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Abstract
The objective of this study was to compare the effects of nanoselenium (NS) and selenium yeast (SY) on the performance, egg
selenium (Se) concentration, and anti-oxidative capacity of hens. A total of 216 Brown Hy-line hens (29-week old) were randomly
allocated into three treatments (6 replicate/treatment, 12 hens/replicate). The pre-trial period lasted 7 days, and the experimental period
lasted 35 days. Dietary treatments included corn-soybean meal basal diet (containing 0.16 μg Se/g, as control group), and basal diet
supplemented with 0.3 mg Se/kg diet (Se was from NS or SY), called as SY group or NS group, respectively. At the end of the
experiment, one hen per replicate from each treatment was slaughtered. Liver, spleen, and kidney tissues were sampled for the
determination of Se concentrations. The results showed that NS or SY supplement significantly improved feed conversion ratio (P
< 0.05), soft broken egg rate (P< 0.05), and the serumT-AOC value (P< 0.05) when compared with control group. Remarkably, the
deposition of Se increased significantly (P < 0.05) and equivalently in egg, liver, and kidney of hens supplemented with both NS and
SY. Interestingly, SY supplement also enhanced the serum CAT and SOD activities (P < 0.05), NS but not SY significantly reduced
serum MDA (P < 0.05), whereas RT-PCR results did not show significant differences in the mRNA levels of antioxidant genes
among three groups (P> 0.05). Taken together, dietary supplemented with SY or NS improved the Se deposition in eggs, liver and
kidney of laying hens, increased antioxidant activity, and NS supplement had greater Se deposition in the kidney tissue than SY
supplement. SY or NS supplement could be considered to be applied for Se-enriched egg production.
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Introduction

It is well known that selenium (Se) is an essential trace ele-
ment exerting many functions in animal biological processes,
such as antioxidant defense [7], immune function [11, 28],

reproduction [33], and thyroid hormone metabolism [13]. To
date, glutathione peroxidases 1 (GPX1) and at least seven
selenoproteins have been reported playing important role in
protecting against oxidative stress and the elimination of reac-
tive oxygen species toxins [46]. In fact, Se supplement is a
common practice in the poultry industry. Traditionally, sodi-
um selenite (SS) is the most common source of Se used in
animal feeds, whereas organic forms, such as Se yeast (SY),
are also used in recent years [7, 14].

Recently, many studies have shown that SY has higher
absorption [5], higher antioxidant activity [1, 7], and bioavail-
ability [14] in birds as compared with inorganic forms, and its
supplementation results in more Se are deposited into body
tissues and eggs [10, 16, 24]. With the increasing interest in
the physiological function of Se in recent years, it has been
found that nano-Se (NS), with low toxicity and acceptable
bioavailability, could increase selenoprotein expression, scav-
enge free radicals, and prevent oxidative DNA damage [32,
41, 44]. NS is red elemental Se, and Se nanoparticles are
typically 10–45 nm (nm) with specific surface area (SSA) in
the 30–50 m2/g range and also available with an average
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particle size of 75–100 nm range with a specific surface area
of approximately 2–10 m2/g. Concurrently, NS supplementa-
tion could enhance tissue Se contents, GPX1 activity, and
GPx-1 mRNA expression [34]. Both the dietary concentration
and source of Se have been demonstrated to affect antioxidant
system and Se status [4, 21, 36]. However, there were few
studies about the functional comparison between organic or
nano-Se supplement in the poultry industry. Therefore, SY
was used as the source of organic Se in this study, to compare
the functional effects of NS and SY on Se deposition in tissues
and eggs, the antioxidant capacity, and productivity of hens.

Materials and Methods

Birds and Management

A total of 216 29-week-old Brown Hy-line laying hens
with similar body size were selected from a commercial
flock (Changsha County, Changsha City, China) and di-
vided into 3 equal groups (6 replicate/treatment, 12
hens/replicate). Dietary treatments were a corn-soybean
meal basal diet containing 0.16 μg Se/g from feed ingredi-
ents as the control group, and basal diet supplemented with
0.3 mg Se/kg (Se was from NS or SY, provided by Xing-
Jia bio-engineering Co., Ltd., 410300, Changsha), which
was called as SY group or NS group, respectively. The
average egg production of each treatment was around
94% during 1-week statistics before the formal experiment
(P = 0.989). The trial lasted for 35 days, from 30 to
35 weeks (March to April). Two birds were housed in a
39 × 35 × 38-cm wire cage with three ladders and no bed-
ding, and then, six wire cages formed an experimental unit
that was randomly distributed in the shed. The lighting
regimen used was a 16 h light and 8 h darkness cycle with
lights beginning at 06:00 h local time. All the birds were
fed twice a day (07:30 h and 15:30 h) and allowed ad
libitum access to water and treatment diets during the ex-
periment period.

Diets

The basal diet was formulated to meet nutrient requirements
suggested in the National Research Council (1994) and feeding
standard of chickens (NY/T 33-2004) for Brown laying hens
with no additional Se supplementation. The ingredient compo-
sition and the nutrient contents of the basal diet are shown in
Table 1. All the hens received the basal layer diet during the 1-
week adaptation period, and then, SY or NS group received
basal diet supplemented with Se supplement diet. The total
analyzed Se concentrations of the control, SY, and NS diets
were 0.16, 0.45, and 0.43 mg Se/kg diet, respectively.

Sample Collection and Analytical Determination

Sample Collection During the experiment, 12 eggs per group
(2 eggs per replicate) were collected for Se analyses. At the
end of the experiment, one hen per replicate from each group
was slaughtered; then, liver, spleen, and kidney were sampled
for the determination of Se concentrations.

Laying Performance Daily egg production and egg weight of
each replicate were monitored every day. Feed intake was
recorded on a replicate basis every day. The feed conversion
ratio is expressed as grams of feed consumed per grams of
eggs produced.

Serum Biochemical Analyses The concentrations of serum to-
tal protein (TP), albumin (ALB), alanine aminotransferase
(ALT), aspartate aminotransferase (AST), uric acid (UA), glu-
cose (GLU), total cholesterol (TCHOL), and high density

Table 1 The ingredient composition and the nutrient content of basal
diet for the laying hens

Item Ingredients (%)

Corn 56.00

Soybean meal (43%) 27.00

Wheat bran 4.00

Limestone 5.00

Thick stone tablets 5.00

Dicalcium phosphate 1.20

NaCl 0.30

Zeolite powder 0.50

Premixa() 1.00

Total 100.00

Nutrient and energy content (%)b()

ME (kcal/kg) 2514.28

Crude protein 17.38

Ca 3.75

Total phosphorus 0.60

Available phosphorus 0.36

Methionine 0.30

Methionine + cystine 0.57

Lysine 0.76

Se (μg/g) 0.16

a Supplied per kilogram of diet: vitamin A, 12,000 IU; vitamin D3, 3000
IU; vitamin E, 30mg; vitamin K3, 6 mg; vitamin B1, 3 mg; vitamin B2, 9
mg; vitamin B6, 6 mg; vitamin B12, 0.03 mg; D-biotin, 0.15 mg; D-
pantothenic acid, 18 mg; folic acid, 1.5 mg; nicotinamide, 6 mg;
ethoxyquin, 18.15mg; choline chloride, 50mg; phytase, 10mg; ubiquitin
calcium, 0.004 mg; Cu, 5.12 mg; Fe, 72 mg; Zn, 56 mg; Mn, 84.8 mg; I,
0.64 mg; Co, 0.32 mg; methionine, 0.30 mg; cysteine, 0.27 mg; lysine,
0.76 mg; threonine, 0.58 mg; tryptophan, 0.18 mg
bCalculated values
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lipoprotein (HDL) were determined by an Automated
Biochemistry Analyzer (Synchron CX Pro, Beckman
Coulter, Fullerton, CA) according to the commercial kits
(Beijing Chemlin Biotech Co., Ltd., Beijing, China) and man-
ufacturer’s instructions.

The Concentrations of Se Analyses Two representative eggs
per replicate were selected at 9 days, 18 days, 27 days, and
35 days of the experimental period for Se content assay, re-
spectively. The samples of liver, spleen, and kidney were col-
lected from one hen per replicate at 36 days and stored in −
20 °C for further analyses. The concentrations of Se in liver,
spleen, kidney, and egg of hens were measured by a fluores-
cence spectrophotometer (AFS 830, Titan., Beijing, China) as
described by Meng et al. [26].

Measurement of Antioxidant Enzyme Activity and Product of
Oxidative Injury Superoxide dismutase (SOD), GPX1, total
antioxidant capability (T-AOC), catalase (CAT), and
malondialdehyde (MDA) in the serum and liver were deter-
mined by assay kits (Nanjing Jiancheng Biotechnology
Institute, China) according to the manufacturer’s instructions.

cDNA Synthesis and mRNA Quantification Approximately
100 mg of liver tissue was pulverized in liquid nitrogen.
Total RNA was isolated from homogenate using the TRIzol
reagent (Beyotime Biotechnology, Shanghai, China), and then
treated with DNase I according to the manufacturer’s instruc-
tions. The RNA purity and concentration of samples were
determined by NanoDrop spectrophotometer (Thermo fisher
scientific, New York, USA). First-strand cDNA was synthe-
sized with reverse transcriptase kit (Takara Biomedical
Technology, Japan). Primers were designed in NCBI accord-
ing to the gene sequence of chick (http://www.ncbi.nlm.nih.
gov/pubmed/) to produce an amplification product (Table 2).
Real-time PCR was performed as previous study [22]. The
relative level of mRNA expression was calculated using the
2−ΔΔCt method after normalization with β-actin as a house-
keeping gene.

Statistical Analyses

This experiment was performed at a completely randomized
design. All statistical analyses were performed using SPSS
17.0 software (SPSS 17.0 for Windows; IBM-SPSS Inc.,
Chicago, IL, USA). All data in this experiment were shown
as mean ± standard error of mean (SEM). Significant differ-
ences among treatment means were determined by one-way
analysis of variance (ANOVA) followed by Duncan’s
multiple-range test (SPSS, 17.0). The differences were con-
sidered significant when P< 0.05.

Results

Laying Performance

The laying performances of hens are presented in Table 3. The
NS and SY groups improved feed conversion ratio and soft
broken egg rate when compared with control group (P
< 0.05). The results showed no significant differences in egg
production, egg weight, and egg mass of hens (P> 0.05).

Serum Biochemistry

The NS and SY supplement markedly decreased serum ALT
when compared with control group (P < 0.05) (Table 4). No
significant differences were found in serum GLU, TP, ALB,
AST, UA, TCHOL, and HDL among three groups (P> 0.05).

Se Depositions

The results of Se concentrations in the liver, kidney, and
spleen are presented in Table 5. NS or SY supplement in hens
increased the Se concentration in liver by 48.00% and
40.00%, respectively (P< 0.05), and kidney by 34.29% and
21.43%, respectively (P < 0.05), whereas no significant dif-
ference in spleen.

Table 2 Sequence of primers for
real-time PCR Name of target gene Accession no. Nucleotide sequence of primers (5′-3′) Product size (bp)

CAT NM_001031215.2 F: TATCAGAGGGACGGGCCAAT

R: GCACTACTGAAACGCTGCAC

149

CPX-1 NM_001277853.2 F: TGACCAACCCGCAGTACATC

R: TTGTATGACAGAGGTGCGGG

215

GPX-4 NM_001346449.1 F: TTACGTGATGCTCCCCTTCG

R: AATCTTCGGGTCTGCCTCAC

176

Cu/Zn-SOD NM_205064.1 F: GAAGGCCGTGTGCGTGATGA

R: CACGGAAGAGCAAGTACAGC

533

β-actin NM_205518.1 F: TTACTCGCCTCTGTGAAGGC

R: TCCTAGACTGTGGGGGACTG

228
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Eggs from SY or NS group had higher (P< 0.01) Se con-
tents than those from the control group at 9 days, 18 days,
27 days, and 35 days of the experimental period (Fig. 1).
Additionally, egg Se concentration was higher in SY group
than that in NS group on day 9 (P < 0.05).

Antioxidant Capacity in Serum and Liver

The effects of dietary supplementation with different Se
sources on GPX1 activity, catalase (CAT) activity, total anti-
oxidant capacity (T-AOC), SOD, andMDA in serum and liver
are shown in Figs. 2 and 3, respectively. The serum T-AOC
value in NS or SY groups was increased markedly than con-
trol group (P < 0.05). Meanwhile, SY supplement also

enhanced the serum CAT and SOD activities (P< 0.05), NS
but not SY significantly reduced serum MDA (P < 0.05).

NS or SY supplement had the trend to increase the
hepatic T-AOC than control group (0.05 < P < 0.1).
However, NS or SY increased the MDA content in the
liver (P < 0.05). There was no effect of either Se supple-
mentation on hepatic GPX1 activity.

The mRNA Levels of Antioxidant Genes in Liver

On the basis of above results, the relative mRNA expressions
of Cu/Zn-SOD, CAT, GPX-1, and GPX-4 in the liver were
determined (Table 6). However, we did not see significant
differences among three groups (P > 0.05).

Discussion

Enhancing the Se concentration of eggs by appropriate Se sup-
plementation of the hens’ diet can be an effective approach to
improve the Se status of humans in a controlled manner. The
requirement of Se for laying hens is recommended at 0.1-mg/kg

Table 3 Effects of dietary
supplementation with different Se
sources on laying performance

Item Dietary treatment SEM P Value

Control group NS group SY group

Egg production (%) 95.15 96.93 97.76 0.522 0.125

Egg weight (g of egg) 62.34 63.12 62.97 0.194 0.230

Egg mass (g/day) 59.26 61.25 61.59 0.479 0.111

Average daily feed intake (g/hen/day) 130.77 129.10 130.24 0.486 0.384

Feed conversion ratio (g of feed/g of egg) 2.21a 2.11b 2.13b 0.017 0.031

Soft broken egg rate (%) 1.17a 0.56b 0.47b 0.10 0.002

Data are means of 6 replicates of 12 hens per dietary treatment. Values in the same row with different lowercase
letters are significantly different (P < 0.05) by one-way ANOVA

Con control, SY Se yeast, NS nano-Se

Table 4 Effects of dietary supplementation with different Se sources on
serum biochemical indicators

Item Dietary treatment SEM P value

Control group NS group SY group

TP 47.54 50.29 51.59 0.86 0.148

ALB 18.23 19.37 19.69 0.31 0.128

AST 169.14 157.43 184.71 6.65 0.254

ALT 3.97a 2.04b 1.67b 0.317 0.002

UA 3.37 3.46 3.29 0.20 0.948

GLU 12.80a 12.24ab 11.57b 0.23 0.089

TCHOL 3.73 3.27 3.23 0.27 0.734

HDL 0.40 0.36 0.28 0.05 0.598

Data are means of 6 replicates of 12 hens per dietary treatment. Values in
the same row with different lowercase letters are significantly different
(P < 0.05) by one-way ANOVA

Con control, SY Se yeast, NS nano-Se, TP total protein, ALB albumin,
ALT alanine aminotransferase, AST aspartate aminotransferase, UA uric
acid, GLU glucose, TCHOL total cholesterol, HDL high density
lipoprotein

Table 5 Effects of dietary supplementation with different Se sources on
Se depositions

Item (mg/kg) Dietary treatment SEM P value

Control group NS group SY group

Liver 0.50b 0.74a 0.70a 0.037 0.010

Kidney 0.70b 0.94a 0.85a 0.030 < 0.001

Spleen 0.62 0.68 0.67 0.022 0.507

Data are means of 6 replicates of 12 hens per dietary treatment. Con
control, SY Se yeast, NS nano-Se
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diet [47]. Most studies demonstrated that the maximum Se sup-
plementation in the diet is 0.2 to 0.5 mg/kg [6, 20, 23, 30].
Dietary Se concentration in the present experiment ranged from
0.16 to 0.43 mg/kg, indicating that laying hens received ade-
quate Se. It has been shown that NS supplement improved feed
conversion ratio in the Guangxi Yellow chicken [43], SS + SY
supplement increased egg production of Jing Hong layers [10],
and SY supplement increased egg production [23], which were
consistent with present study. And yet, there was still another
view that egg production, egg mass, and feed intake were not
affected by supplement with up to 0.3 mg Se/kg [6, 20, 25, 39].
Previous reports about the effects of Se on animal growth per-
formance are not always consistent. Actually, the effect of Se on
performance might relate to the duration of the experiments,
animal species, feedstuff, environment, and the quality of SY
products etc. Meanwhile, the result of soft broken egg rate was
decreased in Se supplement groups, which could partly relate to
the fallopian tube inflammation of laying hens.

Alanine aminotransferase is an enzyme that catalyzes the
transfer of amino groups to form the hepatic metabolite oxa-
loacetate. ALT is found abundantly in the cytosol of the he-
patocyte. Liver is the primary sources of serum ALT, and
ALT activity in the liver is about 3000 times that of serum
activity. Thus, in the case of hepatocellular injury or death,
release of ALT from damaged liver cells increases measured
ALT activity in the serum [17]. In this experiment, serum
ALT activities in SY and NS groups reduced, indicating that
dietary supplement with Se benefits improving the health sta-
tus (especially the health of the liver) of the hens.

It has been demonstrated that the addition of SY increased
Se deposition in the liver and kidney of laying hens [10, 14,
18, 29]. Selenomethionine (SeMet) is the predominant form
of Se in SY, SeMet metabolism is closely related to its sulfur
homolog and can be incorporated into proteins in the place
of methionine nonspecifically, and the incorporation of
SeMet into proteins is reversible, allowing SeMet to be re-
used [35, 38, 40]. With the SS or SY supplementation, the
order of Se distribution in tissue and egg is liver > kidney >
spleen > cardiac muscle > egg > blood > breast muscle [29].
On the other hand, Se supplement from NS in bird feeds also
increased hepatic Se deposition [43]. It was reported that
chicks fed with NS showed high Se contents in different
tissues including liver, breast muscle, pancreas, and kidney,
but showed low Se contents in spleen [9, 27]. Consistently,
the present study showed that both NS and SY supplemen-
tation improved the Se concentrations in liver and kidney in
hens, whereas no significant effects in spleen. However,
there were few comparative studies about the effects of NS
and SY on Se tissue deposition in hens. In the present study,
the equivalent high deposition of Se in kidney, liver, and egg
from NS as compared with SY is remarkable because NS is
inorganic Se and thus cannot be metabolized directly to
SeMet in monogastric animals [38]. Because hepatic GPX1
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Fig. 2 Effects of dietary
supplementation with different Se
sources on antioxidant status in
serum. Data are means of 6
replicates of 12 hens per dietary
treatment. Bars represent the
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letters are statistically significant
in different treatments (P < 0.05).
Control = the diet supplemented
with 0 mg/kg Se, SY = the diet
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and GPX4 activities are the same in control hens and in hens
supplemented with NS or SY, the increased tissue and egg
Se do not appear to be present as selenoproteins. This strong-
ly suggests that the equivalent deposition from NS as from
SY may have occurred because NS was metabolized to
SeMet by microbes in the gut or bedding and recycled to
be deposited in protein as SeMet. Alternatively, a recent
metabolomics study in turkeys reported that more hepatic
Se is present as low molecular weight and high molecular
weight selenosugars than was present as selenoproteins in
turkeys supplemented with 0.4 or 5 μg Se/g diet as selenite
[15]. Thus, the hens in this study supplemented with 0.30 μg
Se/g additional Se as NS or SY may be readily metabolizing
and depositing the supplemental Se as selenosugars in eggs,
liver, and kidney.

It is well known that there are two assumptions about the
absorption mechanism of organic mineral complexes [2]. One
is that “complexed” or “chelated” trace minerals are absorbed
in intact form, and the metal atoms remain safely bound or

protected within organic molecular structures or “ligands”
during absorption. The other is that organic ligands can pre-
vent the harmful effect of competitive ligands such as phos-
phate, phytate, and other compounds, which can bind free
metal ions and render the trace minerals unavailable for ab-
sorption. Maintaining a dietary mineral in solution allows
maximum opportunity for contact with intestinal mucosa.
SeMet is the predominant form of Se in SY and is metabolized
along with methionine (Met) by the same enzymes [35]. Our
previous study found that SY affects Met metabolism gene
glycine N-methyltranserfase expression in the liver [26].
Meanwhile, NS exhibits high specific surface area, small par-
ticle size, and good intestinal absorption due to the formation
of nanoemulsion droplets [12]. However, molecular mecha-
nisms of NS action were not clear.

Actually, it has been demonstrated that eggs were suitable
to study the absorption of Se compounds because egg Se
deposition was closely related to dosage and source of Se
[8]. In the present study, Se supplementation with SY or NS
markedly increased Se concentrations in eggs, which was con-
sistent with other works [29–31]. Moreover, it is reported that
SY group had an approximate 3-fold increase in egg Se con-
centration over the control group at 28 days [39]. In addition,
Lu et al. reported that egg Se concentrations of different SY
level treatments increased as time advanced [25], whereas our
result did not show that the egg Se concentration increased as
time advanced. Our study showed that Se deposition in liver,
kidney, and spleen of hens fed NS were higher than those of
hens fed SY, whereas the opposite in egg was observed, which
might suggest the different absorption mechanism between
NS and SY.

As a Se-dependent enzyme that catalyzes, GPX1 could
reduce hydrogen peroxide and organic peroxides to water
and the corresponding stable alcohol, thus inhibiting the
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Fig. 3 Effects of dietary
supplementation with different Se
sources on antioxidant status in
liver. Data are means of 6
replicates of 12 hens per dietary
treatment. Bars represent the
means ± SEM, bars with different
letters are statistically significant
in different treatments (P < 0.05).
Control = the diet supplemented
with 0 mg/kg Se, SY = the diet
supplemented with 0.3 mg/kg Se
from selenium yeast, and NS =
the diet supplemented with
0.3 mg/kg Se from nano-selenium

Table 6 Effects of dietary supplementation with different Se sources on
mRNA levels of antioxidant genes in liver

Item Dietary treatment SEM P value

Control group NS group SY group

Cu/Zn-SOD 1.00 0.54 0.71 0.109 0.235

CAT 1.00 0.68 0.92 0.089 0.327

GPX-1 1.00 0.76 0.73 0.079 0.339

GPX-4 1.00 1.00 0.90 0.110 0.927

Data are means of 6 replicates of 12 hens per dietary treatment

Cu/Zn-SOD Cu/Zn-superoxide dismutase, CAT catalase, GPX-1 glutathi-
one peroxidase 1, GPX-4 glutathione peroxidase 4
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formation of free radicals [3]. It has been reported that organic,
inorganic, or nano-Se supplementation affectedGPX1 activity
[4, 14, 34]. Our other study showed that both SY and NS
improved the serum GPX1 activity of hens, but SY exhibited
a greater ability [21]. Another study showed that NS seems to
be more effective in increasing serum GPX1 activity in grow-
ing male goats [36]. Differently, the present study showed that
serum GPX1 activity had no significant difference in the NS
group or SY group, while hepatic GPX1 activity was higher in
the NS group than in the SY group. A potential reason for such
result may be due to different quality of SY and NS products.

Meanwhile, our results also found that the Se supplement
(ignore NS or SY) increased T-AOC values in serum and
liver. The T-AOC value reflects the total antioxidant capacity
of the body [42]. Low T-AOC could be an indication of oxi-
dative stress or higher susceptibility to oxidative damage.
Therefore, NS or SY supplementation can improve the anti-
oxidant capacity of serum in laying hens, thereby ensuring the
maintenance of egg laying performance. Furthermore, SY
supplementation enhanced the serum CAT and SOD activi-
ties; NS supplementation lowered the serum MDA content.
Both the CAT and SOD enzymes are not Se dependent for
their activities. CAT is a heme-containing enzyme that cata-
lyzes the decomposition of H2O2 to give water and oxygen
molecules [45]. SOD is an important antioxidant enzyme in
organisms and catalyzes the dismutation of superoxide anion
to H2O2 and molecular oxygen [37]. MDA is one of the met-
abolic products of lipid peroxides [1]. Unexpectedly, RT-PCR
results did not show significant differences in the mRNA
levels of antioxidant genes among three groups. Most studies
reported that SeMet incorporated nonspecifically into proteins
in place of methionine, increasing tissue Se concentrations but
without further increases in mRNA levels of catalytic
selenoproteins in Se adequate birds [19, 40]. The equivalent
ability of NS as compared with SY in this study to provide
deposition of Se into eggs, liver, and kidney suggests that
dietary Se supplemented as NS above concentrations needed
to maintain selenoprotein levels is readily metabolized to in-
termediates common to both inorganic and organic Se
metabolism.

Conclusions

Taken together, it was concluded that the supplementation
with NS or SY tends to improve feed conversion ratio and
soft broken egg rate, to increase the serum T-AOC value,
and the Se depositions in egg, liver, and kidney in laying hens.
SY or NS supplement could be considered to be applied for
Se-enriched egg production.
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