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The aim of this study was to investigate fatty acids, fat-soluble vitamins, malondialdehyde and cholesterol in con-
ventional and organic eggs obtained from hens of different ages (30 and 60 weeks). A total of 360 egg yolks were
used in this study. Polyunsaturated fatty acid, omega-3, and omega-6 levels were higher in the organic eggs from
the 30-week-old hens. The monounsaturated fatty acid level was higher in the conventional eggs but was the same
between the two age groups. Cholesterol and vitamin A levels were not influenced by either the rearing system or
the age of the hens. The malondialdehyde, vitamin D2, and vitamin K2 were higher in the organic eggs; however,
vitamin E was higher in the conventional eggs. The results showed that the rearing system and age, as well as the
diet, had an impact on the composition of the egg. Total levels of polyunsaturated fatty acid, omega-3, and ome-
ga-6 are higher in organic eggs produced by younger hens.
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Introduction

Hen eggs are a good-quality and inexpensive food source with a moderate amount of calories (Miranda et al. 2015).
Eggs comprise essential amino acids (Sarwar 1997) as well as some fatty acids, such as omega-3 (n-3) and omega-6
(n-6) from the family of polyunsaturated fatty acids (PUFAs), which have been determined to have beneficial effects
(Cherian and Quezada 2016). PUFAs have important roles in sustaining physiological conditions, such as protect-
ing cardiovascular and nervous systems. Some chronic diseases, such as cardiovascular, diabetes, cancer, obesity,
autoimmune, rheumatoid arthritis, asthma, and depression are also related to the unbalanced intake of n-6 and
n-3, especially when the amount of n-6>n-3 (Risti¢-Medi¢ et al. 2013). The health benefits of fatty acids have led
to widespread research on fatty acid composition in animal products, leading to several attempts to enrich the n-3
content in animal products (Woods and Fearon 2009). These attempts are most common in the poultry industry,
especially in egg production (Rymer and Givens 2005). These enriched eggs are also known as “functional eggs”.

Cholesterol is an amphipathic lipid that is an important component of cell membranes and myelin, and that is
necessary for the synthesis of vitamin D; bile salts; and steroids, such as glucocorticoids, estrogen, testosterone,
and progesterone (Hu et al. 2010, Orth and Bellosta 2012). Chicken eggs are one of the food products that con-
tain a high amount of cholesterol (200-300mg/100g); therefore, eggs have been deemed by health and nutrition
experts for several years as a controversial food based on presumptions that they led to cardiovascular diseases.
However, some studies have proved that egg consumption has limited effects on blood cholesterol and cardio-
vascular disease (Eilat-Adar et al. 2013, Li et al. 2013).

Eggs also contain 18 vitamins, but their content depends on environmental factors, the hen’s diet, laying hen strain,
and the hen’s age. The 18 vitamins, plus A, D, B2, B12, folate, biotin, pantothenic acid, and choline are those most
commonly found in the egg (Miranda et al. 2015). In addition, fat-soluble vitamins E and K found in eggs, and vi-
tamins A and E are known to be antioxidant agents that protect against lipid peroxidation in foods. These vita-
mins are often added to the hen’s feed to both inhibit egg deterioration by prolonging the shelf life of the eggs
and enrich the eggs with both vitamins (Mohiti-Asli et al. 2008, Shahryar et al. 2010, ilhan and Biilbiil 2016). In
addition, the main source of vitamin K in the hen’s diet is green forage material (Bauernfeind and De Ritter 2018).

Lipid oxidation is one of the main causes of shorter shelf-life for many foods, especially those containing fat. As a
result of this oxidation, the three-carbon dialdehyde, malondialdehyde (MDA), is produced that can damage an
organism’s proteins and DNA. Although spectrophotometric measurements of MDA are widely used, high-per-
formance liquid chromatography (HPLC) has better sensitivity and specificity for measuring MDA in foods (Papas-
tergiadis et al. 2012).
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The aims of organic farming are to protect natural resources and animal welfare using appropriate ecological
methods, and consumers accept organic foods as good-quality products (Samman et al. 2009, Radu-Rusu et al.
2014). Quality, nutritional value, and safety are the most important factors that affect the food preferences of the
consumer; however, there are limited studies comparing organic and conventional foods in point of food compo-
sition. The positive effects of organic feed on an animal’s performance, health, and nutritional composition have
been determined; however, feeding a strictly organic diet has significant challenges. It is vital that the organic farm-
ing sectors meet consumer demands in a sustainable, safe, and affordable manner, while maintaining consumer
trust and confidence in the food supply chain (Kristiansen et al. 2006). Organically reared laying hens have been
shown to produce more eggs (Baykalir and Simsek 2018), and several reports have suggested that organic rearing
has some effects on the characteristics that affect egg quality. Organically fed laying hens produce heavier eggs
with heavier yolks (Baykalir and Simsek 2018); however, one study found that the weight of conventional and or-
ganic eggs were similar (Mugnai et al. 2009). It has been noted that organically fed rabbits have a lower mortal-
ity rate (Vogtmann 1998), and that organically fed rats and chickens have a higher immune capacity, than those
conventionally reared (Lauridsen et al. 2005, Huber et al. 2010). The nutritional composition of animal products
is influenced mainly by animal strain, diet, and age (Scheideler et al. 1998). In studies conducted on observing
age-related changes in the fatty acid composition of the eggs, total PUFA, n-6, and n-3 are reportedly high in the
eggs of young hens (Liu and Li 1996, Nielsen 1998); however, there is limited data on age-related changes in the
levels of vitamins A, D, E, and K and of cholesterol and MDA in these eggs as well as those from conventional and
organic rearing systems.

The aim of the current study was to investigate the effect of conventional and organic rearing systems on some
of the nutrients in egg yolks in Bovans White commercial layer hens. The present paper also deals with the study
of the effect of hen age on the egg composition.

Materials and methods
Eggs sampling and experimental design

The study was conducted at a commercial egg production company in Turkey. The research related to animals’
use has complied with all the relevant national regulations and institutional policies for the care and use of ani-
mals (permission no: 05.11.2014/206). The study comprised 360 eggs divided into 4 groups (conventional cage
and 30-week-old hens, conventional cage and 60-week-old, organically reared and 30-week-old, organically reared
and 60-week-old) of 90 eggs each that were obtained from Bovans White commercial layer hybrid. The hens were
provided feed and drinking water ad libitum and similar ingredients were used in the diets of the hens in both the
conventional cage and organic systems. The feed was produced at the feed mill at the production company in ac-
cordance with National Research Council (NRC 1994) standards. The composition of the hens’ diet is provided in
Table 1. The eggs were randomly collected from the two systems, which included both 30 and 60-week-old hens.
This study planned and conducted on the same rearing season to avoid any seasonal effects on both the system
and age group.

The conventional cages at the production company comprised four tiers, each 70 cm wide by 55 cm long by 50
cm high. In this system, the flock size was ~40000 hens and each tier housed 7 hens. Each cage unit had 3 nipple
drinkers and a 70-cm-long (10 cm/bird) trough-type feeder. Manure was removed from the house using scraper
belts. Artificial lighting was provided in the cages during the laying period. An 8-h light/16-h dark period was im-
plemented for 25 weeks. The eggs were automatically collected using egg belts in this system.

Organic egg production in the company is made according to specific legislation that was adopted from the direc-
tive of the European Union 99/74/EC. Each organic house was established on an enclosed litter-floor pen of 560
m? (5-6 bird/m?) and an outdoor area of 12000 m? (4 m? per hen) for 3000 hens. The outdoor area was covered
with natural vegetation. Pop-holes were placed along one side of the house to provide the hens with free access
to the outdoor area on sunny days. The floor pen had 120 circular hanging feeders and 200 nipple drinkers. The
lighting regime was similar to that of the conventional cage system; an 8-h light/16-h dark period was used in en-
closed litter-floor pens.
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Table 1. Composition of conventional and organic feeds in studied laying periods

18-36 weeks 52-65 weeks
Feed ingredients (%) Conventional Organic Conventional Organic
Maize* 27.00 27.00 27.40 27.40
Wheat* 20.00 20.00 24.85 24.85
Wheat bran* 9.00 9.00 5.68 5.26
Soybean meal* (%48 CP) 16.20 18.00 16.00 17.50
Sunflower meal* (%32 CP) 6.64 3.00 5.90 2.50
Maize gluten*(%43 CP) 4.76 4.76 3.00 3.00
Alfalfa flour* - 2.09 - 2.50
Sunflower oil * 5.60 5.60 6.02 6.00
DL-methionine 0.12 - 0.08 -
L-lysine hydrochloride 0.01 - - -
L-threonine 0.01 - - -
L-tryptophan 0.01 - - -
Dicalcium phosphate 1.63 1.63 141 1.41
Ground limestone 8.60 8.50 9.13 9.05
Sodium bicarbonate 0.10 0.10 0.25 0.25
Salt 0.16 0.16 - -
Vitamin-mineral mixture** 0.16 0.16 0.28 0.28
Nutrient composition (%)
Dry matter 90.9 90.9 90.8 90.9
Crude protein 17.8 17.8 16.7 16.7
Total phosphorus 0.38 0.38 0.34 0.34
Calcium 3.76 3.75 3.90 391
Sodium 0.15 0.15 0.15 0.15
Methionine+cysteine 0.73 0.70 0.65 0.56
Lysine 0.84 0.86 0.84 0.84
Threonine 0.67 0.67 0.65 0.64
Tryptophan 0.24 0.23 0.24 0.23
ME, Kcal/kg 2718 2726 2741 2788

CP = Crude protein; *Organic raw materials were used in the organic diet.; **Vitamin mix (per 2.5 kg): vitamin A, 12000000 IU; vitamin D3,
2000000 1U; vitamin E, 35000 mg; vitamin K3, 4000 mg; vitamin B1, 3000 mg; vitamin B2, 7000 mg; niacin, 20000 mg; calcium D- pantothenate,
10000 mg; vitamin B6, 5000 mg; vitamin B12, 15 mg; folic acid, 1000 mg; D-biotin, 45 mg; vitamin C, 50000 mg; choline chloride, 125000
mg; canthaxanthin, 2500 mg; apo carotenoic acid ester, 500 mg. Conventional diet mineral mix (per 1 kg): manganese, 80000 mg; ferrous,
60000 mg; zinc, 60000 mg; copper, 5000 mg; cobalt, 200 mg; iodine, 1000 mg; selenium, 150 mg. Organic diet mineral mix (per 1 kg): organic
manganese, 20000 mg; organic ferrous, 20000 mg; organic zinc, 20000 mg; organic copper, 2000 mg; organic selenium, 200 mg

Sample processing for analysis

Each egg was broken and each yolk was separated from the albumen. The yolks were rolled on filter paper to
remove any albumen residues. From each system and age group, 9 egg yolks from each sample were pooled in
50-ml tubes and gently mixed. Ten samples were prepared for each analysis. Forty tubes were sealed and frozen
to be analyzed. The yolks were extracted and processed according to Hara and Radin (1978). Two aliquots of 5 ml
extract were transferred into sealed tubes and stored at —25 °C until for fatty acid composition; cholesterol; vita-
mins A, D, E, and K; and MDA analysis.

Preparation of fatty acid methyl esters

Fatty acid methyl esters (FAMEs) were prepared according to Christie (1989) by adding 5 ml 2% methanolic sul-
furic acid solution to 5 ml extract and vortexed. This mixture was stored at 55 °C for 14-15 h for the methyla-
tion. The 5 ml 5% NaCl was added to the samples when they reached room temperature. FAMEs were extracted
using n-hexane, and the hexane phase was transferred into new tubes to which 2% KHCO, was added. After 3 h
(for completion of phase segregation), the samples were stored at 37 °C for 2 d. At the end of 2 d, 1 ml heptane
was added to the samples and they were put into vials for analysis of fatty acid composition with gas chromatog-
raphy (GC).
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Gas chromatography

After the fatty acids were converted into methyl esters, they were analyzed using the Shimadzu GC-17A
(Shimadzu Corporation, Kyoto, Japan). For the analysis, the SP™-28 fused silica capillary column (Sigma-Aldrich
Co. LLC, Taufkirchen, Germany) with a film 0.2 um thick, 0.25 mm in diameter, and 30 m long was used. During
the analysis, the column temperature was kept at 120-220 °C, the injection temperature at 240 °C, and the detec-
tor temperature at 280 °C. The temperature was increased by 5 °C min‘* until it reached 200 °C and by 4 °C min™*
from 200 °C to 220 °C. Nitrogen was used as carrier gas. A standard FAME mixture was injected to determine the
retention time of each fatty acid in the samples. The values of fatty acids are given as percentages of total fatty
acids (Tvrzickd et al. 2002).

HPLC analyses of cholesterol, vitamins A, D, E, Kand MDA

The 10% methanolic potassium hydroxide solution was used for the extraction of the samples. All samples were
equalized with n-hexane for the extraction of non-saponified lipophilic molecules. After this process, 1 ml ace-
tonitrile/methanol was added to the residue and the solution transferred into autosampler vials for analysis. A
Shimadzu VP series HPLC instrument (Shimadzu Corporation) was used to conduct the analyses with LC Solution.
The detection wavelength for vitamin A was at 326 nm (Sdanchez-Machado et al. 2002), and that for cholesterol
and vitamins D, E, K was set at 202 nm (Lopez-Cervantes et al. 2006). The values for cholesterol and vitamins D,
E, and K are presented as mg g*; that for vitamin A is presented as pg g*. HPLC analyses of MDA were conducted
according to Karatas et al. (2002). The 1 ml of supernatant from each sample was analyzed using the Shimadzu
VP series full-automatic HPLC system (Shimadzu Corporation). The DAD detector and a column of ODS-3 (15 x 4.6
cm, 5 um) were used for this analysis at a wavelength of 244 nm. MDA standards (Sigma-Aldrich) were prepared
to total 2.92 pug ml?, and the MDA levels of the samples were calculated as nmol g*.

Statistical analysis

The 2x2 factorial design was used with a General Linear Model and the rearing systems (conventional cage and
organic) and age groups (30 and 60 weeks) were the main effects. SPSS 22 (IBM Corp., Armonk NY, USA) was used
for the analyses. The data are represented as the mean and standard error of the mean (SEM). p<0.05 was con-
sidered statistically significant (Collins et al. 2009).

Results

Fatty acid composition: cholesterol and vitamins; A (retinol), D (D2), E (o and & tocopherols), and K (K2) of the
feed samples are presented in Tables 2 and 3, respectively.

Table 2. Fatty acid composition of conventional and organic feeds in studied laying periods

Fatty acids (%) Conventional Organic 18-36 weeks 52-65 weeks
C16:0 12.70 13.51 12.61 13.60
C18:0 4.00 4.17 4.20 3.98
C20:0 0.17 - - -
C22:0 0.16 0.32 0.31 0.17
C 18:1n-9cis 27.01 24.41 24.69 26.93
C 18:2n-6cis 51.64 52.27 53.18 50.73
C18:3n-3 3.94 4.98 4.66 4.22
C 18:3n-6 0.38 0.34 0.35 0.37
2SFA 17.03 18.00 17.12 17.75
IMUFA 27.01 24.41 24.69 26.93
2PUFA 55.96 57.59 58.19 55.32
2n-3 3.94 4.98 4.66 4.22
2n-6 52.02 52.61 53.53 51.10
n-6/n-3 13.20 10.56 11.48 12.10
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Table 3. Levels of cholesterol and vitamins A (retinol), D (D2), E (a- and &- tocopherols), and K (K2) in the feeds

Parameters Conventional Organic Conventional Organic
18-36 weeks 18-36 weeks 52-65 weeks 52-65 weeks
Cholesterol (mg g?) 0.190 0.163 0.450 0.480
Retinol (ug g?) 8.25 4.25 5.75 12.25
Vitamin D2 (mg g?) 0.152 0.098 0.134 0.154
a-tocopherol (mg g?) 0.090 0.033 0.007 0.154
6-tocopherol (mg g?) 0.020 0.025 0.008 0.038
Vitamin K2 (mg g 0.040 0.043 0.020 0.055

The saturated fatty acid (SFA) levels in the egg yolks are shown in Table 4. Palmitic acid (C 16:0) and stearic acid
(C 18:0) were determined to be high in the yolks with significant differences in these between rearing systems and
hen age (p<0.05). Margaric acid (C 17:0) was affected only by age and was higher in the eggs from hens 30 weeks
old (0.37%) than in those from hens 60 weeks old (0.15%). Myristic (C 14:0) and behenic acids (C 22:0) were not
influenced by either the rearing system and hen age and were not significantly different (p>0.05).

Table 4. Levels of saturated fatty acids in the egg yolks (%)

C14:0 C16:0 C17:0 C18:0 C22:0
Rearing system
Conventional cage 0.27+0.02 26.45+1.30 0.250.06 10.7240.54 0.54+0.18
Organic 0.23x0.01 25.57+0.15 0.270.03 10.33£0.26 0.3620.11
Age
30 weeks 0.24+0.02 25.22+0.88 0.370.03 10.34£0.51 0.37+0.11
60 weeks 0.26x0.02 26.80+0.93 0.15+0.05 10.70+0.31 0.54+0.18
Rearing system-age
Conventional cage-30th week 0.28+0.05 24.66+1.24 0.39+0.03 9.70+0.96 0.28+0.03
Conventional cage-60th week 0.27+0.09 28.23+1.18 0.10+0.01 11.7340.34 0.81+0.36
Organic-30th week 0.20+0.03 25.79+0.11 0.34%0.05 10.9940.32 0.4610.23
Organic-60th week 0.260.08 25.3620.16 0.19+0.03 9.68+0.33 0.27+0.03
p value
Rearing system 0.503 0.318 0.733 0.492 0.407
Age 0.630 0.076 0.001 0.524 0.427
RxA 0.491 0.025 0.222 0.004 0.101

p <0.05 is statistically significant. Values are expressed as mean * standard error of the mean. RxA = rearing system x age; C 14:0 = myristic
acid; C 16:0 = palmitic acid; C 17:0 = margaric acid; C 18:0 = stearic acid; C 22:0 = behenic acid

The level of monounsaturated fatty acids (MUFAs) in the egg yolks are presented in Table 5, with oleic acid (C
18:1n-9cis) being one of the higher MUFAs found in the samples. Nervonic acid (C 24:1n-9) was influenced by both
rearing system and age and was found to be higher in eggs from the conventional system (0.92%) than in those
from the organic system (0.47%) but lower in eggs from the younger hens (0.55%) than in those from the older
hens (0.83%). This was a significant difference (p<0.001). Palmitoleic acid (C 16:1n-7), oleic acid (C 18:1n-9cis),
and elaidic acid (C 18:1n-9trans) levels were similar among the groups (p>0.05).

The PUFA levels in the examined egg yolks are presented in Table 6 with linoleic acid (C 18:2n-6cis) levels being
highest among them. Rearing systems and hen age had an effect on levels of both linoleic (C 18:2n-6cis) and al-
pha-linolenic acids (ALA-18:3n-3) (p<0.05). Linoleic acid (C 18:2n-6cis) was higher in the organic eggs (p<0.05).
There were no differences among in both the rearing system and age in the levels of eicosadienoic acid (C 20:2n-
6), gamma linolenic acid (C 18:3n-6), dihomogammalinolenic acid (C 20:3), cervonic acid (C 20:4n-6), or arachi-
donic acid (C 22:6n-3) (p>0.05).

Total SFA, MUFA, PUFA, n-3, n-6, and n-6/n-3 in the eggs are presented in Table 7. Rearing system and age were

found to have an effect on total PUFA, n-3, and n-6 values (p<0.05). In the conventional system, total levels of
PUFA (23.19%), n-3 (1.81%), and n-6 (21.22%) were lower (p<0.05) than those in the organic system (27.03, 2.17,
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and 24.70%, respectively); however, these values decreased with hen age (30 weeks: 26.99, 2.26, and 24.53%,
respectively; 60 weeks: 23.24, 1.73, and 21.40%, respectively) (p<0.05). We also observed that total SFA was af-
fected by both the rearing system and age (p<0.01). Total MUFA was significantly affected by the rearing system,
with its value being higher in the conventional system (36.57%) than in the organic system (36.18%) (p<0.05). The
effect of age on total n-6/n-3 was also significant (p<0.01), with n-6/n-3 levels increasing with hen age. There was
also a significant effect when the rearing system was combined with age (p<0.05).

Table 5. Levels of monounsaturated fatty acids in the egg yolks (%)

C16:1n-7 C 18:1n-9¢ C 18:1n-9t C24:1n-9
Rearing system
Conventional cage 2.78+0.20 32.47+1.90 2.38+1.23 0.92+0.08
Organic 2.43+0.08 31.32+1.26 1.95%1.19 0.47+0.01
Age
30 weeks 2.51+0.14 30.47+1.68 2.91+1.47 0.55+0.03
60 weeks 2.70£0.17 33.32+1.48 1.42+0.84 0.83+0.09
Rearing system-age
Conventional cage-30th week 2.64+0.26 31.57+2.43 2.64+1.85 0.60+0.07
Conventional cage-60th week 2.91+0.33 33.37+3.00 2.12+1.70 1.25+0.05
Organic-30th week 2.37£0.12 29.36%2.39 3.1942.38 0.51+0.02
Organic-60th week 2.49+0.11 33.27+0.49 0.71x0.03 0.42+0.02
p value
Rearing system 0.134 0.615 0.804 0.000
Age 0.402 0.218 0.392 0.000
RxA 0.738 0.647 0.574 0.000

p <0.05 is statistically significant. Values are expressed as the mean + standard error of the mean. RxA = rearing system x age;
C 16:1n-7 = palmitoleic acid; C 18:1n-9c = oleic acid; C 18:1n-9t = elaidic acid; C 24:1n-9 = nervonic acid

Table 6. Levels of polyunsaturated fatty acids in the egg yolks (%)

C18:2n-6c C20:2n-6 C18:3n-3 C18:3n-6) C20:3 C20:4n-6 C22:6n-3
Rearing system
Conventional cage 18.28+1.55 0.16+0.05 0.69+0.19 0.14+0.05 0.15%0.05 2.62+0.25 1.13+0.08
Organic 21.54+0.22 0.22+0.01 0.85+0.05 0.13+0.01  0.16+0.01  2.80+0.18 1.32+0.06
Age
30 weeks 21.32+1.40 0.23%0.01 0.94%0.17 0.16x0.01  0.19+0.02  2.80+0.21 1.32+0.08
60 weeks 18.50+0.75 0.15#0.05 0.60£0.09 0.11#0.05 0.12%0.05 2.63#0.21 1.12+0.06

Rearing system-age

Conventional cage-30th

week 21.60+2.84 0.22+0.02 1.10+0.33 0.19+0.02  0.20+0.04  2.66+0.30 1.22%0.14

Conventional cage-60th 1) 01059 010£0.01 0274011 0104001 0.10:0.01 2.59:0.40 1.030.08

week

Organic-30th week 21.05+0.24 0.24+0.01 0.77+0.07 0.14+0.01 0.19+0.01 2.93+0.31 1.42+0.09
Organic-60th week 22.04+0.25 0.21+0.03 0.93#0.07 0.12+0.02  0.13+0.02  2.67+0.17 1.21+0.08
p value

Rearing system 0.029 0.248 0.374 0.783 0.911 0.577 0.063
Age 0.056 0.152 0.074 0.332 0.175 0.582 0.055
RxA 0.011 0.423 0.010 0.557 0.746 0.759 0.902

p < 0.05 is statistically significant. Values are expressed as the mean + standard error of the mean. RxA = rearing system x age; C
18:2n6c = linoleic acid; C 20:2n6 = eicosadienoic acid; C 18:3n3 = alpha-linolenic acid (ALA); C 18:3n6 = gamma-linolenic acid; C 20:3
= dihomo-gamma-linolenic acid; C 20:4n6 = arachidonic acid; C 22:6n3 = cervonic acid (docosahexaenoic acid-D)
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Table 7. Total SFA, MUFA, PUFA, n-3, n-6, n-6/n-3 in the egg yolks (%)

YSFA YMUFA YPUFA n-3 n-6 n-6/n-3
Rearing system
Conventional cage 38.24+1.37 38.57+0.97 23.19+1.63 1.81+0.17 21.22+1.47 12.90+0.85
Organic 36.790.38 36.18+0.44 27.03+0.27 2.17+0.05 24.70%0.22 11.5040.26
Age
30 weeks 36.561.06 36.4610.62 26.99+1.40 2.26+0.13 24.53+1.28 10.99+0.29
60 weeks 38.47+0.93 38.290.89 23.24+0.89 1.73+0.11 21.40+0.79 13.4040.79
Rearing system-age
Conventional cage-30th week 35.33+2.07 37.47+1.02 27.20+2.83 2.32+0.24 24.69%2.60 10.7040.32
Conventional cage-60th week 41.16+1.43 39.67+1.62 19.17+0.48 1.30+0.13 17.76+0.41 15.10+1.43
Organic-30th week 37.790.43 35.4410.61 26.76+0.46 2.20+0.10 24.37+0.37 11.2840.49
Organic-60th week 35.78+0.48 36.91+0.59 27.31+0.29 2.14+0.04 25.040.23 11.7140.18
P value
Rearing system 0.269 0.028 0.011 0.018 0.013 0.078
Age 0.149 0.088 0.014 0.001 0.024 0.003
RxA 0.004 0.725 0.005 0.002 0.007 0.015

p <0.05 is statistically significant. Values are expressed as mean * standard error of the mean. RxA = rearing system x age

Table 8 presents the levels of MDA; cholesterol; and vitamins A (retinol), D (D2), E (a and & tocopherols), and K

(K2) in the egg yolks. MDA, a-tocopherol (p<0.01), and vitamin D2 (p<0.001) were influenced by both the type of

rearing system and hen age. There were significant differences in levels of MDA (p<0.01) and vitamin D2 (p<0.001),
with MDA being higher in the organic eggs (142.76 nmol g?) than in the conventionally produced eggs (116.85
nmol g?). In addition, MDA levels in eggs were observed to increase with hen age. MDA levels were low in the
eggs from the younger hens (116.73 nmol g?) and high in the eggs from the older hens (144.06 nmol g?). Vita-
min K2 was affected only by the rearing system (p < 0.01), which was also the case for the levels of a-tocopherol.
Vitamin K2 levels were higher in the organic eggs (0.23 mg g*) than in eggs conventionally produced (0.17 mg g);
however, a-tocopherol was higher in eggs produced conventionally (0.17 mg g*) than in organic eggs (0.12 mg g?).
Levels of a-tocopherol were also higher in eggs from the older hens (0.17 mg g?) than in those from the young-
er hens (0.12 mg g?).

Table 8. Amounts of MDA, cholesterol, and vitamins A (retinol), D (D2), E (a and & tocopherols), and K (K2) in the egg yolks

MDA Cholesterol Retinol Vitamin D2 a-tocopherol &-tocopherol  Vitamin K2
(nmol g?) (mgg?) (ne g™ (mgg?) (mgg?) (mgg?) (mgg?)

Rearing system
Conventional cage  116.85#5.93  28.23:1.13  21.12:0.42  0.050+0.010 0.170£0.014 0.260£0.025  0.17+0.01
Organic 142.7648.10  30.26:0.47  21.26:0.40  0.100:0.003 0.120#0.006 0.220£0.003  0.230.01
Age
30 weeks 116.73#5.75  30.26:0.52  20.95:0.45  0.090+0.003 0.120+0.007 0.240£0.014  0.2240.01
60 weeks 14406821  28.22¢1.11  21.43:0.36 0.070:0.010 0.170+0.014 0.240£0.020  0.19£0.01
Rearing system-age
gg:}:’ a‘f:iecl’(”a' €3 117.94410.15 29.57+0.75  21.15#0.76 0.080+0.005 0.151+0.008 0.246+0.029  0.18+0.01
(658;\\/ SV”:LT("E" C98€ 11567£6.17  26.89+2.12  21.09+0.40 0.001#0.001 0.201#0.026 0.274:0.040  0.16+0.02
Organic-30th week  115.53#5.44  30.96:0.71  20.75:0.52  0.100:0.003 0.105:0.008 0.233:0.004  0.25:0.01
Organic-60th week ~ 172.4749.84  29.56:0.59  21.77t0.61  0.102+0.006 0.146+0.009 0.221#0.006  0.210.01
P value
Rearing system 0.002 0.103 0.820 0.000 0.002 0.224 0.002
Age 0.002 0.101 0.423 0.000 0.004 0.767 0.085
RxA 0.001 0.599 0.363 0.000 0.758 0.453 0.480

p < 0.05 is statistically significant. Values are expressed as mean # standard error of the mean. RxA =

malondialdehyde; Retinol = vitamin A; a and 6 tocopherol = vitamin E
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Discussion

The results of this study, similar to those of previous studies, showed that palmitic, oleic, and linoleic acids were
the most abundant fatty acids in eggs (Hidalgo et al. 2008, Samman et al. 2009, Stanisic et al. 2015). SFA levels
were similar in eggs produced by both organic and conventional production systems, which is in agreement with
the results of Cherian et al. (2002). In the present study, the levels of MUFA and PUFA were different according
to the rearing system. Higher levels of PUFA and n-3 were produced in eggs from organically reared hens fed
grass as a green forage material in the outdoor area (Lopez-Bote et al. 1998, Hammershoj and Johansen 2016). It
has been suggested that a high level of PUFA in the hen diet causes a decrease in MUFA content in the egg yolk
(Shahid et al. 2015); however, in this study, total PUFA was decreased in eggs from older hens, which suggests
that the hen’s bodily functions are reduced with age (Barzilai et al. 2012). Absorption in the small intestine de-
creases with age, which may be the cause of lower levels of PUFA as well as n-3 and n-6 in eggs from older hens
(Woudstra and Thomson 2002). Eggs from younger hens have smaller egg yolks than those from older hens; there-
fore, the proportion of PUFA, n-3, and n-6 is higher in the smaller egg yolks (Nielsen 1998). Cholesterol in eggs can
be altered by manipulating the hen’s diet. Canola oil (Ismail et al. 2013), flaxseed (Chen et al. 2015), hemp seed
(Shahid et al. 2015), and grape seed (Sun et al. 2018) were demonstrated to reduce cholesterol in eggs when add-
ed as supplements to the hens’ diet. There were no differences in cholesterol content between different hous-
ing environments, and hen age had no effect on its content in the eggs (Zemkova et al. 2007, Karsten et al. 2010,
Anderson 2011). In contrast, Kovacs et al. (1998) have reported that cholesterol concentrations changed periodi-
cally during the laying cycle, decreasing from the beginning of the laying cycle to 45 weeks of age and increasing at
51-52 weeks of age, after which it declined to the end of laying period. In addition, the strain of hen has an effect
on cholesterol levels in the eggs (Simcic et al. 2009). In this study, the amount of cholesterol was similar among
both rearing systems and age groups. Karsten et al. (2010), Kucukyilmaz et al. (2012), and Anderson (2011) have
indicated that rearing system has no effect on cholesterol levels in egg yolks, which supports our findings. Zemkova
et al. (2007) have also reported no age-related changes in cholesterol content in the eggs, which is confirmed in
our study. This result could be attributed to the same layer hybrid and similar feed used in the studies. The shelf
life of PUFA-rich foods is at a disadvantage because of their susceptibility to oxidative deterioration (Buckiuniene
et al. 2016). In this study, MDA levels were higher in the organic eggs than in those from conventionally reared
hens, which can be explained by the high proportion of PUFA in the organic eggs (Cengiz et al. 2015). Moreover,
organically reared hens are exposed to environmental factors, which may stimulate the formation of cellular free
radicals through the steroid synthesis mechanism in the hens (Simsek et al. 2018). Vitamin E is the common name
of a group consisting of four tocopherols and four tocotrienols, creating eight natural compounds (Rizvi et al. 2014).
The a-tocopherol in this group has high biological value. The studies conducted on comparing eggs from organic
and conventionally reared hens have shown that the amount of a-tocopherol is lower in the organic eggs (Matt
et al. 2009, Mugnai et al. 2009), which was similar our observation. The low level of a-tocopherol in the organic
eggs suggests that it is depleted as it protects the eggs against oxidative deterioration (Shahryar et al. 2010). More-
over, younger hens had lower a-tocopherol levels. The a-tocopherol levels in the eggs might also be influenced
by their lipid content (PUFA, notably arachidonic acid, and docosahexaenoic acid) because a-tocopherol is a fat-
soluble compound (Lebold and Traber 2014, Takahashi et al. 2017). On the other hand, vitamin E concentrations
increased with hen aging in liver. The vitamin D group includes secosteroids, such as D1 (ergocalciferol + lumister-
ol), D2 (ergocalciferol), D3 (cholecalciferol), D4 (22-dihydroergocalciferol), and D5 (sitocalciferol), with D2 and D3
being the most biologically important (Calvo et al. 2005). Feed and sunlight are the two most important sources of
vitamin D. The vitamin D2 content in the eggs from the organic system in the current study was higher than that
in eggs from the conventional system. This result is believed to be caused by the beneficial effect of the daylight
and the intake of natural vegetation when the hens accessed the outdoor area. Similarly, this was also the case
for the levels of vitamin K2 in the egg yolks. The alfalfa flour intake by the organically raised hens might result in
a higher level of the vitamin K2 in the organic eggs.

Conclusions

The results of the present study showed that PUFA, n-3, and n-6 were higher in the organic table eggs; however,
the organic eggs were more susceptible to oxidative deterioration because of their high levels of PUFA. Vitamins
E and K were also higher in organic eggs. We also determined that the levels of PUFA, n-3, and n-6 were higher in
eggs from the younger hens. The rearing system and age also had an impact on other egg components. According
to the results of the current study, rearing systems can have advantages and disadvantages in terms of egg com-
position; therefore, all aspects of these systems should be more fully evaluated. In the case of any rearing system
preferences, beyond the quality of the eggs, the number of eggs should also not be ignored. Indeed, the number
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of the egg may be influenced negatively by organic or free-range raising system. This fact should be evaluated by
considering the supply/demand balance. However, the regulations implemented by the governments should be
noted in point of hen welfare in the rearing systems.
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