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Abstract The study was conducted to investigate the effects of dietary maternal
selenomethionine or sodium selenite supplementation on performance and selenium
status of broiler breeders and their next generation. Two hundred and forty 39-week-
old Lingnan yellow broiler breeders were allocated randomly into two treatments, each
of which included three replicates of 40 birds. Pretreatment period was 2 weeks, and
the experiment lasted 8 weeks. The groups were fed the same basal diet supplemented
with 0.30 mg selenium/kg of sodium selenite or selenomethionine. After incubation,
180 chicks from the same parental treatment group were randomly divided into three
replicates, with 60 birds per replicate. All the offspring were fed the same diet
containing 0.04 mg selenium/kg, and the experiment also lasted 8 weeks. Birth rate
was greater (p<0.05) in hens fed with selenomethionine than that in hens fed with
sodium selenite. The selenium concentration in serum, liver, kidney, and breast muscle
of broiler breeders, selenium deposition in the yolk, and albumen and tissues' (liver,
kidney, breast muscle) selenium concentrations of 1-day-old chicks were significantly
(p<0.01) increased by maternal selenomethionine supplementation compared with
maternal sodium selenite supplementation. The antioxidant status of 1-day-old chicks
was greatly improved by maternal selenomethionine intake in comparison with maternal
sodium selenite intake and was evidenced by the increased glutathione peroxidase
activity in breast muscle (p<0.05), superoxide dismutase activity in breast muscle and
kidney (p<0.05), glutathione concentration in kidney (p<0.01), total antioxidant
capability in breast muscle and liver (p<0.05), and decreased malondialdehyde
concentration in liver and pancreas (p<0.05) of 1-day-old chicks. Feed utilization was
better (p<0.05), and mortality was lower (p<0.05) in the progeny from hens fed with
selenomethionine throughout the 8-week growing period compared with those from hens
fed with sodium selenite. In summary, we concluded that maternal selenomethionine
supplementation increased birth rate and Se deposition in serum and tissues of broiler
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breeders as well as in egg yolk and egg albumen more than maternal sodium selenite
supplementation. Furthermore, maternal selenomethionine intake was also superior to
maternal sodium selenite intake in improving the tissues Se deposition and antioxidant
status of 1-day-old chicks and increasing the performance of the progeny during 8 weeks
of post-hatch life.
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Introduction

Selenium (Se) has been recognized as an essential dietary nutrient that plays important
roles in animal health and productivity. There are two main sources of Se in the diet:
organic Se such as Se-enriched yeast (SY) and inorganic Se such as sodium selenite
(SS). Usually, organic Se has higher bioavailability and antioxidant properties and
rates of tissue accumulation as well as lower toxicities as compared to inorganic Se
[1–3].

The impact of maternal nutrition on the nutritional status or antioxidant system of
the offspring has attracted more and more researchers' attention in recent years.
Selenium is an essential component of the antioxidant enzyme glutathione peroxidase
(GSH-Px) [4]. The GSH-Px family of enzymes is a crucial player in the integrated
antioxidant system, neutralizing potential threats to the integrity of cellular macro-
molecules by eliminating hydrogen peroxide and detoxifying lipid hydroperoxides [5].
Selenium derived from the diet of the female bird is deposited in the egg and is distributed
among the developing tissues during embryogenesis [6–8]. Surai [7] reported that
maternal SY supplementation significantly increased GSH-Px activity, glutathione (GSH),
and Se concentrations and reduced the generation of lipid peroxides in liver of chicks for
1 to 10 days post-hatch when compared with the control group. Pappas et al. [9] indicated
that maternal SY intake readily elevated the Se concentration and GSH-Px activity in
blood, liver, and breast muscle of chicks for 2 to 4 weeks post-hatch in comparison with
hens on the control diet.

Many researches attributed the high biological effect of SY to selenomethionine (Se-
methionine (Met)), a Se analog of Met, which is the predominant form of Se in SY
[10–12]. Selenomethionine is also the major form of Se in some plant material such as
cereals and forage crops and therefore the most appropriate form of Se in human and
animal nutrition [11, 12]. Besides, Se-Met is the only Se-amino acid that is non-
specifically incorporated into tissue proteins in place of Met, allowing the build-up of Se
reserves in the organism [11, 12]. However, additional research seemed necessary to
compare the effects of supplemental Se-Met and SS in the material diet on antioxidant
status and tissues' Se concentrations of 1-day-old chicks and on performance of the
progeny during early post-hatch life.

Therefore, the main objective of the current study was to determine the effects of
maternal dietary SS or Se-Met supplementation on tissues Se deposition and antioxidant
property of 1-day-old chicks and on growth performance of the offspring. The movement of
Se from broiler breeders to their eggs, productive performance, and Se deposition in serum
and tissues of broiler breeders were also assessed.

1498 Wang et al.



Materials and Methods

Experimental Animals and Treatments

This project was approved and conducted under the supervision of the Zhejiang University
Animal Care and Use Committee, which has adopted Animal Care and Use Guidelines
governing all animal use in experimental procedures.

Two hundred and forty 39-week-old broiler breeders (Lingnan yellow) were randomly
distributed to two treatments, each of which was replicated three times with 40 hens per
replicate. A corn-soybean meal basal diet (Table 1) was formulated to meet the
recommendations for broiler breeders of the National Research Council [13] with regard
to the requirements of all nutrients except for Se. The basal diet contained 0.04 mg/kg Se.
Dietary Se addition was based on calculated levels for each source. Selenium from SS
(Sigma-Aldrich Chemical Co., St. Louis, MO, USA) or Se-Met (seneno-DL-methylseleno)
(Sigma-Aldrich Chemical Co., St. Louis, MO, USA) was added at 0.30 mg/kg Se into the
basal diet to make each treatment, respectively. During the experiment, feed (in mash form)
and water were provided ad libitum. Pretreatment period was 2 weeks, and the experiment
lasted 8 weeks. The facility was environmentally controlled.

Egg production and egg weight were evaluated during the 8-week experiment. Each day
at approximately 12:00 h, the total eggs produced and the number of dirty, cracked, or

Table 1 Ingredients and nutrient content of the maternal basal diets (grams per kilogram, unless otherwise
stated)

Ingredients

Corn 646

Soybean meal 250

Monocalcium phosphate 18

Limestone 70

DL-Methionine 3

Salt 3

Vitamin–mineral premixa 10

Composition (analyzed except for (ME)b)

ME (MJ/kg) 11.24

Crude protein 161.1

Calcium 30.2

Total phosphorus 6.5

Lysine 8.2

Methionine 5.5

Methionine+cysteine 8.1

Sodium selenite and selenomethionine were premixed in corn and added to the diets at 0.30 mg selenium per
kilogram to achieve the appropriate treatment levels
a Supplied the following per kilogram of diet: iron, 72 mg; copper, 7 mg; zinc, 72 mg; manganese, 90 mg;
iodine, 0.9 mg; vitamin A,10,800 IU; vitamin D3, 2,160 IU; vitamin E, 27 IU; vitamin K3, 1.4 mg; vitamin
B1, 1.8 mg; vitamin B2, 8 mg; vitamin B6, 4.1 mg; vitamin B12, 0.01 mg; niacin, 32 mg; calcium
pantothenate, 11 mg; folic acid, 1.08 mg; biotin, 0.18 mg
bME was calculated from data provided by Feed Database in China [40]
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shell-less eggs were recorded and weighted for each replicate. The eggs were incubated
once a week, and birth rate was measured from all hatching eggs produced throughout the
8-week experiment.

To study the effects of maternal Se source on the Se status, antioxidant property, and
performance of the offspring, eggs (120 from each replicate) were collected during the
eighth week of treatment. These eggs were incubated using standard conditions (37.5°C and
55% relative humidity) in a forced-draft incubator with automatic egg turning (model FT-
KCFC10, The 41st Electronic Inst., Qingdao, Shandong, People's Republic of China).
Weights of eggs collected for incubation were recorded daily. After incubation for 21 days,
180 healthy chicks from the same parental treatment group were divided into three
replicates, with 60 birds per replicate. Other chicks were used for analysis of tissues Se and
GSH-Px. All the offspring were fed the same basal diet containing 0.04 mg Se/kg with no
added Se. The basal diet was formulated to meet or exceed requirements of broilers
according to National Research Council [13] except for Se (Table 2). Feed and water were
provided ad libitum throughout the experiment. The experiment lasted 56 days. Mortality,
temperature, and feed intake were recorded daily. At dietary phase change and at the end of
the experiment, broilers were deprived of feed for 12 h and weighed per replicate. Average
daily gain (ADG), average daily feed intake (ADFI), and feed conversion ration (FCR)
were calculated.

Table 2 Formulation and proximate analysis of the progeny basal diets (grams per kilogram, unless
otherwise stated)

Items Starter
(1 to 21 days)

Grower
(22 to 42 days)

Finisher
(43 to 56 days)

Ingredients

Maize 591.9 638.6 657.6

Soybean meal 360.0 310.0 290.0

Soy oil 10.0 14.0 20.0

Monocalcium phosphate 15.0 12.0 10.0

Limestone 12.0 15.0 12.0

Salt 3.0 3.0 3.0

L-Lysine HCl 1.3 1.0 1.0

DL-Methionine 1.8 1.4 1.4

Vitamin–mineral premixa 5.0 5.0 5.0

Composition (analyzed except for (ME)b)

ME (MJ/kg) 11.88 12.18 12.43

Crude protein 205.1 186.6 179.3

Lysine 10.4 9.2 8.4

Methionine 4.8 3.4 3.2

Methionine+cysteine 8.2 6.5 5.6

Calcium 9.3 9.1 7.7

Total phosphorus 6.5 5.8 5.4

a Supplied per kilogram of diet: retinyl acetate, 3,440 μg; cholecalciferol, 100 μg; DL-α-tocopheryl acetate,
10 mg; menadione, 3.0 mg; thiamine, 1.5 mg; riboflavin, 3.5 mg; pyridoxine, 3.0 mg; cobalamin, 15 μg;
niacin, 30 mg; folic acid, 0.5 mg; pantothenic acid, 10 mg; biotin, 150 μg; iron, 80 mg; copper, 8 mg;
manganese, 60 mg; zinc, 40 mg; iodine, 0.33 mg; ethoxyquin, 100 mg
bME was calculated from data provided by Feed Database in China [40]
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Sample Collection and Preparation

At the end of the broiler breeders' experiment, four eggs per replicate from each treatment were
randomly collected. Each individual egg was broken out, and the albumen and yolk were
separated and weighed. The albumen and yolk were homogenized with an electric blender at
chilled conditions and stored frozen in 10-ml plastic tubes until Se analysis could be
conducted. Then four hens per replicate from each treatment were randomly selected, fasted
for 12 h, and blood samples were taken from the main wing vein. A 10-ml sample was
extracted per bird and allowed to coagulate at room temperature for 1 h. Serum was separated
by centrifugation at 4°C, 1,000×g for 20 min and transferred into 1.0-ml microcentrifuge tubes.
After blood collection, the birds were killed. Samples of about 10 g of breast muscle and
whole liver, kidney, and pancreas were collected and placed in liquid nitrogen. At 1 day of age,
thirty chicks per replicate from each treatment were randomly selected and killed by cervical
dislocation. Samples of whole breast muscle, liver, kidney, and pancreas were collected and
placed in liquid nitrogen. All samples were marked with their treatments, replicate number, and
sampling date. Frozen tissues and serum samples were stored at −80°C until further analysis.

Biochemical Determinations

The Se assay for the samples was performed by hydride generation atomic fluorescence
spectrometry [14]. The GSH-Px, superoxide dismutase (SOD), GSH, malondialdehyde
(MDA), and total protein were determined using the method of Lawrence and Burk [15],
Panckenko et al. [16], Beutler et al. [17], Placer et al. [18], and Lowry et al. [19],
respectively. The total antioxidant capability (T-AOC) was examined by assay kits
purchased from Nanjing Jiancheng Institute of Bioengineering (Nanjing, Jiangsu, People's
Republic of China) and the procedures accordingly. The T-AOC and enzyme activity of
GSH-Px and SOD were expressed as units per milligram of protein (U/mgprot) in tissues
and as units per milliliter (U/ml) in serum, respectively. The GSH and MDA concentrations
were expressed as milligrams per gram of protein and nanomole per milligram of protein in
tissues and as milligram per liter and nanomole per milliliter in serum, respectively.

Statistical Analysis

The experimental data were analyzed using the unpaired t test procedure of the SPSS 16.0
for Windows. Values of p<0.05 were taken as significant. Replicate was considered as the
experiment unit for performance determined. All results were expressed as means±standard
deviation.

Results

Egg production and egg weight were not significantly (p>0.05) affected by dietary treatments.
Selenomethionine supplementation significantly (p<0.05) improved the birth rate of broiler
breeders more so than the equivalent amount of SS, increasing it by 5.73 % (Table 3).

Broiler breeders receiving the Se-Met-supplemented diets had higher (p<0.01) serum
and tissues (except pancreas) Se concentrations than those consuming the SS-supplemented
diets (Table 4).

Eggs from hens fed the Se-Met diets contained significantly (p<0.01) more albumen and
yolk Se than did eggs from hens fed the SS diets (Table 5).
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The concentration of Se in the tissues (except pancreas) of 1-day-old chicks was
significantly (p<0.01) increased by maternal Se-Met intake in comparison with maternal SS
intake (Table 6).

Compared with maternal SS supplementation, maternal Se-Met supplementation generally
increased the antioxidant status of 1-day-old chicks, which was exhibited as follows:
significantly (p<0.05) increased GSH-Px activity in breast muscle; significantly increased
SOD activity in breast muscle (p<0.01) and kidney (p<0.05); significantly (p<0.01) increased
kidney GSH concentration; significantly (p<0.05) increased T-AOC in breast muscle and liver;
significantly (p<0.05) decreased liver and pancreas MDA concentrations (Table 7).

Average daily gain andADFI of the progenywere not affected (p>0.05) by dietary maternal
Se source in any period of growth or in the overall period. Maternal Se-Met supplementation
significantly (p<0.05) improved the FCR of the offspring during growing phase (22 to
42 days of age) and finishing phase (43 to 56 days of age) post-hatch as well as for the
cumulative period (1 to 56 days of age), but not starting phase (1 to 21 days of age) (p>0.05),
compared with maternal SS supplementation. Maternal Se-Met intake significantly (p<0.05)
decreased the mortality of the chicks during the first week postnatal and the overall mortality
during the 8-week growing period in comparison with maternal SS intake (Table 8).

Discussion

Birth rate is one of the most important parameters of chick producers' demand. In our
experiment, birth rate from hens supplemented with Se-Met was higher than that from hens

Table 4 Selenium concentration in serum and tissues of broiler breeders (milligram per kilogram, wet
weight basis)

Items SS Se-Met

Serum 0.367±0.021 0.975±0.078**

Liver 0.315±0.026 0.596±0.032**

Kidney 0.361±0.024 0.644±0.016**

Breast muscle 0.124±0.013 0.163±0.010**

Pancreas 0.261±0.018 0.256±0.016

Values are means±SD, n=3

SS sodium selenite, Se-Met selenomethionine

**p<0.01

Table 3 Effects of different selenium sources on productive performance of broiler breeders

Items SS Se-Met

Egg production (%) 70.87±1.34 70.21±0.97

Egg weight (g) 54.09±0.87 53.35±0.69

Birth rate (% hatching eggs) 85.07±2.61 90.80±2.20*

Values are means±SD, n=3

SS sodium selenite, Se-Met selenomethionine

*p<0.05
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supplemented with SS. Our results were in agreement with those of Sefton and Edens [20],
who reported that when SS (at 0.3 mg Se/kg) was replaced by the same amount of SY in the
diet of Hubbard Ultra-Yield broiler breeders, an average 4.5 extra chicks per hen was
achieved during the field trial. It was suggested that Se-Met supplementation of broiler
breeder diets was very beneficial from both production and economic viewpoints. Data
collected from this trial indicated that using SS versus Se-Met had no effect on egg
production and egg weight of broiler breeders, which was consistent with the reports of
Leeson et al. [21], Utterback et al. [22], and Payne et al. [23].

Selenium concentration in serum and tissues (except pancreas) was significantly higher for
broiler breeders in the Se-Met group compared with the SS group, which was in agreement with
the results reported by Leeson et al. [21], Li and Wang [24], and Pan et al. [25]. This is
probably due to the differences in absorption and metabolism of inorganic and organic Se
sources: organic Se (Se-Met) is actively absorbed in the intestine through the amino acid
transport mechanisms, whereas inorganic Se is passively absorbed [11, 12, 26]. On the other
hand, the chemical similarity between Se-Met and Met allows the body to use them
interchangeably in protein synthesis because the tRNAMet cannot discriminate between Met
and Se-Met [11, 12]. This makes it possible to build Se reserves in the body [11, 12].

Selenium in the maternal diet can be deposited into the egg. The Se content of the egg
depends on its concentration in the hen's diet and also on the form of dietary Se used, since
organic Se is more efficiently deposited in the egg yolk [27, 28]. Data obtained from the
present experiment exhibited that the hens feeding Se-Met resulted in greater rates of Se
deposition in yolk and albumen compared with those feeding SS. The results combined
with several other researchers [8, 21, 24, 29–32]. Predominant yolk Se accumulation by
either sources of Se was demonstrated in the present experiment, which was in agreement
with the reports of Paton et al. [8] and Leeson et al. [21]. The possible mechanism was that
mineral binding lipoproteins deposited during yolk accretion [33, 34].

Table 6 Selenium concentration in tissues of 1-day-old chicks (milligram per kilogram, wet weight basis)

Items SS Se-Met

Liver 0.230±0.016 0.492±0.037**

Kidney 0.345±0.022 0.579±0.042**

Breast muscle 0.102±0.009 0.130±0.011**

Pancreas 0.228±0.015 0.240±0.016

Values are means±SD, n=3

SS sodium selenite, Se-Met selenomethionine

**p<0.01

Table 5 Selenium concentration in eggs (milligram per kilogram, wet weight basis)

Items SS Se-Met

Egg albumen 0.089±0.005 0.119±0.007**

Egg yolk 0.459±0.005 0.590±0.005**

Values are means±SD, n=3

SS sodium selenite, Se-Met selenomethionine

**p<0.01

Influence of Dietary Selenomethionine Supplementation 1503



Table 8 Effects of dietary maternal selenium source on growth performance and feed utilization of the
progeny from 1 to 56 days of age

Growth period SS Se-Met

ADG (g)

1 to 21 days 19.36±0.15 19.21±0.42

22 to 42 days 38.61±0.65 40.40±1.28

43 to 56 days 40.55±1.88 43.38±1.42

1 to 56 days 31.88±0.68 33.20±0.81

ADFI (g)

1 to 21 days 36.07±0.93 34.96±0.65

22 to 42 days 93.49±16.24 92.95±18.54

43 to 56 days 142.96±10.11 143.86±5.55

1 to 56 days 82.19±2.34 82.71±2.31

FCR

1 to 21 days 1.91±0.10 1.82±0.04

22 to 42 days 2.42±0.40 2.30±0.41*

43 to 56 days 3.66±0.10 3.32±0.12*

1 to 56 days 2.68±0.09 2.50±0.07*

Mortality (%)

1 to 7 days 5.56±2.52 0*

1 to 56 days 11.67±3.33 1.06±1.83*

Values are means±SD, n=3

SS sodium selenite, Se-Met selenomethionine, ADG average daily gain, ADFI average daily feed intake, FCR
feed conversion ration

*p<0.05

Table 7 Effects of different selenium sources in maternal diet on antioxidant properties in tissues of 1-day-
old chicks

Tissues Treatment GSH-Px
(U/mgprot)

SOD
(U/mgprot)

GSH
(U/mgprot)

T-AOC
(U/mgprot)

MDA
(nmol/mgprot)

Breast muscle SS 38.92±3.17 39.88±4.39 0.23±0.03 0.50±0.03 1.33±0.16

Se-Met 42.09±2.59* 54.28±4.50** 0.25±0.03 0.56±0.06* 1.34±0.21

Liver SS 18.49±1.90 73.63±6.67 0.86±0.12 1.03±0.14 1.14±0.12

Se-Met 17.96±1.54 72.98±6.96 0.73±0.10 1.31±0.15* 0.99±0.14*

Kidney SS 20.65±2.94 67.46±5.23 0.97±0.10 0.20±0.03 1.02±0.13

Se-Met 19.92±1.18 76.22±4.21* 1.42±0.12** 0.22±0.03 0.91±0.12

Pancreas SS 14.31±1.10 45.34±0.72 0.66±0.10 0.26±0.04 0.47±0.08

Se-Met 13.87±1.05 46.15±1.28 0.77±0.08 0.30±0.05 0.38±0.06*

Values are means±SD, n=3

SS sodium selenite, Se-Met selenomethionine, T-AOC total antioxidant capability, SOD superoxide
dismutase, GSH-Px glutathione peroxidase, GSH glutathione, MDA malondialdehyde

*p<0.05; **p<0.01
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During embryonic development, Se accumulated in the egg is transferred to the
developing embryo and subsequently delivered to different tissues [35]. In our study, the
tissues' Se concentrations of 1-day-old chicks originating from hens with Se-Met
supplementation were significantly higher than those of chicks hatched from hens with
SS supplementation. Our results are in good agreement with those of Hassan [36]. We
ascribed the elevated Se concentration in the tissues of 1-day-old chicks to two reasons for
the Se-Met-treated group. Firstly, egg yolk could act as an effective nutrition source to
transfer more Se to offspring; secondly, high Se content in maternal organs was passed to
offspring through egg albumen. Therefore, the use of Se-Met is an effective strategy to
improve the Se concentration of the egg as well as that of 1-day-old chicks.

Selenium is an important component of the antioxidant enzyme GSH-Px and it is
actively involved in the antioxidant defense systems [37]. Gunter et al. [38] reported that
maternal SY supplementation significantly increased the GSH-Px activity of calves at birth
in comparison with maternal SS supplementation. In the present study, the antioxidant
status of 1-day-old chicks was greatly improved by maternal Se-Met intake compared with
maternal SS intake. The activities of antioxidant enzymes (i.e., SOD and GSH-Px), T-AOC,
and concentration of GSH were increased, while the MDA concentration was decreased.
Our results indicated that Se-Met showed a higher potential to improve the extent of
transferring antioxidant from mother to its offspring when compared with SS. We would
also suggest that the increased tissues Se deposition of 1-day-old chicks by maternal Se-
Met supplementation may be responsible for improved antioxidant defenses of chick tissues
against the high oxidative stress imposed by the hatching process. Since the egg-derived
antioxidants (vitamin E and carotenoids) are progressively depleted from the tissues after
hatching [39], antioxidant enzymes (mainly GSH-Px) become a critical arm of antioxidant
defense. Therefore, enhanced GSH-Px activity in tissues by Se-Met supplementation in the
maternal diet could be considered an effective way for increasing chick antioxidant potency
post-hatch. An improved antioxidant system of the chick may also enhance immune system
function, which is extremely important during postnatal development of the chicken.

Selenium is an essential micronutrient required for normal growth and maintenance in
poultry, but a Se deficiency results in poor growth and development and increased
mortality. The present results confirmed that maternal Se-Met supplementation showed a
higher potential to improve the FCR and reduce the mortality of the offspring throughout
the 8-week growing period in comparison with maternal SS supplementation. In this study,
all the progeny were fed the same basal diets, and because feed intake did not differ
between treatments, the differences in the Se status of the progeny are due solely to
differences in the Se content of the maternal diets. Therefore, the reason for the more
significant decrease of mortality and improve of FCR of the progeny by maternal Se-Met
supplementation is may be that Se-Met was more effective than SS in increasing Se
reserves and antioxidant property of the progeny during postnatal life.

Conclusion

In summary, birth rate and Se deposition in serum and tissues of broiler breeders and Se
concentrations in egg yolk and egg albumen were greatly improved by maternal Se-Met intake
compared with maternal SS intake. Furthermore, maternal effect was more effective for feeding
broiler breeders with Se-Met because more Se and antioxidant property were transferred from
egg to its offspring and thus leaded to elevated tissues Se deposition and antioxidant status of 1-
day-old chicks and increased performance of the progeny throughout the 8-week growing period.
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