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Abstract: The goal of this research was to determine the concentration of macro-, micro-, trace,
and ultratrace elements in egg albumen and yolk of Green-Legged Partridge (GLP) hens (Polish
native breed) maintained in a free-range system. The hens received two feed mixtures (FM), which
differed in mineral content (Gr-1 and Gr-2). Analyses of 57 chemical elements were performed using
inductively coupled plasma spectroscopy by ICP-OES and ICP-MS techniques. FM from Gr-2 were
characterized by a significantly (p < 0.05 or 0.01) higher concentration of macro- and microelements
(Al, Ba, Ca, K, P, S, Si) than that from Gr-1. Among the trace and ultratrace elements there were
significantly higher levels of Co, Cr, Li, Nb, Ni, Pb, Ru, Sn, and Zr, and significantly lower levels of
Cs, Pd, and Te in Gr-2 compared with Gr-1. Egg albumen from hens from the Gr-2 group contained
a significantly higher Ba concentration. In the case of trace and ultratrace elements, significantly
greater Au, Co, Cr, Mo, Nb, Ru, and Se, and less As were recorded in the albumen from Gr-2. No
significant differences were observed in the concentrations of macro- and microelements in the egg
yolk. Among the examined trace and ultratrace elements, substantial differences were observed in
the level of Co, Cr, Ni, Se, Sn, and Y (more in Gr-2), and Au, Hf, Hg, Nb, Nd, and Rb (less in Gr-2).
Only in the case of Co and Cr concentrations in the feed (Gr-2) was a significant increase found in the
albumen and yolk. Gr-2 also showed a significantly greater concentration of Ba, Nb, and Ru in the
albumen, and Ni and Sn in the yolk.

Keywords: Green-Legged Partridge; free-range system; egg albumen; egg yolk; chemical composition

1. Introduction

Eggs are an important source of many nutrients necessary for the proper development
and functioning of the human organism. They are a good source of nutraceuticals used in
the prevention of civilization diseases [1–3]. The chemical composition of eggs is complex
and may be influenced by various factors (breed, age of birds, housing system, and feed
composition) [4–6]. The mineral composition of eggs is important in terms of food safety,
due to the fact that all elements, including essential, can become toxic or lead to deficiencies
if consumed in inappropriate amounts [7–9]. Additionally, feed and environment, and thus
eggs, may be contaminated with potentially toxic elements, such as Ag, As, Be, Cd, Cr, Hg,
Ni, Pb, Sb, V, and Tl [10–12].
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Reports have described the chemical composition of eggs from different breeds of
hens from different housing and feeding systems, but determinations of macro- and trace
element contents are limited. For example, determinations of the concentration of 11 micro-
and trace elements (Ba, Cu, Fe, Mn, Ni, Pb, Rb, Se, Sr, V, and Zn) in hens eggs obtained from
various poultry housing systems in Latvia were reported. Eggs from organic farms had
the most variable concentration range and the highest element content, while eggs from
other maintenance systems contained lower element concentrations [13]. The content of
12 trace elements (As, Cd, Co, Cr, Cu, Mo, Mn, Ni, Se, V, Ti, and Zn) in hen eggs (Lohman
type) from three maintenance systems was analyzed by Giannenas et al. [14]. The authors
concluded that trace element content in yolks were higher than trace element content in
albumen. Cr concentration was higher in a courtyard, rather than organic, diet. The highest
concentration of Se in yolks was found in eggs from the organic system, followed by eggs
from the conventional system. Zn concentration in yolks was highest in the courtyard
system, followed by yolks from the conventional system, which, in turn, was higher than
yolks from the organic system. Mn concentration was lowest in yolks from the courtyard
system, but Cr concentration was highest in eggs from the courtyard system. In the case of
albumen, there were differences in Zn and Cr levels, which were the highest in albumen
from the courtyard system. The results show measurable differences among eggs from
hens maintained in different production systems.

Other reports determined the level of some trace elements (As, Co, Cu, Fe, Mn, and Se)
in eggs from three different sources (commercial farm, village, and markets) in Malaysia.
The greatest concentration of these metals (except Co) was found in eggs from commercial
farms, compared with other sources [15]. However, Kiczorowska et al. [5] proved that the
mineral composition of Rhode Island Red (RIR) hen eggs varied significantly, depending
on the large-scale, courtyard, or organic systems. Free-range eggs showed a substantial
increase in the content of macroelements K and Na (albumen and yolk) and Ca and Mg
(yolk), and microelements Zn, Se, and Mn (albumen and yolk) and Fe (yolk). The authors
explained this with the possibility of supplementing the diet of hens on the paddock.
Additionally, researchers [16] believe that hen type, age, and rearing environment has little
effect on the chemical composition of egg content, and the observed differences in mineral
content of eggs are unlikely to have significant effect on human nutrition.

It seems that the chemical composition of the feed, both the concentration of macronu-
trients and trace elements, may have the greatest impact on the mineral composition of
eggs. A recent study [6] has determined the level of 38 chemical elements in the egg white
and yolk of Lohmann Brown (LB) hens kept in a cage system and fed with commercial feed
mixture with additive of humic preparations. The authors showed the limited effect of the
mineral composition of feed on the concentration of essential and nonessential elements in
eggs. These relationships were significant in the case of Bi, Co, Ni, and S (feed–albumen),
and Bi, Fe, K, and Sb (feed–yolk).

Despite many studies on the mineral composition of hen eggs and the influencing
factors, there is no information to-date regarding the content of minerals in eggs of local
breeds (e.g., Green-Legged Partridge—Polish native breed), which are increasingly kept
in ecological, organic, and free-range systems [17,18]. Since 1991, GLP hens have been
covered by a national program for the conservation of animal genetic resources, among the
other 10 breeds/families of laying hens. This breed is also classified by the FAO as a global
genetic resource [19].

The aim of this study was to assess the chemical composition (macro-, micro-, trace,
and ultratrace elements) in the content of GLP hens’ eggs kept in a free-range system with
varied mineral nutrition.
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2. Materials and Methods
2.1. Ethical Statement

The experiment on GLP hens was approved by the Second Local Ethical Committee
on Animal Testing at Wroclaw University of Environmental and Life Sciences (UPWr)
(No. 17/2009, 9 February 2009).

2.2. Animal Population and Experimental Design

All experiments were carried out in hen farms in Modrze (Poland). The animal
material consisted of 300 GLP hens, which were divided into two experimental groups
(Gr-1 and Gr-2) of 150 birds each. At the beginning of the experiment, the hens were
18 weeks of age and were kept until the peak of laying (32–33 weeks). The birds were
kept in a free-range system and had free access to green, partly grassy paddocks with
an area of 8 m2/head. At night, the birds stayed in henhouses equipped with feeders,
drinkers, three-story perches, and nest boxes. The floor of the henhouses was covered with
crushed straw and sawdust. There were 5 hens/m2 inside the henhouse, the perch length
was 25 cm/hen, and there were six hens per nest. The birds had constant access to feed
and water.

2.3. Feed Mixture

The basal feed mixture was formulated according to the poultry nutrition stan-
dards [20]. The hens were fed with feed mixtures based on corn meal, soybean meal,
postextraction rapeseed meal, wheat (grains and bran), dicalcium phosphate, ground lime-
stone, salt and vitamin–mineral premix, with Gr-2 birds additionally receiving mineral
organic feed additives (MOFA) which was 10% of the feed mixture. The feed mixture was
produced under veterinary supervision on the farm where the hens were kept. The MOFA
were composed of flaxseed meal, dry microalgae, dolomite, humin, and aluminosilicate
raw materials. Both mixtures were sent to the laboratory at the Department of Animal
Nutrition and Feed Management of UPWr. In this laboratory, the basic parameters of
feed mixture were determined (crude protein, crude fat, crude fiber, crude ash, and dry
matter) [21].

2.4. Sample Collection for Analyses

Eggs used for tests were collected at the peak of laying for five successive days from
both groups. Every day, five undamaged eggs with similar weight (53–57 g) were randomly
selected from each experimental groups. In the next step, the eggs were broken and the
albumen and yolk were separated. Every day, five samples (n = 5) of albumen and yolk
were collected from both groups, resulting in a total of 50 samples. Samples were stored
for 6 days in a coldroom (+4 ◦C) before transport to the chemical laboratory at the Wroclaw
University of Science and Technology (WUST). Additionally, approximately 0.5 kg (n = 5)
samples of the feed mixtures were collected for chemical analysis at weekly intervals from
the fifth week before egg collection.

2.5. Analitical Techniques

The chemical composition of the feed mixture and hen eggs was tested to determine
chemical element content. Analyses were performed using inductively coupled plasma
spectroscopy by ICP-OES and ICP-MS techniques. The appropriate mass of biological
material (feed, 0.5 g; albumen, 1.5 g; and yolk, 1.5 g) was mineralized in Teflon bombs
with 5 mL of concentrated, spectrally pure nitric acid (HNO3, from Merck) in a START
D microwave digestion system (Milestone, Italy). The following analytical equipment
was used: an inductively coupled plasma optical emission spectrometer with ultrasonic
nebulizer (Varian VISTA-MPX ICP-OES, Melbourne, Victoria, Australia); and an induc-
tively coupled plasma spectrometer with mass detector (ICP-MS Varian Ultra Mass-700
Instrument, Melbourne, Victoria, Australia).
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In the feed mixture and egg content (albumen and yolk), the concentration of the
following elements was determined by ICP-MS method: Co, Cr, Cu, Fe, I, Mn, Mo, Se,
and Zn. Analysis of the remaining elements was performed by ICP-OES: macro- and
microelements Ca, K, P, S, Mg, Na and Al, Ba, Si, Sr; trace elements As, B, Be, Bi, Cd,
Cs, Ga, Ge, Li, Nd, Ni, Pb, Rb, Ti, V, Y, and Zr; and ultratrace elements Ag, Au, Ce, Gd,
Hf, La, Lu, Nb, Pd, Pt, Ru, Sb, Sn, Ta, Te, Tl, U, W, and Yb. Mercury (Hg) content was
analyzed by atomic absorption spectrometry, mercury analyzer AMA-254 (Altec Ltd.,
Prague, Czech Republic). Anions, such as Cl, F, Br, and radioactive elements (except U),
were not determined. These elements were bonded chemically to metals, with the exception
of B, I, Se, Si, and Te (non-metals), although elements such as Al, As, B, Ge, Sb, Se, and Te
are classified as metalloids [22,23].

Analytical determinations were carried out in the Laboratory of Multielemental Anal-
yses at WUST, accredited by the Polish Center for Accreditation and ILAC/MRA, No. AB
696. The analytical determinations were performed in accordance with PN-EN ISO 17025.
The quality of analytical process was controlled with the certified reference material: whole
egg powder (NIST RM 8415), corn flour (INCT-CF-3) and soya bean flour (INCT-SBF-4).

To avoid possible secondary contamination of the sample, no metal tools and labora-
tory equipment were used, only those made of plastic or glass.

2.6. Statistical Analysis

Analysis of the results was carried out using Statistica ver. 13.1. The data is pre-
sented as the mean and standard error of mean (SEM). The Shapiro–Wilk test was used
to determine the normality of the data distribution. If the distribution was normal, a Stu-
dent’s t-test for independent samples was performed. If the distribution was not normal, a
Mann−Whitney U test was performed. Differences were considered significant if p < 0.05
or p < 0.01.

3. Results
3.1. Feed Mixture

The results relating to the feed mixtures are presented in Table 1. Table 2 shows the
percentage of macro- and microelements in both feed mixtures. Their chemical composition
(macro-, micro-, trace, and ultratrace elements) is presented in Tables 3 and 4.

Table 1. Nutrient composition of feed mixtures for laying hens.

Compound Gr-1 Gr-2 *

Dry matter (%) 90.25 91.28
Crude ash (%) 12.03 12.69

Crude fiber (%) 6.08 6.71
Crude fat (%) 3.88 5.02

Crude protein (%) 16.92 17.57
Metabolic energy (kcal/kg) 2684 2711

* Basal diet + inclusion of 10% MOFA (flaxseed meal, dry microalgae biomass, dolomite, humin, and aluminosili-
cate raw materials).

Table 2. The percentage of macro- and microelements in the feed mixture (%).

Element Gr-1 Gr-2

Macroelements

Ca 3.553 3.771
K 0.627 0.683
P 0.476 0.528
S 0.230 0.284

Mg 0.208 0.217
Na 0.149 0.157
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Table 2. Cont.

Element Gr-1 Gr-2

Microelements

Al 0.0271 0.0331
Fe 0.0266 0.0302
Si 0.0204 0.0252

Mn 0.0112 0.0107
Zn 0.0093 0.0106
Sr 0.0019 0.0027
Cu 0.0016 0.0017
Ba 0.0003 0.0004
I 0.0003 0.0002

Table 3. The concentrations of macro- and microelements in the feed mixture (mg/kg).

Element Gr-1 Gr-2 SEM p-Value

Macroelements

Ca 35537.0 a 37713.3 b 598.22 0.037 †

K 6272.4 a 6835.8 b 104.28 0.00013 †

P 4763.5 a 5285.2 b 126.05 0.027 †

S 2301.8 A 2846.4 B 297.63 0.00001 †

Mg 2082.0 2175.1 40.58 0.276 †

Na 1495.2 1577.4 34.67 0.258 †

Microelements

Al 271.10 a 331.41 b 15.72 0.046 †

Fe 266.37 302.34 12.70 0.168 †

Si 204.78 a 252.64 b 11.35 0.023 †

Mn 112.14 107.55 4.061 0.601 †

Zn 93.48 106.26 6.892 0.384 †

Sr 19.32 27.08 2.187 0.071 †

Cu 16.74 17.56 0.634 0.549 †

Ba 3.09 a 4.35 b 0.282 0.013 †

I 3.08 2.74 0.194 0.414 †

† based on t-test; a,b significance of differences on the level p < 0.05; A,B significance of differences on the level
p < 0.01; SEM, standard error of mean.

Table 4. The concentrations of trace and ultratrace elements in the feed mixture (mg/kg).

Element Gr-1 Gr-2 SEM p-Value

Trace elements

Ti 6.420 a 7.781 b 0.469 0.157 †

Cr 3.344 A 4.598 B 0.2195 0.0003 †

Rb 3.320 3.193 0.1772 0.7330 †

Ni 1.329 A 2.541 B 0.2422 0.0024 †

V 1.294 0.882 0.1781 0.2721 †

Y 1.178 0.989 0.1590 0.5820 †

Bi 0.866 0.562 0.1403 0.0681 †

Mo 0.757 0.853 0.0872 0.6112 †

Se 0.586 0.604 0.0951 0.9991 ‡

Ga 0.505 0.396 0.0490 0.2880 †

Ce 0.448 0.327 0.0891 0.2959‡

B 0.409 0.462 0.0142 0.0512 †
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Table 4. Cont.

Element Gr-1 Gr-2 SEM p-Value

Trace elements

As 0.404 0.668 0.0309 0.1432 ‡

La 0.397 0.323 0.0032 0.3421 †

Li 0.328 A 0.450 B 0.0384 0.0002 †

Nd 0.294 0.185 0.0331 0.1070 †

Zr 0.253 a 0.464 b 0.0293 0.0212 ‡

Pb 0.242 a 0.345 b 0.0041 0.0170 †

Co 0.171 a 0.280 b 0.0932 0.0194 †

Sn 0.164 a 0.293 b 0.0522 0.0473 ‡

Ge 0.156 0.106 0.0237 0.3072 †

Ultratrace elements

Pd 0.067 A 0.041 B 0.0410 0.0061 †

Gd 0.065 0.042 0.0013 0.1313 †

Cd 0.064 0.060 0.0042 0.7876 †

Lu 0.042 0.036 0.0002 0.4240 †

Sb 0.041 0.031 0.0462 0.2911 †

Nb 0.035 A 0.052 B 0.0033 0.0017 ‡

Be 0.035 0.030 0.0072 0.6141 †

Yb 0.026 0.023 0.0022 0.3901 †

Ag 0.022 0.018 0.0021 0.4922 †

Cs 0.018 a 0.011 b 0.0018 0.0211 †

Hg 0.0110 0.0070 0.00694 0.39379 †

U 0.0058 0.0039 0.00121 0.13834 †

W 0.0054 0.0063 0.00103 0.55510 †

Te 0.0053 a 0.0037 b 0.00141 0.04513 †

Hf 0.0038 0.0048 0.00703 0.54331 †

Ru 0.0034 a 0.0073 b 0.00248 0.04248 †

Au 0.0016 0.0017 0.00022 0.84021 †

Pt 0.0015 0.0020 0.00330 0.54223 †

Tl 0.0014 0.0012 0.00012 0.51851 †

Ta 0.00066 0.00061 0.00114 0.51252 †

† based on Mann–Whitney U test; a,b significance of differences on the level p < 0.05; A,B significance of differences
on the level p < 0.01; SEM standard error of mean.

The total macro- and microelement content was 53,466.0 mg/kg in Gr-1 and
57,411.8 mg/kg in Gr-2 (∆ = 7.38%). In contrast, trace and ultratrace element content
was 23.32 and 26.68 mg/kg, respectively (∆ = 12.59%).

Among 56 elements, significant differences were observed for macro- and microele-
ments. In Gr-2 feed mixture, the level of Al, Ba, Ca, K, P, S, and Si was significantly higher
(p < 0.05 or p < 0.01). Ca and K were the most abundant in the feed mixtures, whereas Ba
and I levels were the lowest. Among the trace and ultratrace elements, higher levels in
Gr-2 feed mixture of the following elements were determined: Co, Cr, Li, Nb, Ni, Ru, Sn,
and Zr, and lower levels of Cs, Pd and Te. Among trace and ultratrace elements, Cr, Rb,
and Ti were the most abundant in the feed mixtures, while Au, Pt, Ta, and Tl were below
0.02 mg/kg.

3.2. Egg Albumen

Tables 5 and 6 summarize the results of the albumen analyses. Among the examined
elements in the group of macro- and microelements, significant differences were observed
for Ba, and higher levels were found in Gr-2. Na and S were the most abundant in albumen,
and Ba and Mn the least.
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Table 5. The concentrations of macro- and microelements in the egg albumen (mg/kg).

Element Gr-1 Gr-2 SEM p-Value

Macroelements

S 1981.2 2001.0 25.91 0.834 ‡

Na 1926.3 2008.2 26.17 0.121 †

K 1480.4 1430.3 20.18 0.233 †

Mg 124.00 119.85 4.113 0.638 †

P 111.78 104.70 3.101 0.278 †

Ca 103.16 104.88 3.649 0.829 †

Microelements

Si 7.184 6.475 0.3192 0.2863 †

Fe 0.590 0.624 0.0241 0.6311 †

Al 0.532 0.579 0.0232 0.3372 †

Cu 0.258 0.230 0.0246 0.6009 †

Zn 0.187 0.223 0.0092 0.2062 †

Sr 0.143 0.136 0.0050 0.3930 †

I 0.062 0.076 0.0115 0.5770 †

Ba 0.055 a 0.087 b 0.0075 0.0122 ‡

Mn 0.018 0.012 0.0026 0.2797 †

† based on t-test; ‡ based on Mann–Whitney U test; a,b significance of differences on the level p < 0.05; SEM,
standard error of mean.

Table 6. The concentrations of trace and ultratrace elements in the egg albumen (mg/kg).

Element Gr-1 Gr-2 SEM p-Value

Trace elements

Rb 1.098 1.323 0.1192 0.2091 †

Zr 0.632 0.575 0.0083 0.8390 †

Ti 0.241 0.287 0.0375 0.6544 †

V 0.203 0.160 0.0155 0.1953 †

B 0.159 0.154 0.0073 0.7841 †

Mo 0.154 A 0.247 B 0.0352 0.0011 †

Se 0.121 a 0.142 b 0.0042 0.0410 †

Ag 0.081 0.083 0.0021 0.5699 †

Ce 0.067 0.062 0.0094 0.6761‡

Cr 0.066 A 0.109 B 0.0132 0.0002 †

As 0.053 A 0.026 B 0.0053 0.0027 †

Ni 0.021 0.026 0.0027 0.3245 †

Bi 0.018 0.022 0.0013 0.0738 †

Ga 0.017 0.018 0.0004 0.5434 †

Pd 0.015 0.011 0.0055 0.2076 †

Pb 0.012 0.015 0.0009 0.4263 †

Ge 0.013 0.014 0.0008 0.7516 †

Ultratrace elements

Sb 0.0092 0.0112 0.00336 0.29627 ‡

Li 0.0090 0.0102 0.00101 0.58465 †

Sn 0.0084 0.0088 0.00034 0.55455 †

Te 0.0080 0.0121 0.00212 0.83453 ‡

Be 0.0066 0.0048 0.00050 0.06658 †

Lu 0.0061 0.0082 0.00061 0.07797 †

Co 0.0048 a 0.0074 b 0.00058 0.01379 †

Ru 0.0044 A 0.0083 B 0.00094 0.00168 †

Y 0.0036 0.0041 0.00055 0.72964 †

La 0.0024 0.0035 0.00044 0.26402 †

Au 0.0021 A 0.0048 B 0.00057 0.00483 †
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Table 6. Cont.

Element Gr-1 Gr-2 SEM p-Value

Ultratrace elements

Nd 0.0017 0.0014 0.00011 0.38923 †

Nb 0.0014 A 0.0029 B 0.00048 0.00062 †

Yb 0.0011 0.0012 0.00017 0.46470 ‡

Tl 0.00108 0.00090 0.000163 0.612099 †

Pt 0.00102 0.00132 0.000460 0.428910 †

Gd 0.00091 0.00104 0.000122 0.650436 †

W 0.00088 0.00083 0.000084 0.778010 †

Cd 0.00083 0.00140 0.000250 0.270439 †

Cs 0.00066 0.00054 0.000049 0.246250 †

Hg 0.00058 0.00066 0.000035 0.250634 †

Hf 0.00050 0.00060 0.000088 0.588286 †

Ta 0.00022 0.00025 0.000022 0.566521 †

U 0.00018 0.00021 0.000021 0.631920 †

† based on t-test; ‡ based on Mann–Whitney U test; a,b significance of differences on the level p < 0.05;
A,B significance of differences on the level p < 0.01; SEM, standard error of mean.

Among the trace and ultratrace elements, there were significantly higher concentra-
tions of the following elements in Gr-2: Au, Co, Cr, Mo, Nb, Ru, and Se, and lower levels of
only As in Gr-1. The most abundant trace and ultratrace elements in the albumen were (in
descending order) Rb, Ti, and Zr, while the least—below 0.001 mg/kg—was Cd, Cs, Gd,
Hf, Hg, Ta, U, and W.

The total macro- and microelement content was 5735.8 mg/kg in Gr-1 and 5777.1 mg/kg
in Gr-2 (∆ = 0.72%), while trace and ultratrace element content was 3.046 and 3.372 mg/kg,
respectively (∆ = 10.70%).

3.3. Egg Yolk

Tables 7 and 8 summarize the results of the yolk analyses. Among 15 macro- and
microelements, no significant differences were found between Gr-1 and Gr-2. The higher
level of Ca, P, and S was detected in the yolk, and the lower of Ba, Mn, and Sr.

Table 7. The concentrations of macro- and microelements in the egg yolk (mg/kg).

Element Gr-1 Gr-2 SEM p-Value

Macroelements

P 6326.2 6541.8 609.57 0.606 †

S 1838.4 1851.9 143.00 0.892 †

Ca 1513.6 1455.2 152.49 0.576 †

K 1168.2 1202.7 99.342 0.611 †

Na 620.10 643.81 46.753 0.453 †

Mg 131.78 129.30 10.502 0.731 †

Microelements

Fe 70.42 69.64 6.828 0.868 †

Zn 44.51 39.15 5.060 0.092 †

Si 11.32 10.49 1.740 0.483 †

Al 3.068 2.808 0.2599 0.6452 †

Cu 1.370 1.524 0.1122 0.5253 †

I 1.138 1.366 0.0752 0.1365 †

Mn 0.822 0.974 0.0936 0.4647 ‡

Ba 0.790 0.837 0.0554 0.6884 †

Sr 0.723 0.691 0.0818 0.5699 †

† based on t-test; ‡ based on Mann–Whitney U test; SEM, standard error of mean.
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Table 8. The content of trace and ultratrace elements in the egg yolk (mg/kg).

Element Gr-1 Gr-2 SEM p-Value

Trace elements

Rb 0.853 a 0.629 b 0.0552 0.0321 †

Se 0.327 A 0.429 B 0.0226 0.0001 †

Cr 0.293 A 0.493 B 0.0418 0.0025 †

B 0.236 0.256 0.0101 0.3532 †

Pb 0.138 0.095 0.0182 0.2573 †

V 0.153 0.199 0.0150 0.1358 †

Mo 0.112 0.091 0.0105 0.3138 †

Ga 0.106 0.120 0.0055 0.2315 †

Ni 0.059 A 0.089 B 0.0064 0.0048 †

Li 0.066 0.055 0.0036 0.1264 †

Bi 0.064 0.079 0.0069 0.3007 †

Co 0.058 a 0.079 b 0.0052 0.0412 †

Sn 0.048 A 0.133 B 0.0148 0.0001 †

Ge 0.043 0.049 0.0039 0.4609 †

Ti 0.039 0.031 0.0023 0.1038 †

Lu 0.036 0.032 0.0022 0.4245 †

Zr 0.026 0.023 0.0015 0.4521 †

Te 0.023 0.014 0.0025 0.1055 †

Ag 0.022 0.026 0.0018 0.3462 †

Ultratrace elements

Au 0.0053 a 0.0034 b 0.00044 0.02124 †

Hg 0.0032 A 0.0019 B 0.00025 0.00541 †

Y 0.0048 A 0.0074 B 0.00059 0.02233 †

Pd 0.0045 0.0036 0.00023 0.07406 †

Sb 0.0043 0.0035 0.00021 0.11011 †

Nb 0.0042 a 0.0028 b 0.00032 0.01657 †

Hf 0.0037 a 0.0019 b 0.00045 0.03672 †

Ru 0.0033 0.0030 0.00028 0.59865 †

Nd 0.0032 a 0.0020 b 0.00029 0.03227 †

Ce 0.0029 0.0036 0.00022 0.11890 †

Pt 0.0027 0.0025 0.00027 0.76042 †

La 0.0026 0.0024 0.00025 0.74088 †

Be 0.0024 0.0053 0.00133 0.13815 †

As 0.0023 0.0028 0.00024 0.39135 †

Gd 0.0018 0.0014 0.00013 0.18601 †

Yb 0.0017 0.0019 0.00018 0.84522 †

W 0.00126 0.00096 0.000097 0.127859 †

Cd 0.00097 0.00112 0.000100 0.457444 †

Ta 0.00064 0.00062 0.000041 0.838300 †

Tl 0.00050 0.00043 0.000072 0.701493 †

U 0.00046 0.00044 0.000081 0.999460 †

Cs 0.00044 0.00047 0.000064 0.885814 †

† based on t-test; a,b significance of differences on the level p < 0.05; A,B significance of differences on the level
p < 0.01; SEM, standard error of mean.

Among the studied trace and ultratrace elements, large variations occurred between
the groups of elements: Co, Cr, Ni, Se, Sn, and Y (more in Gr-2), and Au, Hf, Hg, Nb, Nd,
and Rb (less in Gr-2). The most abundant trace elements in the yolk were Rb, Se, and Cr,
while those below 0.002 mg/kg were Cd, Cs, Gd, Ta, Tl, Yb, U, and W.

The total macro- and microelement content was 11732.4 mg/kg in Gr-1 and 11952.2 mg/kg
in Gr-2 (∆ = 1.87%). In contrast, trace and ultratrace elements were 2.760 and 2.977 mg/kg,
respectively (∆ = 7.86%).
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4. Discussion

Feed mixture from Gr-2 contained the addition of MOFA, with a slightly higher (by
7.42%) weight of minerals (macro-, micro-, trace, and ultratrace elements) compared with
Gr-1. This was explained by the increase in dry mater and crude ash in the Gr-2 feed
mixture. The diet used in the feeding of GLP hens differed in the content of 18 chemical
elements (among 56 assessed) due to the effect of the addition of MOFA. This additive
contains flaxseed, microalgae, dolomite, humin, and aluminosilicate raw materials, rich
in many elements, such as Al, Ba, Ca, Co, Cr, Fe, Ni, P, Si, Sr, and Ti [12,24–28]. These
differences generally did not affect the mineral composition of the egg albumen and yolk;
only in the case of increased content of Co and Cr in Gr-2 feed mixture, where a significant
increase in these elements was found in the egg albumen and yolk of Gr-2. Similarly, an
increase in Ba, Nb, Ni, Ru, and Sn in the hens’ diet caused an increase in the egg albumen
(Ba, Nb, Ru) and yolk (Ni and Sn).

Previous reports [12] have used HKW and HBF preparations in LB hen nutrition (ad
libitum administration). The dietary humin preparations only significantly increased Se
and decreased Mo concentration in the albumen, and increased Fe and Se concentrations
in the yolk. These additives did not influence Cr, Co, Cu, I, Mn, or Zn concentrations in
the eggs. These results only partially resemble those obtained in our study; for instance,
they confirmed only the increase in Fe concentration in the yolk and the lack of influence
of Cu and Zn content in the albumen and yolk [12]. Other studies [29] have shown that
the addition of Fe to the diet of laying hens, also in the organic form, does not increase its
concentration in egg yolk. In contrast, I, added in organic form (yeast) to the feed of hens,
significantly increased its concentration in the egg yolk [30].

It was reported [31] that the diet of laying hens can be supplemented with soybean
meal enriched with Cr, Cu, Fe and Zn. The results showed that the use of enriched soybean
meal in the diet of laying hens (Hy-Line Brown) influenced the transfer of microelements
to eggs, particularly at high doses. Eggs were biofortified with Cu, Fe and Zn and, to a
lesser extent, with Cr. On the basis of these results, it can be concluded that the transfer
of trace elements to eggs was not linearly dependent on the dose of biologically bound
microelements in the diet. This proves a specific mineral independence of eggs, indicating
the genetic determinants of their chemical composition.

The literature describes the physicochemical quality parameters of GLP eggs. It is
known that egg albumen and yolk from these hens have a favorable amino acid com-
position, fatty acid profile, and higher vitamin content, mainly A and E, compared with
farmed eggs [32–35]. However, there is no data on the mineral composition of these eggs,
especially since these birds are kept only in an extensive system, having free access to soil
and vegetation of the enclosures, allowing them to eat insects and worms [4,36]. Only
Szablewski et al. [37] provided the content of nine macro- and microelements (Ca, Cu,
Fe, Mg, Mn, Na, K, Se, and Zn) in GLP eggs from hens maintained in an organic system.
The results were difficult to compare, as the authors provided the content of elements
for the whole egg, i.e., protein and yolk combined. In general, the mean values of these
elements were similar (except for Zn) to the results of the tests of eggs of other hen breeds
(Sussex, RIR).

Our own research showed that the content of the main minerals and trace elements
differs significantly from the standard values provided, for example by Rehault-Godbert [3].
Hence, the egg albumen of GLP had much higher levels of Ca, I, Na, but less K, Mn, P, Se,
and Zn. The values of Cu, Fe, and Mg were similar. In the egg yolk of these hens, there
was approximately twice as much Cu, Fe, Mg, Mn, P, and Zn, slightly more (by 10–20%)
Ca, Na, and K, and less I and Se compared with the standard values [3].

The obtained results in the field of trace elements can be compared those by
Giannenas et al. [14], who specified 12 trace elements in eggs from hens kept in the
different systems. Similarly in the egg albumen of GLP, there was much more As, Co, Cr,
Mo, V, and Se, and less Mn, Ni, and Zn compared with the results of the cited authors. The
concentrations of Cd, Cu, and Tl were similar. Co, Cr, V, and Zn concentrations in the yolk
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were higher, but As, Mo, and Tl were lower compared with our results (mean values of
Gr-1 and Gr-2). The results of determined Cd, Cu, Mn, Ni, and Se concentrations were
similar [14].

The obtained results can be compared with those of the tests (38 elements) carried
out on the eggs of LB battery-raised hens fed with a standard feed mixture [6]. In the case
of GLP in the egg albumen, the concentration of Ca, Cu, Fe, and Na was much higher
among macro- and microelements, while Al and K was lower. Among the trace elements
in the egg albumen of GLP there were at least double Cr, Mo, V, Sn, Ti, and Zr, and lower
levels of Bi and Ni. In the case of the yolk, higher concentrations of Ca, Mn, P, Si, and Sr,
and two- or three-times higher concentrations of Bi, Co, and Li were observed, with much
lower concentrations of Ag, As, Be, Ni, Tl, Sb, and W [6]. These differences probably stem
from genetic differences and the system of maintenance. GLP hens had free access to the
enclosures and could supplement their diet by eating soil, grass, insects, etc. Furthermore,
in the egg albumen and yolk of Gr-2, the mass of the analyzed elements was slightly higher
than in Gr-1 (by 0.90% and 1.88%, respectively). The lack of testing of the water content of
these edible elements of the egg made it impossible to explain this phenomenon.

In general, it seems that the eggs of GLP are characterized by higher content of
many essential elements (macro- and microelements), while the concentrations of toxic
elements (including heavy metals/metalloids) did not differ from the values given in
previous reports [38–40]. This is of particular importance in the context of consumer health
and safety. Especially that toxic metals enter the human organism mainly through the
respiratory and digestive tracts. The circulation of these metals in ecosystems is primarily
related to the food chains of plants, animals, and humans [41,42]. This is due to the fact that
heavy metals from soil, along with water, are taken up by plants and accumulate in their
tissues (mainly roots and leaves), which are then eaten by animals and humans [43,44].
It should also be remembered that the amount of absorbed metal depends on its form,
pH in the digestive tract, the speed of its passage through the digestive system, and the
presence of other substances that may modify its absorption. However, the interpretation
of the results is complicated due to the complex relationships between chemical elements
(synergistic, antagonistic, and agonistic), which makes it difficult to interpret the results
objectively, even with the appropriate statistical analysis performed [40,45,46].

5. Conclusions

The results of the chemical analyses show that the mineral composition of feed mix-
tures has a slight effect on the mean values of macro-, micro-, trace, and ultratrace elements
in the content of GLP eggs. Only in the case of increased Co and Cr content, a significant
increase in their concentration in egg albumen and yolk was found (Gr-2). Similarly, a
significant increase in Ba, Nb, and Ru in the diet of hens causes growth in the egg albumen,
and, in the case of Ni and Sn, in the egg yolk. This proves the specific mineral indepen-
dence of eggs, indicating the genetic determinants of their chemical composition. The
possible enrichment of the content of consumed eggs with bioactive minerals through the
alimentary way (biofortification) may be problematic from a physiological and practical
point of view.
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25. Bubel, F.; Dobrzański, Z.; Kowalska-Góralska, M.; Opaliński, S.; Trziszka, T. Effect of mineral-organic feed additives on the
content of elements in raw egg material. Przem. Chem. 2013, 92, 962–965.
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iron on bioaccumulation of these metals and zinc in laying hens. J. Elementol. 2008, 13, 309–319.

46. García-Barrera, T.; Gómez-Ariza, J.L.; González-Fernández, M.; Moreno, F.; García-Sevillano, M.A.; Gómez-Jacinto, V. Biological
responses related to agonistic, antagonistic and synergistic interactions of chemical species. Anal. Bioanal. Chem. 2012, 403,
2237–2253. [CrossRef] [PubMed]

http://doi.org/10.1017/S0043933915002457
http://doi.org/10.1111/j.1439-0396.2010.01065.x
http://www.ncbi.nlm.nih.gov/pubmed/21039928
http://doi.org/10.7494/geol.2015.41.4.343
http://doi.org/10.1399/eps.2016.139
http://doi.org/10.1007/s12011-011-9147-1
http://www.ncbi.nlm.nih.gov/pubmed/21773719
http://doi.org/10.1111/jpn.13027
http://www.ncbi.nlm.nih.gov/pubmed/30604901
http://doi.org/10.1016/S1001-0742(08)62351-7
http://doi.org/10.3382/ps.2010-00794
http://www.ncbi.nlm.nih.gov/pubmed/21177467
http://doi.org/10.1007/s12011-008-8249-x
http://www.ncbi.nlm.nih.gov/pubmed/18936883
http://doi.org/10.1080/19338244.2020.1799182
http://doi.org/10.1155/2014/813206
http://doi.org/10.1007/s11356-015-4881-0
http://doi.org/10.1016/j.chemosphere.2016.07.073
http://www.ncbi.nlm.nih.gov/pubmed/27521639
http://doi.org/10.1007/s00216-012-5776-2
http://www.ncbi.nlm.nih.gov/pubmed/22367285

	Introduction 
	Materials and Methods 
	Ethical Statement 
	Animal Population and Experimental Design 
	Feed Mixture 
	Sample Collection for Analyses 
	Analitical Techniques 
	Statistical Analysis 

	Results 
	Feed Mixture 
	Egg Albumen 
	Egg Yolk 

	Discussion 
	Conclusions 
	References

