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Characteristics and Mechanism of Potential Probiotics Lactic Acid Bacteria from Fermented Fish Products: A Review

1 Introduction

Lactic acid bacteria (LAB) are a group of Gram-positive, catalase-
negative, oxidase-negative, acid-tolerant, non-spore forming,
fermentative bacteria that grow anaerobically and are traditionally
applied in the conservation of a variety of fermented food products
(Mulaw et al., 2019). For use as functional food materials and
probiotics, LAB have been isolated from a variety of environments
and fermented foods (Foligné et al., 2013; Solieri et al., 2014;
Ngasotter et al., 2020). LAB have been consumed in terms of
diverse food supplements and widely used as a food preservation
for thousands of years due to their probiotic properties and
fermentation activities and are generally regarded as safe (GRAS)
(Haghshenas et al., 2014; Mathur et al., 2020). Probiotics can be
defined as "a live microbial food supplement that benefits the host
by improving the intestinal microbial balance" and more broadly,
as live microorganisms that exert positive health benefits (Fuller,
1989; FAO/WHO, 2002; Chugh & Kamal-Eldin, 2020). The
physicochemical conditions that influence the composition of the
intestinal microbiota include intestinal pH, motility, redox
potential, nutrient availability, host secretions (e.g. digestive
enzymes, hydrochloric acid, bile, and mucus), and the presence of
an intact ileocecal valve (Booijink et al., 2007). Thus, probiotics
are capable of surviving these conditions and colonize the
gastrointestinal (GI) tract to provide probiotic health effects.
Probiotics microorganisms benefit the host by changing the
equilibrium of intestinal microflora, inducing immunity, improving
digestion, reducing cholesterol, alleviate lactose intolerance and
increase resistance towards several intestinal infections (Helland et
al., 2004; Parvez et al., 2006). Certain properties relevant to
probiotic action are resistance to acid, bile salt tolerance, adhesive
properties, antibacterial activity, and antibiotic susceptibility.
These probiotic properties are strain-specific and among these
some specific strains of Lactobacillus, Bifidobacterium, and
Propionibacterium have already been introduced as probiotics in
food products due to their health-promoting effects (Collado et al.,
2008).

Food fermentation is a method of preservation and one of the
oldest food processing techniques. It can be achieved naturally
(without the use of starter cultures) or under controlled conditions
(with the use of starter cultures). The ingestion of bacteria in the
form of fermented foods could beneficially affect the normal gut
flora (Bell et al., 2018). These properties consist of the beneficial
effects that probiotics exert on the microbial ecology of the host.
Fish fermentation has been practiced since ages and has many
benefits and because of this, these could be used as a low-cost
convenient technique for preserving fish muscle, improving its
organoleptic qualities and nutritional value, and/or digestibility of
the raw material. Today, fermented fish products are limited,
especially for the east and south-east Asian countries, though some
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products are produced elsewhere and exported from Oriental to
European and North American countries (Adams, 2009).
Fermented fish products are reported to be dominated by a diverse
variety of lactic acid bacteria (Ngasotter et al., 2020). The primary
role of LAB in many fermented fish products is to ferment
carbohydrates and reduce pH. Further, the combination of low pH
(below 4.5) and organic acids (mainly lactic acid) is the main
preservation factor in the various fish products (Kose & Hall,
2011). Traditionally fermented fish products are dominated by
LAB and are known for their probiotic values (Singh et al., 2018;
Ngasotter et al., 2020). Although the molecular mechanisms of
probiotics have not been clarified, their regulation of the intestinal
microbiota, antimicrobial activity, improvement of the epithelial
barrier function, and reduction of the intestinal inflammation is
already well established. This review paper provides information
on different properties that a LAB strain must possess to be
considered as a probiotic. It also provides an overview of the
mechanism of action of probiotics and specifically highlights the
LAB species with probiotic properties isolated from traditional
fermented fish products.

2 Probiotic characteristics

A LAB strain must possess certain characteristics to be classified
as a probiotic, such as resistance to gastric acidity (low pH), bile
salt resistance, adherence properties such as mucus adhesion
and/or human epithelial cell and cell line adhesion, ability to
minimize pathogen adhesion to surfaces, antimicrobial activity
against potentially pathogenic bacteria or fungi, bile salt hydrolase
activity, enhancing the viability of probiotics and antibiotic
sensitivity. Microorganisms commonly used as probiotics are LAB
and Bifidobacterium, although other bacteria and certain yeasts are
also used (Didari et al., 2014). The properties of probiotics are
strain-specific and therefore, one strain differs from other strain in
terms of probiotic properties.

Certain LAB strains can resist the extreme acidity (low pH) of
the Gl tract or bile salts of the small intestine (Mbye et al.,
2020), exhibiting resistance to acidity as a strain-dependent
process. Since the beneficial effects of probiotics are mainly
centralized in the Gl tract, probiotics should exhibit good surface
hydrophobicity and aggregation properties to adhere and
colonize in the GI tract. Bacterial adhesion depends on the
nonspecific physico-chemical bonding of two surfaces. The
surface hydrophobicity determines the chemical and physical
properties of the cell surface of bacteria (Kotzamanidis et al.,
2010). Other functional properties of probiotics include
hypocholesterolemic activity by lowering plasma cholesterol
(Ishimwe et al., 2015), preventing and treating diarrhea
(FAO/WHO, 2002; Mekonnen et al., 2020), and altering the
immune system (La Fata et al., 2018).
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2.1 Low pH survival

The tolerance to an acidic condition of the Gl tract is an important
criterion for being a probiotic bacterium. Gastric juice in the
stomach of the host is a biological barrier where the pH is between
1.5 and 3.0 and the probiotic bacterium must survive and grow in
this acidic environment and subsequently colonize the Gl tract.
Acid tolerance of bacteria is crucial not only for withstanding
gastric stresses but also enables the strain to survive for longer
periods in high acid carrier foods, such as yogurt, without a
reduction in their number (Wang et al., 2010). In general, LAB can
induce an acid tolerance response (ATR) under acidic stress and
results in pH homeostasis and repair process, which makes them
resistant to an acidic condition in response to low pH (Wang et al.,
2018). Certain LAB strains can resist the extremely low pH
conditions of the GI tract or bile salts of the small intestine (Mbye
et al., 2020), exhibiting resistance to acidity as a strain-dependent
process.

2.2 Bile salt tolerance

Besides the extremely low pH conditions of the stomach, the
probiotic microorganisms have to defend against the bile salt of
the GI tract. Hence, bile salt tolerance is considered to be one of
the important properties required for its survival and as a
consequence of the probiotic activity. Bile salts are toxic to
living cells, so bile salt tolerance is one of the most important
characteristics for LAB to survive in the small intestine (Succi et
al., 2005; Patel et al., 2010). Bile salts are another biological
barrier of the Gl tract and may damage bacterial cell membranes
by disrupting its lipids and fatty acids (Urdaneta & Casadesus,
2017). In the human body, the physiological concentration of
bile salts in the small intestine is between 0.2% and 2.0% (Gunn,
2000). Bile plays a fundamental role in the gut environment, and
it acts as bio-surfactants that help in digestion and nutrients
absorption as well as control the transport of soluble lipid. Bile
salts concentrations determine the primary strength of its
inhibitory effects (Succi et al., 2005). It is considered that bile
salt causes the increase in permeability of bacterial cell
membranes, as the membranes are composed of lipids and fatty
acids. LAB such as Lactobacillus sp. can hydrolyze bile salts
through the secretion of bile salt hydrolase (BSH), making them
able to tolerate bile (Prete et al., 2020). Additionally, the thick
defensive layer of exocellular polysaccharides induces bacteria
towards bile resistance (Boke et al., 2010). The inhibition of
common intestinal bacteria has been related to the presence of
deconjugated bile acids rather than conjugated ones (Grill et al.,
2000). The ability to hydrolyze bile salts can help the
microorganism to sustain the balance of the gut microflora
(Horackova et al., 2020). BSH activity is also correlated to a
decrease in cholesterol levels in humans (Hernandez-Gémez et
al., 2021).

Ngasotter et al.
2.3 Adherence properties

Adherence is another crucial characteristic that a LAB species
must have to be considered as probiotic bacteria (Bubnov et al.,
2018). The ability to adhere can give information about the
possibility of probiotics to colonize in the GI tract of the host
which may modulate the host immune system. Adherence to
intestinal epithelial cells and the mucosal surface of the host is
crucial properties of probiotics that contributes a decisive part in
the removal of other pathogens. Further, it was reported that
hydrophobicity (Duary et al., 2011) and aggregation ability
(Collado et al., 2008; Jankovic et al., 2012) are correlated to cell
adherence properties. The probiotics should exhibit good surface
hydrophobicity and aggregation properties to adhere to and
colonize in the GI tract. Bacterial adhesion depends on the
nonspecific physico-chemical bonding of two surfaces. The surface
hydrophobicity determines the chemical and physical properties of
the bacterial cell surface (Kotzamanidis et al., 2010).

2.3.1 Auto-aggregation

The auto-aggregation ability of the probiotics is related to cell
adherence properties. Auto-aggregation property may contribute an
effective role in the prevention of biofilm formation of pathogenic
microorganisms and the elimination of these pathogens from the
host Gl tract (Monteagudo-Mera et al., 2019). Thus increased auto-
aggregation plays a vital role in the adhesion of bacterial cells to
the intestinal epithelium and it increases the chance of bacterial
maintenance in the Gl tract. Bacterial aggregation between cells of
the same strain (auto-aggregation) or between different strains
(coaggregation)  is of considerable importance in several
ecological niches, especially in the human gut where probiotics are
active (Nikolic et al., 2010). The auto-aggregation ability is one of
the crucial factors that determine the ability of the probiotic strain
to adhere to the oral cavity, Gl tract, and urogenital tract, and
coaggregation ability helps to form a barrier that prevents
colonization of pathogens. Lactobacillus sp. with aggregation
ability and hydrophobic cell surface could have more chance for
adhesion to intestinal cells (Martin et al., 2005).

2.3.2 Cell surface hydrophobicity

Cell surface hydrophobicity is another crucial factor that may
contribute to the adhesion of bacterial cells to host intestinal
epithelial cells (Krausova et al., 2019). This property could
indicate an advantage and importance for bacterial maintenance in
the human GI tract (Dlamini et al., 2019). Thus, cell surface
hydrophobicity is an important characteristic that helps the
probiotics to colonize and modulate the host immune system.

The hydrophobic properties of the probiotic bacterial surfaces are a
major determinant in the adhesion of probiotic bacteria and the
formation of biofilms by bacteria on animate and inanimate
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surfaces (Doyle & Rosenberg, 1990). Hydrophobicity is likely due
to a complex interplay between positively-charged, negatively-
charged, hydrophobic, and hydrophilic components on the surface
of the bacteria. Relative hydrophobicity of bacterial cells can be
determined by several methods, such as microbial adherence to
hydrocarbons (MATH), hydrophobic interaction chromatography
(HIC), aggregation in the presence of different salt solutions, and
adhesion to nitrocellulose filters (Donlon & Colleran, 1993).

2.3.3 Biofilm formation

Biofilm formation helps probiotic bacteria to colonize in the Gl
tract of the host and subsequent metabolic processes as well as
competing with non-adherent organisms for nutrients (Gémez et
al., 2016). The probiotic bacteria can co-aggregate even with other
bacteria that are genetically different (Malik et al., 2003). Bacteria
having the ability to co-aggregate are also able to form biofilm and
adhere to the mucosal layer of the host and thus inhibit the
functions of the pathogenic bacteria (Collado et al., 2007).

2.4 Antimicrobial activity

Probiotic bacteria should have good antimicrobial properties
against other microorganisms, particularly to the pathogens that
colonize the GI tract system like Escherichia coli, Staphylococcus
aureus, Salmonella typhi, etc. They are occasionally found as
foodborne microorganisms that might cause gastroenteritis in
humans. Antimicrobial activity can be achieved by the production
of antimicrobial substances produced by probiotics such as
bacteriocins, conjugated bile salts, organic acids such as lactic
acid, hydrogen peroxide, etc (Reis et al., 2012). The production of
organic acid and hydrogen peroxide by Lactobacillus sp. was
reported to inhibit both Gram-positive and Gram-negative bacteria,
whereas bacteriocin affects only the growth of Gram-positive
bacteria (Spelhaug & Harlander, 1989). Antimicrobial components
produced by LAB can inhibit the growth of pathogenic and
spoilage bacteria (Ren et al., 2018). LAB's natural antimicrobial
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compounds have long been used as chemotherapeutic agents to
control the growth of pathogenic microorganisms (Liasi et al.,
2009). Although LAB produces antimicrobial compounds, they are
included as safe microorganisms when added to food because it is
not toxic and does not produce a toxin, so-called food-grade
microorganisms, and are designated as "GRAS."

2.5 Antibiotic sensitivity

The antibiotic susceptibility pattern of the isolate represents its safe
consumption without any health risk. Probiotic bacteria may serve as a
host of antibiotic resistance genes, which can be transferred to
pathogenic bacteria and other microorganisms. Although LAB are
"GRAS," it has been shown that genes coding for antibiotics resistance
can be transferred among bacteria of different genera and thus to
human commensal microflora and pathogens, temporarily residing in
the hosts (Adimpong et al., 2012). Few LAB has shown high resistivity
to antibiotics due to the presence of antibiotic resistance genes.
Antimicrobial resistance genes can be transferred to pathogenic
microorganisms through LAB from fermented food products, either
through the food web or, more importantly, through the Gl tract of
humans and animals (Verraes et al., 2013). The transfer of resistance
genes between strains is a necessary mechanism for the LAB to adapt
and survive in a specific environment (Herreros et al., 2005).
Therefore, before a strain of LAB can be used as a probiotic, it must be
tested for antibiotic resistance to ensure that it is safe to use.

3 Mechanism of action of probiotics

The mechanisms by which probiotics exert their beneficial effects
on the host include the reduction of gastrointestinal pH,
competition with pathogens for nutritional sources and adhesion
sites, secretion of antimicrobial substances, toxin inactivation, and
immune stimulation (Figure 1). Mechanism of probiotic action can
be classified into three types: (i) Immune system modulation, (ii)
direct effects on other microorganisms, and (iii) antitoxin effects
(Oelschlaeger, 2010).
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@ < Q Inhibition of functions QOQ0Q bicavaitabitity
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Figure 1 Mechanism of action of probiotics inside the human host epithelial cells
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3.1 Immune system modulation

Probiotics can modulate the host's immune system by producing
products like metabolites, cell wall components, and DNA.
Immune modulatory effects might even be accomplished with dead
probiotic bacteria or just probiotics-derived components like DNA
or peptidoglycan fragments (Piqué et al., 2019). Probiotic products
are recognized by host cells sensitive to these since they are
equipped with recognition receptors. The main target cells of
probiotics in the host are gut epithelial and gut-associated immune
cells. Probiotic adhesion to the host (epithelial) cells can trigger a
signalling cascade that leads to immune modulation. Alternatively,
the release of soluble components can also trigger signaling
cascades in immune cells or in epithelial cells which may
subsequently affect immune cells (Oelschlaeger, 2010).

3.2 Direct effects on other microorganisms
3.2.1 Antimicrobial substances produced by probiotics
3.2.1.1 Bacteriocins

Low-molecular-weight substances such as organic acids, mostly
lactic acid in the case of LAB have an inhibitory effect on
pathogens. Bacteriocins are classified into low-molecular-weight
bacteriocins (LMWBs) and high-molecular-weight bacteriocins
(HMWBs). The LMWB are antimicrobial peptides. LMWB can be
grouped into three classes: (class 1) lantibiotics, post-translationally
modified peptides harboring unusual amino acids such as
lanthionine, (class 1) heat-stable non-lantibiotics, (class 1V) cyclic
antimicrobial peptides (Maqueda et al., 2008). Class Il
bacteriocins come under HMWB. Besides LMWB, probiotics also
produce certain antibiotics. The production of the antibiotic
reuterin (3-hydroxypropionaldehyde) by Lactobacillus reuteri has
been reported. Reuterin is a broad-spectrum antibiotic that is
effective against Gram-positive and Gram-negative bacteria as
well as against fungi, yeast, viruses, and protozoa (Cleusix et al.,
2008). Probiotics also produce microcins, which are very small
bacteriocins composed of few peptides with a narrow window of
activity (Sassone-Corsi et al., 2016).

3.2.1.2 Deconjugated bile acids

Probiotic bacteria can produce deconjugated bile acids which are
derivatives of bile salts. Deconjugated bile acids show a stronger
antimicrobial activity compared to the bile salts secreted by the
host organism (Oelschlaeger, 2010).

3.2.2 Competition for limiting resources

Probiotic microorganisms compete with other microorganisms for
limited resources in the host. For example, iron is a limited
substance in the host. For almost all bacteria, iron is an essential

Ngasotter et al.

element except for Lactobacilli sp. They do not need iron in their
natural habitat (Weinberg, 1997). This might be a vital advantage
in competition with other microorganisms that depend on iron.
Nevertheless, L. acidophilus and L. delbrueckii can bind ferric
hydroxide at their cellular surface, making it unavailable to
pathogenic microorganisms (Elli et al., 2000).

3.2.3 Anti-adhesive effects

Probiotic bacteria can adhere to epithelial cells in cell culture
assays, thereby blocking off other microorganisms' adherence. It is
assumed that this mechanism is critical for the probiotic effect in
the host. The anti-adhesive effect is probably the result of
competition between probiotics and other microorganisms for the
same receptor or the induction by probiotics of (increased) mucin
production (Nair et al., 2017). Besides competitive exclusion, i.e.
competition for the same receptor by probiotics and other
microorganisms, other modes of anti-adhesiveness could be the
degradation of carbohydrate receptors by secreted proteins,
production of receptor analogs, establishing a biofilm, and the
induction of biosurfactants (Oelschlaeger, 2010).

3.2.4 Anti-invasive effects

The invasion of pathogens into the epithelial cells of the host is an
essential property for the total pathogenicity of many gut
pathogens. Some probiotics can specifically interfere with bacterial
host cell invasion (Nair et al., 2017). Few studies have reported
that certain secreted factors of some probiotic Lactobacillus sp.
and Bifidobacterium bifidum are interfering with the invasion of
host epithelial cells by Salmonella typhimurium (Ingrassia et al.,
2005; Botes et al., 2008).

3.3 Antitoxin effects

The production of toxins is a significant factor responsible for the
virulence of many pathogens. Certain probiotics can defend the
host against toxins produced by pathogenic microorganisms (Nair
et al., 2017). This defence can result from inhibition of toxin
expression in pathogens. Real-time PCR confirmed that in vitro 15
different probiotic Lactobacillus strains inhibited Shiga toxin 2A
expression via the production of organic acids at sub-bactericidal
concentrations for enterohemorrhagic Escherichia coli (EHEC)
0157: H7 (Carey et al., 2008).

Certain probiotics are even able to protect the host against
cyanobacterial and fungal toxins. The basis of the observed
protective effect is the rather physicochemical interaction between
toxin and probiotic than metabolic inactivation. Deoxynivalenol is
a mycotoxin that is a contaminant of cereal crops and can cause
gastroenteritis. Lactobacillus rhamnosus GG dead or alive, can
bind deoxynivalenol and, therefore, potentially restrict the
bioavailability of this toxin (Turner et al., 2008).
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4 LAB with potential probiotic properties isolated from
traditional fermented fish products

Traditional fermented fish products can be used as potential
probiotics sources since they are dominated by a diverse variety of
LAB (Ngasotter et al., 2020). Most of the LAB present in traditional
fermented fish products are Lactobacillus species (Table 1). Other
genera, including species of Streptococcus, Lactococcus, Weissella,
Pediococcus, Leuconostoc, etc are also found (Table 1). Based on in
vitro and in vivo studies, LAB isolated from traditional fermented
fish products has promising characteristics as probiotic candidates
(Table 2). In vitro assessment shows that many LAB isolated from
traditional fish products tolerate bile salt and low pH environment
and possess antagonistic activity against foodborne pathogens (Table
2). These characteristics are similar to those of intestinal
microorganisms, such as L. acidophilus and L. casei that are
commonly used as probiotics (Nuraida et al., 2014; Nuraida, 2015).
Several studies suggest that the LAB in traditional fermented fish
have adapted to environments that resemble the GI tract and hence,
have potential as probiotic microorganisms.

Lactobacillus plantarum and Leuconostoc mesenteroides isolated
from saba-narezushi (salted and fermented fish with rice), a
traditional Japanese fish prepared from chub mackerel showed
probiotic properties like the ability to grow in MRS media containing
3 g/L bile and could also survive at low pH of 3.6 (Kanno et al.,
2012). Similarly, L. plantarum (Lp-a205g, a206g, 5FM6, and
7FM10) and L. mesenteroides (Lnm-1RM3) isolated from saba-
narezushi showed probiotic properties like survival at low pH and
tolerance to bile. Moreover, L. mesenteroide (Lnm-1RM3) showed
very high antimicrobial activity against L. monocytogenes invasion
into Caco-2 cells. Further in-vivo study in mice model suggested that
the invasion of L. monocytogenes tended to be suppressed by
administering heat-killed Lnm-1RM3 cells with drinking water to the
mice. These results suggest that live and heat-killed Lnm-1RM3 cell
intake might prevent the entero-gastric invasion and infection of L.
monocytogenes (Nakamura et al., 2012).

Pediococcus acidilactici (BksC24) isolated from Bakasang, an
Indonesian traditional fermented fish product made from the guts of
Katsuwonus pelamis, small fish, and fish eggs showed very high
antimicrobial ability to inhibit the growth of pathogenic bacteria and
spoilage bacteria. The indicator strains used in this study were E.
coli, S.aureus, and Pseudomonas fluorescens (Lawalata et al., 2011).

Similarly, LAB (unidentified) species isolated from Bekasam
showed antimicrobial activity against five indicator bacteria
associated with foodborne diseases i.e E. coli, S. typhimurium,
Bacillus cereus, S. aureus, and L. monocytogenes. The highest
inhibition was against S. aureus. It was concluded that the
inhibition activity of LAB from Indonesian bekasam was due to
organic acids and they are probably the main preservative factor in
the bekasam (Desnair, 2013).
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Heat-killed L. paracasei (NFRI 7415) isolated from Japanese
fermented fish (funa-sushi) inhibited mesangial proliferative
glomerulonephritis by alcohol intake with stress in mice model
(Yamada et al., 2018). Similarly, L. plantarum, Lactococcus lactis,
and Pediococcus pentosaceus isolated from few traditional
fermented fish from the Sanriku Satoumi region in Japan possessed
immune-promoting and/or anti-inflammation properties. The isolates
were resistant to low pH and bile. The strains also protected human
enterocyte like HT-29 from H,O; toxicity (Kuda et al., 2014). In
another study, L. plantarum (JBCC105645 and JBCC105683)
isolated from jeotgal, a traditional Korean salt fermented seafood,
showed probiotic activity like in-vivo immune-stimulation, inhibition
of atopic dermatitis-like skin lesions, and reduction serum IgE levels
in mice model. Furthermore, the Lactobacillus strain induced
macrophages to produce IL-12 in vitro (Park et al., 2017).

Lactobacillus spp. isolated from tungtap, a traditionally fermented
fish (Puntius spp. or Danio spp.) of Meghalaya in Northeast India
were found to possess many health-promoting probiotic properties,
which included tolerance to acid and bile, cell surface
hydrophobicity, cholesterol-lowering, and p-nitrophenyl-b-D-
glucuronide activity, and also produced b-D-glucosidase enzyme.
The majority of Lactobacillus isolates were antibiotic-sensitive and
had strong antagonistic activity against certain indicator bacteria,
adding to their probiotic nature (Rapsang & Joshi, 2015). Similarly,
L. coryniformis subsp. torquens T2:L1 (isolated from tungtap)
showed antimicrobial activity against indicator strain Enterococcus
faecium DSM 20477 while Bacillus subtilis T1:S1 (isolated from
tungtap) against Streptococcus mutans DSM 6178 (Thapa et al.,
2004). On the other hand, Lactococcus plantarum, L. fructosus,
Enterococcus faecium, L. amylophilus, L. lactis subsp. cremoris, and
L. coryniformis subsp. torquens isolated from ngari, hentak, and
tungtap (traditional fermented fish products of Northeast India)
showed a high degree of hydrophobicity among which L. fructosus
HL1 (isolated from hentak) showed the highest percentage of
hydrophobicity of 84.3%. All other strains had more than 30%
hydrophobicity (Thapa et al., 2004). In another study, E. faecium
(BDUY) isolated from ngari, a traditional fermented fish of Manipur
in Northeast India, showed acid and bile tolerance establishing a
possibility of the isolate to be considered as a probiotic strain. The
isolate also showed auto-aggregation and hydrophobicity of 72.7%
and 54.8%, respectively (Abdhul et al., 2014). Similarly, L. brevis
strain LAP2, isolated from hentak (a fermented fish item of Manipur,
India) showed a huge range of functional characteristics to be
pondered as a significant probiotic candidate such as in-vitro survival
at low pH conditions, tolerance to bile salt (0.3% wi/v sodium
thioglycollate), good auto-aggregation, hydrophobicity and also a
significant  proteolytic activity. The isolate also exhibited
antimicrobial activity against human pathogens. The antibiotic
susceptibility pattern of the isolate showed its safe consumption
without any health risk (Aarti et al., 2017).
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Table 1 Occurrence of lactic acid bacteria in some traditional fermented fish products

Fermented fish product Country Lactic acid bacteria present References

Streptococcus salivarius and Enterococcus faecalis

Plaa-som . . . o - . Hwanhlem et al. (2011)
Thailand Lactococcus garvieae, Weissella cibaria, Pediococcus pentosaceus, Streptococcus bovis, Lb. plantarum and Kopermsub & Yunchalard (2010)
Lb. fermentum
Som-fak Leuconostoc spp., Lb. brevis, Lc. Lactis, Lb. curvatus, Lb. casei, Lb. pentosus and Lb. plantarum Paludan-Miiller et al. (1999)
Pediococcus sp. and Lactobacillus sp. Tanasupawat et al. (1993)
Hoi-dorn Lactobacillus sp., Lb. plantarum, Carnobacterium piscicola, and Lc. lactis @stergaard et al. (1998)
9 Lb. farciminis Tanasupawat et al. (1998)
Pla-ra Lb. farciminis, Leuconostoc sp., and other Lactobacillus sp. Tanasupawat et al. (1998)
Pla-chom Lb. pentosus, L. farciminis and other Lactobacillus sp. Tanasupawat et al. (1998)
Kung-chom Lb. pentosus, Lb. plantarum, and Lb. farciminis Tanasupawat et al. (1998)
Bekasam Indonesia Unidentified LAB isolates Desniar (2013)
Streptococcus sp., Lactobacillus sp. & Leuconostoc sp. Dessi (1999)
Rusip Pediococcus sp. Kusmarwati et al. (2014)
Leuconostoc sp., Streptococcus sp., and Lactococcus sp. Yuliana et al. (2018)
Chao Lb. plantarum, Lb. curvatus, P. pentosaceus, and P. acidilactici. Matti et al. (2019)

Chouguiyu (Stinky Mandarin

fish) China Lb. sakei, Lc. garvieae, Lc. raffinolactis, Lc. lactis, Vagococcus sp., Enterococcus hermanniensis,

Macrococcus caseolyticus and Streptococcus parauberis Dai etal. (2013)

Traditional Fermented Sea-

fish Leuconostoc citreum, Lc. lactis, and Lb. pentosus Zhu et al. (2016)
Burong Bangus Philippines Streptococcus, Pediococcus, Lactobacillus, and Leuconostoc Olympia et al. (1992)
Burong isda Lb. plantarum Olympia et al. (1995)
Budu Malaysia Lb. casei, Lb. plantarum, and Lb. paracasei Liasi et al. (2009)
Pekasam Lb. plantarum and Lb. pentosus Muryany et al. (2017)
Ngari, Hentak, and Tungtap India Enterococcus faecium, Lc. lactis, Lc. plantarum, Lb. fructosus, Lb. amylophilus, Lb. coryniformis subsp. Thapa et al. (2004)

Torquens and Lb. plantarum
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Table 2 Characteristics and probiotic properties of some lactic acid bacteria isolated from traditional fermented fish products based on in vitro and in vivo studies.

Lactic acid bacteria

Source of LAB

Characteristics and probiotic properties

References

Lactobacillus plantarum, Leuconostoc mesenteroides

Saba-narezushi

Bile and acid tolerant

Kanno et al.
(2012)

Lb. plantarum (Lp-a205g, a206g, 5FM6, and
7FM10)
Leuconostoc mesenteroide (Lhm-1RM3)

Saba-narezushi

Bile salt and low pH tolerant, high antimicrobial activity against L. monocytogenes, prevent the entero-
gastric invasion and infection of L. monocytogenes in rats

Nakamura et al.
(2012)

Lawalata et al.

Pediococcus acidilactici (BksC24) Bakasang Antimicrobial activity against Escherichia coli, Staphylococcus aureus, and Pseudomonas fluorescens (2011)
Unidentified LAB species Bekasam antimicrobial activity against Escherichia coli, S_almqnella typhimurium, Bacillus cereus, Desnair (2013)
Staphylococcus aureus, and Listeria monocytogenes
. . - . . . . . - - Yamada et al.
Lb. paracasei (NFRI 7415) Funa-sushi Inhibited mesangial proliferative glomerulonephritis by alcohol intake with stress in rats (2018)

Lb. plantarum, Lc. lactis, P. pentosaceus

Japanese traditional
fermented fish

Bile salt and low pH tolerant, anti-inflammation properties, protected human enterocyte like HT-29
from H,0, toxicity

Kuda et al. (2014)

In vivo immunostimulation, inhibition of atopic dermatitis-like skin lesions, and reduction serum IgE

Lb. plantarum (JBCC105645 and JBCC105683) Jeotgal levels in rats; stimulated macrophages to produce 1L-12 in vitro Park et al. (2017)
Lactobacillus s Tunata Tolerance to acid and bile, cell surface hydrophobicity, antibiotic sensitivity, antimicrobial activity, Rapsang and Joshi
Pp- gtap cholesterol-lowering, p-nitrophenyl-b-D-glucuronide activity and b-D-glucosidase activity (2015)
. . . - - - N - . Abdhul et al.
Lb. coryniformis subsp. torquens T2:L1 Tungtap Antimicrobial activity against indicator strain Enterococcus faecium DSM 20477 (2014)
Lc. plantarum, Lb. fructosus, Lb. amylophilus, .
Enterococcus faecium, Lb coryniformis subsp. Ngarl_i_lljnerlt?k, and Acid and bile tolerance & good adhesion properties Ab((j;gi:)t al.
Torqguens, and Lc. lactis subsp. Cremoris gtap
Lb. brevis (LAP2) Hentak Bile salt and low pH tolerant, good adhesmn_p_ropertles, prc_)tgqutlc activity, against human pathogens Aarti et al. (2017)
and antibiotic susceptibility
Bile salt and low pH tolerant, antimicrobial activity against Escherichia coli, Staphylococcus aureus Muryany et al.
Lb. plantarum, Lb. pentosus Pekasam and Klebsiella sp., & antibiotic sensitivity (2017)

Leuconostoc citreum ATCC 49370(T) (AF111948),
Lc. lactis subsp. lactis NCDO 604 (T) (AB100803),
Lb. pentosus JCM 1558(T) (D79211)

Traditional Chinese
fermented fish

Antibacterial activity against Staphylococcus aureus, Escherichia coli and Vibrio parahaemolyticus

Zhu et al. (2016)

Lb. casei LA17, Lb. plantarum (LA22), Lb.
paracasei (LA02)

Budu

Antimicrobial activity & antibiotic susceptibility

Liasi et al. (2009)
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Lactobacillus plantarum and L. pentosus isolated from a
Malaysian traditional fermented fish (Pekasam) exhibited potential
probiotic properties to be developed as biotherapeutic agents. The
isolates showed antagonism activities against the common
pathogenic bacteria; E. coli, S. aureus, and Klebsiella sp. and were
tolerant of various pH (3.0, 5.0, and 7.5) and 0.3% (w/v) bile salts.
The strains were also susceptible to various antibiotics tested
(Muryany et al., 2017). In another study, three strains of LAB;
Leuconostoc citreum ATCC 49370(T) (AF111948), Lactococcus
lactis subsp. lactis NCDO 604(T) (AB100803) and Lactobacillus
pentosus JCM 1558(T) (D79211) isolated from traditional Chinese
fermented fish exhibited a good antibacterial activity and strongly
inhibited the growth of S. aureus, E. coli, and Vibrio
parahaemolyticus and improved the organoleptic properties of
fermented fish (Zhu et al., 2016). Similarly, Lactobacillus casei
(LA17), Lactobacillus plantarum (LA22), and Lactobacillus
paracasei (LAO2) were isolated from Malaysian fermented fish
product, Budu exhibited antimicrobial activity against a range of
Gram-positive and Gram-negative microorganisms. The strains
also showed antibiotic susceptibility to a wide range of antibiotics
used in the study (Liasi et al., 2009).

Conclusion

LAB are the dominant microorganisms in most of the fermented
foods, especially in traditional fermented fish products. These LAB
strains isolated from the traditional fermented fish products have
promising probiotic properties as shown by several in vitro and in
vivo studies. Although most of the studies have shown that LAB
isolated from traditional fermented fish products has promising
characteristics as probiotic candidates due to their probiotic
properties. These studies are mainly preliminary and need to be
confirmed in animal and human studies. Moreover, the exploration
of potentially beneficial microorganisms in traditional fermented
fish products needs to be extended to microorganisms other than
LAB that are also present in them. For example, yeasts and some
species of Bacillus are potential microorganisms for probiotics.
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