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Abstract: Considerable progress has been achieved in the bioaccumulation and transformation of
selenium (Se)-enriched lactic acid bacteria (LAB). However, research on the effects of Se on the
structure and probiotic potential of LAB is relatively limited. In this study, six industrial LAB
strains, including Lactobacillus plantarum 21,805, Lactobacillus paracasei 20,241, Lactobacillus fermentum
21,828, Lactobacillus casei 23,185, Lactobacillus acidophilus 6064, and Lactobacillus plantarum 6076, were
cultured in De Man, Rogosa, and Sharpe (MRS) medium containing Se for three generations. High-
Se LAB was screened based on bacterial biomass, viable bacterial count, and Se content. Their
structural characteristics were analyzed using scanning electron microscopy (SEM), Fourier-transform
infrared spectroscopy (FTIR), and X-ray diffraction (XRD). The results indicated that LAB growth
was influenced by the Se environment, with high Se (20 pg/mL) inhibiting it. At a Se concentration
of 10 ug/mL, LAB maintained integrity and exhibited a high Se enrichment ability, with a Se
enrichment of 4.88 & 0.39 mg/g. The intracellular Se existed in an amorphous or non-crystalline
form. Furthermore, Se-enriched LAB exhibited enhanced probiotic properties, including tolerance to
simulated gastrointestinal fluids, acid resistance, bile salt resistance, and hydrophobicity. Therefore,
Se-enriched LAB are expected to develop new functional foods or dietary supplements for human
and animal consumption.
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1. Introduction

Se is recognized as an essential trace element for human health [1]. It plays a crucial
role in numerous physiological functions, including but not limited to combating oxidative
stress, regulating growth, reducing pregnancy complications, enhancing fertility, and
antiviral activity [2]. The World Health Organization (WHO) has recommended a daily
intake of 55 pg of Se for maintaining human health [3]. However, Se-deficient areas are
widespread across the globe, and currently around 0.5-1.0 billion people are at risk of Se
deficiency [4]. Inadequate Se intake, particularly below 20 pg/d in adults, has been linked
to various health issues such as Keshan disease, Kashin-Beck disease, hypothyroidism,
cardiovascular diseases, weakened immune systems, male infertility, memory loss, and an
increased risk of various cancers [5].

Probiotics are composed of a diverse array of microorganisms, including bacteria such
as Lactobacillus and Bifidobacterium, as well as yeast such as Saccharomyces boulardii [6,7].
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These bacteria ferment carbohydrates, leading to the production of lactic acid, which is
beneficial in maintaining a healthy balance in the gut microbiota by inhibiting the growth
of harmful bacteria [8]. In the industrial setting, probiotics can be mass-produced in large
bio-reactors to meet the cell requirements for functional food production [9]. The industrial
application of probiotics has expanded to various fields, including food and beverage
production, pharmaceuticals, and agriculture.

As a prominent group of common probiotics, LAB naturally exist in the human
intestine and various food sources, with traditional fermented foods serving as a good
source to obtain these bacteria, including yogurt, kimchi, sauerkraut, kefir, and sourdough
bread [10]. LAB play a crucial role in maintaining the balance of intestinal microecology;,
immune regulation, anti-cancer, antibacterial, and antiviral activities [11,12]. They also
contribute to improved digestion of lactose and micronutrients, reduction in antibiotic-
associated diarrhea, and mitigation of the risk of vaginal infections [13].

In the context of bioconversion, Se-enriched LAB have demonstrated the capability to
convert inorganic Se into organic selenides [14]. Research has indicated that Se-enriched
LAB not only aid in meeting the Se requirements of populations with Se deficiency but
also play a significant role in disease prevention, enhancement of immune function, and
protection of gastrointestinal health [15].

In recent years, significant advancements have been achieved in research on the
bioaccumulation and biotransformation capabilities of Se-enriched LAB. However, research
focusing on the structure and probiotic potential of these Se-enriched LAB remains relatively
limited [16]. This study investigated the effect of Se concentration on the growth and
enrichment of LAB, and evaluated the probiotic characteristics of Se-enriched LAB. The
aim is to provide a scientific basis for the development of Se-enriched LAB products by
gaining a deeper understanding of the mechanisms of LAB Se enrichment and adaptation.

2. Materials and Methods
2.1. Strains and Reagents

L. plantarum 21,805, L. paracasei 20,241, L. fermentum 21,828, L. casei 23,185, L. acidophilus
6064, and L. plantarum 6076 were purchased from China Center of Industrial Culture
Collection (CICC) (China).

SeZ* single-element standard solution (214021-3) was acquired from the National
Nonferrous Metals and Electronic Materials Analysis and Testing Center (NMT) (Beijing,
China). All other reagents were of analytical grade and were purchased from Beijing
Aoboxing Biotechnology Co., Ltd. (Beijing, China).

2.2. Strain Activation and Expansion Culture

All strains were cultured in MRS medium at 37 °C for three generations, with each
generation being of 24 h. During the culture period, the absorbance at 600 nm measured
using (U-3900, Hitachi, Tokyo, Japan) was recorded every 2 h for 24 h, and the growth
curve at 600 nm was plotted. Each experiment was repeated three times.

2.3. Se-Enriched Bacterial Cultivation

Each strain was individually cultured in MRS medium with Se concentrations of 0, 5,
10, 20, and 40 pg/mL at 37 °C for three generations, with each generation lasting 24 h. All
experiments were conducted with cultures of passage 3. The absorbance at 600 nm was
measured every 3 h, and the number of viable bacteria was determined using the plate
coating method to calculate the colony-forming unit (CFU). At the end of the incubation,
the bacterial solution cultured at each Se concentration was centrifuged at 5000 rpm for
15 min (H1850R, Xiangyi, Neijiang, China), washed three times with phosphate-buffered
saline (PBS), and the precipitated bacterial biomass was freeze-dried.
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2.4. Se Content Determination

The Se content in the freeze-dried biomass of each strain was determined using a
hydride generation atomic fluorescence spectrometer (AFS230E, Haiguang, Beijing, China)
following a previously described method [17]. Argon was utilized as the carrier gas, 5%
HCl as the carrier flow, and a 2% NaBHj4 solution as the reducing agent. The instrument
conditions were set as follows: a negative high voltage of 300, a reading time of 15, a
delay time of 3 s, and each sample was analyzed in triplicate.

2.5. Strain Identification by 16S rRNA Sequencing

Genomic DNA was extracted using Tiangen Bacterial Genomic DNA Extraction Kits (Tian-
gen, Beijing, China). The DNA was then amplified by PCR using the universal primer pair 27F
(5 —AGAGTTTGATCCTCGCTCAG—3') and 1492R (5 —~GGTTACCTTGTTACGACTT-3'),
targeting the bacterial 165 rRNA gene. The PCR reaction system (50 uL) comprised 2 x Taq
PCR Master Mix (With Dye) 25 uL, template DNA 2 pL, upstream and downstream primers
(10 umol/L) 2 uL each, and ddH,O 19 uL. The PCR was initiated at 94 °C for 5 min,
followed by 36 cycles at 92 °C for 30 s, 56 °C for 30 s, and 72 °C for 90 s, and concluded
with a final extension step at 72 °C for 10 min. Subsequently, 2 pL of the PCR products was
subjected to 1.0% agarose gel electrophoresis and visualized using a UV gel imaging system.
The resulting PCR amplicons were sent to Sangon Bioengineering (Shanghai, China) Co.,
LTD for sequencing. Sequence similarity analysis was performed using the BLAST program
of NCBI to identify closely related sequences and determine the taxonomic classification of
the bacteria. Sequences with a similarity of 97% or higher were considered as potential new
bacterial species, while those with less than 97% similarity were regarded as potential new
species [18]. Pairwise distances were computed using MEGA 11.0 software to calculate
genetic distances, and the neighbor-joining method was employed to construct phyloge-
netic trees based on the 165 rRNA gene sequences obtained from sequencing. Bootstrap
analysis was performed 1000 times to assess the confidence intervals of the evolutionary
tree topology.

2.6. Characterization Methods
2.6.1. SEM Analysis

The SEM assay was conducted in accordance with a previously described method [19].
Freeze-dried samples of LAB were gold-coated and examined for surface morphology
using a scanning electron microscope (Verios 460, Thermo Fisher, Waltham, MA, USA) with
an accelerating voltage of 10 kV.

2.6.2. FT-IR Analysis

The FI-IR assay was carried out following a previously described method [20]. A
Fourier transform infrared spectrometer (NICOLET IS50, Thermo Scientific, Waltham, MA,
USA) was employed for infrared spectrum analysis within the range of 4000-500 cm~!.

2.6.3. XRD Analysis

The lyophilized bacteria powder was compressed into a glass groove, and an X-ray
diffractometer (D8 Advance, Bruker, Germany) was used with a scanning angle range of
26 (5°-70°) at room temperature, an operating voltage of 40 kV, a current of 40 mA, and
a copper target X-ray source (Cu Ko, A = 0.15406 nm). The scanning speed was set at
12° /min [20].

2.7. Probiotic Properties Assessment
2.7.1. Evaluation of Tolerance to Artificial Gastric and Intestinal Fluids

In accordance with the approach outlined by Shu et al. [21], a 1 mL bacterial suspension
of each strain was combined with 9 mL of artificial gastric fluid (comprising 0.2 g sodium
chloride and 1 g pepsin dissolved in 100 mL HCl solution at pH 2.0) and incubated statically
at 37 °C. The treatment solution was sampled at 0, 30, 60, 90, and 120 min intervals to
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assess the number of viable bacteria. Additionally, 1 mL of artificial gastric fluid containing
bacteria was mixed with 9 mL of artificial intestinal fluid (comprising 0.68 g potassium
dihydrogen phosphate and 1.0 g trypsin dissolved in 100 mL of distilled water, with pH
adjusted to 7 using NaOH solution). The mixture was incubated at 37 °C for 150, 180, 210,
and 240 min, and the viable bacterial count was determined to calculate the survival rate
using the following formula:

Survival Rate (%) = (As/Ag) x 100%

where Ag represents the survival count of the strain treated in simulated gastric or intestinal
fluid, and A represents the initial survival count of the strain.

2.7.2. Assessment of Acid Tolerance

The acid tolerance of the strains was determined following the method of Taj et al. [22]
with slight modifications. The pH was adjusted by adding 0.1 mol/L HCL. Each strain was
inoculated in MRS medium (pH 2, 3, 7) and statically incubated at 37 °C for 5 h. The ODgqg
value was measured, and the acid tolerance was calculated using the following formula:

Acid Tolerance (%) =1 — (An — Aa)/Anx 100%

where A, represents the value of ODgq at pH 7, and A, represents the value of ODg at
pH 2 or pH 3.

2.7.3. Determination of Bile Salt Tolerance

The tolerance of each strain to bile salts was determined following Kaur’s method [23].
Each strain was inoculated at 1% in MRS medium with different concentrations of bile salts
(0%, 0.3%, 0.5%). After incubation at 37 °C for 6 h, the ODg value was measured. The bile
salt tolerance of the strain was calculated using the following formula:

Bile Salt Tolerance (%) =1 — (An — Ap)/Anx 100%

where Ap, represents the ODggg value at 0% bile salts concentration, and Ay, represents the
ODgqp value at 0.3% or 0.5% bile salts concentration.

2.7.4. Evaluation of Surface Hydrophobicity

The surface hydrophobicity of the strains was measured using the microbial adhesion
to hydrocarbons (MATH) method with minor modifications as per previous methods [24].
Each strain was cultured in MRS medium for 12 h, centrifuged at 5000 g for 10 min at
4 °C, and after washing three times with PBS, the strains were resuspended and the
ODgqp value was determined as the initial absorbance (Ag). Then, 3 mL of suspension
was mixed with 1 mL of xylene as the solvent, vigorously shaken for 15 min, left at room
temperature for 1 h, and the lower aqueous phase was collected and measured at ODgg
(A). The surface hydrophobicity of LAB was calculated using the microbial adhesion to
hydrocarbons formula:

Hydrophobicity (%) =1 — (Ao — A)/Ap x 100%

where A is the absorbance value of the initial bacterial suspension, and A is the absorbance
value of the aqueous phase after xylene treatment.

2.8. Statistical Analysis

Each experiment was conducted in triplicate. The statistical data are presented as mean
=+ standard deviation (SD). One-way analyses of variance (ANOVA) with Tukey test were
performed using SPSS 10.0 software (SPSS Inc., Chicago, IL, USA). Graphs were generated
using GraphPad Prism software 6.01 (GraphPad Software Inc., La Jolla, CA, USA).
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3. Results
3.1. Screening of Se-Enriched LAB

In this study, six LAB strains were purchased, and Se-enriched strains were obtained
by culturing these LAB in MRS medium with different concentrations of sodium selenite
for three generations. Figure 1 depicts the influence of Se concentrations on the growth
of six LAB. Growth curves of LAB were obtained under Se concentrations ranging from 0
to 40 pg/mL, as shown in Figure 1A-F. It was observed that increasing Se concentrations
had a retarding and inhibiting effect on LAB growth. At Se concentrations of 0-10pg/mL,
the optical density (OD) value was relatively high. After 3 h of incubation, bacterial
cultures entered the logarithmic growth phase and stabilized around 12 h. However, at Se
concentrations of 20-40 pg/mL, the OD value decreased. During the initial 0-6 h, there
was a lag in bacterial growth, but after 6 h, bacterial cultures entered the logarithmic
growth phase, with the stabilization period extending to 16 h, and the bacterial growth was
inhibited to varying degrees. Therefore, Se cultivation concentrations of 0, 5, and 10 pg/mL
were selected during the Se enrichment process, and the fermentation time was extended
to 18 h for the screening of Se-enriched strains based on biomass, viable bacterial count,
and Se content.
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Figure 1. Effect of Se concentrations on the growth of lactic acid bacteria. (A-F) Growth curves of
strains at 0, 5, 10, 20, 40 ug/mL Se; (G) biomass at 0, 5, 10 pg/mL Se; (H) Se content at 0, 5, 10 pg/mL
Se; (I) viable bacterial count at 0, 5, 10 pug/mL Se.

Figure 1G illustrates the variation in biomass of the six strains at Se concentrations of
0,5, and 10 ug/mL. It was observed that as the Se concentration increased, the biomass
of the bacteria decreased. Under Se-free conditions, the strains exhibited the following
biomass order: L. plantarum 6076 > L. lactis 23,185 > L. acidophilus 6064 > L. lactis 20,241 >
L. fermentum 21,828 > L. plantarum 21,805. At a Se concentration of 10 pug/mL, the strains
exhibited the following biomass order: L. plantarum 6076 > L. lactis 23,185 > L. lactis 20,241 >
L. plantarum 21,805 > L. acidophilus 6064 > L. fermentum 21,828.
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In Figure 1H, a strong positive correlation between bacterial Se content and Se con-
centration in the culture medium is demonstrated. These strains exhibited the ability to
absorb selenite when cultured in MRS medium containing 5 and 10 pg/mL Se. Under
the condition of 10 ug/mL Se, L. plantarum 6076 and L. lactis 23,185 exhibited higher Se
accumulation, reaching 4.88 & 0.39 mg/g and 3.68 & 0.23 mg/g, respectively. Figure 11
revealed that as the Se concentration increased, the viable bacterial count of the strains
decreased. L. plantarum 6076 displayed strong Se tolerance, with a viable bacterial count
of 3.9 x 1019 and 2.8 x 109 CFU/mL after 18 h of cultivation in 5 and 10 ug/mL Se,
respectively. Based on biomass, viable cell count, and Se enrichment, L. plantarum 6076
exhibited a positive correlation and excelled in all three aspects, thus establishing it as the
preferred strain for Se enrichment.

3.2. Phylogenetic Analysis of Se-Enriched L. plantarum

The identification of Se-enriched L. plantarum 6076 was conducted through analysis of
16S rRNA sequences. Phylogenetic clustering analysis, as depicted in Figure 2, revealed a
97% sequence homology between L. plantarum 6076 and L. plantarum 202 (OR105078.1). The
gene homology of L. plantarum 6076 at 5 pg/mL Se and L. plantarum FNL190 (MT109194.1)
was determined to be 99%. Moreover, L. plantarum at 10 pg/mL Se exhibited a 99.93%
homology with L. plantarum 7055 (MT464101.1). Consequently, it was established that
L. plantarum 6076 at 5, 10 ug/mL Se belonged to the L. plantarum species.

4{4,7 Lactobacillus plantarum 6076 at 5 g/mL Se
94 Lactobacillus plantarum 6076 at 10 g/mL Se

39 Lactobacillus plantarum 6076 at 0 g/mL Se

OR105078.1 Lactobacillus plantarum strain 202

MT464101.1 Lactobacillus plantarum strain 7055

99 ——— MT463669.1 Lactobacillus plantarum strain 6324

ol MT109194.1 Lactobacillus plantarum strain FFNL 190

NR 042514.1 Levilactobacillus namurensis strain R-27965

NR 179702.1 Lactobacillus porci strain SG816

MT611671.1 Lactobacillus brevis strain 2651

MT611591.1 Lactobacillus brevis strain 2560

a0
KT445880.1 Lactobacillus acidophilus strain MLBO1

MK 123485.1 Lactobacillus acidophilus strain PNW3

Figure 2. Phylogenetic tree of L. plantarum 6076 at 0, 5, 10 pg/mL Se. The bold represents the
tested strains.

3.3. Structural Characterization of Se-Enriched L. plantarum

To investigate the impact of Se on L. plantarum 6076, SEM was employed to observe the
morphology changes in L. plantarum 6076 cultured at different Se concentrations (Figure 3).
Under 0 ug/mL Se, L. plantarum 6076 exhibited an intact cell morphology, appearing as
short rods with a length of approximately 1-2 um (Figure 3A). At the lower Se concentration
(5 ng/mL), L. plantarum 6076 did not show significant changes in cell morphology, but
SEM analysis revealed the presence of deposits around the strain wall, indicating potential
alterations in the cell surface structure (Figure 3B). Interestingly, at the higher Se concen-
tration (10 ng/mL), L. plantarum 6076 did not undergo significant changes in overall cell
morphology. However, detailed SEM imaging of the strain surface revealed the presence of
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concavities and an increase in surface deposits, suggesting potential modifications in the
cell surface topography and composition (Figure 3C).
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Figure 3. Structural characterization of L. plantarum 6076 at 0, 5, 10 ug/mL Se. (A) SEM images of L.
plantarum 6076 at 0 ng/mL Se. (B) SEM image of L. plantarum 6076 at 5 pg/mL Se. (C) SEM image
of L. plantarum 6076 at 10 ug/mL Se. (D) FT—IR spectra of L. plantarum 6076 at 0, 5, 10 ug/mL Se.
(E) XRD spectra of L. plantarum 6076 at 0, 5, 10 ug/mL Se.

To investigate the influence of Se on the functional groups of L. plantarum 6076, FT-IR
was employed to assess the changes in the functional groups of L. plantarum 6076 at 0, 5,
10 ng/mL Se (Figure 3D). The overall waveform of the three samples exhibited similar-
ities, with noticeable shifts in some peak positions. Absorption peaks were detected at
3271-3445 cm ™!, 1350-1391 em ™, 1234-1242 cm ™!, 1060-1076 cm ™!, 803-828 cm ™!, which
became more pronounced and intensified with increasing Se cultivation concentration. In
contrast to L. plantarum 6076 at 0 and 5 pg/mL Se, L. plantarum 6076 at 10 pg/mL Se con-
centration displayed distinct absorption peaks at 1545 cm ™! and 695 cm~!. XRD analysis
revealed consistent spectrum lines for L. plantarum 6076 at 0, 5, 10 ug/mL Se across the
entire scanning angle range, with broad diffraction peaks observed at 20 angles ranging
from 15° to 35° (Figure 3E).

3.4. Probiotic Characteristics of Se-Enriched L. plantarum

The probiotic characteristics of Se-enriched L. plantarum 6076 were assessed as depicted
in Figure 4. L. plantarum 6076 at 0, 5, 10 pg/mL Se was inoculated into a simulated
gastrointestinal environment, and viable counts were measured to calculate survival rates
and tolerance to simulated gastrointestinal conditions. After L. plantarum 6076 entered
the gastrointestinal environment, the number of viable bacteria gradually declined over
time with a relatively stable downward trend (Figure 4A). In the gastric juice, the survival
rates for L. plantarum 6076 at 0, 5, 10 ug/mL Se were 81.32% =+ 5.11, 74.04% =+ 2.53 and
70.39% =+ 3.7, respectively. In the intestinal fluid, the survival rates were 45.53% =+ 3.17,
40.58% =+ 1.82 and 37.04% = 3.25, respectively.
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Figure 4. Probiotic attributes of L. plantarum 6076 at 0, 5, 10 ug/mL Se. (A) Viability in simulated
gastrointestinal fluid (tolerance to simulated gastric fluid for 0-120 min; tolerance to simulated
intestinal fluid for 120-240 min). (B) Acid resistance. (C) Bile salt tolerance. (D) Hydrophobicity.

The acid tolerance of Se-enriched L. plantarum was evaluated by subjecting the strains
to incubation under strong acidic conditions at pH 2 and pH 3 for 5 h (Figure 4B). As acidity
increased, the survival rates of strains notably decreased. At a pH of 3, all strains displayed
elevated survival rates, with L. plantarum 6076 exhibiting the highest rate at 10 ug/mL
Se concentration, reaching 65.82% = 4.18, followed by L. plantarum 6076 at 5 ug/mL Se
with 62.55% =+ 4.36. However, at a pH of 2, the survival rates significantly decreased for
all strains. L. plantarum 6076 at Se concentrations of 0, 5, and 10 pg/mL had survival
rates of 23.73% =+ 3.25, 29.15% =+ 1.41, and 36.23% =+ 6.15, respectively. Remarkably, the
Se-enriched L. plantarum 6076 demonstrated greater tolerance compared to L. plantarum
6076 under these acidic conditions. Moreover, an increase in Se concentration correlated
with an improved acid tolerance of Se-enriched L. plantarum.

Bile tolerance is one of the fundamental criteria for evaluating probiotics. Se-enriched
L. plantarum exhibited varying degrees of tolerance at bile salt concentrations of 0.3%
and 0.5% (Figure 4C). At a 0.3% bile concentration, L. plantarum 6076 at 10 pg/mL Se
displayed the highest bile tolerance, with a survival rate of 66.37% =+ 3.83, followed by
L. plantarum 6076 at 5 pg/mL Se with a survival rate of 63.24% =+ 7.66. At 0.5% bile
concentration, the survival rate of L. plantarum 6076 at 10 pg/mL Se was 58.96% =+ 5.45,
while L. plantarum 6076 at 5 and 0 pg/mL Se had survival rates of 55.64% =+ 4.38 and
53.55% =+ 6.27, respectively. The ability of bacteria to adhere to different hydrocarbons
serves as an important indicator of their hydrophobicity. As illustrated in Figure 4D,
L. plantarum 6076 at 0, 5, 10 pg/mL Se exhibited strong hydrophobicity, with average
adhesion values of 97.66% = 0.53, 95.89% =+ 1.99, and 95.04% = 2.83, respectively.

4. Discussion

This study investigated the effect of Se concentration on the growth and enrichment
of LAB, and evaluated the changes in the probiotic characteristics of Se-enriched LAB. The
research revealed that high Se concentrations (2040 pg/mL) have an inhibitory effect on
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LAB growth, while at a concentration of 10 ug/mL, LAB maintained their integrity and
demonstrated Se enrichment capability. Furthermore, LAB exhibit enhanced probiotic
properties, suggesting that Se-enriched LAB may offer superior health benefits compared to
traditional LAB strains and could be utilized in the development of new probiotic products
with enhanced functionality.

The tolerance of LAB to different Se concentrations varies depending on the strain
used [25]. Thus, the study observed the influence of different Se concentrations (0, 5, 10, 20,
40 pg/mL) on the growth of six LAB strains. The findings indicated that the LAB were able
to grow normally at Se concentrations of 5 and 10 ng/mL, while their growth was inhibited
at higher Se concentrations of 20-40 pug/mL. Similar patterns of Se tolerance have also been
observed in studies of L. reuteri, L. animalis, and L. casei, with L. casei demonstrating higher
Se tolerance compared to other LAB [24,26,27].

Environmental changes can induce genetic mutations in organisms, providing a path-
way for biological evolution and the emergence of new species [28]. In Se-rich environments,
microorganisms may undergo adaptive genetic variations to cope with environmental
changes [29]. Consequently, an assessment of the similarity in 16S rRNA sequences be-
tween Se-enriched L. plantarum 6076 and L. plantarum 6076 was conducted. The findings
indicated that the genes of Se-enriched L. plantarum did not exhibit significant changes,
suggesting that the adaptation of L. plantarum 6076 to Se-rich conditions did not lead to
significant genetic variation at the gene level. This observation implies that the Se en-
richment capacity of L. plantarum 6076 in Se-rich environments is achieved through its
existing metabolic pathways and genomic characteristics, rather than through new genetic
mutations or genetic recombination.

In high-Se environments, microorganisms may experience toxicity, leading to the con-
version of inorganic Se into Se nanoparticles by bacteria, which possess the ability to bind
Se with extracellular polysaccharides [30]. In this study, we observed slight depressions
on the surface morphology of plant lactobacilli as the Se concentration increased, and
sedimentation around the cell wall, possibly due to the aggregation of Se nanoparticles or
binding with polysaccharides produced by lactic acid. The process of Se transformation
may cause changes in microbial morphology and biosynthesis [31], allowing for Se to enter
the microbial body and be bound with Se proteins [32], Se nucleic acids [33], and Se polysac-
charides [34]. Our FTIR spectra revealed changes in the chemical bonds by shifts in the
position or intensity of characteristic peaks. These changes may be due to biosynthesis or
metabolic alterations induced by high-Se-concentration environments [35]. This indicates
that plant lactobacilli have the capability to uptake Se and bind it with intracellular proteins,
polysaccharides, and nucleic acids, thereby affecting the corresponding chemical bonds.
Therefore, a Se environment may cause modifications in the cellular structure and chemical
composition of microorganisms, which is important for comprehending the adaptability of
plant lactobacilli in Se-rich environments and their applications.

Probiotics enriched with nano Se have been demonstrated to enhance immune re-
sponses, such as alleviating inflammation, boosting antioxidant function, exerting therapeu-
tic effects on tumors, exhibiting anticancer activity, and regulating the gut microbiota [36].
The findings of this investigation suggest that Se enrichment enhances the probiotic proper-
ties of L. plantarum. Similarly, in comparison to L. brevis, Se-rich L. brevis displays heightened
capacities for scavenging free radicals and reducing agents [37].

5. Conclusions

In this study, we screened and characterized dominant Se-enriched LAB and evaluated
their probiotic properties. High Se concentrations (2040 ng/mL) had an inhibitory effect
on the growth of the LAB strain. However, LAB exhibited a high Se enrichment ability at a
Se concentration of 10 ug/mL, with Se accumulating in an amorphous or non-crystalline
form. Furthermore, Se enrichment enhanced the probiotic properties of LAB. Therefore, Se-
enriched LAB have the potential to be developed as a functional food or dietary supplement
for human and animal consumption.
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