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and thioredoxin systems
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ABSTRACT The aim of this study was to investigate
the effects of selenium (Se)-enriched Saccharomyces
cerevisiae (SSC) on meat quality and to elucidate the
underlying mechanisms in broilers. A total of 200 one-
day-old Arbor Acres broiler chickens were randomly
allocated to one of four treatments with 5 replications of
10 chickens each. Group 1 served as a control and was fed
a basal diet without Se supplementation, while groups 2,
3, and 4 were fed the basal diet supplemented with S.
cerevisiae (SC), sodium selenite (SS), and SSC, respec-
tively. Breast muscle samples were collected to evaluate
meat quality, selenium concentration, oxidative stabil-
ity, and the mRNA levels of antioxidant enzyme genes on
day 42. As compared with groups 1 and 2, SS and SSC

supplementation increased Se concentration, gluta-
thione peroxidase (GPx) and thioredoxin reductase
(TR) activities, total antioxidant capacity, and the
mRNA levels of GPx-1, GPx-4, TR-1, and TR-3
(P < 0.05) and decreased drip loss and malondialde-
hyde (MDA) content (P < 0.05). As compared with
group 3, SSC supplementation increased pH, lightness,
yellowness, Se concentration, GPx and superoxide dis-
mutase activities, and the mRNA levels of GPx-1 and
GPx-4 (P < 0.05) but decreased drip loss and MDA
content (P < 0.05). Thus, SSC improved meat quality
and oxidative stability by activating the glutathione and
thioredoxin systems, which should be attributed to the
combined roles of Se and SC.
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INTRODUCTION

Chicken meat is popular all over the world because of
its delicious taste, rich nutrition, and so on. Healthy
chicken color is white through red and bright and should
feel relatively smooth, as more and more people begin to
pay attention to the quality of chicken. As an important
trace element, selenium (Se) is an essential micronu-
trient for the health, growth, reproduction, and immu-
nity of both humans and animals (Rayman, 2000;
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Hosnedlova et al., 2017; Ying and Zhang, 2019). An
increasing body of evidence reinforces the importance
of adequate Se intake to maintain normal muscle func-
tion (Pappas et al., 2012; Chen et al., 2017; Zoidis
et al., 2018), as Se deficiency reduces the expression
and activity of several essential selenoproteins, which
can lead to myodegenerative diseases, such as Keshan
disease, a potentially fatal form of cardiomyopathy, in
humans, mulberry heart disease in pigs, and white mus-
cle disease in foals (Delesalle et al., 2017; Hosnedlova
et al., 2017).

The bioavailability as well as the pharmacological and
toxicological effects of Se in animals was associated with
its chemical forms (Han et al., 2017). In comparison with
inorganic Se (sodium selenite, SS), organic Se (Se yeast,
SY) was an antioxidant that provided greater protection
against oxidative damage and was less toxic (Chen et al.,
2017; Li et al., 2018). Previous studies had reported
that dietary Se supplementation improved biological
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functions in animals (Han et al., 2017; Khan et al., 2018;
Silva et al., 2020). Moreover, dietary supplementation
with Se-enriched Saccharomyces cerevisiae (SSC) was
useful to maintain the health of broilers (Chen et al.,
2017), However, few studies had investigated the effects
of SY supplementation on the meat quality of broilers
(Pappas et al., 2012; Chen et al., 2014; Markovic et al.,
2018), which was regarded as the most important indica-
tor of production performance. Therefore, the aim of the
prestent study was to investigate the effects of SSC on
the meat quality of broilers and to elucidate the poten-
tial underlying mechanisms.

MATERIALS AND METHODS

Chickens and Treatment

A total of 200, one-day-old Arbor Acres, broilers were
randomly allocated to one of four experimental groups
with 5 replicate pens of 10 chickens each. Group 1 (con-
trol group) was fed a basal diet without Se supplementa-
tion; group 2 was fed the basal diet supplemented with
1.0 g (10° cfu) of S. cerevisiae (SC) per kg of feed; group
3 was fed the basal diet supplemented with 0.30 mg of Se
per kg of feed as SS (analytical grade, >98.0% pure); and
group 4 was fed the basal diet supplemented with SSC
(1.0 g of Se per kg of feed). The basal diet was formulated
in accordance with the dietary guidelines established by
the National Research Council. The addition of Se was
based on the calculated levels for each source. The basal
diet formulation and approximate composition are
shown in Table 1. Over the entire experimental period
of 42 d, water was provided ad libitum. All chickens
were fed a starter diet from day 1 to 21 and then
switched to a basal developer diet from day 22 to 42.
The animal treatment, housing, and husbandry condi-
tions conformed to the experimental guidelines of the

Table 1. Formulation and proximate composition of experimental
diets.

Ingredient (%) 1-21d 22-42 d
Corn 60.00 64.50
Corn protein flour 5.00 3.00
‘Wheat bran 0.00 2.00
Soybean meal 27.50 25.00
Fishmeal (55.5% CP) 3.40 1.60
Stone powder 1.20 1.40
Salt 0.30 0.30
Calcium bicarbonate 1.50 1.20
Methionine 0.10 0.00
Premix’ 1.00 1.00
Chemical composition (g/kg DM)
Gross energy (MJ/kg) 12.15 13.06
Crude protein 22.99 20.00
Calcium 1.00 0.90
Phosphorus 0.45 0.35
Methionine 0.50 0.38
Lysine 1.10 1.00

'The vitamins provided (per kg feed): vitamin A, 1,500 IU; vitamin D3,
200 IU; vitamin E, 20 IU; vitamin K, 0.5 mg; vitamin By, 22 mg; vitamin Bo,
8.5 mg; vitamin By, 0.2 mg; folicin, 0.55 mg; niacin, 0.55 mg; pantothenic
acid, 10.0 mg; copper, 8.0 mg; zinc, 40.0 mg; iron, 80.00 mg; iodine, 0.35 mg;
manganese, 60.0 mg.
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National Laboratory Animal Standardization Technical
Committee of China (SAC/TC 281). The experimental
protocols were designed in accordance with the regula-
tions for the use of experimental animals and approved
by the Ethical Committee for Use of Laboratory Ani-
mals of Qingdao Agricultural University (Qingdao,
China).

Sampling and Processing

At the end of the experiment, 5 chickens per pen were
euthanized with sodium pentobarbitone after feed depri-
vation overnight. The left pectoralis muscle of each bird
was collected for analysis of physical and chemical char-
acteristics. Five grams of fresh pectoralis muscle per bird
was placed into a plastic centrifuge tube and frozen in
liquid nitrogen for analysis of gene mRNA levels. The
right pectoralis muscle was placed in a polyethylene
bag and frozen at —70°C for analysis of antioxidase
activities and oxidative damage.

Determination of Physical Characteristics
of Meat

Immediately after slaughter, the physical characteris-
tics of each muscle sample were assessed. Meat color
lightness, redness, and yellowness was measured using
a CR410 Chroma Meter (Konica Minolta Sensing
Singapore Pte Ltd., Singapore). The pH value was
measured using a digital pH meter (pH-STAR,;
Matthaus GmbH & Co. KG, Eckelsheim, Germany).
Shear force was measured with a digital muscle tender-
ness meter (C-LM3; Tenovo International Co., Ltd., Bei-
jing, China). Drip loss was estimated by the suspension
method as the difference between the final and initial
weights of a meat sample suspended in a bottle and
stored at 4°C for 72 h before and after drip and expressed
as the percentage of the initial weight. These procedures
were performed in triplicate, and average values were
calculated for analysis.

Determination of Chemical Composition of
Meat

The chemical composition of the muscle samples was
determined, including moisture, crude fat, and crude
protein. In brief, 100 g of each sample was minced for 2
times using a meat grinder and mixed well. Then, 5 g
of each mixed sample was used to detect the moisture
content, while the remaining sample was placed in an
electric blast dryer at 105°C to remove moisture for anal-
ysis of crude fat and crude protein contents. Moisture
content was determined by the heating and drying
method in accordance with the Chinese National Stan-
dard GB/T 9695.15-2008. Crude fat content was
measured by the Soxhlet extractor method in accor-
dance with the Chinese National Standard GB/T
9695.7-2008. Crude protein content was assessed by
the Kjeldahl method in accordance with the Chinese
National Standard GB/T 5009.5-2016. The percentage
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of moisture content was calculated as 100 X (initial
muscle weight—final muscle weight)/initial muscle
weight. The percentage of crude fat was calculated as
100 X (initial muscle weight—final muscle weight)/
initial muscle weight. The crude protein content was
calculated as the nitrogen content X 6.25. These proced-
ures were performed in duplicate, and average values
were calculated for analysis.

Determination of Se Concentration of Meat

The Se concentration of each muscle sample was
determined according to the method described by Qin
et al. (2015). In brief, 1.0 g of each sample was weighted
accurately and placed in a 50-mL triangular flask with
10 mL of acid digest solution (HNO3 : HC1O4 = 4 : 1).
After 24 h of predigestion at room temperature, the sam-
ple was heated to 180°C on an electric heating plate until
white fumes appeared. After cooling to room tempera-
ture, 10 mL of 5M hydrochloric acid solution was added
to the flask, and the mixture was again heated until clar-
ified. Then, the solution digested samples were evapo-
rated to almost 2 mlL, transferred to a 25-mL
volumetric flask, and mixed with 20 mL of 2M hydro-
chloric acid solution and 1 mL of 10% potassium ferricy-
anide solution, to a final volume of 25 mL with 2M
hydrochloric acid solution. Ultrapure water and a certi-
fied reference material for Se (GBW 08551 pork liver
Food Detection Science Institute, Ministry of Com-
merce, Beijing, China) served as the blank and the stan-
dard control which were digested by the same method.
Se standard solution at various concentrations was
used to construct standard curves for the Se assay.
The Se concentrations of the treated samples were
detected using an atomic fluorescence spectrometer
(AFS-9330; Beijing Titan Instruments Co., Ltd., Bei-
jing, China). These procedures were performed in dupli-
cate, and the average values were calculated for analysis.

Determination of Oxidative Stability of Meat

Glutathione peroxidase (GPx) activity, thioredoxin
reductase (TR) activity, total superoxide dismutase
(SOD) activity, total antioxidant capacity (T-AOC),
malondialdehyde (MDA) content, and total protein con-
tent of the muscle samples were determined in accor-
dance with the instructions of a GPx activity assay kit
(colorimetric method), TR activity assay kit (colori-
metric method), SOD activity assay kit (WST-1 cell
proliferation reagent method), T-AOC assay kit
(2,2'-azino-bis  3-ethylbenzothiazoline-6-sulfonic  acid
method), MDA assay kit (thiobarbituric acid method),
and total protein quantitative assay kit (Bradford
method) (Nanjing Jiancheng Bioengineering Institute,
Nanjing, China), respectively. The reactive oxygen spe-
cies (ROS) content of the muscle samples was deter-
mined in accordance with the instructions of an ROS
assay kit (enzyme-linked immunosorbent —assay
methods) (Shanghai Jianglai Biological Technology
Co., Ltd., Shanghai, China).
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Determination of mRNA Levels of
Antioxidant Enzyme Genes

Synergy brands (SYBR) green real-time quantitative
polymerase chain reaction (RT-PCR) was performed
to determine the mRNA levels of 5 antioxidant enzyme
genes (GPx-1, GPx-4, TR-1, TR-3, and SOD-1). Total
RNA was extracted using TRIzol Reagent (Sangon
Biotech [Shanghai] Co, Ltd, Shanghai, China), and
cDNA was synthesized in accordance with the instruc-
tion of the AMV First Strand cDNA Synthesis Kit (San-
gon Biotech Co, Ltd, Shanghai, China). The specific
primers for gene expression were designed based on
Gallus gallus sequences (Table 2). The B-actin house-
keeping gene was used as an internal control. RT-PCR
was performed with an ABI Real-time PCR System (Ste-
pOnePlus; Applied Biosystems, Waltham, MA). Each
20-pL reaction mixture contained 10 pli of 2 X Sybr-
Green qPCR Master Mix, 1.0 pL of each primer
(10 pmol), 1.0 pL of ¢cDNA template, and 7.0 pL of
ddH,0O. The PCR procedure consisted of an initial dena-
turation step at 95°C for 2 min followed by 40 cycles con-
sisting of 95°C for 10 s and 60°C for 40 s. Melting curve
analysis showed only one peak for each PCR product.

Statistical Analysis

Relative mRNA levels were determined using the
27 AAC method. The pen was defined as the experimental
unit for statistical analysis, and all calculations were
generated based on pen averages. All data were
expressed the means * SD and analyzed by one-way
analysis of variance with IBM SPSS Statistics for Win-
dows, version 22.0. (IBM Corporation, Armonk, NY).
The least significant difference of multiple comparisons
was used to determine differences between means. For
all tests, a probability (P) value <0.05 was considered
statistically significant.

RESULTS

The effects of SSC on the physical characteristics of
the muscle samples are shown in Figure 1, including
pH value (Figure 1A), lightness (Figure 1B), redness
(Figure 1C), yellowness (Figure 1D), drip loss
(Figure 1E), and shear force (Figure 1F). As compared
with the control group, SC supplementation signifi-
cantly increased the pH value, redness, and yellowness
but decreased drip loss (P < 0.05), while SS supplemen-
tation significantly increased the pH value, redness, and
yvellowness but decreased drip loss and shear force
(P < 0.05). As compared with the SC group, SS supple-
mentation significantly decreased drip loss (P < 0.05),
while SSC supplementation significantly decreased drip
loss and shear force (P < 0.05). As compared with the
SS group, SSC supplementation significantly increased
the pH, lightness, and yellowness but decreased drip
loss (P < 0.05).

The effects of SSC on chemical composition and Se
concentration of muscle samples are shown in Figure 2,
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Table 2. Primer sequences used for quantitative real-time PCR assay.

Gene name Forward primer (5-3) Reverse primer (5-3") Length
B-actin agtgtctttttgtatctteegee ccacatactggcactttactccta 147 bp
GPx-1 tctacctggtaactttegageaa cctttattgeagageceteett 147 bp
GPx-4 gecacctecatetacgactte ttggtgatgatgcagacgaag 92 bp

SOD-1 atgcagataggcacgtgg actgccatcttaagcatttcag 267 bp
TR-1 tcaagaatgtcaccgcaagtt cacgcagataacatccccaat 129 bp
TR-3 tgttttgatagecattggteg cataaggcacattggttcgttc 128 bp

Abbreviations: GPx-1, cellular glutathione peroxidase; GPx-4, phospholipid hy-
droperoxide glutathione peroxidase; SOD-1, superoxide dismutase 1; TR-1, thio-
redoxin reductasel; TR-3, thioredoxin reductase3.

including moisture (Figure 2A), crude fat (Figure 2B),
crude protein (Figure 2C), and Se content (Figure 2D).
As compared with the control and SS groups, SC and
SSC supplementation significantly increased crude pro-
tein concentration (P < 0.05). Among the 4 groups,
there were no significant differences in the moisture
and crude fat contents of the muscle samples
(P > 0.05). As compared with the control and SC
groups, SS and SSC supplementation significantly
increased Se concentration (P < 0.05). As compared
with the SS group, SSC supplementation significantly
increased the Se concentration (P < 0.05).

The effects of SSC on the oxidative stability of the
muscle samples are shown in Figure 3, including GPx ac-
tivity (Figure 3A), TR activity (Figure 3B), SOD activ-
ity (Figure 3C), T-AOC (Figure 3D), MDA content
(Figure 3E), and ROS content (Figure 3F). As compared
with the control group, SC supplementation signifi-
cantly increased T-AOC, GPx activity, and SOD activ-
ity but decreased MDA content (P < 0.05), and SS and
SSC supplementation significantly increased T-AOC
and the activities of GPx, SOD, and TR but decreased
MDA and ROS content (P < 0.05). As compared with
the SC group, SS and SSC supplementation significantly
increased T-AOC, GPx, and TR activity and decreased
MDA and ROS content (P < 0.05). As compared with
the SS group, SSC supplementation significantly
increased GPx activity and SOD activities but decreased
MDA content (P < 0.05).

The effects of SSC on the relative mRNA levels of anti-
oxidant enzyme genes in muscle samples are shown in
Figure 4: GPx-1 (Figure 4A), GPx-4 (Figure 4B),
TRx-1 (Figure 4C), TRx-3 (Figure 4D), and SOD-1
(Figure 4E). As compared with the control and SC
groups, SS and SSC supplementation significantly
increased GPx-1, GPx-4, TRx-1, TRx-3, and SOD-1
mRNA expression levels (P < 0.05). As compared with
the SS group, SSC supplementation significantly
increased GPx-1 and GPx-4 mRNA expression levels
(P < 0.05).

DISCUSSION

Physiological characteristics including appearance
and texture directly affect the willingness of consumers
to purchase meat products. The pH value, color, drip
loss, and shear force were widely used to evaluate the
sensory characteristics of meat quality (Shi et al., 2011;

Calvo et al., 2017b; Li et al., 2018; Silva et al., 2020).
In the present study, SSC and SS supplementation
improved physical characteristics of muscle (i.e., pH
value, color, drip loss, or shear force), consistent with
the increasing amount of evidence indicating the essen-
tial involvement of Se on the meat physical characteris-
tics of geese (Baowei et al., 2011), pigs (Calvo et al.,
2017a, 2017b), rabbits (Papadomichelakis et al., 2018),
and chickens (Jiang et al., 2009; Khan et al., 2018; Li
et al., 2018; Yang et al., 2019). However, many studies
reported that Se (including SS or SY) supplementation
does not affect the meat color of chickens (Chen et al.,
2014; Habibian et al., 2016), lambs (Jose et al., 2010),
or cattle (Silva et al., 2020) or the pH value of chicken
muscle (Kim et al., 2010). Unfortunately, although these
studies investigated the effects of inorganic Se (SS) and
organic Se (SY) on meat quality, they did not evaluate
the effects of yeast on meat quality or compare the ef-
fects between yeast as a control and SY. Aristides
et al. (2018) reported that different levels of SC fermen-
tation products provided no changes in color, water-
holding capacity, cooking loss, or shear force. As the
mechanism underlying the effects of Se supplementation
on the physical characteristics of meat remains unclear,
the aim of the present study was to determine whether
supplementation with both Se and SC could improve
the physical characteristics of meat, especially the pH
value and drip loss, which had been attributed to their
antioxidant effects (Habibian et al., 2016; Calvo et al.,
2017a; Li et al., 2018). In addition, the benefits of Se
and SC supplementation on the physical characteristics
of meat differed. The effects of SC supplementation on
meat color might be better than those of SS, and the ef-
fects of SS supplementation on shear force and drip loss
might be better than those of SC. SSC supplementation
had better effects on drip loss of meat than SC, while SC
supplementation had better effects the pH value, light-
ness, yellowness, and drip loss than SS. These results
indicated that the effects of SSC on the physical charac-
teristics of meat should be attributed to the combined
roles of SC and Se.

Nutritional value, referring to the chemical composi-
tion of meat, is another important factor affecting the
willingness of consumers to purchase meat products. In
the present study, SS and SSC supplementation had
no effect on the moisture or crude fat content of muscle,
but SC and SSC supplementation increased the crude
protein content. Similarly, Baowei et al. (2011) reported
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Figure 1. The effects of selenium-enriched Saccharomyces cerevisiae (SSC) on physical characteristics of chicken muscle. (A) pH value, (B)
lightness, (C) redness, (D) yellowness, (E) shear force, (F) drop loss. Data are presented as the means = SD (n = 5). Different superscript letters denote
significant differences (P < 0.05). CON refers to a basal diet, Saccharomyces cerevisiae (SC) refers to the basal diet supplemented with SC, sodium
selenite (SS) refers to the basal diet supplemented with SS, and SSC refers to the basal diet supplemented with SSC.

that SY supplementation had no effect on the crude fat
or water content of muscle, while 0.1 and 0.50 mg/kg di-
etary SY significantly increased the crude protein con-
tent of goose muscle. Therefore, SC should be
considered as an excellent source of protein, and one of
the main factors affecting the crude protein content of
meat. In contrast, Geng et al. (2016) reported that sup-
plementation with cultures of SC and SC had no signif-
icant effect on the chemical composition of beef. Baowei
et al. (2011) also reported that 0.30 mg/kg dietary SY

did not affect the crude protein content of goose muscle.
Moreover, Mechlaoui et al. (2019) found that Se supple-
mentation had no effect on the lipid and protein content
of muscle in seabream juveniles. This discrepancy is
likely due to the Se source, the Se concentration, and
the experimental animals. Thus, further studies of the
effects of Se sources on the chemical composition of
meat are warranted.

In addition, Se can increase GPx activity, catalyze the
reduction of hydrogen peroxide, protect cell membranes,
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Figure 2. The effects of selenium-enriched Saccharomyces cerevisiae (SSC) on the chemical composition of chicken muscle. (A) Water content, (B)
fate content, (C) protein content, (D) Se content. Data are presented as the means = SD (n = 5). Different superscript letters denote significant

difference (P < 0.05).

and reduce oxidative damage. Se supplementation can
effectively protect meat quality during storage and pro-
long the shelf life (Habibian et al., 2016; Calvo et al.,
2017b; Delesalle et al., 2017). The oxidant status has
become an important indicator of meat quality in consid-
eration of the risk of food deterioration from oxidative
stress (Jiang et al., 2009; Habibian et al., 2016; Li
et al., 2018). The oxidative stability of meat is dependent
on the balance between antioxidants and prooxidants.
ROS is a major cause of oxidative stress, MDA is the
end product of oxidative stress, and Se and selenopro-
teins play important roles in protection against oxida-
tive stress (Jiang et al., 2009; Baowei et al., 2011; Li
et al., 2018). Therefore, these indicators are widely
used in studies of oxidative stress as biomarkers of Se sta-
tus in various tissues. In the present study, Se (SSC and
SS) supplementation not only increased Se concentra-
tion but also increased T-AOC and the activities and
mRNA levels of GPx, TR, and SOD in muscle and
decreased MDA and ROS contents in muscle as
compared with the control and SC groups, which were
consistent with the results of previous studies (Wang

et al., 2011b; Zhou and Wang, 2011; Couloigner et al.,
2015), thereby further demonstrating that dietary Se
supplementation not only increases Se concentration in
meat but also enhances antioxidant status and reduces
oxidative damage by upregulating the expression of anti-
oxidant selenoproteins to achieve greater antioxidant
status than without Se supplementation (Wu et al.,
2010; Yuan et al., 2012; Xiao et al., 2016). In contrast,
Payne and Southern (2005) reported that SY supple-
mentation increased muscle and plasma Se concentra-
tions, although plasma GPx-3 activity was not affected
by the Se source or concentration. Mechlaoui et al.
(2019) reported that dietary Se supplementation
increased the muscle content of Se and reduced oxidative
stress but had no effect on liver expression of GPx and
SOD in gilthead seabream. Wang et al. (2018) reported
that SY supplementation increased Se contents and the
mRNA levels of 10 selenoproteins in the liver, as well as
the Se content, GPx activity, and mRNA levels of 11
selenoproteins in muscle. However, it had no effect on
MDA content, or the activities of GPx, SOD, and
CAT in the serum and liver, and decreased the activities
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Figure 3. The effects of selenium-enriched Saccharomyces cerevisiae (SSC) on oxidant stability of chicken muscle. (A) glutathione peroxidase
(GPx) activity, (B) superoxide dismutase (SOD) activity, (C) thioredoxin reductase (TR) activity, (D) malondialdehyde (MDA) content, (E) reactive
oxygen species (ROS) content, and (F) total antioxidant capacity (T-AOC). Data are shown as means * SD (n = 5). Different superscript letters

denote significant difference (P < 0.05).

of CAT and SOD in muscle. The bioavailability of
various Se levels and sources differs among tissues and
animals, especially absorption, deposition, and meta-
bolism, which leads to alterations in antioxidant stress
effects and antioxidant enzyme activities in diverse tis-
sues (Juniper et al., 2009).

Numerous studies have reported that Se efficacy
in vivo and in vitro is dependent on its chemical form

and demonstrated that organic Se performs a key role
in biological processes and has higher bioavailability
and accumulates at higher levels in all tissues than inor-
ganic Se (Chen et al., 2014; Habibian et al., 2016; Calvo
et al., 2017a; Delesalle et al., 2017). In the present study,
SSC supplementation improved meat quality, Se con-
tent, and antioxidant status, as compared with SS sup-
plementation. These results further indicated that the
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Figure 4. The effects of selenium-enriched Saccharomyces cerevisiae (SSC) on the relative mRNA expression levels of antioxidase genes in chicken
muscle. (A) glutathione peroxidase (GPx)-1 mRNA level, (B) GPx-4 mRNA level, (C) thioredoxin reductase (TR)-1 mRNA level, (D) TR-3 mRNA
level, (E) superoxide dismutase (SOD)-1 mRNA level. Data are presented as the means = SD (n = 5). Different superscript letters denote significant

difference (P < 0.05).

effects of organic Se were superior to those of inorganic
Se in terms of improving the antioxidant status of ani-
mals (Zhang et al., 2014; Delesalle et al., 2017; Wang
et al., 2018). However, in contrast, some studies reported
different results that organic Se resulted in a highly sig-
nificant decrease in GPx activity in the plasma, liver,

pancreas, breast muscle, and erythrocytes, as compared
with inorganic Se (Leeson et al., 2008; Wang et al.,
2011a; Sun et al., 2011). In addition, other studies re-
ported that there were no differences in GPx activities
in plasma and tissues of broilers fed Se in either an
organic or inorganic form (Payne and Southern, 2005;
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Markovic et al., 2018; Wang et al., 2018). These discrep-
ancies are likely due to the Se sources, the experimental
animals, or the lengths of the experiments.

CONCLUSIONS

SSC supplementation can potentially improve meat
quality and oxidative stability by activating the gluta-
thione and TR systems. In addition, SSC supplemen-
tation can improve meat quality better than
supplementation with SC or SS, due to the combined
roles of SC and Se.
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