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Lactic acid bacteria (LAB) are organic supplements that have several advantages
for the health of the host. Tibetan chickens are an ancient breed, which evolve
unique gut microbiota due to their adaptation to the hypoxic environment of
high altitude. However, knowledge of LAB isolated from Tibetan chickens is very
limited. Thus, the purpose of this study was to assess the probiotic properties
of Lactobacillus Plantarum (LP1), Weissella criteria (WT1), and Pediococcus
pentosaceus (PT2) isolated from Tibetan chickens and investigate their effects
on growth performance, immunoregulation and intestinal microbiome in broiler
chickens. Growth performance, serum biochemical analysis, real-time PCR, and
16S rRNA sequencing were performed to study the probiotic effects of LP1, WT1,
and PT2 in broiler chickens. Results showed that LP1, WT1 and PT2 were excellent
inhibitors against Escherichia coli (E. coli ATCC25922), meanwhile, LP1, WT1, and
PT2 significantly increased weekly weight gain, villus height, antioxidant ability and
gut microbiota diversity indexes in broilers. In addition, LP1 and PT2 increased the
relative abundance of Lactobacillus and decreased Desulfovibrio in comparison
with T1 (control group). Additionally, oral LAB can reduce cholesterol and regulate
the expression of tight junction genes in broiler chickens, suggesting that LAB can
improve the integrity of the cecal barrier and immune response. In conclusion,
LAB improved the growth performance, gut barrier health, intestinal flora balance
and immune protection of broiler chickens. Our findings revealed the uniqueness
of LAB isolated from Tibetan chickens and its potential as a probiotic additive in
poultry field.

Tibetan chicken, growth performance, microbiome, broiler, Lactobacillus

Introduction

The intestinal tract contains billions of microbial species, including bacteria, fungi, protozoa,
and viruses (Qin et al., 2010). Microbes in the gastro-intestinal tract (GIT) are very important
for the health and growth of the host, particularly when it is young. During this important time
of exposure to microbes, microbes help the host’s immune system development, nutritional
absorption, growth performance and inhibition of pathogenic bacteria (Belkaid and Hand, 2014;
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Hakansson et al., 2015; Chen et al., 2017). Evidence shows that this
sort of alternation of gut microbiota (often called dysbiosis) cause all
sorts of health issues including diarrhea and inflammation (Cerf-
Bensussan and Gaboriau-Routhiau, 2010; Nagalingam et al., 2011;
Arfken et al., 2020; Rutkowski et al., 2022; Uthaibutra et al., 2023).
Overall, the balance of the intestinal microbiota is critical for
maintaining the health of intestine and regulating the growth of the
animal (He et al., 2022; Hu et al., 2023).

Probiotics, which contain organic acids, digestive enzyme activity,
immune and antioxidant factors, is considered an effective strategy for
the prevention of environmental side effects (Kumar et al., 2022). The
potential role of probiotics in promoting physical health is
accomplished by the maturation of intestinal barrier and the balance
of gut microbiota (de Vos et al., 2022). Previous studies have suggested
that probiotic feeding is beneficial for growth performance, immune
maturation and gut health (Liu B. et al., 2022). Lactic acid bacteria
(LAB) are the most important strain of probiotics due to its role in
maintaining microbial flora balance and regulating animal growth
(Lutful, 2009; Abd et al., 2020). The proposed mechanisms for
Lactobacillus include bacteriocin and short-chain fatty acid
production, which enhance the inhibitory effects against pathogens
and promote gut microbiome profiles (Vernocchi et al., 2020). Some
of the most commonly recognized genera in the LAB include
Leuconostoc, Bifidobacterium, Pediococcus, Weissella, Lactobacillus,
Lactococcus, and Streptococcus (Karami et al., 2017).

The Tibetan chicken, which are mainly situated in the Tibetan
Plateau (elevation of 3,000~5, 000 m), is one of the precious breed with
high tolerance to cold and low oxygen levels. Previous studies have
reported the probiotic potential of Tibetan animals, including the
positive effect of growth of Lactobacillus isolated from Tibetan yaks
(Wang et al,, 2022). It is speculated that the unique environment (high
altitude) of the Tibetan Plateau promotes the development of
microbiota diversity in the gut of the local inhabitants including
animals, which helps in the disease resistance and maintain their
health in harsh conditions (Li et al., 2016). It is well established that
the population or number of Lactobacillus species that can
be associated with excellent probiotic protection (Pan et al., 2018).
However, there is very little knowledge about the LAB of Tibetan
chickens. So, we hypothesized that LAB from Tibetan chickens has the
potential to improve broiler performance. Therefore, this study aims
to isolate LAB bacteria from Tibetan chickens and investigate their
effects on growth performance, immunoregulation and intestinal
microbiome in broiler chickens. This study highlights the beneficial
effects of LAB on broiler chickens, indicating that LAB can be used as
a probiotic additive in broiler feed.

Materials and methods
Isolation and identification of LAB

Cecum content from 59 Tibetan chickens was collected in Linzhi,
Tibet, and immediately frozen in liquid nitrogen and stored at —80
until analysis. Briefly, 1 g cecum content was added into MRS broth
and shaken (200r/h) for 24h at 37°C. The 10 pL supernatant was
incubated on MRS agar (Hangzhou Reagents, China) at 37°C for 48h
in an anaerobic condition. The creamy, mellow roundness was
suspected to be LAB and selected for purification. This process was
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repeated two to three times until a single pure colony of the same form
was obtained. A suspected LAB colony was then selected and
inoculated in MRS broth for 24 h.

The isolated strains were identified by Gram-staining, biochemical
tests and 16S rRNA sequencing. Microbial genomic DNA was
extracted using the method described previously (Wang et al., 2018)
and 16S rRNA gene was amplified using universal PCR primers 27F
(5 0 -AGAGTTTGATCCTGGCTCAG-3 0) and 1492R (5 0
-TACGGCTACCTTGTTACGACTT-3 0). The thermal cycling
parameters were as follows: 95°C for 5min followed by 35 cycles of
denaturation at 94°C for 1 min, primer annealing at 54°C for 45s,
elongation at 72°C for 1 min and thermal retardation at 72°C for
10 min. Furthermore, the PCR products were sequenced at the Qingke
Biotech Company (Wuhan, China) and analyzed by using nucleotide
BLAST on the NCBI website.

Ability of LAB to tolerate acid and cholate

With the purpose of testing the survival rate of LAB strains in
acidity and bile salt environment. 100pL bacterial solutions
(1x10® CFU/mL) were inoculated in MRS medium with different pH
(pH=2, 3,4, 5, 6) or bile salt levels (i.e., 0.1, 0.2, 0.3, 0.4, 0.5%) for 18 .
A culture medium of 100 pL was then spread on a MRS agar plate and
incubated in an anaerobic condition for 24 h. The survival equation
was consistent with the method described previously (Wang et al.,
2018). Strain survival rate (%) =[E/C]x100%, E is the number of
colonies in the experimental group, C is the number of colonies in the
control group. Non-bile salted MRS and non-HCI MRS were used
as controls.

In vitro antibacterial test

The anti-E. coli ability of LAB was investigated by the diffusion
test. First, we got a 5mm hole with a punch in Luria-Bertani (LB) agar
planted with 100 pL E. coli ATCC 25922 (1x10* CFU/mL). Then,
100 pL LAB culture fluid (1 x 10®* CFU/mL) was injected into the 5mm
hole. Blank disks were inoculated with 100 pL. MRS medium. The
inhibitory zone of E. coli was measured after incubation at 37°C for
24h. At the same time, the drug-sensitive test was carried out to
explore the difference between LAB and antibiotics for E. coli.

Animal experiments

Eighty, 1day healthy Arbor Acres (AA) chickens with similar
initial weight (50 + 3 g) were purchased from a commercial hatchery
(Jingzhou, China) and housed under a standard feeding environment
(humidity: 62%, temperature: 32°C, illumination time: 23h/1h light/
dark cycle) in Huazhong Agricultural University’s animals’ facility.
The experiment started after 3 days of acclimation of broiler chickens
and continued until the end of 28 days. On the fourth day, all broiler
chickens were randomly distributed into four groups (n =20) named
T1 (control group), T2, T3 and T4. The T2, T3, and T4 groups were
supplied with the LP1 solution (1x10* CFU/mL), WT1 solution
(1x10* CFU/mL) and PT2 solution (1x 10®* CFU/mL), respectively.
All broiler chickens had free access to water and feed during the
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28-day trial. Weekly records of body weight during the early and late
stages. At 28days, all chickens were anesthetized before slaughter.
Cecum contents were collected for gut microbial diversity, and 2 cm
cecum tissues were preserved in a formaldehyde solution (4%) to
observe the appearance and morphology of tissue sections with
reference to He's method (He et al., 2022). The formaldehyde-treated
cecal tissues were embedded in paraffin, sliced and stained with
H&E. In addition, the morphology of each tissue slice and the height
of the intestinal villi were observed and measured using
light microscopy.

Biochemical detection

3mL blood was collected from the jugular vein into a vacuum
blood collection tube and centrifuged at 3000 r/min for 30 min to
obtain the serum. Serum biochemical indices were detected using
biochemical kits according to the manufacturer’s procedures. All kits
were purchased from Nanjing Jiancheng Institute of Biological
Engineering (Nanjing, China). Serum biochemical indices including
Serum total antioxidant capacity (T-AOC), triglyceride (TG), low
density lipoprotein cholesterin (LDL-C), high density lipoprotein
cholesterin (HDL-C), catalase (CAT), glutathione peroxidase (GSH-
Px), superoxide dismutase (SOD) and malondialdehyde (MDA) were
measured for further investigation.

RNA extraction and real-time PCR

With reference to Zhang’s method (Zhang et al., 2022), RNA was
extracted from 2g cecum tissue by TRIzol reagent (Accurate
Biotechnology Co., Ltd), and gDNA was obtained by reverse
transcription according to Yu's method (Yu et al., 2017). The expression
levels of inflammatory factors (IL-1p, IL-6, IL-10, TLR 4) and tight
junction cytokine (ZO-1) were measured using RT-PCR. 10 uL of PCR
reaction system containing 1 pL of cDNA, 3.6 pL of DEPC water, 0.4 pL
of each primer and 5 pL of mix (Vazyme, Nanjing, China). The thermal
cycling parameters were 95°C for 2 min, annealing at 95°C for 20s and
40 cycles of extension at 60°C for 30s, at the end, annealing at 72°C for
2 min. The relative expression of each gene was calculated based on the
expression of reference gene of f-actin gene.

DNA extraction and 16S rRNA
high-throughput sequencing

The genomic DNA was extracted by the QIAamp DNA Mini Kit
(QIAGEN, Hilden, Germany) and quantified using a UV-visible
spectrophotometer (NanoDrop 2000, United States). With the aim
to amplify the V3/V4 region of 16S rRNA, the primers (338F:
ACTCCTACGGGAGGCAGCA and 806R: GGACTACHVGGG
TWTCTAAT) were synthesized. The 2% agarose gel electrophoresis
and the AxyPrep DNA gel Extraction Kit (Axygen, CA, United States)
were used to evaluate the PCR amplified products and retrieve the
target fragment, respectively. The samples were mixed proportionally
to the corresponding reference qPCR results and the sequencing
volume. The qualified PCR products were used to construct
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sequencing libraries by TruSeq Nano DNA LT Library Prep Kit
(Illumina, CA, United States). At the same time, the final fragments
were selected and purified using electrophoresis on a 2% agarose gel.
Eventually, eligible libraries were sequenced for high-throughput
sequencing according to Luo’s method (Liu S. et al., 2022).

Bioinformatics and statistical analysis

Raw data from high-throughput sequencing was qualitatively
screened using QIIME software (QiIME 1.9.1). According to the
barcode information, the qualified sequences were classified and
clustered into OTUs based on 97% similarity. Meanwhile,
representative sequences were identified and phylogenetic analysis
was conducted. The relative abundance distribution of OTUs in
each sample was used to calculate gut microbial diversity.
diversity was used to analyze the differences and similarities of the
main components of intestinal flora. More precisely, scattered
curves are generated for each sample in order to evaluate
sequencing depth.

Results
Colony morphology and genetic analysis

The colonies were milky white, round and smooth
(Figures 1A-C). Lactobacillus plantarum (LP1; Figure 1A),
Weissella criteria (W. criteria; Figure 1B), and P. pentosaceus (PT2;
Figure 1C) were Benzpyrole-negative, H,S-negative, Maltose-
positive and own other unique biochemical characteristics
(Figure 1D). Besides, LP1 (Figure 1A1) and WT1 (Figure 1B1) were
Gram-positive bacilli with short rod-like morphologies, the PT2
was Gram-positive coccus and looks spherical and small
(Figure 1C1).

The 16S rRNA amplification product was detected by 1% agarose
gel electrophoresis (Figure 1E). The length of the 3 amplified fragments
was about 1,500bp (Figure 1E), which was in accordance with our
expected value. Additionally, the gene sequencing analysis revealed that
WT1 was 99% homologous to W. criteria. PT2 manifested 99%
homologous to P. pentosaceus, and LP1 showed 99% homologous to

L. plantarum.

Ability of Lactobacillus to tolerate acid and
bile

The isolated strains were incubated at different pH (2, 3, 4, 5, 6)
or bile salt (0.1%, 0.2%, 0.3%, 0.4%, 0.5%) for 16 h at 37°Cfor 16 h. All
the strains Lactobacillus Plantarum (LP1), Weissella cibaria (WT1),
and Pediococcus pentosaceus (PT2) manifested to be tolerant to strong
acid (pH =3; Figures 2A-C), such as, the survival rate of LP1, WT1,
and PT2 reached 66.78%, 45.29%, and 52.54% at pH = 3, respectively.
Meanwhile, at 0.3% bile salt, the survival rate of 3 strains was
observed as LP1:58.38%, WT1: 47.13%, PT2:45.45%. In particular,
LP1 showed great tolerance to the bile salt, reaching a survival rate of
58.38% (Figures 2A1-C1).
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(A—C) The colony morphology of the LP1 (A), WT1 (B), and PT2 (C). (A1-C1) The Gram staining result of LP1 (A1), WT1 (B1), and PT2 (C1). (D) The
biochemical result of LP1, WT1 and PT2. (E)The 16S rRNA agarose gel electrophoresis of LP1, WT1, PT2 PCR amplified product. M: 2,000 bp DNA
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Antibacterial effect of Lactobacillus from
Tibetan chickens

The obtained results revealed that LP1, PT2, and WT1 had
positive anti-E. coli effect. The inhibitory zone diameter ranged from
14mm to 31 mm (Figure 3A), Notably, the average E. coli ATCC25922
growth inhibition capability of LP1 reached 30.61 mm (Figure 3B),
showing a more considerable effect than PT2 and other 7 kinds of
antibiotics (p<0.01; Figure 3C).

Effect of LAB on broiler growth
performance

In the current study, it was found that administration of LAB
(1x10* CFU/mL) could significantly improve the growth

Frontiers in Microbiology

efficiency and weight gain of AA broilers. The data clearly showed
that feeding LP1, WT1, and PT2 accelerated weight gain in AA
broilers. During the first week, there was no obvious difference
between the groups (Figure 4A). While, the weight difference of
broilers gradually increased with the extension of feeding time. In
the second week (Figure 4B), there was a significant difference
among the T1 (control), T2 (LP1 supplement), T3 (WT1
supplement), and T4 (PT2 supplement) groups. Especially, LP1
manifested a perfect effect on weight gain during week 3 compared
to the T1, T3 groups (Figure 4C). At week 4 of feeding (Figure 4D),
the mean body weight of the T2, T3 and T4 groups was 510.12 g,
489.66 g and 528.32 g, respectively. T2 (510.12 g) and T4 (528.32g)
were obviously higher than T1 group (416.66 g; p <0.0001). The
results implied that in terms of body weight gain, LP1 and PT2
have extensive potential and great exploitation prospects in
poultry feed.
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(A—C) The tolerance of the LP1, WT1, and PT2 to acid condition [(A) LP1, (B) WTZ1, (C) PT2]. (A1-C1) The tolerance of the LP1, WT1 and PT2 to bile salt
environment [(A1) LP1, (B1) WTZ, (C1) PT2].
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FIGURE 3

(A) The antibacterial effect of LP1, WT1, and PT2. (B) The inhibition zones diameter of LP1, WT1, PT2 against Escherichia coli ATCC25922. (C) Antibiotic
susceptibility test for E. coli ATCC25922. ** represents p < 0.01.

Effects of Lactobacillus on villus helght in there was no difference in the intestinal epithelial morphology of 4
the small intestine of AA broilers groups (T1, T2, T3, and T4). Notably, the height of the cecum villi of
T3, T4 was obviously higher than T1. Conversely, there was no

It was found that the villus morphology of the cecum was clear  difference between T1 and T2 groups. In particular, the villus height
and intact under the Olympus BX53 microscope (Figure 4E), in which  of the T3 group exhibited a higher surface area compared to other
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(A-D) The weekly weight of Broiler chickens per group, T1: Control group; T2: LP1 supplement group; T3: WT1 supplement group; T4: PT2
supplement group. (E,F) The morphology of cecum villus and villus height. * represents p < 0.05, ** represents p < 0.01, *** represents p < 0.001,
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groups. In all, WT1 and PT2 positively promote the growth of cecum
villi (Figure 4F).

Analysis of serum biochemistry

The experimental results showed that LAB effectively improves
the antioxidant capacity of broiler chickens, LP1 and PT2 were likely
to be effective choices for the improvement of antioxidant capacity of
the organism, characterized by increased T-AOC, CAT, GSH-Px, SOD
and decreased MDA levels. PT2 significantly reduced serum LDL-C
(p<0.01), T-CHO (p<0.01) and TG (p<0.01). At the same time, the
concentration of HDL-C in the T4 group was significantly higher than
that of control group (Figure 5).

The inflammatory and tight junction gene
expression analysis

Real-time fluorescence quantitative PCR was performed to detect

the levels of inflammatory and tight junction (ZO-1) cytokine
production in tissues. ZO-1 cecum concentrations were significantly
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up-regulated under LP1, WTI, and PT2. The relative mRNA
expression of inflammatory cytokines (IL-1f, IL-6, IL-8, TNF-«) was
0.8, 0.85, 1.22, 0.94 in T2 group, 1.12, 1.0, 1.14, 0.89 in T3 group and
1.25, 0.98, 1.07, 0.91 in T4 group, with no statistically significant
differences compared to the control group. Interestingly, the anti-
inflammatory cytokine (IL-10) concentrations were 1.9, 1.8, and 2.0 in
the T2, T3, and T4 groups, respectively, showing significantly higher
than those in the control group (Figure 6).

Comparison of intestinal microbiota
diversity

The 16S rRNA sequence was assigned as an OTU with at least 97%
sequence similarity. Alpha diversity analysis detected that there were
significant differences in the Chaol (T1:858.86, T2:999.15, T3: 991.48,
T4:1247.72), ACE (T1: 836.26, T2: 1089.08, T3: 953.26, T4: 1178.26)
and Shannon (T1: 6.6, T2: 7.49, T3: 7.82, T4: 8.04; Figures 7A-C). On
the other hand, there was no significant difference in Simpson index
between T1 and T2 (Figure 7D). Inter-group analysis of alpha diversity
intuitively manifested that LAB (LP1, WT1, PT2) supplementation
significantly increases broiler’s gut microbiota abundance and diversity.
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(D) GSH-Px, (E) TG, (F) LDH-C, (G) HDL-C, (H) MDA, (I) T-CHOQJ. * represents p < 0.05, ** represents p < 0.01, *** represents p < 0.001.

Effect of LAB on the gut flora of broilers

Not only was there a significant difference in gut microbiota
diversity between groups, but there was also a variation in microbial
proportions (Figures 8A,B). Specifically, 14 phyla, 28 taxa, and 73
genera were detected from all samples. At the phylum level
(Figure 8C), the Firmicutes (84.90%, 81.20%, 88.70%, 85.30%),
Bacteroidetes (10.50, 12.90, 8.90, 6.50%), Proteobacteria (3.8, 4.2, 2.1,
4.9%), Actinobacteria (0.2%, 0.3%, 0, 0.9%), Acidobacteria (0.1%,
0.3%, 0, 0.7%), Chloroflexi (0.1%, 0.2%, 0, 0.4%), AD3 (0.2%, 0.3%,
0, 0.8%) and Proteobacteria (3.8%, 4.2%, 2.1%, 4.9%) were the most
abundant phyla in 4 groups, which together constitute more than
98.00% of the gut microbiota. Notably, the Firmicutes (85.3%) and
Proteobacteria (4.9%) were also the predominated community in the
T4 group, showing a higher microbial abundance compared to the

Frontiers in Microbiology

07

T1 (Firmicutes: 84.90%, Proteobacteria: 3.80%). Similarly,
Acidobacteria in T2 (0.30%) and T4 (0.90%) groups showed higher
richness than T1 group (0.2%). At genus level, the top 10 genera
were Clostridiales (8.6%, 15.8%, 24.5%, 20.8%), Ruminococcaceae
(20.8%, 15.3%, 19.2%, 13.1%), Bacteroides (10.4%, 12.8%, 8.9%,
6.3%), Faecalibacterium (32.8%, 0.6%, 0.3%, 1.7%), Oscillospira
(6.7%, 8.3%, 9.8%, 8.1%), Lactobacillus (0.4%, 8.5%, 15%, 3%),
[Ruminococcus] (4.4%, 7.2%, 4.4%, 4.8%), Lachnospiraceae (4.4%,
6.4%, 5.3%, 5.9%), Ruminococcus (2.1%, 1.7%, 4.1%, 2.2%;
Figure 8D). The highest amount of Lactobacillus was detected in the
T3 group (T3: 15.00%) compared to other groups (T1: 0.40%, T2:
8.50%, T4:3.00%). A comparison between LAB supplement groups
(T2, T3, T4) and the control group (T1) revealed a significant
increase in the abundance of Clostridiales, Ruminococcus,
Lachnospiraceae. Conversely, the pathogen of Desulfovibrio (2.10%)
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was a dominant bacterium in T1 group, which was higher than that
in LAB supplementary treatment groups (T2: 1.80%, T3: 0.20%,
T4:0.40%). Moreover, the gut microbiota distribution and richness
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among groups was revealed using heatmap (Figure 9). The
experimental results largely revealed that LAB (LP1, WT1, PT2)
complementary therapy can regulate and enrich the gut microbial
diversity. Cumulative data from in vitro and in vivo analyses suggest
that L. plantarum, W. criteria, and P. pentosaceus may be worthy
probiotics for chicken feed.

Discussion

Probiotics are often used as green and healthy ingredients in
broiler breeding, which have been reported to promote growth
performance, gut morphology, immunity mature (Diaz et al., 2019).
The dietary of probiotics was regarded as “Generally Recognized as
Safe (GRAS)” alternative to antibiotics (Buntyn et al., 2016).

While there have been many studies on the probiotic effects of
LAB in broiler chickens, few studies have been available on LAB
isolated from Tibetan chickens. Potential probiotics must have an
excellent survival rate in acidic and bile salt environments in the
digestive tracts (Khalil et al., 2018). LP1, WT1, and PT2 showed great
resistance activity to acid (pH=3) and bile salt (0.3%), also have
strong antibacterial property to E. coli. Previous studies have shown
that Lactobacillus help prevent E. coli infections (Makhloufi et al.,
2013). In T. Benbara’s reported, L. plantarum might be a good
alternative to antibiotics in birds feeding (Benbara et al., 2020).
Similarly, Boris et al. reported that Lactobacilli have the ability to
inhibit pathogens including E. coli, P. aeruginosa, S. aureus, and
Salmonella typhimurium (Boris et al., 2001), which is in accordance
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with our results. The results suggested that a diet rich in LAB may
lower the risk of E. coli infection.

In addition, a detailed assessment of LAB’s antioxidant capacity,
anti-inflammatory properties and immunity ability was found in the
study, leading to the discovery of a relationship between LAB and
broilers. LP1, WT1, PT2 exposure upregulated ZO-1 levels, also,
pro-inflammatory factors were significantly down-regulated and anti-
inflammatory factors were up-regulated in the presence of LP1,
showing that LP1 had protective effects on intestinal barrier function
and mucosal immunity, LP1 has great potential as an effective source
of inhibiting and relieving inflammation, which in agreement with
previous researches (Mandal et al., 2014; Bakkeren et al., 2019; He
etal., 2022).

The intestinal villi have many structural functions that aid nutrient
absorption. Previous studies have reported that probiotics contribute
to the development of the intestinal villi and gut integrity, which
promotes nutrient absorption (Li et al., 2018; Soumeh et al., 2021).
This is why probiotics promote weight gain and gut health. The
inclusion of WT1 and PT2 improved the height of intestinal villi and
gut integrity in broilers. These findings are consistent with previous
reports that probiotics improve intestinal health in chickens through
villi development (Pimentel and Chan, 2007; Linninge et al., 2019;
Zhang et al., 2021).

Balanced and stable gut microbiota is a prerequisite for
complex gut activity that protects against infection. Alteration of
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the homeostatic balance will inevitably lead to metabolic
disorders (Wang et al., 2020). Additionally, the decline in the
richness of gut microbiota was associated with chronic diseases
including diarrhea and inflammation (Zhang et al., 2021). Early
research showed that gut microbiota diversity is constantly
related to various environmental and weather conditions (Del
et al, 2022). LP1, WT1 and PT2 manifested a significant
improvement on gut microbial diversity and abundance.
Similarly, Linninge et al. (2019) and Tan et al. (2020) both
confirmed for us the view that Lactobacillus restored the balance
and diversity of gut microbiota.

Interestingly, while the species of the dominant phyla did not
change, the rates did. Compared to T1, there was a significant
increase in the proportion of Fimicutes and Actinobacteria in the
LAB complement group. At the genus level, Lactobacillus,
Enterobacteriales and Bacillales in groups T2, T3, and T4 show
dramatic increases compared to T1. For example, Lactobacillus
species T2, T3 and T4 had rates of 9.6, 15.9 and 11.1% respectively,
however, T1 has a rate of 0.1%. Most of the bacteria that increased
in the T2, T3, and T4 groups, including Faecalibacterium and
Oscillospira, are considered beneficial probiotics due to their anti-
inflammatory immunoregulatory properties. Elham
A. Soumeh also found that the abundance of Lactobacillus was

and

significantly increased in Lactobacillus-induced broiler chickens,
which was in line with our finding (Soumeh et al., 2021). On the
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other hand, LAB suppresses the production of pathogens.
Similarly, Teruo Urata et al. found that Desulfovibrio species
increases the risk of infection (Urata et al., 2008). Comparable
results were also found in the present study, where the fraction of
Desulfovibrio species in group T1 is significantly higher than in
other groups. The reason for this result is that the WT1 and PT2
likely inhabit the growth of Desulfovibrio. In line with our
findings, both Cean et al. (2015) and Wang et al. (2018) observed
that LAB had an effect
negative pathogens.

inhibitory against Gram-

Our results demonstrated that the growth performance and gut
microbiota balance of the broilers were markedly improved by LP1,
WTI1, and PT2 isolated from Tibetan chickens, which also exhibited
antibacterial, anti-inflammatory, and immunomodulatory properties.
These results indicated that the strains LP1, WT1, and PT2 isolated

from Tibetan chickens were good candidates for probiotics.

Frontiers in Microbiology

Conclusion

Overall, the present study characterized dynamic changes in
growth performance and gut microbial communities in broilers
treated with LAB isolated from Tibetan chickens. The results show
that LAB including L. plantarum and P. pentosaceus significantly
contribute to weight gain, antioxidant ability and gut microbial
diversity in broiler chickens. Administration of PT2 to broilers
resulted in reduced cholesterol and helped maintain the integrity of
the cecum barrier. Furthermore, LP1, WT1 and PT2 successfully
inhibited colonization and survival of E. coli ATCC25922. These
baseline results illustrate the rarity and uniqueness of Tibetan chicken
in another perspective. Moreover, our research data from in vitro and
in vivo analyses indicated that LP1, WT1 and PT2 isolated from
Tibetan chicken might be the potential probiotics if used in
broiler feed.
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