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ABSTRACT

Background and Objectives: The most common cause of severe foodborne salmonellosis is S. Typhimurium. Its interaction
with intestinal epithelial cells is little known. Lactic acid bacteria (LAB) were recognized as a prominent probiotic gastroin-
testinal microbiota of humans and animals that confer health-promoting and protective effects. This study aims to determine
the anti-invasion and antibacterial effects of heat-killed LAB (HK-LAB) isolates against S. Typhimurium towards human
intestinal cells.

Materials and Methods: 12 HK-LAB isolates from 3 sources of origin (stingless bee, plant, and food) were tested to
determine the adhesion of HK-LAB to Caco-2 cells, anti-invasion and antibacterial activities against S. Typhimurium, the
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adhesion and invasion pattern of S. Typhimurium on intestinal epithelial cells (Caco-2) and assessing the effect of LAB on
the S. Typhimurium-host cell interaction.

Results: Tairu isolates from food have the highest adhesion rate with 19 + 1.32/10 Caco-2 cells followed by HK-LAB R-iso-
late from plant 17 + 0.70/10 Caco-2 cells, which is similar to the control (Lactobacillus casei). In the anti-invasion assay, the
two HK-LAB isolates that had the strongest adherence to Caco-2 cells, Tairu-isolate inhibited at 78.1 + 3.06% and R-isolate
inhibited at 64.76 + 9.02% compared to the positive control (63.81 + 1.15%), which led to increased suppression of S. Ty-
phimurium accordingly. Tairu and R isolates were tested for their antibacterial ability against S. Typhimurium. Both R and
Tairu isolates displayed strong inhibition zones (27 + 0.06 mm, 23 + 0.06 mm) respectively.

Conclusion: These findings suggest that the anti-invasion activities of HK-LAB R and Tairu may correlate to their bacteri-

cidal effects that serve to protect the host from infection.
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INTRODUCTION

Salmonella enterica is a Gram-negative bacterium
and is known as one of the major foodborne patho-
gens which causes human foodborne infection each
year affecting millions of people worldwide (1). The
high incidence of Salmonella outbreak in Malaysia
has been associated with the country's environment,
which is optimum for the growth of most bacteria
(2). Ministry of Health Malaysia (MOH) has report-
ed the occurrence of this outbreak in several states
of Malaysia; infection among children in Sarawak
from 2011 to 2016 (3), food poisoning affecting 43
students in Perak (4), 13 patients and 1 food handler
in night market (5), and 21 schools (6), in Terengga-
nu, as well as two deaths along with 83 infections in
Kedah, Perak, and Selangor (7). Recently, Salmonella
contamination has caused the recall of various im-
ported food items, including eggs from Malaysia (8),
and Jif peanut butter (9). Salmonella is considered as
the most common foodborne organism in imported
foods from Africa to the European Union. A large
proportion (72.4%) of the foodborne salmonellosis
outbreaks were caused by Salmonella enterica sero-
var Enteritidis (10). In the European Union/European
Economic Area (EU/EEA) and the United Kingdom
(UK), a cross-border outbreak of Salmonella Mban-
daka ST413 has been ongoing for over two years since
September 2021. By 30 November 2022, 196 cases
had been recorded and published in a joint European
Centre for Disease Prevention and Control (ECDC)
and European Food Safety Authority (EFSA) Rapid
Outbreak Assessment. It increased to 300 cases (an
increase of 104 cases) by 15 March 2024, according to
the European case definition (11). CDC estimates Sal-
monella bacteria cause about 1.35 million infections,
26,500 hospitalizations, and 420 deaths in the United
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States every year (12).

The pathogenicity of Salmonella is governed by its
ability to adhere to and invade intestinal cells (13, 14).
Studies on Salmonella adhesion and invasion have
been extensively reported on intestinal Caco-2 cell
lines (15). Various anti-adhesion and anti-invasion
studies have been reported as a therapeutic strategy
to prevent Salmonella adhesion/invasion to intestinal
cells at the early stages of infection (16). For example,
Salmonella enterica serovar Typhimurium (S. Typh-
imurium) is shown to be inhibited from adhering to
the Caco-2 cell line by bovine milk-derived Mucl
(17-22).

In recent years, lactic acid bacteria (LAB) have re-
ceived extensive attention due to their various ben-
eficial effects, including their capacity to maintain
intestinal permeability, improve the physical mucosal
layers, and boost the immune system to protect the
host from pathogens (22). LAB are Gram-positive,
rod- or cocci-shaped bacteria that belong to several
genera; including Lactobacillus, Pediococcus, Lacto-
coccus, Streptococcus, Bifidobacterium, Carnobac-
terium, Sporolactobacillus, and Leuconostoc (23),
and have been discovered in an array of sources; in-
cluding food, plants, animals, and insects (24). LAB
are commonly known as probiotic microorganisms
(25), determined by several characteristics such as
acid tolerance, bile tolerance, high antimicrobial re-
sistance against foodborne pathogens, and capability
to adhere to intestinal cells (26). The ability of LAB
to protect their hosts by secreting antimicrobials and
triggering the host immune response has been doc-
umented in both humans and animals (27). A good
probiotic LAB produces a variety of antimicrobial
chemicals, including lactic acid, acetic acid, propa-
noic acid, alcohol, and diacetyl, demonstrating out-
standing anti-bacterial, anti-fungal, and anti-viral
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characteristics (26). These antimicrobial chemicals
produced by LAB can inhibit and protect against
dangerous microorganisms by bringing the pH down
to a point where the protein membrane is denatured
resulting in dysfunctional membrane permeability. In
addition, LAB also produces bacteriocins that can aid
in the inhibition of pathogen growth (26). LAB is ef-
fective against a variety of foodborne pathogens via a
wide range of antimicrobial mechanisms (28).

Many in vivo and in vitro studies have shown the
protective role of LAB strains in preventing various
intestinal infections caused by pathogenic bacteria
(29). For example, probiotics Bacillus coagulans have
shown protective effects on Caco-2 cells against S.
Typhimurium infection by inhibiting their adhesion
and invasion (28). Aside from that, the adherence of S.
Typhimurium to Caco-2 cells is reduced by 7-fold by
the pre-incubation with LAB Lactobacillus paracasei
(29). Although there may be advantages, live probiot-
ics are not frequently used in clinical settings because
of the risk of septicemia in immunocompromised pa-
tients and the shorter shelf life since probiotic bioac-
tivity tends to decline with time (30). Additionally,
safety concerns regarding the use of live probiotic
strains have emerged in certain patient populations,
including neonates and vulnerable patients, partic-
ularly due to the translocation of bacteria from the
gut to the systemic circulation, which has increased
interest in the use of non-viable heat-killed probiot-
ics (20). Moreover, heat-killed probiotics are stable
and usable in a wide pH range and heat-processed
foods, therefore offering a potentially safe alternative
for manufacturers and vulnerable individuals (22).
Thus, the use of non-viable microorganisms or mi-
crobial cell extracts as probiotics, particularly heat-
killed lactic acid bacteria (HK-LAB) in place of live
LAB because they improved natural defense mech-
anisms against pathogenic infection, is becoming
more and more popular as a way to minimize these
hazards (20).

Studies have shown that HK-LAB has a variety
of positive effects. In vitro and in vivo competition
between HK-LAB and intestinal pathogens such as
Salmonella (22), Staphylococcus aureus (31), Campy-
lobacter jejuni (32), Escherichia coli (33) and Helico-
bacter pylori (34), for adhesion sites at the gastroin-
testinal level and anti-invasion capabilities have been
documented. Contrary to popular belief, HK-LAB
strains are more effective than live LAB strains at re-
ducing pathogenic bacterial adhesion (31). Therefore,
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this study aimed to evaluate the adhesion properties
of heat-killed (HK)-LAB from various sources (sting-
less bees, plants, and food origin) on intestinal Caco-
2 cells and to determine their anti-invasion activities
against S. Typhimurium.

MATERIALS AND METHODS

Source and isolation of lactic acid bacteria. For
isolation of lactic acid bacteria, 10 grams of each
(stingless bee, plant, and food) samples were weighed
and homogenized with sterilized peptone physiolog-
ical saline solution PPSA (1% peptone (Oxoid, En-
gland), 0.9% NacCl) for about 1-4 minutes aseptically.
Proper serial dilutions (10" to 10-%) were prepared for
each sample using 1 ml of homogenate. A volume of
0.1 ml of each dilution was spread-plated on MRS
(Oxoid, England) agar media. Then the plates were
incubated for 48 hours in an anaerobic jar at 32°C.
Typical LAB characteristics colonies were randomly
picked up and purified by streaking 2 or 3 times on
freshly prepared MRS agar plates followed by mor-
phological and microscopic examinations. Based on
colony and cell morphological properties, the colonies
showing the lactic acid bacteria's general characteris-
tics were chosen from each plate for physiological
and biochemical tests, Simple characterizations were
done such as Gram staining and catalase test (35).

A total of 12 LAB isolates obtained from various
sources (stingless bees, plants, and food) were used
in this study (Table 1). A total of 4 isolates were ob-
tained from the stingless bee gut (1 from Hetero-
trigona itama, and 3 from Tetragonula laeviceps),
2 isolates from two plants (pomegranate and grass),
and 6 isolates from different food sources namely fer-
mented food (tempoyak) (6), cow’s milk (2), cheese (2)
and Kimchi (6). The isolates from stingless bee gut
and Tempoyak were received in glycerol stock while
others were from MRS broth.

Bacterial strains and growth conditions. ATCC
strains of S. Typhimurium (ATCC 14028) provided by
the Faculty of Pharmacy, UiTM Puncak Alam were
maintained in Luria-Bertani (LB) broth (Miller’s
LB agar, Condalab, Spain), while LAB isolates were
grown in de Mann, Rogosa and Sharpe (MRS) broth
(Oxoid, England).

Before use in experiments, cultures were sub-cul-
tured onto LB agar (S. Typhimurium) or MRS agar
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(LAB isolates), and individual colonies were grown
in LB broth and incubated at 37°C for 16 h with shak-
ing at 150 rpm (19) or in MRS broth in anaerobic
condition at 37°C. Morphological evaluation of LAB
isolates was done by simple characterizations using
Gram staining and catalase test.

For the Salmonella adhesion and invasion experi-
ment, overnight culture of S. Typhimurium was di-
luted in LB broth to achieve approximately (102 CFU/
mL) at a wavelength of 600 nm (OD, .= 0.2) (21).

Caco-2 cell culture. Caco-2 cells were routinely
maintained in a 25 cm? cell culture flask with Dul-
becco’s Modified Eagle’s Medium (DMEM) (Gibco,
USA) containing 10% fetal bovine serum (FBS) (Gib-
co, USA), 1% antibiotics (penicillin/ streptomycin)
(Sigma-Aldrich, USA), 1% non-essential amino acids
(NEAA) (Sigma-Aldrich, USA) and 1% L-glutamine
(Sigma-Aldrich, USA) (36). The cultures were incu-
bated at 37°C in a humidified incubator with 5% CQ, .
Cultural mediums were replaced every other day. Be-
fore the adhesion and invasion assay, the Caco-2 cells
(confluency between 80-90%) were harvested from
flasks using trypsin-EDTA (Sigma Aldrich, USA)
and subsequently seeded into a cell culture plate. Sev-
eral 2 x 10* cells/mL were seeded on 24-well plates
(37) and were used as differentiated cells after 15 +
1 days in culture with medium change every other
day (17, 37). After the Caco-2 cells had reached full
differentiation, the medium was exchanged for an an-
tibiotics-free medium for 24 h before adhesion and
invasion studies (19).

Salmonella adhesion assay. The adhesion study of
S. Typhimurium towards Caco-2 cells was performed
as described previously (18, 19) with slight modifi-
cations. Overnight cultures of S. Typhimurium were
recovered by centrifugation at 10,000 rpm for 5 min.
Then, the bacteria were washed twice with PBS and
re-suspended in an antibiotic-free medium. A volume
of 500 pL/well of antibiotic-free medium containing
108 CFU/mL S. Typhimurium strains was added to 15
+ 1 days Caco-2 cells. The infected cells were incu-
bated at 37°C for interval time of 1 h and 2 h. After
the incubation period, the medium was removed, and
cells were washed three times with PBS to remove
non-adhered Salmonella. Cells with adhered Salmo-
nella were treated with 250 pL of trypsin-EDTA per
well for 10 min at 37°C followed by the addition of
250 pL culture medium containing FBS to stop the
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trypsin reaction. Then, serial dilutions of the cell
suspension were plated on LB agar and incubat-
ed at 37°C for 24 h to enumerate adhering bacteria
(CFU/mL).

Salmonella invasion assay. The invasion study
was determined using gentamicin-protective assay, as
described previously by Mechesso et al. (19), Birha-
nu et al. (18), Burkholder et al. (38), Dostal et al. (39)
and Gagnon et al. (40), with slight modifications (18,
19). Briefly, a bacterial suspension (500 pL/well) that
was prepared as described for the adhesion assay was
applied on Caco-2 cells and incubated at 37°C for an
interval time of 1 h and 2 h. The infected cells were
washed three times with PBS before the addition of
250 uL DMEM containing 300 pg/mL gentamicin
per well and were incubated at 37°C for an addition-
al 60 min to kill extracellular bacteria that had not
invaded the cells. After a further washing step with
PBS, 250 pL of trypsin-EDTA was added followed by
another incubation step for 10 min at 37°C. The Caco-
2 cells were then disrupted by adding 250 pL of 1%
(v/v) Triton X-100 per well. After 10 min incubation
at 37°C, samples were collected for the determination
of bacterial counts as described in the cell adhesion
study. The adhesion and invasion patterns of S. Ty-
phimurium were expressed as the relative percentage
of the number of adhered and invaded bacteria to the
total number of bacteria used. Both assays were per-
formed in triplicate and conducted in three indepen-
dent experiments.

Preparation of Heat-Killed (HK) LAB. The
LAB cultures (1 x 108 CFU/mL) were harvested by
centrifugation at 14,000 x g for 5 min at 4°C after
incubation at 37°C for 18 to 24 h and the supernatant
was discarded. The LAB pellets were washed three
times with PBS and then resuspended in 10 mL PBS.
The heat-killed (HK) treatment was done by heating
the bacteria suspension at 80°C for 30 min (14, 41).

Adhesion assay of HK-LAB to Caco-2 cells. The
adhesion assay of HK-LAB was performed according
to the method previously described (42). Caco-2 cells
were seeded into 24 well-plates at 2 x 10* cells/mL
and incubated at 37°C in a 5% CO, until 15 days. Af-
ter 15 days, 250 pL (approximately 5 x 10" CFU/mL)
HK-LAB strains were added into the well and incu-
bated at 37°C for 2 h in a 5% CO, atmosphere. After
incubation, cells in each well were washed three times
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with PBS followed by fixation with 10% of formalin
for 30 min. After that, the cells were stained with
0.5% crystal violet followed by three times washing
with PBS. The cells were visually counted by using
an inverted microscope. The number of adhered HK-
LAB on the Caco-2 cell lines was enumerated in ten
random Caco-2 cells. This adhesion assay was done
in three independent replicates and the mean * stan-
dard deviation of adhered HK cells was calculated
(20.28).

Anti-invasion assay of HK-LAB strains against
S. Typhimurium. The anti-invasion assay of HK-
LAB strains was done according to the previously
described protocol with some modifications (42). An
overnight culture of S. Typhimurium was prepared in
10 mL LB broth at 37°C. The OD reading of S. Typh-
imurium was adjusted to OD_ . = 0.25 (approximately
2 x 108 CFU/mL) followed by centrifugation at 10,000
rpm, for 5 min and the pellet was resuspended in an-
tibiotic-free DMEM. The Caco-2 cells were seeded
into 24 well-plates at 2 x 10* cells/mL and incubated
at 37°C in a 5% CO, atmosphere until day 15. A vol-
ume of 250 uL HK-LAB strains (approximately 1 x
10® CFU/mL) was seeded in the well and incubated
at 37°C for 2 h in a 5% CO,. After incubation, the
cells were washed three times with PBS followed by
treating 250 pL overnight culture of S. Typhimurium
(2 x 108 CFU/mL) and incubated for another 2 h. The
cells were washed again with PBS three times. Next,
a volume of 500 pL of gentamicin (300 pg/mL) was
added to each well and incubated for 1 h. The cells
were washed three times again with PBS followed by
the addition of 500 pL 1% Triton X-100 for lysis of
cells. The invaded S. Typhimurium supernatant upon
lysis was serially diluted and plated on LB agar fol-

ture of the tested pathogen was adjusted to 0.5 Mc-
Farland standard (approximately 1 x 108 CFU/mL).
S. Typhimurium was then spread onto the surface of
Muller Hinton Agar (MHA) plates. The wells were
punctured using cork-borer and 100 puL of HK-LAB
cell lysate was added into the well. The plate was in-
cubated at 37°C for 48 h. This well diffusion assay
was repeated in triplicate and the inhibition zone was
measured. The positive control used was L. casei
strain Shirota provided by the Faculty of Pharmacy,
UiTM Puncak Alam.

Statistical analysis. All assays were done in tripli-
cate. The results were expressed as mean + standard
deviation (SD). Analysis of variance (ANOVA) post-
hoc Tukey was conducted to find significant differ-
ences (p< 0.05).

RESULTS

Isolation of LAB from different sources. A to-
tal of 12 LAB was isolated in this study from three
different sources: stingless bees, plants, and food
(Table 1).

Adhesion and invasion of S. Typhimurium on
Caco-2 Cells. Results for adhesion and invasion rate of
S. Typhimurium on Caco-2 cells are shown in Table 2.

The adhesion rate of S. Typhimurium increased

Table 1. LAB isolates from different sources

No. LAB isolates Sources

Origin: Stingless Bee

lowed by incubating at 37°C for 24 h. This assay was 1. 15 Heterotrigona itama
done in triplicate and the number of invaded S. Ty- 2. L1
phimurium was enumerated and the percentage was 3. L3 Tetragonula laeviceps
calculated (43). 4. L6
Where Al and A2 indicate the absence and the Origin: Plant
presence of LAB strains, respectively. 5. Dp Pomegranate
— A2 6 R Grass
Invasion inhibition (%) = — X 100% Origin: Food
7. LAB 2 Fermented food (tempoyak)
Antibacterial activity against S. Typhimurium. 8. SL Cow’s milk
The antibacterial assay against S. Typhimurium was 9. Tairu
done according to the method by Reuben et al. (44). 10. Cheddar Cheese
S. Typhimurium was incubated for 18 h at 37°C in 11. BC
nutrient broth (Oxoid, England). The overnight cul- 12 Kimchi Kimchi
http:/ijm.tums.ac.ir IRAN. J. MICROBIOL. Volume 16 Number 6 (December 2024) 763-772 767
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from 10.9 + 0.76% to 16.2 + 0.66%, during 2 h incu-
bation time. A similar pattern was observed in the
invasion study, where the percentage of invasion rose
from 0.1 + 0.03% to 0.6 + 0.06% at 2 h incubation.
Thus, to examine the potential of LAB isolates to
prevent the invasion of S. Typhimurium on the Caco-
2 cells, we used a longer incubation time (2 h) for the
anti-invasion studies.

Adhesion of HK-LAB isolates on Caco-2 cells.
All 12 strains of HK-LAB isolates were evaluated
for their capacity to adhere to intestinal Caco-2 cells.
The counting of adhered cells was performed in 10
random cells for three independent experiments. The
number of HK-LAB isolates that adhered to Caco-2
cells is shown in Fig. 1.

Anti-invasion activities of HK-LAB isolates
against S. Typhimurium. In this work, 12 different
HK-LAB isolates were pre-incubated with Caco-
2 cells before a 2 h infection with S. Typhimurium
to test their ability to inhibit S. Typhimurium from
invading Caco-2 cells (Fig. 2). The highest percent-

Table 2. Percentage of S. Typhimurium Adhesion and Inva-
sion on Caco-2 Cells

Incubation time Relative % to control

Adhesion Invasion
1h 109 £0.76 0.1+0.03
2h 16.2 £ 0.66 0.6 +0.06

*Results are expressed as mean + standard deviation of three
independent experiment

Adherent of LAB (per 10 Caco-2 cells)
s w B % B

s .

S

<

¢ I

o I
.

»

© —

Y

%

T

I

% —

&
e
0,
%
2,
Z,

HK-LAB isolates

Fig. 1. Adhesion of HK-LAB Isolates on Caco-2 Cells. The
data shows the means of triplicate experiments and error
bars indicate standard deviations. LC serves as a positive
control. Values with an asterisk (*) are significantly different
(p <0.05) from the control group.
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age of inhibition was demonstrated by Tairu iso-
late (78.1 = 3.06%). Followed by R (grass) isolates
(64.76 £ 9.02%) and the positive control group (63.81
+ 1.15%). There was no difference between the per-
centage of inhibition. While the lowest percentage
was found for the DP isolate (14.29).

Antibacterial activities against S. Typhimurium.
Based on the excellent anti-invasion activities, HK-
LAB isolates of R and Tairu were chosen and tested
for their antibacterial potential against S. Typhimuri-
um (Table 3). Both isolates showed a very high inhi-
bition zone against S. Typhimurium, the highest was
for R (27 £ 0.06 mm) followed by (23 + 0.06 mm)
for Tairu and the positive control LC (2424 * 0.10).
Statistically, both R and Tairu isolates significantly
differed from the positive control LC (p>0.05).

DISCUSSION

Adhesion of HK-LAB isolates on Caco-2 cells.
Adhesion to intestinal cells is important as one of
the probiotic characteristics. Ahmad et al. (2018)
(45), stated that Lactobacilli adhesion has been rec-
ognized as necessary for exerting positive probiotic
effects in the large intestine (45). The Shirota's strain
L. casei (LC) was selected as a positive control since
this strain has proven to protect against E. coli and
Salmonella sp. infection (46). From the result, all 12
tested isolates could adhere to Caco-2 cells with dif-
ferent adhesion activities. In comparison to control
(LC), most HK-LAB isolates generally showed much
lower adherence to Caco-2 cells. It is interesting to
note that one of the isolates (R-grass) displayed a
pattern that was identical to the control group, with
an adhesion of 17 £ 0.70 per 10 Caco-2 cells. Anoth-
er isolate (Tairu) demonstrated marginally stronger
adherence to Caco-2 cells (19 + 1.32 per 10 Caco-2
cells) as compared to the control group (17 + 0.25 per
10 Caco-2 cells).

The adhesion result in this study is consistent with
the study by Lin et al. (2007) in which the heat-killed
Lactobacillus acidophilus was able to adhere to
the Caco-2 cells with >20 per 100 Caco-2 cells [~
>2 per 10 Caco-2 cells] (42). Similarly, a study by
Chen et al. (2013) (47), showed that all heat-killed L.
acidophilus, Enterococcus faecium, Lactobacillus
fermentum, and Lactobacillus plantarum reported a
high adherent capability at 104 + 2.82, 131 + 2.11, 87
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Fig. 2. Percentage Inhibition of LAB Isolates on Caco-2 Cells against Invasion of S. Typhimurium. The data shows the means
of triplicate experiments and error bars indicate standard deviations. LC serves as a positive control. Bars with an asterisk (*)

are significantly different (p < 0.05) from the control group.

Table 3. Antimicrobial Activity of Promising HK-LAB Iso-
lates against S. Typhimurium

HK-LAB isolate Zone of inhibition (mm) + SD
R 27 + 0.060cdef

Tairu 23 £ 0.060cef

LC (positive control) 24 +0.10b

*Values are expressed in mean + standard deviation of three
independent experiments. The (-) indicates no zone of inhi-
bition; weak (6-9 mm); medium (9-12 mm); strong (12-15
mm); very strong (>15 mm). Means with different letters
indicating significant differences (p < 0.05).

+ 1.89 and 125 £ 2.71 per 100 Caco-2 cells, respec-
tively [~ (10.4), (13.1), (8.7) and (12.5) per 10 Caco-
2 cells] (47). Both researchers (42, 47), also claimed
that the exopolysaccharides and lipoteichoic acid,
two non-protein cell-wall components, play a vital
role in regulating the adherence of heat-killed LAB
cells to intestinal cells and the activation of the host
immune system.

Anti-invasion activities of HK-LAB isolates
against S. Typhimurium. The colonization of
pathogenic microorganisms can be inhibited by the
adhesion of HK probiotic bacteria to the intestinal
epithelium which effectively modulates the human
immune system (26).

Based on previous studies, pre-incubating Caco-2
cells with heat-killed L. casei and L. paracasei (29)
before exposing them to S. enterica dramatically re-
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duces their infection. Pre-incubation with heat-killed
probiotics resulted in an 8-fold reduction in Salmo-
nella adherence when compared to the co-incubation
trial (4-fold) (29).

According to our findings, the data on HK-LAB ad-
hesion to Caco-2 cells is consistent with the percent-
age of inhibition against S. Typhimurium invasion.
There was no difference between the percentage of
inhibition of R (grass) isolates (64.76 + 9.02%) and
the positive control group (63.81 £+ 1.15%). Similar-
ly, the highest percentage of inhibition was demon-
strated by Tairu isolate (78.1 + 3.06%). These results
imply that the adherent characteristics of the R and
Tairu HK-LAB isolates allowed them to prevent S.
Typhimurium from invading intestinal Caco-2 cells.
This result agrees with the findings by Feng et al.
(2016) (48), in which, the highest adhesion abilities
of LAB significantly inhibited the adhesion and in-
vasion of Salmonella enteritidis to Caco-2 cells with
a percentage inhibition of more than 80% compared
to Lactobacillus rhamnosus and L. casei (48).

Findings from this study suggest that non-viable
HK-LAB has significant roles in avoiding S. Typh-
imurium invasion on intestinal cells. Several mech-
anisms have been reported on how HK-LAB could
have protective effects against pathogenic infection.
According to Lin et al. (2007), the immunomodula-
tory function of activated macrophages may be re-
sponsible for HK-LAB's prevention of Salmonella
invasion in mouse organs (42). On the other hand,
Tian et al. (2023) speculated that certain substances
on the cell surface of heat-killed L. casei could effec-

769


http://ijm.tums.ac.ir/

ANIS SYAHIRAH SAIFOR ADZUAN ET AL.

tively reduce the rate of S. Typhimurium internaliza-
tion into HT-29 cells as well as prevent Salmonella
colonization and translocation in mice (22). HK-LAB
strains have also been demonstrated to inhibit patho-
gen adhesion/invasion by preventing colonization
through competitive exclusion with cell receptors
(29). However, it is also possible that the inhibition of
adhesion and invasion is related to the antimicrobial
substances produced by HK-LAB (29).

Growing evidence has shown that HK-LAB can
reduce the colonization of pathogenic bacteria by
improving the integrity of the epithelial barrier. A
recent study by Tian et al. (2023) (22) found that the
permeability of HT-29 cells increased after S. Typh-
imurium challenge, while HK-LAB could recover
epithelium permeability by up-regulating the level
of tight junction’s protein (ZO-1 and Claudin-1) re-
sulted in decreased invasion of S. Typhimurium (22).
Pre-treatment with HK-LAB significantly improved
the host's intestinal barrier due to their adherence
properties to the host intestinal epithelium and led
to the suppression of their adhesion and invasion,
as well as prevented intestinal injury induced by the
pathogenic bacteria including Salmonella sp. and E.
coli (42, 48). Additionally, the combination of the
HK-LAB strains in yogurt (L. acidophilus, Strepto-
coccus thermophilus, and Lactobacillus bulgaricus)
was also reported to prevent epithelial barrier dys-
function (49).

Antibacterial activities against S. Typhimuri-
um. S. Typhimurium was listed as “the most threat-
ening to public health” by the Centers for Disease
Control and Prevention due to its frequent adulter-
ation of beef and poultry food products and its as-
sociation with multidrug resistance. Therefore, de-
veloping new strategies to inhibit this bacterium is
urgent (50). The antibacterial activity of HK-LAB
isolates of R and Tairu against S. Typhimurium in-
dicated that both isolates showed a very strong in-
hibition zone against S. Typhimurium and signifi-
cantly differed from the positive control LC. These
results indicate that anti-invasion activities of HK-
LAB R and Tairu can potentially be caused by their
ability to kill S. Typhimurium thereby protecting
the host from their infection. This activity can be
attributed to the bacteriocins and the exopolysac-
charides produced by Lactobacillus species which
have a good potential in the biocontrol of pathogens
(51, 52).
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CONCLUSION

This study demonstrated the utilization of HK-LAB
isolates in inhibiting S. Typhimurium infections by
suppressing their invasion towards the intestinal cell
lines (Caco-2). The use of LAB from various sources
in this study provides an exceptional understanding
of the adhesion and anti-invasion properties against
S. Typhimurium. From the data obtained, two pre-
dominant HK-LAB isolates with good adhesion on
Caco-2 cells could reduce the invasion of S. Typh-
imurium at a similar rate (R-isolate) and slightly
higher (Tairu-isolate) than the positive control (L.
casei). A very substantial inhibition zone in antibac-
terial activity against S. Typhimurium was also pres-
ent in both isolates. These two isolates (R and Tairu)
could potentially be good probiotic candidates. The
results of this study may make a significant contribu-
tion to the biopharmaceutical industry, particularly
in the development of probiotics as biotherapeutics
for food-borne diseases that modulate many benefi-
cial functions to the host.
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