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Abstract

Probiotics are beneficial bacteria that produce specific metabolites and influence the host's
health. Isolates from the intestinal microbiome of Adesmia cancellata were evaluated for
probiotic properties. Then, quantitative and qualitative analyses of vitamins B2, B3, and B6
production in the cell-free supernatants (CFS) of probiotic strains from gut microbiota, local
dairy products, and human breast milk were conducted using thin-layer chromatography (TLC),
spectrophotometry, spectrofluorophotometry, and high-performance liquid chromatography
(HPLC). Additionally, the probiotic strains effects on eukaryotic cells were examined to assess
toxicity against human alveolar basal epithelial adenocarcinoma cells (A549) and their ability
to adhere. Among the eight strains, DDMiCC12c, DDMiCC2Bk, and DDMiCC2D showed notable
probiotic function in gut microbiota. DDMiCC2Bk demonstrated the strongest biofilm formation
and the highest co-aggregation against Salmonella typhimurium. DDMiCC12c¢ was the most
resistant to acidic and bile conditions and exhibited co-aggregation with Bacillus subtilis.
DDMiCC2D showed the highest auto-aggregation and co-aggregation against Staphylococcus
aureus. Spectrofluorophotometric analysis confirmed the production of vitamin B2 in CFS,
ranging from 5 to 10 mg/mL, while vitamin B6 concentrations were 15 to 20 mg/mL. HPLC
analysis revealed the highest production of vitamin B6 in DDMiCC2D. SUBCC57 was the
producer of vitamins B2 and B3. The selected probiotic strains maintained high viability for
A549 cells, with SUBCC57 showing the lowest adhesion and SUBCC2 showing the highest
adhesion to A549 cells. Incorporating probiotics into food products is a promising strategy to
enhance both health and innovation in the food industry.

Keywords: Adesmia Cancellata, B Vitamins, Gut Microbiome, Probiotic Characteristics,
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Introduction

The use of fermented foods goes back
thousands of years and is common across
many cultures around the world. Ancient
civilizations recognized their health benefits,

which  helped shape the modern

understanding of "beneficial bacteria” and
their role in maintaining gastrointestinal
health. In the past, bacteria were mainly seen
as threats to human, animal, and crop health.
However, recent advances in microbiology
have significantly changed this
Technologies such as metagenomics and 16S

view.
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rRNA sequencing enable scientists to identify
and analyze the
communities within the human gut. These
methods provide detailed insights into the
complex relationships between gut microbes
and their hosts. This growing research field
has led to the emergence of a new scientific
discipline focused on understanding how
specific microbes benefit their hosts' health.
Each microbial group can have unique effects
and requires different study approaches. The
concept of "beneficial bacteria” is closely
linked to probiotics—live microorganisms
that, when given in adequate amounts, offer
health benefits. Probiotics have led to the
development of new functional products
designed to address various health issues [1].
Important features of probiotics include their

diverse microbial

ability to survive stressful conditions, adhere
to host surfaces and harmful microbes, and
maintain a good safety profile. Additionally,
probiotics support health by producing
essential metabolites such as vitamins, short-
chain fatty acids (SCFAs), and bacteriocins [2,
3]. Probiotics are a diverse group, including
lactic acid bacteria (LAB) such as Lactobacillus
and Bifidobacterium, as well as non-lactic acid
bacteria  like  Bacillus  cereus  and
Bifidobacterium lactis. They also include
yeasts such as Saccharomyces cerevisiae and
Saccharomyces boulardii, as well as fungi like
Aspergillus niger and Aspergillus oryzae. The
most common probiotics originate from
Lactobacillus and Bifidobacterium. These
microbes are sensitive to oxygen and high
temperatures [4].
produce vitamin B on their own, they must
obtain it from a balanced diet or supplements.
Probiotics can naturally enrich the diet by
biosynthesizing various B vitamins, including
B1 (thiamine), B2 (riboflavin), B3 (niacin), B5
(pantothenic acid), B6 (pyridoxine), B9 (folic
acid), and B12 (cobalamin). Many probiotic
strains from dairy, animal, and plant sources,
as well as those found in the human digestive
system, can produce these vitamins [5].

Since humans cannot

Probiotic bacteria not only produce B
vitamins, but also engage in symbiotic
relationships, different
exchange vitamins for mutual benefit—for
example, one producing vitamin B12 and
another producing vitamin B6, each using the
other's product. This cooperation increases
the availability of essential nutrients in the gut.
Probiotics
supporting human nutrition by forming vital B
vitamins, promoting a balanced diet, and
potentially improving health through their
metabolic activities [4]. Folic acid, an essential
B vitamin, is notably produced in large
amounts by plantarum,
especially when para-aminobenzoic
(pABA) is present in the medium. This vitamin
is essential for nucleotide synthesis, DNA

where strains

act as natural microfactories,

Lactobacillus
acid

replication, and repair, thereby supporting
crucial cellular and metabolic functions. L.
plantarum 1is especially valued for its high
folate production, making
nutritional enrichment in fermented foods.
Cobalamin (vitamin B12), necessary for
nervous system function and blood formation,
is produced only by bacteria. Probiotic strains

it useful for

that can synthesize cobalamin include
Limosilactobacillus reuteri and
Propionibacterium shermanii. Some

Clostridium species, along with L. reuteri, also
help release cobalamin during sourdough
fermentation [6]. Thiamine (vitamin B1) is
another important nutrient produced during
grain  fermentation by  Lactobacillus
sanfranciscensis. Several bacteria, including
Escherichia coli, Salmonella typhimurium,
Bacillus subtilis, Lactobacillus plantarum, and
Lactobacillus reuteri, also
thiamine production, further enhancing the
nutritional value of fermented foods [7]. When
introducing live probiotics into the diet, safety
checks are essential. Regulations in the
European Union, the United States, and
Canada require detailed assessments before
approving probiotics for use in food. These
typically include the origin and isolation

contribute to
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history, proper identification, absence of
pathogenicity, lack of toxicity or antibiotic
resistance, and testing for toxins and harmful
activities. This strict process helps ensure only
safe strains are used in food products. A recent
study examined eight probiotic strains from
the intestinal
cancellata (family Tenebrionidae), evaluating
their safety, surface properties, and resilience
under stress [8]. This ongoing research aims to
find and new probiotic
candidates with beneficial effects and good
safety profiles.

microbiome of Adesmia

characterize

Materials and Methods
Bacterial Strains Used in this Study

The strains include Gram-positive cocci
(DDMiCC12Bs, DDMiCC2D, and DDMiCC9B),
Gram-negative bacilli (DDMiCC12Bk,
DDMiCC12¢, DDMiCC2Bk, and DDMiCC5D),
and Gram-negative cocci (DDMiCC2A), which
were isolated from the insect microbiome of
the Tenebrionidae family in the Dasht Desert.
Experiments were conducted to
probiotic traits. Then, cell-free supernatant
(CFS) of probiotic strains isolated from the gut
microbiome of cockroaches, probiotic strains
isolated from local dairy products include
Lactobacillus plantarum (SUBCCC4) and
SUBCCC57  (Gram-positive  bacilli) and
Enterococcus faecium (SUBCC2) (data not
shown), along with a strain isolated from
human breast milk, Enterococcus faecalis
(SUBC156) [9], were assayed to produce
vitamin B groups [10].

identify

Probiotics Characteristics

To identify potential probiotic bacteria,
tests were conducted for low pH (3) and 0.3%
bile salt (ox-bile) tolerance, antagonistic
activity freeze-dried
(against S. typhimurium, P. aeruginosa (ATCC
27853), P. vulgaris, S. aureus, B. subtilis, E. coll,
K. pneumoniae (ATCC 13883))[11], antibiotic

using supernatant

sensitivity (penicillin 10 mcg, gentamicin 10
mcg, ampicillin 10 mcg, chloramphenicol 30
mcg, erythromycin 15 mcg, tetracycline 30
mcg, novobiocin 5 mcg) [12], hemolytic
activity [13], gelatin hydrolysis [6], biofilm
[14], autoaggregation, and
coaggregation [15]. All assays were performed
in triplicate to evaluate the probiotic potential.

formation

Biochemical and Molecular Identification of
Selected Strains

The strains from the insect microbiome,
which exhibit significant probiotic traits, were
first identified using Gram staining and
biochemical tests, including catalase, oxidase,
and lactose fermentation, in conjunction with
the standard methods outlined in Bergey’s
Manual of Systematic Bacteriology [16].

Genomic DNA is extracted from overnight
cultures of the identified strains: SUBCC57,
DDMiCC12C, and DDMiCC2D, and used to
amplify the 16S rRNA gene sequences with
specific primers: 27F (5'-
AGAGTTTGATCCTGGCTCAG-3’) and 1492R
(5’-GGTTACCTTGTTACGACTT-3’). The DNA
samples underwent a pre-denaturation step at
98 °C for 3 min, followed by 35 cycles of
amplification, each consisting of denaturation
at 98 °C for 40 s, annealing at 60 °C for 45 s,
and extension at 72 °C for 90 s. After a final
extension at 72 °C for 5 min, the PCR products
are stored at 4 °C and submitted for
sequencing.

Production of the Vitamin Group B
Analysis by Spectrophotometer

A dilution series of vitamins B2, B3, and B6
was prepared to generate a standard curve
(vitamin B2: y = 207.76x + 2.4792, R* =
0.9868; vitamin B3: y = 33.841x - 3.2031;
vitamin B6: y = 33.967x - 7.157, R* = 0.993).
The absorption spectra for each vitamin were
measured across a wavelength range of 200 to
700 nm. The peak absorption values recorded
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were 458 nm for vitamin B2, 262 nm for
vitamin B3, and 292 nm for vitamin B6.

Twenty-five milliliters of overnight culture
were centrifuged at 6000 rpm for 10 minutes,
and CFS was sterilized using a 0.22-pm filter.
The absorption spectrum of the samples was
measured in the wavelength range of 200 to
700 nm. Finally, the maximum absorption
intensity of the
compared to determine the amount of vitamin
produced.

standard samples was

Analysis Using the Spectrofluorophotometer

A dilution series was prepared using a
standard vitamin solution. The absorbance
values of these standards were measured with
a spectrophotometer and recorded as data.
The emission spectra were obtained over the
range of 200 to 700 nm for vitamin B6 (y =
45392x + 1962.6, R? = 0.9998) and vitamin B2
(y = 42417x + 2645.6, R* = 0.9997).
Subsequently, the CFS of the samples was
prepared for analysis. The emission and
absorption wavelengths were measured at
specific intervals to evaluate each vitamin. The
intensity of the emission wavelengths from
the control was compared to the test to
determine the amount of vitamin produced.

Evaluation of Production Using TLC

To evaluate vitamin B production using the
thin-layer chromatography (TLC) method, a
silica gel chromatography sheet (60 F254)
with a thickness of 0.2 mm and dimensions of
6 x 8 cm was used. CFS from the samples, along
with a control solution containing vitamins B2,
B3, and B6, was loaded onto the sheet in a
volume of 20 ul, while the control sample was
loaded with 5 pl. The samples were spaced 50
mm apart to prevent overlap. The mobile
phase consisted of butanol, chloroform, acetic
acid, ammonium, and deionized water in
specific proportions: 7:6:5:1:1 [17]. The
chromatographic sheet was immersed in the
mobile phase for 30 to 40 minutes. After this

period, the sheets were examined under UV
light to observe the separated bands [18].
Under the same conditions, the Retardation
Factor (Rf) was calculated for each strain as
the ratio of the distance traveled by the solute
to the distance traveled by the solvent.

Analysis of Vitamins Bz and Bz Production Using
HPLC

The production of vitamins B; and B3 was
analyzed using High-Performance Liquid
Chromatography (HPLC) under the following
conditions: column: C-18 (150 x 4.6 mm, 5
um); mobile phase: A mixture of methanol and
buffer in a ratio of 4:96; 210 nm. To prepare
the buffer, dissolve 15.6 grams of potassium
phosphate dibasic in 940 mL of HPLC-grade
water. Add 5 mL of triethylamine to the
solution to adjust the pH to 3 wusing
orthophosphoric acid. Control samples of
vitamins B2 and B3 were prepared to establish
standard curves. Vitamin B2 concentrations of
10, 20, and 30 ppm, and vitamin B3
concentrations of 50,100, 200, and 1,000 ppm,
were injected into the HPLC system to
generate the curves. After designing the
standard curves (vitamin B2 : y = 0.0031x +
1.1683, R? = 0.992; vitamin B3 : y = 0.015x -
17.007, R? = 0.9999), and determining the
retention times and peak areas for each
standard, CFS(s) were injected into the HPLC
(flow rate; 0.8 mL/min, injection volume; 20
ul, LOD B2=2.69 ppm; LOD B3=11.77 ppm,
LOQ B2=8.98 ppm; LOQ B3=39.23 ppm). The
concentrations of vitamins B2 and B3 in each
sample were then quantified based on the
peak areas [19]. Vitamin B6 production was
liquid
chromatography (HPLC) with a C-18 column
(Inertsil ODS-3, 250 x 4.6 mm, five um). The
mobile phase was a 5:95 mixture of methanol

analyzed using high-performance

and water, and vitamin B6 was detected at an
absorbance of 254 nm. Vitamin B6 was
prepared and injected along with a dilution
series of 1071, 1072, and 1073 ppm to establish
a standard curve (vitamin B6; y = 0.0491x +
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6.2923, R? = 0.9999). The standard curve was
created by determining retention times and
calculating the area under the observed peaks.
After that, 80 ul of each sample was injected
into the HPLC system (flow rate: 0.1 mL/min,
injection volume: 80 pl), and the concentration
of vitamin B6 was quantified based on the area
under the corresponding peaks.

Toxicity of Probiotics by MTT Assay

Twenty mL of overnight cultures of
probiotic strains were centrifuged at 4,000
rpm for 10 min. The CFS containing bacterial
metabolites was transferred to a new tube,
and the bacterial cells were washed three
times with sterile phosphate-buffered saline
(PBS). A dilution series of the probiotic strain
mixture was prepared (108, 106, and 105
CFU/mL) using a culture medium containing
metabolites. Once the A549 cells reached 80%
confluence in the flask, 4.5 x 10* cells were
seeded into each well of a 96-well plate. The
volume in each well was adjusted to 100 pl
with DMEM-F12 supplemented with 5% FBS.
The plate was incubated for 24 hours at 37°C
in a humidified atmosphere with 5% CO,.
Subsequently, 100 pl of the bacterial cell
mixture was added to each well containing
eukaryotic cells, with three replicates per
condition—a nutrient broth without bacteria
served as a control. After 24 hours of
incubation, the wells were drained three times
with PBS. Next, 20 pl of MTT at a concentration
of 5 mg/mL was added to each well, followed
by a four-hour incubation. Finally, 150 pl of
dimethyl sulfoxide (DMSO) was added to
dissolve the formazan crystals formed during
the MTT assay. The optical absorbance of the
samples was measured at 490 nm. The
percentage of cell survival was calculated by
dividing the absorbance of the treated cells by
that of the control cells and then multiplying
by 100 [20].

Kinetics of Acidification and Survival in the
Refrigerator

The palette was prepared from 10 mL of an
overnight culture of probiotic strains (107
CFU/mL) and inoculated into 10 mL of
pasteurized milk. The milk was incubated at
37 °C for 48 hours. A pH assay monitored the
acidification kinetics during this incubation
period. After 21 days of refrigerated storage at
4 °C, the viability of the probiotics was assayed
[21].

Addehsin Assay

A549 cells were cultured in DMEM-F12
medium in 24-well plates at a density of 2 x
105 cells per well. After incubating for 24
hours at 37 °C with 5% CO;, the cells were
treated with probiotic strains SUBCC2,
DDMiCC2Bk, and SUBCC156 at a
concentration of 2 x 108 CFU/mL, using a
multiplicity of infection (MOI) of 1:1,000.
Incubation continued for an additional 2
hours. Unattached bacteria were removed by
washing the wells with phosphate-buffered
saline (PBS). Afterward, 100 pl of PBS and 100
ul of trypsin were added to each well. The
dilutions were cultured on nutrient agar to
assess bacterial adhesion. For control wells,
pellets of probiotic strains without eukaryotic
cells were added at a volume of 1 mL. Cell
adhesion was evaluated by measuring the
percentage of adherent cells remaining after
trypsin treatment.

Results
Probiotics Characteristics

The resistance of the strains to ampicillin
was also assessed, and the CFS of DDMiCC9B,
DDMIiCC2D, and DDMiCC12B showed the most
growth inhibition halo diameters in the
presence of erythromycin. In contrast, other
strains displayed the largest growth inhibition
halos when exposed to chloramphenicol
(Figure S1). None of the strains hydrolyzed
gelatin. Among the eight strains tested for
probiotic traits, DDMiCC9B and DDMiCC5D
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showed the ability to produce alpha
hemolysis. In contrast, six  strains
(DDMiCC12¢, DDMiCC2Bk, DDMiCC12Bs,

DDMiCC2D, DDMiCC12Bk, and DDMiCC2A)
exhibited gamma hemolysis. Further studies
were conducted on these six strains.
DDMiCC2Bk exhibited the highest biofilm
formation, reaching 90%, whereas
DDMiCC12Bs and DDMiCC2A showed the
lowest levels at 33%. The average biofilm
formation for the other strains ranged
between 44% and 50%. The DDMiCC12C
(27%), DDMiCC2D (35%), and DDMiCC2Bk
(24.1%) showed the highest levels of auto-
aggregation, while DDMiCC2A (11.6%) and
DDMIiCC12Bs (13.18%) exhibited the lowest
levels. The co-aggregation results showed that
DDMiCC2Bk had the highest co-aggregation
with S. typhimurium at 66.6%. DDMiCC12C
was observed with B. subtilis at 51.1%, while
the lowest co-aggregation was noted with E.
coli. The co-aggregation percentages for
DDMiCC2D ranged from 53% with E. coli to
56% with S. aureus. After three hours of
incubation at pH 3, the highest survival rates
were 100% for both DDMiCC12C and
DDMiCC2D, while the lowest, at 26.1%, was
observed for DDMiCC2Bk. The
percentage of the strains treated with 0.3%
bile salt (ox-bile) showed that DDMiCC12C
had a 100% survival rate, while DDMiCC2D
and DDMiCC2Bk demonstrated the lowest and
highest survival rates, respectively. CFS
concentrations of 0.1 pg/mL of SUBCC2 and
0.25 pg/mL of SUBCC4 inhibited the growth of
P. aeruginosa. A concentration of 0.1 pg/mL of
SUBCC57 inhibited the growth of K
pneumoniae. For CFS of SUBCC156,
DDMiCC12c, and DDMiCC2D, a concentration
of 0.2 pg/mL was effective in inhibiting the
growth of K. pneumoniae, B. subtilis, and E. coli.
In DDMiCC2Bk, a concentration of 0.1 ug/mL
was found to inhibit the growth of B. subtilis.

survival

Furthermore, concentrations of 0.5 pg/mL of
both DDMiCC12c and DDMiCC2D were lethal
to E. coli, effectively killing the bacteria, while
0.2 pg/mL of SUBCC2 inhibited the growth of
P. aeruginosa. CFS concentrations of 1 ug/mL
of DDMIiCC2Bk and SUBCC57
bactericidal against K. pneumoniae, meaning
they Kkilled the bacteria. No activity was
observed against S. typhimurium, P. vulgaris,
or S. aureus (Table S1).

were

Production of Vitamins
Spectrophotometric Analysis

The concentrations of vitamins B2
(riboflavin), B3 (niacin), and B6 (pyridoxine)
produced by various microbial strains were
measured using spectrophotometry.
DDMiCC2Bk exhibited the highest production
of vitamin B2. Conversely, the CFS of CUBCC57
had the lowest levels of vitamin B2. However,
measuring vitamins B3 and B6 with this
method inconclusive, as the
spectrophotometric readings for
vitamins showed negative peaks at their
characteristic wavelengths.

was
these

Spectrofluorophotometric Quantification

To quantify vitamins B2 and B6 in CFS, they
were assayed using a
spectrofluorophotometer, which measures
the fluorescence emitted by these vitamins
upon This method provided
quantitative data. The concentrations of
vitamin B2 across the CFS from different

excitation.

strains ranged from 5 to 10 mg/mL, while
vitamin B6 levels were higher, ranging from
15 to 20 mg/mL. These results confirm the
presence of these vitamins in the microbial
cultures, with vitamin B6 generally produced
in greater amounts than vitamin B2 (Figure 1).

205|Page



Rahnama A. et al.

Int. J. Adv. Biol. Biomed. Res. 2026, 14(2):200-214

—B2
20

Concenteration(mg/ml)

w2
c
o
a
a
I
N

SUBCC57 DDMiCC2Bk

DDMiCCl12c¢

1 B6

DDMIiCC2D SUBCC4 SUBCC2

Figure 1: Spectrofluorophotometric assay. The highest production of vitamins B2 and B6 was observed in
SUBCC156 using this method. Conversely, SUBCC2 and SUBCC57 showed the lowest production levels of

vitamins B2 and B6, respectively
Thin Layer Chromatography (TLC) Analysis

Thin-layer chromatography was used to
qualitatively confirm the presence of vitamins
B2, B3, and B6 in the CFS of the samples. The
control standards for these vitamins showed
retention factor (Rf) values of 0.48 for vitamin
B2, 0.61 for vitamin B3, and 0.53 for vitamin
B6. The Rf values for vitamins B2 and B6 in the
CFS of all strains were consistent, indicating
stable production. The vitamin B3 band was
detected in all samples except for SUBCC2,
where no corresponding band was observed
(Figure S2).

HPLC Analysis

The production of vitamin B6 in CFS of
probiotic strains was measured using high-
performance liquid chromatography (HPLC).
Strains SUBCC2 and DDMiCC2D produced the
highest amounts at 138.6 ppm and 126.73
ppm, respectively, while the CFS of
DDMiCC2Bk showed the lowest production at
11.78 ppm. Regarding vitamin B2 synthesis,
the highest production was observed in the
CFS of SUBCC57, with a concentration of 12
ppm. For vitamin B3, SUBCC57 showed the
highest production, yielding 100 ppm. The
lowest vitamin B3 output was detected in the
CFS of DDMiCC12c at 17.9 ppm (Figure 2).

Biochemical and Molecular Identification of
Probiotic Strains

Three bacterial strains isolated from insect
microbiomes, exhibiting probiotic traits, were
identified as Gram-negative bacilli:
DDMiCC2D, DDMiCC12¢, and DDMiCC2Bk.
These strains shared similar biochemical
profiles, characterized by positive motility and
negative results for the indole test and
hydrogen sulfide (H,S) production. All three
strains produced gas and fermented glucose,
lactose, and sucrose, without generating
hydrogen sulfide. Based on these biochemical
features and referencing Bergey's Manual of
Systematic Bacteriology, the strains are likely
members of the family Enterobacteriaceae,
specifically within the genus Enterobacter.

In contrast, the strain SUBCC57 displayed
distinct characteristics; it was a rod-shaped,
Gram-positive bacterium capable of producing
exopolysaccharides and fermenting glucose.
Molecular identification via 16S rRNA gene
sequencing: Approximately 1,500 base pair
sequences from each strain were analyzed
against the NCBI database, DDMiCC12c. The
sequence exhibited 99.11% similarity and
99% query coverage with Enterobacter
cloacae. It has been submitted to the Genomic
Database under
OR521051.1,

accession number
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Figure 2: Vitamin B assay of probiotic strains using HPLC. The strains showed differences in vitamin B
production among various bacteria. DDMicc2D produces the highest amount of vitamin B6, while
DDMiCC2Bk produces the lowest, approximately one ppm. For vitamin B2 production, Leuconostoc
mesenteroides (SUBCC57) showed the highest output at approximately 3.5 ppm, while DDMi2Bk has the
lowest. In vitamin B3 production, SUBCC57 has the highest, and SUBCC156 has the lowest, approximately

3.5 ppm

DDMiCC2Bk showed 98.68% similarity and
100% query coverage with Enterobacter
hormaechei. This sequence was submitted to
the NCBI Database with accession number
OR512421.1. SUBCC57 was 99.67% similar
and 98% query coverage with Leuconostoc
mesenteroides. It was submitted to the NCBI
Database with accession number OR512420.1.

Toxicity by MTT Assay

Figure 3 demonstrates that eukaryotic cells
exposed to probiotics at a concentration of 10°
CFU/mL exhibit viability rates ranging from
40% to 100%. The highest viability rates are
associated with the strains SUBCC2,
DDMiCC2Bk, SUBCC57, DDMiCC12¢, and
DDMIiCC2D. In contrast, the strains SUBCC156
and SUBCC4 have lower cell viability. At a
higher probiotic 108
CFU/mL, the lowest and highest survival rates
were observed for the strains SUBCC2 and
SUBCC4, with viability rates of 75% and 100%,
respectively.

concentration of

Kinetics of Acidification and Survival During
Refrigerated Storage

After inoculation and incubation for 48
hours, the pH of the milk decreased, as shown
in Figure 4. Specifically, the pH values for
DDMiCC12c and DDMiCC2Bk dropped from
6.7 to 6.0 during this period. Following 21 days
of storage at 4 °C, cultures on nutrient agar
revealed the presence of DDMiCC2D,
DDMiCC12¢, SUBCC156, and SUBCC57. In
contrast, no growth was detected for
DDMiCC2Bk, SUBCC4, or SUBCC2. These
results demonstrate that DDMiCC2D,
DDMiCC12¢, SUBCC156, and SUBCC57
remained viable after extended refrigerated
storage, while others (DDMiCC2Bk, SUBCC4,
and SUBCC2) did not survive under the same
conditions. The observed reduction in pH after
inoculation led to increased acidity due to
microbial metabolism.

Addehsin Assay

The adhesion results of the probiotic
strains are shown in Figure 5. The adhesion
levels of these strains ranged from 4.5% to
12%, with SUBCC2 exhibiting the highest
adhesion and SUBCC156 demonstrating the
lowest.
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Figure 3: Viability rates of probiotic strains. The viability rates of different dilutions of the probiotic strains
were measured, with percentages ranging between 75% and 100%, indicating reasonable survival rates

30

20

10

% Kinetics of acidification
5

SUBCC2 SUBCC4 SUBCC156 DDMiCC2D SUBCC57 DDMiCC2Bk DDMiCCl2¢

Figure 4: pH reduction in milk after incubation.The percentage decrease in the pH of milk after incubation
with the probiotic strains for 48 hours was also evaluated, reflecting their acidification activity and
fermentation potential
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Figure 5: Adhesion of Probiotic Strains to A549 Cells. The adhesion ability of the probiotic strains to A549
cells was assessed, showing significant variability among strains. This adhesion capacity is crucial for their
potential probiotic efficacy
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Discussion

The probiotic traits of strains isolated from
insect guts were assessed based on safety, cell
surface properties, and behavior under stress
conditions. The safety assessment mainly
focused on antibiotic resistance profiles. To be
considered safe as a probiotic, a strain should
display low levels of antibiotic resistance. In
this study, all tested strains showed resistance
to ampicillin but sensitive to
chloramphenicol and tetracycline. These
results are consistent with those reported by
Sirkar et al, who found that two L. pentosus
strains used as probiotics were sensitive to
cephalexin, cefradine, cloxacillin,
nitrofurantoin, and norfloxacin, yet resistant
to cefuroxime, mecillinam, and nalidixic acid
[22]. Similarly, Kezili Eldirim examined the

were

antibiotic sensitivity of Lactobacillus strains
isolated from cow's milk. The study showed
that 38.9% of the samples were resistant,
while 61.1% were sensitive. Notably, six
strains were resistant to tetracycline, but all
susceptible to
chloramphenicol [23]. To further ensure
safety, the strains' hemolytic activity and
production of biogenic amines were assessed.
Ngampuak et al. found that strains VN2 and
VN3 exhibited alpha-hemolytic
whereas VN5 and VN7 showed gamma-
hemolytic activity and were identified as
probiotics [24]. The ability to hydrolyze
gelatin was tested to evaluate the safety of
probiotics. Gelatinase is an enzyme that
breaks down proteins, such as gelatin,
collagen, casein, and hemoglobin. Although
the harmful effects of this enzyme have not
been conclusively proven, its expression may
be linked to genes involved in cell lysis [17].
This enzyme can damage host tissues by
digesting fibrin, which could promote the
spread of invading bacteria [18]. In the
present study, none of the strains degraded
gelatin even after extended
confirming their relative safety as potential
probiotics. Similarly, Adogna et al. studied six

were vancomycin and

activity,

incubation,

strains and found that none produced
gelatinase [25]. Another key feature of
bacterial cells is their ability to form biofilms,
which enables them to adhere to surfaces in
the environment. Probiotic biofilms attach to
mucus and can prevent pathogen biofilm
formation by competing for nutrients. For
successful colonization of the digestive tract, it
is essential to evaluate the cell surface traits of
different strains, focusing on autoaggregation
and coaggregation abilities. Co-aggregation
acts as a defense mechanism for the host,
helping to prevent pathogen invasion. Auto-
aggregation of probiotic bacteria is also crucial
for biofilm formation, boosting persistence
and function within the host. In this study,
auto-aggregation ranged from 11% to 35%,
while co-aggregation varied from 45% to 66%.
These results differ from those reported by
Haghshenas et al, indicating significant
variations [26]. The thresholds of 20% for
auto-aggregation and 50% for co-aggregation
were established based on the average
percentages and observed differences.
DDMiCC12C, DDMiCC2A, DDMiCC12Bk, and
DDMiCC2Bk showed the highest auto-
aggregation rates at 35%, 27%, 25%, and 24%,
respectively. These strains also had co-
aggregation abilities, indicating their potential
for colonization and pathogen exclusion.
Bacterial various
environmental stresses depending on their
location within the body. For example,
probiotics in the stomach must resist highly
acidic conditions, which can threaten their
survival and Therefore,
resistance is a crucial factor when selecting
probiotic strains for industrial applications. A
2023 study by Li et al. showed that strains
KGC1201 and KCTC3109 maintained
approximately 97% survival after 3 hours at
pH 3, demonstrating their ability to withstand
acidic environments [27]. Understanding a
strain’s aggregation properties and
environmental resilience is important for its
effective use in the gut. The results highlight

strains encounter

function. acid
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significant  differences among strains,
revealing the need to select probiotic
candidates. To be effective, probiotic strains
must passage through the
gastrointestinal tract and establish
themselves in the gut. Bile salt resistance is
therefore selecting effective
probiotics. The findings agree with those
reported by Silver et al [28]. Another
important trait of probiotics is their ability to
produce
Soundharrajan et al [29]
antimicrobial activity using a diffusion agar
method. The showed that the
probiotics produced compounds effective
against P. aeruginosa, K. pneumoniae, B.
subtilis, and E. coli. Probiotics produce various
metabolites with biological effects, such as

survive

crucial for

antibacterial substances.

measured

results

bacteriocins and vitamins. Vitamins can be
analyzed both qualitatively and quantitatively
using different methods. Spectrophotometers
and spectrofluorometers are common tools
for measuring interactions with light. The
spectrophotometric analysis indicated that
strains SUBCC57, SUBCC156, and DDMiCC2Bk
were capable of producing vitamin B2.
Additionally, spectrofluorometry detected
vitamins B2 and B6 in all samples. Thin-layer
chromatography (TLC) is a useful technique
for vitamin analysis, especially when
comparing multiple samples rapidly and cost-
effectively. We used TLC to find suitable
separation methods for hydrophilic vitamins.
Previous studies, such as those by Simple et al.
have utilized TLC to measure vitamins, and we
confirmed the production of vitamins B2, B3,
and B6 wusing this method [30]. High-
performance liquid chromatography (HPLC) is
regarded as the standard method for vitamin
analysis due to its precision, sensitivity, and
compatibility with various detectors. This
aligns with methods used by Wazed et al to
quantify B vitamins in vegetables [19]. In this
study, HPLC was employed to evaluate the
production of B vitamins by probiotic strains.
Out of the eight strains tested, three produced

vitamin B3 and six produced vitamin B6.
These results demonstrate that vitamin B
production varies among strains within
Lactobacillus (LAB) and Enterococcus species,
which is crucial for their roles in gut health
and potential applications in fermentation and
probiotics.

The production of B vitamins, such as B2,
B3, and B6, by these bacteria is important
because these vitamins serve as cofactors for
metabolism, support energy production, and
are essential for maintaining gut health and
systemic nutrition. E. faecium species are
known to contribute to vitamin production in
the gut, although their abilities differ among
strains. Similarly, the
Lactobacillus genera are
producers of various vitamins B and are used

Leuconostoc and
recognized as

industrially to enhance the vitamin content in
fermented foods. This strain-specific profile of
vitamin production that these
bacteria could be optimized as natural, cost-
effective sources for vitamin biosynthesis in
food and probiotic applications. The
significant variation from 1 ppm to 170 ppm
(B6) and from approximately 3.5 mg/mL to 65
mg/mL (B2) highlights the importance of
screening and selecting bacterial strains for
targeted vitamin enrichment [31].

To evaluate the safety of probiotic bacteria,
their toxicity was tested against eukaryotic
cells using the MTT assay. The results showed
that all strains were non-toxic, except for
SUBCC156, SUBCC4, and DDMiCC2Bk. In a
related study, Porkayasta et al. examined the
cytotoxicity of probiotic isolates and found
that all isolates displayed cytotoxic activity
against cancer cell lines. Among the three
cancer cell lines, the highest cytotoxicity was
observed against A549 cells, followed by HeLa
and AGS cells [32]. Probiotics must adhere to
intestinal mucosal cells to remain stable
within the gut and interact effectively with the
host. This adherence enables probiotics to
directly influence the
response, improve epithelial cell function, and

indicates

intestinal immune
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compete with pathogens for space and
resources. These interactions are essential for
maintaining gut health, supporting digestion,
and promoting a balanced microbiome. A
study by Song et al. evaluated the adhesion of
probiotics to epithelial cells and found that
probiotics have a significant ability to compete
with H. pylori This
competitive adhesion can help prevent H.
pylori from becoming pathogenic. The study
indicated that probiotic concentrations
between 450 and 1,200 CFU/mL effectively
adhered to A549 cells [10]. Despite their
health benefits, some probiotic strains have

for cell adherence.

slow fermentation kinetics, which make them
unsuitable as primary fermentation starters in
the dairy industry. This feature is important
when assessing their suitability for industrial
use. Several researchers have noted that
probiotic genera
Bifidobacterium and Lactobacillus are typically
used as supplementary cultures rather than as
primary
fermented dairy products [33, 34]. To evaluate
the potential application of these strains in
dairy products, their survival in pasteurized
milk stored at 4 °C was monitored over a 21-

bacteria from the

starters in the production of

day period. According to Patrignani and Ciroli,
fermented probiotic products should contain a
live cell count exceeding 6 log CFU/g at the
time of consumption, as recommended by the
International Dairy Federation (IDF, 1992).
Achieving this standard ensures an adequate
daily intake of live bacteria [35, 36].

Conclusion

This study evaluated the probiotic
characteristics of eight strains isolated from
the intestinal microbiome, focusing on three
specific strains: DDMiCC12c, DDMiCC2Bk, and
DDMiCC2D. Among these, DDMiCC2Bk
demonstrated the highest biofilm formation
and coaggregation ability against S.
typhimurium. In contrast, DDMiCC12c
exhibited the most significant resistance to

acidic and bile conditions, along with notable

aggregation ability against B. subtilis.
SUBCC156 produced the highest levels of
vitamins B2 and B9, as determined by the
spectrofluorometric method. High-
performance liquid chromatography (HPLC)
analysis revealed that SUBCC2 had the most
remarkable capacity for

production, SUBCC57
synthesizing vitamins B2 and B3. Finally,
cytotoxicity assessments indicated that the
selected probiotic strains maintained high
viability in eukaryotic cells, demonstrating

vitamin B6

while excelled in

their safety and potential for further
application.
Ethical Statement

In this study, written informed consent was
obtained from all lactating participants prior
to the collection of breast milk samples, which
subsequently analyzed to detect
probiotic bacterial Furthermore,
probiotic isolates derived from the insect
microbiome through
systematic sampling conducted in the Dasht
Desert, Semnan Province. These procedures
were performed in accordance with the
memorandum of understanding approved by
the  Semnan

were
strains.

were obtained

Environmental
dated

Province
Department  (No. 1401/1342,
6/8/2022).

The research activities were carried out
under license No. 17437, issued by Semnan

University on 7/3/2022.
Acknowledgments

The authors would like to express their
sincere appreciation to the Qualitative and
Quantitative Food and Drinking Service Center
of Zanjan Academic Jahad for their valuable
assistance in conducting HPLC laboratory
services. The authors would also like
acknowledge the financial and institutional
support provided by the Deputy for Research
and Technology, Semnan University (Semnan,
Iran).

211 |Page



Rahnama A. et al.

Int. J. Adv. Biol. Biomed. Res. 2026, 14(2):200-214

Conflict of interest

The authors would like to declare that they
have no competing interests.

Authors’ Contributions

AR. performed experiments, prepared the
figures, and wrote the first draft of the
manuscript; S.D.A. and S.A. conceived and
supervised the study. All authors have read
and approved the manuscript.

ORCID

Ali Rahnama
https://orcid.org/0009-0003-0109-3835
Shamsozoha Abolmaali
https://orcid.org/0000-0001-6342-0828
Shakiba Darvish Alipour Astaneh
https://orcid.org/0000-0003-2131-5231

References

[1] Torres-Maravilla, E., Reyes-Pavdn, D., Benitez-
Cabello, A. Gonzilez-Vazquez, R. Ramirez-
Chamorro, L.M., Langella, P., Bermtdez-Humaran,
L.G, Strategies for the identification and
assessment of bacterial strains with specific
probiotic traits. Microorganisms, 2022, 10(7),
1389.

[2] Mazziotta, C., Tognon,
Torreggiani, E. Rotondo, ].C., Probiotics
mechanism of action on immune cells and
beneficial effects on human health. Cells, 2023,
12(1), 184.

[3] Swanson, K.S., Gibson, G.R., Hutkins, R., Reimer,
R.A, Reid, G., Verbeke, K., Scott, K.P., Holscher, H.D.,
Azad, M.B., Delzenne, N.M., The international
scientific association for probiotics and prebiotics
(isapp) consensus statement on the definition and
scope of synbiotics. Nature reviews
Gastroenterology & Hepatology, 2020, 17(11), 687-
701.

[4] Wolfe, W,, Xiang, Z., Yu, X,, Li, P., Chen, H., Yao,
M., Fei, Y,, Huang, Y., Yin, Y., Xiao, H., The challenge
of applications of probiotics in gastrointestinal
diseases. Advanced Gut & Microbiome Research,
2023,2023(1), 1984200.

M., Martini, F.

[5] Chaudhary N, Dangi P, Chaudhary V, Sablania V,
Dewan A, Joshi S, Siddqui S, Yadav AN. Probiotics
and bioactive metabolite production. Probiotics for
human nutrition in health and disease, 2022, 171-
198.

[6] Park, ].S., Shin, E., Hong, H., Shin, H.]., Cho, Y.H.,
Ahn, K.H. Paek, K., Lee, Y. Characterization of
lactobacillus fermentum pl9988 isolated from
healthy elderly korean in a longevity village.
Journal of Microbiology and Biotechnology, 2015,
25(9),1510-1518.

[7] LeBlang, ].G., Chain, F., Martin, R., Bermudez-
Humarén, L.G., Courau, S., Langella, P., Beneficial
effects on host energy metabolism of short-chain
fatty acids and vitamins produced by commensal
and probiotic bacteria. Microbial Cell Factories,
2017,16(1), 79.

[8] Liuy, ], Wang, Y., Li, A, Igbal, M., Zhang, L., Pan,
H., Liu, Z., Li, ]., Probiotic potential and safety
assessment of lactobacillus isolated from yaks.
Microbial Pathogenesis, 2020, 145, 104213.

[9] Shamsaie, E., Abolmaali, S., Darvish Alipour
Astaneh, S., Assessment of the probiotic isolates
features found in breast milk. Microbiology,
Metabolites and Biotechnology, 2024, 7(1), 1-12.
[10] Albuquerque-Souza, E. Balzarini, D., Ando-
Suguimoto, E.S., Ishikawa, K.H., Simionato, M.R,,
Holzhausen, M., Mayer, M.P., Probiotics alter the
immune response of gingival epithelial cells
challenged by porphyromonas gingivalis. Journal of
Periodontal Research, 2019, 54(2), 115-127.

[11] Manfi, A.R.S.S., Salahdin, 0.D., Al Alaq, F.T,,
Abdulazeem, L., Kzar, M.H,, Khattab, E.S., Naje, A.S,,
Antibacterial activity of bacteriocin-isolated from
lactobacillus spp. Against some pathogenic
bacteria. Journal of Medicinal and Chemical
Sciences, 2023, 6(4), 702-209.

[12] Reuben, R.C,, Roy, P.C,, Sarkar, S.L., Alam, R.-U.,,
Jahid, 1K, Isolation, characterization, and
assessment of lactic acid bacteria toward their
selection as poultry probiotics. BMC Microbiology,
2019, 19(1), 253.

[13] Araya M, Morelli L, Reid G, Sanders M, Stanton
C, Pineiro M, et al. Probiotics in Food ( Health and
Nutritional Properties and Guidelines for
Evaluation), Food and Agriculture Organization of
the United Nations, 2008, 85.

[14] Kirmusaoglu, S. Biofilm and screening
antibiofilm activity of agents. Antimicrobials,
Antibiotic Resistance, Antibiofilm Strategies and
Activity Methods, 2019, 99.

212 |Page


https://orcid.org/0009-0003-0109-3835
https://orcid.org/0000-0001-6342-0828
https://orcid.org/0000-0003-2131-5231
https://www.mdpi.com/2076-2607/10/7/1389
https://www.mdpi.com/2076-2607/10/7/1389
https://www.mdpi.com/2076-2607/10/7/1389
https://www.mdpi.com/2073-4409/12/1/184
https://www.mdpi.com/2073-4409/12/1/184
https://www.mdpi.com/2073-4409/12/1/184
https://www.nature.com/articles/s41575-020-0344-2
https://www.nature.com/articles/s41575-020-0344-2
https://www.nature.com/articles/s41575-020-0344-2
https://www.nature.com/articles/s41575-020-0344-2
https://onlinelibrary.wiley.com/doi/full/10.1155/2023/1984200
https://onlinelibrary.wiley.com/doi/full/10.1155/2023/1984200
https://onlinelibrary.wiley.com/doi/full/10.1155/2023/1984200
https://www.sciencedirect.com/science/chapter/edited-volume/abs/pii/B9780323899086000066
https://www.sciencedirect.com/science/chapter/edited-volume/abs/pii/B9780323899086000066
https://europepmc.org/article/med/26095384
https://europepmc.org/article/med/26095384
https://europepmc.org/article/med/26095384
https://link.springer.com/article/10.1186/s12934-017-0691-z
https://link.springer.com/article/10.1186/s12934-017-0691-z
https://link.springer.com/article/10.1186/s12934-017-0691-z
https://link.springer.com/article/10.1186/s12934-017-0691-z
https://www.sciencedirect.com/science/article/abs/pii/S0882401020305003
https://www.sciencedirect.com/science/article/abs/pii/S0882401020305003
https://mmb.irost.ir/article_1431.html
https://mmb.irost.ir/article_1431.html
https://onlinelibrary.wiley.com/doi/abs/10.1111/jre.12608
https://onlinelibrary.wiley.com/doi/abs/10.1111/jre.12608
https://onlinelibrary.wiley.com/doi/abs/10.1111/jre.12608
https://www.jmchemsci.com/article_158441.html
https://www.jmchemsci.com/article_158441.html
https://www.jmchemsci.com/article_158441.html
https://link.springer.com/article/10.1186/s12866-019-1626-0
https://link.springer.com/article/10.1186/s12866-019-1626-0
https://link.springer.com/article/10.1186/s12866-019-1626-0
https://openknowledge.fao.org/server/api/core/bitstreams/382476b3-4d54-4175-803f-2f26f3526256/content
https://openknowledge.fao.org/server/api/core/bitstreams/382476b3-4d54-4175-803f-2f26f3526256/content
https://openknowledge.fao.org/server/api/core/bitstreams/382476b3-4d54-4175-803f-2f26f3526256/content
https://books.google.com/books?hl=en&lr=&id=AGb8DwAAQBAJ&oi=fnd&pg=PA99&dq=14.+K%C4%B1rmusao%C4%9Flu+S.+The+Methods+for+Detection+of+Biofilm+and+Screening+Antibiofilm+Activity+of+Agents%3B2019.+&ots=q095HQoUny&sig=xGxZLiuTxTUuY1m_Ygkb12BRE6k#v=onepage&q=14.%20K%C4%B1rmusao%C4%9Flu%20S.%20The%20Methods%20for%20Detection%20of%20Biofilm%20and%20Screening%20Antibiofilm%20Activity%20of%20Agents%3B2019.&f=false
https://books.google.com/books?hl=en&lr=&id=AGb8DwAAQBAJ&oi=fnd&pg=PA99&dq=14.+K%C4%B1rmusao%C4%9Flu+S.+The+Methods+for+Detection+of+Biofilm+and+Screening+Antibiofilm+Activity+of+Agents%3B2019.+&ots=q095HQoUny&sig=xGxZLiuTxTUuY1m_Ygkb12BRE6k#v=onepage&q=14.%20K%C4%B1rmusao%C4%9Flu%20S.%20The%20Methods%20for%20Detection%20of%20Biofilm%20and%20Screening%20Antibiofilm%20Activity%20of%20Agents%3B2019.&f=false

Rahnama A. et al.

Int. J. Adv. Biol. Biomed. Res. 2026, 14(2):200-214

[15] Archer, A.C,, Halami, P.M., Probiotic attributes
of lactobacillus fermentum isolated from human
feces and dairy products. Applied Microbiology and
Biotechnology, 2015,99(19), 8113-8123.

[16] Brenner, D.J., Krieg, N.R,, Staley, J.R., Garrity,
G.M,, Bergey's manual® of systematic bacteriology:
Volume 2: The proteobacteria, part b: The
gammaproteobacteria. Book, 2005.

[17] Ponder, E. Fried, B., Sherma, ], Thin-layer
chromatographic analysis of hydrophilic vitamins
in standards and from helisoma trivolvis snails.
Acta chromatographica, 2004, 14, 70-81.

[18] Panahi HA, Kalal HS, Rahimi A, Moniri E.
Isolation and quantitative analysis of B1, B2, B6
AND B12 vitamins using high-performance thin-
layer chromatography. Pharmaceutical Chemistry
Journal. 2011, 45(2), 125-9.

[19] Wazed, M.A, Hasan, M. Halim, M.A,
Akhtaruzzaman, M., Ahmed, M., Mozumder, N.R,,
Quantitative analysis of vitamins b2, b3, b5 and b6
by hplc-uv in selected non-leafy vegetables.
International Journal Of Vegetable Science, 2022,
28(5), 493-499.

[20] Song, H., Zhou, L., Liu, D., Ge, L., Li, Y., Probiotic
effect on helicobacter pylori attachment and
inhibition of inflammation in human gastric
epithelial cells. Experimental and Therapeutic
Medicine, 2019, 18(3), 1551-1562.

[21] D’Alessandro, M., Parolin, C. Patrignani, S.,
Sottile, G., Antonazzo, P., Vitali, B., Lanciotti, R,
Patrignani, F., Human breast milk: A source of
potential probiotic candidates. Microorganisms,
2022, 10(7), 1279.

[22] Sircar, B.,, Mandal, S., Exploring the probiotic
potentiality and antibacterial activity of idli batter
isolates of lactic acid bacteria from west bengal,
india. Future Journal of Pharmaceutical Sciences,
2023,9(1), 54.

[23] Kizilyi1ldirim, S., Koéksal, F., Investigation of the
antibiotic profiles and phlogenetic relationships of
the lactobacillus species isolated from goat’s and
cow’s milk. Kahramanmaras Siitcti Imam
Universitesi Tartm ve Doga Dergisi, 2023, 26(5),
1021-1026.

[24] Ngampuak, V., Thongmee, A., Pongpoungphet,
N., Wongwailikhit, K., Kanchanaphum, P., Probiotic
properties of  exopolysaccharide-producing
bacteria from natto. International Journal of Food
Science, 2023, 2023(1), 3298723.

[25] Adugna, M., Andualem, B,
characterization and safety

Isolation,
assessment  of

probiotic lactic acid bacteria from metata ayib
(traditional spiced cottage cheese). Food and
Humanity, 2023, 1, 85-91.

[26] Haghshenas, B., Kiani, A, Mansoori, S.,
Mohammadi-Noori, E. Nami, Y. Probiotic
properties and antimicrobial evaluation of
silymarin-enriched lactobacillus bacteria isolated
from traditional curd. Scientific Reports, 2023,
13(1), 10916.

[27] Lee, Y., Jaikwang, N., keun Kim, S., Jeong, ]J.,
Sukhoom, A.,, Kim, ]J.H., Kim, W., Characterization of
a potential probiotic lactiplantibacillus plantarum
Ircc5310 by comparative genomic analysis and its
vitamin b6 production ability. Journal of
Microbiology and Biotechnology, 2023, 33(5), 644.
[28] Sylvere, N., Mustopa, A.Z., Budiarti, S., Meilina,
L., Hertati, A., Handayani, I, Whole-genome
sequence analysis and probiotic characteristics of
lactococcus lactis subsp. Lactis strain lac3 isolated
from traditional fermented buffalo milk (dadih).
Journal of Genetic Engineering and Biotechnology,
2023, 21(1), 49.

[29] Soundharrajan, 1., Yoon, Y.H., Muthusamy, K.,
Jung, ].S., Lee, H.J.,, Han, 0.K,, Choi, K.C., Isolation of
lactococcus lactis from whole crop rice and
determining its probiotic
properties towards gastrointestinal associated
bacteria. Microorganisms, 2021, 9(12), 2513.
[30] Cimpoiu, C., Hosu, A, Thin
chromatography for the analysis of vitamins and
their derivatives. Journal of Liquid Chromatography
& Related Technologies, 2007, 30(5-7), 701-728.
[31] LeBlang, ].G., Laifio, ].E., Del Valle, M.]., Vannini,
V., Van Sinderen, D., Taranto, M.P., de Valdez, G.F,,
de Giori, G.S., Sesma, F., B-group vitamin
production by lactic acid bacteria-current
knowledge and potential applications. Journal of
Applied Microbiology, 2011, 111(6), 1297-1309.
[32] Purkayastha, S.D., Bhattacharya, M.K,, Prasad,
H.K., Bhattacharjee, M.]., De Mandal, S., Mathipi, V.,
Kumar, N.S., Probiotic and cytotoxic potential of

and antimicrobial

layer

vaginal lactobacillus
northeast indian women. J. Pure Appl. Microbiol,
2020, 14(1), 205-214.

[33] Castro, ., Tornadijo, M., Fresno, ., Sandoval, H.,
Biocheese: A food probiotic carrier. BioMed
Research International, 2015, 2015(1), 723056.
[34] Settanni, L., Moschetti, G., Non-starter lactic
acid bacteria used to improve cheese quality and
provide health benefits. Food Microbiology, 2010,

27(6), 691-697.

isolated from healthy

213|Page


https://link.springer.com/article/10.1007/s00253-015-6679-x
https://link.springer.com/article/10.1007/s00253-015-6679-x
https://link.springer.com/article/10.1007/s00253-015-6679-x
https://link.springer.com/book/10.1007/0-387-28022-7
https://link.springer.com/book/10.1007/0-387-28022-7
https://link.springer.com/book/10.1007/0-387-28022-7
https://studylib.net/doc/8211764/thin-layer-chromatographic-analysis-of-hydrophilic-vitami...
https://studylib.net/doc/8211764/thin-layer-chromatographic-analysis-of-hydrophilic-vitami...
https://studylib.net/doc/8211764/thin-layer-chromatographic-analysis-of-hydrophilic-vitami...
https://link.springer.com/article/10.1007/s11094-011-0574-2
https://link.springer.com/article/10.1007/s11094-011-0574-2
https://link.springer.com/article/10.1007/s11094-011-0574-2
https://www.tandfonline.com/doi/abs/10.1080/19315260.2022.2029661
https://www.tandfonline.com/doi/abs/10.1080/19315260.2022.2029661
https://www.spandidos-publications.com/10.3892/etm.2019.7742
https://www.spandidos-publications.com/10.3892/etm.2019.7742
https://www.spandidos-publications.com/10.3892/etm.2019.7742
https://www.spandidos-publications.com/10.3892/etm.2019.7742
https://www.mdpi.com/2076-2607/10/7/1279
https://www.mdpi.com/2076-2607/10/7/1279
https://link.springer.com/article/10.1186/s43094-023-00506-z
https://link.springer.com/article/10.1186/s43094-023-00506-z
https://link.springer.com/article/10.1186/s43094-023-00506-z
https://link.springer.com/article/10.1186/s43094-023-00506-z
http://dogadergi.ksu.edu.tr/en/pub/issue/77375/1178550
http://dogadergi.ksu.edu.tr/en/pub/issue/77375/1178550
http://dogadergi.ksu.edu.tr/en/pub/issue/77375/1178550
http://dogadergi.ksu.edu.tr/en/pub/issue/77375/1178550
https://onlinelibrary.wiley.com/doi/full/10.1155/2023/3298723
https://onlinelibrary.wiley.com/doi/full/10.1155/2023/3298723
https://onlinelibrary.wiley.com/doi/full/10.1155/2023/3298723
https://www.sciencedirect.com/science/article/abs/pii/S2949824423000149
https://www.sciencedirect.com/science/article/abs/pii/S2949824423000149
https://www.sciencedirect.com/science/article/abs/pii/S2949824423000149
https://www.sciencedirect.com/science/article/abs/pii/S2949824423000149
https://www.nature.com/articles/s41598-023-37350-3
https://www.nature.com/articles/s41598-023-37350-3
https://www.nature.com/articles/s41598-023-37350-3
https://www.nature.com/articles/s41598-023-37350-3
https://www.jmb.or.kr/journal/view.html?doi=10.4014/jmb.2211.11016
https://www.jmb.or.kr/journal/view.html?doi=10.4014/jmb.2211.11016
https://www.jmb.or.kr/journal/view.html?doi=10.4014/jmb.2211.11016
https://www.jmb.or.kr/journal/view.html?doi=10.4014/jmb.2211.11016
https://www.sciencedirect.com/science/article/pii/S1687157X23010739?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1687157X23010739?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1687157X23010739?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1687157X23010739?via%3Dihub
https://www.mdpi.com/2076-2607/9/12/2513
https://www.mdpi.com/2076-2607/9/12/2513
https://www.mdpi.com/2076-2607/9/12/2513
https://www.mdpi.com/2076-2607/9/12/2513
https://www.mdpi.com/2076-2607/9/12/2513
https://www.tandfonline.com/doi/abs/10.1080/10826070701191011
https://www.tandfonline.com/doi/abs/10.1080/10826070701191011
https://www.tandfonline.com/doi/abs/10.1080/10826070701191011
https://academic.oup.com/jambio/article-abstract/111/6/1297/6715495
https://academic.oup.com/jambio/article-abstract/111/6/1297/6715495
https://academic.oup.com/jambio/article-abstract/111/6/1297/6715495
https://microbiologyjournal.org/probiotic-and-cytotoxic-potential-of-vaginal-lactobacillus-isolated-from-healthy-northeast-indian-women/
https://microbiologyjournal.org/probiotic-and-cytotoxic-potential-of-vaginal-lactobacillus-isolated-from-healthy-northeast-indian-women/
https://microbiologyjournal.org/probiotic-and-cytotoxic-potential-of-vaginal-lactobacillus-isolated-from-healthy-northeast-indian-women/
https://onlinelibrary.wiley.com/doi/full/10.1155/2015/723056
https://www.sciencedirect.com/science/article/abs/pii/S0740002010001292
https://www.sciencedirect.com/science/article/abs/pii/S0740002010001292
https://www.sciencedirect.com/science/article/abs/pii/S0740002010001292

Rahnama A. et al.

Int. J. Adv. Biol. Biomed. Res. 2026, 14(2):200-214

[35] Siroli, L., Patrignani, F., Serrazanetti, D.I,
Parolin, C., Nahui Palomino, R.A., Vitali, B., Lanciotti,
R, Determination of antibacterial and
technological properties of vaginal lactobacilli for
their potential application in dairy products.
Frontiers in Microbiology, 2017, 8, 166.

[36] Patrignani, F., Lanciotti, R, Applications of
high and ultra high-pressure homogenization for
food safety. Frontiers in Microbiology, 2016, 7,
1132.

How to cite this article:

A.Rahnama, S. Abolmaalj, S. Darvish Alipour Astaneh. Identification of Probiotic Strains
from Adesmia Cancellata Microbiomes for Vitamin B6 Production: A New Approach to
Developing Functional Foods. International Journal of Advanced Biological and
Biomedical Research, 2026, 14(2), 200-214.

DOI: https://doi.org/10.48309/ijabbr.2026.2068455.1647

Link: https://www.ijabbr.com/article_731784.html

Copyright © 2026 by authors and SPC (Sami Publishing Company) + is an open access article
distributed under the Creative Attribution License(CC BY) license
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

Commons

214 |Page


https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2017.00166/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2017.00166/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2017.00166/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2016.01132/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2016.01132/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2016.01132/full
https://doi.org/10.48309/ijabbr.2026.2068455.1647
https://www.ijabbr.com/article_731784.html
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

