
� 2020 P
Association I
ND license (h

Received A
Accepted
1These au
2Correspo
Dietary chitosan oligosaccharides alleviate heat stress–induced
intestinal oxidative stress and inflammatory response in

yellow-feather broilers
Ruixia Lan ,1 Yaxuan Li,1 Qingqing Chang, and Zhihui Zhao2

Department of Animal Science, College of Coastal Agriculture Sciences, Guangdong Ocean University, Zhanjiang
524-088, P.R. China
ABSTRACT The purpose of this study was to
evaluate the effects of chitosan oligosaccharides (COS)
on intestinal permeability, morphology, antioxidant
status, and inflammatory response in heat-stressed
broilers. A total of 108 thirty-five-day-old Chinese
yellow-feather broilers (body weight 470.31 6 13.15 g)
were randomly allocated to 3 dietary treatments as
follows: CON group, basal diet and raised under
normal temperature (24�C); HS group, basal diet and
raised under cycle heat stress (34�C from 10:00–18:00
and 24�C for the rest time); HSC group, basal diet
with 200 mg/kg COS supplementation and raised un-
der cycle heat stress. Each treatment had 6 replication
pens and 6 broilers per pen. Compared with the CON
group, heat stress decreased (P , 0.05) the relative
weight of duodenum and jejunum; the relative length
and villus height (VH) of duodenum, jejunum, and
ileum; the ileum VH to crypt depth ratio; duodenum
mucosal catalase (CAT) activity; and jejunum mucosal
glutathione peroxidase (GSH-Px) and CAT activity,
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whereas it increased (P , 0.05) serum diamine oxidase
(DAO) activity and D-lactate acid (D-LA) content,
duodenum and jejunum mucosal malondialdehyde
(MDA) and interleukin-1b (IL-1b) content, and ileum
mucosal tumor necrosis factor-a content. Compared to
the HS group, dietary COS supplementation increased
(P , 0.05) the relative length of duodenum, jejunum,
and ileum; the VH of jejunum and ileum; and duo-
denum and jejunum mucosal GSH-Px activity, whereas
it decreased (P , 0.05) serum DAO activity and D-LA
concentration and duodenum and jejunum mucosal
MDA and IL-1b content. These results suggested that
dietary COS supplementation had beneficial effects on
intestinal morphology by increasing jejunum and ileum
VH; permeability by decreasing serum DAO activity
and D-LA content; antioxidant capacity by decreasing
duodenum and jejunum mucosal MDA content and by
increasing duodenum and jejunum GSH-Px activity;
and inflammatory response by decreasing duodenum
and jejunum mucosal IL-1b content.
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INTRODUCTION

The gut tract played not only an important role in di-
gestibility and absorption of nutrients but also a vital
role as body barrier (Hao et al., 2012); therefore, gut
health was important for animal health and perfor-
mance. Pawar et al. (2016) reported that high tempera-
ture disturbed physiological homeostasis in broilers and
impaired the function of digestive (Quinteiro-Filho
et al., 2012) and immune system (Sugiharto et al.,
2016), which lead to gut inflammation and dysfunction,
including intestinal morphology, immune system, and
barrier function (Song et al., 2017; Wang et al., 2018;
Cheng et al., 2019). Heat stress impaired intestinal func-
tion by inducing overproduction reactive oxygen species
(ROS) and proinflammatory cytokines, accompanied
with increasing intestinal permeability (Song et al.,
2017; Cheng et al., 2019). Therefore, alleviating intesti-
nal inflammation and oxidative stress was an effective
way to mitigating intestinal damage. Recent studies
demonstrated that gut microbiota balance can alleviate
inflammatory response by regulation of microbiota-gut-
immunity axis (Brandsma et al., 2015), and there were
growing evidences indicating that dietary
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Table 1. Basal diet composition (as-fed basis).

Ingredients Content, %

Corn 69.95
Soybean 22.10
Soybean oil 2.70
Calcium hydrogen phosphate 1.70
Shell power 1.93
Salt 0.35
Met 0.10
Lys 0.05
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oligosaccharides supplementation was an effective nutri-
tional manipulation way to alleviate heat stress in
broilers (Cheng et al., 2018; Tavaniello et al., 2020).

Chitosan oligosaccharides (COS), one of the func-
tional oligosaccharides, was the degraded product of chi-
tosan or chitin, the second most abundant
polysaccharide in nature next to cellulose (Zou et al.,
2016). Compared with chitosan, COS had lower molecu-
lar weight, better solubility, and less viscous (Naveed
et al., 2019). Previous studies demonstrated that COS
had various biological activities, including antibacterial
(Li et al., 2017; Wan et al., 2017), antioxidant (Li
et al., 2017), anti-inflammatory (Xiong et al., 2015;
Hyung et al., 2016), immune-stimulating (Li et al.,
2019), and free radical–scavenging capacity (Je et al.,
2004). In addition, Qiao et al. (2011) reported that
COS can ameliorate liver, lung, and kidney inflamma-
tion and oxidative stress in lipopolysaccharide-chal-
lenged mice. Lan et al. (2019) reported that COS can
alleviate liver, spleen, and kidney inflammation and
oxidative stress in heat-stressed rats. Moreover, former
studies indicated that dietary COS supplementary had
beneficial effects on growth performance (Li et al.,
2007; Zhou et al., 2009), intestinal morphology (Liu
et al., 2008; Li et al., 2019), barrier function (Yang
et al., 2012; Li et al., 2019), immunity (Li et al., 2019),
and antioxidant capacity (Li et al., 2017) of broilers
and weaning pigs. However, limited research studies
were available concerning the protective effects of COS
on intestinal damage of heat-stressed broilers. However,
dietary supplementation with mannan oligosaccharides,
cello-oligosaccharides, and galacto-oligosaccharides was
efficient to alleviate the detrimental effects of heat
stress–induced intestinal damage in broilers (Song
et al., 2013; Varasteh et al., 2015; Cheng et al., 2019). In-
testinal damage was highly related to intestinal inflam-
mation response and oxidative status. Therefore, we
hypothesized that COS could alleviate intestinal damage
of heat-stressed broilers by alleviating inflammatory
response and improving antioxidant capacity. The pur-
pose of this study was to evaluate the effects of COS
on intestinal permeability, morphology, antioxidant sta-
tus, and inflammatory response in heat-stressed broilers.
Zeolite powder 0.80
Vitamin premix1 0.16
Mineral premix2 0.16
Total 100.00
Nutrient level
Metabolic energy, MJ/kg 12.65
Crude protein, % 16.29
Calcium, % 1.18
Total phosphorus, % 0.62
Available phosphorous, % 0.41
Met, % 0.36
Lys, % 0.87
Met 1 Cys, % 0.64

1Provided per kilogram of complete diet: 12,8000IU vitamin A, 1,600IU
vitamin D3, 60IU vitamin E, 1.6 mg vitamin K3, 0.12 mg biotin, 50 mg
choline, 1.2 mg folic acid, 32 mg nicotinic acid, 16 mg pantothenic acid,
4.8 mg riboflavin, 2.4 mg thiamine (VB1), 3.2 mg vitamin B6, and 0.03 mg
vitamin B12.

2Provided per kilogram of diet: Mg, 79 mg as manganese oxide; Zn,
60mg as zinc oxide; Cu 100mg as copper sulfate; Fe, 120mg as iron sulfate;
I, 0.96 mg as potassium iodine; Co, 0.16 mg as cobalt sulfate; and Se,
0.24 mg as sodium selenite.
MATERIALS AND METHODS

Experiment Design and Dietary Treatments

The experimental procedures were approved by the
Animal Care and Use Committee of Guangdong Ocean
University (SYXK-2018-0147). A total of 108 thirty-
five-day-old Chinese indigenous yellow-feather broilers
(Frizzled chicken, body weight 470.31 6 13.15 g) were
purchased from a local breeding company (Zhanjiang,
Guangdong province, China), and randomly allocated
to 3 treatments. Dietary treatments were CON group,
basal diet and raised under normal temperature
(24�C); HS group, basal diet and raised under cycle
heat stress (34�C from 10:00–18:00 and 24�C for the
rest time); HSC group, basal diet with 200 mg/kg COS
and raised under cycle heat stress. Broilers of each repli-
cation were assigned in battery pens (124 cm
length ! 64 cm width ! 40 cm height). The basal diets
(Table 1) were formulated to meet or exceed the nutrient
requirement of the Feeding Standard of Chicken, China
(NY/T 33-2004). COS was purchased from Jiangsu Xin-
rui Biotechnology Co., Ltd. (HPLC purity 95%, deacety-
lation degree over 95%, and average molecular weight
below 32 kDa). The feed was provided in mash form,
and the supplementation of COS to the basal diet at
the expense of corn.
Sample Preparation

At the end of the experiment, after 12-hour fast, 6
broilers per treatment (1 broiler from each replication
pen) were randomly selected, and blood samples were
collected from the brachial vein into nonheparinized
tubes and centrifuged at 3,000 g for 10 min at 4�C to
obtain serum. The serum samples were stored at
220�C until analysis. Then the broilers were individu-
ally weighed and euthanized by cervical dislocation.
The length of duodenum (from the pyloric junction to
the distal most point of insertion of the duodenum mes-
entery), jejunum (from the distal most point of insertion
of the duodenum mesentery to the junction with Meck-
el’s diverticulum), and ileum (from the junction with
Meckel’s diverticulum to ileo-caecal junction) was deter-
mined with a flexible tape on a glass surface to prevent
inadvertent stretching. Then the empty weight of duo-
denum, jejunum, and ileum were weighted. The relative
length and weight of duodenum, jejunum, and ileum
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were expressed as a percentage of live body weight (cm/
kg and g/kg) (Mahdzvi and Torki., 2009). In addition,
samples from the duodenum, jejunum, and ileum
(2 cm at the midpoint) were fixed in 10% buffered
formalin for morphology examination. Then the remain-
ing duodenum, jejunum, and ileum were opened longitu-
dinally and flushed with ice-cold phosphate-buffered
saline. Mucosa of each segment sample was collected us-
ing a sterile glass microscope slide, rapidly stored in
liquid nitrogen, and then frozen at280�C until analysis.
Serum Parameters Determination

The serum diamine oxidase (DAO) activity and D-
lactate acid (D-LA) concentration were measured with
commercial kits (Nanjing Jiancheng Institute of Bioengi-
neering, Nanjing, P. R. China) according to the manu-
facturers’ instruction.
Intestinal Morphology Examination

The intestinal segments were fixed in 10% buffered
formalin for 48 h at room temperature and subsequently
dehydrated through a graded ethanol series, then cleared
with xylene and finally embedded in paraffin for histo-
logical examination. For the histological analysis to mea-
sure villus height (VH) and crypt depth (CD), serial
tissue sections of 4 mm were cut and mounted 4 sections
per side. The sections were deparaffinized, rehydrated,
and rinsed in distilled water. Finally, the section was
stained with hematoxylin for 2 min and eosin for 40 s,
then dehydrated and mounted. The gastrointestinal
morphometric variables evaluated VH, CD, and the ra-
tio of VH to CD (VH:CD). Morphological parameters
were measured using the Image Pro Plus 6.0 software
(Media Cybernetics, Inc., Bethesda, MD). Each sample
was subjected to 6 replicate measurements for each var-
iable studied, then averaged to generate a mean value for
each broiler. The VH was measured from the top of the
villus to the top of the lamina propria. CD was measured
from the base upward to the region of transition between
the crypt and villus.
Table 2. Effects of chitosan oligosaccharides on the relative weight
and length of small intestine in yellow-feather heat-stressed
broilers.

Item1 CON HS HSC SEM P value

Relative weight (g/kg)
Duodenum 6.03a 4.28b 5.18ab 0.47 0.2645
Jejunum 8.62a 5.69b 6.16b 0.58 0.0884
Ileum 5.49 3.86 4.26 0.59 0.5713

Relative length (cm/kg)
Duodenum 21.95a 15.39b 19.95a 1.16 0.0823
Jejunum 41.72a 31.94b 40.29a 1.99 0.0607
Ileum 44.01a 27.61b 34.79c 2.23 0.0084

a-cDifferent superscript letters within the same row means significant
difference (P , 0.05).

1COS, chitosan oligosaccharides; CON group, basal diet and raised
under normal temperature (24�C); HS group, basal diet and raised under
cycle heat stress (34�C from 10:00–18:00 and 24�C for the rest time); HSC
group, basal diet with 200 mg/kg COS supplementation and raised under
cycle heat stress.
Determination of Intestinal Mucosal
Oxidative Status and Cytokines

About 1 g of duodenum, jejunum, and ileum mucosa
sample was homogenized at a ratio of 1:9 (weight/vol-
ume) with ice-cold phosphate-buffered saline. Homoge-
nate was centrifuged at 3,000 g for 10 min at 4�C to
obtain supernatant and immediately conduct the anal-
ysis. The protein concentration of the supernatant was
determined by the Bradford method using bovine serum
albumin as the standard. The activity of superoxide dis-
mutase (SOD), glutathione peroxidase (GSH-Px), and
catalase (CAT) and the content of malondialdehyde
(MDA), interleukin-1b (IL-1b), interleukin-10 (IL-10),
and tumor necrosis factor-a (TNF-a) were measured
with corresponding assay kits (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China) following the
manufacturer’s instruction.
Statistical Analysis

The pen was used as the experiment unit, and all data
were analyzed with SAS 9.1 (SAS Institute Inc., Cary,
NC). All data were analyzed using one-way ANOVA fol-
lowed by Duncan’s multiple range test to analyze differ-
ences among treatments. Differences were considered
significant at P , 0.05.
RESULTS

Relative Weight and Length of Small
Intestine

Compared with the CON group, heat stress decreased
(P, 0.05) the relative weight of duodenum and jejunum
and the relative length of duodenum, jejunum, and ileum
(Table 2). Compared with the HS group, dietary COS
supplementation increased (P, 0.05) the relative length
of duodenum, jejunum, and ileum.
Intestinal Morphology

Compared with the CON group, heat stress decreased
(P, 0.05) VH of duodenum, jejunum, and ileum, as well
as ileum VH:CD ratio (Table 3). Compared with the
HS group, dietary COS supplementation increased
(P , 0.05) VH of jejunum and ileum.
Serum DAO Activity and D-LA Content

Compared with the CON group, heat stress increased
(P , 0.05) serum DAO activity and D-LA content
(Figure. 1). Compared with the HS group, dietary
COS supplementation decreased (P , 0.05) serum
DAO activity and D-LA content.



Table 3.Effects of chitosan oligosaccharides on intestinal mucosal morphology
in yellow-feather heat-stressed broilers.

Item1 CON HS HSC SEM P value

Duodenum
Villus height (mm) 552.08a 469.81b 510.76a,b 21.67 0.2927
Crypt depth (mm) 124.59 108.80 115.69 10.26 0.8104
Villus height:crypt depth 4.64 4.47 4.45 0.45 0.8993

Jejunum
Villus height (mm) 429.46a 305.17b 391.93a 25.70 0.1104
Crypt depth (mm) 98.02 85.36 78.22 11.20 0.7463
Villus height:crypt depth 4.53 3.96 5.21 0.56 0.4395

Ileum
Villus height (mm) 353.65a 223.11b 304.37a 25.71 0.0055
Crypt depth (mm) 71.22 57.42 74.96 7.10 0.4106
Villus height:crypt depth 5.15a 4.07b 4.08b 0.38 0.0669

a,bDifferent superscript letters within the same row means significant difference
(P , 0.05).

1COS, chitosan oligosaccharides; CON group, basal diet and raised under normal
temperature (24�C); HS group, basal diet and raised under cycle heat stress (34�C from
10:00–18:00 and 24�C for the rest time); HSC group, basal diet with 200 mg/kg COS
supplementation and raised under cycle heat stress.
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Intestinal Antioxidant Status

Compared with the CON group, heat stress increased
(P , 0.05) duodenum and jejunum mucosal MDA con-
tent and decreased (P, 0.05) duodenumGSH-Px activ-
ity and jejunum mucosal GSH-Px and CAT activity
(Figure 2). Compared with the HS group, dietary COS
supplementation decreased (P , 0.05) duodenum and
jejunum mucosal MDA content and increased (P ,
0.05) duodenum and jejunum mucosal GSH-Px activity.
No significant differences were observed in ileum
mucosal MDA content, SOD, GSH-Px, or CAT activity
among treatments (Figure. 2).
Intestinal Inflammatory Cytokines

Compared with the CON group, heat stress increased
(P , 0.05) duodenum and jejunum mucosal IL-1b level
and ileum mucosal TNF-a level (Figure. 3). Compared
with the HS group, dietary COS supplementation
decreased (P , 0.05) duodenum and jejunum mucosal
IL-1b level. No significant differences were observed in
duodenum and jejunum mucosal IL-10 or TNF-a level
Figure 1. Effects of chitosan oligosaccharides (COS) on (A) serum diamin
stressed broilers. CON group, basal diet and raised under normal temperatu
from 10:00–18:00 and 24�C for the rest time); HSC group, basal diet with 200
are mean 6 SE (n 5 6). The values with different superscript letters are dif
and ileum mucosal IL-1b or IL-10 level among
treatments.
DISCUSSION

Heat stress induced multiple pathophysiological alter-
ations and negative effects on growth performance of
broilers (Quinterio-Filho et al., 2010). The gastrointes-
tinal tract is considered as one of the main target organs
primarily responsive to heat stress. Marchini et al.
(2011) reported that heat stress decreased the length of
the intestine in broilers. In this study, we also observed
that heat stress decreased the relative length of duo-
denum, jejunum, and ileum. The results suggested that
heat stress inhibited the development of the small intes-
tine. However, dietary COS supplementation increased
the relative length of duodenum, jejunum, and ileum in
heat-stressed broilers, and these results suggested that
COS may alleviate intestinal dysplasia induced by heat
stress.
Maintaining the normal intestinal morphology was

crucial for gut health and growth performance in
broilers. The VH, CD, and VH:CD ratio were used as
e oxidase (DAO) and (B) D-lactate acid (D-LA) in yellow-feather heat-
re (24�C); HS group, basal diet and raised under cycle heat stress (34�C
mg/kg COS supplementation and raised under cycle heat stress. Values
ferent (P , 0.05).



Figure 2. Effects of chitosan oligosaccharides (COS) on antioxidant status of the small intestine in yellow-feather heat-stressed broilers. CON
group, basal diet and raised under normal temperature (24�C); HS group, basal diet and raised under cycle heat stress (34�C from 10:00–18:00
and 24�C for the rest time); HSC group, basal diet with 200 mg/kg COS supplementation and raised under cycle heat stress. Abbreviations: CAT,
catalase; GSH-Px, glutathione peroxidase; MDA, malondialdehyde; SOD, superoxide dismutase. Values are mean 6 SE (n 5 6). The values with
different superscript letters are different (P , 0.05).
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criteria that reflect nutrient digestion and absorption
(Montagne et al., 2003). A shorter VH was associated
with decreased nutrient absorption surface area (Xu
et al., 2003). A deeper CD indicated fast tissue turnover
and poor nutrient absorption (Yason and Schat et al.,
1987). Previous studies indicated that heat stress
induced detrimental effects on intestinal morphology of
broilers, resulting in a shorter VH, deeper CD, and a
lower VH:CD ratio (Song et al., 2013; Zhang et al.,
2017). Similarly, in this study, heat stress decreased
VH of duodenum, jejunum, and ileum and ileum
VH:CD ratio. Li et al. (2019) reported that dietary
COS supplementation increased duodenum VH and
VH:CD ratio of duodenum and jejunum and decreased
CD of duodenum and jejunum under normal conditions.
Liu et al. (2010) reported that dietary COS supplemen-
tation can alleviate the damage on intestinal
morphology of weanling pigs challenged with Escheri-
chia coli by increasing ileum VH:CD ratio. The results
of this study were consistent with aforementioned find-
ings and show that dietary COS supplementation
increased the VH of jejunum and ileum. These results



Figure 3. Effects of chitosan oligosaccharide (COS) on inflammatory cytokines of small intestine in yellow-feather heat-stressed broilers. CON
group, basal diet and raised under normal temperature (24�C); HS group, basal diet and raised under cycle heat stress (34�C from 10:00–18:00
and 24�C for the rest time); HSC group, basal diet with 200 mg/kg COS supplementation and raised under cycle heat stress. Abbreviations: IL-
1b, interleukin-1b; IL-10, interleukin-10; TNF-a, tumor necrosis factor-a. Values are mean6 SE (n5 6). The values with different superscript letters
are different (P , 0.05).
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suggested that dietary COS supplementation can alle-
viate heat stress–induced intestinal morphology damage
in broilers.

DAO, an intracellular enzyme, was mainly produced
in the small intestine mucosa and mainly existed in cyto-
plasm (Thompson et al., 1987). D-LA was the end prod-
uct of intraintestinal bacteria (Vella and Farrugia,
1998). When the intestinal barrier was damaged, the
permeability of intestinal barrier increased, and a large
amount of DAO and D-LA were released into blood
(Cheng et al., 2019). Therefore, serum DAO activity
and D-LA concentration can work as markers to moni-
toring intestinal permeability and barrier injury. Previ-
ous studies indicated that heat stress increased serum
DAO activity and D-LA concentration in broilers (Wu
et al., 2018; Cheng et al., 2019). In agreement with
former results, we also observed higher serum DAO ac-
tivity and D-LA concentration in heat-stressed broilers.
These results, together with intestinal morphology dam-
age, suggested that heat stress damages intestinal bar-
rier integrity. Former studies indicated that dietary
COS supplementation had lower serum DAO activity
and D-LA concentration in animals under normal condi-
tions (Yang et al., 2012; Zhao et al., 2017; Li et al., 2019).
Similarly, in this study, we observed that dietary COS
supplementation decreased serum DAO activity and
D-LA concentration in heat-stressed broilers. These re-
sults suggested that dietary COS supplementation can
alleviate intestinal barrier function damage by
decreasing intestinal permeability and maintaining in-
testinal morphology in heat-stressed broilers.
Oxidative stress was another crucial factor in intesti-

nal function disruption (Cheng et al., 2019). Oxidative
stress was a result of the imbalance between the relative
levels of ROS and the available antioxidants. Heat stress
resulted in overproduction of ROS (Mujahid et al.,
2005), lipid peroxidation (Huang et al., 2015), and
disruption of the balance between oxidation and antiox-
idant system (Zhang et al., 2018). In this study, we also
observed heat stress induced higher duodenum and
jejunum mucosal MDA content, lower duodenum
mucosal GSH-Px activity, and jejunum mucosal GSH-
Px and CAT activity. Dietary COS supplementation
improved the activity of dietary COS supplementation
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improved the activity of total anti-oxidant capacity,
GSH-Px, and SOD and decreased the MDA content of
intestine mucosa in broilers under normal conditions
(Li et al., 2017, 2019). As expected, dietary COS supple-
mentation decreased MDA content and increased duo-
denum and jejunum mucosa GSH-Px activity,
suggesting that COS supplementation can alleviate
heat stress–induced intestine mucosal oxidative stress.
Dietary COS supplementation improved intestinal
mucosal antioxidant capacity of heat-stressed broilers
mainly because of the antioxidant capacity of COS
(Naveed et al., 2019).
The production of proinflammatory cytokines had

detrimental effects on intestinal integrity. Cytokines
played vital roles in inflammatory and immune response;
the intestinal barrier disfunction always accompanied
increased intestinal mucosal IL-1b, IL-6, and IL-8 levels
(Dann et al., 2008; Akbari et al., 2015; Song et al.,
2017). Therefore, suppressing the overproduction of
proinflammatory cytokines was an effective way to alle-
viate the intestinal disfunction. In this study, heat stress
increased duodenum and jejunummucosal IL-1b content
and ileum mucosal TNF-a content. As expected, dietary
COS supplementation decreased duodenum and jejunum
mucosal IL-1b content, which was consistent with the re-
sults that dietary COS supplementation can modulate
the production of inflammatory cytokines and immuno-
globulin (Xiong et al., 2015; Wan et al., 2017), indicating
that COS had beneficial effects on alleviating intestinal
inflammatory response in heat-stressed broilers.
CONCLUSION

In conclusion, heat stress impaired intestinal
morphology (decreased duodenum, jejunum, and ileum
VH, and ileum VH:CD; 552.08 mm vs. 469.81 mm;
429.46 mm vs. 305.17 mm; 353.65 mm vs. 223.11 mm;
5.15 vs. 4.07, respectively), permeability (increased
serum DAO activity and D-LA content), antioxidant
status (increased duodenum and jejunum mucosal
MDA content, decreased duodenum and jejunum
GSH-Px activity, and jejunum mucosal CAT activity),
and enhanced inflammatory response (increased duo-
denum and jejunum mucosal IL-1b content and ileum
mucosal TNF-a content) in heat-stressed broilers. Die-
tary COS supplementation had beneficial effects on in-
testinal morphology (increased jejunum and ileum VH;
391.93 mm vs. 305.17 mm; 304.37 mm vs. 223.11 mm,
respectively), permeability (decreased serum DAO ac-
tivity and D-LA content), antioxidant capacity
(decreased duodenum and jejunum mucosal MDA con-
tent, increased duodenum and jejunum GSH-Px activ-
ity), and inflammatory response (decreased duodenum
and jejunum mucosal IL-1b content). These results sug-
gested that dietary COS can alleviate heat stress–
induced intestinal oxidative stress and inflammatory
response in broilers.
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