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1 Introduction
The gastrointestinal tract plays an important role in 

metabolism and immune defense. Intestinal microbes are 
closely related to health and affect maturation of the infant’s 
intestinal epithelium (Becattini  et  al., 2021). The use of 
antibiotics is an important factor affecting the steady state of 
the intestinal flora. Antibiotics can cause microfloral disorder 
for a long time (Becattini et al., 2016). For example, beneficial 
Lactobacillus and Bifidobacterium decrease, and pathogenic 
bacteria, such as Enterobacter, which are usually resistant to 
β-lactam antibiotics (Hao et al., 2020).

Studies have shown that antibiotics are more commonly 
used in newborns, particularly preterm infants and low birth 
weight infants (Lebeaux et al., 2022). Statistics also show that 
ampicillin and gentamicin are used more than twice as often 
as other drugs in the neonatal care unit (Schwartz et al., 2020). 
Antibiotics are often used preventively in high-risk infants to 
prevent early neonatal streptococcal infections (Reyman et al., 
2022). At the same time, premature low-birth-weight infants 
are susceptible to necrotizing enterocolitis, late-onset sepsis, 
and respiratory distress syndrome, which require immediate 
treatment with antibiotics (Aversa  et  al., 2021). One study 
reported that preterm infants treated with antibiotics have lower 
gut microbiota diversity (Zhou et al., 2021). Antibiotics delay the 
colonization time of various probiotics in the gut, leading to an 
increase in opportunistic bacteria, which makes the intestinal flora 
more likely to be disturbed (Maier et al., 2018). The duration of 
antibiotic use further affects the diversity of the intestinal flora 
(de Gunzburg et al., 2018). Exposure to antibiotics during early 

life increases the risk of obesity, allergies, and inflammatory 
bowel disease in adulthood (Vallianou et al., 2021).

The intestinal flora of infants is unstable due to incomplete 
maturity and is easily damaged by exogenous factors, such 
as antibiotics. It is worth understanding how to alleviate or 
restore disorder of the intestinal flora during early life caused 
by antibiotics.

Probiotics are being increasingly used. Studies have shown 
that probiotics enhance intestinal wall barrier function, balance 
the intestinal microecological environment, prevent pathogens 
from invading the intestinal wall through adhesion to the intestinal 
mucosal surface, and reduce the permeability of the intestinal wall 
(Wieërs et al., 2020; Almegrin et al., 2022). Additionally, other 
studies have shown that probiotic supplementation increases 
Bifidobacteria and Lactobacillus, and reduces the frequency 
of opportunistic pathogens, such as E. coli, Enterococcus, and 
Klebsiella (Lebeaux et al., 2021). These opportunistic pathogens 
often carry resistance genes (Shamsaddini et al., 2021). Therefore, 
increasing the colonization of probiotics in the gut reduces the 
resistance of the intestinal flora to antibiotics (Li et al., 2020).

China has a long history of eating fermented foods, the 
most representative of which is Paocai (fermented vegetables) in 
Chongqing and Sichuan Province as well as naturally fermented 
yogurt in ethnic minority areas. These fermented foods are 
prepared using natural inoculation. The fermentation process is a 
relatively open system, involving a wide variety of microorganisms 
(Zhao  et  al., 2022a). A relatively stable microflora gradually 
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forms during long-term fermentation and domestication, and 
excellent probiotic resources are retained (Zhao et al., 2022b).

Therefore, this study investigated the effect of Lactobacillus 
isolated from Chinese fermented food on antibiotic-induced 
intestinal microflora disorder during the early life stages of 
mice. We also explored probiotic resources in food to improve 
antibiotic-induced intestinal microflora disorder.

2 Materials and methods
2.1 Experimental strains

The experimental strains were preserved at the Chinese 
General Microbiological Culture Collection Center (CGMCC, 
Beijing, China). Lactobacillus fermentum (LF) CQPC04 (CGMCC 
preservation no. 14493) was isolated from naturally fermented 
pickles in Chongqing, China. Lactobacillus plantarum (LP) 
KFY02 was isolated from naturally fermented yogurt in Korla 
from the Xinjiang Uygur Autonomous Region (CGMCC 
preservation no. 15638).

2.2 Animal experiment and sample collection

Forty 3-week-old male Balb/c mice were obtained from 
Hunan Slike Jingda Laboratory Animal Co., Ltd. [Animal 
Qualification License Number: SCXK (Xiang) 2019-0004]. 
The mice were maintained in a climate-controlled room 
(25 ± 2 °C, relative humidity 50 ± 5%) under a 12 h light/dark 
cycle with ad libitum access to standard chow and water. After 
7 days of acclimatization, the mice were randomly and equally 
divided into 4 groups of 10 mice per group, including the normal, 
model, CQPC04, and KFY02 groups. As shown in Figure 1, 
the experiment lasted 4 weeks. The mice were administered 
40 mg/kg ceftriaxone/day during the first week, except the 

normal group. The CQPC04 and the KFY02 groups were given 
1 × 109 CFU/mL of the LF-CQPC04 and LP-KFY02 bacterial 
suspensions, respectively 2 hours later. The normal and model 
groups were administered saline (0.2 mL/mouse). The antibiotic 
intervention was stopped after the second week. The CQPC04 and 
KFY02 groups continued to receive the bacterial suspension, 
and the normal and model groups were given saline for 3 weeks.

The body weights of the mice were measured weekly. 
Feces were collected in individual sterile microcentrifuge tubes 
on days 7 and 28 and stored at –80 °C for further microbial 
analysis. This study was approved by the Ethics Committee of 
the Collaborative Innovation Center for Child Nutrition and 
Health Development, Chongqing University of Education, and 
followed the Collaborative Innovation Center for Child Nutrition 
and Health Development laboratory animal guidelines for ethical 
review of animal welfare.

2.3 Fecal DNA extraction and 16S rRNA sequencing

Bacterial genomic DNA was extracted from the feces using the 
FastPrep DNA extraction kit (QBIOGENE, Carlsbad, CA, USA). 
The polymerase chain reaction (PCR) amplification primers were 
universal primers (338F/806R) of the 16S rRNA gene V3–V4 region. 
The bacterial primer set included the forward primer 338F 
(5′-ACTCCTACGGGAGGCAGCAG-3′) and the reverse primer 
806R (5′-GGACTACHVGGGTWTCTAAT-3′). The PCR reaction 
system included 5 μL of 5× reaction buffer, 5 μL of 5× GC buffer, 
2 μL of dNTP (2.5 mmol/L), 1 μL of the forward primer (10 μmol/L), 
1 μL of the reverse primer (10 μmol/L), 2 μL of template, 0.25 μL 
of Q5 DNA polymerase, and 8.75 μL of ddH2O. The amplification 
conditions were predenaturation at 98 °C for 2 min, denaturation 
at 98°C for 15 s, annealing at 55 °C for 30 s, 30 cycles of extension at 
72 °C for 30 s, and a final extension at 72 °C for 5 min. The amplified 

Figure 1. Animal experiment process. The mice were administered 40 mg/kg ceftriaxone/day during the first week, except the normal group 
(n = 10 mice/group). CQPC04: mice administered with 1 × 109 CFU/mL LF-CQPC04, KFY02: mice administered with 1 × 109 CFU/mL LP-
KFY02. The normal and model groups were administered saline (0.2 mL/mouse).
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products were analyzed by 2% agarose gel electrophoresis. The V3 and 
V4 regions of the PCR products were sequenced on the Illumina 
MiSeq PE 300 platform (Illumina, San Diego, CA, USA). The 16S 
rRNA sequence data were analyzed using the QIIME2-pipeline 
on the Majorbio online platform (Shanghai Majorbio Bio-pharm 
Technology Co., Ltd., Shanghai, China).

2.4 Statistical analysis

Data are presented as mean ± standard deviation. Differences 
between mean values of individual groups were assessed with 
one-way analysis of variance and Duncan’s multiple range 
test using SPSS 20.0 software (SPSS Inc., Chicago, IL, USA). 
A p-value < 0.05 was considered significant.

3 Results and discussion
3.1 Changes in body weight of the mice

As shown in Figure 2, the body weights of the mice in the 
model group, the CQPC04 group, and the KFY02 group with 

the antibiotic intervention were significantly lower than those in 
the normal group during the first week (p < 0.05). The antibiotic 
intervention was discontinued after the second week, and the 
body weights of all mice gradually increased. The body weights of 
the mice in the CQPC04 and the KFY02 groups were similar to 
the normal group during the last week. The loss of body weight 
was observed immediately after administering the antibiotic, 
suggesting that exposure to an antibiotic early in life has an 
inhibitory effect on short-term weight gain. Our results suggest 
that the use of LF-CQPC04 and LP-KFY02 after antibiotic 
exposure may contribute to normal body weight gain.

3.2 Microbial alpha diversity in mice feces

The alpha diversity of the mice feces is shown in Tables 1 and 2. 
A series of alpha diversity indices were evaluated to obtain the 
richness and diversity of the species in the mice feces. Among 
these, community richness was determined by the Ace index 
and the Chao index, bacterial diversity was determined by the 
Shannon and the Simpson indices, and community coverage 
was determined by the coverage data.

The Ace, Chao, and Shannon indices of the normal group 
increased significantly on day 7, and the Simpson index of the 
normal group decreased significantly compared with the other 
experimental groups (Table 1, p < 0.05). According to the alpha 
diversity results, community richness and bacterial diversity 
decreased significantly in the model group, the CQPC04 group, 
and the KFY02 group compared with the normal group after 
the antibiotic intervention (p < 0.05).

On day 28, community richness and bacterial diversity of 
all experimental groups increased significantly compared with 
day 7 (Table 2). However, the Ace, Chao, and Shannon indices of 
the CQPC04 group and the KFY02 group increased significantly 
compared with the model group (p < 0.05). The Shannon indices 
of the KFY02 group increased significantly compared with the 
normal group and the other experimental groups (p < 0.05). 
The Simpson index of the KFY02 group was similar to the 

Table 1. The alpha diversity in mice feces on day 7.

Sample Ace Chao Shannon Simpson Coverage
Normal 662.12 ± 93.85a 624.44 ± 102.58a 4.24 ± 0.90a 0.13 ± 0.04b 0.99930
Model 152.56 ± 23.89c 151.18 ± 44.52c 2.56 ± 0.56d 0.43 ± 0.10a 0.99969

CQPC04 450.77 ± 75.28b 479.65 ± 73.53b 3.92 ± 0.71c 0.10 ± 0.09b 0.99966
KFY02 446.38 ± 52.09b 475.83 ± 91.55b 4.02 ± 0.12b 0.11 ± 0.02b 0.99949

Data are means ± standard deviations. a-d Different superscript letters correspond to significant differences (p < 0.05). CQPC04: mice administered with 1 × 109 CFU/kg LF-CQPC04, 
KFY02: mice administered with 1 × 109 CFU/kg LP-KFY02.

Table 2. The alpha diversity in mice feces on day 28.

Sample Ace Chao Shannon Simpson Coverage
Normal 752.20 ± 124.15a 780.86 ± 126.26a 4.83 ± 0.99b 0.23 ± 0.09b 0.99923
Model 212.83 ± 45.71d 202.15 ± 52.66d 1.31 ± 0.46d 0.51 ± 0.11a 0.99935

CQPC04 553.20 ± 83.51c 671.75 ± 65.60b 4.54 ± 1.01c 0.19 ± 0.10c 0.99975
KFY02 573.86 ± 84.97b 624.44 ± 75.21c 4.99 ± 0.78a 0.23 ± 0.09b 0.99932

Data are means ± standard deviations. a-d Different superscript letters correspond to significant differences (p < 0.05). CQPC04: mice administered with 1 × 109 CFU/kg LF-CQPC04, 
KFY02: mice administered with 1 × 109 CFU/kg LP-KFY02.

Figure 2. Body weight changes of mice. Data are means ± standard 
deviations. CQPC04: mice administered with 1×109 CFU/mL LF-
CQPC04, KFY02: mice administered with 1 × 109 CFU/mL LP-KFY02.
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normal group, the Simpson index of the CQPC04 group was 
decreased significantly (p < 0.05).

Although the community diversity of the intestinal flora 
had self-recovery ability after being damaged by antibiotics, the 
composition of the microflora is difficult to return to normal. 
Therefore, it is suggested that antibiotics break the balance of 
the original flora and induce the growth of harmful bacteria 
in large numbers, resulting in increased community diversity 
indices (Zhou et al., 2021). In addition, the LF-CQPC04 and LP-
KFY02 treatments helped recover the diversity of the bacterial 
community.

3.3 Microbial beta diversity in mice feces

The use of antibiotics leads to the disturbance of intestinal 
flora and changes in the type, number and proportion of normal 
intestinal flora, thus deviating from the normal physiological 
combination and transforming into a state of pathological 
combination (Li et al., 2020).

The beta diversity analysis compared the diversity between 
the groups to reflect whether there were significant differences 
in the microbial communities between samples. Beta diversity 
was determined by principal component analysis. In Figure 3, 
the CQPC04 and KFY02 group cluster was similar to the 
model group on day 7 but relatively separated from the normal 
group, indicating that the diversity of the gut microbiota in the 
antibiotic-induced mice tended to intestinal microflora disorder. 
On day 28 after the LF-CQPC04 and LP-KFY02 treatment, the 
CQPC04 and KFY02 group clusters were similar to the normal 
group but relatively separated from the model group, indicating 
that the diversity of the mice gut microbiota in the CQPC04 and 
KFY02 groups tended to be normal.

3.4 The relative abundance of the microbiota in mice feces on 
day 7

The gut microbiota flora composition on day 7 is shown 
in Figure 4. At the phylum level, the most dominant phyla in 

the normal group were Firmicutes and Bacteroidetes, followed 
by Actinobacteria and Desulfobacterota. The most dominant 
phyla in the CQPC04 and KFY02 groups were Firmicutes and 
Bacteroidetes, followed by Proteobacteria and Actinobacteria. 
At the same time, Proteobacteria and Actinobacteria significantly 

Figure 4. Effect of Lactobacillus on gut microbiota constipation of 
mice on day 7. (A) Relative abundance of microbiota at the phylum 
level; (B) relative abundance of microbiota at the genus level. CQPC04: 
mice administered with 1 × 109 CFU/mL LF-CQPC04, KFY02: mice 
administered with 1 × 109 CFU/mL LP-KFY02.

Figure 3. Principal component analysis (PCA) of mice feces. Each colored symbol represents the composition of fecal microbiota of one mice. 
CQPC04: mice administered with 1 ×109 CFU/mL LF-CQPC04, KFY02: mice administered with 1×109 CFU/mL LP-KFY02.
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increased in the model group (p < 0.05), which included many 
pathogenic bacteria, such as E. coli, Salmonella, Vibrio cholerae, 
and Helicobacter pylori.

At the genus level, the abundance of Lactobacillus significantly 
decreased in the model and CQPC04 groups compared with 
the normal group (p < 0.05). The intestinal microecology of 
animals is unstable during early life and can be easily damaged 
by exogenous factors, such as antibiotics. Harmful bacteria 
increased in the antibiotic-induced groups, while beneficial 
bacteria decreased.

Antibiotics are usually divided into bactericidal (inhibits 
cell wall synthesis) and bacteriostatic (inhibits protein synthesis) 
types, but both inhibit or kill beneficial and pathogenic bacteria 
indiscriminately. This disruption of the flora can affect the 
functionality of the intestinal flora (Weersma et al., 2020).

The study of microbial species and colony structure, as 
well as the important role of microbial metabolism on host 
immunity, suggests that a relatively stable microbial community 
is important for the construction and response of the immune 
system. In contrast, the use of antibiotics leads to an increased 
chance of host infection with pathogenic bacteria and abnormal 
immune regulation, as a relatively healthy and stable gut prevents 
colonization and proliferation of exogenous pathogenic bacteria 
(Amoroso et al., 2020).

3.5 Relative abundance of microbiota in mice feces on day 28

The gut microfloral composition on day 28 is shown in 
Figure 5. After the LF-CQPC04 and LP-KFY02 treatments, at 
the phylum level, the CQPC04 and the KFY02 groups had a 
similar composition of gut flora as the normal groups. However, 
the abundance of Firmicutes and Desulfobacterota significantly 
increased, the abundance of Bacteroidetes significantly decreased 
in the model group (p < 0.05).

At the genus level, the abundance of Desulfovibrio significantly 
increased in the model group compared with the other experimental 
groups (p < 0.05). This genus is toxic to the intestinal epithelia 
and causes gastrointestinal disease (Amoroso et al., 2020). On the 
other hand, the composition of the gut flora in the CQPC04 and 
the KFY02 groups was close to that observed in the normal group. 
The abundance of Muribaculaceae, which plays a beneficial role 
in the energy metabolism of the intestine significantly increased 
in the CQPC04 and the KFY02 groups compared with the model 
group (p < 0.05). These results indicate that LF-CQPC04 and 
LP-KFY02 balanced the gut microbiota of the mice after it was 
damaged by antibiotics.

Compared to drug therapy, Lactobacillus preparations have 
great potential for research and application because they avoid 
the dysbiosis, proliferation of resistant strains and side effects of 
drugs caused by the use of antibiotics (Mantegazza et al., 2018).

As a Generally Recognized as Safe (GRAS) food-grade 
microorganism, Lactobacillus spp. is approved as a potential 
probiotic by the Chinese Ministry of Health, the U.S. Food and 
Drug Administration (FDA), and the European Union’s Ministry 
of Food Safety and Health (EFSA) (Wieërs et al., 2021).

Lactobacillus proliferates and produces acid, which can 
limit the growth of other bacteria or impede the contact of 
pathogenic intestinal microorganisms and their toxins with 
the intestinal mucosal epithelium (Riehl et al., 2019). It can 
also antagonize other microorganisms such as conditionally 
pathogenic bacteria by producing bacteriocins, extracellular 
enzymes, short-chain fatty acids and competing for nutrients 
(Kim et al., 2019). The beneficial metabolites of Lactobacillus spp. 
include lactic acid, acetic acid, butyric acid and other organic 
acids, which can improve the biochemical and biophysical 
environment of the intestinal habitat, promote the growth of 
specific flora, optimize the intestinal flora, thus restore the 
dysregulated microecological environment to a normal state 
(Miles, 2020).

4 Conclusions
Exposure to antibiotics early in life inhibited weight gain, 

reduced intestinal floral diversity, inhibited the growth of 
beneficial gut bacteria, and promoted the growth of harmful gut 
bacteria. The use of LF-CQPC04 and LP-KFY02 alleviated the 
decrease in bacterial diversity caused by antibiotics, maintained 
the abundance of beneficial bacteria, and reduced the abundance 
of harmful bacteria. These results suggest that LF-CQPC04 and 
LP-KFY02 are useful probiotics to alleviate antibiotic-induced 
intestinal microfloral disorders.

Figure 5. Effect of Lactobacillus on gut microbiota constipation of 
mice on day 28. (A) Relative abundance of microbiota at the phylum 
level; (B) relative abundance of microbiota at the genus level. CQPC04: 
mice administered with 1 × 109 CFU/mL LF-CQPC04, KFY02: mice 
administered with 1 × 109 CFU/mL LP-KFY02.
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