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Abstract

In this study, Lactobacillus fermentum DM7-6 (DM7-6), Lactobacillus plantarum DM9-7 (DM9-7), and Bacillus subtilis YF9-4 (YF9-4) were
isolated from traditional fermented products. The survival rate of DM7-6, DM9-7, and YF9-4 in simulated intestinal gastric fluid reached
61.29%, 44.82%, and 55.26%, respectively. These strains had inhibition ability against common pathogens, and the inhibition zone diameters
were more than 7 mm. Antioxidant tests showed these strains had good scavenging capacity for superoxide anion, hydroxyl radical and
DPPH, and the total reduction capacity reached 65%. Then DM7-6, DM9-7 and YF9-4 were fed to broilers to study the effects on antioxidant
capacity, immune response, biochemical indices, tissue morphology, and gut microbiota. 180 healthy broilers were allocated randomly
into six experimental groups. SOD, GSH-Px, and T-AOC in broilers serum were detected, and the results showed probiotics significantly
improve antioxidant capacity compared to CK group, while antibiotics showed the opposite result. Besides, IgA, IgM, IgG, TNF-a, and IL-2
indicated it could significantly improve immunity by adding probiotics in broilers diets. However, antibiotics reduced immunoglobulin
levels and enhanced inflammation index. Biochemical indicators and tissue morphology showed probiotics had a protective effect on
metabolic organs. Gut microbiota analysis proved antibiotics could significantly decrease microbial community diversity and increase the
proportion of opportunistic pathogens, while probiotics could improve the diversity of gut microbiota and promote the colonization of
beneficial microorganisms. In summary, probiotics DM7-6, DM9-7, and YF9-4 can improve the broiler’s health by improving antioxidant
capacity and immune function, regulating gut microbiota, and can be used as alternative probiotics for antibiotics-free breeding of broilers.
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Introduction

In order to reduce costs and improve economic ben-
efits, the modern breeding industry often adopts inten-
sive farming, which leads to the production of harm-
ful gases (ammonia, hydrogen sulfide), particulates
(including dust), and airborne biological components
(bioaerosols), as well as complex mixtures of volatile
organic compounds. Livestock and poultry exposure to
these harmful gases can cause respiratory and digestive
diseases (Douglas etal. 2018). In the 1950s and 1960s,
farms in Europe and the United States began adding
antibiotics to animal feed to prevent the risk of infec-
tious livestock diseases (Al-Khalaifah 2018). In China,

the livestock industry is the largest user of antibiotics.
It is reported that more than half of the total antibiotic
consumption was used in husbandry in 2013 (Shao
etal. 2021). The excessive use of antibiotics in livestock
and poultry farming will not be completely metabo-
lized. Among them, antibiotic residues in animal prod-
ucts enter the human body to disrupt the balance of
gut microbiota, resulting in the risk of antibiotic resist-
ance. In addition, most antibiotics are released into the
natural environment by livestock manure and urine. It
will promote the proliferation of some bacteria contain-
ing antibiotic resistance genes (Zhong etal. 2018; Chi
etal. 2022). A large amount of antibiotics accumulated
in the environment also promotes the proliferation
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of some bacteria containing antibiotic-resistance genes.
Developed countries have begun to use antibiotic-free
farming methods, and China also banned the addi-
tion of growth-promoting antibacterial drugs in feed
in 2019 (Tian etal. 2021; Liu etal. 2023). It is urgent
to seek alternatives to antibiotics to adapt to the envi-
ronment and ensure economic benefits and healthy
growth of animals.

Currently, the commonly used biological substi-
tutes for antibiotics are probiotics, enzyme prepara-
tions, Chinese herbs, and extracts (Jouany and Morgavi
2007; Abdallah et al.2019; Abd El-Hack etal. 2022).
Probiotics’ molecular and cellular mechanisms against
pathogenic bacteria are mainly involved in four aspects.
First, probiotics compete with pathogenic bacteria for
intestinal mucosal colonization sites to establish an
ecological barrier (Lebeer etal. 2008). This is related
to S-layer protein (Horie et al. 2002), lipoteichoic acids
(Delcour etal. 1999), and exopolysaccharides (Ruas-
Madiedo etal. 2006) on the cell membrane of probiot-
ics. Second, probiotics can produce metabolites such as
bacteriocin, H,0, (Otero and Nader-Macias 2006), and
organic acids to inhibit the growth and reproduction of
intestinal pathogens. Nisin is a natural food preserva-
tive recognized as safe worldwide, but Nisin can only
inhibit G+ bacteria (Flynn etal. 2002; Yi etal. 2010).
Organic acids lower the pH value of the gut, and the
difference between the pH value inside and outside
the cell membrane of pathogenic bacteria can enhance
the cytotoxicity of undissociated organic acids (Ogawa
etal. 2001). Third, probiotics can enhance the animal’s
immune response. The literature reports that probiotics
activate the relevant lymphoid tissue in the digestive
tract mucosa of animals, increase the production of
IgA, and induce T, B cells and macrophages to reduce
or eliminate the number of disease cells in animals
(Thompson-Chagoyan etal. 2005; Ding etal. 2021).
Fourth, probiotics such as Bacillus subtilis can quickly
consume free oxygen to create a strict anaerobic envi-
ronment when they invade the gastrointestinal tract of
mammals. Thus, aerobic pathogens’ reproduction is
controlled (Zhang etal. 2021). Because probiotics have
good pathogen resistance and non-drug residues, all
kinds of lactic acid bacteria are widely used in broiler
breeding. It has been reported that adding Lactobacil-
lus fermentum to the daily feed of broilers has a posi-
tive effect on the growth performance and meat quality
of broilers (Racines etal. 2023). In modern farming,
chicks are incubated artificially to improve efficiency.
The newborn chicks and their mothers lack the neces-
sary contact, making them susceptible to pathogenic
bacteria due to a lack of beneficial microorganisms in
the gut. This can be compensated by adding probiotics
to the chicks’ feed or water (Khomayezi and Adewole
2021). Moreover, supplementation of probiotics can
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also promote the intestinal absorption of minerals in
different ways, maintain poultry bone health, and pro-
duce high-quality eggs (Yaqoob etal. 2022).

The gut microbial ecosystem is the largest and most
complex microecosystem of animals. Gut microbiota
has an important effect on the digestion and absorp-
tion of nutrients. Some lactic acid bacteria in the gut
can antagonize heavy metals and organic pesticide resi-
dues in chyme and increase the absorption of nutrients
(Feng etal. 2018). In addition, microorganisms in the
family Trichospiridae, Bifidobacteriaceae, and some
others ferment carbohydrates to produce energy and
short-chain fatty acids (Chen etal. 2020). Butyric
acid is absorbed by colon epithelial cells for energy,
while acetic acid and propionic acid are involved in
the metabolism and glucose regulation of the liver
and peripheral tissues (Ashaolu etal. 2021). Intestinal
epithelium is the first immune barrier of the animal
body, and intestinal epithelial tissue cells transfer vari-
ous intestinal bacterial metabolites to immune cells to
promote local or systemic inflammatory reactions. At
the molecular level, multiple signaling pathways work
together to coordinate cell-cell interactions to achieve
intestinal homeostasis, and dysregulation of these sign-
aling cascades is often associated with intestinal dis-
ease. For example, the Wnt gradient (Hou etal. 2017;
Guiu etal. 2019), epidermal growth factor (Zhao etal.
2020a), and notch signaling (Hou et al. 2020) at the villi
junction from the base of the recess are critical to the
proliferation and maintenance of intestinal stem cells.
Gut microbiota has an impact on the development of
the nervous system, especially the hypothalamic-
pituitary-adrenal axis (Sheng etal. 2020). Gut micro-
biota impacts the nervous system’s development, espe-
cially the hypothalamic-pituitary-adrenal axis (Sheng
etal. 2020). The reason is that gut microbiota influences
signaling molecule levels, such as the brain-derived
neurotrophic factors norepinephrine and tryptophan
in different parts of the central nervous system (Sharon
etal. 2016). Disruption of the brain-gut axis may cause
abnormal neural stimulation of the enteric nervous
system and depression.

In northwest China, Gansu province has all the
landforms except the sea, and there is a long tradition
of making fermented food. The climate of Hexi Cor-
ridor is dry, hot, and cold, alternating violently. Mean-
while, the Qinghai-Tibet Plateau is cold, hypoxic, and
has intense ultraviolet radiation. The unique diet, cul-
ture, and lifestyle of ethnic minorities and the natural
screening make all kinds of excellent strains passed
down. Compared with low-altitude probiotics, lactic
acid bacteria from traditional fermented yak yogurt
on the Qinghai-Tibet Plateau have potent antioxidant
activity (Feng etal. 2020). In addition, a variety of Lac-
tobacillus strains with special biological functions such
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as lowering blood lipids, lowering cholesterol, lowering
uric acid (Zhao etal. 2022), improving immunity, and
alleviating inflammation have been discovered through
animal experiments (Ishaq et al. 2021), which have sig-
nificant development and utilization value in animal
husbandry. Therefore, in this research, we isolated pro-
biotics from traditional fermented products of ethnic
minorities in the Gansu Province and investigated bio-
chemical and safety tests. Then, we assessed the effects
of these probiotics applied to broiler breeding by ana-
lyzing the immune response, antioxidant capacity, and
gut microbiota composition.

Experimental
Materials and Methods

Sample collection and strain isolation. Yogurt,
sweet fermented grains, fermented glutinous rice,
and silage from Dongxiang, Baoan, and Yugur ethnic
minorities were collected. 1 ml or 1 g of fresh samples
were added into a 10 ml centrifuge tube containing
9 ml sterile saline prepared in advance, mixed by vortex
oscillation. Then, all samples were diluted by a 10-fold
gradient to obtain 107, 107° and 10~ bacterial sus-
pensions. 100 ul bacterial suspension with the above
three concentrations was coated on MRS agar medium
(Solarbio, China) and incubated at 37°C anaerobically
for 72 h (E500 Anaerobic workstation; Gene Science,
USA). The clones with noticeable morphological dif-
ferences were selected, and the bacteria were purified
by the streak method. The clones were selected, inocu-
lated in 100 ml MRS liquid medium, cultured under
anaerobic conditions for 24 h at 37°C, and stored with
20% glycerol (Rhawn, China) at —80°C.

Strain identification. Total bacterial DNA was
extracted using a bacterial genomic DNA extraction
kit (TTANGEN Biotech(Beijing)Co.,Ltd., China). The
extracts were used as templates to amplify bacterial
16S rDNA. PCR products were sent to Shenzhen Huada
Biological for sequencing. The results were compared
and analyzed by the NCBI BLAST program.

Bacterial artificial gastroenteric fluid tolerance.
Artificial gastric juice: 3.0g/l pepsin was added to
sterilized PBS, the pH value was adjusted to 2.5, and
a 0.22 pm sterile filter membrane was used to remove
bacteria. Artificial intestinal fluid: 1.0 g/l trypsin and
1.8% bile salt were added to sterilized PBS, the pH value
was adjusted to 8.0, and 0.22 um sterile filter membrane
was used to remove bacteria (Bao etal. 2010).

The strains DM9-7, YF9-4, DM6-2, DM-10, BM7-6,
DM7-6, and YM7-6 were incubated with MRS at 37°C
anaerobic for 48 h. The plate count method is used
to record 0 h, the original microbial number of the liv-
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ing bacterium, as N, The bacteria solution was mixed
with artificial gastric juice and cultured at 37°C for
three hours. Then, the viable bacteria count N, was
calculated on a plate after ten times gradient dilution.
After being cultured for three hours, artificial gastric
fluid containing the test bacteria was transferred into
the artificial intestinal fluid. After culturing at 37°C for
four hours and eight hours, the number of viable bac-
teria N, was measured.

The survival rate was calculated as follows (Bao etal.
2010; Takeda etal. 2011):

N
Survival rate of artificial gastric juice (%) :T‘x 100%
0

Survival rate of artificial intenstinal fluid (%) :%x 100%
0
N, - 0 h viable bacteria number (CFU/ml),
N, - the number of viable bacteria (CFU/ml) inocu-
lated with artificial gastric juice for 3 h,
N, - number of viable bacteria (CFU/ml) inoculated
with artificial intestinal fluid at 4 h or 8 h.

Determination of bacteriostatic activity. This test
uses the filter paper diffusion method (Diguta etal.
2020). Samples of 100 pl Escherichia coli (GSICC30504),
Staphylococcus aureus (GSICC31902), Salmonella (GSI
CC30503) and Enterobacter sakazakii (GSICC30522)
were coated on the medium and cultured for 24h,
respectively. Sterile filter paper with a diameter of 4 mm
was placed in the medium. 20 pl probiotic suspensions
with a concentration of 1.0 x 10® CFU/ml were dropped
on round filter paper, and the test was repeated three
times. Culture medium was placed in 37°C constant
temperature incubator for 72 h under anaerobic con-
dition, and the diameter of antibacterial zone was meas-
ured with vernier caliper.

Determination of drug sensitivity. DM9-7, YF9-4,
DM6-2, DM-10, BM7-6, DM7-6, and YM7-6 were cul-
tured in MRS, and the concentration of the bacterial
solution was adjusted to 1.0 x 10 CFU/ml. Then 100 pul
of the cultured bacterial suspension was taken and
coated on MRS agar medium. Three pieces of each of
the 10 kinds of drug-sensitive paper were evenly placed
in agar medium and cultured in a biochemical incuba-
tor at 37°C for 48 h. The diameter of the antibacterial
zone was measured with a vernier caliper. The drug-
sensitive results were referred to the American clinical
laboratory (Humphries etal. 2021).

Determination of antioxidant capacity. Prepara-
tion of bacterial suspension: the inoculated amount
was 1%, and the medium was cultured at 37°C for 24 h
under anaerobic condition, centrifuged at 6,000 rpm
for 10 min. The bacteria were collected. After wash-
ing the bacteria three times with sterilized PBS, the
concentration of the bacteria solution was adjusted to
1.0x 10° CFU/mL
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(1) 1,1-Diphenyl-2-picrylhydrazyl (DPPH) scav-

enging ability

2 ml samples were mixed evenly with 2 ml DPPH
anhydrous ethanol solution (0.2 mmol/l), reacted at
room temperature for 30 min away from light, and cen-
trifuged at 6,000 rpm for 10 min. The absorbance of the
supernatant A, was measured at 517 nm.

In the blank group, the DPPH anhydrous ethanol
solution was replaced by an equal volume of anhydrous
ethanol solution. The absorption value is detected as A .
In the control group, the sample solution was replaced
by an equal volume of blank solvent. The mixture of
equal volumes of distilled water and ethanol was blank-
zeroed. The absorption value is detected as A (Lin and
Chang 2000).

The ability to scavenge DPPH free radicals is calcu-

lated as follows:
(4,-4)
A

0

Clearence rate (%) =1 x 100%

A, — absorbance value of supernatant,
A, - absorbance value of blank group,
A, - absorbance value of control group.

(2) Hydroxyl radical scavenging ability

0.5ml of 1,10-phenanthroline monohydrate
(6 mmol/l), 0.5ml of FeSO, solution (6 mmol/l) and
1.0ml of PBS solution (pH7.2) were mixed. Then,
a 0.5ml sample and 0.5ml 0.1% hydrogen peroxide
were added to the system. The total volume was fixed
to 4.0 ml with double steaming water. It was incubated
at 37°C for 1h, and sample absorbance A, was meas-
ured at 536 nm. In addition, the sample was replaced
with H,O, and the absorption value was A . Moreover,
the H,O, and sample were replaced with H O, and the
absorption value was A (Luo etal. 2009).

The scavenging rate of hydroxyl radical is calculated
as follows:

(4;-4,) x 100%
(A-A)

0

Scavenging rate (%) =

A, - absorbance value of the sample,

A, - replace the sample with H O,

0

A - Replace H,0, and sample with H,O.

(3) Superoxide anion scavenging capacity

0.5 ml sample, 1 ml Tris-HCI (150 mmol/l, pH 8.2),
1 ml phloroglucinol (1.2 mmol/l) and 1 ml diethylen-
etriaminepentaacetic acid (3 mmol/l) were mixed. It
was bathed at 25°C for 10 min, and the absorbance A,
at 325 nm was measured. In addition, the sample and
pyrogallol were replaced with H O, and the absorp-
tion value was A . The sample was replaced with H,O,
and the absorption value was A ;. Moreover, the pyro-
gallol was replaced with H O, and the absorption value
was A, (Zhang etal. 2009).
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The calculation formula is as follows:

(All B Am)

- x 100%
(Am _Aoo)

Clearence rate (%)= |1

A, — absorbance value of no sample and pyrogallol,

A, - absorbance value without sample, containing
pyrogallol,

A, — absorbance value with sample and no pyrogallol,

A, - absorbance value containing sample and pyrogallol.

(4) Total reducing capacity evaluation

0.5ml 0.2M PBS solution (pH=6.6), 0.5ml 0.1%
K,[Fe(CN),] solution and 0.5ml bacteria suspension
samples were mixed. It was bathed at 50°C for 20 min-
utes, then sharply cooled. 0.5ml 10% trichloroacetic
acid was added to the samples, then centrifuged at
3,000 rpm for 10 min to collect supernatant solution.
1ml0.1% FeCl3 solution, 1 ml distilled water, and 1 ml
supernatant solution were mixed. It was incubated at
room temperature for 10 min, and its absorbance A,
was measured at 700 nm. In addition, the sample was
replaced with PBS, and the absorption value was A
(Wu etal. 2003).

The calculation formula is as follows:

(A,-4)
Ab

Reduction capacity (%) = [ ]x 100%
A_- absorbance value of sample group,
A, — absorbance value of the blank group PBS.

Probiotics feed additive. DM7-6, DM9-7, and
YF9-4 stored in glycerol tubes were inoculated in an
MRS liquid medium for 48 h under anaerobic condi-
tions. MRS bacterial solution was centrifuged at 8,000
rpm for 5 min (Xiangyi, Changsha, China) to get bacte-
rial cells. The precipitate was washed with a sterilized
PBS solution. Then, the precipitate was re-suspended
with a sterilized skimmed milk powder solution (BD
Difco™ Skim Milk; Becton, Dickinson and Company,
USA). The re-suspension was freeze-dried in a vacuum
(<10Pa), —45~65°C for 24~72h (Xinbexi Biobase-
BK-FD10S; Biobase Biodusty(Shandong), Co., Ltd.,
China). Moreover, the number of bacteria contained in
each gram of bactericide was more than 1 x10* CFU/g.

Animal experiments. A total of 180 healthy 3-day-
old broilers with similar body weight (Zhengda, Lan-
zhou) were selected for the experiment. After one
week of adaptation, they were randomly divided into
six treatment groups (Lazic etal. 2018; Sefcova et al.
2021b). CK group: the chicks were fed the basal diet
(Keaoxieli, Beijing); AT group: the basal diet supple-
mented with 100 mg/kg chlortetracycline; BI group:
the basal diet supplemented with commercial feed
additive (B.subtilis 1.5x10® CFU/kg); PB group: the
basal diet supplemented with 1.5 g/kg B. subtilis YF9-4;
PL group: the basal diet supplemented with 0.75 g/kg
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L. fermentum DM7-6 and 0.75 g/kg Lactobacillus plan-
tarum DM9-7; PC group: the basal diet supplemented
with 0.5g/kg B. subtilis YF9-4, 0.5 g/kg L. fermentum
DM7-6 and 0.5 g/kg L. plantarum DM9-7.

In this study, every treatment group had a region
containing 6 cages. Each cage was a subgroup that
owned five broilers independent from the others.
The subgroup was considered the experimental unit.
For sampling, five subgroups were randomly selected
from the six subgroups, and one broiler was randomly
selected from each subgroup (n=5). The biochemical
results of each broiler were derived from an independ-
ent intervention, and therefore, it could not be influ-
enced by other experimental broilers. All broilers were
free access to feed and water during the experimental
duration. The room temperature was maintained at
33°C for the first 4 d and then reduced by 3°C per week
to a final temperature of 24°C.

DNA extraction and processing for sequencing.
The broilers were fed for 42 days. On the day before
the end of the experiment, broilers were fasted, and
fresh feces were collected in PE tubes. All samples were
labeled (n=5 for each experimental group) and trans-
ported with dry ice. Fecal bacterial genomic DNA was
extracted and subjected to Illumina NovaSeq sequenc-
ing (Biomarker Company, China).

In this study, the observed index (species richness
index) and Shannon index of a diversity of the com-
munity were analyzed with thoroughness. Principal
Component Analysis (PCA) was performed for the
B diversity of the community. Finally, rigorous statis-
tical methods were used to analyze the differences of
intestinal microorganisms in broilers at phylum and
genus level, ensuring the validity of the conclusions.

Biochemical analysis of blood. Blood was collected
under the right wing of chickens using vacuum blood
collection vessels. Then, blood samples were kept at room
temperature for 30 min and centrifuged at 3,000 rpm
for 10 min to get serum. Serums were stored at —20°C
until detection. The broilers were sacrificed by the water
drowning method. Immune organs such as the bursa,
spleen, and thymus were collected and weighed after
dissection. In addition, about 1 cm of liver, kidney, and
small intestine was collected. The tissues were rinsed
with PBS and fixed with 4% paraformaldehyde immedi-
ately. Later, all samples were sent to make physiological
sections and stained with hematoxylin and eosin (HE).
The morphology of the sections was observed under
amicroscope (Carl Zeiss Microscopy GmbH, Germany).

Serum biochemical analysis. Alanine transaminase
(ALT), aspartate transaminase (AST), creatinine (CR),
blood urea nitrogen (BUN), uric acid (UA), malondi-
aldehyde (MDA), and total protein (TP) in serum were
determined according to the manufacturer’s instruc-
tions (Nanjing Jiancheng Nanjing, China). Superoxide
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dismutase (SOD), catalase (CAT), glutathione peroxi-
dase (GSH-Px), total antioxidant capacity (T-AOC),
immunoglobulin A (IgA), immunoglobulin G (IgG),
immunoglobulin M (IgM), interleukin-2 (IL-2), inter-
leukin-6 (IL-6), and tumor necrosis factor-a (TNF-a)
in serum were measured by commercial kits (Shanghai
Enzyme-linked Biotechnology Co., Ltd.) according to
the protocols provided. Five samples from each group
were selected for independent assay.

Statistical analysis of data and chart drawing.
GraphPad Prism version 8.0 (GraphPad Software, USA,
www.graphpad.com) was used to make relevant data
graphs. Data were evaluated for normal distribution
and homogeneity of variance according to Shapiro-
WilK’s and Levene’s tests in SPSS® 17.0 software (IBM®
SPSS® Statistics for Windows, version 17.0, IBM Corp.,
USA), respectively. Then, a one-way ANOVA analysis
of variance and a Tukey post hoc test was used to ana-
lyze the significance between different groups when
data were homoscedastic and normally distributed.
Welch’s ANOVA and Welch’s t-test were applied when
data were normally distributed and heteroscedastic.
The Kruskal-Wallis test and the Mann-Whitney U test
were used when data were non-normally distributed
(Sefcova et al. 2021b; Sefcova et al. 2023).

Results

Two hundred twenty-eight strains were isolated and
purified in this experiment. Based on the growth of
the strains, the seven microorganisms were selected
for subsequent experiments. DM9-7 (GenBank entry
number: MT549680.1) is similar to L. plantarum strain
MLG5-17, and the similarity reached 100% by blast
analysis. YF9-4 (GenBank entry number: MT590663.1)
is similar to B. subtilis strain IB-22, and the similar-
ity reached 100%. DM6-2 (GenBank entry number:
CP049052.1) is similar to Lactobacillus delbrueckii
subsp. bulgaricus strain LJ], and the similarity reached
100%. DM-10 (GenBank entry number: MT613517.1)
is similar to L. fermentum strain 2871, and the similar-
ity reached 99.66%. BM7-6 (GenBank entry number:
AB559504.2) is similar to Bifidobacterium saguini, and
the similarity reached 99.89%. DM7-6 (GenBank entry
number: MT613608.1) is similar to L. fermentum strain
3314, and the similarity reached 100%. YM7-6 (Gen-
Bank entry number: NR113173.1) is similar to B. sagu-
ini DSM 23967, and the similarity reached 99.98%.

As shown in Table I, the survival rate of DM7-6 in
artificial gastric fluid (pH 2.5) for 3h was 79.79%, and
that cultured in artificial intestinal fluid (pH 8.0) for 8 h
was 61.29%. The survival rate of DM9-7 cultured in arti-
ficial gastric fluid for 3h was 63.22% and cultured in
artificial intestinal fluid for 8 h was 44.82%. The survival
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Table I
The growth of probiotics in artificial gastric juice and intestinal juice.

Gastric juice Intestinal juice
0h 3h Survival rate 7h Survival rate 11h Survival rate

(CFU/ml) (CFU/ml) (%) (CFU/ml) (%) (CFU/ml) (%)
BM7-6 3.0+0.5x10° 7.8+0.8x 107 26.11 9.6+1.0x10° 3.2 8.7+0.7x10° 2.9
DM-10 2.8+0.4x10° 1.8+£0.3%x 107 6.55 <10° <1 <10° <1
DM6-2 1.7£0.2x10° 1.4+£0.4x10® 7.92 <10° <1 <10° <1
DM7-6 3.1+0.4x10° 2.5+0.6x10° 79.79 1.5+0.3%x10° 48.39 1.9+0.7%x10° 61.29
DM9-7 5.8+0.9%x10° 3.7£0.8x10° 63.22 2.5+0.6%x10° 43.10 2.6+0.5%x10° 44.82
YF9-4 7.6+1.0x10° 5.4+0.7x10° 71.05 4.2+0.5%10° 55.26 42+1.4%x10° 55.26
YM7-6 2.3+0.5x10° 8.7+0.8x 107 37.14 2.7+0.3%x107 11.74 2.3+0.6x 107 10.00

rate of YF9-4 cultured in artificial gastric juice for 3h
was 71.05% and cultured in artificial intestinal fluid for
8 h was 55.26%. The survival rate of the other four strains
cultured in artificial gastric fluid for 3 h was 6.55-37.14%
and cultured in artificial intestinal fluid for 8h was
1-10%. Therefore, DM7-6, DM9-7, and YF9-4 strains
had good tolerance to artificial gastroenteric fluid.

As shown in Fig. 1, probiotics all had inhibitory
effects on different pathogenic bacteria. DM9-7, DM7-6,
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and DM-10 had good inhibitory effects on S. aureus,
E. coli, Salmonella spp., and E. sakazakii, and the diam-
eter of inhibitory zone was over 9 mm. YF9-4 had good
inhibition ability against S. aureus, Salmonella spp.,
and E. sakazakii, and the inhibitory zone diameter was
more than 10 mm. BM7-6 had weak inhibition abil-
ity against S. aureus and E. sakazakii, and the inhibi-
tory zone diameter was less than 7 mm. YM7-6 had
weak inhibition ability against E.coli, S.aureus and
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Fig. 1. The antioxidant capacity of strains in vitro.
A) Evaluation the scavenging ability of different probiotics on superoxide; B) evaluation the scavenging ability of different probiotics
on DPPH; C) evaluation the scavenging capacity of different probiotics on hydroxyl radical;
D) evaluation the scavenging capacity of different probiotics on total reduction.

Data are presented as mean + standard deviation (n=3). Significance was marked as different letters above the bars (p <0.05) between the groups.
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Table IT
The susceptibility of candidate lactic acid bacteria (LAB) strains to different antibiotics.

Dose Susceptibility
Antibiotics .
(ug/disc) | BM7-6 DM-10 DM6-2 DM7-6 DM9-7 YF9-4  YM7-6
Erythromycin 15 S R I S I R S
Amikacin 30 S N S N N R R
Ampicillin 10 I I I S S S I
Penicillin 10 S N S S N S N
Chloramphenicol 30 N S S S S I S
Ceftazidime 30 S R R I I S S
Tetracycline 30 N N I S N S R
Ciprofloxacin S N N N N I S
Clindamycin 2 N R R I N S R
Azithromycin 10 S S S S S I S

E. sakazakii. The diameter of the inhibition zone was
less than 7 mm.

As shown in Table II, all strains were sensitive to
ampicillin, penicillin, chloramphenicol, and azithro-
mycin. DM-10 and YF9-4 were insensitive to eryth-
romycin. YF9-4 and YM7-6 were not sensitive to
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amikacin. DM-10 and DM6-2 were insensitive to cef-
tazidime. DM-10, DM6-2, and YM7-6 were insensitive
to clindamycin.

As can be seen from Fig. 2, BM7-6 had the strongest
superoxide anion scavenging ability, reaching 82.05%.
DM7-6, DM9-7, and YF9-4 had 56.41%, 53.85%, and
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Fig 2. Analysis of antimicrobial ability of the probiotics.
A) Evaluation of antagonistic ability of different probiotics against Escherichia coli; B) evaluation of antagonistic ability of different pro-
biotics against Salmonella spp.; C) evaluation of antagonistic ability of different probiotics against Staphylococcus aureus;
D) evaluation of antagonistic ability of different probiotics against Enterobacter sakazakii.

Data are presented as mean + standard deviation (n=3). Significance was marked as different letters above the bars (p <0.05) between the groups.
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71.79%, respectively, and the other strains all had over
40%. DM9-7 had the strongest DPPH scavenging ability
(94.70%), DM7-6 had the weakest DPPH scavenging
ability (34.92%), and YF9-4 had a scavenging ability of
91.49%. The other strains all reached more than 50%.
The hydroxyl radical scavenging ability of YF9-4, DM7-
6, and DM9-7 were 81.54%, 75.79%, and 54.45%, respec-
tively, and the other strains reached more than 40%. The
total reducing power of YF9-4 was 84.61%, DM7-6, and
DM9-7 were 66.67% and 74.36%, respectively.
Oxidative stress is an important physiological activ-
ity in animals under stress. As can be seen from Fig. 3,

A 12000
*
T * 1
T 1
= 10500 4 —
E I * !
£ T
£ 9000+
g
£ - !
£ 7500 -
[
&
5
2 6000
CK AT  BI PB PL PC
C *
r 1
120 - e

* %
* 3k

100

IgG level in the serum (pg/ml)

60 -
CK AT BI PB PL PC
E 240~ .
T 1
3
T 1
2 2101 T
£
=
3
£ 180+
£
=)
2 L
o
d' 150 -
120

CK AT BI PB PL PC

Ye Z. etal. 3

compared with the control group, the levels of SOD
(p<0.05), GSH-Px (p<0.05), and T-AOC (p <0.05) were
significantly decreased, and the level of TC (p<0.05)
was significantly increased in serum when broilers
were fed with antibiotics. Compared to the antibiotic
group, the levels of SOD (p<0.001), GSH-Px (p<0.05),
and T-AOC (p<0.001) in broilers fed with B. subtilis
YF9-4 were significantly increased, and the level of TC
(p<0.01) was significantly decreased. And compared
with the antibiotic group, the addition of L. fermentum
DM?7-6 and L. plantarum DM9-7 in broiler feed can
increase SOD (p<0.05), and T-AOC (p<0.001) level.

B

6000 - ! * !

*>!<*

5000 ! !

4000

IgM level in the serum (ng/ml)

3000 -
CK AT BI PB PL PC
D . %% |
105 4 Kk
T * 1

=\ T 1
D)
g
E 904
E i
D
£
£ ===
) 75
5 I
g
z
= 60 -

CK AT BI PB PL PC
60 -

e

ns

50

40 4 i T
30- E
L

CK AT BI PB PL PC

IL-6 level in the serum (ng/1)

204

10

Fig 3. Serum immune indexes of broilers in serum.
A) Levels of IgA in different groups; B) levels of IgG in different groups; C) levels of IgM in different groups;
D) levels of TNF-a in different groups; E) levels of IL-2 in different groups; F) levels of IL-6 in different groups.

Data are presented as mean =+ standard deviation (n=5). * - p<0.05, ** - p<0.01, *** - p<0.001, ns — non- significance
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Compared with the control group and antibiotic group,
B. subtilis YF9-4 and L. fermentum DM7-6 and L. plan-
tarum DM9-7 ended to increase serum CAT level, but
there was no significant difference (p>0.05). Compared
with the control group, antibiotic and B. subtilis YF9-4
administration had a tendency to reduce serum MDA
levels, but there was no significant effect (p>0.05).
Through the detection of the above indicators, it can be
concluded that long-term feeding antibiotics will reduce
the body’s antioxidant capacity, and probiotics increase
the concentration of antioxidant molecules in the blood.

Studies have shown that maintaining an appropri-
ate level of immune activity is essential for the growth
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health of broilers. Detecting serum immunoglobulin
and immune factors can reflect the body’s immune
state. It can be seen from Fig.4 that on the 42" day,
when low concentrations of antibiotics were added to
the feed for a long time, compared with the control
group, serum levels of IgA, IgG, IgM, TNF-q, IL-2,
and IL-6 in broilers serum had no significant changes
(p>0.05). Compared with the control group and antibi-
otic group, adding B. subtilis YF9-4 in the feed of broil-
ers significantly increased IgA (p <0.05), IgM (p<0.01),
while reducing TNF-a (p<0.05), IL-2 (p<0.05) level.
Similarly, compared with control group and anti-
biotic group, the addition of L.fermentum DM7-6
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Fig 4. Oxidative stress indexes of broilers in serum.
A) Levels of SOD in different groups; B) levels of CAT in different groups; C) levels of GSH-Px in different groups;
D) levels of T-AOC in different groups; E) levels of MDA in different groups; F) levels of TC in different groups.

Data are presented as mean * standard deviation (n=5). * - p<0.05, ** - p<0.01, *** - p<0.001, ns — non- significance
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and L. plantarum DM9-7 to broiler feed can signifi-
cantly increase IgA (p<0.05), IgG (p<0.01), and IgM
(p<0.05), while reducing TNF-a (p<0.05), IL-2
(p<0.05) level. The supplementation of B. subtilis YF9-4
and L. fermentum DM7-6 and L. plantarum DM9-7 in
the diets of broilers had a trend of decreasing serum
IL-6 levels, but there was no significant effect (p>0.05).
It can be concluded that adding probiotics to feed can
increase blood immunoglobulin and decrease the
immune factors of broilers.

The liver is the main detoxification organ. In this
study, the activity of AST and ALT in the serum of broil-
ers was detected, and the liver cell structure was ana-
lyzed by section to understand the pressure of antibiotics
and probiotics on the liver. It can be seen from Fig. 5 that
on day 42", compared with the control group, low-con-
centration antibiotics did not cause significant changes

Ye Z. etal. 3

in AST and ALT levels (p>0.05). However, L. fermentum
DM?7-6 and L. plantarum DM9-7 significantly reduce
the serum AST level (p <0.05). Section analysis showed
that antibiotic exposure caused some liver damage,
including cytoplasmic vacuolation, nuclear shrinkage,
and chromatin aggregation. However, probiotics did not
cause significant damage to liver cells.

The kidney is the main detoxification organ. In this
study, the levels of Cr, BUN, and UA in broilers serum
were detected, and sections analyzed the structure of
kidney cells to understand the pressure of antibiotics
and probiotics on the kidney. It can be seen from Fig. 6
that on day 42", compared with the control group,
low-concentration antibiotics did not cause significant
changes in Cr, BUN, and UA levels (p>0.05). However,
B. subtilis YF9-4 could significantly reduce the levels of
BUN and UA in serum (p <0.05). Combining B. subtilis
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Fig 5. Histopathological sections and biochemical indexes of broilers liver.

The liver tissue observed under the following conditions: the eyepiece x objective = 10 x 40, and the scale is 100 um.
Data are presented as mean + standard deviation (n=5). * - p<0.05, ns - non- significance
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Fig. 6. Histopathological sections and biochemical indexes of broilers kidney.

The kidney tissue observed under the following conditions: the eyepiece x objective =10 x40, and the scale is 100pum.
Data are presented as mean * standard deviation (n=5). * - p <0.05, ns — non- significance

YF9-4 and L. fermentum DM7-6 and L.plantarum
DM9-7 can significantly reduce serum Cr (p<0.05).
In section analysis, antibiotic exposure caused kidney
damage, including increased cell spacing, tubule con-
traction, and cell chromatin aggregation. However, pro-
biotics did not cause significant damage to kidney cells,
and the kidney tubules were rounded and complete.
Antibiotics can be absorbed, and probiotics can col-
onize the gut. It can affect the morphological structure
of intestinal tissue. It can be seen from Fig. 7 that on
day 42", the intestinal villi of broilers in the antibiotic
group were short and thick, the number of intestinal
villi per unit area was small and unevenly arranged,
and the intestinal glands were separated from the
intestinal mucosa. B. subtilis YF9-4 and L. fermentum
DM7-6 and L. plantarum DM9-7 can increase the spe-
cific surface area of intestinal villi tip. Combined use

of B.subtilis YF9-4 and L. fermentum DM7-6 and
L. plantarum DM9-7 can increase the specific surface
area of intestinal villi tip. Intestinal villi were fine and
long, and the number of intestinal villi per unit area was
significantly increased.

In this study, Illumina MiSeq sequencing was used
to analyze the changes in microbial community struc-
ture in the gut of broilers. In Fig. 8A, the Shannon index
showed that microbial community diversity decreased
significantly after antibiotic intervention (p <0.0001),
and L. fermentum DM7-6 and L. plantarum DM9-7
interventions significantly increased microbial com-
munity diversity (p<0.05). In Fig. 8B, according to
the PCA diagram, the intestinal microbial commu-
nities of each treatment group were very different, and
the microbial communities of the group using pro-
biotics were very similar. Bacteroidetes and Firmicutes
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Fig 7. Histopathological sections and biochemical indexes of broilers of the intestinal tissue.

The intestinal tissue observed under the following conditions: the eyepiece x objective = 10 x 10, and the scale is 100 pm.
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are the dominant bacterial phyla in the gut of broilers.
According to the differences in family levels in Fig. 8C
and 8D, it can be concluded that long-term excessive
antibiotic intervention can lead to gut microbiota dis-
turbance in broilers.

Fig. 9A shows that compared with the control group
and antibiotic group, the abundance of Lactobacillaceae
in feces of broilers supplemented with probiotics sig-
nificantly decreased (p<0.0001), and the abundance
of Ruminococcaceae supplemented with antibiotics
also significantly decreased (p<0.0001). Fig.9C and
9D demonstrate that the proportion of Desulfovi-
brionaceae and Christensenellaceae was significantly
increased (p<0.0001) when the probiotics DM7-6,
DM9-7, and YF9-4 were added to the feed compared
with the control group. The proportion of Alistipes in
broilers feces decreased significantly (p <0.0001) com-
pared to the control diet supplemented with antibiotics
as depicted in Fig. 9E.

Discussion

It has been reported that probiotics with differ-
ent stress resistance functions can be isolated from
northwest China. Limosilactobacillus fermentum JL-3
isolated from Gansu traditional “Jiangshui” can colo-
nize the intestinal tract of mice to reduce serum uric
acid (Wu etal. 2021). Lactobacillus pentosus 3-27 from
B-cypermethrin (Cyp)-contaminated silage, and the
degradation rate of f-Cyp (50 mg/l) in MSM medium
after 4 days of culture reached 96% (Liu et al. 2022). In
addition, the probiotics isolated from traditional local
fermented products also have strong resistance to heavy
metals. Pediococcus acidilactici BT36 isolated from

Qinghai-Tibet Plateau yogurt, when supplemented
in mice for 20 days, can reduce chromate accumula-
tion in liver and tissue damage (Feng et al. 2020). After
12 weeks of human experiments, the yogurt prepared
by this strain can reduce the content of copper (34.45%)
and nickel (38.34%) in blood higher than that of tradi-
tional yogurt (16.41% and 27.57%) (Feng etal. 2022).
The pH of the gastrointestinal of broilers changes
dramatically and is rich in various digestive enzymes.
In addition, to promote the digestion and absorption
of fat (Kudo and Sasaki 2019), the liver secretes a large
amount of bile salts into the intestinal lumen. Therefore,
the tolerance of probiotics to bile salts and animal intes-
tinal gastric juices is an important indicator to evaluate
whether probiotics can be colonized (Monteagudo-Mera
etal. 2012). In this study, the survival rates of probiot-
ics DM7-6, DM9-7, and YF9-4 in the artificial digestive
system were 61.29%, 44.82%, and 55.26%, respectively.
Li etal. (2014) isolated L.plantarum DM9218 from
Sauerkraut, a traditional fermented food in northeast
China, which can survive at pH values as low as 2, could
grow well in media supplemented by 0.59 ~ 1.48 mg/ml
pepsin and 33.60 ~72.32 U/g trypsin. Another research
reported that most of the lactic acid bacteria (LAB) iso-
lated from fresh cow and goat milk in Jashore, Bangla-
desh, could tolerate simulated gastric juices (with and
without lysozyme) with pH 2.0 for over 90 min. They
can tolerate up to 0.3% bile salts for over 6 h (Reuben
etal. 2020). Lactic acid bacteria isolated from Malaysia
Kefirs could not survive at pH 2.0, indicating that the
samples could not withstand the most acidic conditions
of gastric juices. However, most lactic acid bacteria iso-
lated from Kefir samples could tolerate moderate pH
levels of pH 3.0 and pH 4.0. Some lactic acid bacteria
can tolerate 0.3% and 0.5% bile for 3 h, with survival
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rates of 96.89+0.02% and 96.84+0.02%, respectively
(Talib etal. 2019). In this study, the digestive system of
animals was simulated, which was more in line with the
actual situation. The selected probiotics could be used
as candidates for the animal breeding industry.

The effect of inhibiting the growth of pathogenic
bacteria is often used as an evaluation index of the pro-
biotic properties. Probiotics have auxiliary therapeutic
effects on preventing and treating diarrhea, gastrointes-
tinal discomfort, and other diseases (Ren etal. 2022).
Studies have reported that Lactobacillus paracasei MLO7
and L. paracasei ML33 isolated and purified from milk
and cheese in the Taquari Valley area in southern Bra-
zil have significant inhibitory effects on Salmonella
typhimurium and Salmonella enteritidis. Lactobacillus
parabuchneri ML58 had a significant inhibitory effect

Data are presented as mean * standard deviation (n=5). * - p<0.05,
- p<0.01,* - p<0.001, **** - p<0.0001

on Listeria, L. paracasei CH133 had a significant inhibi-
tory effect on S.aureus, S.typhimurium, and E. coli.
L. parabuchneri ML58 had a significant inhibitory effect
on S.aureus, S.typhimurium, and E. coli (inhibition
zone >10 mm) (Agostini etal. 2018). In another study,
L. reuteri FO3 isolated from feces of breast-fed infants
and L. plantarum C06 isolated from pickled cabbage
showed strong inhibitory ability against Salmonella
spp. and E. coli (inhibition zone >9 mm). However,
most strains isolated from these two materials showed
slight inhibitory activity against Bacillus cereus, and
a few strains showed weak to moderate inhibitory
activity against Streptococcus intestinalis (Wang et al.
2010). Isolated and purified lactic acid bacteria from
Algerian homemade cheeses, 14 strains (B1-B14) were
selected based on their anti-E. coli and S. aureus activi-
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ties. These strains also showed antagonism to Listeria
monocytogenes 161 and Salmonella Typhimurium LT2
(Ait Chait etal. 2021). In this study, some of the probi-
otics showed good antibacterial activity, with the diam-
eter of the antibacterial zone reaching more than 9 mm
against the indicator pathogens. However, consistent
with previous reports, it was found that the antibac-
terial effect of a single strain was limited, so different
strains could be combined in the later stage to maxi-
mize the antibacterial effect of the strain.

There are two views on whether probiotics are
sensitive to antibiotics. From the perspective of drug
resistance, the application of drug-resistant strains will
cause drug-resistant bacteria and affect the preven-
tion and treatment of diseases. From the perspective
of stress resistance, probiotics resistant to antibiotics
can be used as additives in the feed containing anti-
biotics (Hashempour-Baltork etal. 2019). The detec-
tion of antibiotic sensitivity is the focus of probiotic
research, and probiotics for different purposes can be
obtained through the analysis of antibiotic sensitivity
(Wong etal. 2015). Lactic acid bacteria isolated from
north-western Himalaya traditional fermented foods
and beverages have all shown resistance to vancomy-
cin, which was due to the presence of D-Ala-D-lactate
in their peptidoglycan instead of the normal dipep-
tide D-Ala-D-Ala (Kumari etal. 2016). The probiot-
ics isolated from Iranian Ahvaz Most Raw milk cheese
were sensitive to chloramphenicol and erythromycin
(Barzegar etal. 2021). Most of the lactic acid bacteria
isolated from traditional Turkish Tulum cheeses were
sensitive or intermediate sensitive to the common
antibiotic penicillin (Ozkan etal. 2021). Most strains
of 177 lactic acid bacteria isolated from Ragusano and
Pecorino Siciliano cheeses were sensitive to multiple
clinical antibiotics (Caggia etal. 2015). Among seven
probiotic strains screened in this experiment, YM7-6,
DM9-7, DM7-6, and DM6-2 are sensitive to common
antibiotics and can be used to develop probiotic addi-
tives and other edible products.

Antioxidant activity can effectively regulate the
balance of oxidative stress in the body, and the anti-
oxidant activity of probiotics is a hot field of research
(Lombardo et al. 2020). Superoxide anion and hydroxyl
group are the most aggressive free radicals in intesti-
nal contents, which can attack all biological macromol-
ecules (Bhattacharyya etal. 2014). The total reducing
capacity is a comprehensive index to evaluate the anti-
oxidant capacity of the sample. Antioxidant substances
can prefer redox reactions with free radicals to protect
macromolecular substances from attack. According to
literature reports, lactic acid bacteria have strong anti-
oxidant capacity in vitro if their free radical scavenging
rate of DPPH is higher than 40% (Alsayadi et al. 2013).
L. plantarum C88 isolated from traditional Chinese
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fermented foods at a dose of 10'* CFU/ml showed the
highest hydroxyl radical and DPPH scavenging activi-
ties, with inhibition rates of 44.31% and 53.05% (Li
etal. 2012). L. plantarum MA?2 isolated from Chinese
traditional Tibetan kefir grains can tolerate hydrogen
peroxide up to 2.0 mM, and its fermentate (fermented
supernatant, intact cell, and cell-free extract) had strong
reducing capacities, lipid peroxidation inhibition capac-
ities, Fe**-chelating abilities (Tang et al. 2016; Tang et al.
2017). L. plantarum GXL94 can tolerate hydrogen per-
oxide up to 22 mM, and it could normally grow in MRS
with 5 mM H,O,. Meanwhile, eight antioxidant-related
genes were found to up-regulate with varying degrees
under the H,0, challenge (Zhou et al. 2022). Lactic acid
bacteria were isolated from nine Chinese traditional
fermented foods, 70 of which had DPPH scavenging
(Xu etal. 2016). DM7-6, DM9-7, and YF9-4 of seven
probiotic strains screened in this experiment showed
that the clearance rates of superoxide anion, hydroxyl,
and DPPH were above 40%, and the total reduction
capacity was above 60%. The results were consistent
with Limosilactobacillus fermentum GR-3 isolated from
traditional fermentation “Jiangshui” in north-west
China (Han etal. 2022). The clearance rates of DDPH,
hydroxyl radical and iron chelate of 15 strains purified
from fermented food (“Jiangshui” and pickles) or feces
were 28.81-82.75%, 6.54-68.52%, and 9.46-17.92%,
respectively, and the scavenging activities of superoxide
anion exceeded 10% (Hu etal. 2023). These results indi-
cated that probiotics with better stress resistance were
more easily isolated in extreme climates.

Modern intensive broiler breeding is highly likely
to induce the outbreak of poultry infectious diseases,
so farms generally add antibiotics in feed to prevent
and treat diseases (Murakami et al. 2015). In China, the
residual concentration of various types of veterinary
antibiotics is higher than that of other countries, espe-
cially tetracycline antibiotics (Fuller 1989). A signifi-
cant cause of animal diseases is oxidative stress caused
by external environmental stimulation. Excessive reac-
tive oxygen species (ROS) destroy the cell structure of
carbohydrates, nucleic acids, lipids, and proteins, so
removing ROS produced by cell metabolism is neces-
sary. In this study, the use of antibiotics decreased broil-
ers’ antioxidant capacity, but probiotics increased the
antioxidant effect and avoided excessive energy waste
in broilers. L. plantarum As21 isolated from traditional
fermented Tibetan yak milk can reduce the production
of ROS and MDA damage in Caenorhabditis elegans. It
promoted the production of antioxidants SOD, CAT,
and GSH and finally extended the lifespan of C. caditis
by 34.5% (Li etal. 2022). 1x10° CFU/kg Clostridium
butyricum was added into the broiler feed and given
them 42 days. Compared with the control group,
the activities of serum T-AOC, SOD, and GSH-Px were
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significantly increased (p <0.05). Another study showed
that adding yeast alone to broiler feed could signifi-
cantly increase the activity of GSH-Px in serum but had
little effect on SOD and MDA (Li etal. 2021).

Another important cause of animal disease is
decreased immunity, so we further evaluated the effects
of antibiotics and probiotics on early immune func-
tion in broilers. Bao etal. (2022) studied the probiotic
effect of Bacillus amyloliquefaciens TL106 instead of
antibiotics on broilers. Compared with the control
group, probiotics could significantly reduce the lev-
els of IL-1f, IFN-y, and IL-6 in serum, jejunum, and
ileum (p<0.05), which is consistent with the results
of this experiment. The combined effect of bacteria
and enzymes is another important research direction
for replacing antibodies (Bao etal. 2022). Wang et al.
(2022) studied the combined effect of dietary supple-
mentation of B. amyloliquefaciens SC06 and glucose
oxidase (GOD) on the immune function of broilers.
When compared with the control group, treatment with
GOD significantly reduced IL-10 and IF-y levels.

In contrast, combined treatment significantly down-
regulated the level of IF-y in jejunum mucosa and up-
regulated the expression of secretory IgA, transforming
growth factor-f (TGF-P) and IL-2 (Wang etal. 2022;
Sefcova etal. 2023). He etal. (2022) found that dietary
supplementation of 400 mg/kg resveratrol in broil-
ers significantly reduced the elevated concentrations
of intestinal TNF-a, IL-6, and IL-1p induced by LPS
stimulation (p <0.05). This study found that probiotics
can significantly increase the content of immunoglobu-
lin in blood and reduce the content of immune factors,
indicating that probiotics can reduce the immune stress
response caused by culture environment.

Antibiotics and anti-nutrients in the diet attack
liver cells, resulting in the proliferation and infiltration
of inflammatory cells and hepatocyte degeneration. In
this study, long-term use of low-dose tetracycline also
induced the same liver cell damage, but probiotics
did not increase the burden on liver cell metabolism
as the control group. Khan etal. (2019) administered
a complex probiotic prepared by S. cerevisiae and L. aci-
dophilus to a day-old male broiler in a 42-day experi-
ment and found that liver analysis showed a decrease
in MDA levels. Salem etal. (2018) found that the use
of biological mycotoxin binders (Nutritox®) can allevi-
ate the pathological changes in both liver and kidney
caused by aflatoxins. Lactobacillus crispatus 7-4, Lac-
tobacillus johnsonii 3-1, and P, acidilactici 20-1 were
used to microencapsulation and evaluated its regula-
tory effect on the health of broilers. Microencapsulation
could promote growth performance (p<0.05) in the
intestine and liver (p <0.05) (Wu etal. 2024). de Souza
etal. (2020) found that lactic acid bacteria can allevi-
ate intestinal and liver oxidative stress induced by the
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deoxynivalenol diet, reaching the control group’s level.
Guo etal. (2022) used aflatoxin B -degrading enzyme,
montmorillonite, and compound probiotics to make
triple-action compound mycotoxin detoxifier and
prepare for broiler breeding. The immunoreactivity
of caspase-3, TNF-qa, and NF-«B induced by aflatoxin
B,-induced caspase-3 was alleviated by immunohisto-
chemical (IHC) of the intestine, liver, and kidney (Guo
etal. 2022). Wu etal. (2019) studied the effects of L. plan-
tarum 16 and Paenibacillus polymyxa 10 on biochemi-
cal indices of broilers. The result found that probiotics
could significantly reduce the level of MDA in jejunum
mucosa and serum (p <0.05). However, liver GSH-Px
and jejunum CAT activities were significantly increased
(p<0.05) (Wu etal. 2019). Consistent with previous
findings, the probiotics used in this study were also not
toxic to the liver and had a specific protective effect.
The kidney is also a significant organ vulnerable
to the attack of toxic substances. Toxic substances in
feed can cause the thickening of the glomerular base-
ment membrane and the increase of stromal cells, the
enlargement of glomeruli, the exfoliation of tubular epi-
thelial cells, glomerular collapse, and structural damage
of broilers. In this study, the kidney cells of broilers
treated with probiotics were healthy, but the antibi-
otics caused the glomerulus to shrink. According to
a comprehensive evaluation (Dai et al. 2022), probiotics
can delay the progression of renal damage in diabetic
nephropathy patients, and it is affected by intervention
time, probiotic dose, and consumption pattern. Deepthi
etal. (2017) modified fumonisin B1-induced liver and
kidney injury in broilers using L. plantarum MYS6.
Result found that creatinine recovered significantly,
and renal histopathological data further confirmed the
overall protective effect of L. plantarum MYS6 against
FB1-induced cytotoxicity and organ damage in broilers
(Deepthi etal. 2017). Another study found that using
probiotics could relieve the kidney enlargement caused
by aflatoxin B, poisoning in broilers (Slizewska etal.
2019). These data suggest that probiotics not only do
not burden kidney cells but also alleviate kidney dam-
age induced by anti-nutrient substances in the feed.
The gut is the main source of nutrient absorption
and the primary target of toxic substances. Anti-nutri-
ents in the feed directly destroy intestinal villi cells and
cause inflammation. In this study, probiotics promote
the growth and development of intestinal villi cells, but
antibiotics reduce the villi height/crypt depth ratio of
broilers. Another study found that dietary supplementa-
tion of 3%o compound probiotics significantly increases
the ratio of intestinal villus height to crypt depth in
broilers (Sefcova etal. 2021a; Wu etal. 2022). 0.1%
multi-strain probiotic combined with 0.05% Gardeniae
fructus increased the villus height/crypt depth ratio in
ileum of broilers (Chang etal. 2019). The composite
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preparation composed of probiotics (B. subtilis) and
prebiotics (xylo-oligosaccharide and mannano-oligo-
saccharide) increased the villus height and villus/crypt
ratio (p <0.05) (Singh etal. 2022). de Souza et al. (2020)
found that the mycotoxin deoxynivalenol decreased the
villus height, increased crypt depth, and increased the
number of intraepithelial lymphocytes (IEL) in jejunum
and ileum. Lactobacillus spp. treatments reduced goblet
cell counts (de Souza etal. 2020; Sefcova etal. 2023).
Broilers fed Bacillus licheniformis H2 could significantly
improve the ileum and liver pathological injury. Pro-
biotics enhance intestinal barrier function and epithelial
cell renewal, reduce energy consumption, and improve
enteral nutrient absorption (Zhao etal. 2020b). Probiot-
ics increase the gut’s surface area and help digestion and
absorption of nutrients in the feed. However, antibiotics,
like anti-nutrients in feed, damage intestinal cells and
cannot be used in feed for long.

The gastrointestinal tract of animals is directly
involved in digesting and absorbing host nutrients and
developing the immune system. The development and
maturation of the gut microbiota are the key to the
healthy growth of broilers. Firmicutes were the first
dominant bacteria in this study in the six treatment
groups. According to the Shannon index and principal
component analysis, antibiotics can reduce the diversity
of the intestinal microbial community, and lactic acid
bacteria alone can increase the diversity of the intestinal
microbial community. Similarly, Astragalus membrana-
ceus and Glycyrrhiza uralensis were added to broiler
feed with higher Shannon index, Chaol index, and
observed species number (Qiao etal. 2022). In addition,
the changes in the relative abundance of Bacteroidaceae
involved in the degradation of complex carbohydrates
were more sensitive to the response of probiotics treat-
ment, which was consistent with the studies using xylo-
oligosaccharides or sodium butyrate (Deng et al. 2023).

Long-term addition of antibiotics in animal feed
increases the abundance of Lactobacillaceae in feces,
which leads to the loss of a large number of probiot-
ics in the gut of broilers. On the contrary, the num-
ber of Lactobacillaceae in probiotics groups signifi-
cantly decreases. It is consistent with studies using
B. amyloliquefaciens TL106 (Bao etal. 2021). In addi-
tion, when Taraxacum mongolicumn Hand.-Mazz. was
used instead of antibiotics, the relative abundance of
Lactobacillus in the low-dose dandelion group and the
antibiotic group tended to increase (p <0.05) (Mao etal.
2022). In this study, the abundance of Ruminococcaceae
in the antibiotics group was significantly reduced,
while the proportion of Desulfovibrionaceae and Chris-
tensenellaceae in probiotics groups was significantly
increased. Both probiotics and antibiotics can expel
Alistipes, but the effect of antibiotics is more visible. In
a similar study, B. amyloliquefaciens 40 regulated the
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microbiome by increasing the abundance of Desulfovi-
brio and reducing the proliferation of pathogens (Jiang
etal. 2023). Xu etal. (2022) reduced the abundance
of Ruminococcus in cecum by treating it with Bacil-
lus amyloliticus SC06. Adding A. membranaceus and
G. uralensis to the feed significantly reduced the abun-
dance of Desulfovibrio while increasing the abundance
of Ruminococcus and Alistipes (Qiao etal. 2022). The
results of gut microbiota changes provided a strategic
basis for dietary probiotics DM7-6, DM9-7, and YF9-4
to improve broilers’” health status and performance.

Conclusions

The probiotics DM7-6, DM9-7, and YF9-4 isolated
from the traditional fermented products of ethnic
minorities in Gansu Province had good gastric and
intestinal fluid tolerance, strong antioxidant and inhi-
bition ability against common pathogens. Compared
with using antibiotics, probiotics can improve the
serum oxidative stress index, enhance immunity, and
not cause damage to the liver, kidney, and intestinal
tissue of broilers. In addition, probiotics can regulate
the structure of the entire gut microbiota, promote the
excretion of opportunistic pathogens, and increase
the colonization of probiotics. These results indicate
that this study has uncovered new probiotics for resis-
tant broiler culture.
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