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ABSTRACT The objective of this study was to evalu-
ate protective effects of Fagopyrum dibotrys on antioxi-
dant ability, intestinal barrier functions, and cecal
microbiota in broiler chickens fed oxidized soybean oil.
A total of 640 male Tiejiaoma broilers were randomly
assigned to 8 treatments with 8 cages (10 birds per
cage), as follows: birds fed basal diets containing fresh
soybean oil and 0, 0.5, 1, or 2% F. dibotrys (FSCON,
FSFAL, FSFAM, and FSFAH, respectively), and birds
fed basal diets containing oxidized oil and 0, 0.5, 1, or
2% F. dibotrys (OSCON, OSFAL, OSFAM, and
OSFAH). Oxidized oil significantly decreased transcrip-
tion of Nrf2 and its downstream genes, including CAT
and SOD1 in the jejunal mucosa, increased jejunal
mucosa IL-6 mRNA expression, and decreased jejunal
mucosa IL-22 mRNA expression and downregulated
Claudin-1 and ZO-1; however, all these effects were
reversed by F. dibotrys. Either 1 or 2% F. dibotrys allevi-
ated the decreased liver SOD induced by oxidized oil on
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d 42. The decreased SOD and GPX, and increased MDA
induced by oxidized oil were reversed by adding 1 or 2%
F. dibotrys in jejunal mucosa. In addition, based on 16S
rDNA, 2% F. dibotrys promoted the Firmicutes phylum
and Candidatus_Arthromitus genera, but suppressed
the Proteobacteria phylum and Streptococcus, Entero-
coccus, and Escherichia genera. In summary, oxidative
stress induced by oxidized oil was ameliorated by F.
dibotrys upregulating transcription of Nrf2 and its
downstream genes to restore redox balance, reinforcing
the intestinal barrier via higher expression of Claudin-1/
ZO-1, ameliorating the inflammatory response by regu-
lating expression of IL-6 and IL-22, and facilitating
growth of Candidatus_arthromitus in the cecum. There-
fore, F. dibotrys has potential as a feed additive for poul-
try by ameliorating oxidative stress caused by oxidized
oil, enhancing barrier function, and improving gut
microbiome composition.
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INTRODUCTION

In poultry production, oxidative stress is common and
caused by climate, dietary antinutritional factors,
debeaking, and breeding environment (Kpomasse et al.,
2021). In fast-growing broilers, the intestinal tract is
critical for feed digestion and nutrient absorption
(Adedokun and Olojede, 2019). Furthermore, the intes-
tinal epithelium is directly exposed to the external envi-
ronment and to compounds that produce considerable
reactive oxygen species (ROS), causing oxidative stress
(Vancamelbeke and Vermeire, 2017) that may impair
intestinal mucosal barrier function (Dong et al., 2020),
liver function (Tan et al., 2018), the immune system
(Zhang et al., 2022), and antioxidant enzyme activities
(Tan et al., 2019a).
Adding oils to poultry diets can provide energy, essen-

tial fatty acids, fat-soluble substances (e.g., vitamins
and carotenoids), alleviate acute heat stress (Abdel-
Wareth et al., 2022), and reduce feed dustiness (Laurid-
sen, 2020). However, high concentrations of unsaturated
fatty acids in soybean oil make them prone to oxidation
in hot climates or during feed processing (Al-Khalaifah
and Al-Nasser, 2021). Oxidized oils contain varying
amounts of peroxidation products, including lipid
hydroperoxides, secondary oxidation products, alde-
hydes, hydrocarbons, carbonyls, 4-hydroxynonenal, and
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malondialdehydes (Grootveld et al., 2022). The lipid
peroxidation product 4-hydroxynonenal can induce
chronic inflammation and endothelial cell dysfunction,
and activate the Nrf2/ARE transcription pathway
(Siow et al., 2007). Supplementation of moderately oxi-
dized oil to the diet of broilers caused mild oxidative
stress due to slightly increased plasma triglyceride and
cholesterol concentrations and significantly decreased
SOD activity (Acikgoz et al., 2011). Furthermore, oxi-
dized soybean oil increased serum malondialdehyde
(MDA) concentrations, decreased tight junction pro-
tein 1 and mucin 2, and caused intestinal microbial dis-
orders in broiler chickens (Dong et al., 2020). Therefore,
oxidized oil in broiler diets negatively affected nutrient
balance and antioxidative status (Engberg et al., 1996).

Fagopyrum dibotrys (F. dibotrys) (D. Don) Hara, an
important perennial buckwheat plant, is widespread in
China, India, Nepal, Kashmir, Vietnam, and Thailand.
This plant, which is also called F. cymosum (Trev.)
Meisn, has been well explored due to its long tradition of
both edible and medicinal use. In China, its rhizome was
regarded as folk medicine for clearing away heat and
toxic materials, removing blood stasis and expelling pus;
it was used to treat lung diseases, rheumatism, cancer,
dysmenorrhea, inflammation, lumbago, snakebite, and
traumatic injuries, and considered especially effective
for lung cancer (Chan, 2003). More than 100 compounds
have been isolated from F. dibotrys, including flavo-
noids, phenols, terpenes, steroids, and fatty acids.
Proanthocyanidins extracted from F. dibotrys rhizome
had antioxidant and antidiabetic activities (Li et al.,
2021). Furthermore, F. dibotrys can alleviate intestinal
inflammation and enhance mucosal epithelial function
by increasing expression of Claudin-1, Claudin and ZO-
1 tight junction proteins in colonic epithelial cells
affected by irritable bowel syndrome (Liu et al., 2012).
In addition, F. dibotrys prevented development of exper-
imental arthritis by reducing production of IL-1 and
TNF-a, and thereby suppressing the inflammatory
response (Shen et al., 2013).

Most studies have focused on the influence of oxidized
oil on broilers (Tan et al., 2019a) or physiological func-
tions of F. dibotrys in cancer cells (Chan, 2003) or ani-
mal models (Shen et al., 2013). However, effects of F.
dibotrys on broilers fed oxidized oil have apparently not
been reported. Here, we studied effects of F. dibotrys on
growth performance, antioxidant status, intestinal bar-
rier, and intestinal microbiota of broiler chickens under
oxidative stress induced by oxidized oil.
MATERIALS AND METHODS

Bird, Diets, and Experimental Design

All experimental procedures were reviewed and
approved by the Animal Care and Use Committee of Guiz-
hou Academy of Agricultural Sciences, Guiyang, China.

One day old male Tiejiaoma broilers (640) were
obtained from a commercial hatchery (Guiyang, Guiz-
hou, China) and assigned to 8 treatments with 8
replicate cages of 10 birds each, according to a
completely randomized design. The body weight distri-
butions of each cage had no significant difference on d 1.
The amount of F. dibotrys was added by replacing wheat
bran in the basal diet. Feed and water were offered ad
libitum. The basal diet was formulated to meet or exceed
the recommended nutritional requirements of broilers
(Hintz et al., 1994). Corn and soybean-based diets for
starter (1−21d) and grower (22−42d) phases are shown
in Table 1. The crude protein (CP), calcium (Ca), total
phosphorus (P), and crude fat contents in diets were
analyzed following the classical procedures according
to the Association of Official Analytical Chemists
(AOAC, 1990). No antibiotic growth promoters or anti-
oxidants were added to the basal diet. Experimental
diets were produced by adding 4% fresh or oxidized soy-
bean oil. Birds were maintained at 34 to 35°C during the
first 3 d, followed by a reduction to 28 to 30°C during
the next 2 wk and 24 to 25°C for the remainder of the
trial. Lights were on continuously throughout the trial.
Preparation of Oxidized Oil and Fagopyrum
Dibotrys

Fresh soybean oil was purchased from the Gufeng Edi-
ble Oil Company (Guiyang, China). Oxidized oil was
prepared as described (Tan et al., 2018); in brief, the oil
was put in an open container and heated to 200°C for 30
h to produce oxidized oil, and subsequently cooled to
room temperature. The oil was heated at 200°C for no
more than 3 h at each time. The peroxide value was
84 meq/kg, compared to 2.5 meq/kg for fresh oil.
The two years old Fagopyrum dibotrys rhizoma was

dug from experimental field of Guizhou Animal Hus-
bandry and Veterinary Research Institute and washed
with water. The dried Fagopyrum dibotrys rhizoma was
crushed and strained using a 150-mesh sieve. The
dimeric procyanidin content was 7.3% in Fagopyrum
dibotrys rhizoma according to the report of
Deng et al. (2017). A total of 0, 365, 730, 1,460 ppm
dimeric procyanidin were calculated in containing 0, 0.5,
1, and 2% F. dibotrys, respectively.
Growth Performance Measurement

Chickens and feed were weighed on a per-cage basis on
day of hatch, and on d 7, 14, 21, and 42. Feed intakes
(FI), body weight gain (BWG), and feed conversion ratio
(FCR) were calculated for d 1−7, 7−21, and 21−42.
Sample Collection

On d 21 and 42, 16 birds (2 per cage) per treatment
were randomly selected and killed by intravenous
administration of sodium pentobarbital (30 mg/kg of
body weight). Blood samples were collected before kill,
and serum was isolated by centrifugation at 3,000 £ g
for 10 min at 4°C and stored at �20°C. The intestines
were removed, digesta flushed with 4% saline, and



Table 1. Ingredients and nutrient composition of the basal diet fed to broilers.

Ingredient (%) 1−21 d 21−42 d

Corn 51.49 51.49 51.49 51.49 57.0 57.0 57.0 57.0

Soybean meal 38.0 38.0 38.0 38.0 25.2 25.2 25.2 25.2
Wheat bran 2.0 1.5 1.0 0 2.0 1.5 1.0 0
Fagopyrum dibotrys 0 0.5 1.0 2.0 0 0.5 1.0 2.0
Soybean oil 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Choline chloride (50%) 0.3 0.3 0.3 0.3 0.2 0.2 0.2 0.2
Vitamin premix1 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Trace mineral premix2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
L-Lysine 0.08 0.08 0.08 0.08 0.15 0.15 0.15 0.15
DL-Methionine 0.3 0.3 0.3 0.3 0.07 0.07 0.07 0.07
Dicalcium phosphate 2.0 2.0 2.0 2.0 1.65 1.65 1.65 1.65
Limestone 1.25 1.25 1.25 1.25 1.25 1.25 1.25 1.25
Salt 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Corn gluten meal 0 0 0 0 7.9 7.9 7.9 7.9
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Nutrient composition, %3

ME, kcal/kg 3,004 2,996 2,988 2,980 3,110 3,106 3,098 3,090
CP, % 22.5 22.5 22.5 22.4 20.5 20.4 20.4 20.4
Calcium, % 1.01 1.02 1.02 1.02 0.90 0.90 0.91 0.91
Total phosphorus, % 0.71 0.71 0.70 0.70 0.62 0.62 0.62 0.61
Available phosphorus, % 0.48 0.48 0.48 0.48 0.41 0.40 0.40 0.40
Crude fat 3.5 3.5 3.4 3.4 3.4 3.4 3.4 3.3
Lysine, % 1.32 1.32 1.31 1.31 1.00 0.99 0.99 0.98
Methionine, % 0.64 0.64 0.64 0.64 0.43 0.41 0.41 0.40

1The vitamin premix provided the following per kg of diets: vitamin A, 10,000 IU; vitamin D3, 2,400 IU; vitamin E, 20 mg; vitamin K3, 2 mg; vitamin
B1, 2 mg; vitamin B2, 6.4 mg; VB6, 3 mg;VB12, 0.02 mg; biotin, 0.1 mg; folic acid, 1 mg; pantothenic acid,10 mg; nicotinamide, 30 mg.

2The trace mineral premix provided the following per kg of diets: Cu,16 mg (as CuSO4�5H2O); Zn, 110 mg (as ZnSO4); Fe, 80 mg (as FeSO4�H2O);
Mn, 120 mg (as MnO); Se, 0.3 mg (as Na2SeO3); I, 1.5 mg (as KI); Co, 0.5mg.

3The CP, calcium, total phosphorus, and crude fat value is analyzed concentrations. The other nutrient levels are calculated values.
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mucosal membranes gently scraped to obtain samples. A
portion of jejunal mucosal samples were immediately
frozen and stored at �80°C for mRNA determination,
whereas another portion of jejunal mucosal samples
were immediately frozen and stored at �20°C for assess-
ing antioxidant enzymes. Cecal contents were collected
aseptically, snap frozen, and stored at �80°C for 16S
rDNA sequencing. The liver was extracted and frozen in
liquid nitrogen and stored at �20°C for analyzing anti-
oxidant enzyme activities.
Antioxidant Enzyme Analysis

The jejunal mucosa and liver samples (»0.1 g) were
homogenized in 0.9% saline and centrifuged at 3,000 £ g
for 10 min at 4°C, with supernatant and serum preserved
at �20°C. Total antioxidant capacity (T-AOC) and
MDA concentrations were assessed using commercial
kits (Nanjing Jiancheng Bioengineering Institute, Nanj-
ing, China). Superoxide dismutase (SOD) was analyzed
by the method of WST-8 (Beyotime Biotechnology
Institute, Shanghai, China); and glutathione peroxidase
(GPX) activity was measured by the 5,5’-dithiobis-(2-
nitrobenzoic acid) method (Geruisi Bioengineering Insti-
tute, Suzhou, China). Protein concentrations in the
supernatant were assayed using BCA kits (Beijing Solar-
bio Science & Technology Company, Beijing, China).
Measurement of Secretory IgA in Mucosa

Jejunal mucosa samples (»0.1 g) were placed in tubes
containing 0.9 mL of saline, and the mixtures were
homogenized. The supernatants were collected by cen-
trifugation at 4,000 £ g for 10 min at 4°C. Total sIgA
concentration was measured using a chicken secretory
IgA ELISA Quantification Set (Shanghai Jianglai Bio-
technology Company, Shanghai, China), according to
the manufacturer’s instructions. Protein concentration
in the supernatant was measured using a BCA protein
quantification kit (Beijing Solarbio Science & Technol-
ogy Company), and results expressed as the IgA level
per gram of protein.
Measurement of Serum Diamine Oxidase

The serum diamine oxidase (DAO) was determined
by the 4-aminoantipyrine method (Geruisi Bioengineer-
ing Institute).
RNA Isolation and qRT-PCR Analysis

Total RNA was extracted from jejunal mucosa sam-
ples using Trizol, in accordance with the manufacturer’s
instructions. The RNA was reversed to cDNA with
RevertAid First Strand cDNA Synthesis Kit (Thermo,
Waltham, MA). GAPDH were used as a reference gene
and gene expression was determined using the SYBR
PremixEx Taq Tli RNaseH Plus (Takara Biomedical
Technology, Dalian, China) according to the product
protocols and calculated using the 2�44Ct method and
qRT-PCR primers (Table 2). Birds fed basal diets con-
taining fresh soybean oil and 0% F. dibotrys (FSCON)
was the control group.



Table 2. Oligonucleotide primers used for quantitative real-time PCR.

Gene Primer fragment (5’!3’) Accession number Length (bp) Tem (°C)

CAT F:CCTGACACGCATAGACATCG
R:CATTGGCCCGTCCCTC

NM_001031215.2 102 60

SOD1 F:GTGGGTGACCTCGGCAATG
R:CGGAAGAGCAAGTACAGCAATC

NM_205064.1 299 60

Nrf2 F:ACACCAAAGAAAGACCCTCC
R:GAACTGCTCCTTCGACATCA

NM_205117.1 198 60

IL-6 F:GAAATCCCTCCTCGCCAATC
R:CCTCACGGTCTTCTCCATAAAC

NM_204628.1 106 60

IL-22 F:CTTCTCAGGATGGGTTGTCTTC
R:GGCTTGATGGGCATTGGA

NM_001199614.1 106 60

Claudin-1 F:CATACTCCTGGGTCTGGTTGGT
R:GACAGCCATCCGCATCTTCT

NM_001013611.2 100 60

Occludin F: TGCTGTCTGTGGGTTCCTC
R: CCAGTAGATGTTGGCTTTGC

NM_205128.1 106 60

ZO-1 F:TTGCCACAAGTGCGGTAT
R:GTGGTGTAGGCAGTGGTTTACT

XM_015278975.3 298 60

GAPDH F: TGAAAGTCGGAGTCAACGG
R: GGTCACGCTCCTGGAAGATA

NM_204305.1 234 60

Abbreviations: CAT, catalase; F, forward; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; Nrf2, nuclear factor erythroid 2-related factor 2; IL-6,
interleukin 6; IL-22, interleukin 22; R, reverse; SOD1, superoxide dismutase 1; ZO-1, tight junction protein 1.
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16S rDNA Sequencing of Cecal Microbiota

Six samples of cecal digesta per group were randomly
selected for 16S rDNA sequencing on d 21. Multiplexed
16S rDNA libraries were prepared using standard 16S
metagenomic sequencing library protocols from Illumina
(San Diego, CA), which used the subthreads to obtain
high quality CCS sequences by lima (v1.7.1). Sequences
after processing were clustered at 97% sequence identity
to generate operational taxonomic unit and each opera-
tional taxonomic unit was annotated using the Silva128
16S rDNA database (bacteria). The alpha diversity indi-
ces (ACE index, Chao1 index, Shannon index, and
Simpson index) were measured by using ASV table in
QIIME2. The beta diversity analysis was visualized by
principal coordinate analysis (PCoA). Permutational
multivariate analysis of variance was used to assess the
significance of differentiation of microbiota structure
among groups.
Statistical Analyses

Data were analyzed using the General Linear Model
procedure in SPSS version 18.0 software (SPSS Inc. Chi-
cago, IL), and subjected to two-way ANOVA in a 4 £ 2
factorial arrangement to analyze the main effects of die-
tary treatments and oxidized oil, and their interaction.
We analyzed 0, 0.5, 1, and 2% levels of Fagopyrum dibo-
trys in diet to give linear or quadratic responses. The sig-
nificant differences among groups were determined
using Tukey’s multiple range tests when a significant
interaction was observed. Differences were considered
significant at P < 0.05.
RESULTS

Growth Performance

For 21 to 42 d, there was an interaction (P<0.05) of
oils and diet for FCR (Table 3). Oxidized oil
significantly increased FCR on d 21 to 42. FCR were not
significantly changed with Fagopyrum dibotrys com-
pared to the control group. Diet had a significant effect
on FI from d 21 to 42 (P<0.05) and FI was linearly
decreased with increasing Fagopyrum dibotrys (P <
0.05). Oxidized oil significantly increased FI on d 1 to 7
and 7 to 21 and BWG on d 1 to 7 and increased FCR on
d 21 to 42. Furthermore, FI was lower in the Fagopyrum
dibotry group than in the CON group on d 21 to 42, irre-
spective of oil (P < 0.05).
Antioxidant Status

Oxidized oil increased MDA concentrations (P <
0.001) and decreased SOD activity (P = 0.049) in the
serum compared to the control group (Table 4). On the
other hand, supplementation of F. dibotry to broiler
diets did not affect the activities of T-AOC in the serum,
irrespective of oil (P > 0.05).
The MDA concentration was significantly higher due

to oxidized oil in the liver, but F. dibotry did not affect
antioxidant activities on d 21 (Table 5). The liver SOD
activity was significantly lower on d 42 due to oxidized
oil, whereas 0.5, 1 and 2% F. dibotry in diets showed sig-
nificant improvement liver SOD activity by 7.06%,
24.71%, and 18.82%, respectively. On d 42, 2% F. dibo-
try alleviated the liver increased MDA concentrations
induced by oxidized oil (P < 0.05), whereas 1% F. dibo-
try decreased MDA concentrations in fresh oil groups.
The liver T-AOC activity was significantly increased in
chickens fed 0.5, 1, and 2% F. dibotry in a dose-depen-
dent manner, regardless of oxidized or fresh oil.
The content of MDA in the jejunal mucosa of broilers

eating oxidized oils was linearly decreased (P < 0.001)
on d 21 and 42 by adding F. dibotry (Table 6). Oxidized
oil significantly decreased jejunal mucosa SOD activity
on d 21, but F. dibotry increased SOD activity
(P = 0.014), whereas in broilers fed fresh oil, F. dibotry
promoted SOD activity on d 42 (P = 0.007).



Table 3. Effects of dietary Fagopyrum dibotry on growth performance of broiler chickens fed oxidized oil.

Treatment D 1−7 D 7−21 D 21−42

Oils Fag (%) BWG (g/bird) FI (g/bird) FCR (g/g) BWG (g/bird) FI (g/bird) FCR (g/g) BWG (g/bird) FI (kg/bird) FCR (g/g)

OS 0 53.79 55.60 1.03 250 416 1.67 677 1.55 2.31a

0.5 51.97 55.30 1.07 268 438 1.64 680 1.55 2.28a

1 50.86 53.00 1.04 247 415 1.68 646 1.49 2.32a

2 52.03 54.00 1.04 243 417 1.72 606 1.37 2.26a

FS 0 42.9 44.79 1.04 244 397 1.63 651 1.41 2.18b

0.5 43.72 45.00 1.04 245 401 1.63 664 1.52 2.28a

1 45.60 40.80 0.89 249 411 1.65 682 1.39 2.03b

2 44.70 47.80 1.07 252 411 1.64 664 1.44 2.16b

SEM 0.741 0.751 0.013 2.497 3.99 0.015 7.759 0.014 0.018
Main effects

Oils OS 52.16 54.48 1.05 252 421 1.677 652 1.49 2.29a

FS 44.23 44.60 1.01 247 405 1.638 665 1.44 2.16b

Fag 0 48.35 50.20 1.04 247 407 1.651 663 1.48 2.24
0.5 47.85 50.15 1.05 257 420 1.633 672 1.53 2.28
1 48.23 46.90 0.97 248 413 1.668 664 1.44 2.17
2 48.36 50.90 1.06 248 414 1.679 635 1.40 2.21

P values
Linear 0.962 0.915 0.779 0.771 0.697 0.379 0.184 0.020 0.284
Quadratic 0.879 0.400 0.212 0.321 0.471 0.633 0.240 0.142 1.000
Fag 0.994 0.261 0.099 0.463 0.728 0.731 0.354 0.013 0.182
Oil < 0.001 <0.001 0.210 0.371 0.043 0.200 0.403 0.072 0.001
Fag £ Oil 0.608 0.540 0.104 0.135 0.439 0.827 0.172 0.064 0.039

Abbreviations: BWG, body weight gain; FS, fresh soybean oil; Fag, Fagopyrum dibotry; FI, feed intakes; FCR, feed conversion ratio; OS, oxidized soy-
bean oil.

abDifferent letters in the same row indicate significant differences (P < 0.05), and the same letter means no significant difference (P > 0.05).
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Furthermore, 0.5, 1, and 2% F. dibotry alleviated
decreased jejunal mucosal GPX activities induced by
oxidized oil in a dose-dependent manner (P < 0.001) on
d 21, whereas 2% F. dibotry increased GPX activity
compared to the oxidized oil treatment (P < 0.001).
Intestinal Secretory IgA Concentration

Jejunal sIgA concentrations on d 42 were higher (P <
0.001) in the Fagopyrum dibotry group than in control
groups (Figure 1).
Table 4. The T-AOC, MDA, and SOD activity in the serum of broiler
pyrum dibotry.

Treatment D 21

Oils Fag (%) MDA (U/mL) SOD (U/mL) AOC (

OS 0 4.22 1,128 1
0.5 3.34 1,188 1
1 3.97 1,084 1
2 3.54 1,162 0

FS 0 2.74 1,090 1
0.5 2.88 1,126 0
1 2.95 1,109 1
2 2.32 1,130 0

SEM 0.108 28.713 0
Main effects

Oils OS 3.76 1,140 1
FS 2.72 1,113 1

Fag 0 3.48 1,109 1
0.5 3.11 1,157 1
1 3.46 1,097 1
2 2.93 1,146 0

P values
Linear 0.568 0.829 0
Quadratic 0.926 0.986 0
Fag 0.243 0.857 0
Oil <0.001 0.641 0
Fag £ Oil 0.323 0.957 0

Abbreviations: FS, fresh soybean oil; Fag, Fagopyrum dibotry; MDA, malon
total antioxidant capacity.
Serum Diamine Oxidase Activity

The serum DAO activity was significantly higher (P <
0.05) in the oxidized oil groups than in the fresh oil
groups on d 21, and the similar result was observed on d
42 (P < 0.05; Figure 2). Furthermore, DAO activity was
lower (P < 0.05) in the oxidized oil group with treatment
of F. dibotrys than in the control group on d 21 and 42.
There was an interaction (P < 0.05) between oils and
dietary treatments on DAO activity on d 42. The serum
DAO activity significant linearly decreased with F. dibo-
try on d 21 and 42 (P < 0.05).
chickens fed with oxidized oil and various concentrations of Fago-

D 42

mmol/mL) MDA (U/mL) SOD (U/mL) AOC (mmol/mL)

.04 4.73 908 0.85

.01 4.48 840 0.89

.08 4.73 932 0.88

.99 5.22 890 0.87

.03 4.97 996 0.89

.98 4.43 1017 0.89

.03 6.20 987 0.90

.99 5.00 955 0.91

.013 0.157 23.863 0.013

.03 4.79 893 0.87

.01 5.15 989 0.90

.04 4.85 952 0.87

.00 4.46 929 0.89

.06 5.46 960 0.89

.99 5.11 923 0.89

.494 0.215 0.795 0.640

.641 0.949 0.890 0.630

.235 0.151 0.935 0.927

.414 0.255 0.049 0.287

.935 0.229 0.796 0.938

aldehyde; OS, oxidized soybean oil; SOD, superoxide dismutase; T-AOC,



Table 5. Antioxidant enzyme activities in the liver of broiler chickens fed oxidized oil and various concentrations of Fagopyrum dibotry.

Treatment D 21 D 42

Oils Fag (%)
MDA

(nmol/mgprot)
SOD

(U/mgprot)
AOC

(mmol/mgprot)
GPX

(nmol/min/g)
MDA

(nmol/mgprot)
SOD

(U/mgprot)
AOC

(mmol/mgprot)
GPX

(nmol/min/g)

OS 0 1.46 112 0.86 2,605 0.61 85 0.78 3,110
0.5 1.17 117 0.88 2,959 0.43 91 0.97 3,147
1 1.06 104 0.94 2,765 0.45 106 0.95 2,807
2 1.21 100 0.96 2,765 0.39 101 1.09 3,128

FS 0 1.02 117 0.82 2,817 0.59 97 0.84 2,997
0.5 0.89 102 0.86 2,895 0.49 99 0.86 2,921
1 1.10 114 0.97 2,904 0.39 107 1.01 2,900
2 1.00 99 0.77 2839 0.45 107 1.13 2,944

SEM 0.046 1.957 0.024 36.137 0.019 1.622 0.024 32.311
Main effects

Oils OS 1.23 108 0.91 2,773 0.47 96 0.95 3,048
FS 1.00 108 0.85 2,864 0.48 102 0.96 2,941

Fag 0 1.24 115 0.84 2,711 0.60 91 0.81 3,054
0.5 1.03 110 0.87 2,927 0.46 95 0.92 3,034
1 1.08 109 0.95 2,835 0.42 106 0.98 2,854
2 1.11 99 0.86 2,802 0.42 104 1.11 3,036

P values
Linear 0.550 0.021 0.387 0.576 0.002 0.002 <0.001 0.471
Quadratic 0.265 0.586 0.260 0.091 0.074 0.390 0.769 0.145
Fag 0.449 0.062 0.391 0.224 0.004 0.005 0.001 0.11
Oil 0.02 0.981 0.26 0.219 0.787 0.049 0.769 0.105
Fag £ Oil 0.357 0.167 0.419 0.580 0.659 0.701 0.524 0.311

Abbreviations: FS, fresh soybean oil; Fag, Fagopyrum dibotry; GPX, glutathione peroxidase; MDA, malonaldehyde; OS, oxidized soybean oil; SOD,
superoxide dismutase; T-AOC, total antioxidant capacity.
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Relative mRNA Expression of Antioxidant,
Inflammation, and Barrier Function-Related
Genes in the Chicken Jejunal Mucosa

On d 21, oxidized oil down-regulated genes related to
intestinal barriers such as Claudin-1 (P < 0.001) and
ZO-1 (P = 0.003) in the jejunal mucosa (Table 7). How-
ever, 2% F. dibotry reversed downregulation of ZO-1
(P = 0.009) and F. dibotry improved (P = 0.042) down-
regulation of Claudin-1. Oxidized oil decreased
(P = 0.012) the mRNA expression of antioxidant related
genes Nrf2 and mRNA expression of Nrf2 was elevated
with 1 or 2% F. dibotry, regardless of oil treatment (P <
0.05). In the oxidized oil groups, the mRNA expression
of CAT was elevated with F. dibotry supplementation.
Furthermore, interactions of F. dibotry and oil challenge
significantly affected jejunal mucosa Nrf2 and CAT
expression on d 21.

There was an interaction (P < 0.05) between F. dibo-
try and oil on the mRNA expression of CAT, SOD1, and
IL-22 in the jejunum on d 42 (Table 8). The mRNA
expression of CAT, SOD1, IL-22, Claudin-1, and ZO-1
in oxidized oil groups was increased (P < 0.05) with F.
dibotry supplementation.
Cecal Microbiome

In this study, 734,737 effective and high-quality CCS
were obtained from all samples after processing and fil-
tering. The alpha diversity of Chao1 index differed
between oxidized oil and fresh oil groups (P = 0.004,
Table 9). With the addition of F. dibotry, the alpha
diversity of ACE index differed (P = 0.026, Table 9).
There was an interaction (P < 0.05) between oils and
dietary treatments on the ACE, Chao1, Simpson and
Shannon indices (Table 9). Beta diversity was analyzed
by Principal coordinates analysis (PCoA), with clear
differentiation (P < 0.05) of the microbial community
among the 8 groups (Figure 3). The oxidized oil groups
were separated, whereas groups treated with 2% F. dibo-
try and oxidized oil were close to FS-FAM, FS-FAL, and
FS-CON groups.
At the phylum level, Firmicutes (86.13−96.62%),

Proteobacteria (1.74−19.89%), Bacteroidetes (0.69
−1.64%), and Fusobacteria (0.16−1.02%) accounted for
> 90% of the total cecal microbiota (Figure 4A). The rel-
ative abundance of Firmicutes was higher in treatment
with F. dibotry group, regardless of oxidized oil chal-
lenge, whereas relative abundance of Proteobacteria was
opposite. In Figure 4B, the top 10 genera are listed. The
relative abundance of Streptococcus, Enterococcus, and
Escherichia were lower in treatment with 2% F. dibotry
group, regardless of oxidized oil challenge. However, the
relative abundance of Candidatus_Arthromitus was
higher in treatment with F. dibotry group, regardless of
oxidized oil challenge.
DISCUSSION

Oxidative stress, defined as an imbalance between
pro-oxidant and antioxidant systems, is involved in com-
mon enteric diseases of broilers (Lauridsen, 2019). Oxi-
dized lipids can reduce palatability, produce harmful
peroxidation products, and reduce energy value of feed
materials (Grootveld et al., 2022). Tiejiaoma broilers are
a heritage breed that is largely restricted to the Guizhou,
Guangxi, and Sichuan province. Their meat is high-
quality, while the growth rate and weight are smaller



Table 6. Antioxidant enzyme activities in the jejunal mucosa of broiler chickens fed oxidized oil and various concentrations of Fagopyrum dibotry.

Treatment D 21 D 42

Oils Fag (%) MDA (nmol/mgprot) SOD (U/mgprot) T-AOC (mmol/mgprot) GPX (nmol/min/g) MDA (nmol/mgprot) SOD (U/mgprot) T-AOC (mmol/mgprot) GPX (nmol/min/g)

OS 0 0.32a 113b 1.74 1,154e 0.25a 151c 1.19 2,071b

0.5 0.25b 131a 1.76 1,363d 0.19b 152c 1.19 2,168b

1 0.25b 129a 1.83 1,671bc 0.15c 141c 1.20 2,050b

2 0.20cd 125ab 1.80 1,702abc 0.10d 157bc 1.19 2,602a

FS 0 0.21bc 122ab 1.77 1,642c 0.13cd 157bc 1.19 2,041b

0.5 0.21bc 122ab 1.80 1,614c 0.13cd 170ab 1.20 2,084b

1 0.16d 125ab 1.77 1,874a 0.13cd 175a 1.19 2,125b

2 0.20cd 123ab 1.76 1,835ab 0.14cd 181a 1.20 2,094b

SEM 0.004 1.041 0.012 15.362 0.003 1.429 0.001 19.985
Main effects
Oils OS 0.26a 125 1.78 1,473b 0.17a 149b 1.19 2,223a

FS 0.19b 123 1.78 1,741a 0.13b 170a 1.20 2,086b

Fag 0 0.26a 118b 1.76 1,399b 0.19a 154b 1.19 2,056b

0.5 0.23ab 127a 1.78 1,488b 0.16bc 161ab 1.19 2,126b

1 0.21b 127a 1.80 1,773a 0.14bc 158ab 1.20 2,087b

2 0.20b 124ab 1.78 1,769a 0.12c 169a 1.20 2,348a

P values
Linear <0.001 0.714 0.824 <0.001 <0.001 <0.001 0.258 0.490
Quadratic 0.411 0.057 0.104 <0.001 <0.001 0.011 0.950 0.005
Fag <0.001 0.014 0.608 <0.001 <0.001 0.007 0.425 <0.001
Oil <0.001 0.519 0.804 <0.001 <0.001 <0.001 0.525 0.002
Fag £ Oil <0.001 0.027 0.361 0.001 <0.001 0.016 0.123 <0.001

Abbreviations: FS, fresh soybean oil; Fag, Fagopyrum dibotry; GPX, glutathione peroxidase; MDA, malonaldehyde; OS, oxidized soybean oil; SOD, superoxide dismutase; T-AOC, total antioxidant capacity.
abcdDifferent letters in the same row indicate significant differences (P < 0.05), and the same letter means no significant difference (P > 0.05).
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Figure 1. The secretory IgA (sIgA) concentration (mg/g protein) of broiler chickens fed oxidized oil and various concentrations of Fagopyrum
dibotry on d 21 (A) and 42 (B). Oxidized oil, chickens with oxidized soybean oil diet; Fresh oil, chickens with fresh soybean oil diet; , basal diet
with 2% Fagopyrum dibotry; basal diet with 1% Fagopyrum dibotry; basal diet with 0.5% Fagopyrum dibotry; , basal diet without Fagopy-
rum dibotry. a,b,cMean values with unlike letters were significantly different (P < 0.05).
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(Tan et al., 2017). Therefore, the growth performance in
this experiment was lower than that of white-feather
broilers (Tan et al., 2019b). In the current study, oxi-
dized oil significantly increased BWG on d 1 to 7, FI on
d 1 to 7 and 7 to 21, and FCR on d 21 to 42, similar to
other research (Zhang et al., 2022). Livestock resist oxi-
dative stress by accelerating respiration, promoting glu-
cose metabolic activity, and accelerating decomposition
(Sies, 2015). Therefore, the increased FI on d 1 to 7 and
7 to 21 with oxidized oil diets might be due to increased
metabolic rate in broilers in response to oxidative stress.
On the other hand, by increasing feed intake to resist
oxidative stress, perhaps some of the remaining
nutrients leaded to increased BWG on d 1 to 7
(Tavarez et al., 2011). Oxidation products such as
Figure 2. The serum diamine oxidase (DAO) activity (U/L) of broiler ch
on d 21 (A) and 42 (B). Oxidized oil, chickens with oxidized soybean oil die
Fagopyrum dibotry; basal diet with 1% Fagopyrum dibotry; basal diet
try. a,b,c,d,e,fMean values with unlike letters were significantly different (P < 0
aldehydes, ketones, esters, and polymerized oils, when
present in oxidized oil, may also reduce fat retention and
energy value of the diet, leading to a detrimental effect
on growth performance (Zhang et al., 2011). Therefore,
oxidized oil increased FCR on d 21 to 42, perhaps due to
deleterious effects on nutrient absorption and utiliza-
tion.
Regarding effects of F. dibotrys supplementation to

protect broilers consuming oxidized oil, 2% F. dibotrys
reduced FI compared to other treatments on d 21 to 42,
similar to a previous study involving 1% F. dibotrys
(Tan et al., 2017). As a traditional Chinese medicine, F.
dibotrys was fed to broilers, and in some cases reduced
palatability and feed intake (Zhang and Chen, 2018).
However, BWG and FCR were not significantly changed
ickens fed oxidized oil and various concentrations of Fagopyrum dibotry
t; Fresh oil, chickens with fresh soybean oil diet; , basal diet with 2%
with 0.5% Fagopyrum dibotry; , basal diet without Fagopyrum dibo-
.05). **Significat main effect (P < 0.05) of oils.



Table 7. The relative mRNA expression of jejunal antioxidant, inflammation and tight junction of broiler chickens fed oxidized oil and
various concentrations of Fagopyrum dibotry on d 21.

Treatment D 21

Oils Fag (%) CAT SOD1 Nrf2 IL-6 IL-22 Claudin-1 Occludin ZO-1

OS 0 0.95b 1.12 0.76d 1.80 0.75 0.73 0.97 0.57
0.5 1.39ab 1.19 0.92cd 1.69 0.93 0.86 1.00 0.67
1 1.15b 1.16 1.83a 1.57 1.10 1.00 0.96 1.06
2 1.85a 1.17 1.93a 1.46 1.00 0.94 1.09 2.29

FS 0 1.00b 0.98 1.00cd 1.01 1.10 1.01 1.08 1.01
0.5 0.96b 1.17 1.14bc 0.92 1.19 1.21 0.93 1.37
1 1.21b 1.14 1.39b 1.13 1.25 1.27 0.93 2.12
2 0.93b 1.15 1.36b 0.95 1.47 1.35 0.88 2.33

SEM 0.050 0.026 0.024 0.032 0.040 0.035 0.019 0.080
Main effects

Oils OS 1.34a 1.16 1.36a 1.63 0.95 0.88 1.01 1.15
FS 1.03b 1.11 1.22b 1.01 1.25 1.21 0.95 1.70

Fag 0 0.98 1.05 0.88b 1.40 0.92 0.87 1.02 0.79
0.5 1.17 1.18 1.03b 1.30 1.06 1.03 0.97 1.02
1 1.18 1.15 1.61a 1.35 1.17 1.14 0.94 1.59
2 1.39 1.16 1.65a 1.21 1.24 1.15 0.98 2.31

P values
Linear 0.067 0.195 <0.001 0.435 0.033 0.043 0.482 <0.001
Quadratic 0.953 0.251 0.590 0.885 0.719 0.439 0.293 0.249
Fag 0.070 0.324 <0.001 0.191 0.064 0.042 0.534 <0.001
Oil 0.007 0.336 0.012 <0.001 0.001 <0.01 0.195 0.003
Fag £ Oil 0.010 0.818 <0.001 0.163 0.571 0.852 0.065 0.183

Abbreviations: CAT, catalase; FS, fresh soybean oil; Fag, Fagopyrum dibotry; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; IL-6, interleukin
6; IL-22, interleukin 22; OS, oxidized soybean oil; SOD1, superoxide dismutase 1; Nrf2, nuclear factor erythroid 2-related factor 2; ZO-1, tight junction
protein 1.

abcdDifferent letters in the same row indicate significant differences (P < 0.05), and the same letter means no significant difference (P > 0.05).
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with 2% F. dibotrys, perhaps due to the high flavonoid
and phenol concentrations that would be expected to
improve health (Wang et al., 2005).

Oxidized lipids in diets are absorbed by the small
intestine, incorporated into chylomicrons, appear in the
bloodstream, and contribute to the total body pool of
oxidized lipid (Staprans et al., 1994). A major product
Table 8. The relative mRNA expression of jejunal antioxidant, inflam
various concentrations of Fagopyrum dibotry on d 42.

Treatment
Oils Fag (%) CAT SOD1 Nrf2

OS 0 1.90b 0.82c 0.85
0.5 2.07b 0.86bc 0.91
1 7.30a 0.91bc 1.05
2 7.55a 1.12a 1.04

FS 0 1.03b 1.02ab 1.00
0.5 1.61b 1.20a 1.06
1 1.55b 1.18a 0.94
2 2.39b 1.15a 1.02

SEM 0.209 0.015 0.021
Main effects

Oils OS 4.71a 0.93b 0.96
FS 1.65b 1.14a 1.01

Fag 0 1.47b 0.92b 0.93
0.5 1.84b 1.03a 0.98
1 4.43a 1.05a 1.00
2 4.97a 1.14a 1.03

P values
Linear 0.006 0.024 0.134
Quadratic 0.929 0.866 0.832
Fag <0.001 0.001 0.413
Oil <0.001 <0.001 0.313
Fag £ Oil <0.001 0.013 0.131

Abbreviations: FS, fresh soybean oil; Fag, Fagopyrum dibotry; CAT, catala
6; IL-22, interleukin 22; Nrf2, nuclear factor erythroid 2-related factor 2; OS,
protein 1.

abcdDifferent letters in the same row indicate significant differences (P < 0.05
of lipid peroxidation is MDA; increasing concentrations
are related to lipid peroxidation and oxidative stress
(Tan et al., 2018). In the present study, oxidized oil sig-
nificantly increased serum MDA concentrations on d 21,
indicating lipid peroxidation. Moreover, oxidized oil sig-
nificantly decreased SOD activity on d 42. Interestingly,
on d 21 and 42, F. dibotrys tended to improve
mation and tight junction of broiler chickens fed oxidized oil and

D 42

IL-6 IL-22 Claudin-1 Occludin ZO-1

1.12 0.87d 0.56 0.74 0.34
1.13 1.04cd 1.12 0.94 0.75
1.08 1.08bcd 1.75 0.99 1.04
1.07 1.10bcd 3.74 0.99 1.49
1.01 1.22bc 1.00 1.01 1.02
1.04 1.36b 1.31 1.04 1.34
0.84 1.37b 1.72 0.98 1.39
0.87 1.83a 4.99 1.04 1.37
0.017 0.023 0.130 0.023 0.068

1.10 1.02b 1.79 0.91 0.90
0.94 1.45a 2.26 1.02 1.28
1.06 1.04c 0.78 0.87 0.68
1.08 1.20bc 1.22 0.99 1.04
0.96 1.22b 1.73 0.98 1.22
0.97 1.46a 4.37 1.02 1.43

0.081 0.018 <0.001 0.088 0.048
0.875 0.719 0.001 0.426 0.328
0.047 <0.001 <0.001 0.166 0.009

<0.001 <0.001 0.094 0.038 0.013
0.357 0.013 0.355 0.219 0.197

se; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; IL-6, interleukin
oxidized soybean oil; SOD1, superoxide dismutase 1; ZO-1, tight junction

), and the same letter means no significant difference (P > 0.05)



Figure 3. The b-diversity of cecal microbiota of broiler chickens fed
oxidized oil and various concentrations of Fagopyrum dibotry. Abbrevi-
ations: FSFAH, basal diet with fresh soybean oil and 2% Fagopyrum
dibotry; FSFAM, basal diet with fresh soybean oil and 1% Fagopyrum
dibotry; FSFAL, basal diet with fresh soybean oil and 0.5% Fagopyrum
dibotry; FSCON, basal diet with fresh soybean oil and 0% Fagopyrum
dibotry; OSFAH, basal diet with oxidized soybean oil and 2% Fagopy-
rum dibotry; OSFAM, basal diet with oxidized soybean oil and 1% Fag-
opyrum dibotry; OSFAL, basal diet with oxidized soybean oil and 0.5%
Fagopyrum dibotry; OSCON, basal diet with oxidized soybean oil and
0% Fagopyrum dibotry.
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parameters related to oxidation in the serum.
Ruan et al. (2017) also reported that 50 to 200 mg/kg F.
dibotrys rhizoma had antidiabetic activity in mice via
antioxidative effects.

The liver is involved in redox balance (Sadasivam
et al., 2022) and undergoes oxidative stress following
consumption of oxidized soybean oil (Ammouche et al.,
2002). Oxidized oils can damage oxidative status of liver
Figure 4. Microbial community bar plot at the (A) phylum and (B) gen
Fagopyrum dibotry. Abbreviations: FSFAH, basal diet with fresh soybean o
and 1% Fagopyrum dibotry; FSFAL, basal diet with fresh soybean oil and 0
0% Fagopyrum dibotry; OSFAH, basal diet with oxidized soybean oil and 2%
1% Fagopyrum dibotry; OSFAL, basal diet with oxidized soybean oil and 0
and 0% Fagopyrum dibotry.
in rat (Zalejska-Fiolka et al., 2010), finishing barrows
(Boler et al., 2012), and juvenile largemouth bass
(Chen et al., 2013). In the present study, oxidized oil sig-
nificantly increased MDA concentrations on d 21 and
decreased SOD concentration on d 42. However, as
expected, dietary F. dibotrys (1 and 2%) alleviated the
decrease in hepatic SOD activity on d 42, with a ten-
dency for a downregulation of MDA in the 1% F. dibo-
trys treatment compared to the oxidized oil treatment
on d 21. Hepatic T-AOC capacity was significantly
improved by 1 or 2% F. dibotrys on d 42. Although the
oxidized oil was toxic, confirmed by increased hepatic
MDA concentrations and altered enzymatic activities,
feeding F. dibotrys mitigated oxidized oil-induced oxida-
tive stress.
The intestinal epithelial barrier has key roles in nutri-

ent digestion and absorption, and preventing invasion of
pathogenic bacteria. As an intracellular enzyme particu-
larly abundant in the small intestinal epithelia, DAO is
released into circulation following intestinal villi dam-
age, making it a marker of intestinal mucosal injury
(Luk et al., 1980). The serum DAO serves as a marker of
injury and integrity of the intestinal mucosa (Chen
et al., 2022). In this study, the serum DAO activity of
broilers was decreased by F. dibotrys at 21 days in oxi-
dized oil group. In the fresh oil group, 1% and 2% of F.
dibotrys also could remarkably decrease the DAO activ-
ity. The results showed that the addition of F. dibotrys
reduced the gut damage. Serum DAO concentrations of
F. dibotry groups were significantly decreased, consis-
tent with preservation of small intestinal mucosal integ-
rity (Chen et al., 2022). A possible reason is the
pharmacological component of F. dibotrys, including fla-
vonoids, phenols, terpenes, steroids, and fatty acids
(Zhang et al., 2016).
us level in broiler chickens fed oxidized oil and various concentrations of
il and 2% Fagopyrum dibotry; FSFAM, basal diet with fresh soybean oil
.5% Fagopyrum dibotry; FSCON, basal diet with fresh soybean oil and
Fagopyrum dibotry; OSFAM, basal diet with oxidized soybean oil and

.5% Fagopyrum dibotry; OSCON, basal diet with oxidized soybean oil



Table 9. The a-diversity of cecal microbiota in broiler chickens
fed oxidized oil and various concentrations of Fagopyrum dibotry
on d 21.

Treatment D 21

Oils Fag (%) ACE Chao1 Shannon Simpson

OS 0 98.53ab 120.00a 2.06ab 0.71a

0.5 127.39a 124.66a 1.62b 0.62a

1 89.89ab 124.60a 1.57b 0.60a

2 128.85a 146.62a 2.38ab 0.63a

FS 0 118.71a 114.38a 1.26b 0.32b

0.5 135.36a 136.65a 3.12a 0.72a

1 119.23a 99.20ab 2.43ab 0.60a

2 57.69b 54.37b 1.88ab 0.60a

SEM 4.328 4.545 0.118 0.021
Main effects

Oils OS 111.17 128.97a 1.907 0.642
FS 107.75 101.15b 2.173 0.555

Fag 0 108.62ab 117.19 1.66 0.515
0.5 131.38a 130.65 2.37 0.670
1 104.56ab 111.90 2.00 0.601
2 93.27c 100.50 2.13 0.608

P values
Linear 0.118 0.177 0.390 0.365
Quadratic 0.103 0.272 0.288 0.156
Fag 0.026 0.154 0.213 0.104
Oil 0.695 0.004 0.268 0.052
Fag £ Oil 0.001 0.001 0.003 0.001

Abbreviations: FS, fresh soybean oil; Fag, Fagopyrum dibotry; OS, oxi-
dized soybean oil.

abcDifferent letters in the same row indicate significant differences (P <
0.05), and the same letter means no significant difference (P > 0.05).
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The secretory IgA is abundant at all mucosal sites,
including the intestinal mucosa, and can prevent trans-
location of pathogenic bacteria across the epithelium
and maintain homoeostasis with commensal microbiota
(Donald et al., 2022). Stimulation of mucosal IgA
requires large doses of bacteria, the extent of which
depends on the total bacterial dose (Han et al., 2022).
Moderately oxidized oil stimulated IgA secretion,
whereas severely oxidized oil decreased IgA secretion
into serum (Zhang et al., 2022). In our study, oxidized
oil increased did not alter jejunal mucosa sIgA concen-
trations, similar to other reports (Huang et al., 2016).
However, limited studies have been conducted to evalu-
ate effects of F. dibotrys on broiler intestinal mucosa
sIgA content. In the present study, greater sIgA concen-
trations in birds fed F. dibotrys indicated enhanced
intestinal mucosal immunity protecting the intestine
against pathogen adherence (Tan et al., 2017). The gut
microbiota interacts directly or indirectly with the host
immune system (Donald et al., 2022). Perhaps F. dibo-
trys altered the intestinal microbial composition and
stimulated antibody production, protecting villi from
damage and promoting intestinal health and function.

The intestinal barrier includes an extensive enzyme
and non-enzyme antioxidant system (Jang et al., 2022)
that was easily damaged by oxidized oil (Tan et al.,
2019a). As the antioxidant activity of F. dibotrys, the
intestinal mucosa was undoubtedly the target of this
herbal medicine (Li et al., 2015). In this experiment, 2%
F. dibotrys alleviated the increase in MDA concentration
in the jejunal mucosa on d 21 and 42, with upregulation
of GPX and SOD in the 2% F. dibotrys treatment com-
pared to oxidized oil. In another study, F. dibotrys
supplemented broilers had lower MDA concentrations
and higher SOD activity in the intestine mucosa than
those in the control group (Tan et al., 2019b), consistent
with our results. The rhizome of F. dibotrys has a long
history of being used as an anticancer and anti-inflam-
matory herb in China (Chan, 2003). This compound
contains flavonoids, phenols, fagopyritols, triterpenoids,
fatty acids, and steroids, which have bioactivities such
as antitumor, antioxidation, antidiabetes, etc. (Li et al.,
2021). In the present study, F. dibotrys effectively allevi-
ated oxidant stress caused by oxidative oils.
Nrf2, the key regulator of oxidative stress and a mem-

ber of leucine zipper transcription factors, counteracts
induced reactive oxygen species (ROS) and reactive
nitrogen species (RNS) by activation of antioxidant
enzymes such as SOD, CAT, GSH, GPX, HO-1
(Salehabadi et al., 2022). Dietary oxidized oil activates
the Nrf2 signaling pathway in the liver of pigs
(Varady et al., 2012) and in intestinal mucosa of mice
(Varady et al., 2011), likely an adaptive mechanism to
prevent cellular oxidative damage. The present findings
were similar to a report that dietary oxidized oil in
broilers damaged antioxidant enzyme activity through
the Nrf2 pathway (Dong et al., 2020). F. dibotrys
induced upregulation and nuclear translocation of Nrf2
in several cells in vitro and in vivo (Li et al., 2015). Simi-
larly, in our study, F. dibotrys (1 and 2%) significantly
improved antioxidant indices by significantly increasing
expression of the antioxidant gene Nrf2 and downstream
genes such as CAT, superoxide dismutase 1 compared to
the oxidized oil group. Interleukin 6 (IL-6), promptly
and transiently produced in response to infections and
tissue injuries, has pathological effects in chronic inflam-
mation and autoimmunity (Tanaka et al., 2014). In
response to oxidized oil, the proinflammatory cytokine
IL-6 was significantly increased (Rose-John, 2018).
However, mRNA expression of IL-6 in jejunal mucosa
treated with oxidized oils were markedly reduced after
treatment with F. dibotrys; this compound had anti-
inflammatory protection for ulcerative colitis (Ge et al.,
2017) and it stimulated expression of IL-22 in jejunal
mucosa, which could alleviate intestinal epithelial oxida-
tive stress and promote repair (Wan and Pan, 2016).
Tight junction (TJ) proteins are vital for regulation

of gut barrier function. During oxidative stress, dis-
rupted TJ may increase mucosal permeability and pro-
mote pathogen invasion (Heinemann and Schuetz,
2019). The intestinal TJ is mainly composed of claudins,
occludin, and zonula occluden-1 (ZO-1). In this study,
although mRNA expression of Claudin-1, occludin and
ZO-1 in jejunal mucosa in oxidized oil group were signifi-
cantly lower than the nonoxidized oil group, this was
reversed by F. dibotrys. Although oxidized oil would
increase the intestinal permeability of broilers, F. dibo-
trys could alleviate this by regulating expression of tight
junction proteins. In rats with irritable bowel syndrome,
F. dibotrys alleviated hyperalgesia by reducing intestinal
inflammation and enhancing mucosal epithelial function
after regulating the structure and function of TJs
(Liu et al., 2012).
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Intestinal ROS are generated by gastrointestinal tract
epithelial cells as a result of oxygen metabolism or by
enteric commensal bacteria (Jones et al., 2012), but the
antioxidant system maintains the microbiota (Direito
et al., 2021). The cecal microbiota of poultry has essen-
tial roles in mediating the manipulation of intestinal bar-
rier by dietary intervention (Kieronczyk et al., 2020).
Based on alpha diversity, F. dibotrys increased cecal
microbial richness in broilers fed oxidized oil, which
reflected a more stable microbiota community that
resisted colonization by pathogens and promoting pro-
ductivity (Zhang et al., 2018). In addition, beta diversity
had significant clustering according to experimental
groups, demonstrating that cecal microbial community
structure was affected by F. dibotrys addition. Firmi-
cutes is the most prominent phylum and includes many
probiotics, for example, Clostridia, Negativicutes, Ther-
molithobacteria, and Tissierellia (Chandrangsu et al.,
2018). Perhaps the amount of F. dibotrys affects growth
of Firmicutes in broilers. Proteobacteria are commonly
involved in metabolic disorders, inflammatory, asthma,
and chronic obstructive pulmonary disease (Rizzatti
et al., 2017). Decreased Proteobacteria indicated that F.
dibotrys improved gut health and reduced infection with
harmful bacteria.

In conclusion, F. dibotry alleviated intestinal mucosal
impairment in broiler chickens challenged with oxidized
oil by ameliorating oxidative stress, supporting the
intestinal mucosal barrier and modulating gut micro-
biota. These results provided new evidence regarding
dietary F. dibotry as an intervention strategy to control
oxidative damage in broiler production.
ACKNOWLEDGMENTS

This work was supported by the National Natural Sci-
ence Foundation of China (Grant No. 32060759); the
Natural Science Foundation of Guizhou Province
(Grant No. ZK [2021] general 165); and the Fund of
Guizhou Animal Husbandry and Veterinary Research
Institute (No. [2018] 03-03)
DISCLOSURES

The authors declare no competing financial interest.
REFERENCES

Abdel-Wareth, A. A. A., M. Mobashar, A. Shah, and
A. B. Sadiq. 2022. Jojoba seed oil as feed additive for sustainable
broiler meat production under hot climatic conditions. Animals
(Basel) 12:273.

Acikgoz, Z., H. Bayraktar, O. Altan, S. T. Akhisaroglu, F. Kirkpinar,
and Z. Altun. 2011. The effects of moderately oxidised dietary oil
with or without vitamin E supplementation on performance, nutri-
ent digestibility, some blood traits, lipid peroxidation and antioxi-
dant defence of male broilers. J. Sci. Food. Agric. 91:1277–1282.

Adedokun, S. A., and O. C. Olojede. 2019. Optimizing gastrointesti-
nal integrity in poultry: the role of nutrients and feed additives.
Front. Vet. Sci. 5:348.
Al-Khalaifah, H., and A. Al-Nasser. 2021. Dietary source of polyun-
saturated fatty acids influences cell cytotoxicity in broiler chickens.
Sci. Rep. 11:10113.

Ammouche, A., F. Rouaki, A. Bitam, and M. M. Bellal. 2002. Effect
of ingestion of thermally oxidized sunflower oil on the fatty acid
composition and antioxidant enzymes of rat liver and brain in
development. Ann. Nutr. Metab. 46:268–275.

AOAC. 1990. Official Methods of Analysis. AOAC Int, Washington,
DC.

Boler, D. D., D. M. Fernandez-Duenas, L. W. Kutzler, J. Zhao,
R. J. Harrell, D. R. Campion, F. K. McKeith, J. Killefer, and
A. C. Dilger. 2012. Effects of oxidized corn oil and a synthetic anti-
oxidant blend on performance, oxidative status of tissues, and fresh
meat quality in finishing barrows. J. Anim. Sci. 90:5159–5169.

Chan, P.-K. 2003. Inhibition of tumor growth in vitro by the extract
of Fagopyrum cymosum (fago-c). Life Sci 72:1851–1858.

Chandrangsu, P., V. V. Loi, H. Antelmann, and J. D. Helmann. 2018.
The role of bacillithiol in gram-positive firmicutes. Antioxid.
Redox Signal. 28:445–462.

Chen, S., Y. Xue, Y. Shen, H. Ju, X. Zhang, J. Liu, and
Y. Wang. 2022. Effects of different selenium sources on duodenum
and jejunum tight junction network and growth performance of
broilers in a model of fluorine-induced chronic oxidative stress.
Poult. Sci. 101:101664.

Chen, Y. J., Y. J. Liu, L. X. Tian, J. Niu, G. Y. Liang, H. J. Yang,
Y. Yuan, and Y. Q. Zhang. 2013. Effect of dietary vitamin E and
selenium supplementation on growth, body composition, and anti-
oxidant defense mechanism in juvenile largemouth bass (Micropte-
rus salmoides) fed oxidized fish oil. Fish Physiol. Biochem. 39:593–
604.

Deng, R., Q. Xiang, Y. Chen, A. Wang, D. Zhang, and L. Xia. 2017. A
fertilizing method to enhance the dimeric procyanidin content in
Fagopyrum dibotrys rhizoma. Guizhou Acad. Agric. Sci, as-signee.
China Pat. No. CN 104:541 725 B.

Direito, R., J. Rocha, B. Sepodes, and M. Eduardo-Figueira. 2021.
Phenolic compounds impact on rheumatoid arthritis, inflamma-
tory bowel disease and microbiota modulation. Pharmaceutics
13:145.

Donald, K., C. Petersen, S. E. Turvey, B. B. Finlay, and
M. B. Azad. 2022. Secretory IgA: linking microbes, maternal
health, and infant health through human milk. Cell Host Microbe
30:650–659.

Dong, Y., J. Lei, and B. Zhang. 2020. Effects of dietary quercetin on
the antioxidative status and cecal microbiota in broiler chickens
fed with oxidized oil. Poult. Sci. 99:4892–4903.

Engberg, R. M., C. Lauridsen, S. K. Jensen, and K. Jakobsen. 1996.
Inclusion of oxidized vegetable oil in broiler diets. Its influence on
nutrient balance and on the antioxidative status of broilers. Poult.
Sci. 75:1003–1011.

Ge, F., M. M. Qi, L. N. Liu, J. Yan, A. Kang, S. L. Zhu, Y. Ji,
Z. C. Tian, H. F. Dai, and N. J. Ge. 2017. Tissue distribution of
main active components of Fagopyrum cymosum extracts in mice
with ulcerative colitis. Shijie Huaren Xiaohua Zazhi 25:3123–3132.

Grootveld, M., P. B. Addis, and A. Le Gresley. 2022. Editorial: die-
tary lipid oxidation and fried food toxicology. Front. Nutr.
9:858063.

Han, L. X., W. L. Yao, J. Pan, B. S. Wang, W. H. He, X. P. Fan,
W. H. Wang, and W. D. Zhang. 2022. Moniezia benedeni infection
restrain IgA(+), IgG(+), and IgM(+) cells residence in sheep
(Ovis aries) small intestine. Front. Vet. Sci. 9:878467.

Heinemann, U., and A. Schuetz. 2019. Structural features of tight-
junction proteins. Int. J. Mol. Sci. 20:6020.

Hintz, H. F., D. C. Beitz, G. L. Cromwell, D. G. Fox, R. W. Hemken,
L. M. Lawrence, L. P. Milligan, O. T. Oftedal, J. L. Sell, and
R. P. Wilson. 1994. Nutrient Requirements of Poultry. 9th rev. ed.
Natl. Acad. Press, Washington, DC.

Huang, L., X. Y. Ma, Z. Y. Jiang, Y. J. Hu, C. T. Zheng, X. F. Yang,
L. Wang, and K. G. Gao. 2016. Effects of soybean isoflavone on
intestinal antioxidant capacity and cytokines in young piglets fed
oxidized fish oil. J. Zhejiang Univ. Sci. B. 17:965–974.

Jang, H., S. Kim, H. Kim, S. H. Oh, S. Y. Kwak, H. W. Joo, S. B. Lee,
W. I. Jang, S. Park, and S. Shim. 2022. Metformin protects the
intestinal barrier by activating goblet cell maturation and epithe-
lial proliferation in radiation-induced enteropathy. Int. J. Mol. Sci.
23:5929.

http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0001
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0001
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0001
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0001
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0002
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0002
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0002
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0002
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0002
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0003
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0003
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0003
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0004
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0004
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0004
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0005
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0005
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0005
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0005
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0006
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0006
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0007
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0007
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0007
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0007
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0007
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0008
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0008
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0009
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0009
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0009
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0010
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0010
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0010
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0010
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0010
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0011
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0011
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0011
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0011
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0011
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0011
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0012
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0012
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0012
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0012
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0013
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0013
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0013
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0013
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0014
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0014
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0014
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0014
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0015
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0015
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0015
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0016
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0016
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0016
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0016
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0017
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0017
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0017
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0017
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0018
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0018
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0018
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0019
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0019
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0019
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0019
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0020
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0020
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0021
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0021
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0021
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0021
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0022
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0022
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0022
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0022
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0023
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0023
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0023
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0023
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0023


PROTECTIVE EFFECTS OF FAGOPYRUM DIBOTRY 13
Jones, R. M., J. W. Mercante, and A. S. Neish. 2012. Reactive oxygen
production induced by the gut microbiota: pharmacotherapeutic
implications. Curr. Med. Chem. 19:1519–1529.

Kieronczyk, B., M. Rawski, Z. Mikolajczak, S. Swiatkiewicz, and
D. Jozefiak. 2020. Nisin as a novel feed additive: the effects on gut
microbial modulation and activity, histological parameters, and
growth performance of broiler chickens. Animals (Basel) 10:101.

Kpomasse, C. C., O. E. Oke, F. M. Houndonougbo, and
K. Tona. 2021. Broiler production challenges in the tropics: a
review. Vet. Med. Sci. 7:831–842.

Lauridsen, C. 2019. From oxidative stress to inflammation: redox bal-
ance and immune system. Poult. Sci. 98:4240–4246.

Lauridsen, C. 2020. Effects of dietary fatty acids on gut health and
function of pigs pre- and post-weaning. J. Anim. Sci. 98:1–12.

Li, L., M. Sun, S. Zhang, Y. Wei, X. Shi, J. Zhang, T. Xu, and
T. Liu. 2015. Progress of chemical constituents and pharmacologi-
cal activity test of Fagopyrum dibotrys. Guid. J. Tradit. Chin.
Med. Pharmacy 21:46–48.

Li, X., J. Liu, Q. Chang, Z. Zhou, R. Han, and Z. Liang. 2021. Antiox-
idant and antidiabetic activity of proanthocyanidins from Fagopy-
rum dibotrys. Molecules 26:2417.

Liu, L., X. Cai, J. Yan, Y. Luo, M. Shao, Y. Lu, Z. Sun, and
P. Cao. 2012. In vivo and in vitro antinociceptive effect of Fagopy-
rum cymosum (Trev.) meisn extracts: a possible action by recovering
intestinal barrier dysfunction. Evid.-Based Compl. Alt. 983801 2012:.

Luk, G. D., T. M. Bayless, and S. B. Baylin. 1980. Diamine oxidase
(histaminase). A circulating marker for rat intestinal mucosal mat-
uration and integrity. J. Clin. Invest. 66:66–70.

Rizzatti, G., L. R. Lopetuso, G. Gibiino, C. Binda, and
A. Gasbarrini. 2017. Proteobacteria: a common factor in human
diseases. Biomed. Res. Int. 9351507 2017.

Rose-John, S. 2018. Interleukin-6 family cytokines. Cold Spring Harb.
Perspect. Biol. 10:a028415.

Ruan, H., T. Ji, W. Ji, S. Ma, and Z. Zhang. 2017. Effects of flavo-
noids from Fagopyri dibotryis rhizoma on the glycolipid metabo-
lism and antioxidation in type 2 diabetic rats. Parmacol. Clin.
Chin. Mat. Med 33:73–76.

Sadasivam, N., Y. J. Kim, K. Radhakrishnan, and D. K. Kim. 2022.
Oxidative stress, genomic integrity, and liver diseases. Molecules
27:3159.

Salehabadi, A., T. Farkhondeh, M. S. Harifi-Mood, M. Aschner, and
S. Samarghandian. 2022. Role of Nrf2 in bisphenol effects: a review
study. Environ. Sci. Pollut. Res. Int. 29:55457–55472.

Shen, L., P. Wang, J. Guo, and G. Du. 2013. Anti-arthritic activity of
ethanol extract of Fagopyrum cymosum with adjuvant-induced
arthritis in rats. Pharm. Biol. 51:783–789.

Sies, H. 2015. Oxidative stress: a concept in redox biology and medi-
cine. Redox Biol 4:180–183.

Siow, R. C., T. Ishii, and G. E. Mann. 2007. Modulation of antioxi-
dant gene expression by 4-hydroxynonenal: atheroprotective role
of the Nrf2/ARE transcription pathway. Redox Rep 12:11–15.

Staprans, I., J. H. Rapp, X. M. Pan, K. Y. Kim, and
K. R. Feingold. 1994. Oxidized lipids in the diet are a source of oxi-
dized lipid in chylomicrons of human serum. Arterioscler. Thromb.
14:1900–1905.

Tan, L., D. Rong, Y. Yang, and B. Zhang. 2018. Effect of oxidized
soybean oils on oxidative status and intestinal barrier function in
broiler chickens. Braz. J. Poult. Sci. 20:333–342.
Tan, L., D. Rong, Y. Yang, and B. Zhang. 2019a. The effect of oxi-
dized fish oils on growth performance, oxidative status, and intesti-
nal barrier function in broiler chickens. J. Appl. Poult. Res. 28:31–
41.

Tan, L., D. Zhang, J. Zhang, and R. Deng. 2019b. Effects of Fagopy-
rum dibotrys on antioxidant activity, intestinal barrier function
and serum biochemical parameters of broilers. Jiangsu Agricult.
Sci 47:232–235.

Tan, L., D. Zhang, J. Zhang, Z. Xu, and R. Deng. 2017. Effect of Fag-
opyrum dibotrys (D. Don) hara on growth performance, immune
function and intestinal structure of broilers. China Anim. Hus-
band. Vet. Med 44:3505–3511.

Tanaka, T., M. Narazaki, and T. Kishimoto. 2014. IL-6 in inflamma-
tion, immunity, and disease. Cold Spring Harb. Perspect. Biol. 6:
a016295.

Tavarez, M. A., D. D. Boler, K. N. Bess, J. Zhao, F. Yan, A. C. Dilger,
F. K. McKeith, and J. Killefer. 2011. Effect of antioxidant inclu-
sion and oil quality on broiler performance, meat quality, and lipid
oxidation. Poult. Sci. 90:922–930.

Vancamelbeke, M., and S. Vermeire. 2017. The intestinal barrier: a
fundamental role in health and disease. Expert Rev. Gastroenterol.
Hepatol. 11:821–834.

Varady, J., K. Eder, and R. Ringseis. 2011. Dietary oxidized fat acti-
vates the oxidative stress-responsive transcription factors NF-kap-
paB and Nrf2 in intestinal mucosa of mice. Eur. J. Nutr. 50:601–
609.

Varady, J., D. K. Gessner, E. Most, K. Eder, and R. Ringseis. 2012.
Dietary moderately oxidized oil activates the Nrf2 signaling path-
way in the liver of pigs. Lipids Health Dis 11:31.

Wan, J., and C. Pan. 2016. Influence of Fagopyrum dibotrys
medicinal liquor on IL-22, IL-18 and TNF-a of collagen
induced arthritis model rats. Chin. J. Ethnomed. Ethnophar-
macy 25:16–17.

Wang, K. J., Y. J. Zhang, and C. R. Yang. 2005. Antioxidant pheno-
lic constituents from Fagopyrum dibotrys. J. Ethnopharmacol.
99:259–264.

Zalejska-Fiolka, J., T. Wielkoszynski, S. Kasperczyk, A. Kasperczyk,
and E. Birkner. 2010. Effects of oxidized cooking oil and alpha-
lipoic acid on liver antioxidants: enzyme activities and lipid peroxi-
dation in rats fed a high fat diet. Biol. Trace Elem. Res. 138:272–
281.

Zhang, J., Y. Kuang, L. Liu, S. Yang, and L. Zhao. 2016. Chemical
constituents from root tubers of Fagopyrum dibotrys. Chin. Tradit.
Herbal Drug 47:722–725.

Zhang, B., Z. Lv, Z. Li, W. Wang, G. Li, and Y. Guo. 2018. Dietary l-
arginine supplementation alleviates the intestinal injury and mod-
ulates the gut microbiota in broiler chickens challenged by clostrid-
ium perfringens. Front. Microbiol. 9:1716.

Zhang, W., S. Xiao, E. J. Lee, and D. U. Ahn. 2011. Consump-
tion of oxidized oil increases oxidative stress in broilers and
affects the quality of breast meat. J. Agric. Food Chem.
59:969–974.

Zhang, Y., and C. Chen. 2018. The complete chloroplast genome
sequence of the medicinal plant Fagopyrum dibotrys (polygona-
ceae). Mitochondrial DNA B 3:1087–1089.

Zhang, Y., T. Mahmood, Z. Tang, Y. Wu, and J. Yuan. 2022. Effects
of naturally oxidized corn oil on inflammatory reaction and intesti-
nal health of broilers. Poult. Sci. 101:101541.

http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0025
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0025
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0025
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0026
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0026
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0026
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0026
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0027
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0027
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0027
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0028
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0028
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0029
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0029
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0030
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0030
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0030
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0030
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0031
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0031
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0031
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0032
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0032
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0032
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0032
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0033
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0033
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0033
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0034
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0034
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0034
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0035
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0035
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0036
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0036
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0036
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0036
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0037
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0037
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0037
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0038
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0038
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0038
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0039
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0039
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0039
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0040
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0040
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0041
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0041
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0041
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0042
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0042
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0042
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0042
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0043
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0043
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0043
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0044
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0044
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0044
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0044
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0045
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0045
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0045
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0045
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0046
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0046
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0046
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0046
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0047
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0047
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0047
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0048
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0048
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0048
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0048
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0049
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0049
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0049
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0050
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0050
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0050
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0050
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0051
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0051
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0051
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0052
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0052
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0052
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0052
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0052
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0053
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0053
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0053
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0054
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0054
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0054
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0054
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0054
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0024
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0024
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0024
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0055
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0055
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0055
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0055
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0056
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0056
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0056
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0056
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0057
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0057
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0057
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0058
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0058
http://refhub.elsevier.com/S0032-5791(22)00766-0/sbref0058

	Protective effects of Fagopyrum dibotrys on oxidized oil-induced oxidative stress, intestinal barrier impairment, and altered cecal microbiota in broiler chickens
	INTRODUCTION
	MATERIALS AND METHODS
	Bird, Diets, and Experimental Design
	Preparation of Oxidized Oil and Fagopyrum Dibotrys
	Growth Performance Measurement
	Sample Collection
	Antioxidant Enzyme Analysis
	Measurement of Secretory IgA in Mucosa
	Measurement of Serum Diamine Oxidase
	RNA Isolation and qRT-PCR Analysis
	16S rDNA Sequencing of Cecal Microbiota
	Statistical Analyses

	RESULTS
	Growth Performance
	Antioxidant Status
	Intestinal Secretory IgA Concentration
	Serum Diamine Oxidase Activity
	Relative mRNA Expression of Antioxidant, Inflammation, and Barrier Function-Related Genes in the Chicken Jejunal Mucosa
	Cecal Microbiome

	DISCUSSION
	DISCLOSURES

	REFERENCES


