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Abstract

Objectives: The broiler chickens are susceptible to heat stress (HS), including the
indigenous broilers raised in tropical and subtropical regions. HS caused intestinal dys-
function and disrupted the gut microbiota. However, the researches about the effects
of HS on ileal microbiome of indigenous broilers are limited. Therefore, this experi-
ment used 16S rRNA sequencing to analyse the ileal microbial community in indige-
nous yellow-feather broilers under HS.

Material and methods: The single factor completely random design was used in
the present study, and forty 8-week-old Chinese indigenous yellow-feather broilers
(Huaixiang chickens) were randomly divided into two treatments: normal temperature
(NT) group and HS group. There are five replications with four broilers per replicate
in each group. The broilers in NT group were raised at 21.3 + 1.2°C during the whole
experimental period, the broilers in HS group were exposed to 32.5 + 1.4°C for 8 h/day
from 9:00 amto 17:00 pm and the temperature of rest time is consistent with NT group.
The experiment lasted for 4 weeks.

Results: The results showed that HS exposure had no significant effects on the
alpha diversity index of ileal microflora of broilers, including the Shannon, Simp-
son, Chaol and ACE indexes (p > 0.05). At the genus level, HS significantly reduced
the relative abundance of Campylobacter (p < 0.05), and increased the abundance
of Delftia (p < 0.05). In addition, prediction of microbial community function indi-
cated that HS significantly enhanced the abundance of the microflora related
to lipid metabolism, carbohydrate metabolism and xenobiotics biodegradation and
metabolism and reduced the abundance of the microflora related to nucleotide
metabolism and amino acid metabolism.

Conclusions: Taken together, the present study revealed that chronic HS (4 weeks)

exposure changes the abundance of the ileal microflora of broilers. These findings
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indigenous broilers.
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1 | INTRODUCTION

Broiler chickens suffer from various stress conditions, including the
environmental stressors, which negatively influence the broilers’
health and productivity (Liu et al., 2021a; Najafi et al., 2015; Zhu et al.,
2019). The broilers are highly sensitive to high-temperature environ-
ment due to the feathers and high productivity. The optimal environ-
ment temperature range for broiler growth is between 21 and 26°C.
When the ambient temperature exceeds 32°C, it will induce heat stress
(HS) in broilers (Liu et al., 2019). According to the duration of HS, it can
be divided into acute HS and chronic HS (Liu et al., 2021c; Zhu, 2020).
Acute HS refers to the short and rapid increase of the ambient temper-
ature and the chronic HS refers to the relative long HS period (>3 days)
(Zhu, 2020). However, with the global warming, especially in tropical
and subtropical regions, chronic HS in summer has become one of the
biggest challenges in broiler production (Chauhan et al., 2021; Liu et al.,
2021b). It has been suggested that chronic HS exposure causes impair-
ment of physiological functions and organ health, such as endocrine
disorders and intestinal injury of broilers (Emami et al., 2021; Hirakawa
etal., 2020; Liu et al., 2021c). Along with the multiple physiological and
organ disturbances, HS also results in increased mortality and reduced
growth performance, which consequently leads to significant economic
losses for broilers producers (Quinteiro-Filho et al., 2010). Therefore,
the studies that explore the effects of HS on broilers are beneficial to
advocate an effective strategy to protect broiler chickens under HS
conditions.

The intestinal function has significant impacts on the health and
growth performance of poultry (Kadykalo et al., 2018; Kaldhudal et al.,
2016; Skinner et al., 2010). Also, the intestine is an important bar-
rier to maintain the stable internal environment (Guo et al., 2020; Liu
et al., 2020; Pan & Yu 2014). Emerging researches have demonstrated
that the gut microbiota has multiple biological functions and plays crit-
ical roles during HS in broilers (Liu et al., 2021a; Meng et al., 2018;
Mohamed et al., 2018). It has been suggested that the gut microbiota
could protect the host from pathogens and enhance host immunity
(Hudak et al., 2017; Roundjl et al., 2011; Serino et al., 2012; Swartztd
et al., 2013). Therefore, the balance of gut microbiota is of great signif-
icance to the broilers’ health and growth performance (Thomas et al.,
2019). Recently, omics technology has become an important method
to study the gut and/or organs health and development of broilers
(Zhao et al., 2021). Among the omics technologies, 16S rRNA sequenc-
ing technology has its OUT standing ability to identify microorganisms
with the rapid expansion of the 16S rRNA database, which has been
widely used in the detection of intestinal microbiota (Yoshimura et al.,

provided new insights into the role of HS in influencing ileal microbial community in
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2011; Zhao & Chen, 2015). In this regard, She et al. (2018) reported
that the application of antibiotics (chlortetracycline) changed the con-
tent of specific bacterial in the ileum and cecum of AA broilers via 16S
rRNA high-throughput sequence analyses. Shi et al. (2019) used 16S
rRNA technology to study the effects of HS on the cecum microflora
structure in Lingnan yellow broilers, and they observed that the HS
broilers had more bacteria and cyanobacteria than the normal temper-
ature group at phylum level.

As high meat quality indigenous yellow-feather broiler breed,
Huaixiang chickens, are widely farmed in southern China (Guo et al.,
2021a, b, c). However, the high ambient temperature in southern China
always causes HS in production of Huaixiang chickens, thus resulting
in a decline in intestinal health, and ultimately negatively affects the
productivity (Liu et al., 2019; Liu et al., 2021a, b). Because HS results
in insufficient feed intake and intestinal physical barrier damage, so
the balance of gut microbiota is easily disturbed by HS (Liang et al.,
2021; Richards et al., 2010; Rostagno et al., 2020). The ileum is the mid-
hindgut in poultry which is an important site for digestion and nutrient
absorption and has rich microorganisms (Shaufi et al., 2015). Neverthe-
less, there are no reports on the effects of HS on the ileal microbiota
of indigenous yellow-feather broilers based on 16S rRNA sequencing.
Therefore, this study was conducted to evaluate the effects of HS on
ileal microbial community in yellow-feather broilers (Huaixiang chick-
ens) via 16S rRNA high-throughput sequence analyses.

2 | MATERIALS AND METHODS

2.1 | Experimental animals and their feeding and
management

A total of 40 female yellow-feather broilers (Huaixing chickens, 8-
week-old) with an average weight of 840.75 + 20.79 g were randomly
divided into two treatments: NT and HS group. There were five repli-
cates in each group and four chickens in each replicate. This experi-
ment adopted the method which was a single factor completely random
design. Broilers in NT group were kept at an ambient temperature of
21.3 + 1.2°C throughout the experimental period. Broilers in HS group
were exposed to a high temperature of 32.5 + 1.4°C (8 h/day, from 9:00
amto 17:00 pm). The relative humidity of NT and HS was maintained at
55-70%. In order to better control the environment (heating is easier
in practice), the present animal trail has been carried out in winter from
mid-December to mid-January. The temperature of the two groups

is controlled by heating equipment to reach the experimentally set
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TABLE 1 Basal diet composition
Item Contents (%)
Ingredients
Corn 67.00
Soybean meal 23.00
Wheat bran 4.00
Fish meal 3.00
Limestone 1.50
CaHPO, 1.00
Premix* 0.50
Total 100.00

Nutrient levels?

ME (MJ/kg) 11.94
Crude protein (%) 18.22
Ca (%) 0.98
Met (%) 0.32
Cystine (%) 0.31
Lys (%) 0.90
Total phosphorus (%) 0.51

LPremix provided per kilogram of diet: 5000 IU of vitamin A, 1000 IU of vita-
min D3, 10 IU of vitamin E, 0.5 mg of vitamin K3, 3 mg of thiamin, 7.5 mg
of riboflavin, 4.5 mg of vitamin B6, 10 ug of vitamin B12, 25 mg of niacin,
0.55 mg of folic acid, 0.2 mg of biotin, 500 mg of choline and 10.5 mg of pan-
tothenic acid and 60 mg of Zn, 80 mg of Mn, 80 mg of Fe, 3.75 mg of Cu and
0.35mgof .

2Except for metabolisable energy (ME), others were measured values.

temperature, and simulated HS status in summer. The feeding trail
lasted 4 weeks. During the experiment, chickens were provided with
cages of 90 (length) x 70 (width) x 40 (height) cm, and it was ensured
that all chickens could freely obtain water and feed. All broilers were
fed corn-soybean meal basal diet (Table 1), and the diet formula accord-
ing to the Chinese chicken breeding standard (NY/T33-2004).

2.2 | Sample collection

After fasting for 12 h, one bird was randomly selected from each repli-
cate and slaughtered by jugular vein bloodletting; 5% of the benza-
lkonium bromide soaked for 5 min. Subsequently, the intestinal tract
was separated and opened longitudinally, and about 2 g of ileum con-
tents were collected in EP tube and put into the liquid nitrogen for pre-
frozen, and then transferred to the refrigerator at -80°C for subse-

quent microbiological analysis.

2.3 | DNA extraction and 16S rRNA sequencing of
ileal microflora

Personalibio Bio was commissioned to use lllumina MiSeq high-
throughput sequencing platform for 16S rRNA biodiversity sequencing
analysis of a total of 10 ileum samples from NT and HS. The experiment

includes the total DNA extraction of ileum microbial group, the target

fragment was amplified by PCA, and then the amplification product was
recovered and purified, the purified product was quantified by fluores-
cence, the sequencing library was prepared, and the high-throughput
sequencing was carried on the MiSeq sequencing instrument.
According to the results of lllumina MiSeq sequencing, the two-
terminal sequences through quality screening were paired connec-
tion according to overlapping bases by FLASH software. Then the con-
nected sequences were identified and assigned to the corresponding
samples according to the corresponding index information of each sam-
ple, so as to obtain the effective sequences of each sample. QIIME soft-
ware was used to eliminate the doubt sequences and count the num-
ber of sequences of the above effective sequences, so as to obtain the
sequences that can be used for subsequent analysis. Using QIIME soft-
ware, a sequence alignment tool (Edgar, 2010), the sequences obtained
above were merged and divided into OTUs according to 97% sequence
similarity, and the sequences with the highest abundance in each OTUs
were selected as the representative sequences of the OTUs. The rep-
resentative sequences of OTUs were identified and classified. Accord-
ing to the obtained OTU abundance matrix, R software was used to
calculate the number of common OTUs in NT and HS groups, and the
proportion of common and unique OTUs in each group was visually
presented through Venn diagram. Chao1, Shannon, Simpson and ACE
indices were calculated by QIIME software (Version 1.7.0). The values
of indices can reflect the complexity of the sample community. Alpha
diversity of OTU was calculated, and the species diversity curve was
displayed to obtain the information of species richness and evenness
in the sample. Principal component analysis (PCA) was performed on
the community composition structure at the genus level by using R
software, and the natural distribution characteristics between sam-
ples were described by two-dimensional images. Through Metastats,
the richness of taxa at the level of phylum, class, order, family, genus
and species between samples or groups was statistically compared and
displayed the form of violin plot combined with box plot (White et al.,
2009). The GraPhlAn visualisation tool was used to construct a hierar-
chical tree for the composition of the sample at each classification level
(Asnicar et al., 2015). At the same time, each classification unit was dis-
tinguished by different colours, and their abundance distribution was
reflected by the node size, so as to quickly find the dominant microbial
groups. The community composition data at each classification level
were clustered according to the abundance distribution of classifica-
tion units or the similarity between samples, and the classification units
and samples were sorted according to the clustering results. The R soft-
ware was used to cluster the top 50 genera of abundance and draw
the heat map. Linear discriminant analysis effect size (LEfSe) was per-
formed using default parameters to detect groups with rich differences
between groups (Segata et al., 2011). Partial least squares discriminant
analysis (PLS-DA) was also introduced as a supervised model, using
R software to reveal the microbial flora differences between groups.
Using PICRUSt, 16S rRNA gene sequences can be predicted in KEGG
functional spectrum database. According to the prediction results of
PICRUSt, the annotation information of each sample corresponding
to each functional spectrum database can be obtained, and the abun-

dance matrix of the predicted functional groups can be obtained. Then
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FIGURE 1 OTU classification and classification status identification results statistical chart. Abscissa is arranged according to the sample
name, and the ordinate is the number of OTUs that can be classified into phylum, class, order, family, genus and species in each sample. NT, normal

temperature group (21.3 + 1.2°C); HS, heat stress group (32.5 + 1.4°C)

the abundance of the predicted functional groups in each sample can
be displayed in the form of violin plot combined with box plot.

2.4 | Statistical analysis

The experiment uses QIIME software to divide OUT and draw sparse
curves. Statistical algorithm of Metastats in Mothur software was used
to determine the difference in sequence amount (relative abundance)
of each taxonomic at the phylum and genus level between groups. The
relative abundance matrix of the genus level submitted to the online
analysis platform was LEfSe scored by Galaxy. R software was used to
perform PCA analysis, draw heat map, and build PLS-DA discriminant
model. PICRUSt was used to predict the function of the tested gene
sequence. Alpha diversity data and the data of statistics of the num-
ber of microbial groups at each classification level were expressed as X
+ Sand analysed by SPSS 16.0. One-way analysis of variance and t-test
were used to compare the differences of alpha diversity and key flora
between groups. p < 0.05 indicated that the difference was statistically

significant.
3 | RESULTS
3.1 | Operational taxonomic unit partition and

classification

Figure 1 presented the results of OTUs partition and classification sta-

tus identification. There were no significant differences in the number

FIGURE 2 Venndiagram which shows the proportion of common
and unique OTUs in each group. Blue represents HS group and orange
represents NT group. NT, normal temperature group (21.3 + 1.2°C);
HS, heat stress group (32.5 + 1.4°C)

of OTUs at six different classification levels between the NT group and
the HS group (p > 0.05). There were 838 common OTUs between the
NT group and the and HS group. The NT group acquired 327 OTUs,
whereas 201 OTUs from the HS group were acquired (Figure 2).

3.2 | Alpha diversity analysis

The alpha diversity index, including Simpson, Chao1, ACE and Shan-
non index, was presented in Table 2, and the results showed that HS
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TABLE 2 Effect of heat stress on the diversity index of ileal
microflora of indigenous yellow-feather broilers

NT HS p Value
Simpson 0.85+0.04 0.71+£0.11 0.251
Chao 1 507.78 + 25.60 447.57 +£58.78 0.375
ACE 528.02+28.56 466.09 + 60.69 0.382
Shannon 4.74 +0.29 0.246

NT, normal temperature group (21.3 + 1.2°C); HS, heat stress group (32.5 +
1.4°C). p < 0.05 was considered to be statistically significant.

TABLE 3 Effect of heat stress on the number of microbial groups
in different levels of ileal microflora of indigenous yellow-feather

broilers
NT HS p Value
Phylum 6.80+0.58 7.2+0.73 0.681
Class 13.00+1.73 13.20 +1.50 0.993
Order 20.80 +2.03 20.80 +2.03 1.000
Family 31.00+5.26 32.60 +4.05 0.816
Genus 32.80+6.26 30.20+4.75 0.749
Species 14.60 +2.93 12.00+1.79 0.470
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FIGURE 3 PLS-DAdiscriminant analysis diagram. Each point
represents a sample. Blue represents HS group and orange represents
NT group. Points with the same colour were marked with ellipses. If
the samples belonging to the same group were closer to each other,
and the distance between points in different groups is farther, the
classification model is good. NT, normal temperature group (21.3 +
1.2°C); HS, heat stress group (32.5 + 1.4°C)

exposure had no significant effect on these alpha diversity index of ileal

microflorain broilers (p > 0.05).

3.3 | Beta diversity analysis

The results of the beta diversity analysis were shown in Figure 3. The
distance between samples in NT group was close, so was HS group. But
the distance between NT group and HS group was far, which means
that the classification model was better.

3.4 | Analysis of taxonomic composition

As described in Table 3, compared with NT, HS had no significant
effect on the abundance of ileal microflora at the six levels includ-

NT, normal temperature group (21.3 + 1.2°C); HS, heat stress group (32.5 +
1.4°C). p < 0.05 was considered to be statistically significant.

ing phylum, class, order, family, genus and species (p > 0.05). Fig-
ure 4a shows that at the phylum level, compared with the NT, HS
increased the relative abundance of Firmiaicutes and Thermi in the
ileum and decreased the relative abundance of Proteobacteria, Acti-
nobacteria and Bacteriodetes, but both of them did not reach a sig-
nificant level (p > 0.05). At the class level, after HS treatment, the
abundances of Bacilli and Alphaproteobacter increased, while the rela-
tive abundances of Gammaproteobactia, Clostridia and Alphaoroteobac-
teria decreased (Figure 4b), but both of them did not reach a sig-
nificant level (p > 0.05). As shown in Figure 4c, compared with the
NT group at the order level, HS increased the abundance of Lacto-
bacillales, Campylobacterales and Actinomycetalesd, and decreased the
abundance of Clostridiales, Ehterobacteriales, Sphingomonadales, Psead-
omnadales and Pasteurellales, but both of them not reached a signifi-
cant level (p > 0.05). At the family level (Figure 4d), compared with NT,
HS increased the relative abundance of Lactobacillales and Helicobac-
teraceae, and decreased the relative abundance of Clostridiales, Enter-
obacteriaceae, Oxalobacteracease, Sphingomonadaceae, Pasteurellacease,
Moraxellaceae and Enterococcaceae, but both of them did not reach a sig-
nificant level (p > 0.05). Finally at the genus level (Figure 4¢), compared
with NT, HS increased the abundance of Lactobacillus, and decreased
the relative abundance of Candidatus-Arthromitus, Gallibacterium, Eente-
rococcus and Campylobacter, but both of them did not reach a significant
level (p > 0.05).

Using the statistical algorithm of Metastats, the difference analysis
of the sequence number (i.e. absolute abundance) between NT and HS
at the genus and genus level for each taxa was shown in Figure 5. At
the genus level, the abundance of Campylobacter in NT was significantly
higher than that in HS (p < 0.05).

As shown in Figure 6, at the genus level were significant differ-
ences between NT and HS in Campylobacter, Campylobacter, Coma-
monadaceae and Delfia. The bacterial abundance of Campylobacter and
Campylobacter in NT was significantly higher than that in HS (p < 0.05).
The abundance of Comamonadaceae and Delftia in NT was significantly
lower than that in HS (p < 0.05).

Using GraPhlAn software to build a hierarchical tree, as shown
in Figure 7 indicating that Fimicutes, Bacilli, Lactobacillales, and Lac-

tobacillus were the advantage groups, and following groups were
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Proteobaacteria. These bacteria could be used as the key strains to fur-
ther explore the effect of HS on intestinal microorganisms.

As shown in Figure 8, compared with NT group, HS reduced the
abundance of Lactococcus, Erwinia, Herbiconiux and Aurantimonas, and
increased the abundance of Bacteroides, Desufovibrio, Delftia, Bdellovib-
rio, Corynebacterium, Rothia, Bombwasardovia and Astioccacualwas, but
both of them did not reach a significant level (p > 0.05).

3.5 | Prediction of metabolic function of microflora
As shown in Figure 9, compared with NT, HS enhanced the abundance
of xenobiotics biodegradation and metabolism, lipid metabolism and
carbohydrate metabolism in the ileum of Huaixiang chickens. HS could
also weaken the nucleotide metabolism and amino acid metabolism of

the ileal microflora.
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FIGURE 5 The abundance distribution map of the taxa with the
most significant differences in Metastats between groups. The violin
chart can visually display the distribution characteristics of the data.
The ‘fat and thin’ of the ‘violin’ reflects the density of the sample data
distribution (the wider the width, the more samples corresponding to
the sequence amount). Red represents the NT group, and blue
represents the HS group. NT, normal temperature group (21.3 +
1.2°C); HS, heat stress group (32.5 + 1.4°C)

4 | DISCUSSION

As we know, HS has a series of adverse effects on the intestinal
function of broilers, including destroying the physical barrier of the
intestine, disturbing the balance of microflora and affecting the gut
digestion and absorption (Nosrati et al., 2017; Liu et al., 2021a). In
recent years, with the development of intestinal microbial identifica-
tion technologies such as 16S rRNA, researchers’ attention to intesti-
nal microbes has increased (He et al., 2013). This study is based on 165
rRNA sequencing technology, using high-temperature environment as
a harmful factor to explore the impact of HS on local yellow-feather
broiler breed (Huaixiang chicken). This research showed that the spe-
cific OTUs number of the HS group is relatively low compared with the
NT group, indicating that HS exposure reduced the diversity of the ileal
microflora. Peng (2016) demonstrated that 31°C HS exposure could
reduce the diversity of the ileal microflora in broilers. However, in the
research report of Li et al. (2016), HS has greater influence on the ileal
microflora of Rizhao chickens than other intestinal microflora, and the
abundance and diversity of the microflora in the ileum will increase
with the increase of HS time. Therefore, the results of previous studies
were not consistent. This may be related to the broiler breeds, growth
stages and feed formula (Wang et al., 2020).

In this experiment, although HS exposure had no significant effect
on alpha diversity of the ileal microflora; however, the broilers in HS
group had lower Shannon, Simpson, Chao1 and ACE index than those
in NT group, which is consistent with the OTU results. Similarly, Xiong

et al. (2020) suggested that the Simpson index of pig manure in the
HS group was significantly lower than that of the NT group, while the
Shannon index was not different. Sohail et al. (2015) also reported
that HS exposure had profound effects on the species richness of cecal
microflorain broilers, but it did not obviously influence the alpha diver-
sity. At the same times, Xing et al. (2019) found that cyclic HS had no
significant effect on the species richness and alpha diversity of the cecal
microflora in laying hens. But, Hsieh et al. (2017) studied the effect of
HS on the cecal microflora of laying hens at different growth stages, and
the alpha diversity of cecal microflora began to increase after 2 weeks
of HS exposure and then reached a significant level after 3 weeks of HS
exposure. Wanget al. (2018) reported that the species richness of broil-
ers’ ileal microflora increased significantly after 14 days of HS. There-
fore, the effects of HS on gut microflora of broilers are complex and
changeable, and the experimental results were not completely consis-
tent. Actually, previous study also has indicated that the changes of the
intestinal microflora were not exactly the same due to the influence
of extent and duration of HS (Khosravl, 2013). Moreover, some stud-
ies have demonstrated that the effect of HS on the alpha diversity of
broiler ileum microflorais mainly related to the reduction of feed intake
(Wang, 2019). Therefore, the diet types, growth stages, stress intensity
and duration, broiler strains and the different intestinal segments could
explain the variable effects of HS on the intestinal microbial structure
in broilers.

Regarding the taxonomic composition of the ileal microflora, the
present study found that the abundance of Campylobacter was signif-
icantly reduced by HS, while the abundance of Delftia was significantly
increased by HS. Previous studies have shown that Delftia, as a non-
pathogenic environmental organism, is commonly found in potentially
malignant tumours patients with low immune function (Hagiya et al.,
2013; Mei et al., 2018; Ranc et al., 2018). This shows that Delftia is
pathogenic to the body with low immunity. HS causes decreased feed
intake, enhanced metabolism and decreased immune function of live-
stock and poultry, which ultimately results in decreased growth, pro-
duction and reproductive performance of livestock and poultry (Goo
et al., 2019; Mohamed et al., 2019; Sejian et al., 2018). This gave Delf-
tia an opportunity; that is, the amount of Delftia in the ileum of Huaixi-
ang chickens increased significantly after HS. The changes in the num-
ber of Campylobacters can be linked to the prediction results of the
intestinal microflora metabolic function in this test. The test results
show that HS will reduce the amino acid metabolism function of the
microflora, while the high carbohydrate metabolism function. Surpris-
ingly, Campylobacter lacks the ability to use many common carbohy-
drates as carbon sources but can effectively use citric acid cycle inter-
mediates and various amino acids, especially closely related with aspar-
tic acid, glutamic acid, serine and proline acid metabolism (Parkhill
et al., 2000; Stahl et al., 2012). Therefore, the decrease in the abun-
dance of Campylobacter in the ileum of Huaixiang chickens under high
temperature is likely to be related to the decrease in the metabolic
function of the microflora caused by HS. In addition, we have also
noticed that the lipid metabolism function of the flora in the ileum of
Huaixiang chickens will be significantly reduced under the influence of

high-temperature environment. Previous studies have shown that HS
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Intergroup difference classification unit display based on classification hierarchy tree. The longer the length, the more significant

the difference of the taxon; the red represents the NT group, and the green represents the HS group. NT, normal temperature group (21.3 + 1.2°C);

HS, heat stress group (32.5 + 1.4°C)

can reduce feed intake and increase energy consumption in broilers. In
order to alleviate this phenomenon, the body will enhance the mobilisa-
tion of glycogen and amino acids, regulate key gluconeogenic enzymes
to promote their metabolism and promote fat synthesis and deposi-
tion, thereby alleviating the negative balance of energy metabolism
(Akslt et al., 2006; Guo et al., 2020; Habashy et al., 2017; Ma et al.,
2021). Lu et al. (2018) believed that the way to alleviate the neg-

ative energy balance will lead to changes in fatty acid biosynthesis
pathways and cause lipid metabolism disorders. Combined with this
experiment, changes in the lipid metabolism function of the intestinal
microflora can also be one of the directions for future exploration of
HS-induced lipid metabolism disorders. This series of changes reminds
that the high-temperature environment has an interlocking influence

on the various systems of broilers. When exploring the effects of HS on
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broilers, we should consider the other side from multiple angles and

cannot be single.

5 | CONCLUSIONS
In conclusion, this study showed that yellow-feather broilers (Huaixi-
ang chickens) were exposed to heat stress for 4 weeks, the abundance

of Campylobacter in the ileum decreased and the abundance of Delftia

in the ileum increased. The alpha diversity of ileal microbiota was not
significantly affected by HS exposure. These findings were beneficial
to further researches on the effects of HS on intestinal health in slow-

growing yellow-feather broilers.
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