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Abstract. Harahap NIP, Munir E, Hutahaean S. 2023. Immunomodulatory effects of probiotics isolated from traditional fermented
foods and beverages of Sumatra (Indonesia) and synbiotics in mice. Biodiversitas 24: 1157-1162. Traditional Sumatran foods and
beverages such as sugar palm sap, dadih, and tempoyak have a higher nutritional value than the original ingredients. Lactic Acid
Bacteria (LAB), a group of gut bacteria, is the starter that commonly appeared abundantly during fermentation of these natural products.
Probiotics are microorganisms that, when consumed in sufficient amounts, provide health benefits to the host, one of which is
immunomodulation. When probiotics are coupled with prebiotics to create a unified product known as synbiotics, their function as
immunomodulators improves. The goal of this study is to identify new probiotic candidate LAB strains from traditional Sumatran
fermented products in combination with inulin as a prebiotic, that can act as immunomodulators in mice through phagocytosis activity.
Eight bacterial isolates encoded as NI01, N102, N104, DAO1, DA02, TEQ1, TEO2 and TEO3 were isolated as LAB strains. Four isolates
i.e. NIO2, NIO4, DAOL, and TEO2 were identified molecularly as Lactiplantibacillus plantarum, Leuconostoc mesenteroides,
Lacticaseibacillus paracasei and Lactiplantibacillus plantarum, respectively which were antagonists to human pathogenic bacteria,
Escherichia coli and Staphylococcus aureus. The highest phagocytic activity of macrophages was observed through the administration
of synbiotics from DAOL1 + Inulin at 98%, followed by TE02 (96%), NI04 (95%), and NI02 (92%). The findings of this study
demonstrated the potential of LAB strains in traditional fermented Sumatran products as probiotic agents and immunomodulators for
future application in the health sector.
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INTRODUCTION

The island of Sumatra has a variety of natural and
cultural resources, which result in the production of
regional specialties like Dadih, a curd-like food prepared
from coagulated buffalo milk from West Sumatra, Nira a
sugar palm sap (Arenga pinnata Merr.) from North
Sumatra, and Tempoyak, a fermented durian flesh cooked
with spices from South Sumatra, which are all obtained
through the fermentation of local foods and beverages
(Surono 2016). The fermented products have a superior
nutritional value than the original content because the
bacteria present in the fermented product can disintegrate
complex components into simple nutrients that are easier
for humans to assimilate and metabolize (Sharma et al.
2020). The important function that bacteria play in the
intestinal environment and thus have an impact on the
health and well-being of the host has been extensively
established over the years through animal research as well
as findings obtained in human investigations (Koirala and
Anal 2021). There have been reports of fermented foods
such as Calpis (Japan), Kaymak (Turkey), Kefir (Russia),
Kimchi (Korea), and Tofu (Southeast Asia) being consumed
for its health-bearing effects by various communities

(Bagchi et al. 2014). Lactic Acid Bacteria (LAB) are a
class of starter that can reside in the digestive tract, restrict
the growth of spoilage bacteria, and are resistant to food-
borne pathogens either opportunistic or latent species
(Cordeiro et al. 2019; Khaneghah et al. 2020).

LAB which plays a role in the fermentation process is a
probiotic agent (de Simone 2019). The concept of
probiotics therapy arose with the discovery of the gut
microbiome, which is an inherent component of intestinal
epithelial cells (Gallego and Salminen 2016). A probiotic is
a dietary supplement containing living microorganisms that
assist the human by enhancing the gut microbiome in the
gastrointestinal tract (Fuller 1989). Probiotics are
microorganisms which, when given in sufficient quantities,
will provide health benefits to the host (Kechagia et al.
2013). One of the beneficial effects of probiotics is that
they act as an immunomodulator in the host, influencing
the expression of cytokines and enhancing the synthesis of
immunoglobulin  (IgA) antibodies and cytoprotective
molecules (Azad et al. 2018). The role of LAB as
probiotics can be strengthened by the addition of
prebiotics, which are nondigestible food items that benefit
the host by encouraging the growth and activity of certain
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bacteria in the gut, hence boosting host health (Bodke and
Jogdand 2022).

The intestine houses up to 80% of the human immune
system because it is the first organ to be exposed to the
outside world through feeding (Wiertsema et al. 2021). The
intestine is not only responsible for food absorption and
digestion, but it is also part of the body's greatest immune
system, which deals with incoming antigens and hazardous
substances. The host-microbe interaction is crucial for the
development of gastrointestinal immunity in the first few
weeks after birth (Zheng et al. 2020). The multiplication
and expansion of gut bacteria continues until the age of
two, when the intestinal immune system is said to be
mature (Zhang et al. 2017). Intestinal habitat is largely
stable for gut microbiota, especially at the species and
genus levels. Aside from that, irrational antibiotic usage,
pathogenic parasites, malnutrition, and cold and heat stress
all affect the structural diversity of gut microbiota
(Jandhyala et al. 2015). As a result, gut health also
promotes endurance to host. The availability of prebiotics,
which when combined into a single product are called
synbiotics, can help improve the function of probiotics as
immunomodulators (Yahfoufi et al. 2018). Probiotic
research has exploded in recent years, with nearly all
studies aiming to identify new strains of lactic acid
bacteria, or candidate  probiotics, as  natural
immunomodulators with less adverse effects than synthetic
immunomodulators. As a result, a study on screening
probiotic candidate LAB isolates from traditional Sumatran
fermented products as immunomodulatory agents is being
investigated.

MATERIALS AND METHODS

Isolation and characterization of LAB isolates from
fermented products

The isolation technique of LAB strains followed the
standard dilution and spread plate method. Nira (Arenga
pinnata Merr.) was randomly collected from trees in
Padang Lawas Utara Regency, North Sumatra, Indonesia.
One mL of liquid sample was diluted ten-fold into sterile
physiological saline solution until 10° dilution. Aliquot of
each dilution was spread on solid deMann, Rogosa, and
Sharpe (MRS) medium supplemented with 0.5% (w/v) of
CaCO0s. The plates were incubated at 37°C for 48 h. Dadih
was collected from Bukit Tinggi City, West Sumatra,
Indonesia. Tempoyak from durian fruits was collected from
Palembang City, South Sumatra, Indonesia. One g of each
sample was diluted into sterile physiological saline until
10® dilution. Aliquot from each sample dilution was
inoculated and incubated in the same manner as previously
described. Colonies showing a clear zone indicate the
presence of LAB and purified into a new solid MRS
medium. Each isolate was characterized based on their
colony morphology, gram staining, formation of
endospore, catalase activity using 3% (v/v) of H,O,, and
motility using sulfide indole motility (SIM) medium.
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Tolerance assay under simulated gastric and intestinal
environment

Approximately 100 pL of each LAB isolate pre-grown
24 hr in MRS broth was inserted into a 1.5-mL tube
containing 900 pL of liquid MRS medium pre-adjusted for
its pH to simulate the gastric (pH = 2.0) and intestinal (pH
= 8.0) environment. The tubes were incubated at 37°C for 3
h. The samples were centrifuged at 3,000 rpm for 5 min to
obtain pellets. The pellets were washed with 300 pL of
sterile physiological saline solution. Fifty uL of samples
were then inoculated into 5 mL of liquid MRS medium
(neutral pH) and incubated at 37°C for 48 h under
anaerobic condition. The optical density (ODsoo, ODegso) Of
each suspension was measured using a spectrophotometer
to evaluate the growth tolerance of each LAB isolate when
ODeoo 0or ODegso > 1.0 (Febrianti et al. 2016). In addition,
the growth tolerance assay of LAB was later monitored in
bile salts or oxgall solutions (0.1%, 0.2%, 0.3%, w/v)
following the similar protocol as described before.

Antagonistic test of LAB isolates against human
pathogenic bacteria

Approximately 25 pL of bacterial suspension
(Escherichia coli, Staphylococcus aureus) in sterile
physiological saline (ODspo = 0.1 = 108 CFU/mL) was
inoculated on top of Mueller Hinton Agar (MHA) medium
and spread thoroughly to generate a bacterial lawn.
Suspension of each LAB isolate was prepared in a sterile
physiological saline at ODggo = 0.1 and immersed with 6-
mm blank discs for 30 s. The discs were removed, dried in
a chamber for 1 min and placed on top of indicator lawn.
Ciprofloxacin discs were used as a standard antibiotic or a
positive control. The plates were incubated at 37°C for 48
h. The presence of clear zone around discs indicate the
antagonistic activity of LAB isolates against human
pathogenic bacteria and measured using a digital caliper in
mm.

In vivo assay of immunomodulatory effects by
probiotics and synbiotics in experimental mice

Eighty male-specific pathogen-free mice with a body
weight of 20 g were obtained and maintained in Animal
House, Universitas Sumatera Utara, Medan, Indonesia.
Animals were acclimatized to laboratory conditions for 1
wk before experimentation. Animals and experimental
procedures used in this study were approved by the Animal
Care Review Committee, Universitas Sumatera Utara. All
mice were randomly divided into 18 groups and five
replications each: a negative control group (0.5%, w/v of
Na-CMC), a positive control group (w/o LAB isolates),
eight treatment groups each with different LAB isolates
(NI01, NI02, N104, DA01, DA02, TEO1, TEO2, TE03), and
eight treatment groups using synbiotics (each LAB+inulin).
All bacterial suspensions were prepared within 48-h of
incubation prior experimentation. The concentrations of
LAB isolates were adjusted to 108 CFU/mL and diluted to
produce suspensions of safe doses for oral administration.
The LAB treatments were conducted with 10 mL/kg BW
by oral administration once daily for seven days. On the
eighth day, all mice were injected with 0.5 mL/kg BW of S.
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aureus suspension 108 CFU/mL through intraperitoneal
region and maintained for 1 hr. The mice were anesthetized
and sacrificed then the peritoneal fluids were harvested and
fixed with MeOH, stained with 3% (w/v) of Giemsa and
observed under light microscope at 1,000x. The
immunomodulatory activity is expressed by the percentage
of active macrophages (out of 100 cells) during observation
(llyas et al. 2020).

Molecular identification of potential probiotics as
immunomodulators

A series of molecular identification i.e. DNA
extraction, PCR amplification and DNA sequencing of
16S-rRNA was conducted commercially by Macrogen,
Inc., Singapore to four potential LAB isolates. The
sequencing was performed at site specific region using
785F and 907R primers to obtain the nucleotide
composition. The sequence of each isolate was checked for
its similarity to GenBank database using BLAST, followed
by a construction of phylogenetic tree to validate their
species identities using MEGA-11 software (Tamura et al.
2021).

RESULTS AND DISCUSSION

Isolation of suspected LAB from traditional fermented
products of Sumatra resulted into 10 isolates with four
isolates from sugar palm sap, three isolates from both dadih
and tempoyak. The bacterial colonies with clear zones were
picked up and purified into a pure culture/ isolate. Lactic
acid bacteria generate numerous organic acids, specifically
lactic acid (up to 90%) during their growth. As a result,
calcium carbonate (CaCOs) is supplemented into solid
MRS medium as an indication for acid-producing strains
since it dissolves with acid, resulting in a clear zone around
bacterial colonies (Onda et al. 2002). The colony
morphology and biochemical characteristics of each LAB
isolate is presented in Table 1. All isolates were Gam-
positive bacteria with only one isolate (DAQ2) producing
catalase and forming endospore. Motility was only
observed from isolate NIO3. Members of LAB are
generally non-maotile, rods or cocci in cellular shape, and
classified into Gram-positive bacteria. The majority of
Gram-positive bacteria known as probiotics to date are
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non-spore forming species from Lactobacillus and
Bifidobacterium with only few exceptions to certain Gram-
negative species (Behnsen et al. 2013). Catalase is an
enzyme that converts hydrogen peroxide (H.O;) to water
(H20) and oxygen (O.) which is not a functional trait to
LAB species that are anaerobes or facultative anaerobes
(Ismail et al. 2018). We then excluded two LAB isolates,
NIO3 and DAO02, from further testing based on the
characterization results.

All LAB isolates were subjected to growth tolerance
assay under different pH (2.0, 8.0) to mimick the human
gastric and intestinal environment and exposure to different
bile salts concentrations (0.1%, 0.2%, 0.3%) using oxgall
(Table 2). All LAB isolates showed obvious growth
through ODgoo s60 reading in different pH, however some of
them, i.e. N101, DA03, TEO1, and TEO3 showed no growth
in 0.3% of oxgall. This tolerance assay is the most
important factor in the development of probiotics from the
LAB group. Probiotics that are administered orally, will
confront a variety of barriers as they pass through the
mouth, stomach, intestine, and colon. The health benefits of
probiotics are lost mostly due to a significant decline in
viable population of probiotics in the gastrointestinal tract
and colonization hindered by commensal bacteria (Han et
al. 2021). The probiotics will enter the small intestine after
passing via the pylorus (stomach), where there is an
abundance of pancreatic juice and bile. The pH of the small
intestine is around 6.0-7.0 due to the neutralizing action of
intestinal fluid, which is substantially lower than the pH of
stomach fluid. Bile acids, on the other hand, can have an
effect on probiotic viability by disrupting cell membranes
and causing DNA damage (Yao et al. 2020). Aritonang et
al. (2022) reported that the viability of LAB isolates from
dadiah, a buffalo dairy product was below 60% under 0.3%
of oxgall. Roza et al. (2022) reported the probiotics
potential of LAB isolates from dadiah kapau, a fermented
foods from different region, and reported the viability
below 87% after exposure to 0.3% of oxgall. In this study,
we did not calculate the total density of viable LAB isolates
but only observed it through the OD or turbidometry
approach. Based on the reported studies, it can be seen that
the growth tolerance of each LAB strain and isolate is
different depending on the origin of the isolate and its
species.

Table 1. Morphological and biochemical characteristics of LAB isolates from traditional fermented products of Sumatra

Isolates Cellular Colony Gram stain Endospores Catalase Motility
shape color (+-) (+-) (+-) (+-)
NI01 Cocci Whitish yellow + - - -
N102 Cocci Whitish yellow + - - -
NI03 Rod Whitish yellow + - - +
NI04 Cocci Whitish yellow + -
DA01 Cocci Whitish yellow + - - -
DA02 Cocci Whitish yellow + + + -
DA03 Rod Beige/Cream + - -
TEO1 Cocci Whitish yellow + - - -
TEO2 Cocci Whitish yellow + - - -
TEO3 Cocci Whitish yellow + — — —

Note: NI: sugar palm sap, DA: dadih, TE: tempoyak.
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Table 2. Growth tolerance of LAB isolates under different pH
and bile salts concentrations

Isolates Gastric Intestine Oxgall Oxgall  Oxgall

(pH2.0) (pH8.0) (0.1%) (0.2%) (0.3%)
NI01 + + + + -
N102 + + + + +
N104 + + + + +
DAO1 + + + + +
DA03 + + + + -
TEO1 + + + + -
TEO2 + + + + +
TEO3 + + + + -

Note: NI: sugar palm sap, DA: dadih, TE: tempoyak. Growth: (+):
tolerant, (-): intolerant.
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Figure 1. Antagonistic activity of LAB isolates as expressed in
the diameter of inhibition zone (mm) through disk diffusion assay
against E. coli and S. aureus
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Figure 2. Phagocytosis activity of macrophage cells harvested
from the peritoneal fluid of experimental mice infected with S.
aureus. A: Active macrophage cells. B: Inactive macrophage
cells. C: Artifact

All LAB isolates showed different degree in inhibiting
the growth of indicator bacteria (E. coli, S. aureus). The
strongest inhibition was observed from DAO1 with the
diameter of inhibition zone (DIZ) of 21.25 and 20.35 mm
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against E. coli and S. aureus, respectively. The weakest
inhibition was observed from NIO1 with DIZ of 14.00 and
16.25 mm against E. coli and S. aureus, respectively.

The pathogenic bacterium, S. aureus was considered as
the most sensitive indicator in this study. Meanwhile,
ciprofloxacin as a positive control or antibiotics produced a
DIZ of 25.00 mm and 22.00 mm against E. coli and S.
aureus, respectively which was still potent than our LAB
isolates. Resistance and suppression of probiotic bacteria
can be accomplished by releasing organic acids, which are
typically produced by LAB. Organic acids will diffuse into
the bacterial cell by disrupting the ions on the target cell
surface; once the target cell surface has been damaged,
LAB will diffuse into the bacterial cell. Organic acids will
hinder ~ substrate  transport, energy  production,
macromolecule synthesis, and cytoplasmic fluid balance in
the target bacterium (Desniar et al. 2020).

Eight LAB isolates as probiotic candidates were then
tested for the immunomodulatory activity on increased
macrophage phagocytosis activity in male mice infected
with S. aureus with the positive control using a prebiotic,
inulin. Inulin was used in this study as a form of soluble
fiber that is fermented by the gut microbiota rather than
processed by human or mouse digestive enzymes (Desai et
al. 2016). Observation of mouse macrophage phagocytosis
activity was observed through thin smear preparations of
peritoneal fluid which had been stained with Giemsa. The
results of staining using Giemsa dye showed staining of the
nucleus of macrophage cells which was marked by a
change in color to bluish purple. Observations were made
on macrophage cells that were actively carrying out the
process of phagocytosis from the 100 observed
macrophage cells (Figure 2). All probiotic candidate LAB
isolates were added with a prebiotic in the form of inulin.
The tests showed that there was an increase in macrophage
phagocytosis activity (Figure 3). Inulin enhances the
growth and activity of these LAB bacteria in the colon,
increasing the number of LAB bacteria as probiotic
candidates while suppressing the number of S. aureus
bacteria and their immunomodulatory potential.

Based on the phylogenetic analysis, four probiotic
candidates were identified as potent immunomodulators
including the genus Lactiplantibacillus  namely
Lactiplantibacillus plantarum for isolates NI02 and TE02,
the genus Leuconostoc namely Leuconostoc mesenteroides
for isolate NI04 and the genus Lacticaseibacillus namely
Lacticaseibacillus paracasei for isolate DAQ2 as presented
in Figure 4. Lactiplantibacillus plantarum is a Gram-
positive LAB that can live in a variety of environments and
is one of numerous probiotics that can colonize the human
gastrointestinal mucosa. Lactobacillus plantarum ST-I1l1
was able to develop resistance to stomach acid and survive
in the intestines of mice by performing specific functional
activities (Zhang et al. 2022). Leuconostoc mesenteroides
LVBH107, by its auto- and co-aggregation activities, can
produce a barrier that protects the host epithelium by
preventing prospective pathogens from binding to host cell
receptors, possesses good biosafety properties (no
antibiotic resistance plasmid), as evidenced by its
sensitivity to erythromycin, doxycycline, minocycline,
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ampicillin, and chloramphenicol. In addition, L. aswell as macrophage phagocytosis activity as a probiotics
mesenteroides LVBH107 has been studied as a probiotic  and synbiotics when combined with inulin administration
that modulates immune function by regulating the to experimental mice.

production of pro- and anti-inflammatory cytokines (Luan

et al. 2022). Lacticaseibacillus paracasei secreted effector

molecules in the form of exopolysaccharides into the gut 100 »
system that was assumed to be linked to its health- IProbl-ou.cs
promoting properties (Oleksy and Klewicka 2018). Kim et 80 B Synbioties
al. (2020) found that L. paracasei strain KBL382 modified S
the structure of gut microbiota in oral-treated mice, 2 0
resulting in a protective role against infection. =1

Screening of ten bacterial isolates based on their colony § 0
growth on deMann Rogosa Sharpe Agar (MRSA) g
supplemented with 0.5% CaCOs; solution as Lactic Acid & 20
Bacteria (LAB) revealed eight potential isolates (NI01,
NI102, NI04, DAO1, DA02, TEOLl, TEO2 and TEO3) are
probiotics candidate. Four isolates with the code NI02, 0 S & & P D H P &
NI04, DAOL and TEO2 were identified molecularly as YT F S

A
Lactiplantibacillus plantarum, Leuconostoc mesenteroides,

Lactocaseibacillus paracasei and _Lac_tlplantlbacnlus_ Figure 3. Phagocytosis activity (%) of macrophages in the
plantarum. The bacterium, Lactocaseibacillus paracasei  peritoneal fiuid infected with S. aureus and treated with probiotics
DAO1 displayed the best probiotics traits as an  (LAB isolates) and synbiotics (probiotics+inulin)
immunomodulator than the three LAB isolates in terms of

antagonistic properties with E. coli and S. aureus bacteria,
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Figure 4. Phylogenetic position of LAB isolates (¢) from fermented products of Sumatra among other LAB species retrieved from
GenBank as inferred by neighbor-joining method and Kimura-2 parameter statistics. Bootstrapping at 1000x



1162

REFERENCES

Aritonang SN, Roza E, Yetmaneli, Sandra A, Rizgan. 2022a.
Characterization oflactic acid bacteria from buffalo dairy product
(dadiah) as potential probiotics. Biodiversitas 23 (9): 4418-4423.
DOI: 10.13057/biodiv/d230906.

Azad MAK, Sarker M, Wan D. 2018. Immunomodulatory effects of
probiotics on cytokine profiles. BioMed Res Intl 8063647. DOI:
10.1155/2018/8063647.

Bagchi T. 2014. Traditional food & modern lifestyle: Impact of probiotics.
Indian J Med Res 140 (3): 333-335.

Behnsen J, Deriu E, Sassone-Corsi M, Raffatellu M. 2013. Probiotics:
Properties, examples, and specific applications. Cold Spring Harbor
Perspect Med 3 (3): a010074. DOI: 10.1101/cshperspect.a010074.

Bodke H, Jogdand S. 2022. Role of probiotics in human health. Cureus 14
(11): e31313. DOI: 10.7759/cureus.31313.

Cordeiro M, Souza E, Arantes R, Balthazar C, Guimarées J, Scudino H,
Silva H, Rocha R, Freitas M, Esmerino E. 2019. Fermented whey
dairy beverage offers protection against Salmonella enterica ssp.
enterica serovar Typhimurium infection in mice. J Dairy Sci 102 (8):
6756-6765. DOI: 10.3168/jds.2019-16340.

de Simone C. 2019. The unregulated probiotic market. Clin Gastroenterol
Hepatol 17 (5): 8099-817. DOI: 10.1016/j.cgh.2018.01.018.

Desai MS, Seekatz AM, Koropatkin NM, Kamada N, Hickey CA, Wolter
M, Pudlo NA, Kitamoto S, Terrapon N, Muller A, Young VB,
Henrissat B, Wilmes P, Stappenbeck TS, Nunez G, Martens EC.
2016. A Dietary fiber-deprived gut microbiota degrades the colonic
mucus barrier and enhances pathogen susceptibility. Cell 167 (5):
1339-1353. DOI: 10.1016/j.cell.2016.10.043.

Desniar, Rusmana I, Suwanto A, Mubarik NR. 2020. Organic acid
produced by lactic acid bacteria from bekasam as food
biopreservatives. IOP Conf Ser: Earth Environ Sci 414: 012003. DOI:
10.1088/1755-1315/414/1/012003.

Febrianti AN, Suardana IW, Suarsana IN. 2016. Ketahanan bakteri asam
laktat (BAL) isolat 9A hasil isolasi dari kolon sapi bali terhadap pH
rendah dan natrium deoksikolat (NaDC). Indones Med Vet 5 (5): 415-
421. [Indonesian]

Fuller R. 1989. Probiotics in man and animals. J Appl Bacteriol 66 (5):
365-378. DOI: 10.1111/j.1365-2672.1989.th05105.x.

Gallego CG, Salminen S. 2016. Novel probiotics and prebiotics: How can
they help in human gut microbiota dysbiosis? Appl Food Biotechnol
3(2): 72-81. DOI: 10.22037/afb.v3i2.11276.

Han S, Lu Y, Xie J, Fei Y, Zheng G, Wang Z, Liu J, Lv L, Ling Z,
Berglund B, Yao M, Li L. 2021. Probiotic gastrointestinal transit and
colonization after oral administration: A Long journey. Front Cell
Infect Microbiol 11: 609722. DOI: 10.3389/fcimb.2021.609722.

llyas M, Jabbar A, Bafadal M, Malaka MH, Firdayanti, Sahidin 1. 2020.
Aktivitas imunomodulator ekstrak etanol spons (Callyspongia sp.)
terhadap fagositosis makrofag pada mencit jantan Balb/C. J Iimiah
Ibnu Sina 5 (1): 44-55. DOI: 10.36387/jiis.v5i1.377. [Indonesian]

Ismail YS, Yulvizar C, Mazhitov B. 2018. Characterization of lactic acid
bacteria from local cow’s milk kefir. IOP Conf Ser: Earth Environ Sci
130: 012019. DOI: 10.1088/1755-1315/130/1/012019.

Jandhyala SM, Talukdar R, Subramanyam C, Vuyyuru H, Sasikala M,
Reddy NR. 2015. Role of the normal gut microbiota. World J
Gastroenterol 21 (29): 8787-8803. DOI: 10.3748/wjg.v21.i29.8787.

Kechagia M, Basoulis D, Konstantopoulou S, Dimitriadi D, Gyftopoulou
K, Skarmoutsou N, Fakiri EM. 2013. Health benefits of probiotics: A
Review. ISRN Nutr 2013: 481651. DOI: 10.5402/2013/481651.

BIODIVERSITAS 24 (2): 1157-1162, February 2023

Khaneghah AM, Abhari K, Es I, Soares MB, Oliveira RBA, Hosseini H,
Rezaei M, Balthazar CF, Silva R, Cruz AG, Ranadheera CS,
Sant’Ana AS. 2020. Interactions between probiotics and pathogenic
microorganisms in hosts and foods: A review. Trends Food Sci
Technol 95: 205-218. DOI: 10.1016/j.tifs.2019.11.022.

Kim WK, Jang YJ, Han DH, Jeon K, Lee C, Han HS, Ko GP. 2020.
Lactobacillus paracasei KBL382 administration attenuates atopic
dermatitis by modulating immune response and gut microbiota. Gut
Microb 12 (1): 1819156. DOI: 10.1080/19490976.2020.1819156.

Koirala S, Anal AK. 2021. Probiotics-based foods and beverages as future
foods and their overall safety and regulatory claims. Future Foods 3:
100013. DOI: 10.1016/j.fufo.2021.100013.

Luan C, Yan J, Jiang N, Zhang C, Geng X, Li Z, Li C. 2022. Leuconostoc
mesenteroides LVBH107 antibacterial activity
against Porphyromonas gingivalis and anti-inflammatory activity
against P. gingivalis lipopolysaccharide-stimulated RAW 264.7 cells.
Nutrients 14 (13): 2584. DOI: 10.3390/nu14132584.

Oleksy M, Klewicka E. 2018. Exopolysaccharides produced by
Lactobacillus sp.: Biosynthesis and applications. Crit Rev Food Sci
Nutr 58 (3): 450-462. DOI: 10.1080/10408398.2016.1187112.

Onda T, Yanagida F, Uchimura T, Tsuji M, Ogino S, Shinohara T,
Yokotsuka K. 2002. Widespread distribution of the bacteriocin-
producing lactic acid cocci in Miso-paste products. J Appl Microbiol
92: 695-705. DOI: 10.1046/j.1365-2672.2002.01573.x.

Roza E, Aritonang SN, Yellita Y, Susanty H, Rizgan, Pratama YE. 2022.
Potential of dadiah kapau from Agam District, West Sumatra,
Indonesia as asource of probiotics for health. Biodiversitas 23 (1):
564-571. DOI: 10.13057/biodiv/d230161.

Sharma S, Garg P, Kumar P, Bhatia SK, Kulshrestha S. 2020. Microbial
fermentation and its role in quality improvement of fermented foods.
Fermentation 6 (4): 106. DOI: 10.3390/fermentation6040106.

Surono 1IS. 2016. Ethnic fermented foods and beverages in Indonesia. In:
Tamang JP (eds.). Ethnic Fermented Foods and Alcoholic Beverages
of Asia. Springer, India. DOI: 10.1007/978-81-322-2800-4_14.

Tamura K, Stecher G, Kumar S. 2021. MEGAL1: Molecular Evolutionary
Genetics Analysis Version 11. Mol Biol Evol 38 (7): 3022-3027.
DOI: 10.1093/molbev/msab120.

Wiertsema SP, van Bergenhenegouwen J, Garssen J, Knippels LMJ. 2021.
The interplay between the gut microbiome and the immune system in
the context of infectious diseases throughout life and the role of
nutrition in optimizing treatment strategies. Nutrients 13 (3): 886.
DOI: 10.3390/nu13030886.

Yahfoufi N, Mallet JF, Graham E, Matar C. 2018. Role of probiotics and
prebiotics in immunomodulation. Curr Opin Food Sci 20: 82-91.
DOI: 10.1016/j.cofs.2018.04.006.

Yao MF, Xie JJ, Du HJ, McClements DJ, Xiao H, Li LJ. 2020. Progress in
microencapsulation of probiotics: A Review. Compr Rev Food Sci
Food Saf 19 (2): 857-874. DOI: 10.1111/1541-4337.12532

Zhang X, Zhivaki D, Lo-Man R. 2017. Unique aspects of the perinatal
immune system. Nat Rev Immunol 17 (8): 495-507. DOI:
10.1038/nri.2017.54.

Zhang Y, Guo M, Zhang H, Wang Y, Li R, Liu Z, Zheng H, You C. 2022.
Lactiplantibacillus  plantarum ST-1ll-fermented  milk  improves
autistic-like behaviors in valproic acid-induced autism spectrum
disorder mice by altering gut microbiota. Front Nutr 9: 1005308.
DOI: 10.3389/fnut.2022.1005308.

Zheng D, Liwinski T, Elinay E. 2020. Interaction between microbiota and
immunity in health and disease. Cell Res 30 (6): 492-506. DOI:
10.1038/541422-020-0332-7.



