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Abstract: Koumiss is a traditional fermented dairy product in Inner Mongolia pastoral areas, which
is deeply loved by the local people; however, there has been little research on the characteristics of
probiotics. This study comprehensively explored the properties of potential probiotics in koumiss,
combining in vitro assays and whole-genome sequencing. The biochemical identification and phylo-
genetic tree results showed that the branches of this strain were close to Lacticaseibacillus paracasei,
indicating that the strain was L. paracasei. The agar diffusion assay showed that the strain could
effectively inhibit the growth of pathogenic bacteria. We have also identified the CHAP structural
domain at the genomic level, which may be associated with the antibacterial activity of this strain. The
strain was well tolerated in a simulated gastrointestinal environment, growing well at pH = 2.5, 0.3%
bile salts, and 5% NaCl while exhibiting hydrophobicity, aggregation, and antioxidant properties.
In vitro experiments and genome, levels showed that resistance (resistance genes) to the antibiotics
used in this study was not present in this strain. In addition, we did not observe toxic effects in acute
oral administration in mice, and no virulence genes were identified at the genomic level. Therefore,
the strain has the potential for probiotic development.
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1. Introduction

Koumiss is a specialty dairy product of minorities in China, fermented using natural
ferments and traditional Chinese fermentation techniques. The effect of koumiss is insep-
arable from that of lactic acid bacteria (LAB). LAB and their metabolites in koumiss are
popular among pastoralists due to their beneficial effects on human health [1]. Koumiss
contains high levels of vitamins A, C, E, B2, B12, minerals, and folic acid, which strengthen
the immune system and maintain blood pressure; koumiss also has effects on the kidneys,
endocrine glands, intestinal system, liver, nervous system, and vascular system [2]. LAB
have been closely related to human life throughout history, playing a positive role in
improving sensory, safety, and quality characteristics of koumiss [3].

In recent years, with the development of LAB genome sequencing, considerable pub-
lished genomic data have revealed the importance of LAB, which brings unprecedented
opportunities for the development of LAB [4]. Park et al. isolated the Lacticaseibacillus S1
strain from traditional Korean fermented rice wine and used whole-genome sequencing to
provide a theoretical basis for the study of alcohol resistance of Lacticaseibacillus [5]. Mean-
while, Yang et al. isolated a strain of L. helveticus CAUH18 from traditional koumiss with
intestinal colonization ability for whole-genome sequencing and bioinformatics analysis,
providing a basis for further studies on its molecular genetics and probiotic function [6].
However, Tarrah et al. isolated a strain of L. paracasei DTA93 from Brazilian infant feces; the
in vitro characterization and whole-genome sequencing studies comprehensively reveal
the potential of this strain as a probiotic [7].
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In this study, to obtain potential LAB from koumiss, we collected samples from
pastoral areas in Inner Mongolia, China, and a strain of L. paracasei with potential probiotic
properties named XM-38 was successfully isolated and identified. Subsequently, we applied
in vitro and in vivo assays and whole-genome sequencing to comprehensively evaluate the
probiotic properties of the strains, laying the foundation for the subsequent development
of traditional koumiss and high-quality probiotics.

2. Materials and Methods
2.1. Isolation of LAB from Koumiss

The naturally fermented koumiss was collected from the home of pastoralists in
Inner Mongolia. The sample was diluted in 6 gradients (1 x 107 !-1 x 107°) and coated
in DeMan-Rogosa—Sharpe (MRS) solid medium for anaerobic culture (37 °C for 36 h).
The MRS plates were screened for acceptable counts of bacteria, and a certain number of
colonies were picked and placed in MRS liquid medium for anaerobic incubation (37 °C
for 36 h), then cultured in MRS solid medium plates for purification by scratching. The
morphology of the colonies was observed, and they were detected using Gram staining
and peroxidase. Successfully detected bacteria were stored at —80 °C in 80% glycerol for
later use as an isolate (bacterium) was named XM-38.

2.2. Extraction of XM-38 Supernatant

The bacterial solution was removed from the —80 °C refrigerator, inoculated into
fresh MRS broth medium at a ratio of 1:1000, and cultured anaerobically at 37 °C for 24 h.
Then, the bacterial solution was centrifuged at 15,000x g at 4 °C for 10 min to collect the
supernatant. The sterile supernatant was obtained by filtration using a 0.22 pm pore size
filter (Millipore, Bellerica, MA, USA).

2.3. In Vitro Assays of Probiotic Properties
2.3.1. Antibacterial Assay

The antimicrobial activity of XM-38 against pathogenic indicator bacteria Listeria
monocytogenes C53-3, Staphylococcus aureus NCTC8325, Salmonella typhimurium S50333,
Escherichia coli K88, and Shigella ATCC12022 was identified by Oxford Cup Method [8].
The normal nutrient agar medium was poured into the plates as a base layer, the additive
zone was divided, and placed in sterile Oxford cups. Subsequently, 4.5 mL of semi-solid
nutrient agar medium at 48-50 °C was mixed with 0.5 mL of pathogen bacteria suspension
(approximately 1 x 10° CFU-mL~! is an effective pathogenic bacteria suspension) diluted
to approximately 10° CFU-mL~! and poured into the plates. After complete solidification of
the semi-solid medium, the Oxford cups were removed, and 200 puL of XM-38 supernatant
was added to the wells; diffusion at 4 °C was performed for 5 h, then the wells were
incubated at 37 °C for 16-24 h. The diameter of the zone of inhibition was observed and
measured. All data are presented as averages of three independent experiments.

2.3.2. Toleration of Temperature

The XM-38 was inoculated into the MRS liquid medium at a ratio of 2% after it
had been activated and then placed in a constant temperature incubator at 15, 25, 37, 40,
and 45 °C to culture for 5 d. The tolerance of XM-38 to temperature was evaluated by
measuring the absorbance at ODgyp wavelength [9]. All data are presented as averages of
three independent experiments.

2.3.3. Toleration of NaCl

The activated XM-38 was centrifuged at 8000 x ¢ for 10 min at 4 °C, and the precipita-
tion was suspended in an MRS broth medium. A volume of 100 uL of the suspension was
inoculated into an MRS broth medium containing various concentrations of NaCl (0%, 1%,
3%, and 5%) and cultured at 37 °C for 24 h. After inoculation, the MRS broth medium was
diluted in a 10-fold gradient, and 20 puL of each was added to MRS agar to the culture at
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37 °C for 24 h. The viability was calculated by colony count (number per milliliters) [10].
All data are presented as averages of three independent experiments.

2.3.4. Toleration to Acid and Bile Salt

According to the method of de Albuquerque et al. [11], 1 mL of activated XM-38 was
inoculated with 10 mL MRS broth medium containing different pH values (2.5, 3.5, 4.5,
or 5.5, using 1 M HCI) and different bile salt concentrations (0.1%, 0.2%, or 0.3% (w/7v))
(Solarbio Biotechnology Co., Ltd., Beijing China), cultured at 37 °C. Every hour, 1 mL of
bacterial solution was collected (1-4 h), serially diluted with 0.15% sterile peptone water,
and cultured in MRS solid medium plates for purification by scratching. Colony counts
were manually performed and expressed as log CFU-mL~!. The control group was cultured
in MRS broth medium (Ph = 6.2-6.6) without bile salt.

2.3.5. Auto-Aggregation Analysis

The self-aggregating ability of XM-38 was evaluated according to the method of
Kos et al. [12]. First, a single XM-38 colony was inoculated into an MRS broth medium and
grown at 37 °C for 18 h. Then, colonies were centrifuged at 8000x ¢ at 4 °C for 15 min to
collect the precipitation, then washed twice with PBS, vortexed for 10 s, and adjusted to
ODygqg to 0.5. Then, samples were left to stand at room temperature for 5 h. The ODgo value
was measured every hour. Equation (1) is used to measure the percentage of automatic
aggregation.
Auto — aggregation (%) = A0 — At/ A0 x 100 (1)

In Equation (1), At is the absorbance at time t; t = 1, 2, 3, 4, and 5 h; A0 is the
absorbance at 0 h.

2.3.6. Hydrophobicity

Following the method of Doyle and Rosenberg [13], with slight modifications, the
activated XM-38 for 18 h was centrifuged at 8000 x g for 15 min, the precipitation was
washed twice with PBS, vortexed for 10 s, and adjusted to ODgyp = 0.40 £ 0.05. The
bacterial solution was mixed with xylene in equal proportions and vortexed for 5 min. The
absorbance (A0) of its aqueous phase was measured immediately. After the mixture was
allowed to stand at 37 °C for 1 h, the absorbance (At) of the aqueous phase was measured.
Equation (2) was used to calculate the hydrophobicity of XM-38.

Hydrophobic (%) = A0 — At/ A0 x 100 ()
In Equation (2), A0 is the absorbance at 0 h; At is the absorbance after 1 h.

2.3.7. Antioxidant Properties

The antioxidant activity of XM-38 was evaluated according to the method of [14] with
slight modifications and three groups. In the sample group, 1 mL of bacterial solution was
mixed with 1 mL of DPPH ethanol (0.2 mmol L™!). In the control group, 1 mL of DPPH
was mixed with 1 mL of normal saline. In the blank group, 1 mL of absolute ethanol mix
was mixed with 1 mL of normal saline. The tubes were vortexed and placed in the dark
at room temperature for 30 min. The absorbance was measured at 517 nm, and all data
are presented as averages of three independent experiments. Equation (3) was used to
calculate the DPPH clearance.

Scavenging rate (%) = A1 — A2/ A1 x 100 3)

In Equation (3), Al is the absorbance of the control group, and A2 is the absorbance of
the sample group.
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2.3.8. Drug Susceptibility Analysis

The drug susceptibility of XM-38 was evaluated according to the standard disc dif-
fusion method of Kassim et al. [15]. The XM-38 bacterial solution (10° CFU-mL~!) was
spread on the modified MRS solid medium containing 1-5% agar. The antibiotic-containing
susceptibility papers were attached to each plate while maintaining an appropriate dis-
tance. The diameters of the transparent circles around the antimicrobial susceptibility discs
were measured after being cultured at 37 °C for 48 h. Additionally, results were com-
pared with information in Performance Standard for Antimicrobial Susceptibility Testing,
developed by American Clinical and Laboratory Standards [16]. The antibiotics include
ampicillin, gentamicin, kanamycin, streptomycin, erythromycin, clindamycin, tetracycline,
and chloramphenicol.

2.3.9. Acute Oral Toxicity Test in Mice

The safety of XM-38 was evaluated according to the criteria provided by the OECD
(Organization for Economic Co-operation and Development) [17]. The experimental an-
imals were provided by Henan Skebes Biotechnology Co., Ltd. (Henan, China) (license
number SCXK2020-0005). Twenty healthy Balb/c mice (ten male, ten female) have fasted
for 6 h. All mice were fed 20 g-kg~! bacterial solution three times every 4 h and fed a
regular diet after the last dose; they were observed for health or death over 14 d.

2.4. Identification of XM-38
2.4.1. Whole-Genome Extraction, Sequencing, and Construction of Phylogenetic Trees

The XM-38 genome was extracted using the PureLink™ Pro 96 Genomic DNA Purifi-
cation Kit (Invitrogen, Carlsbad, CA, USA). The whole genome of XM-38 was sequenced
using the PacBio platform. By aligning with the 16S rRNA sequences of other lactic acid bac-
teria included in GenBank, a systematic purification tree was constructed using Mege7 [18]
software to determine the classification of XM-38.

2.4.2. Genome Annotation

Coding genes were predicted on newly sequenced genomes using GeneMarkS [19]
(Version 4.17) software (http:/ /topaz.gatech.edu/GeneMark/, assessed on 19 December
2022). Additionally, the KEGG database (http://www.genome.jp/kegg/, assessed on 19
December 2022) was used to annotate predicted genes. The tRNA and rRNA were predicted
by tRNAscan-SE [20] software (Version 1.3.1) and rRNAmmer [21] (Version 1.2) software.

2.4.3. Prediction of Bacteriocin Genes

Bacteriocins are secreted proteins. In this study, the signal peptide prediction tool
SignalP [22] was used to annotate whether the protein sequence contained signal peptides.
At the same time, the TMHMM [23] was used to annotate whether the protein sequence
contained transmembrane regions. Finally, the proteins containing the signal peptide and
no transmembrane region were screened for secretion protein.

2.4.4. Antibiotic-Resistance Gene

The amino acid sequence of the gene encoded by XM-38 was compared with the
ARDB database [24] using Diamond software [25], and the gene of the target species was
combined with its corresponding drug resistance function annotation information to obtain
the annotation result.

2.4.5. Virulence Gene Prediction

The amino acid sequence of XM-38 was compared with the VFDB database [26] using
Diamond software [25], and the gene of the target species was combined with its corre-
sponding virulence factor functional annotation information to obtain the annotation result.
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2.4.6. Statistical Analysis

The experimental data are expressed as the mean = standard deviation (SE). The differ-
ences were analyzed using the one-way ANOVA test. p <0.05 was considered statistically
significant. All analyses were performed using the SPSS version 22 software.

3. Results
3.1. Biological Identification of XM-38
3.1.1. Antibacterial Assay

The results of the agar diffusion assay showed that XM-38 has strong antibacterial
activity against Gram-negative and Gram-positive bacteria, such as Listeria monocytogenes
(53-3, Staphylococcus aureus NCTC8325, Salmonella typhimurium 550333, Escherichia coli
K88, and Shigella ATCC12022 (Table 1). The antibacterial activity of XM-38 against other
pathogenic strains remains to be studied. LAB inhibits the growth of pathogenic bacteria
mainly by lowering the pH in the environment, producing bacteriocin, and competing
for nutrients [27]. In this study, a protein containing the bacteriocin CHAP domain was
successfully identified from secreted proteins using the bioinformatics software SignalP and
TMHMM, and the result showed that the bacteriocin had good antibacterial activity against
Staphylococcus aureus [28]. In conclusion, XM-38 inhibited the growth of pathogenic
bacteria, possibly related to bacteriocin.

Table 1. The results of agar diffusion assay of XM-38 inhibiting pathogenic bacteria.

Indicator Strains G+/G— Inhibition Zone (mm)
Listeria monocytogenes G+ 23.30 £0.75
Staphylococcus aureus G+ 16.20 + 0.02

Salmonella typhimurium G- 20.11 £0.75
Escherichia coli G- 21.00 £ 0.02
Shigella G- 17.00 £ 0.02

G+/G~—: Gram-positive bacteria/Gram-negative bacteria.

3.1.2. Toleration to Temperature and NaCl

The potential of probiotics to grow at different temperatures is important for their
application in the food industry [29]. XM-38 can grow at a temperature of 1545 °C, with the
highest activity at 37 °C (Figure 1A). At the same time, XM-38 exhibited good salt tolerance
to 1~5% NaCl, and the viable count ranged from 10.52 to 10.44 log CFU-mL~! (Figure 1B).
Although XM-38 was cultured in media with different salt concentrations for 24 h, the
viable bacteria counts decreased slightly with the increase in salt concentration, but the
viable bacteria rate was still as high as 98.5% in a 5% NaCl medium. At the same time, the
colony counts were all above 10 log CFU-mL~!. Therefore, XM-38 has strong salt tolerance
and can resist strong osmotic pressure in the stomach to maintain its growth characteristics.

A
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o

ODgqgo value

10.2

Viable counts (log CFU/mL )

15°C 25°C 37°C 40°C 45C

0 1 3 5

Temperature NaCl concentration (g/100mL)

Figure 1. Temperature and NaCl tolerance of XM-38. (A) Temperature tolerance results; (B) NaCl
tolerance results. All data are shown as averages of three independent experiments. The bars
represent the standard deviation.
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3.1.3. Toleration to Acid and Bile Salt

XM-38 is acid- and bile-tolerant; when inoculated in an MRS medium with a low
pH value and high bile salt concentration, the viable bacterial counts decreased slightly
(Tables 2 and 3). The survival rate of XM-38 was 81.29% in pH = 2.5 medium after 3 h
of culture and 76.62% in bile salt-containing medium after 4 h of culture. These results
indicated that the XM-38 could grow normally under these conditions while exerting
the effect of probiotics. Therefore, this strain can meet the concentration requirements of
probiotics.

Table 2. Colony counts of XM-38 at different pH values and different periods (n = 3).

Growth of Strain XM-38 (log CFU-mL~1)

pH

Oh 1h 2h 3h

6.2 (control) 6.80 4+ 0.50 2 7.62 +£041b 8.07 +£0.58b 823 +0.29b
55 6.79 + 0.36 2 6.87 +0.47 2 6.92 +0.302 6.98 +0.352
45 6.75 + 0.43 2 6.74 +0.49 2 6.75 +0.222 6.77 £ 0.272
35 6.67 +0.392 6.72 +0.342 6.72 £0.092 6.73 +0.292
25 6.65 + 0.47 2 6.68 +0.572 6.69 +0.49 2 6.69 +0.152

The experimental data are expressed as the mean =+ standard deviation (SE). Different lowercase letters after the
mean indicate significance. p <0.05 was considered significant.

Table 3. Colony counts of XM-38 were exposed to different bile salt concentrations (w/v) for different
periods (n = 3).

Bile Salt Growth of Strain XM-38 (log CFU-mL~1)
Concentration (%) Oh 1h 2h 3h 4h
0 (control) 6754+0212 7574+0.14% 813 +032b 8254+030P 8.64+0.08P
0.1 67240352 66940402 678+0272 68240522 6.76+0542
0.2 67140243 672+0202 674+0332 677+0382 6.76+0.102
0.3 667 £0302% 6.67+0462 6.62+0342 65840452 6.62 40432

The experimental data are expressed as mean =+ standard deviation (SE). Different lowercase letters after the mean
indicate significance. p <0.05 was considered significant.

3.1.4. Hydrophobicity and Antioxidant Properties

The hydrophobicity of LAB is closely associated with adhesion [30]. The hydrophobic-
ity of XM-38 can reach 76.32 £ 8.68%, indicating that it has excellent hydrophobicity and
adhesion. Studies have shown that oxidative stress is associated with dysbiosis of the gut
flora; therefore, improving gut flora with probiotics has been widely studied [31]. XM-38
exhibits strong DPPH free radical scavenging activity at a rate of 78.29 4 10.76%.

3.1.5. Auto-Aggregation Analysis

The auto-aggregation of probiotics is closely related to their adhesion properties [32,33].
The increased adhesion of probiotics results in prolonged colonization of the gut, resulting
in improved local microbiota and immune responses [34]. In this study, we evaluated the
auto-aggregation ability of XM-38 over 5 h. The results showed that the auto-aggregation
rate of the strain was 10% in the first hour, which soared to 70.6% in 5 h, indicating that the
strain has a good auto-aggregation ability.

3.1.6. Drug Susceptibility Analysis

Sensitivity to antibiotics is an important characteristic of probiotics [35,36]. The sus-
ceptibility and resistance of XM-38 to antibiotics were evaluated according to the minimum
inhibitory concentration (MIC) values (cut-off values) specified by the EFSA [37]. In this
study, the MIC values of XM-38 were all lower than the cut-off value specified by the
EFSA, which indicated that this strain was sensitive to ampicillin, gentamicin, kanamycin,
streptomycin, erythromycin, clindamycin, tetracycline, and chloramphenicol. At the same
time, to detect antibiotic resistance genes at the gene level, this study also compared the
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encoded gene of XM-38 with the ARDB database. Table 4 indicated that eight antibiotic
resistance genes in total were detected, but only when the identity value of the comparison
was greater than the minimum identity value could it be regarded as a credible result. In
conclusion, XM-38 is a safe strain but only resistant to bacitracin.

Table 4. Antibiotic-resistance gene XM38.

Gene id Identity Min Identity Antibiotic Resistance
XM38_GMO000138 42.4 80 vancomycin
XM38_GMO000679 46.3 80 deoxycholate, fosfomycin
XM38_GMO000778 44 .4 80 lincomycin
XM38_GMO002177 40 80 vancomycin, teicoplanin
XM38_GM002210 62.3 30 bacitracin
XM38_GMO002581 53.3 80 lincosamide, streptogramin B, macrolide
XM38_GMO002903 45.6 80 vancomycin
XM38_GMO003005 41.6 80 bacitracin

3.1.7. Acute Oral Toxicity Test in Mice

After ingesting XM-38 with an LDsy > 20 g/kg, all mice did not find any adverse
effects, weight loss, and death. At the same time, the encoded gene of XM-38 was compared
with the VFDB database to obtain the annotation information of virulence genes. Table 5
indicates that 10 virulence-related genes were identified in total, but the consistency was
less than 50%. Thus, the XM-38 genome did not contain any virulence-related genes, which
proves that XM-38 is a non-toxic strain that can be further developed and utilized.

Table 5. Virulence-related genes encoded by XM-38.

Gene Id VFDB Name Identity (%) Length (bp) Location
XM38_GM000099 Trehalose-recycling ABC transporter 40.8 741 96,094-96,834
XM38_GM000229 Trehalose-recycling ABC transporter 40.1 960 219,268-220,227
XM38_GMO000668 Mg2+ transport 45.3 2118 613,904-616,021
XM38_GMO000821 FbpABC 40.9 1224 769,042-770,265
XM38_GMO000857 LPS 47.7 441 801,052-801,492
XM38_GMO000900 Oligopeptide-binding protein 41.2 1512 844,024-845,535
XM38_GM000925 Capsular polysaccharide 48.1 573 865,883-866,455
XM38_GMO000936 CIpE 485 2151 874,820-876,970
XM38_GMO001159 Iron-cofactored SOD 41.7 618 1,060,994-1,061,611
XM38_GMO001180 Ferrous iron transport 40 264 1,085,394-1,085,657

3.2. Identification of XM-38

The whole genome of XM-38 is composed of a circular chromosome of 2.91 Mb
(Table 6). Based on 165 rRNA analysis, a phylogenetic tree was constructed using MEGA 7
software [18], and the results showed that XM-38 has a close homologous relationship with
L. paracasei R094 (Figure 2). Biochemical tests showed that the immobile, Gram-positive,
and catalase tests of XM-38 were negative. At the same time, the function of the XM-38
genome product was annotated using the KEGG database. KEGG [38,39] is a database for
systematic analysis of metabolic pathways of gene products and compounds in cells and
the functions of these gene products. It integrates data from genomics, chemical molecules,
and biochemical systems, including KEGG pathways, KEGG drugs, KEGG diseases, KEGG
modules, KEGG genes, KEGG genomes, etc. (Figure ??). The whole-genome sequence of
Lacticaseibacillus paracasei has been submitted to GenBank (accession numbers: CP104699).

Table 6. Details of the Lacticaseibacillus paracasei XM-38 genome.

Genome Size (bp) Gene Number Gene Length (bp) GC Content (%) tRNA rRNA
2,910,589 3118 2,495,028 47.11 59 15
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Figure 2. Phylogenetic tree of XM-38. The phylogenetic tree was constructed using the distance-based
neighbor-joining algorithm in Mega7 with 1000 bootstrap replicates (A indicates the XM-38) (strain

name representation: strain name + GenBank number).

KEGG pathway classification
(XM-38)

Endocrine system
Amino acid metabolism
Biosynthesis of other secondary metabolites
Carbohydrate metabolism
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Metabolism of cofactors and vitamins
Metabolism of other amino acids
Metabolism of terpencids and polyketides
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Translation=ggE
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Number of genes

Figure 3. Histogram of the function and quantity of XM-38 genes annotated in the KEGG database. This
graph was produced using GraphPad Prism V 7.03 (GraphPad Software Inc., San Diego, CA, USA).

4. Discussion

Traditional fermented foods play an important role in the human diet. Archaeological
studies have found that fermented foods came from Asia as early as 8000 BC [40]. Fer-
mented food is the product of converting raw animal and plant materials into nutrients
needed for animal survival using functional microorganisms. During food fermentation,
the bioavailability of nutrients increases, and the function of probiotics and prebiotics is
stimulated, thereby improving the nutritional properties and health benefits of related
foods [41]. There are many types of fermented foods around the world. Koumiss is a
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traditional fermented dairy product in Inner Mongolia with a unique flavor. It can regulate
the gastrointestinal environment, improve the absorption of nutrients, reduce the body’s
lactose intolerance, enhance immunity, prevent scurvy and atherosclerosis, and help to
treat tuberculosis [42]. In koumiss food, microorganisms involved in the fermentation
process belong to a group of LAB [43]. Due to intensive in vivo and in vitro research, the
use of LAB in treatments for various diseases has been increasing year by year [44-46].
Advances in biotechnology have boosted the potential to explore the functions of LAB. A
combination of the in vitro characteristics and genomics of LAB can reveal the molecular
mechanism behind the characteristics of LAB to discover potential probiotics. In order to
qualify for probiotics, candidate microorganisms must have specific functional and safety
characteristics, including an ability to produce different bacteriocins, temperature tolerance,
acid resistance, bile salt resistance, and non-pathogenicity. Therefore, probiotics can be
widely used in the food and health industries [45,47-49]. L. paracasei XM-38 exhibits broad
bacteriostatic activity against pathogenic Gram-positive and Gram-negative bacteria. This
feature not only balances normal intestinal flora but also prevents food spoilage during
processing [50,51]. Adewale et al. isolated lactic acid bacteria with Salmonella inhibitory
activity from bovine feces but did not detect the presence of bacteriocins, which is suspected
to be the effect of lactic acid [52]. In addition, in this study, we screened the bacteriocin
CHAP (cysteine, histidine-dependent amidohydrolase/peptidase) domain with bacterio-
static activity at the genome level. The CHAP domain is usually associated with other
domains that cleave peptidoglycans, leading to bacterial lysis [53,54]. Bacteriocins are a
class of protein-like substances with an antibacterial activity that is synthesized and se-
creted into the environment by lactic acid bacteria in the process of growth and metabolism,
which have great potential for application in the research and development of natural food
biological preservatives [55]. Therefore, this study found that the CHAP structural domain
of XM-38 has good application prospects. It is still unclear whether this domain determines
the antibacterial activity of XM-38 and needs to be further verified. The ability of probiotics
to grow at different temperatures is important for industrial production [29]. It can be seen
from the temperature tolerance test that XM-38 can grow well between 15 and 45 °C, and
the fastest growth temperature is 37 °C. The ability to tolerate the acidic environment of
the gastrointestinal tract and the secretion of bile salts in the small intestine is important for
obtaining potential probiotics [29,35]. L. paracasei XM-38 can grow well in pH =2.5and a
0.3% bile salt environment and can also grow in 5% NaCl, which reflects the potential for
clinical applications of this strain. Xu et al. isolated L. paracasei subsp L1 from sweet potato
sour liquid, and it can also grow normally in a medium with pH = 2.5, 0.3% bile salt, and
5% sodium chloride, indicating that the results of this study are consistent with previous
studies and have certain significance [10]. Meanwhile, Zarate et al. reported that strains
with bile tolerance significantly reduced the symptoms of lactose intolerance [56]. There-
fore, XM-38 may have a greater potential for development in functional dairy products.
The adhesion of probiotics is critical to inhibiting other pathogens on epithelial tissues [57].
Current research shows that the hydrophobicity and auto-aggregation ability of probiotics
is highly correlated with adhesion and biofilm formation, and biofilm is an important
property that hinders the invasion of pathogenic bacteria [58,59]. Al Kosa et al. found
that CMULS57 (L. palustris), CMULG67 (L. acidophilus), and CMUL140 (L. plantarum) were
the most hydrophobic strains among the screened strains, and these strains also showed
the greatest self-aggregation ability [60]. The auto-aggregation of XM-38 reached 70.6%
after 5 h, indicating the potential to hinder the invasion of other pathogens. Meanwhile,
the hydrophobicity of XM-38 was 76.32 £ 8.68%. Haydee et al. isolated L. paracasei CT12
from Tibios. The bacterium had good hydrophobicity (97-99%), self-aggregation (about
70%), and adhesiveness (up to 90%), showing the characteristics of probiotics [61]. Specific
probiotics can exhibit antioxidant activity and reduce damage caused by oxidation, indicat-
ing that their free radical scavenging is specific [62]. L. paracasei has a strong free radical
scavenging efficiency (78.29 & 10.76%). In this study, we tested the acute oral toxicity in
mice and antibiotic susceptibility to evaluate the safety of XM-38. The results showed that



Fermentation 2023, 9, 87 10 of 13

XM-38 had no effect on the weight and health of the mice and was sensitive to all antibiotics.
Interestingly, we found that XM-38 has the unique flavor of fermented milk during the
cultivation process, which can arouse consumers’ appetite. Therefore, this LAB is capable
of causing changes in the flavor of koumiss. In summary, this study comprehensively and
systematically evaluated the efficacy and safety of XM-38 as a good probiotic, indicating
that it is a promising candidate for clinical application.

5. Conclusions

The experiment showed that L. paracasei XM-38 is a safe, non-toxic, and stable
Lacticaseibacillus strain with probiotic-related genes and characteristics. The study of this
strain can lay a strong foundation for the development and utilization of probiotics.
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