
Effect of supplementing hydroxy selenomethionine on meat quality of yellow
feather broiler
J. Y. Tang,*,1 Z. He,*,1 Y. G. Liu,y G. Jia,* G. M. Liu,* X. L. Chen,* G. Tian,* J. Y. Cai,* B. Kang,z and
H. Zhao*,2

*Animal Nutrition Institute, Key Laboratory of Animal Disease-Resistance Nutrition, Ministry of Education, Sichuan
Agricultural University, Chengdu, Sichuan, 611130, China; yAdisseo Asia Pacific P/L, 188778, Singapore; and
zCollege of Animal Science and Technology, Sichuan Agricultural University, Chengdu, Sichuan, 611130, China.
ABSTRACT This study was conducted to evaluate the
effect of supplementing hydroxy selenomethionine (OH-
SeMet) on performance, selenium (Se) deposition in the
breast muscle, quality and oxidative stability, and expres-
sion of selenoprotein encoding genes of breast meat of the
native slow-growing yellow-feathered broiler birds. A
total of 375 one-day-old local yellow male birds were ran-
domly assigned into 5 dietary treatments, supplemented
with Se 0.0, 0.2, 0.4, 0.6, and 0.8 mg/kg in the form of
OH-SeMet. Each treatment consisted of 5 replicates and
each replicate had 15 birds, the birds were fed on basal
diet containing corn and soybean meal, and the experi-
ment lasted for 63 d. The results showed that dietary
Se supplementation linearly increased (P < 0.001) Se
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contents in both serum and muscle, no significant changes
(P > 0.05) were observed on growth performance, yield of
breast, meat color, and intramuscular fat deposition of
the breast muscle. Dietary Se addition improved water-
holding capacity, the pH24h value, and tenderness of
breast muscle, evidenced by a linear decreases of shear
force (P < 0.05), accompanied by lower thiobarbituric
acid reactive substances and higher glutathione reductase
activity. The mRNA abundance of selenoprotein encod-
ing genes also responded to dietary Se levels. It is con-
cluded that, dietary supplementation with OH-SeMet
improved muscular Se deposition and meat quality of the
native yellow birds, with enhanced antioxidant capability
and regulation in selenogenome.
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INTRODUCTION

Poultry meat is the second largest meat source with
excellent quality of proteins and essential micronu-
trients for human nutrition. The native yellow-feath-
ered broiler birds, despite slow growth, is an
outstanding and much-liked delicacy in China that pos-
sesses desirable characteristics, such as resistance to
certain diseases, meat flavor, and taste. It is established
that the meat quality traits such as pH, color, water-
holding capacity and tenderness are closely related to
the oxidation status in the muscles (Asghar et al.,
1991; Morrissey et al., 1998; Huff-Lonergan and
Lonergan, 2005; King and Whyte, 2006). In this regard,
the oxidation of phospholipids in the cell membranes
would result in alterations in cell permeability and/or
increase in proteolysis and even protein oxidation, thus
decrease muscle water-holding capacity (Asghar et al.,
1991; Huff-Lonergan and Lonergan, 2005). The oxida-
tion status of myoglobin also predominately determines
the meat color (King and Whyte, 2006; Oliveira et al.,
2014). Therefore, increased antioxidant capacity may
be the direct path to improve meat quality and extend
their shelf-life.
Selenium (Se) has become an interesting nutrient in

animal production as it improves the nutritional value
and quality characteristics of meat products
(Surai, 2006). Se deficiency causes various types of mus-
cular dystrophy, such as exudative diathesis in chick,
mulberry heart in pig, and white muscle disease in lamb
and calf (Rederstorff et al., 2006). Se exerts most of its
biological functions through incorporation into the 24/
25 selenoproteins in the form of the 21st amino acid, sele-
nocysteine (Sec) (Kryukov et al., 2003). Consequently,
Sec exhibits a specific effect in different selenoenzymes
as an active center for their catalytic activity. Glutathi-
one peroxidases (GSH-Px) and melanoproteins provide
a defense against oxidative stress (Hardy and
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Table 1. Dietary formulation and composition in the experiment
(dry matter basis).

Ingredients and analysis 1−21 d 22−63 d

Ingredients, %
Corn 56.77 62.82
Soybean meal 34.4 28.6
Wheat barn 2.0 2.0
Soy-bean oil 2.5 2.5
Limestone 1.50 1.28
Dicalcium phosphate 1.7 1.6
L-Lysine-HCL 0.00 0.08
DL-Methionine 0.26 0.18
L-Threonine 0.00 0.07
Sodium chloride 0.37 0.37
Premix1 0.50 0.50

Total 100.0 100.0
Calculated analysis, %
AME, Kcal/kg 2901.5 2956.4
CP2 20.09 17.98
Dig. Lysine 1.06 0.98
Dig. Methionine 0.55 0.44
Calcium2 0.98 0.87
Total P2 0.72 0.69
Non-phytate P 0.43 0.39

Abbreviations: AME, apparent metabolizable energy; CP, crude pro-
tein; Dig, digestible.

1Provided per kilogram of diet: 1−21 d: Vitamin A, 5,000 IU; Vitamin
D3, 1,000 IU; Vitamin E, 10 mg/kg; Vitamin K, 0.5 mg/kg; Vitamin B1,
1.8 mg/kg; Vitamin B2, 3.6 mg/kg; Pantothenic acid, 10 mg/kg; Nicotinic
acid, 30 mg/kg; Vitamin B6, 3.5 mg/kg; Folic acid, 0.5 mg/kg; Vitamin
B12, 10 ug/kg; Choline chloride, 1,000 mg/kg; Cu (CuSO4�5H2O), 8 mg;
Fe (FeSO4�7H2O), 80 mg; Zn (ZnSO4�7H2O), 60 mg; Mn (MnSO4�H2O),
80 mg; I (KI), 0.35 mg. 22-63d: Vitamin A, 5,000 IU; Vitamin D3, 1,000
IU; Vitamin E, 10 mg/kg; Vitamin K, 0.5 mg/kg; Vitamin B1, 1.8 mg/kg;
Vitamin B2, 3.6 mg/kg; Pantothenic acid, 10 mg/kg; Nicotinic acid, 30
mg/kg; Vitamin B6, 3.5 mg/kg; Folic acid, 0.5 mg/kg; Vitamin B12, 10
ug/kg; Choline chloride, 750 mg/kg; Cu (CuSO4�5H2O), 8 mg; Fe (FeS-
O4�7H2O), 80 mg; Zn (ZnSO4�7H2O), 60 mg; Mn (MnSO4�H2O), 80 mg; I
(KI), 0.35 mg.

2The analyzed values.
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Hardy, 2004). Interestingly, these antioxidant properties
of Se have been found to persist in muscle tissues during
the postmortem period (Mahan et al., 2014). For this,
various dietary strategies in animal feeding have been
developed to provide Se-enriched meat for human Se
nutrition (Zhang et al., 2010). Concerning poultry,
nutritional Se requirements have been given as
0.15 mg/kg for broilers (NRC, 1994), whereas many
studies have shown that diets with more than
0.15 mg/kg Se supplementation have a beneficial effect
on meat quality of broiler (Cai et al., 2012;
Markovic et al., 2018 and Bakhshalinejad et al., 2019),
suggesting that the dose of dietary Se for meat quality
should be seriously reconsidered. Se is commonly added
to bird diets as sodium selenite, an inorganic form, while
Nano-Se has attracted widespread attention because of
its high catalytic efficiency, strong adsorbing ability,
and lower toxicity relative to sodium selenite
(Sarkar et al., 2015). In addition, organic forms are also
preferable to sodium selenite as Se sources in animal
nutrition due to their excellent bioavailability and lower
toxicity (Briens et al., 2013), especially the newly intro-
duced hydroxy selenomethionine (OH-SeMet). Emerg-
ing evidences have demonstrated that OH-SeMet
exhibits high bioavailability and efficiency in Se deposi-
tion in pigs (Jlali et al., 2014) and laying hens
(Jlali et al., 2013). The Se deposition efficiency in muscle
tissues are as following: OH-SeMet > Yeast-Se > Nano-
Se � sodium selenite in broiler (Zhao et al., 2021). How-
ever, our search indicates no study has been published
on the effect of graded supplementation with OH-SeMet
on the meat quality of native broilers.

Therefore, this investigation was to use native slow-
growing yellow feather broiler to compare 1) the effects
of supplementing OH-SeMet at different levels on
growth performance, tissue Se concentration, antioxi-
dant capacity, and meat quality, as well as 2) to define
the relationship of the selenogenome in breast muscle
and dietary Se manipulation.
MATERIALS AND METHODS

Animal procedures were approved by the Animal
Care Office of Sichuan Agricultural University for the
humane care and use of animals in research (approval
No. SCAUAC201804-02).
Animals and Diets

A totally 375, one-day-old, local yellow male broilers
were individually weighed and divided to 5 dietary
groups, each group consisting of 5 replicates of 15
chicks per floor pen (1.0 m £ 1.5 m), fed on corn-soy-
bean meal-based diets (0.09 § 0.006 mg Se/kg), supple-
mented with Se 0.0 (Control), 0.2, 0.4, 0.6 and
0.8 mg/kg in the form of OH-SeMet (Selisseo 2%, Adis-
seo France S.A.S.), which reflected a �100.0, 33.3,
166.7, 300.0, and 433.3% increment compared to the
requirement level of Se (0.15 mg/kg) for this type of
birds during 1 to 63 d based on the standards for yel-
low-feathered broilers (NY/T 33-2004, 2012), respec-
tively. The basal diet was formulated to meet nutrient
requirements of yellow broiler except for Se according
to NY/T 33-2004 and was showed in Table 1. Diets
were fed from 1 to 63 d including starter (1−21 d) and
finisher (22−63 d) diets. The actual analyzed Se con-
tents of the 5 experimental diets were 0.09, 0.31, 0.52,
0.73, and 1.04 mg/kg for the starter phase (1−21 d)
and 0.15, 0.31, 0.51, 0.77, and 1.19 mg/kg for the fin-
isher phase (22−63 d; Table 2). These data confirmed
the proper preparation of experimental diets in this
study.
All chicks were given ad libitum access to feed and

water. The birds were housed in a climate-controlled
facility with the initial ambient temperature set at
approximately 32°C and then gradually reduced
based on normal management practices to 22°C. The
light schedule was 23L:1D and 18L:6D (18 L from
4:00 am to 10:00 pm) during 1 to 7 d and beyond,
respectively. To determine growth performance, body
weight (BW) and feed intake (FI) were recorded for
each replicate and were used to calculate average
daily gain (ADG), average daily feed intake
(ADFI), and feed to gain ratio (F: G).



Table 2. Se contents of the experimental diets supplemented
with different levels of hydroxy selenomethionine (OH-SeMet)1.

Experimental diets Total analyzed Se, mg/kg

1−21 d
Basal diet 0.09 § 0.006
0.2 mg/kg Se diet 0.31 § 0.008
0.4 mg/kg Se diet 0.52 § 0.004
0.6 mg/kg Se diet 0.73 § 0.003
0.8 mg/kg Se diet 1.04 § 0.011

22−63 d
Basal diet 0.15 § 0.009
0.2 mg/kg Se diet 0.31 § 0.007
0.4 mg/kg Se diet 0.50 § 0.007
0.6 mg/kg Se diet 0.77 § 0.003
0.8 mg/kg Se diet 1.19 § 0.016

Results are presented as means§standard deviations, n = 4.
All samples were tested in triplicate within each assay.
1Selenium content was analyzed by the hydride generation-atomic fluo-

rescence spectrometer.
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Sample Collection

At the end of the 63 days of dietary treatment, after
fasting for 8 h, one bird of approximately average weight
was selected from each pen. Blood samples were col-
lected in anticoagulant-free tubes from via bleeding
from the wing vein, and kept on the ice and centrifuged
at 3,000 £ g for 10 min at 4°C, then the serum was col-
lected immediately and stored at �20°C for later analy-
sis. The birds were euthanized by cervical dislocation
after bleeding; the whole breast muscles were immedi-
ately removed and weighed. Subsequently, the entire
left breast muscles were dissected and stored at 4°C to
measure meat quality traits. At the same location of left
breast muscles, the samples were obtained and immedi-
ately snap-frozen in liquid nitrogen, and stored at �80°
C for determination of antioxidant activity and subse-
quent mRNA analyses.
Diet, Serum, and Breast Muscle Se
Determination

Selenium contents in diets, serum, and breast muscle
were determined by inductively coupled plasma mass
spectrometry using the hydride generation-atomic fluo-
rescence spectrometer (AFS-230E, Beijing Haiguang
instrument, China) against a standard reference of Se
(GB/T 13883-2008 and GB 5009.93-2010, National
Research Centre for Certified Reference Materials, Bei-
jing, China) as described previously (Li et al., 2011).
Briefly, approximately 1.0 g of diet or muscle sample,
and 1.0 mL of serum was mineralized by microwave-
assisted mineralization in 8 mL of 15.2 mol/L HNO3 and
2 mL of 12.3 mol/L HClO4 within a conical flask and the
samples were left to digest overnight. Afterward, the
mixtures were heated at 340°C by electric heating plate
until the solutions ran clear (2 mL solution left). After
cooled, the solutions were combined with 5.0 mL HCl
(6.0 mol/L) and subjected to continued heating until
the solutions ran clear with emission of white smoke
from the samples. Then the solutions were cooled and
transferred to 50 mL volumetric flasks and fixed to a vol-
ume of 50 mL after rinsing 3 times using ultrapure
water. The blank control was treated using the same
method. All reagents were analytical-regent grade.
Meat Quality Measurements

Meat Color Meat color including lightness (L*), red-
ness (a*) and yellowness (b*) was determined using a
digital Minolta Chromameter (CR-310, Minolta Cam-
era, Japan) at the 45 min postmortem. Measurements
were performed in triplicate for each breast meat sam-
ple, and the values were averaged.
pH Measurement The pH of meat was determined at
45 min and 24 h postmortem using an automated pH
probe (pH-STAR, SFK-Technology, Denmark) accord-
ing to the instructions (GB/T 9695.5-2008), which was
calibrated before and immediately after each session
according to the manufacturer’s instructions. The aver-
age pH of each muscle sample was based on 3 record-
ings.
Water-Holding Capacity The water-holding capacity
was measured via drip loss and cooking loss. A weight of
approximately 10 g of fresh breast meat sample was dis-
sected and trimmed, the sample about 5 g (W1) with
similar shape was kept in a chiller at 4°C for 24 h, after
which the samples were taken out of the bags and dried
gently, then weighed (W2). Drip loss was calculated as:

Drip loss %ð Þ ¼ W1�W2ð Þ=W1ð Þ � 100

In addition, at 24 h postmortem, around 50 g of meat
sample was weighed (W1) at room temperature, and
placed in a plastic bag and cooked in an 80°C water bath
for 20 min. After cooking, the breast meat sample was
cooled at room temperature and then weighed as (W2).
Cooking loss was calculated as:

Cooking loss %ð Þ ¼ W1�W2ð Þ=W1ð Þ � 100
Tenderness Measurement

The tenderness analysis was measured through the
Warner-Bratzler shear force using Texture Analyzer
(TA. XT. plus. Stable Micro systems, UK). Specifically,
the meat was cooked to an internal temperature of 70°C
in water bath, followed by cooling to 4°C. Then, cooked
samples were cut into subsamples and were sheared per-
pendicular to the longitudinal route of the fibers
equipped with a maximum 50- Newton (N) load cell and
a crosshead speed of 1 mm/s. The samples’ shear forces
were noted as the average of all subsamples’ values, and
the results were expressed as N.
Determination of Antioxidant Capacity

Meat samples was mixed with distilled water, homog-
enized, centrifuged, and supernatant was obtained for
measuring GSH-Px, total antioxidant (T-AOC), cata-
lase activity, total superoxide dismutase activity
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(T-SOD), and thiobarbituric acid reactive substances
(TBARS). The activities of GSH-Px, T-AOC, and T-
SOD were assessed using the corresponding commercial
test kits from Nanjing Jiancheng Bioengineering Insti-
tute (Nanjing, China), and results of parameters were
calculated as unit per milligram protein (U/g protein)
following the manufacturer’s instructions. The concen-
tration of TBARS was determined using the Bioassay
Systems Commercial kit and protocols (Bioassay Sys-
tems, Hayward, CA). For each measurement, the com-
pared samples were run on the same plate and
experiments were performed in triplicate.
Gene Expression Assays

Total RNA was extracted from breast muscle using
the Trizol reagent (Takara, Dalian, China). The
extracted RNA was quantified and reverse transcribed
into cDNA after assessing RNA quantity. The mRNA
expressions of genes of interest were assessed by Quant-
Studio 6 Flex Real-Time PCR detection system
(Applied Biosystems, Foster City, CA) in a final volume
of 10 mL using the SYBR Premix Ex TaqTM Ⅱ kit
(TaKaRa, Dalian, China). The relative mRNA abun-
dances of 19 selenoprotein genes and 5 meat quality-
related genes were assayed. Primers were designed using
Primer Express 3.0 (Applied Biosystems, Foster City,
Table 3. Primers used for the RT-qPCR of the target and reference g

Gene Accession number

Iodothyronine deiodinase
DIO1 NM_001097614.1
DIO2 NM_204114.3
DIO3 NM_001122648.1

Thioredoxin reductase
TXNRD1 NM_001030762.2
TXNRD2 NM_001122691.1
TXNRD3 NM_001122777.1

Lipid metabolism
FABP NM_204290.1
LPL NM_205282.1
RRAR-b AF_163810.1
PPAR-g KT_899870.1
PRKAG3 NM_001031258.2

Selenoprotein
GPX1 NM_001277853.1
MSRB1 NM_001135558.1
SELENOF NM_001012926.2
SELENOI NM_001031528.2
SELENOK NM_001025441.2
SELENOM NM_001277859.1
SELENON NM_001114972.1
SELENOO NM_001115017.1
SELENOP NM_001031609.2
SELENOS NM_001024734.2
SELENOT NM_001006557.3
SELENOU NM_001193518.1
SELENOW NM_001166327.1

Housekeeping genes
b-Actin NM_205518.1
GAPDH NM_204305.1

Abbreviations: DIO, iodothyronine deiodinase; FABP, fatty acid-binding p
tathione peroxidase 1; LPL, lipoprotein lipase; MSRB1, methionine sulfoxide r
selenoprotein; TXNRD, thioredoxin reductaser.
CA) as shown in Table 3. The standard curve method
was used to estimate reaction efficiency (slope). Relative
gene expression was quantified by normalizing to the
expression of glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) and b-actinmRNA.
Statistical Analysis

All data were expressed as the mean § standard devi-
ation (SD). The statistical power of 0.80 (80%) was
obtained in this study when the minimally detectable
effect size was 1.0 and the significance level was 0.05.
Data were checked for normal distribution and equal
variance using the Shapiro-Wilk and Levene’s tests,
respectively. For all variables, except antioxidant bio-
markers, normal distribution and unequal variances
were confirmed. Subsequently a one-way ANOVA with
Tukey’s post hoc test was performed to clarify the effect
of dietary Se levels using SAS statistical software (ver-
sion 9.2, SAS Institute, Cary, NC). In addition, polyno-
mial contrasts and the linearity of response to analyzed
dietary Se level were examined using linear and qua-
dratic regression. In this study, broken-line regression
analysis was used to estimate the recommended level of
dietary Se supplementation using the nonlinear regres-
sion (NLIN) procedure of SAS (SAS Institute). Differ-
ences were considered significant when P < 0.05.
enes.

Primer pairs forward/ reverse (50 to 30 direction)

gggcgaaaagagcagaatga/gtgggaccccagttttcgt
ggctgactgcatggacaaca/tgcacactcgctcaaatgaaac
gaccggagggctacaagatct/tctggagccgggttttgtac

tacgcctctgggaaattcgt/cttgcaaggcttgtcccagta
gctcttaaagatgcccagcactac/gaacagcttgagccatcacaga
cctggcaaaacgctagttgtg/cgcaccattactgtgacatctagac

cagaagtgggatggcaaagag/ccagcaggttcccatcca
tcccgaagctgagatgaatttt/ggctctgcaggtgttcttaagg
tgccgcttccagaaatgc/gcggccaaagcggatt
gttttggcccgttaattttgg/caaaggaatgcatatgatcatcca
cacatcttcggctccaccat/acagctcctgcactgttttctttag

acggcgcatcttccaaag/tgttcccccaaccatttctc
tggcaagtgtggcaatgg/gaatttgagcgagctgctgaat
acttggcttctccagtaacttgct/gcctacagaatggatccaactga
tgccagcctctgaactggat/tgcaaacccagacatcaccat
gaagagggcctccaggaaat/cagccattggtggtggactag
acatcccgctgtaccataacc/ttctcctcccgggtcatgtc
caggatccatgctgagttcca/gagaggacgatgtaacccgtaaac
ccagcgttaaccggaatgat/atgcgcctcctggatttct
ccaagtggtcagcattcacatc/atgacgaccaccctcacgat
ccgacatggtggtaagaagaca/gcttgtgcattcaactcctcttg
aggagtacatgcgggtcatca/gacagacaggaaggatgctatgtg
ttggagcatcgtgagaaagaatt/cggcagcttcaaggacaga
tggtgtgggtctgctttacg/ccaaagctggaaggtgcaa

acctgagcgcaagtactctgtct/catcgtactcctgcttgctgat
ttggcattgtggagggtctt/gggccatccaccgtcttc

rotein; GAPDH, glyceraldehyde-3-phosphate dehydrogenases; GPX1, glu-
eductase B1; PPAR, peroxisome proliferator-activated recepto; SELENO,
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RESULTS

Dietary Se Supplementation Increased
Tissue Se Concentration, but Did Not
Change Growth Performance

Data of growth performance show that BW, ADG,
ADFI, and feed conversion expressed as F: G did not dif-
fer significantly among treatments (P > 0.05; Table 4).
Accordingly, there were no differences in breast muscle
rate response to dietary Se treatment (Table 4).

As illustrated in Figure 1, the results of Se content
indicated that dietary Se supplementation linearly
(R2 = 0.804) and quadratically (R2 = 0.875) increased
the Se contents in serum (both P < 0.001), and also line-
arly (R2 = 0.970) and quadratically (R2 = 0.973) facili-
tated Se deposition in breast muscle (both P < 0.001).
Dietary Se Supplementation Enhanced
Oxidation Resistance of Meat

Direct assessment of TBARS and antioxidase sug-
gested that TBARS levels were linearly (R2 = 0.688; P
< 0.01) and quadratically (R2 = 0.821; P < 0.05)
decreased as the level of dietary Se increased. Lower
TBARS content was observed in the birds receiving 0.2
to 0.8 mg/kg of Se compared with the Control group
(Table 5). Considering the oxidation resistance of
breast muscle, a linear (R2 = 0.769) and quadratic
(R2 = 0.796) responses were observed in GSH-Px to die-
tary Se supplementation (P < 0.01). Similarly, dietary
Se manipulation also linearly (R2 = 0.579) and quadrati-
cally (R2 = 0.992) increased T-AOC activity (P < 0.01).
The birds supplemented with Se 0.6 and 0.8 mg/kg
showed increased GSH-Px activity compared with those
receiving Se 0.0, 0.2 and 0.4 mg/kg, but only signifi-
cantly higher T-AOC activity was observed in the birds
receiving Se 0.8 mg/kg compared with the other 4
Table 4. Effect of dietary graded Se supplementation on growth perfo

Dietary supplemented Se level, mg/kg

Items 0.0 0.2 0.4 0.6

BW, g/bird
1 d 32.8 33.3 33.6 33.5
21 d 373.4 382.0 378.2 383.7
63 d 2007.1 2067.2 2005.1 2008.9

ADG, g/d/bird
1−21 d 16.2 16.6 16.4 16.7
22−63 d 38.9 40.1 38.7 38.7
1−63 d 31.3 32.3 31.3 31.4

ADFI, g/d/bird
1−21 d 28.9 29.2 29.5 29.3
22−63 d 100.8 103.2 101.1 99.9
1−63 d 76.8 78.5 77.2 76.4

F: G, g: g
1−21 d 1.78 1.76 1.79 1.76
22−63 d 2.59 2.57 2.61 2.58
1−63 d 2.45 2.43 2.47 2.44

Breast yield %
63 d 11.01 10.80 10.42 10.87

Abbreviations: ADG, average daily gain; ADFI, average daily feed intake; B
treatments. Dietary Se supplementation did not affect
T-SOD activity among the 5 treatments (Table 5).
Next, we examined if dietary Se treatment could alter

the transcription level of well-known antioxidase, and
the results are presented in Figure 2. Dietary Se supple-
mentation had significant linear and quadratic effects on
the mRNA level of GPX1 in breast muscle. The birds
receiving Se 0.4 to 0.8 mg/kg showed increased GPX1
mRNA abundance compared with the control
(Figure 2A). No significant differences (P > 0.05) were
found in the expression of Methionine-R-sulfoxide reduc-
tase B1 (MSRB1), Thioredoxin reductase 1
(TXNRD1), TXNRD2, and TXNRD3 in breast muscle
across all the treatments on 63 d (Figures 2B−2E).
Dietary Se Addition Improved Meat Quality of
Breast Muscle

Concerning meat quality of breast muscle, there were
no differences in meat color, cooking loss, and pH45min

due to treatment (P > 0.05; Table 6). However, dietary
Se administration linearly (R2 = 0.718) and quadrati-
cally (R2 = 0.884) decreased drip loss, that is, the birds
receiving Se 0.4, 0.6, and 0.8 mg/kg treatments showed
lower drip loss in breast muscle after slaughtering com-
pared to birds from Se 0.0 and 0.2 mg/kg (P < 0.05). In
addition, supplementing different levels of dietary Se
had a linear (R2 = 0.744) and quadratic (R2 = 0.705)
effect on the pH24h value in muscle (P < 0.001; Table 6).
The birds receiving Se 0.6 and 0.8 mg/kg exhibited
increased pH24h value of breast muscle compared with
those consuming Se 0.0, 0.2, and 0.4 mg/kg. With regard
to the tenderness of breast muscle, a linear response
(R2 = 0.854; P = 0.002) was observed in shear force.
The birds receiving Se 0.8 mg/kg showed remarkably
lower shear force compared with the control, but no dif-
ferences were observed among those fed on Se 0.2, 0.4,
0.6, and 0.8 mg/kg (Table 6).
rmance and breast yield of broilers.

P-value

0.8 SEM ANOVA Linear Quadratic

33.0 0.22 0.120 0.520 0.226
367.7 7.38 0.249 0.594 0.059
1985.9 27.86 0.336 0.270 0.355

15.9 0.25 0.274 0.570 0.163
38.5 0.60 0.363 0.269 0.452
31.0 0.44 0.337 0.267 0.359

28.5 0.45 0.623 0.602 0.276
100.0 1.37 0.479 0.274 0.434
76.2 1.01 0.510 0.282 0.389

1.79 0.010 0.052 0.863 0.677
2.60 0.018 0.714 0.752 0.952
2.46 0.015 0.495 0.786 0.935

10.32 0.16 0.617 0.246 0.514

W, body weight; F: G, the ratio of feed intake to gain.



Figure 1. Se content in serum (A) and breast muscle (B) responses to dietary graded Se supplementation in broilers. a-e Mean values with unlike
letters were significantly different among diets with 0.0, 0.2, 0.4, 0.6, and 0.8 mg/kg of Se (one-way ANOVA, P < 0.05, Tukey’s post hoc test).

Table 5. Effect of dietary graded Se supplementation on meat antioxidant biomarkers of birds.

Dietary supplemented Se level, mg/kg P-value

Items 0.0 0.2 0.4 0.6 0.8 SEM ANOVA Linear Quadratic

TBARS 0.22a 0.13b 0.15b 0.10b 0.11b 0.02 0.002 <0.001 <0.001
GSH-Px 23.49c 33.47c 37.99bc 65.03a 53.55ab 3.86 0.037 <0.001 <0.001
T-AOC 0.08b 0.06b 0.06b 0.10b 0.19a 0.01 0.042 0.002 <0.001
T-SOD 56.29 58.15 56.51 67.61 50.45 2.86 0.671 0.914 0.576

Abbreviations: GSH-Px, glutathione peroxidase; T-AOC, total antioxidant capacity; TBARS, thiobarbituric acid reactive substances; T-SOD, total
superoxide dismutase. a-c Mean values with unlike letters were significantly different among diets with 0.0, 0.2, 0.4, 0.6, and 0.8 mg/kg of Se (one-way
ANOVA, P < 0.05, Tukey's post hoc test).
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Dietary Se Administration is Not Associated
With Intramuscular Fat Deposition

To evaluate intramuscular fat deposition in breast
muscle that may be induced by dietary Se, lipoprotein
lipase (LPL) and a few key regulatory factors that play
critical roles in controlling lipid metabolism were
Figure 2. Effect of dietary Se supplementation on (A) glutathione perox
−E) thioredoxin reductase (TXNRD). a-c Mean values with unlike letter
0.8 mg/kg of Se (one-way ANOVA, P < 0.05, Tukey’s post hoc test).
examined using RT-PCR. As shown in Figure 3, no sig-
nificant differences (P > 0.05) were found in fatty acid-
binding proteins (FABP), peroxisome proliferator-acti-
vated receptor (PPAR) and adenosine monophos-
phate-activated protein kinase g3 (PRKAG3) in
breast muscle across all the treatments (Figures 3A
−3C). Furthermore, dietary Se supplementation did not
idase (GPX1), (B) methionine sulfoxide reductase B1(MSRB1), and (C
s were significantly different among diets with 0.0, 0.2, 0.4, 0.6, and



Table 6. Effects of dietary graded Se supplementation on meat color, water-holding capacity, pH value, and shear force in broilers.

Dietary supplemented Se level, mg/kg P-value

Items 0 0.2 0.4 0.6 0.8 SEM ANOVA Linear Quadratic

Color
L* 39.82 39.52 39.2 38.72 38.92 0.31 0.392 0.235 0.476
a* 2.77 2.67 2.56 2.84 2.55 0.16 0.596 0.810 0.927
b* 5.70 6.98 6.91 6.08 6.08 0.22 0.266 0.932 0.179

Water-holding capacity
Drip loss, % 1.54a 1.63ab 1.48b 1.46b 1.3b 0.06 0.023 0.002 0.003
Cooking loss, % 25.18 23.34 24.37 25.28 23.55 0.74 0.894 0.804 0.970

pH
pH45min 6.27 6.57 6.44 6.58 6.51 0.04 0.091 0.118 0.204
pH24h 5.73b 5.86b 5.79b 6.38a 6.30a 0.06 0.018 <0.001 <0.001

Shear force, kg 2.49a 2.19ab 2.22ab 2.09ab 1.67b 0.11 0.038 0.002 0.071
a,bMean values with unlike letters were significantly different among diets with 0.0, 0.2, 0.4, 0.6 and 0.8 mg/kg of Se (one-way ANOVA, P < 0.05,

Tukey’s post hoc test).
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apparently change (P > 0.05) the transcription of LPL
in the meat sample (Figure 3D).
Analysis of Selenoprotein in Breast Muscle

The close relationship between Se status and seleno-
protein prompted us to examine the alteration of seleno-
protein encoding genes which could have a potential
effect on meat quality. Here, dietary Se linearly and
quadratically upregulated expression of iodothyronine
deiodinase 2 (DIO2) and DIO3, and diets with Se 0.4 to
0.8 mg/kg or 0.6 to 0.8 mg/kg exhibited a higher mRNA
abundance in terms of DIO2 and DIO3 relative to the
control diet, respectively (Figures 4A−4C). Focused on
the expression of other 11 selenoprotein encoding genes
in breast muscle of the birds, a linear and quadratic
downregulation was observed in selenoprotein I (SELE-
NOI), SELENOK, SELENOS, and SELENOT response
to the graded Se levels. However, both SELENOU and
SELENOW mRNA levels were linearly and quadrati-
cally increased as the level of dietary Se increased. Nota-
bly, the Se supplementation had significant quadratic
effects on the mRNA level of SELENON and SELE-
NOO, and the birds supplemented with Se 0.4 mg/kg
and 0.2 mg/kg showed higher SELENON and SELE-
NOO abundance compared with the control group
(Figure 4D).
The Recommended Level of Dietary Se
Based on Broken-Line Analysis

The recommended levels of Se using one-slope broken-
line analysis are shown in Figure 5. From the perspective
of antioxidant biomarkers, TBARS level and the activi-
ties of both GSH-Px and T-AOC of breast meat were
decreased and increased with dietary Se supplementa-
tion, individually, where the recommended level of die-
tary Se based on TBARS, GSH-Px, and T-AOC were
0.42, 0.51, and 0.64 mg/kg, respectively (Figures 5A
−5C). As far as meat quality is concerned, the broken-
line analysis revealed that the recommended level of die-
tary Se were 0.43, 0.56, and 0.66 mg/kg based on drip
loss, pH24h value, and shear force, respectively
(Figures 5D−5F).
DISCUSSION

In the present study, our results revealed that supple-
menting Se 0.2 to 0.8 mg/kg in the form of OH-SeMet
had no effect on the growth performance of the native
birds. This finding was consistent with numerous
other studies on lambs (Vignola et al., 2009), veal
(Skrivanova et al., 2007), rodent (Zeng et al., 2012), and
pigs (Zhou et al., 2009 and Liu et al., 2012). Chicken is
more sensitive to Se status than mammalian and the
broiler fed with supranutritional Se (3.0 mg Se/kg in
form of selenite) has lower feed intake and body weight
gain (Huang et al., 2016) and depresses immunity
(Tang et al., 2017). Dietary Se deficiency (<0.02−0.03
mg/kg) depresses the growth performance of birds and
causes nutritional pancreatic atrophy (Xu et al., 2017).
Accordingly, the Se content in the basal diet (0.09−0.15
mg/kg) appeared to be sufficient to maintain normal
growth of the birds in this study. These observations are
consistent with those reported by Oliveira et al. (2014),
who found dietary supplementation with 0.15 to
0.60 mg/kg of Se not noticeably enhanced the perfor-
mance of the broilers. Of note, we can explain the rea-
sons why the diet with 0.80 mg/kg Se failed to affect the
performance. Contrast to our outcomes, a few early
reports that Se supplementation resulted in increased
growth performance in chickens (Dlouh�a et al., 2008;
Sk�rivan et al., 2011), possibly due to increased protein
digestibility and energy utilization (Saleh, 2014). The
discrepancies may result from differences in the nutri-
tional status of Se and vitamin E at hatch, the dosages
and chemical forms and/or the chicken breeds used.
Meat is an important natural Se source for human

nutrition. Early studies have revealed that organic Se
had a higher deposition in muscle than inorganic Se
(Choct et al., 2004; Payne and Southern, 2005).
Surai (2006) pointed out only SeMet can be effectively
transferred from diets to the muscles. Briens
et al. (2013) demonstrated the new molecule OH-SeMet
showed significantly higher efficiency than Se-yeast for



Figure 3. Effect of dietary Se supplementation on intramuscular fat deposition of breast muscle. (A) Fatty acid-binding proteins (FABP), (B,
C) peroxisome proliferator-activated receptor (PPAR), (D) lipoprotein lipase (LPL), and (E) adenosine monophosphate-activated protein kinase g3
(PRKAG3). Data were analyzed to a one-way ANOVA with the Tukey’s post hoc test. Differences were considered significant when P < 0.05.
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muscle Se enrichment. Analogously, the previous results
showed that OH-SeMet effectively enhanced Se deposi-
tion in the breast muscle and exhibited a linear dose
response. Inclusion with Se 0.2 and 0.4 mg/kg would
produce chicken meat enriched with Se (200−500 ng/g),
which could contribute to enhanced selenoprotein
expression, as reflected by the increases in both GSH-PX
activity and GPX1 mRNA level (Finley, 2006;
Vignola et al., 2009). Balti�c et al. (2015) reported a sig-
nificant relationship between GSH-Px activity and Se
concentration in plasma in ducks. Emerging evidences
found that serum GSH-Px activity was increased with
increasing supplemental Se in pigs (Adkins and
Ewan, 1984), ducks (Balti�c et al., 2015), and broilers
(Cai et al., 2012; Markovic et al., 2018). In this study,
dietary Se supplementation linearly and quadratically
increased GSH-Px activity and GPX1 mRNA
abundance in breast muscle, and the total antioxidant
capacity, with greater T-AOC and lower TBARS con-
centration. Our findings support Cai et al. (2012) who
reported increases in serum total antioxidant capacity
along with decreased content of malondialdehyde (a
product of lipid peroxidation) in both serum and liver,
following dietary Se (Nano-form) increase from 0.0 to
2.0 mg/kg. Likewise, Li et al. (2011) found dietary Se
levels (0.3 vs. 3.0 mg/kg in form of Se-yeast) contributed
to higher activities of GSH-Px in the muscle and the
lower content of TBARS in liver and muscle in pigs.
Moreover, it has been recognized that the selenoprotein
enzymes related to antioxidant functions include
MSRB1 and TXNRD, responsible for reducing oxidized
methionine (R)-sulfoxide back to methionine
(Fomenko et al., 2009) and regenerating reduced thiore-
doxin (Su et al., 2005), respectively. In the present



Figure 4. (A-C) Iodothyronine deiodinase (DIO) and (D) Selenoprotein (SELENO) expression in breast muscle responses to dietary graded Se
supplementation in broilers. a-c Mean values with unlike letters were significantly different among diets with 0.0, 0.2, 0.4, 0.6 and 0.8 mg/kg of Se
(one-way ANOVA, P < 0.05, Tukey’s post hoc test).

Figure 5. The recommended level of dietary Se based on Broken-line analysis of (A) thiobarbituric acid reactive substances (TBARS), (B) glu-
tathione peroxidase (GSH-Px), (C) total antioxidant (T-AOC), (D) drip loss, (E) pH24h value, and (F) shear force.

SELENIUM ANDMEAT QUALITY 9
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study, however, no association was observed between
dietary Se level and the mRNA expression of MSRB1
and TXNRDs, further studies are needed to understand
their link. pH value is an important parameter for meat
quality, which has a positive correlation with water
holding capacity, redness, and tenderness (Le Bihan-
Duval et al., 2008) and a negative correlation with the
lightness (Zhang et al., 2012) and drip loss (Wang et al.,
2009). Our results showed supplementation with the Se
tended to increase the pH45min, and Se addition pro-
motes the pH24h value in the breast muscles with age, in
agreement with report by Markovic et al. (2018) for
broiler chickens and Li et al. (2011) for the longissimus
dorsi muscles of pigs. However, other studies indicate
that the Se levels have no effects on pH24h value in the
breast or thigh meats of broiler chickens (Oliveira et al.,
2014 ). Previous studies in broilers showed that after
slaughtering, oxidative stress, especially excessive
hydrogen peroxide accumulation, speeds up pH drop
(Zhang et al., 2011; Chen et al., 2017). Thus, a higher
ultimate pH value (pH24h) in the breast muscle may be
related to the strong antioxidant effect, increasing die-
tary Se could reduce lactic acid production by attenuat-
ing the oxidative stress to prevent the induction of low
pH, as muscle glycogen level at slaughter largely deter-
mines the ultimate pH (Le Bihan-Duval et al., 2008).

Our study found the Se supplementation promoted
water holding capacity of the beast muscle, which is in
line with the findings of Cai et al. (2012) on Nano-Se for
broiler, Li et al (2011) for pigs, and Bakhshalinejad
et al. (2019) who tested selenomethionine. The mecha-
nism can be attributed to the capacity of selenoprotein
enzymes to stabilize membrane integrity postmortem,
and/or to retard proteolysis and even protein oxidation
through increased antioxidant capacity (Wang et al.,
2021 ). In addition, meat color as an essential quality
attribute for consumers is closely related to pH, nitrites,
water-holding capacity, and especially myoglobin oxida-
tion (King and Whyte, 2006). Some studies have shown
that increasing Se supplementation has a beneficial
effect on meat color of broiler (Bakhshalinejad et al.,
2019 ) and finishing pig (Chen et al., 2019a), and further
speculated that the positive role of Se manipulation was
associated with enhanced oxidation resistance, by pre-
venting myoglobin or oxymyoglobin from being oxidized
to metmyoglobin, consequently deepen the muscle
chroma and improve meat color (Oliveira et al., 2014).
However, our results demonstrated Se supplementation
enhanced the antioxidant capacity, but did not change
the color of breast muscles, suggesting that, apart from
antioxidant function, other potential mechanisms may
exist on Se modifying meat color. Among them, a candi-
date is Se supplementation might contribute to nitrite
degradation, and thus may have potential influence on
meat color (Chen et al., 2019b).

Our results showed Se supplementation decreased the
shear force that is an indication of tenderness of the
breast muscle, a crucial sensory quality that influences
acceptance by consumer (Maltin et al., 1997). Similarly,
Chen et al. (2019a) reported that dietary
supplementation with Se 0.5 mg/kg to moderately-
reduced energy and protein diet tended to decrease
shear force of loin muscle of pigs. Baowei et al. (2011)
reported supplementing Se 0.3 mg/kg as Se-yeast
reduced hardness of breast muscles in goose. A possible
explanation, as explained by Gault (1985), is the
improved water-holding capacity may benefit tender-
ness of the cooked meat regardless of the amount of
connective tissue in the muscles. According to
Carne et al. (2014), tenderness is also determined by
the structural properties of various proteins and fats in
the muscle. Moseti et al. (2016) considered the PPAR-
b and PPAR-g are the key early regulators of adipogen-
esis, while FABP and LPL are responsible for the for-
mation of mature adipocytes and the hydrolysis,
respectively. Vedran Berti�c et al. (2013) explains
PRKAG3 gene encodes a muscle-specific isoform of the
adenosine monophosphate-activated protein kinase
gamma subunit, and is closely related to meat quality.
However, comparable transcription abundance of
FABP, PPAR-b, PPAR-g, PRKAG3, and LPL of
breast muscle indicated that intramuscular fat deposi-
tion might not be predominantly contributor to dietary
Se favorited tenderness of breast muscle in the present
study. In addition, tenderness also depends on myofi-
brillar protein degradation implicated by the calpain
family (m-calpain, m-calpain, and calpain3) and a spe-
cific inhibitor, the calpastatin (Morton et al., 1999).
Wang et al. (2020) reported dietary Se could interfere
with the expression of calpain and calpastatin in rain-
bow trout, suggesting that the calpain family may
change the tenderness of breast muscle due to Se treat-
ment.
To unravel the interference of melanoproteins with

the meat quality, the response of selenoprotein encoding
genes to dietary Se supplementation was further exam-
ined in breast muscle. Of the 11 selenoprotein genes
response to Se levels, SELENON that encoded by the
gene SELENON mutation resulted in rigid spine muscu-
lar dystrophy in humans (Ferreiro et al., 2002). SELE-
NOU and SELENOW can protect cells from oxidative
stress (Jiang et al., 2015; Loflin et al., 2006), and the
increasing expression of SELENOW is associated with
enhancing the water-holding capacity of meat (Li et al.,
2011) and improving meat quality (Zhang et al., 2020).
Therefore, the upregulation of SELENON, SELENOU
and SELENOW may contribute to enhance the meat
quality of yellow feather broilers. Furthermore, we
observed a pronounced upregulation for DIO2 and
DIO3 transcription response to increasing dietary Se
level, both are responsible for thyroid hormone regula-
tion and consequently enhancing metabolism
(Darras and Herck, 2012). Of note, we also noticed the
downregulation in the mRNA level of SELENOK,
SELENOS, and SELENOT with the supplementation of
Se, suggesting that oxidation and/or immunological
stress may be eased by dietary Se as the proteins
encoded by these genes localized to the endoplasmic
reticulum and involved in the inflammatory response
(Verma et al., 2011; Ye et al., 2004). Collectively, it is
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reasonable to assume that higher DIOs expression along
with a lower transcription of SELENOK, SELENOS,
and SELENOT might be a positive effect in physical
well-being of broiler. In addition, although SELENOI is
crucial for the phospholipid biosynthesis (Horibata and
Hirabayashi, 2007), and decreased SELENOI expression
indicates they probably do not influence meat quality.

A limitation of the study was that the statistical
assessment. Unequal variances and non-normal distribu-
tion were observed in antioxidant biomarkers, which
contribute to an insufficient number of samples. There-
fore, we admit the possibility that some of our conclu-
sions may include overestimation or underestimation of
roles of dietary Se in meat quality, oxidation resistance,
and selenoprotein expression.
CONCLUSIONS

In conclusion, similar to the fast-growing broiler, this
study confirmed dietary supplementation with the
chemically synthesized organic Se source (OH-SeMet)
effectively increased Se deposition in the breast muscles
and improved meat quality of the native slow-growing
yellow feather broilers. Specifically, the dietary graded
Se addition increased the pH24h, and decreased the drip
loss and shear force of the breast muscles, the possible
mechanism appears to be the increased Se adsorption
and deposition that enhances selenoprotein synthesis
and consequently enhanced antioxidant capacity. The
study results add evidence to use OH-SeMet as a nutri-
tion strategy to improve meat quality for the native
broiler production. Most important, the recommend
supplemental dosage of OH-SeMet for the birds is
between 0.42 and 0.66 mg Se/kg based on antioxidant
biomarkers and meat quality.
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