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ABSTRACT Oxidative stress is the downstream of
various adverse stresses which impairs meat quality
of broiler chickens. Yet, the specific molecular mecha-
nisms of oxidative stress in meat quality of broiler
thigh muscle remains unclear. This study investigated
the effects and mechanisms of H2O2-induced oxidative
stress on meat quality of broiler thigh muscle, with
particular emphasis on apoptosis and autophagy and
the ROS/NF-kB signaling pathway. The results
showed that 10%H2O2-treated broilers exhibited sig-
nificantly higher drip loss and shear force and lower
� 2022 The Authors. Published by Elsevier Inc. on behalf of Poultry
Science Association Inc. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).

Received December 6, 2021.
Accepted January 25, 2022.
2Yexiao Yan and Xiangxing Chen contributed equally to this work.
1Corresponding author: chengminli@just.edu.cn

1

pH24h and muscle weight. Moreover, the ROS forma-
tion, the contents of oxidation products, the expres-
sions of caspases (3, 6, 8, 9), Beclin1, and LC3-II/
LC3-I were significantly increased, whereas the levels
of antioxidation products and the expression of phos-
phorylation of NF-kBp65 were significantly decreased.
These findings from the present study indicating that
H2O2-induced oxidative stress significantly impaired
the meat quality by inducing apoptosis and abnormal
autophagy via ROS/NF-kB signaling pathway in the
broiler thigh muscle.
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INTRODUCTION

Poultry production in commercial settings is associ-
ated with various stressors (e.g., environmental, nutri-
tional and biological factors) which causes adverse
impact such as decreased productive performance and
meat quality (Liu et al., 2019 Surai et al., 2019a;
Guo et al., 2020;).Oxidative stress, defined as an imbal-
ance between the generation of reactive oxygen species
(ROS) and endogenous antioxidant defense systems,
are the primary causes of the negative consequences of
stress in commercial broiler production (Est�evez, 2015
Liu et al., 2020;). Recent researches and our previous
study have demonstrated that oxidative damage
decreased breast meat quality and growth performance
of broilers, as indicated by the increased pH, meat light-
ness and drip loss, and by the decreased BW gain and
muscle weight (Zhang et al., 2011 Chen et al., 2017;
Chen et al., 2018;). Yet, the role and molecular mecha-
nism of oxidative damage in the broiler thigh muscle
remains unclear.
Generally, the oxidation is typically initiated by ROS,

which are produced by living systems as byproducts of
cellular metabolism (Nathan and Cunningham-Bus-
sel, 2013). It has previously been demonstrated that
hydrogen peroxide (H2O2) caused the generation of
ROS, and excessive ROS molecules would trigger
oxidative reaction in a feedback mechanism involving a
series of complex cellular processes, such as apoptosis
and autophagy (Kaminskyy and Zhivotovsky, 2014
Weidinger and Kozlov, 2015; Sies et al., 2017; Guo et al.,
2021;). Cell apoptosis, which can be induced by oxida-
tive stress, is a process of regulated cell death mecha-
nism. Moreover, researches show that excessive
apoptosis disrupt the tissue growth dynamics, thereby
impairing meat quality in the liver and breast of broilers
exposed to H2O2 (Chen, et al., 2017, 2018). On the other
hand, autophagy is a physiologically process for the deg-
radation and recycling of macromolecules and organelles
damaged by oxidative stress. It has been reported that
abnormal autophagy triggered by accumulated ROS
can lead to a quick loss in the skeletal muscle of chickens,
eventually causing myopathy. However, whether H2O2-
induced oxidative stress could activate apoptosis and
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autophagy and then function in meat quality through
ROS/NF-kB signaling in broiler thigh muscle has not
been researched. To address this question, we will inves-
tigate the roles of oxidative damage, with a focus on its
molecular effects on the meat quality of broiler thigh
muscles, the results would provide experimental evi-
dence for possible molecular mechanisms of oxidative
damage in the thigh muscles of broilers.
MATERIALS AND METHODS

The current study was approved by the Animal Ethics
Committee of Nanjing Agricultural University (approve
no. SYXK2017-0007), Nanjing, China.
Animals and Treatment

One-day-old male Arbor Acres broiler chickens
(n = 320; 50.12 § 0.05g) were obtained from a commer-
cial hatchery (Hewei Agricultural Development Co. Ltd,
Xuancheng, China). The chicks were randomly distrib-
uted to five groups (64 birds per group, n = 8): control
group, no injection; saline treatment, intraperitoneal
saline injection (0.75%, 1.0 mL/kg in body weight);
H2O2 treatments, intraperitoneal injection of 2.5%,
5.0%, and 10.0%H2O2, with a dosage of 1.0 mL/kg BW,
respectively. Birds in saline and H2O2 treatment groups
received injection at day 16 and 37 during the experi-
mental period. The time and dose of H2O2 injections
were according to the reports by Kaiser et al. and Yin
et al. (Kaiser et al., 2012 Jie et al., 2015;).The basal diet
was formulated according to the NRC- recommended
nutrient requirements for Arbor Acres broilers at the
age of 1 to 21 days and 22 to 42 days, and the diet for-
mula is presented in Supplemental Table S1.
Sample Collection and Storage

At the end of the experimental period, one bird from
each replicate with a BW similar to the mean BW was
selected to be euthanized by cervical dislocation and
immediately necropsied for thigh muscle collection. The
samples were divided into 2 portions, one was divided for
ROS detection and meat quality measurement, the other
slice was immediately frozen in liquid nitrogen and stored
at �80°C for biochemical, mRNA, and protein assays.
Meat Quality Measurement

Muscle pH at 24 h (pH24h) postmortem was mea-
sured using a pH meter (HI9125 portable waterproof
pH/ORP meter, HANNA Instrument, Cluj-Napoca,
Romania) according to the procedure described by
Bendall (1979). Color measurements for thigh muscles
(L* = lightness, a* = redness, and b* = yellowness) was
conducted using a colorimeter (Minolta CR200portable
color difference meter, Minolta Co. Ltd., Osaka, Japan)
at 24 h postmortem. To assess the drip loss of the mus-
cle, an approximately 5 g muscle rectangle was initially
weighed and suspended in a vacuum bag at 4°C for 24 h.
Then, thigh muscle was weighed again, and the differ-
ence between the final and initial weights was calcu-
lated. After drip loss determination, cooking loss (CL)
was measured, the thigh sample was weighed (initial
weight) and packed in polyethylene bags to be cooked
by immersion in a water bath (TW20, JULABO Labor-
technik GmbH, Seelbach, Germany) at 70°C for 15 min.
Then, the cooked sample was followed by cooling and
reweighing (final weight). The difference between final
and initial weights was calculated. For shear force mea-
surement, the cooked sample was cut into three strips
parallel to the muscle fiber. Then each strip was mea-
sured using a Digital Meat Tenderness Meter (Model
C1LM3, Northeast Agricultural University, Harbin,
China).
Oxidative Parameters Determination

The levels of total antioxidant capacity (T-AOC),
total superoxide dismutase (T-SOD), glutathione per-
oxidase (GSH-Px), and malondialdehyde (MDA)
were measured in the homogenate supernatant of thigh
muscle by corresponding assay kits (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China) according to
the manufacturer’s protocol. The protein carbonyl con-
tent was assayed basing on spectrophotometric detec-
tion of the reaction between the protein carbonyl with 2,
4-dinitrophenylhydrazine (2, 4-DNPH) to form protein
hydrazone with a commercial kit (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China). The 8-
hydroxy-20-deoxyguanosine (8-OHdG) concentration
and the advanced oxidation protein products (AOPPs)
were measured using commercial enzyme-linked immu-
nosorbent assay kits (Nanjing Angle Gene Biotechnol-
ogy Institute, Nanjing, China). Furthermore, the total
protein content of thigh muscle was determined by the
method of coomassie brilliant blue using the commercial
kit (Nanjing Jiancheng Bioengineering Institute, Nanj-
ing, China) in accordance with the manufacturer’s
instructions.
Detection of Reactive Oxygen Species

The concentration of intracellular ROS was detected
using an ROS measurement kit (Nanjing Jiancheng Bio-
engineering Institute, Nanjing, China) following the
manufacturer’s instructions and visualized under a fluo-
rescence microscope (Olympus, Tokyo, Japan). The
fluorescence was monitored using a FACS Calibur flow
cytometer (FC500 MCL/MPL, Beckman Coulter Inc.,
Brea, CA) with excitation at 488 nm and emission at
525 nm. ROS generation was quantified by the mean
fluorescence intensity over that of the control.
Real-Time Quantitative PCR Analysis

Total RNA was extracted using Trizol reagent (Invi-
trogen, Carlsbad, CA), the purity and quantity of RNA
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were measured by a NanoDrop 2000 spectrophotometer
(Thermo Scientific, Waltham, MA). cDNA was synthe-
sized using a Prime Script TM RT Master Mix
(TaKaRa, Japan) according to the manufacturer’s proto-
cols. Real-time quantitative PCR was performed using
standard protocols on an Applied Biosystem’s 7500 H T
Sequence detection system by SYBR Premix Ex Taq
(TaKaRa, Japan). The PCR program used was as fol-
lows: 95°C for 30 s, followed by 40 cycles of 95°C for 5 s
and 60°C for 30 s, then 95°C for 15 s, 60°C for 1 min, 95°
C for 15 s. Gene expression data were normalized to the
glyceraldehyde -3-phosphate dehydrogenase (GAPDH)
by employing an optimized comparative Ct (2�DDCt)
value method. The primer sense and antisense sequences
were as follows: caspase-3: forward 50- ACAGCAAGC-
GAAGCAGTTTT-30, reverse 50- TCACCTCTGAAA
AGGCTGGT -30; caspase-6: forward 50- CAGCAAACC-
TACACCAACCA -30, reverse 50- CGCAACTCCTCT
TCTCTGATG -30; caspase-8: forward 50- TCTCCTA-
CAGAAGCCCAAGC -30, reverse 50- TCTTGCTGCTC
ACCTCTTGA -30; caspase-9: forward 50- ATTCCTT
TCCAGGCTCCATC -30, reverse 50- CACTCACCTT
GTCCCTCCAG -30; Beclin 1: forward 50- CTTGGAC
TGTGTGCAGCAAT -30, reverse 50- ACCACCACTGC
CACCTGTAT -30; LC3-I: forward 50- GCTGGACAA-
GACCAAGTTCC -30, reverse 50- TTCACCAGCAG-
GAAGAAAGC -30; LC3-II: forward 50- ATCCGAGA
TCAGCATCCAAC -30, reverse 50- GTGATCTGGCAC
CAGGAACT -30; GAPDH: forward 50-GAGGGTAGT-
GAAGGCTGCTG-30, reverse 50- CATCAAAGGTG-
GAGGAATGG -30.
Western Blot Analysis

To determine the protein expression level, frozen sam-
ples of thigh muscle were crushed into powder in liquid
nitrogen with a mortar and pestle, and the homogenates
were centrifuged to collect the supernatants. Protein
concentration was quantified using a BCA protein assay
kit (Beyotime, China). Proteins were separated by
SDSPAGE and transferred to the PVDF membrane.
After being blocked, the membranes were incubated
Table 1. Effects of H2O2-induced oxidative stress on relative organ w

Items

Treatments1

Control Saline 2.5%H2O2

21 d
Heart 0.68 0.68 0.68
Liver 2.96a 2.93a 2.89a

Proventriculus 0.72 0.69 0.68
Gizzard 3.14 3.00 2.99
Pancreas 0.41 0.40 0.39
42 d
Heart 0.46 0.45 0.44
Liver 2.28 2.28 2.27
Proventriculus 0.32 0.32 0.32
Gizzard 1.65 1.64 1.65
Pancreas 0.23bc 0.22c 0.24bc

1Control is the noninjected treatment. Saline is 1 mL/kg BW physiological
H2O2 treatments injected with 0.74, 1.48, and 2.96 mmol/kg BW H2O2 solution

2SEM: pooled standard error of means.
a,b,cMeans within a row with no common superscripts differ significantly (P <
overnight with primary antibodies against caspase-3
(1:1000, Cell Signaling Technology Inc., Beverly, MA),
LC3-II (1:1000, Cell Signaling Technology Inc.) and
b-actin (1:2000, Cell Signaling Technology Inc.). The
blots were incubated HRP-conjugated secondary anti-
bodies and signals detected by enhanced chemilumines-
cence (ECL) Western blot detection reagents (Pierce,
Rockford, IL). Immunoblots were scanned and densi-
tometry was performed by using ImageJ software
(National Institutes of Health, Bethesda, MD).
Statistical Analysis

The data on all indexes in the present study were ana-
lyzed using the individual broiler as the experimental
unit (n = 8). Differences between the mean values
obtained in each treatment were evaluated by the analy-
ses of variance (ANOVA; SAS 9.2) to test the homoge-
neity of variances via Levene’s test, followed by Tukey’s
multiple comparison test. P < 0.05 was considered a sig-
nificant difference.
RESULTS

Relative Weight of Organs in Broilers

Broilers were treated with H2O2 injection and sam-
pled on 21 and 42 days post-hatch. Data on relative
organ weights were presented in Table 1, which showed
that the organ index of liver was significantly decreased
in 5% and 10.0% H2O2 treatment group than the control
and saline groups on 21 days post-hatch (P < 0.01),
whereas the pancreas index was significantly higher in
10.0%H2O2 treatment group when compared with the
control and saline groups on 42 days post-hatch (P <
0.05).
Thigh Muscle Weight and Meat Quality
Measurement

The effects of H2O2-induced oxidative stress on rela-
tive weight and meat quality in thigh muscle of broilers
eight of broilers (%).

SEM2 P value5%H2O2 10%H2O2

0.66 0.66 0.01 0.50
2.63b 2.52b 0.04 <0.01
0.68 0.67 0.01 0.13
2.91 3.03 0.06 0.10
0.39 0.41 0.01 0.45

0.45 0.44 0.02 1.00
2.26 2.24 0.08 1.00
0.33 0.33 0.01 0.81
1.68 1.67 0.03 0.87
0.26a,b 0.28a 0.01 <0.01

saline (0.75%) injected treatment. 2.5%H2O2, 5%H2O2, and 10%H2O2 are
per bird.

0.05), n = 8.



Table 2. Effects of H2O2-induced oxidative stress on relative weight and meat quality in thigh muscle of broilers on 42 days post-hatch.

Items

Treatments

SEM1 P valueControl Saline 2.5%H2O2 5%H2O2 10%H2O2

pH24 h 6.07a 6.06a 6.06a 5.85b 5.82b 0.02 <0.01
a* 6.57 6.58 6.52 6.24 5.83 0.22 0.29
b* 17.69 17.75 17.81 18.29 19.05 0.40 0.31
L* 47.47 47.45 47.48 48.09 48.32 0.46 0.74
drip loss, % 1.25b 1.26b 1.28b 1.35b 1.62a 0.02 <0.01
Cooking loss, % 13.52 13.68 13.65 13.91 14.10 0.11 0.06
Shear force value, N 15.36b 15.59b 15.56b 19.33a 20.09a 0.44 <0.01
Thigh muscle weight, % 13.76a 13.78a 13.64a 13.63a 12.85b 0.19 <0.01

Control is the noninjected treatment. Saline is 1 mL/kg BW physiological saline (0.75%) injected treatment. 2.5%H2O2, 5%H2O2, and 10%H2O2 are
H2O2 treatments injected with 0.74, 1.48, and 2.96 mmol/kg BW H2O2 solution per bird.

1SEM: pooled standard error of means.
a,bMeans within a row with no common superscripts differ significantly (P < 0.05), n = 8.
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on 42 days post-hatch is shown in Table 2. Results
showed that the thigh meat of broilers in 5.0% and
10.0%H2O2 injection groups had a marked lower pH24h
value than those in the control and saline groups (P <
0.01). Whereas, compared to the control and saline
groups, significant increase in drip loss of the thigh meat
were observed in 10.0%H2O2 group (P < 0.01), and the
value of shear force in 5.0%H2O2 and 10.0%H2O2 injec-
tion groups were also significantly increased (P < 0.01).
Besides, a remarkable decrease in the thigh muscle
weight were observed after 10.0%H2O2 injection (P <
0.05).
Redox Status and Antioxidants in the Thigh
Muscle

The redox status and antioxidants in the thigh
muscle of broilers on 21 and 42 days post-hatch is
shown in Table 3. Compared with the control and
saline groups, there were significant decreases in the
levels of T-AOC, T-SOD, GSH-Px, and Total sulfhy-
dryl (P < 0.05), but remarkable increases in the
Table 3. Effects of H2O2-induced oxidative stress on antioxidant indi

Items Control Saline 2

21 d
T-AOC, U/mg of protein 0.11a 0.11a

T-SOD, U/mg of protein 91.76a 91.19a

GSH-Px, U/mg of protein 28.38a 28.16a

Protein canbonyl, nmol/mg of protein 1.68b 1.74b

Total sulfhydryl, mmol/g of protein 74.30a 72.21ab

8-OHdG, pg/g of protein 27.43b 27.52b

AOPPs, nmol/g of protein 85.33b 85.56b

MDA, nmol/mg of protein 0.44b 0.46b

42 d
T-AOC, U/mg of protein 0.31a 0.30a

T-SOD, U/mg of protein 88.95a 90.95a

GSH-Px, U/mg of protein 29.42a 28.24a

Protein canbonyl, nmol/mg of protein 3.14b 3.16b

Total sulfhydryl, mmol/g of protein 88.64a 88.59a

8-OHdG, pg/g of protein 30.98b 30.90b

AOPPs, nmol/g of protein 80.18b 80.31b

MDA, nmol/mg of protein 0.54c 0.55c

Control is the noninjected treatment. Saline is 1 mL/kg BW physiological
H2O2 treatments injected with 0.74, 1.48, and 2.96 mmol/kg BW H2O2 solution

1SEM: pooled standard error of means.
a,b,cMeans within a row with no common superscripts differ significantly (P <
contents of Carbonyl, 8-OHdG, AOPPs and MDA
were observed after 10.0%H2O2 injection on both
days 21 and 42 post-hatch (P < 0.05). Furthermore,
the activity of T-SOD, GSH-Px and Total sulfhydryl
was significantly decreased (P < 0.05), and the con-
tent of MDA was markedly increased (P < 0.05) in
thigh muscle of broilers exposed to 5%H2O2 treat-
ment on days 42 post-hatch.
Besides, we also detected ROS production in

thigh muscle of broilers on 42 days post-hatch using
DCFH-DA probe after exposure to H2O2 (Figure 1).
Results showed that an increase (P < 0.05) of
ROS formation was detected after treatment with
H2O2 in comparison with the control and saline
groups.
Effects of H2O2-Induced Oxidative Stress on
cell Apoptosis in the Thigh Muscle of
Broilers

Results showed that broilers exposed to 10.0%H2O2
had higher mRNA expressions of caspase-3, 6, 8, and 9
ces in thigh muscle of broilers on 21 and 42 days post-hatch.

Treatments

SEM1 P value.5%H2O2 5%H2O2 10%H2O2

0.11a 0.06b 0.06b 0.01 <0.01
89.71ab 82.59ab 78.66b 5.20 0.01
26.03a 21.73b 14.15c 0.65 <0.01
1.81b 1.95b 2.35a 0.07 <0.01
70.97ab 64.98ab 61.60b 5.45 0.03
27.77b 29.01ab 35.49a 0.67 <0.01
85.88b 88.53ab 94.91a 1.85 <0.01
0.49b 0.55ab 0.63a 0.05 <0.01

0.31a 0.27a 0.20b 0.01 <0.01
89.94a 77.13b 69.34c 1.40 <0.01
27.14a 20.45b 17.71b 1.24 <0.01
3.27b 3.50b 4.20a 0.14 <0.01
86.54a 76.59b 72.84b 1.53 <0.01
31.07b 32.58ab 36.03a 1.06 <0.01
80.43b 83.04ab 89.67a 3.57 <0.01
0.56c 0.65b 0.74a 0.02 <0.01

saline (0.75%) injected treatment. 2.5%H2O2, 5%H2O2, and 10%H2O2 are
per bird.

0.05), n = 8.



Figure 1. Effects of H2O2-induced oxidative stress on the level of
ROS in thigh muscle of broilers on 42 days post-hatch. Control is the
noninjected treatment. Saline is 1 mL/kg BW physiological saline
(0.75%) injected treatment. 2.5%H2O2, 5%H2O2 and 10%H2O2 are
H2O2 treatments injected with 0.74, 1.48, and 2.96 mmol/kg BW H2O2
solution per bird; all data were represented as the mean value § SE of
eight sample birds per treatment; a,b,c,d means within a row with no
common superscripts differ significantly (P < 0.05).

EFFECTS OF OXIDATIVE STRESS ON THIGHMUSCLE 5
in comparison with the control and saline groups (P <
0.05, Figure 2A, B). And the protein expression of cas-
pase 3 were significantly increased in groups treated
with 5% and 10%H2O2 (Figure 2C). These findings show
Figure 2. Effects of H2O2-induced oxidative stress on the mRNA and
Thigh muscle of broilers on 21 days post-hatch; (B, C) thigh muscle of broile
1 mL/kg BW physiological saline (0.75%) injected treatment. 2.5%H2O2, 5%
2.96 mmol/kg BW H2O2 solution per bird. All data were represented as the
a row with no common superscripts differ significantly (P <0.05).

Figure 3. Effects of H2O2-induced oxidative stress on the mRNA and p
Twenty one days post-hatch; (B, C) 42 days post-hatch. Control is the non
injected treatment. 2.5%H2O2, 5%H2O2 and 10%H2O2 are H2O2 treatments
All data were represented as the mean value § SE of eight sample birds per
significantly (P < 0.05).
that cell apoptosis is activated by H2O2 in thigh muscle
of broilers.
Effects of H2O2-Induced Oxidative Stress on
Cell Autophagy in the Thigh Muscle of
Broilers

It turns out that the administration of 10.0%H2O2 sig-
nificantly up-regulated the mRNA expressions of beclin1
and LC3-Ⅱ/LC3-Ⅰ (Figure 3A, B), and increased the pro-
tein expression of total LC3-Ⅱ in comparison with the
control and saline groups (Figure 3C). These results sug-
gest that H2O2-induced oxidative stress can lead to accu-
mulation of abnormal autophagy in thigh muscle of
broilers.
Effects of H2O2-Induced Oxidative Stress on
NF-kB Pathway in the Thigh Muscle of
Broilers

Results showed that broilers exposed to 10.0%H2O2

had much lower (P < 0.05) mRNA expressions of NF-kB
than the control and saline groups (Figure 4A). More-
over, compared with the control and saline groups, the
protein expression of phospho-NF-kB P65 were signifi-
cantly decreased in 5% and 10%H2O2 treated groups
protein expression of the caspases in the thigh muscle of broilers. (A)
rs on 42 days post-hatch. Control is the noninjected treatment. Saline is
H2O2, and 10%H2O2 are H2O2 treatments injected with 0.74, 1.48, and

mean value § SE of eight sample birds per treatment; a,b,c means within

rotein levels of autophagy response in the thigh muscle of broilers. (A)
-injected treatment. Saline is 1 mL/kg BW physiological saline (0.75%)
injected with 0.74, 1.48, and 2.96 mmol/kg BW H2O2 solution per bird.
treatment; a,b,c means within a row with no common superscripts differ



Figure 4. Effects of H2O2-induced oxidative stress on the mRNA (A) and protein (B) levels of the NF-kB pathway in the thigh muscle of
broilers. (A) 21 and 42 days post-hatch; (B) 42 days post-hatch. Control is the noninjected treatment. Saline is 1 mL/kg BW physiological saline
(0.75%) injected treatment. 2.5%H2O2, 5%H2O2, and 10%H2O2 are H2O2 treatments injected with 0.74, 1.48, and 2.96 mmol/kg BW H2O2 solution
per bird. All data were represented as the mean value § SE of eight sample birds per treatment; a,b,c means within a row with no common super-
scripts differ significantly (P < 0.05).
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(Figure 4B). These findings indicate that the activation
of NF-kB pathway is inhibited by H2O2-treatment in
thigh muscle of broilers.
DISCUSSION

In the current study, we focused on the negative
impacts of H2O2-induced oxidative stress on meat
quality and cell death signaling activation in the thigh
muscle of broilers. The experimental results here demon-
strated that intraperitoneal injection of 10%H2O2 signifi-
cantly impaired the meat quality of broiler thigh muscle
by inducing cell apoptosis and abnormal autophagy via
ROS/NF-kB pathway, which is consistent with our pre-
vious study on broiler breast muscle (Chen et al., 2017).
Furthermore, these findings provide additional explana-
tion for how oxidative stress plays an important role in
broiler production.

Nowadays, poultry production on a large scale has
already been accomplished, the emphasis is now being
laid on improving meat quality by modifying varieties of
characteristics of broiler meat. Oxidative stress is the
downstream of various adverse stresses which contrib-
utes remarkably to the impairment of poultry meat qual-
ity (Surai et al., 2019b). In the present study, meat
quality of the broiler thigh muscle was indicated by mus-
cle weight, pH24h, meat color, drip loss, cook loss and
shear force. pH has a direct relevance to meat quality,
poultry meat with low pH can lead to increased cook-
loss, drip loss and shear force (Cai et al., 2018). Herein,
we found that injection of 10%H2O2 strikingly decreased
thigh muscle weight and pH24h value and increased drip
loss and shear force of thigh meat (Table 2), the results
are partly consistent with the previous research by Hu
et al. (Huang et al., 2015 Hu et al., 2020;), which showed
that high-temperature induced oxidative damage signifi-
cantly impaired meat quality of the thigh muscle. Our
results revealed that oxidative stress induced by H2O2

had a negative impact on meat quality of broilers thigh
muscle
It is now widely accepted that administration of H2O2

is able to directly cause oxidative stress, and broilers can
be significantly impacted by oxidative stress. ROS are
continuously generated during the physiological oxygen
metabolism, and excessive production of ROS leads to
oxidative stress, which is distinguished by remarkable
changes in ROS-mediated damage and redox balance
(Rehman et al., 2018 Mishra and Jha, 2019;). To handle
the oxidative stress, birds have a multilayered antioxi-
dant system, including SOD, T-AOC, and GSH-Px.
Thus, we investigated the antioxidant capacity and the
accumulation of ROS levels in the thigh muscle of
broilers. Our results showed that H2O2 treatment
increased the level of ROS production and MDA con-
tent, whereas decreased the levels of T-AOC, T-SOD,
GSH-Px, and Total sulfhydryl in the thigh muscle of
broilers (Table 3, Figure 1). These results are consistent
with the research results obtained previously
(Chen et al., 2017 Chen et al., 2021;). Collectively, our
findings combined with recent data suggest that H2O2-
induced oxidative stress lead to the excessive production
of ROS, destroyed antioxidant system and altered mac-
romolecules including proteins and lipids in the thigh
muscle of broilers.
Oxidative stress that results from an imbalance

between the production of free radical and endogenous
antioxidant defense leads to lipid peroxidation, protein
nitration, DNA damage and cell death (Ryter et al.,
2007). Furthermore, the oxidative damage to lipids, pro-
teins and nucleic acids is associated with the stimulation
of programmed cell death, including cell apoptosis and
autophagy (Allen and Mieyal, 2012). It has been vali-
dated that oxidative stress could induce apoptosis char-
acterized by activated caspase-cascaded signaling and
disrupted mitochondrial membrane potential and
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mitochondrial function proteins like B-cell lymphoma-2
(Bcl-2) family antiapoptotic proteins (Chen et al., 2017
Wang et al., 2018; Xing et al., 2021;). Consistent with
previous studies, our data showed that the expression of
caspase-3, 6, 8, 9 was upregulated after H2O2 treatment
in broiler thigh muscle (Figure 3), suggesting that apo-
ptosis was triggered in the thigh muscle of broilers
exposed to H2O2, and the initiation of apoptosis is prob-
ably attributed to elevated ROS level. What’s more, the
occurrence of autophagy induced by oxidative stress was
also largely attributed to ROS accumulation
(Higgins et al., 2012 Dando et al., 2013;). Autophagy is
a catabolic process for degrading and recycling cyto-
plasmic substrates to protect cells against diverse condi-
tions of stress, for instance, in response to oxidative
stress, a certain degree of autophagy can decrease ROS
concentration and alleviate the oxidative damage to bio-
molecules and organelles, whereas dysregulated and
excessive autophagy may facilitate cell death and
increased tissue damage (Song et al., 2017). In this
study, we found the expression of LC3-II, an essential
protein and monitor in the process of autophagy, was
markedly increased in H2O2-treated broiler thigh mus-
cle, which was consistent with the studies obtained pre-
viously (Yin et al., 2015). These data indicate that
abnormal autophagy was induced by H2O2 administra-
tion in the broiler thigh muscle. Taken together, our
results revealed that H2O2-induced oxidative stress may
function as an activator of apoptosis and abnormal
autophagy via ROS accumulation, damaging the thigh
muscle in broilers.

NF-kB proteins are a family of transcription factors
and are of main importance in regulating cell death
through transcriptional induction of genes encoding apo-
ptotic and autophagic cell death proteins (Bald-
win, 2012). Several recent studies have shown the role of
NF-kB in regulating cell death, the work of Li et al. was
reported that H2O2 triggered apoptosis through ROS-
mediated oxidative stress via NF-kB signaling pathway,
and besides, the initiation of autophagy was mediated
by NF-kB signal pathway in the intestine of piglets
exposed to H2O2 (Jie, et al., 2015 Li et al., 2018;
Liu et al., 2021a;,b). Moreover, crosstalk between NF-
kB signaling and ROS has been widely studied. On the
one hand, the transcription of NF-kB dependent genes
affects the production of ROS, on the other hand, the
activity of NF-kB activity is also mediated by ROS pro-
duction (Morgan and Liu, 2011). In accordance with the
previous study, we found that the expressions of NF-kB
was significantly decreased in H2O2-treated broiler thigh
muscle (Figure 4), indicating that oxidative stress
induced by H2O2 treatment triggers apoptosis and
autophagy by suppressing the activation of NF-kB via
ROS production in the thigh muscle of broilers.
CONCLUSION

Collectively, our results provide that H2O2-induced
oxidative stress have a negative impact on meat quality
of broilers thigh muscle, which could be caused by the
apoptosis and autophagy processes initiated by excessive
ROS accumulation that inhibit the NF-kB signaling
pathway. These findings from the present study indicate
an essential role and possible molecular mechanism of
oxidative damage in the broiler thigh muscle.
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