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ABSTRACT

Background: This comprehensive laboratory study thoroughly
investigated the probiotic, antioxidant and safety properties of the
lactiplantibacillus plantarum spsl strain, a strain of great potential
isolated from local yogurt
Amis: Considering the emergence of different probiotic characteristics
in various genera and species of lactic acid bacteria, this laboratory study
evaluated the probiotic, antioxidant and safety properties of the
Lactiplantibacillus plantarum sps1 strain isolated from local yogurt.
Methods: Probiotic features such as acid resistance (pH 2.5, 3.5, and
4.5), hydrophobicity, bile salt resistance (0.3%, 0.5%, and 0.7%),
cholesterol absorption, biogenic amine production, and lack of
hemolytic and DNase activity were assessed. The strain's antioxidant
capacity (DPPH and ABTS), adhesion potential to Caco-2 cells, anti-
adhesion properties, auto aggregation, and coaggregation.
Results: With a decrease in pH levels and an increase in retention time
from 0 to 3 hours at the examined pH levels, the number of viable cells
of the strain decreased. The strain showed good resistance to all
concentrations of bile salts. The hydrophobicity was evaluated at
46.50%, cholesterol absorption at 42.30%, and the inhibition of free
radicals DPPH and ABTS at 40.50% and 46.30% respectively. The
production of biogenic amine, DNase, and hemolytic activity of the
strain were negative. The potential for auto-aggregation and co-
aggregation were 38.60% and 22.40% respectively, the adhesion
potential to 2-Caco cells was 11%, and the anti-adhesion potential
against Salmonella enterica serovar Typhimurium was 44.20% in
competition, 29% in inhibition, and 22.50% in displacement.
Conclusion: Based on the results, the strain possesses acceptable
probiotic, antioxidant, and safety potentials. Therefore, it can be stated
that this strain is effective in improving health and reducing the
incidence of some diseases and has the potential to be used as an
effective probiotic.
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Extended Abstract

Introduction

Probiotics are defined as microbial
supplements that positively impact host health
by modulating gut microbiota balance. Their
beneficial effects on human health include
improving lactose digestion in lactose-
intolerant individuals, regulating the immune
system, synthesizing B-group vitamins,
producing antimicrobial peptides, enhancing
immune response, and preventing cell
carcinogenesis (Fallah, Mortazavi, Tabatabaei
Yazdi, 2018). While most probiotics used in
humans belong to the lactic acid bacteria
family, not all bacteria in this group qualify as
probiotics, as survivability and colonization in
the gastrointestinal tract are essential criteria
for probiotic selection (Colado, Meriluoto,
Salmin, 2007).Lactic acid bacteria, especially

Lactiplantibacillus plantarum, are extensively
used in food industry for enhancing flavor,
texture, and nutritional properties of various
foods such as vegetables, meats, dairy
products, and grains. They prolong shelf life
by producing organic acids, carbon dioxide,
and antimicrobial peptides (Huang et al., 2023).
These bacteria also play a crucial role in
fermentation processes of foods like dairy
products, sausages, pickles, and olives (Sidhu
& Nehra, 2019) Lpb. plantarum, known for its

adaptability and high distribution in diverse
environments, is found in fermented dairy
products, human and animal digestive systems,
as well as fermented meats, fish, and
vegetables (Panel & Herman, 2021). Studies
highlight its probiotic properties including
immune modulation, liver disease reduction,
and potential anticancer effects (Garcia-
Gonzalez, Battista, Prete, Corsetti, 2021). Recent
research focuses on characterizing new
probiotic strains like Lpb. plantarum spsl
isolated from local yogurt, evaluating its
probiotic and antimicrobial potential against
various foodborne pathogens (Mokoena,
Omatola, Olaniran, 2021).

Materials and Methods

The research process was comprehensive and
rigorous. Firstly, the Lpb. plantarum spsl

strain was isolated and identified using
molecular methods. Subsequently, the strain
was evaluated for a wide range of probiotic
properties, including acid resistance (pH 2.5,
3.5, and 4.5), hydrophobicity, and bile
resistance (0.3, 0.5, and 0.7). Cholesterol
absorption was also assessed. Additionally, the
strain underwent evaluation for biogenic
amine production and hemolytic and DNase
properties. The antioxidant property of the
isolated strain (measured using DPPH and
ABTS assays) was determined. Furthermore,

adhesion potential to Caco-2 cells, anti-
adhesion properties, auto-aggregation
capacity, and co-aggregation of the strain were
also evaluated.

Results and Discussion

Based on the results obtained, the strain
exhibits promising probiotic and antimicrobial
potential. It demonstrated the highest reduction
in strain count after 3 hours at pH 2.5. The
strain showed good resistance to all
concentrations of bile salts. Its hydrophobicity
was 46.5%. It exhibited negative traits for
biogenic amine production, DNase activity,
and hemolytic activity Furthermore, it

absorbed 42.30% of cholesterol, and its
scavenging activities for free radicals DPPH
and ABTS were 40.5% and 46.30%,
respectively. It also showed auto-aggregation
and co-aggregation potentials of 38.60% and
22.40%, respectively. Adhesion potential to
Caco-2 cells was 11%, and it displayed
competitive inhibition against Salmonella
enterica serovar Typhimurium at 44.20%,
inhibition at 29%, and displacement at 22.50%.

Based on the obtained results, the strain has
acceptable probiotic, antioxidant, and immune
potential. It can be stated that this strain is
effective in improving health and reducing
disease risks, and ultimately, it can be utilized
as an effective probiotic for practical
applications.

one essential characteristic of a probiotic is its
ability to survive under gastrointestinal
conditions, particularly its resistance to acid
and bile salts. Additionally, acid tolerance
enables the use and survival of these strains in
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acidic food products such as yogurt without
significant reduction in bacterial population.
Probiotic strains, when exposed to the extreme
pH of the stomach, may acquire buffering
properties through food or other specific
molecular carriers. This acid tolerance is also
attributed to the synthesis of various
polysaccharides, which play a role in
protecting the cell membrane (Dardmeh et al.,
2023). Noshad et al. (2021) reported that acid
resistance is strain-dependent and should be
evaluated individually for each bacterium.
They also indicated that Lpb. plantarum and
Levilactobacillus  brevis exhibit  higher
resistance to low pH compared to Pediococcus.
Koshki et al. (2012) found that the best growth
of Lpb. plantarum isolated from traditional
dairy products in Sabzevar was at pH 4, and the
strain was capable of growth in the presence of
bile salts. Additionally, Lpb. plantarum S32E,
isolated from traditional Iranian skin cheese,
showed the highest survival against simulated
gastric and intestinal conditions (Abdoli et al.,
2018). actors such as non-pathogenicity, lack
of association with diarrhea-causing bacteria,
genetic stability, inability to transfer antibiotic
resistance genes, and adhesion capability are
crucial for identifying a probiotic bacterium.
One key aspect for selecting a strain as a
probiotic is determining its adhesion capability
to the host mucosa. This not only prevents the
adhesion of pathogenic bacteria but also
creates an unfavorable environment for their
growth by secreting certain substances. It
allows the bacteria to occupy target sites on
epithelial cells, preventing their attachment
and invasion into the gastrointestinal tract
(Gabriela et al., 2019). In a study, Lpb.

plantarum was introduced as a highly adhesive
probiotic strain (Handa & Sharma, 2016). Lpb.
plantarum L33, isolated from Iranian
traditional cheese, showed the highest auto-
aggregation (49.56%). This study reported the
relationship between adhesion capacity and the
hydrophobicity of lactic acid bacteria.reactive

oxygen species (ROS), such as superoxide
ions, hydroxyl radicals, nitric oxide, and
peroxynitrite, can react with all cellular

biomolecules and, if accumulated, lead to
oxidative stress in the body, causing many
chronic inflammatory conditions in the gut
(Liu et al., 2018). This antioxidant potential

could be attributed to the production of
metabolites such as exopolysaccharides (EPS)
and various antioxidant enzymes. EPS are
long-chained molecules secreted by bacteria
into their environment, which have been
shown to have antioxidant properties (Fang et
al., 2018). Antioxidant compounds produced
by probiotic bacteria can scavenge reactive
oxygen species and reduce the level of
oxidative stress in the host, thereby promoting
gut health (Kuda et al., 2019). antioxidative
potential of lactic acid bacteria as a free radical
scavenger.

DNase, capable of degrading DNA by
breaking phosphodiester bonds in the
backbone of DNA, may play a role in bacterial
growth, enhancing biofilm formation, and
immune system modulation, thus acting as a
virulence factor (Varela-Ramirez, 2017).
Biogenic amines are small molecular
compounds that form in protein-rich foods,
especially fermented foods. Biogenic amines
are formed from free amino acids by microbial
decarboxylation. Biogenic amines, especially
histamine, are associated with some spoilage
microorganisms and can be used as freshness
and safety indicators for fermented food
products (Sun et al., 2023). Cholesterol, as a

vital component of the human body, plays a
fundamental role in many processes. However,
prolonged high blood cholesterol levels may
lead to atherosclerosis and pose a significant
risk for cardiovascular diseases. Among the
Lpb. plantarum strains isolated from goat milk,
the highest cholesterol reduction was observed
in Lpb. plantarum Lpb02 with 68%, followed
by Lpb. plantarum Lpb0l1 with the second
highest reduction at 51%, while commercial
strain Lpb. plantarum ATCC 8014 showed a
reduction capability of 51% (Islam et al.,
2022). The food chain is considered one of the
main pathways for the transfer of antibiotic-
resistant bacteria between animal and human
populations. Fermented dairy products,
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especially those not subjected to heat treatment
before consumption, are identified as a route
for transferring antibiotic-resistant bacteria
(Mathur & Singh, 2005). In this study, the
resistance of Lpb. plantarum spsl strain to
eight common antibiotics was evaluated
(Table 2). This strain was sensitive to six
antibiotics, resistant to Imipenem, and showed
intermediate  sensitivity to  Gentamicin.
Evidence suggests that Lactobacillus species
are generally sensitive to antibiotics such as
erythromycin, chloramphenicol, and
tetracycline (Alizadeh Behbahani et al., 2023).
Anti-adhesive properties were evaluated
through various adhesion inhibition assays,
including  competitive, inhibitory, and
displacement tests against S. typhimurium.
Lactobacillus strains such as Lpb. plantarum
TW57-4 exhibited the highest activity against
P. aeruginosa, with strains Lpb. plantarum
5H1, Lpb. plantarum 5 L1, and Lcb.
rhamnosus GG showing a greater reduction
(56%—73%) in Salmonella adhesion (Vasiee,
Falah, Mortazavi, 2022; Luz et al., 2021). The
displacement capability of strains may be due
to competition for common adhesion
receptors, production of anti-adhesive
compounds, and secretion of antimicrobial
agents. Various mechanisms are involved in
bacterial anti-adhesive processes, including
chemical and physical interactions between
bacterial and host or environmental surfaces.
Correlation between anti-adhesive results and
adhesion may indicate similar mechanisms in
both phenomena; however, other studies have
reported no correlation between anti-adhesive
and adhesion results (Haghshenas et al., 2016).

Conclusion

The strain Lpb. plantarum SPS1 exhibits
potential for survival in acidic conditions
across various pH levels. It also demonstrates
resilience against different concentrations of
bile salts, which is advantageous for its
survival in environments like the intestine. The
strain shows adequate hydrophobicity and
auto-aggregation, facilitating interactions with
other cells and adherence to different surfaces.
These characteristics position it as an effective
probiotic that can prevent pathogenic bacteria

from adhering to epithelial cells. The strain's

ability to produce biogenic amines, lack of
DNase activity, absence of hemolytic activity,
and antioxidant activity further endorse its
potential health benefits. Ultimately, Lpb.
plantarum SPS1 proves to be a valuable
probiotic strain for improving health and
reducing disease risks, making it a promising
candidate for practical applications.
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Fig. 1. The  capacity  Lactiplantibacillus
plantarum SPS1 to endure in an acidic pH
environment

U cow g5 LB 55k 4 Lpb. plantarum spsl e
F/05IPH aals b s pH 5 2e 55 3 5 513 0y 5 pH
sdalice oliy sladshu slus )5 e85 |6 2als Y/0 o
osdle . L rals Log CFU/ML #/8+ a4 VIVe 51 5 as
UL“) &\Jﬁ\ L> Y/O pH )J 4;_\).«: e_,\_,) LSLA‘-JJ'L" J\.kx.‘:‘ ‘U'il B
sals Log CFU/ mL#/#+ 4 MY 5l cslu ¥ & a0 3
Al J)J} B 6}‘;1«.4 Sad “ C,.A}LS.A By GL'«'J C,Jli
,5 Lpb. plantarum Spsl « sw cpizeen ol ol 6351
adllas nl 53wy p shse Sl ae LSS lackle
o 3lass ol QLA s 5l s wglie (/Y 5 0 /0 /Y
Cﬂdjl.iﬁ QS/}'J J\JJ;QL;J S > J':IJA}J:‘%JJ c(V'Y\)QbKAA
SASL A Gl s eas s w4 s Gl RIS o
Gl emmen 3,5 I3 s p 255m L s S sk
Levilactobacillus brevis 5 Lpb. plantarum w.sls
Sl PH & s 5V i S Sy 0
.Lw) w’ﬂ_' c(Y'\Y) Q‘)M 9 o.<.&_,5 axJlzs BE) .Li)‘.}
i od Y g 3l el (g5lulas Lpb. Plantarum
))ﬁé} DL J»ir) &U}S ‘Li).w 9 ebﬁ ¥ pH DL 4)\_54',.:.\&
Lpb. Plantarum o 55 Lls |y g5l i bl
Cp i Sl s g s 3l edd glulas S32E

639, 9 ol LS""\"': LS)L""“':'”"':’ .la.ﬂf.a f‘f BE) \) v;l.co.h)

s g 5T 4 Sl O g0

Lpb. @y Sosmnl  coslis olLssl gl
A eslital S go s sSss I plantarum SPS1
53 JAe VYT gl LS O il s G el
SO A S T Bl e S g A
73 sl WV T /A) o5 58T e B L 0ol s
U VA 1 WQJKTMRS ek K sss
S a8 3 ciS o S Bl GaSss ( aam
el Al il G TSl (Slessdoe Jal
by T (/ML) (il s+ (pg/mL)
0s3lss s & (HO/ML) el sSGs  + (HG/ML)
el X (HOiML) - St e (Hg/mL)
el L35 0 (MO/ML) pleS s e 5V (HO/ML)
L 4SS sl 4z n YV gles s csle Y e
S SLbI s lee 8 ad 05l SO 51
Y OLan 5 ol Ad (6, e3Iul K5 s 5T
ausls 5,1 oo 5 403

Lo ab b SO bl s has a besls o 5 4 2
S3les 3l oSl anlie Gl i3S plil YY aies
CEM 05 5 OSIs lals ws Q),U'T ooy ) e3lauISPSS
D3le 5 3l eslizad L Layls sad 5 A5 slinal Lo y3 40 Olizabl
Ay YI8 LS

S Ao A SKad 5 el 4y Cglin Emy 5 S

G A (LSl 5 deul 4 eyl

bl d o el Uy Soms i Sgln Y gle S5 Sl
et el Lo 5 sl 4 Caaglie b3S oKes
N s 55 b g ol Sl 5 e3lizul Ol sl Jass
Cormexr a5 B a8 o0 1) el wibe gdenl 10
28 Gl (Ssmsn Sbase AS e el 5L
2l b5 e L g (6,8 e B edes s PH (5 e
AR5 G 3 S o Iy (5 5L ol (JST5e (sle Jul
e g Bl (b DL 5 st 4 Al Jeod LS )
sl o313 S (dils 2B Jeke glis 5l cblis s oS



V¥ Jlo /Y oyladds YO Als / olie mluo slo yingl

ol)m 9 de o)l)’:lc Y

gl b s Gl Sis o530 LOT Ll slS
Jlail 5 pomd Sl (S reshoodr Al sl
OLISes 5 (el 5) 5,10 56 s - shan 4 Lags 5SU
Olge a4 Lpb. plantarum o, iass s (Y0)4
Lol 5 Mila) A (e VU (S ool b (S
e 3l e g5lula= Lpb. plantarum L33 (Y15 .
03 5 (IXA/0F) S5, ez o 5V (sils Slnl
Ko oo 5 (S Sod b o daly Shagn ol
adllas ol ys ol edd 3518 SsY al lags SU

Lpb. s Lpb. pentosus L11 (E. faecium L13
S. & s gy JB sl Susliplantarum L33
5 s=,03) Lsls oLis L. monocytogenes s Typhimurium
S P T Y 1R ACA LR IPIEON
& S il 5 b K2l G55 mamd b b
Y s s Lpb. plantarum spsl « 5. Caco-2  Jsl.

NGO IS WA Ajb\

50

40

30

g I

1

0 4

Fig. 2. Hydrophobicity, Auto-aggregation, co-aggregation
and adhesion capacity ability of Lactiplantibacillus
plantarum SPS1
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Table 1. The effect of different concentrations of bile salt
on the viability of Lactiplantibacillus plantarum SPS1
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Fig. 3. The antioxidant activity (DPPH & ABTS) of
Lactiplantibacillus plantarum sps1
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Table 2. Effect of common antibiotics on the growth of
Lactiplantibacillus plantarum sps1

Antibiotic Antibiotic resistance

Vancomycin Sensitive
Gentamicin Intermediate

Chloramphenicol Sensitive
Nitrofurazone Sensitive
Nalidixic Sensitive
Penicillin Sensitive
Imipenem Resistance
Ciprofloxacin Sensitive
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