn, or poultry fat sources.
Poultry fat provided more palmitic acid (C16:0) and palmitoleic acid (C16:1) to the egg
yolk. The levels of C18:0 (stochastic), C18:3w3 (linolenic), C20:4w6 (arachidonic),
and C22:6w3 (docosahexaenoic) were similar between the treatments. The addition
of canola oil provided a greater quantity of oleic acid (C18:1w9), whereas sunflower
oil increased the amount of linoleic acid (C18:2wo6) in the yolks.

Among the monounsaturated fatty acids, oleic acid (C18:1) is present in greater
quantity in egg yolk, whereas among the polyunsaturated fatty acids (PUFAs),
linolenic acid is considered the most important (®-3) because it is an essential fatty
acid and is important for inclusion in the diet. The lipid fraction of eggs can be altered
by altering birds’diet. There are two classes of PUFAs, n-6 and n-3, and n-3 PUFAs
are useful for optimal human health. The three main n-3 PUFAs are alpha-linolenic
acid (ALA), docosahexaenoic acid (DHA), and eicosapentaenoic acid (EPA).
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Table 6. Quality indices of eggs from quails fed lipid sources subjected to different storage times

Lipid sources P value
poultry Average SEM source day

Variables Day

soy corn canola sunflower S*D

fat S) (D)
0 1073 1074 1,000 1071 1073 1072

Specific 7 1065 1.065 1065 1065 1065  1.065

gravity 14 1065 1.065 1065 1065 1065 1065 001 0054 <0.0010.057
average  1.067 1.068 1066 1.067 1067 107
0 3786 8693 8741 8784 8924  87.86

Haugh 7 8212 8114 8277 8165 8247  82.03

unit 14 7839 77.93 7669 7739 7850 77.78 0220 0.118 <0.001 0.597
average 8279 82.00 8229 8229 8341  82.56
0 021 022 021 021 021 021

Shell 7 020 021 020 020 020 020

thickness 14 022 022 021 022 021 o022 0001 0222 <0.001 0.887
average 021 021 021 021 021 021
0 410 401 408 419 439 415

Albumen 7 314 305 324 3.09 319 314

height 14 259 257 236 247 260 252 0034 0195 <0.001 0766
average 328 321 323 325 3.39 3.27
0 1044 1059 1055 1042 1059  10.52

Gem 7 850 821 825 817 824 827

height 14 683 675 652 653 667 666 0060 0.026 <0.001 0.121
average  8.59% 8.51AB 8448 378 g50AB 854
0 2340 2328 2341 2331 2316 2331

Bud 7 2639 2638 2608 2613 2585 2617

diameter 14 3046 3089 31.03 3064 3069 3074 0121 0616 <0.001 0.804

average  26.75 26.85 26.84 26.69 26.57  26.72

SEM - Standard error of the mean.

ABWithin rows means bearing different superscripts differ significantly at P<0.01.

Regression equation with quadratic effects Gravity — Y = 0.00009x"2 - 0.002x + 1.074; Y = 11.11 days; P value
<0.001; R2=0.353.

Shell thickness — Y = -0.0002x"2 + 0.0003x + 0.0002; Y = 0.75 days; P value <0.001; R2 = 0.062.

Regression equation with linear effects: Bud Diameter — Y = 0.574x + 22.52; P value <0.001; R2 = 0.708. Gem
Height — Y =-0.295x + 10.702; P value <0.001; R2 = 0.753. Haugh unit — Y = -0.770x + 88.19; P value <0.001;
R2 =0.386.

Neijat et al. [2016] reported an increase in polyunsaturated fatty acids in chicken
eggs when flaxseed oil and DHA microalgae (docosahexaenoic acid) were included
in the diet. This was confirmed in the present study, as variations in dietary fatty acid
content resulted in differences in yolk fatty acid composition. Canola oil promoted
greater oleic acid deposition, while sunflower oil increased linoleic acid content, an
essential fatty acid. Linolenic acid was found in similar amounts across treatments.
Linoleic and linolenic acids serve as precursors for the omega-6 and omega-3 fatty
acid families, respectively.

These fatty acids contain more carbons and double bonds, making them biologically
active and essential for bodily functions beyond serving as an energy source. Linoleic
acid, for example, acts on cell membrane receptors and influences enzymatic activity.
Thus, assessing fatty acid profiles in the diet is an important approach for determining
food composition, as verified in this study (Tab. 2).
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Eggs are valuable sources of essential fatty acids, which are important for
improving health. However, the fatty acids in egg yolks are susceptible to lipid
oxidation. Such oxidative processes in eggs can become a problem in the production
of eggs enriched with polyunsaturated fatty acids [Pereira et al. 2019].

Nutrient deterioration is common in foods, and lipid oxidation is considered the
most important process because it can affect quality, especially aroma, flavour, and
nutritional value, and can produce toxic compounds that cause rancidity, altering
the flavour of the food [Pereira et al. 2019]. In this sense, the evaluation of nutrient
preservation in eggs of birds fed diets containing different sources of lipids is an area
that should be studied.

Owing to the high concentration of double-bond fatty acids in eggs, the
yolk becomes sensitive to lipid oxidation, and this process is responsible for the
formation of peroxides that cause oxidative degradation of the yolk. To delay this
natural deterioration process, it is necessary to maintain eggs in a low-temperature
environment with controlled humidity. The lower the temperature and the higher
the humidity are, the longer the freshness characteristics are preserved in the egg
[Figueiredo et al. 2011].

To maintain or increase the durability of eggs, especially with respect to lipid
oxidation, and to favour the maintenance of the fatty acid profile, a common practice is
the use of natural antioxidants such as annatto, turmeric, paprika, and marigold flowers
[Moraleco et al. 2019]. In this way, it was verified that lipid sources can influence the
carotenoid content of egg yolks and, consequently, the storage time of this product.

These reactions promote the liquefaction of albumen and, consequently, the
release of carbon dioxide, which diffuses through the pores of the shell and is lost
into the environment [Rocha et al. 2013]. Thus, albumen weight and percentage
decreased, while yolk weight increased due to water transfer from the albumen to the
yolk, enlarging its size and proportion.

This finding is consistent with that of Santos et al. [2021], who reported that
as air enters through an eggshell, the degradation of albumen begins, altering the
consistency of the albumen and the integrity of the chalazae. Subsequently, the yolk
shifts and the vitelline membrane ruptures, allowing albumen degradation products to
enter and alter its composition.

The results obtained in the present study reinforce those of Santos et al. [2021],
who reported that the percentage of albumen decreases with time because of the
liquefaction of the albumen in conjunction with the gas exchange of the eggs with the
environment.

According to Giampietro-Ganeco et al. [2012], egg pigmentation is stable when
eggs arerefrigerated and decreases when they are stored at room temperature. However,
in this study, the L, A*, and B* values were greater. On the basis of the derivative of
the regression equations, the highest colour indices occurred at approximately 8-9
days of storage (Variables Leque, L, A, B: Y =8.08 days, Y =8.21 days, Y = 8.44 days,
Y =9.18 days, respectively), indicating that over time, the eggs lost water through gas
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exchange with the environment, leading to more concentrated pigment components
in the yolk (carotenoids). However, after nine days of storage, these values decreased.
This can be explained by the findings of Moraleco ez al. [2019], who reported that food
oxidation destroys vitamins, essential fatty acids, proteins, and pigments, reducing the
luminous content over time.

In this study, the effects of storage time and the presence of various lipid sources
on egg quality were investigated. We found refrigeration maintains colour stability
during storage and prevents chemical reactions that could negatively affect egg
quality. In contrast, when eggs were stored at room temperature, the degree of colour
preservation decreased over time.

Lipid sources did not directly influence the preservation process during storage.
Lipid oxidation defines a large part of the shelf life and quality of eggs. This process
usually occurs during storage and leads to the denaturation of fat-soluble vitamins and
essential fatty acids, as well as the generation of undesirable products from a sensory
standpoint.

When the lipid profile of eggs is modified, there is concern about the shelf-life
of this product and the need to use antioxidants in diets to improve preservation.
However, no differences among treatments or lipid source interactions were observed
in egg quality deterioration; time was the only influencing factor [Qin et al. 2018].
The incorporation of oils and fats into the diet of Japanese quail may have practical
value for manipulating the quality of egg yolks, but it does not influence quality
preservation for up to 14 days of storage.

In addition to meeting energy requirements, essential fatty acids, and health, lipid
sources can also positively affect the fatty acid composition of quail eggs, especially
the w3/w6 ratio, making them healthier foods for human nutrition. Thus, given that
there is a change in the fatty acid profile of egg yolks from birds supplemented with
different lipid sources in the diet and that these eggs are more susceptible to oxidation,
eggs must be stored in chilled environments to ensure sensory and nutritional quality.

Conclusions

Different lipid sources do not interfere with the preservation of unrefrigerated egg
quality but they directly influence the deposition of carotenoids and fatty acids in the
yolk of eggs. The inclusion of sunflower oil improved the content of linoleic acid and
beta-carotene in egg yolks.

Acknowledgments. We would like to sincerely thank the Coordination of
Superior Level Staff Improvement (CAPES), Brazil (Finance Code 001), for their
invaluable support. We also extend our heartfelt gratitude to the National Council
Jor Scientific and Technological Development (CNPq) for the research grants (PQ
429 304806/2022-6) and the Early Career Postdoctoral Fellowship (PDJ) — Call
No. 430 2021/2023 (Process: 150188/2022-6) and Call No. 32/2023 (Process: 431
177286/2023-7), which were fundamental to the realization of this research.

507



J.K. Valentim et al.

508

Disclosure statement
The authors report that there are no competing interests to declare.

REFERENCES

ALMEIDA G.R., DE OLIVEIRAMENDONCA M., DE CASTRO WEITZEL L.C., BITTENCOURT
T.M., DE MATOS A.S., KAIQUE VALENTIM J., DE OLIVEIRA A.Q.C., 2021 - Physical quality of
eggs of four strains of poultry. Acta Scientiarum. Animal Sciences 43, €52738.

AKDEMIR F., ORHAN C., SAHIN N., SAHIN K., HAYIRLI A., 2012 - Tomato powder in laying
hen diets: effects on concentrations of yolk carotenoids and lipid peroxidation. British Poultry
Science, 53(5), 675-680.

BLIGH E.G., DYER W.J., 1959 - A rapid method of total lipid extraction and purification. Canadian
Journal of Biochemistry and Physiology 37(8), 911-917.

CASTELLO J.A.L., PONTES M., GONZALEZ F.E., 1989 - Produccion de huevos. 1* ed. Barcelona:
Real Escuela de Avicultura (Egg Production. 1st ed. Barcelona: Royal School of Poultry Farming).
COMPENDIO BRASILEIRO DE ALIMENTACAO ANIMAL, 2009 - Sio Paulo: Editora
Sindiragdes, 390 p.

FIGUEIREDO T.C., CANCADO S.V., VIEGAS R.P, REGO 1.O.P, LARA L.J.C., SOUZA
M.R., BAIAO, N.C., 2011 - Qualidade de ovos comerciais submetidos a diferentes condi¢des de
armazenamento (Quality of commercial eggs subjected to different storage conditions). Arquivo
Brasileiro de Medicina Veterindria e Zootecnia, 63, 712-720.

FREITAS L.W.,PAZL.C.D.L.A., GARCIAR.G., CALDARAF.R., DE OLIVEIRA SENO L., FELIX
G.A., ... CAVICHIOLO F., 2011 - Aspectos qualitativos de ovos comerciais submetidos a diferentes
condi¢des de armazenamento. Agrarian, 4(11), 66-72.

GIAMPIETRO-GANECO A., SCATOLINI-SILVA A.M., BORBA H., BOIAGO M.M., LIMA
T.M.A., SOUZA P.A., 2012 - Comparative study of quality characteristics of egg stored in
domestic refrigerators/Estudo comparativo das caracteristicas qualitativas de ovos armazenados em
refrigeradores domésticos. Ars Veterinaria, 28(2), 100-104.

GLADKOWSKI W., KIELBOWICZ G., CHOINACKA A, GIL M., TRZISZKA T., DOBRZANSKI
Z., WAWRZENCZYK C., 2011 - Fatty acid composition of egg yolk phospholipid fractions
following feed supplementation of Lohmann Brown hens with humic-fat preparations. Food
Chemistry, 126(3), 1013-1018.

. GOCMEN R., KANBUR G., CUFADAR Y., 2021 - The use of different fat sources on performance,

egg quality and egg yolk fatty acids content in laying quails. Turkish Journal of Agriculture and
Food Science and Technology, 9(8), 1413-1418.

. HAYAT Z., CHERIAN G., PASHAT.N., KHATTAK F.M., JABBAR M.A., 2010 - Oxidative stability

and lipid components of eggs from flax-fed hens: Effect of dietary antioxidants and storage. Poultry
Science, 89(6), 1285-1292.

. HULAN H.W., ACKMAN R.G., RATNAYAKE W.M.N., PROUDFOOT F.G., 1989 - Omega-3 fatty

acid levels and general performance of commercial broilers fed practical levels of redfish meal.
Poultry Science, 68(1), 153-162.

. MAIA E.L., RODRIGUEZ-AMAYA D.B., 1993 - Avaliagdo de um método simples e econdmico

para a metilagao de acidos graxos com lipidios de diversas espécies de peixes (Evaluation of a simple
and economical method for fatty acid methylation from lipids of various fish species). Revista do
Instituto Adolfo Lutz 53(1-2), 27-35.

. MORALECO D.D., VALENTIM JK., SILVA L.G., LIMA HJ.D.A., BITENCOURT TM.,

DALLAGO G.M,, 2019 - Egg quality of laying hens fed diets with plant extracts. Acta Scientiarum.
Animal Sciences 41, 1-6.



Fatty acids and carotenoids in quail eggs

20.

21.

22.

23.

24.

25.

26.

217.
28.

. NEIJAT M., SUH M., NEUFELD J., HOUSE J.D., 2016 - Hempseed products fed to hens effectively

increased n-3 polyunsaturated fatty acids in total lipids, triacylglycerol and phospholipid of egg yolk.
Lipids 51(5), 601-614.

. PAPADOPOULOS G.A., CHALVATZI S., KOPECKY J., ARSENOS G., FORTOMARIS P.D., 2019

- Effects of dietary fat source on lutein, zeaxanthin and total carotenoids content of the egg yolk in
laying hens during the early laying period. British Poultry Science 60(4), 431-438.

. PEREIRA FN.N., FREITAS E.R., GOMES H.M., SOUZA D.H., OLIVEIRA DOS SANTOS E.,

AGUIAR G.C,, ... WATANABE P.H., 2019 - Ethanolic extract of mango seed used in the feeding of
broilers: effects on phenolic compounds, antioxidant activity, and meat quality. Canadian Journal of
Animal Science 100(2), 299-307.

.QINC., LVI].,GUOY.,BIAN Z., SIJ., YANG L., ... LI L., 2018 - Associations of egg consumption

with cardiovascular disease in a cohort study of 0.5 million Chinese adults. Heart 104(21), 1756-
1763.

. REDA FM., EL-KHOLY M.S., ABD EL-HACK M.E., TAHA A.E., OTHMAN S.I., ALLAM, A A.,

ALAGAWANY M., 2020 - Does the use of different oil sources in quail diets impact their productive
and reproductive performance, egg quality, and blood constituents? Poultry Science 99(7), 3511-
3518.

ROCHA J.S.R., BARBOSA VM., LARAL.J.C., BATAO N.C., CANCADO S.V,, LANAAM.Q,, ...
MENDES P.M.M., 2013 - The effect of storage and dietary canthaxanthin on fertile egg quality and
embryonic development. Arquivo Brasileiro de Medicina Veterindria e Zootecnia 65(3), 792-800
ROCHA C., MAIORKA A., DE PAULA VALLE F.L., SCHRAMM V.G., ANGELLA.L., DA SILVA
A.F., 2012 - The effect of soybean oil quality and vitamin E supplementation on turkey diet nutrition.
Journal of Applied Poultry Research 21(2), 318-324.

RODRIGUEZ-AMAYA D.B., 2010 - Quantitative analysis, in vitro assessment of bioavailability
and antioxidant activity of food carotenoids -A review. Journal of Food Composition and Analysis
23(7), 726-740.

ROSTAGNO H.S., ALBINO L.F.T., HANNAS M.lL, DONZELE J.L., SAKOMURA N.K.,
PERAZZO F.G., ... BARRETO S.L.T., 2017 - Tabelas brasileiras para aves e suinos: composi¢ao
de alimentos e exigéncias nutricionais (Brazilian tables for poultry and swine: feed composition and
nutritional requirements). 4th ed. Vigosa/Department of Animal Science, UFV, Vigosa, Brazil.
SANTOS W.D., GARCIAR.G., EBERHART B.D.S., VALENTIM J.K., SERPA F.C., BURBARELLI
M.F.D.C., ... SOUZA M.F.D.A., 2021 - Influence of homeopathy on the quality of eggs of quails
stored. Acta Scientiarum. Animal Sciences 43, €52609.

SAS INSTITUTE, 2012. SAS/OR 9.3 User’s Guide: Mathematical Programming Examples. SAS
Institute.

SONG R., SHURSON G.C., 2013 - Evaluation of lipid peroxidation level in corn dried distillers’
grains with solubles. Journal of Animal Science 91(9), 4383-4388.

STADELMAN W.J., 1999 - The incredibly functional egg. Poultry Science 78(6), 807-811.

ZAHEER K., 2017 - Hen egg carotenoids (lutein and zeaxanthin) and nutritional impacts on human
health: a review. CYTA - Journal of Food 15(3), 474-487.

509






