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ABSTRACT
Fermentation is the process by which a complex food compound is broken down 
into a simpler compound by the action of microorganisms such as yeast, filamentous 
fungi, and bacteria. Although yeast and fungi play the most important roles in food 
fermentation, lactic acid bacteria (LAB), a generally recognized as safe (GRAS) probiotic, 
is frequently included in the starter culture. In the early stages of food fermentation, 
LAB created an acidic environment to minimize the prevalence of potentially harmful 
microorganisms. The presence of probiotic microorganisms in the finished food also 
qualifies it as a functional food item. When consumed, probiotics in food can help 
to maintain the microbial balance in the gut intestinal tract and hence enhance gut 
intestinal health. As a result, probiotics can provide extra health benefits in addition 
to the fundamental nutrient of the fermented product. Lactobacillus, Lactococcus, 
Pediococcus, Streptococcus, Enterococcus, Oenococcus, and Leuconostoc are some of 
the common genera of LAB. Good LAB usually has the following properties, including 
acid and bile tolerance, adherence to human epithelial cells, antibiotic susceptibility, 
no hemolytic and cytotoxicity activity, and antagonistic activity toward potential 
pathogenic bacteria, to serve as a good probiotic (antimicrobial). Scientists and the 
food industry are constantly isolating new candidates of LABs with better qualities from 
various food sources and introducing them as unique candidate probiotics in food.
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INTRODUCTION
Fermentation is one of the world’s oldest techniques used for food preservation in the 
world. It can preserve the food from farm to fork. Fermentation alters the biochemical 
composition of the food by breaking down a large organic molecule into simpler 
ones (alcohol or organic acid) through microbial and enzymatic action (Sharma et al., 
2020). These alcohol and organic acid are believed can preserve, enhance organoleptic 
properties, enhance food texture and reduce the toxicity of fermented foods. 

Fermented foods are experiencing a resurgence, thanks to promises of multiple 
health benefits. Fermented food may have improved nutritional properties due to the 
presence of potentially beneficial bioactive compounds such as bioactive peptides, 
biogenic amines, and the reduction of anti-nutrient via microbial action (Dimidi et al., 
2019). It also can help to assure food’s microbiological safety by lowering the risk of 
pathogenic substances being transferred to the meal via antimicrobial metabolites 
formed during fermentation. 

In Asia, fermented dairy products, fermented vegetable products, fermented fish 
products, and alcoholic beverages are widely available. Fermented foods contain a 
wide range of microorganisms, both naturally occurring and those that are added 
as functional microorganisms to alter the food’s biochemical composition and 
organoleptic profile. Table 1 shows some fermented products available in Asia, as well 
as the microorganisms that contribute to the fermentation process.

Rice wine, a popular traditional Asian drink, is produced by the fermentation of starch 
substrate by microorganisms present in the starter culture. Yeast, filamentous fungi, 
and LAB usually make up the rice wine starter culture (Chen & Xu, 2010). While yeast 
and filamentous fungi play the most significant part in fermentation, LAB plays a crucial 
function in the early stages of alcoholic fermentation by facilitating the creation of a 
favourable environment for yeast fermentations later on. LAB produce some metabolite 
compounds such as organic acid during the early stage of fermentation, which 
contributes to the fermented beverage’s distinctive taste and aroma (Bechman et al., 
2012). These organic acids react with alcohol to produce ester, which is the main aroma 
contribution to fermented rice wine (Jiang et al., 2020). LAB, on the other hand, can 
sometimes impact the quality of a product during alcoholic fermentation.
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Table 1 Fermented foods in Asia and the microorganisms involved

Product Microorganism involve References

BeveragesBeverages

Rice wineRice wine BacteriaBacteria   Pediococcus*Pediococcus* ,,  Leuconostoc* Leuconostoc* ,,  Lactobacillus* Lactobacillus* ,,  
Streptococcus*Streptococcus*,, Bacillus Bacillus,, Gluconobacter  Gluconobacter 
FungiFungi Rhizopus Rhizopus,, Saccharomyces Saccharomyces,, Saccharomycopsis Saccharomycopsis

Jiang et al. (2020)Jiang et al. (2020)

WineWine BacteriaBacteria Lactobacillus plantarum*  Lactobacillus plantarum* 
FungiFungi Saccharomyces cerevisiae Saccharomyces cerevisiae,,  nonnon-Saccharomyces-Saccharomyces yeasts yeasts

Tufariello et al. (2020)Tufariello et al. (2020)

Cereal productsCereal products

TempehTempeh Bacteria Bacteria Lactobacillus plantarum*Lactobacillus plantarum*,, Lactobacillus fermentum* Lactobacillus fermentum*,,  
Lactobacillus reuteri*Lactobacillus reuteri*,, Lactococcus lactis*  Lactococcus lactis* 
FungiFungi Rhizopus oligosporus Rhizopus oligosporus

Nurdini et al. (2015)Nurdini et al. (2015)

MisoMiso BacteriaBacteria  Enterococcus faecium* Enterococcus faecium*,,  Enterococcus durans* Enterococcus durans*,,  
Enterococcus faecalis*Enterococcus faecalis*,, Pediococcus acidilactici* Pediococcus acidilactici*,, Pediococcus  Pediococcus 
pentosaceus*pentosaceus*,, Lactobacillus plantarum* Lactobacillus plantarum*,, Tetragenococcus  Tetragenococcus 
halophilushalophilus,, Weissella confuse Weissella confuse
FungiFungi Aspergillus oryzae Aspergillus oryzae

Onda et al. (2003)Onda et al. (2003)

Vegetable productsVegetable products

KimchiKimchi BacteriaBacteria Pediococcus pentosaceus* Pediococcus pentosaceus*,, Leuconostoc citreum* Leuconostoc citreum*,,  
Leuconostoc gelidum*Leuconostoc gelidum* ,,  Leuconostoc mesenteroides* Leuconostoc mesenteroides* ,,  
TetragenococcusTetragenococcus,, Pseudomonas Pseudomonas,, Weissella Weissella

Hong et al. (2016)Hong et al. (2016)

SauerkrautSauerkraut BacteriaBacteria Leuconostoc mesenteroides* Leuconostoc mesenteroides*,, Lactobacillus brevis* Lactobacillus brevis*,,  
Lactobacillus plantarum*Lactobacillus plantarum*,, Enterococcus faecalis* Enterococcus faecalis*,, Pediococcus  Pediococcus 
cerevisiae*cerevisiae*

Zabat et al. (2018)Zabat et al. (2018)

Dairy productsDairy products

YoghurtYoghurt BacteriaBacteria Streptococcus thermophilus* Streptococcus thermophilus*,, Lactobacillus delbrueckii* Lactobacillus delbrueckii*,,  
Streptococcus thermophilus*Streptococcus thermophilus*,  ,  Pediococcus acidilactici*Pediococcus acidilactici*,,  
Enterococcus faecium*Enterococcus faecium*,, Leuconostoc* Leuconostoc*

Velikova et al. (2018), Velikova et al. (2018), 
Nagaoka (2019) Nagaoka (2019) 

CheeseCheese BacteriaBacteria Lactococcus lactis* Lactococcus lactis*,, Streptococcus  Streptococcus speciesspecies**,, Lactococcus  Lactococcus 
garvieae*garvieae*,, Streptococcus parauberis* Streptococcus parauberis*,, Streptococcus macedonicus*  Streptococcus macedonicus* 
FungiFungi Geotrichum  Geotrichum species,species, Kluyveromyces lactis Kluyveromyces lactis,, Candida sake Candida sake,,  
Saccharomyces exigusSaccharomyces exigus,, Penicillium  Penicillium species,species, Saccharomyces sylvae Saccharomyces sylvae,,  
Yarrowia lipolyticaYarrowia lipolytica,, Candida catenulate Candida catenulate

Quigley et al. (2011)Quigley et al. (2011)

Fish productsFish products

NgariNgari BacteriaBacteria Staphylococcus cohnii Staphylococcus cohnii,, Tetragenococcus halophilus Tetragenococcus halophilus,,  
Lactobacillus pobuzihii*Lactobacillus pobuzihii*,, Enterococcus faecium* Enterococcus faecium*,, Bacillus indicus Bacillus indicus,,  
Staphylococcus carnosusStaphylococcus carnosus

(Devi et al., 2015)(Devi et al., 2015)

Note:* indicates the lactic acid bacteria present in the fermented food starter cultures
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Tempeh, another regularly consumed food in Asia is made from fermented soybeans. 
Rhizopus oligosporus is the most common microorganism responsible for tempeh 
fermentation. The fermentation of soybean produces aroma compounds such as 
2-acetyl-1-pyrroline, 2-ethyl-3,5-dimethylpyrazine, dimethyl trisulfide, methional, 
2-methylpropanal and (E, E)-2,4-decadienal (Jeleń et al., 2013). Nurdini et al. (2015), 
on the other hand, reported that LAB plays an important role in tempeh fermentation. 
LAB lower the pH of the environment and thus inhibit the growth of Enterobacteriaceae 
and bacterial spores. The presence of these pathogenic bacteria may inhibit mould 
growth during the early stages of fermentation.

LAB are essential for the fermentation of vegetables. Rhee et al. (2011) reported that 
Leuconostoc mesenteroides commences the fermentation process by producing carbon 
dioxide, lactic acid, and acetic acids. The pH of the fermentation environment is swiftly 
lowered by these chemicals. This low pH prevents the growth of bacteria that could 
impair the crispness of the fermented vegetable. The carbon dioxide replaces the 
oxygen, allowing anaerobic fermentation to take place. Within one week, the dominant 
species in vegetable fermentation shifted from less acid-tolerant heterolactic to 
more acid-tolerant homolactic fermenting LAB species. The spontaneous sauerkraut 
fermentation is initiated by Leuconostoc mesenteroides, which is followed by the growth 
of other LAB primarily Lactobacillus brevis, Pediococcus pentosaceus, and Lactobacillus 
plantarum, of which Lactobacillus plantarum is responsible for the subsequent phase 
of fermentation and the high acidity of the resulting sauerkraut (Zabat et al., 2018).

Yoghurt is a fermented dairy product. The thermophilic LAB ferments the milk by 
converting the lactose into lactic acid. This lactic acid reduces the acidity of the milk 
and thus causes the coagulation of protein. The amount of lactic acid produced will 
impart the thickness and taste of the yoghurt (Ibrahim et al., 2019). Aside from lactic 
acid, other metabolites produced during fermentation including acetaldehyde, diacetyl, 
acetoin, acetone, and 2-butanone, also contribute to the distinctive scent and flavour 
of yoghurt (Cheng, 2010). 

Fermentation incorporates a vast range of microorganisms to modify the desired 
biochemical composition of the food product. Besides yeast and filamentous fungi, 
LAB also plays important role in the fermentation process. LAB can act as a starter 
culture that initiates the fermentation and create favourable condition for the later 
stage of fermentation. Besides, the presence of LAB also will impart the organoleptic 
properties of the fermented product. 
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LACTIC ACID BACTERIA
LAB are a group of Gram-positive, non-spore-forming, catalase-negative (non-respiring) 
without cytochrome, cocci, or rods shape bacteria that are acid-tolerant, anaerobic, or 
aerotolerant. The LAB group is currently classified in the phylum Firmicutes, class Bacilli, 
and order Lactobacillales (Ringø et al., 2018). 

The main group of LAB includes Lactobacillus, Lactococcus, Pediococcus, Streptococcus, 
Enterococcus, Oenococcus, and Leuconostoc (Mokoena, 2017). They are Generally 
Recognized As Safe (GRAS) by the US Food and Drug Administration (FDA) and meet 
the European Food Safety Authority’s (EFSA) Qualified Presumption of Safety (QPS) 
criteria (EFSA) (Bermúdez-Humarán et al., 2013).

This GRAS designation refers to the food additive that is generally recognised as safe by 
experts under the conditions of its intended use. To obtain a GRAS status, a substance 
must either have a history of safe consumption for food before 1958 or have undergone 
a scientific procedure that meets the standards for the same amount and quality of 
substances required to obtain a food additive regulation (Sewalt et al., 2016). Therefore, 
LAB is safe under the condition of its intended use. With the probable exception of 
enterococci, the “Panel on Biological Hazards (BIOHAZ)” of the EFSA has found that 
there is no evidence for any clinical issue with respect to the fermenting bacteria linked 
with food, whether or not they are resistant to antibiotics.

Fermentation of Lactic Acid Bacteria

Lactic acid bacteria can be found in varying degrees in the majority of fermented 
products. The presence of LAB in fermented food makes it a functional food. It converts 
organic substrates into simple organic end products during the fermentation process 
(Mokoena, 2017). 

LAB produce lactic acid as a major end-fermentation product of the metabolism of 
carbohydrates and a wide range of fermentation metabolite. LAB is involved in two main 
fermentation pathways: glycolysis (sugar fermentation) and proteolysis (breakdown of 
protein) (Bintsis, 2018). 

Lactate is the main product of lactose metabolism, with some pyruvate being converted 
to diacetyl, acetoin, acetaldehyde, or acetic acid as a by-product. Proteinase and 
peptidases are the enzymes that degrade proteins into small peptides and free amino 
acids. These small peptides and free amino acids will then be transformed into a variety 
of alcohols, esters, aldehydes, acids, and sulphur compounds for specialized flavour 
development (Bintsis, 2018). 
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LAB can be divided into two groups during the fermentation of glucose which is 
homofermentative and heterofermentative. Homofermentative bacteria are Lactobacillus 
spp., Lactococcus spp., Pediococcus spp., Enterococcus spp., and Streptococcus spp. Lactic 
acid is the sole product produced in the fermentation of glucose (glycolytic pathway) 
with a homofermentative group of bacteria. The fermentation of one mole of glucose 
yields two moles of lactic acid (C6H12O6 → 2CH3CHOHCOOH) (Rakhmanova et al., 2018).

On the other hand, heterofermentative bacteria produce an appreciable amount of 
ethanol, lactic acid, and carbon dioxide from glucose via the 6-phosphogluconate/ 
phosphoketolase pathway (C6H12O6 → 2CH3CHOHCOOH + C2H5OH + CO2) (Rakhmanova 
et al., 2018). Leuconostoc spp. and Oenococcus spp. belong to this group of bacteria. 

Functional Starter Culture

Functional starter cultures have at least one inherent functional property, such as 
improving food safety, imparting an organoleptic profile, or providing technological, 
nutritional, or health benefits. LAB are important food-grade bacteria that can act 
as functional starter cultures as they have a variety of inherent functional properties 
such as probiotic nature (Hoque et al., 2010), antimicrobial activity (Yerlikaya et al., 
2021), multivitamin production (Capozzi et al., 2012), and exopolysaccharides (EPS) 
synthesis (Nguyen et al., 2020). The probiotic nature of the LAB can certify the lactic 
acid fermented food as a functional food.

Lactococcus are commonly used as a starter culture for the manufacturing of fermented 
dairy products because of their metabolic stability, bacteriophage resistance, and ability 
to create novel compounds from amino acid catabolism. Moreover, it can facilitate 
large-scale fermentation due to its high growth rate (King et al., 2015). Lactococcus 
is the most important constituent of starter culture for dairy fermentation because 
it converts lactose to lactic acid and milk fat and proteins into flavour compounds. 
Furthermore, they produce organic acid, which can inhibit the growth of spoilage 
bacteria in dairy products.

Streptococcus thermophilus is widely used in dairy product fermentation. S. thermophilus 
acts as a dairy starter culture, rapidly converting lactose to lactic acid, resulting in a rapid 
decrease in pH and milk protein coagulation (casein) (Linares et al., 2016). Furthermore, 
during fermentation, S. thermophilus forms a symbiotic relationship with Lactobacillus 
delbrueckii, which produces lactic acid and acetaldehyde, which contribute to the 
distinctive flavour of yoghurt.

Oenococcus oeni is a heterofermentative LAB widely used in the wine and cider industry 
because it can l-malic acid to l-lactic acid and CO2. On top of that, it also can metabolize 
citric acid and produce volatile compounds such as diacetyl.
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Furthermore, LAB can function as a protective microorganism, producing bacteriocin, an 
antimicrobial compound that inhibits the growth of spoilage and pathogenic bacteria 
in foods (Mokoena, 2017). As a result, the involvement of LAB may extend the product’s 
shelf life. Furthermore, it also acts as a probiotic microorganism that can help to improve 
human health once ingested (Gaggia et al., 2011). 

PROBIOTIC
Recently, there has been a steady increase in the demand for functional foods due to 
an increase in chronic risks such as cardiovascular disease, diabetes, and obesity, which 
has triggered an increase in health awareness. Pappalardo and Lusk’s (2016) research 
highlighted that consumers who believed in the importance of functional foods and 
the benefits to their health are more likely to adopt functional foods. 

The outbreak of COVID-19 in 2020 positively impacted this market. The Global Functional 
Food Market is valued at USD 176,518.97 million in 2020, and it is expected to grow at a 
CAGR of 2.71% between 2021 and 2022 (PR Newswire, 2022). This pandemic accelerated 
the growth and demand for functional food as people believe that functional food 
made up of functional bioactive compounds can provide functional benefits such as 
immune boosters in addition to regular nutrient intake. 

Probiotic was first introduced by German scientist, Werner Kollath in 1953 to designate 
‘active substances that are essential for a healthy development of life’ (Gasbaririni et 
al., 2016). Nowadays, probiotics are defined as ‘living microbial food ingredients that 
confer significant health benefits on host when administered in adequate amounts’ 
(Chingriyo & Uma, 2014). In addition, probiotics also known as microorganisms have 
low or no pathogenicity but exert health benefits to the host when administered in 
an adequate amount.

The probiotic strains that can be consumed by humans are Lactobacillus, Bifidobacterium, 
Lactococcus, Streptococcus, and Enterococcus. They are among the most common 
probiotic strains that reside in the human body. Besides, some yeast strains that belong to 
the genus Saccharomyces are commonly used in the fermentation of probiotic products 
(Simon, 2005). These strains are Generally Recognized As Safe (GRAS) organisms.

Characteristics of Probiotic

The microorganism that is categorized as a probiotic strain should have good 
technological properties such as can be manufactured under industrial conditions 
and retaining its functionality during storage before being delivered to the customer 
for them to benefit the host’s health (Kechagia et al., 2013). Furthermore, it also must 
be viable and not produce off-flavour or impair the product texture. 
Moreover, probiotics with beneficial effects must be able to survive in the human 
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gastrointestinal system while still maintaining their function within the host. The 
probiotic will degrade as it travels through the gastrointestinal system. The low pH 
and bile content reflect the stomach’s acidic environment and the upper part of the 
intestines. Tolerance to these conditions is essential to allow the probiotics to survive 
and function in the small intestine and stomach (Corcoran et al., 2005). 

Acid-tolerant LAB can be considered probiotic strains as they can tolerate pH 3.0 (pH 
in the stomach) with a survival percentage of more than 70% (Azat et al., 2016). In the 
human gastrointestinal tract, the bile concentration is about 0.3%. Therefore, the strain 
that can grow in this bile concentration can be considered a good bile tolerance strain 
(Azat et al., 2016).

To deliver health advantages to the host, the probiotic strain must be able to adhere 
to the intestinal epithelium. The microbe’s capacity to adhere to the host’s intestinal 
epithelium is determined by its cell hydrophobicity. Higher hydrophobicity probiotics 
are better at attaching to epithelial cells and promoting health benefits (Tarique et 
al., 2022).

Furthermore, hydrophobicity is highly related to auto-aggregation properties. Auto-
aggregation examines the bacterial accumulation of the same species which can 
be used to improve the bacterial equilibrium in the human gastrointestinal system. 
Strains with higher adhesion to hydrocarbons demonstrated high auto-aggregation 
activity. These two properties are critical for conferring competitive advantage as well 
as bacterial maintenance in the human gastrointestinal (Campana et al., 2017).

Aside from its cell surface properties and functional characteristics, probiotic safety 
evaluations such as antibiotic susceptibility, blood hemolytic activity, cytotoxicity, and 
antimicrobial activity must be performed prior to contact with an animal or a human 
(Yasmin et al., 2020). 

The selection of probiotic strains without hemolytic activity is crucial since these strains 
are non-virulent. In addition, the absence of hemolysin ensures that virulence will not 
develop among the bacterial strains (Yasmin et al., 2020). Besides, probiotics should not 
synthesize enzymes that can break down mucin and thus alters the intestinal mucosal 
lining. Alteration of the intestinal mucosal lining will increases the risk of infections and 
other hazardous substances invading the intestinal mucosa. 

Probiotics shall have antagonistic activity against pathogenic bacteria (antimicrobial). 
This characteristic is important to suppress the growth of the pathogen in food that 
can cause the production of a potentially hazardous product and cause infection in 
the human body (Amenu, 2013). LAB can produce antimicrobial metabolites including 
lactic acid, acetic acid, diacetyl, fatty acid, aldehyde, hydrogen peroxide, bacteriocins, 
and bacteriocin-like substances to inhibit food-borne pathogenic and spoilage 
microorganisms (Amenu, 2013).
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Health Benefits of Probiotics

Probiotics may help to improve gut function, strengthen the immune system, and reduce 
pathogens. Furthermore, studies show that LAB probiotics have an antihypertensive 
effect, a reduction in serum cholesterol levels, an antioxidant effect, protection against 
colon cancer, a reduction in allergy symptoms, and a reduction in the obesity index 
(Nazir et al., 2018). 

The stomach, small intestine, and large intestine are the three major sections of the 
human gastrointestinal system. Every section of the body has its unique microbiota 
(Quinto et al., 2014). The aerobic Gram-positive microorganisms (<103 CFU/g) are 
the primary inhabitant of the stomach. Lactobacillus, Bifidobacterium, Bacteroides, 
and Streptococcus (103 – 104 CFU/g) predominate in the small intestine. The genera 
Bacteroides, Fusobacterium, Lactobacillus, Bifidobacterium, and Eubacterium (1011 
– 1012 CFU/g) are abundant in the large intestine. The microbial equilibrium in the 
gastrointestinal is important to confer the host’s health.

The greatest immunological organ in the human body is the gut. It also acts as a barrier 
against infections and antigens that are present in the intestinal lumen. Probiotics can 
influence human health via influencing gastrointestinal health. The predominantly 
commensal gut microbiota aids in infection resistance, immune system development, 
and nutrition production, including vitamins, short-chain fatty acids, and other low 
molecular mass molecules (Markowiak & Ślizewska, 2017). 

Gut health can determine the health status of humans (Zhang et al., 2015). This is 
because the gut plays an important role in breaking down food into nutrients, facilitating 
nutrient absorption into the blood via the intestinal wall, and preventing foreign and 
toxic molecules from entering the bloodstream (Rowland et al., 2018). 

Regular consumption of probiotics improves gut health. The study by Simon (2005) 
found that probiotics can help with gastrointestinal disorders like gastrointestinal illness 
and irritable bowel syndrome, as well as allergy diseases like dermatitis. Probiotics 
can also promote immunological function, decrease cholesterol, improve xenobiotic 
metabolism in the liver, and improve digestion.

Probiotic Lactic Acid Bacteria

LAB is widely utilized as a starter culture in fermentation and probiotics (Rodríguez et al., 
2019). The presence of probiotic LAB in food can allow it to be classified as a probiotic 
product. The actions of LAB, however, differ depending on the species and strain. As 
a result, more research into the characteristics of the major LAB genera is required.
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Genus Lactobacillus

Lactobacillus is a Gram-positive, facultative anaerobic or microaerophilic genus of rod-
shaped bacteria (Hoque et al., 2010). Lactobacillus belongs to the thermophilic LAB 
starter cultures. It is the most common strain in food fermentation. Sugars are converted 
into lactic acid during carbohydrate fermentation. As a result, a hostile environment 
for spoilage microorganisms is created, allowing for food preservation.

Lactobacilli are commonly used as probiotics due to their high tolerance to acid and bile 
(Hoque et al., 2010), ability to adhere to intestinal surfaces (Zhang et al., 2020), ability to 
inhibit potentially pathogenic species (antimicrobial activity), ability to resist antibiotics, 
ability to produce exopolysaccharides, and ability to remove cholesterol in humans.

Many studies are showing that Lactobacillus spp. has potential probiotic properties and 
health benefits for humans. Lactobacillus plantarum is the most prevalent lactobacilli 
microbiota in fermented vegetables, the human gastrointestinal tract (GIT), and 
dairy products (Devi et al., 2016). L. plantarum can be used as a probiotic because it 
is comparatively tolerant to bile juice and acid, exhibiting resistance to pathogenic 
bacteria (Kim et al., 2018). Besides, it is also resistant to antibiotics such as gentamycin, 
kanamycin, streptomycin, ampicillin, ciprofloxacin, tetracycline, vancomycin, and 
chloramphenicol. L. plantarum showed the highest vancomycin MIC because it has 
intrinsic resistance to glycopeptides. 

Moreover, Lactobacillus rhamnoses and Lactobacillus helveticus in traditional fermented 
cheese are also tolerant to acidic and bile salt conditions, auto-aggregation, and 
hydrophobic activity (Azat et al., 2016). L. rhamnosus produce bacteriocin (antimicrobial 
agent) which effectively inhibits the growth of pathogenic bacteria such as E. coli, S. 
aureus, S. typhimurium, L. monocytogenes, and E. faecalis. These properties make them 
a potential probiotic.

In addition, L. rhamnoses also have potential health-promoting benefits such as 
cholesterol and triglyceride degradation. L. rhamnoses is also effective in the prevention 
of pediatric antibiotic-associated diarrhoea (Goldenberg et al., 2015). Probiotic plays a 
role in restoring the natural balance of the bacteria in the gastrointestinal tract.

Genus Lactococcus

The genus Lactococcus are mesophilic LAB that is Gram-positive, catalase-negative, 
facultatively anaerobic, nonmotile, and non-spore-forming (Jung et al., 2020). 
Lactococcus have cocci, spherical or ovoid-shaped cells and occur singly or in chains. 
Lactococcus lactis and Lactococcus raffinolactis are widely used as starter culture bacteria 
in fermented products (Kimoto-Nira et al., 2012). Besides acting as a starter culture, 
they also are potential probiotics in food.



An Overview of the Role of Lactic Acid Bacteria in Fermented Foods and Their Potential Probiotic Properties

BIJB Vol. 2 (December, 2022), e-ISSN 2716-697X  |  75

L. lactis commonly present in the fermented vegetable, kimchi can become a potential 
probiotic because it can tolerate acid and bile, have high cell surface hydrophobicity 
and adhere to intestinal epithelial cells (Lee et al., 2015). In addition, it also has 
antimicrobial activity against Listeria monocytogenes and Staphylococcus aureus, as an 
anti-inflammatory, antioxidant, and anti-cancer effect.

Moreover, Lactococcus raffinolactis capable of producing vitamin B3 (niacin) which 
can act as an effective antioxidant, preventing oxidative damage in the human body 
(Jung et al., 2020). Furthermore, cell surface proteins of strain L. raffinolactis include 
glyceraldehyde-3-phosphate dehydrogenase, triosephosphate isomerase, trehalose, 
and maltose hydrolases (possible phosphorylases), beta-galactosidase, lipoprotein 
signal peptidase, and sortase (surface protein transpeptidase) allow it to adhere to 
the epithelial cell. These properties recognize L. raffinolactis as a potential probiotic.

Genus Pediococcus

The genus Pediococcus are facultative anaerobic LAB that is Gram-positive, nonmotile, 
acidophilus, coccus-shaped and has carbohydrate metabolize features. This group of 
LAB is a homofermentative LAB that produces lactic acid as a single major product by 
catabolizing glucose with limited oxygen present via Embden–Meyerhof–Parnas (EMP) 
pathway (Bhagat et al., 2020). 

The Pediococcus acidilactici are widely used for the lactic acid fermentation of black 
raspberry extract (Song et al., 2021). P. acidilactici is considered a probiotic because it has 
a high tolerance to acid and bile, antimicrobial activity, and high adhesion capability. This 
group of LAB had been reported to have resistance to antibiotics cephalexin, neomycin, 
vancomycin, cefotaxime, and penicillin (Carolina et al., 2014). Moreover, P. acidilactici 
can cure peptic ulcer disease (PUD) by reducing the colonization of Helicobacter pylori 
within the stomach mucosa (Kaur et al., 2014). 

The Pediococcus pentosaceus which is widely used in the fermentation of kimchi also 
pose potential probiotic properties because it has high tolerance toward gastric stress 
and bile condition (Zommiti et al., 2018). Besides, P. pentosaceus show adhesion ability to 
the human epithelial cell, cell hydrophobicity, and auto-aggregation. These properties 
help bacteria to colonize the gastrointestinal system. 

Jiang et al. (2021) also reported that P. pentosaceus can inhibit the colonization of 
pathogenic bacteria besides enhancing the flavour of the kimchi. P. pentosaceus 
produce antimicrobial compounds such as 3-phenyllactic acid, bacteriocin, and 
exopolysaccharide against harmful pathogenic bacteria such as Salmonella, E. coli, S. 
aureus, and L. monocytogenes. 
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Genus Streptococcus 

The genus Streptococcus is a facultative anaerobe that is Gram-positive, catalase-
negative without cytochrome, and non-motile coccus occurs in pairs and chains. 
This genus is a thermophile because its optimal growth temperature is 37°C to 42°C 
(Yerlikaya et al., 2021). 

Streptococcus salivarius are commonly present in soy fermentation (How et al., 2020). 
It is a potential probiotic in food because it has an antimicrobial effect against oral 
pathogens such as Staphylococcus aureus, Streptococcus pyogenes, and Enterococcus 
faecalis. This suggests that Streptococcus spp. can improve oral health by killing oral 
harmful bacteria.

Streptococcus thermophilus is widely used in the production of yoghurt. It also can be 
recognized as a probiotic because it has antimicrobial activity against B. cereus, B. subtilis, 
Campylobacter jejuni, Candida albicans, Enterobacter aerogenes, E. coli, L. monocytogenes, 
Pseudomonas aeruginosa, Salmonella typhimurium, and Staphylococcus aureus (Yerlikaya 
et al., 2021). Some strains of Streptococcus thermophilus have a weaker antimicrobial 
effect against these pathogenic bacteria. 

However, Ravindran et al. (2016) have indicated that the mixed culture of Lactobacillus 
bulgaricus and Streptococcus thermophilus can be used as a probiotic to enhance the 
immunity of the host because the combination of these two has an antimicrobial effect 
against S.aureus and E. coli.

Genus Enterococcus

The genus Enterococcus are a member of the LAB family. They are Gram-positive, 
catalase-negative, cocci-shaped, facultative anaerobes, and non-spore-forming 
bacteria (Haghshenas et al., 2016). Even though most species in the genus will grow 
at temperatures ranging from 10°C to 45°C, Enterococcus grows best at 35°C.

Enterococcus is widely used in the fermentation of cheese owing to its ability to tolerate 
low pH, high salt, and extreme temperature (Foulquié Moreno et al., 2006). Moreover, 
Enterococcus is a common commensal microbiota in the gastrointestinal of humans 
and animals (Li et al., 2018). Therefore, it plays a vital role in maintaining the balance 
of microbiota in the human gastrointestinal.

Nami et al. (2019) reported on the probiotic properties of Enterococcus. Results showed 
that Enterococcus isolated from artisanal dairy products tolerant to low pH and high 
bile salts have cell surface hydrophobicity and adhesion ability to the human intestinal 
Caco-2 cell line, antibiotic susceptibility, and EPS production (Nami et al., 2019). These 
properties enable Enterococcus to be considered probiotics. 
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Moreover, Nami et al. (2019) also found that Enterococcus has cholesterol-lowering 
properties. It can produce bile salt hydrolase by deconjugation of bile salt. The 
deconjugated bile salt is less soluble and excreted out of the body. The excreted bile 
salts are replaced by new bile salts formed from cholesterol in the bloodstream (Liong 
& Shah, 2005). Thus, the more bile salt is excreted, the more cholesterol is removed 
from the bloodstream. Therefore, probiotics can lower cholesterol in the human body. 

Genus Oenococcus

The genus Oenococcus are LAB, from the Leuconostocaceae family, and are part of the 
order Lactobacillales. This genus is Gram-positive, nonmotile, nonsporulating, catalase-
negative, ovoid-shaped, and can grow in both aerobic and anaerobic conditions (Kot 
et al., 2014). They are mesophiles with optimum growth at 30°C. 

Oenococcus oeni is one of the potential probiotic bacteria present in the fermentation 
of wine. O. oeni can tolerate low pH and bile salt conditions (Su et al., 2015). These 
two properties are important to indicate that this strain can survive in the human 
gastrointestinal system. Moreover, O. oeni exhibits antioxidant properties because it 
can scavenge the 2,2-diphenyl-1-picrylhydrazyl radical, and thus reduce the risk of 
accumulation of reactive oxygen species (ROS) in vitro. 

Genus Leuconostoc

The genus Leuconostoc is Gram-positive, non-motile, catalase-negative, cocci-shaped, 
facultatively anaerobic, and non-spore-forming LAB (Lee et al., 2012). They are mesophilic 
and psychotropic bacteria with optimum growth at 25°C to 30°C. Leuconostoc are 
heterofermentative LAB. They can metabolize glucose into lactate, ethanol, and CO2 
via the phosphoketolase pathway. In addition, Leuconostoc can metabolise pentose 
into lactate and acetate. 

Leuconostoc mesenteroides are widely used as starter bacteria in fermented vegetable 
and dairy products (Hong et al., 2016). It had potential probiotic properties such 
as tolerance to the acid condition of the stomach, tolerance to bile salt in the small 
intestine, and being ability to adhere to the intestinal mucosa (Benmechernene et al., 
2013). L. mesenteroides have antagonistic activity against pathogenic bacteria because 
they can produce antimicrobial substances such as bacteriocins or bacteriocin-like 
substances (Diana et al., 2015). 

Furthermore, L. mesenteroides are sensitive to amoxicillin, ampicillin, cephalothin, 
chloramphenicol, erythromycin, lincomycin, and penicillin, but are resistant to 
kanamycin, streptomycin, tetracycline, and vancomycin. This vancomycin resistance 
may be linked to the presence of a pentadepsipeptide with a C terminal-lactate instead 
of a D-alanine in the peptidoglycan of the bacteria (Benmechernene et al., 2013). 
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CONCLUSION
Fermentation is an important method of food preservation. In fermentation, LAB 
together with yeasts and fungi are used as the starter cultures. Although the role of LAB 
is important during fermentation, it is not always highlighted when compared to yeasts 
and fungi. Fermented foods containing LAB provide more value and higher quality than 
those that do not. However, not all LAB are good probiotics; only those with acid and 
bile tolerance, antimicrobial and antibiotic resistance, cell surface hydrophobicity, no 
hemolytic and cytotoxicity activity, and auto-aggregation in the majority of LAB are. 
Good quality LAB has been widely used as probiotics in the food industry, and new LAB 
with improved qualities are isolated, researched, and incorporated into food products 
regularly to meet the growing demand for them from a health-conscious society.
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