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Abstract

Objective:To alleviate the problems of high incidence of Escherichia coli-induced calf diarrhea and
limited antibiotic control in cattle farming, superior Bacillus strains were isolated and screened from feces
of healthy adult Xinjiang Brown Cattle. The biological characteristics, in vivo safety and alleviative effect
of the strain on Escherichia coli-induced infectious diarrhea were systematically evaluated in mice. This
study provides high-quality strain resources and scientific basis for the development of green feed
microecological preparations.

Methods:Fresh feces from healthy adult Xinjiang brown cattle were used as experimental materials.
Heat treatment enrichment and streak plate purification were performed to obtain suspected Bacillus strains.
Preliminary screening was conducted using Gram staining, hemolysis, and antibiotic susceptibility as core
safety indicators, and molecular biological identification was completed via 16S rRNA gene sequencing.
The growth characteristics, high temperature tolerance, pH tolerance, artificial gastrointestinal fluid
tolerance, and in vitro antibacterial activity of the target strain were systematically determined in vitro.
Forty C57BL/6 mice were randomly divided into a blank control group (CON), a low-dose group
(LG,1x10® CFU/mL XBH-2), a medium-dose group (MG,1x10° CFU/mL XBH-2), and a high-dose group
(HG,1x10* CFU/mL XBH-2). Strain XBH-2 was administered by gavage at gradient doses for 21
consecutive days, and the in vivo safety of the strain was evaluated through clinical sign observation,
immune organ index determination, and histological section analysis (intestine, liver, kidney). Another 50
C57BL/6 mice were pretreated with quadruple antibiotics to clear the intestinal flora and then randomly
divided into 5 groups: blank control group (CON), model group (MOD), low-dose treatment group (LDP),
medium-dose treatment group (MDP), and high-dose treatment group (HDP). Except for the CON group,
all other groups were gavaged with 1x10° CFU/mL Escherichia coli bacterial suspension to establish a
diarrhea model. The LDP, MDP, and HDP groups were gavaged with Bacillus subtilis XBH-2 at
concentrations of 1x10® CFU/mL, 5x10® CFU/mL, and 1x10° CFU/mL, respectively. The alleviating effect
of the target strain on E. coli-induced diarrhea was systematically evaluated through clinical symptom
observation, serum biochemical detection, colonic inflammatory factor level determination, intestinal
histomorphological analysis, and 16S rRNA high-throughput sequencing of cecal flora.

Results:

Experiment 1:Isolation, Identification and Screening of Bacillus Strains  Fresh feces of healthy
Xinjiang Brown Cattle were used as the material, and suspected Bacillus strains were obtained through heat
treatment enrichment and streak plate purification. Three suspected Bacillus strains with y-hemolysis
characteristic and Gram-positive staining were screened via antibiotic susceptibility test, from which one

strain with non-hemolytic property and no drug resistance phenotype was obtained and named XBH-2. The



strain XBH-2 was identified as Bacillus subtilis through 16S rRNA gene amplification, sequence alignment
and phylogenetic analysis.

Experiment 2:Biological Characteristics of the Strain and Safety Test in Mice Strain XBH-2 entered
the logarithmic growth phase at 4-16 h. It exhibited excellent high temperature resistance (survival rate
>95% after treatment at 60 °C and 70 °C for 60 min, and 51.5% survival rate after treatment at 80 °C for 60
min), favorable gastrointestinal fluid tolerance (63.98% survival rate after 3 h treatment in artificial gastric
juice at pH 3.0, and 49.32% survival rate after 3 h treatment in artificial intestinal juice containing 0.3%
bile salt), and favorable in vitro antibacterial activity against Escherichia coli and Salmonella typhimurium.
In the 21-day mouse intragastric administration test, mice in all dose groups showed normal growth status,
with no significant differences in immune organ index and intestinal tissue morphology compared with the
blank control group (CON) (P>0.05), and no obvious pathological changes were observed in liver and
kidney tissues, indicating the strain has good in vivo safety.

Experiment 3:Effects of Bacillus subtilis XBH-2 on alleviating diarrhea in mice  The optimal
infection dose of 1x10° CFU/mL was used to successfully establish a mouse diarrhea model induced by
Escherichia coli. Compared with the MOD group, all different doses of B. subtilis XBH-2 groups decreased
serum ALT levels (P<0.01). The MDP and HDP groups increased TP and Alb levels (P <0.01). All dose
groups significantly downregulated the colonic levels of IL-6, IL-1, TNF-a, IFN-y, and SIgA (P <0.01),
and the HDP group showed the best effects among all treatment groups. The V/C ratios in the ileum and
duodenum of the MDP group were higher than those in the MOD group (P <0.05 or P<0.01), while the
HDP group showed an increased V/C ratio in the duodenum (P < 0.05).

Cecal microbiota analysis revealed that, compared with the MOD group, at the phylum level, the
relative abundances of beneficial phyla such as Bacillota and Verrucomicrobiota were significantly
increased in the MDP and HDP groups (P<0.05); at the family level, the relative abundance of the core
pathogenic bacterial family Enterobacteriaceae was extremely significantly elevated in the LDP and MDP
groups (P<0.01), and only the HDP group reversed the enrichment trend of pathogenic bacteria; at the
genus level, the abundances of pathogenic genera including Enterobacter, Klebsiella and
Escherichia-Shigella were significantly increased in the LDP and MDP groups(P<0.05), while the HDP
group significantly reduced the abundance of harmful bacteria such as Escherichia-Shigella (P<0.05) and
simultaneously significantly enriched beneficial genera such as Akkermansia and Dubosiella, whose
abundances were significantly higher than those in all other groups (£<0.05).

Conclusion: Bacillus subtilis XBH-2 has excellent biological characteristics, in vitro antibacterial
activity and in vivo safety. It can effectively alleviate Escherichia coli-induced infectious diarrhea in mice,

repair intestinal mucosal damage and reshape intestinal microbial homeostasis. As an ideal candidate



probiotic strain for feed application, it provides high-quality microbial resources for the green prevention
and control of bacterial diarrhea in calves and the development of new microecological preparations.

Key words:Bacillus Subtilis;Escherichia Coli; Diarrhea; Intestinal microflora; Bovine-derived probiotics
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