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Pediococcus species, prominent Gram-positive lactic acid bacteria, exhibit significant biotechnological properties. A 
comprehensive literature search and review were conducted using several authentic electronic databases for the publication 
of recent studies to analyse relevant studies on Pediococcus species, antimicrobial metabolites, and their application in food 
preservatives that evidence the therapeutic efficacy of the species. The bacteriocin produced by these species provides 
antimicrobial activity that also enhances food quality by improving the flavour, texture, shelf-life, and nutritional quality of 
developed food products. Several researchers reported that among all species, P. acidilactici and P. pentosaceus are well-
versed in enhancing functional and therapeutic properties. It produces antibacterial peptides, bacteriocins called pediocin, 
which are highly involved in food preservation. Additionally, P. acidilactici produces bioactive compounds that increase the 
levels of antioxidants, phenolics, flavonoids, and L-alanine to enhance nutritional quality. Pediococcus species possess 
probiotic properties as they can tolerate low gastric pH and bile salt, are non-hemolytic, and show antibacterial activities. P. 
acidilactici and P. pentosaceus demonstrateanti-proliferative and anticancer effects on cancer cells. P. parvulus also exhibits 
anti-inflammatory and anti-pathogenic properties, making it a suitable probiotic strain. P. damnosus demonstrated only a 
bacteriostatic effect on the pathogens; on the other hand, P. acidilactici and P. Pentosaceus show both bacteriostatic and 
bactericidal effects on pathogens. Additionally, some Pediococcus species are also involved in lowering glucose and 
cholesterol levels. However, Pediococcus species are generally regarded as safe (GRAS) and can be effectively utilised in 
the food industry. Various fermented foods, including dairy products, meat, fruits, and vegetables, and also in beer and wine 
making, are produced using Pediococcus as a starter culture. Pediococcus species are also efficient for the formulation of 
functional food asthey are potent for improving gut health and immune function. However, using Pediococcus species in 
food production is subject to regulation and safety considerations. 
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Introduction 
Recently, there has been a growing use of 

microorganisms in the food sector, health sciences, and 
biotechnology. Some microbes are notorious for their 
harmful effects, while others play proficient functions 
in human health and have important applications in 
food production and quality improvement. 
Additionally, a huge number of bacteria are found in 
the human gastrointestinal tract and are highly involved 
in competition as well as coordination for limited 
surroundings and resources. These arrangements and 
interplay are potentially associated with human health 
conditions1. A recent study demonstrated that gut 
microbiome dysbiosis can contribute to inflammatory 
and immune responses associated with rheumatoid 
arthritis2. This increases concern about opting for an 

alternative solution to treat such human health issues. 
Moreover, the burden of digestive diseases and 
Inflammatory Bowel Disease (IBD) in developing 
countries is rising continuously, which leads to 
significant economic and social impact3,4. However, 
Diet plays an essential role in overall human health, 
working as a frontline defence against these diseases5. 
In this context, probiotics become a prominent choice 
to get a safer solution. The term "probiotics" is derived 
from two Latin words: pro, meaning for, and bios, 
meaning life. The World Health Organisation (WHO) 
defined probiotics as live microorganisms that, when 
consumed in adequate amounts, show beneficial health 
impacts. These help to maintain the equilibrium in gut 
microbiota by restricting the growth of harmful 
bacteria. Currently, it has become a potent alternative 
and complementary medicine in medical therapies as it 
possesses immunomodulatory potential and a safety 
profile. Commonly, Lactobacillus and Bifidobacterium 
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species have hypoglycaemic, antioxidant, and anti-
inflammatory effects against many immunological 
disorders. Furthermore, probiotics are also crucial in 
combating obesity, appetite, metabolic disease, 
improving digestive health, the immune system 
function, and even mental wellness6-9. In this way, 
Lactic acid bacteria (LAB) are effective probiotics 
being used traditionally; they are a heterogeneous, 
Gram-positive, non-spore-forming, non-motile, rod-
shaped or spherical-shaped microorganisms that are 
either aerotolerant anaerobes or microaerophiles and 
whose major end product of carbohydrate 
fermentation is lactic acid. The genera "lactic acid 
bacteria" belongs to the order Lactobacillales, which 
includes the species of Lactobacillus, Lactococcus, 
Streptococcus, Leuconostoc, Pediococcus, 
Enterococcus, Carnobacterium, Tetragenococcus, 
Vagococcus, and Weissella10. LAB are notable 
microorganisms with significant biochemical and 
pharmacological capabilities. These bacteria are 
essentially important to the food industry because of 
their role as starter cultures, probiotics, and functional 
food ingredients, as well as their contributions to 
texture, flavour, and aroma enhancement, and as a 
significant biopreservation agent. LAB exhibited 
various nutritional properties associated with improved 
adhesive adaptive characteristics that enhanced the 
survivability of bacteria in distinct surroundings, such 
as in dairy food products, fermented foods, vegetables, 
and gut microflora11. Specifically, Pediococcus species, 
a genus of lactic acid bacterium that belongs to the 
Lactobacillaceae family, has a promising future in the 
food sector due to its positive health qualities and 
physiological features. Recently, Pediococcus species 
have gained increased research interest in the food 
industry due to their beneficial technological 
properties, which are key to ensuring high-quality final 
food products12. Thus, a comprehensive literature 
review was conducted, and recent published studies 
were searched by using authentic electronic databases 
to identify relevant studies and evidence on 
Pediococcus species, which produce bacteriocins and 
antimicrobial metabolites, and their application in food 
preservatives for therapeutic applications. 
 

Morphological and structural characteristics  
Pediococcus are Gram-positive, non-motile, coccus-

shaped, and oxidase-negative, as shown in Fig. 1. 
Because of their unique manner of cell division, they 
typically form pairs or tetrads. These organisms can 
thrive in low-oxygen settings and were formerly best 

known for their capacity to ferment carbohydrates into 
lactic acid. They are chemo-organotrophs and 
nutritionally fastidious microorganisms13, as amino 
acids and Vitamin B are vital nutrients that account for 
the growth of Pediococcus species in agar media14. 
They are the only acidophilic, homo-fermentative. This 
is extremely significant in preserving and flavouring 
fermented foods15. Pediococcus is generally catalase-
negative, but certain strains can exhibit pseudo-catalase 
activity when cultured in a low-carbohydrate 
medium16. 
 
Taxonomy 

The genus Pediococcus belongs to the group of 
LAB, phylum Firmicutes, class Bacilli, order 
Lactobacillales, and family Lactobacillaceae17. 
Pediococcus has gone through numerous naming 
schemes over the years. The term Pediococcus was 
initially created by Balcke. Later, Balcke recognised 
Pediococcus as a genus in 1949 and designated the 
Pediococcus species "Pediococcus cerevisiae"18. 
According to Bergey's manual, eight species of 
Pediococcus are present19, but on the other hand, ten 
species of the genus Pediococcus were documented by 
Pfannebecker and Frohlich20. The International 
Committee on Systematic Bacteriology identified 
seven species of Pediococcus: Pediococcus 
pentosaceus, Pediococcus acidilactici, Pediococcus 
damnosus, Pediococcus halophiles, Pediococcus 
parvulus, Pediococcusurinaee-equi, and the last, 
untitled as Gunther and white group III19. The genus 
Pediococcus species includes several species, such as 
Pediococcus acidilactici, Pediococcus pentosaceus, 
Pediococcus inopinatus, Pediococcus dextrinicus, 
Pediococcus clausseni, Pediococcus cellicola, 

 
 

Fig. 1 — Morphology and several species of Pediococcus. 
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Pediococcus ethanolidurans, Pediococcus parvulus, 
and Pediococcus stilesii. Among all, P. pentosaceus is 
commonly found in various foods like cheese, drinks, 
pickles, wine, dairy products, and meat21. Table 1 
illustrates the different varieties of Pediococcus 
species, their characteristics, and isolation sources, as 
these are commonly isolated from diverse sources such 
as fermented plants, fruits, vegetables, and 
environments like breweries, distilleries, and wineries. 
In particular, P. parvulus is frequently associated with 
the wine making process. Such a species might 
influence flavour and quality due to malolactic 
fermentation and the production of exopolysaccharides, 
tending to affect texture and mouth feel. P. parvulus 
can cause spoilage due to its unwanted growth, which 
usually develops undesirable flavours, although it has 
many benefits22. The cultural growth of Pediococcus 
species requires nutrient-rich media and also has 
distinct biochemical and physiological 
characteristics15,19,23,24. Pediococcus strains exhibit 
different levels of tolerance to oxygen, pH, 
temperature, and NaCl15,19,23. The taxonomy of 
Pediococcus species was based on their biochemical, 
functional, morphological, and biomolecular 
properties, which were proposed by Bergey's Manual 
of Systematics of Archaea and Bacteria15,25. Various 
biomolecular and genetic approaches have been 
adopted during the past decades for studying the 
genomic diversity of Pediococcus species. Other 
methods applied include specific DNA target probes, 
which are nucleotide sequences that are short and 
specific enough to attach to a sample's complementary 
DNA26-28. DNA target probes have been used to assess 
genetic diversity by targeting specific areas of DNA 
and this method allows for the accurate identification 

and comparison of strains, providing valuable 
information on the genetic makeup and relatedness of 
the species29. 

Ribotyping, which involves digesting bacterial 
DNA with restriction enzymes, followed by 
hybridisation of rRNA gene fragments to investigate. 
These patterns or ribotypes have aided in 
distinguishing between species and strains of bacteria. 
Ribotyping has been employed to determine genetic 
diversity and relationships among Pediococcus 
species strains by comparing their ribosomal DNA 
profiles30-32. 

DNA-DNA hybridisation involves the denaturation 
and bonding of DNA strands from different 
organisms, thus comparing genetic similarities. The 
level of hybridisation would determine genetic 
association, where the higher the degree of 
hybridisation, the closer the genetic relation23. In 
research on Pediococcus, for example, DNA-DNA 
hybridisation is used to differentiate between strains 
or closely related species29. 

16S rRNA gene sequencing has become a standard 
technique in identifying and classifying bacteria. The 
method targets the investigation of the highly 
conserved 16S ribosomal RNA gene30,33. Variable 
regions down the gene are used in distinguishing the 
species29. 

Other molecular fingerprinting techniques include 
Rep-PCR involves the amplification of repetitive 
DNA to identify strains, while RAPD-PCR uses 
random primers in generating distinctive DNA 
banding patterns. On the other hand, PFGE separates 
large DNA fragments to develop detailed genetic 
profiles. These are essential in effectively 
distinguishing and comparing bacterial strains34-37. 

 

Table 1 — Different varieties of Pediococcus species, their characteristics, and isolation sources 
Species Characteristics Isolation sources References 

P. acidilactici Tolerant to low pH and high salt Fermented foods (meat, dairy), silage, gastrointestinal 
tract of animals 

38,39 

P. pentosaceus Produces lactic acid, grows well in acidic 
conditions 

Fermented plant products (sauerkraut, pickles), dairy, 
human gut, aquatic products, raw animal 

40 

P. damnosus Produces lactic acid, associated with spoilage Wine, beer, cider (often associated with spoilage) 41 
P. claussenii Resistant to hops, capable of beer spoilage,  

β-Glucan production 
Beer (especially in breweries, often involved in 
spoilage) 

42 

P. ethanolidurans Tolerant to high ethanol and low sugar 
concentrations 

Commercial Cucumber Fermentation, Dongcheng 
pickle, Daqu(Chinese liquor) 

43, 44 

P. inopinatus More sensitive to ethanol Kimchi 45 
P. parvulus Produces exopolysaccharides Wine and cheese 46 
P. dextrinicus Dextrin fermenter, heterofermentative Meat 47 
P. siamensis Produces lactic acid, moderate temperature 

tolerance 
Thai fermented tea leaves, Miang 48, 49 

P. stilesii Produces lactic acid, tolerates high salt Korean fermented foods and maize grains 50, 51 
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Functional properties  
 
Flavour and texture development  

Lactic acid bacteria, particularly Pediococcus 
species, are an excellent choice to maintain the 
flavour of food. Among them, P. pentosaceus, a 
notable Pediococcus strain, is well-known for 
significantly improving cheese flavour, whether it is 
innate or formulated into the product. Previous studies 
have convincingly demonstrated the crucial role of 
LAB in enhancing the quality, acceptability, and 
flavour attributes of wine, particularly in secondary 
fermentation52. The use of recombinant Pediococcus 
acidilactici BD16 (fcs + /ech+) in the secondary 
fermentation of wine boosts the production of flavour 
compounds like vanillin and cinnamic acid 
derivatives, enhancing the wine's aroma, colour, and 
flavour. Vanillin adds a creamy mouthfeel, while 
therapeutic phenolics like laricitrin and quercetin are 
abundantly boosted. This method is also characterised 
by constant flavour and confirms P. acidilactici BD16 
as an excellent starter for malolactic fermentation53. 
Similarly, P. pentosaceus strain also influenced the 
flavour development in Manura cheese, although it 
was not dominant in terms of quantity54. According to 
Kaur et al.,55 P. pentosaceus incorporated into sausage 
fermentation is responsible for the desirable volatile 
compounds formation, a reduction in microbial 
diversity, and a dominance of beneficial anaerobic 
bacteria resulting in a higher quality of sausage 
products with enhanced flavour and reduced risk of 
contamination. In another study, the use of 
Lactobacillus plantarum and P. pentosaceus as 
starters in Suancai fermentation was found to improve 
the product's quality. Co-inoculating both strains led 
to higher bacterial diversity and a flavour profile more 
similar to spontaneously fermented Suancai. These 
starter cultures positively influenced the production of 
flavour compounds56,57. Further investigated the 
effects of two Pediococcus strains, PE1 (P. acidilactici) 
and PE2 (P. pentosaceus) strains, and compared them to 
a commercial starter culture (COS) named Starter 
kulturen Almi Rohschinken on the sensory characteristics 
of dry fermented sausage during fermentation and 
ripening. The research showed P. acidilactici and P. 
Pentosaceus effectively decreased the pH level of 
fermented sausage and increased its acidity during 
fermentation. The best quality fermented sausages 
resulted from P. Acidilactici strains because of the 
highest efficiency in improving the quality by enhancing 
colour appearance while reducing off-flavour and 

improving overall acceptability. The metabolism of  
P. enthanolidurans shows a direct association with the 
characteristics of volatile compounds that indicate  
P. Enthanolidurans strain plays a vital function in 
developing distinctive flavours during the fermentation 
of peppers. 
 
Preservation and shelf-life extension  

The application of Pediococcus species as 
biopreservatives existed in the food industry before the 
establishment of modern microbiology. These species 
have a wide application in dairy products as well as 
various fermented foods. P. acidilactici and  
P. pentosaceus are strains that show productive 
involvement in the fermentation of a wide range of food 
products, including silage, dairy products, meat, dough, 
and fruit juices58,59. Bacteriocins are antibacterial 
peptides produced by Pediococcus species known as 
pediocins that have broad applications in both the food 
and health industries. The biopreservation properties of 
these bacteriocins, which effectively prevent and control 
the contamination of gram-positive pathogenic bacteria, 
especially Listeria monocytogenes have been 
highlighted by several researchers. Most pediocins 
produced by diverse Pediococcus species belong to the 
IIa subclass, although pediocin N5p is classified as a 
member of Class IV. Unique codes are often used to 
differentiate specific variants or isomers of pediocins, 
usually correlated with the producing strain or 
distinctive bacteriocin modifications. Illustrative 
examples include pediocin AcH, pediocin SJ, pediocin 
JD, and pediocin PA-160. Both nisin and pediocin PA-1 
are particularly noted for their effective use in bio-
preservation61. Several findings of researchers showed 
the preservation potential of pediocin produced from 
Pediococcus species, as demonstrated in Table 2. For 
instance, Pato et al.,62 studied the antibacterial and 
biopreservation application of bacteriocin produced by 
P. pentosaceus and stated that the use of bacteriocins in 
fish balls, particularly 0.60% of concentration improved 
their quality during storage, especially at low 
temperature. The Pediococcus species, P. pentosaceus 
1101 and P. acidilactici LAB 001, have strong 
antibacterial and antifungal properties. Thus, they are 
valuable biopreservative cultures and could potentially 
be used as starter cultures in various food processes to 
extend the shelf life of food products63,64. 
 
Nutritional enrichment 

The European Food Safety Authority (EFSA) 
shows that Pediococcus species bacteria contribute to 
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both nutritional supply as well as the maintenance of 
physiological function and offer significant nutritional 
benefits. The synthesis of necessary vitamins and amino 
acids by these bacteria leads to increased nutritional 
quality of foods. Their supplementation in traditional 
and industrial foods not only improves the taste but also 
boosts nutrition and food safety40. LAB produces 
essential metabolites like organic acids, aromatic 
compounds, exopolysaccharides, bacteriocins, and 
vitamins during food fermentation. These substances, 
released into the food, enhance its nutritional value and 
contribute to the overall quality of fermented products. 
Some studies have identified that the genes of the 
Pediococcus species are responsible for vitamin 
synthesis and have investigated their ability to produce 
vitamin B1271. Hence, there is an urgent need to resolve 
both safe bacterial strains and effective amino acid 
production since these biomolecules serve as essential 
building blocks for the biological development and 
maintenance of living organisms. LAB, particularly 
Pediococcus species, is capable of hydrolysing 
extracellular protein into free amino acid components, 
making them a good source of functional amino acids72. 
Research has shown that certain Pediococcus strains 
have strong amino acid production capabilities. 
According to Toe et al.,73 among the eight strains,  
P. pentosaceus UL-6 showed a strong ability to produce 
proline whereas P. pentosaceus UP-2 demonstrated the 
capacity to produce a variety of amino acids at the 
highest concentration. P. pentosaceus CFR R123 was 
utilized for MFSC (malted finger millet seed coat) and 
soy milk due to the ability of this bacteria to degrade 
phytate along with a reduction in phytate levels that 
increases the bioavailability of minerals such as calcium 
and magnesium when the strains were isolated from 
fermented grains74. 
 
Bioactive compound production  

Pediococcus species are extensively acknowledged 
for their ability to ferment food while simultaneously 

producing organic acids along with bacteriocins, 
exopolysaccharides, and various phenolic compounds, 
that improve the nutritional, functional, and sensory 
aspects of various fermented products. Researchers used 
recombinant P. acidilactici BD16 (alaD+) strains as a 
starter culture to produce L-alanine in situ for the 
development of sweet and nutritious fermented 
buttermilk and soy milk. Studies have shown that the 
strain improves the functional along with the nutritional, 
and bioactive properties of the drinks because it 
increases their level of antioxidants, phenolics, 
flavonoids, and L-alanine, boosting their quality and 
health-promoting attributes52. Among its many uses  
P. acidilactici has notable functional properties and 
bioactive compounds. The bacterial culture produces  
L-Lactic acid (85.19%), Methyltartronic acid (7.47%), 
Pyrrolo [1,2a] pyrazine1,4dione, hexahydro (5.89%), 
and Phenol, 2,4bis (1,1dimethylethyl) (8.32%), all of 
which show strong antibacterial activity.  
n-Hexadecanoic acid (6.61%) exhibits anti-
inflammatory, while Geranyl-isovalerate (0.33%), 
Benzaldehyde, 2,4 dimethyl (1.23%), and Hexadecane, 
2,6,11,15 tetramethyl (0.71%) enhance flavour and are 
used as food additives. Hexadecane (2.00%), Pyrrolo 
[1,2a] pyrazine1,4 dione, hexahydro3 (2methylpropyl) 
(0.72%), Hexadecane (1.70%), Tetradecane (2.11%), 
and Dodecane (1.73%) offer significant antioxidant 
properties75. 
 

Therapeutic properties 
 

Probiotic properties  
The Food and Agriculture Organisation of the 

United Nations and the World Health Organisation 
define probiotics as "Live microorganisms which 
when administered in adequate amounts confer a 
health benefit on the host"76. LAB have been 
historically used as probiotics to produce fermented 
foods because they are generally regarded as safe 
(GRAS). LAB, such as Lactobacillus, Bifidobacterium, 
Streptococcus, and Pediococcus, have recently been 

 

Table 2 — Application of pediocin in food preservation 
Bacteriocin Food products Target microorganisms Mode of action Preservation effect References 

pediocin PA-1/AcH Meat products L. monocytogenes Cell wall destruction 
and membrane integrity 

Inhibition of pathogenic 
bacterial growth, extends shelf 
life 

65 

Pediocin NV 5 Sausages Staphylococcus strains Cell wall inhibition inhibited the growth of the 
pathogenic bacteria 

66 

Pediocin 05-10 pork ham L. monocytogenes 54002 bactericidal Extended shelf life 67 
Pediocin PA-1 Dairy products L. monocytogenes S. 

aureus 
Antimicrobial spectrum Increased the shelf life 68,69 

pediocin ST18 Boza (Beverages) L. innocua Cell lysis complete growth inhibition 70 
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used in probiotic production as they can tolerate 
extremely low gastric pH and the detergent effects of 
bile salt. Table 3 illustrates the fundamental probiotic 
properties of certain Pediococcus strains. Pediococcus 
species, in particular, have been extensively studied for 
their roles in the food industry and favourable impact 
on human and animal health. Certain Pediococcus 
strains have been suggested to be used as probiotics77. 
According to a study, only two out of 20 Pediococcus 
species can be fruitfully utilised as probiotic 
microorganisms78. These probiotic bacteria are 
incorporated into substrates that serve as a matrix for 
the growth and viability of the starter culture through 
the "probiotication" process. This is to address the 
needs of the lactose-intolerant populace and 
vegetarians79. In a study conducted by Plaza-Díaz  
et al.,80, probioticated mango juice was developed 
using Pediococcus strains such as P. acidilactici and  
P. pentosaceus, in which P. acidilactici was shown to 
be a suitable probiotic strain for the production of 
nutraceutical mango juice, whereas P. pentosaceus 
surpassed in all tests. The popularity of Pediococcus 
species has risen in the fermented sausage industry 
because they are functionally effective and excellent 
probiotic strains81. Pediococcus species helps improve 
the digestive system and contributes to overall 
wellness. Specifically, P. pentosaceus can be used as a 
probiotic as well as a bioprotective culture in fermented 
food because it can reach the gut intact and fight 
against harmful bacteria40,63. According to Wanna et 
al.,82 P. pentosaceus MR001 proved to be 
advantageous as a probiotic for white shrimp. The 
study found that adding P. pentosaceus MR001  
(at 109 CFU/g) when incorporated into shrimp feed 
promotes faster growth and improves digestion while 
providing disease resistance to the shrimp. Thus, the 
researchers recommended using this strain as a dietary 

supplement for white shrimp. Pediococcus species 
isolated from local dairy products show exceptional 
probiotic characteristics because they can tolerate 
gastrointestinal conditions, are resistant to antibiotics, 
and show antimicrobial activity83. Other studies 
showed that Pediococcus species isolated from non-
dairy sources also contain probiotic properties.  
P. acidilactici TMAB26 strain, isolated from a 
traditional South Indian tomato pickle made with 
tamarind and spices such as chilli, fenugreek, mustard, 
and turmeric, was found to be an outstanding probiotic, 
along with the capability to survive strong acid and bile 
tolerance. These strains have antibacterial, anti-
proliferative, and anticancer properties and arenon-
hemolytic84. 
 
Anti-inflammatory effects  

Probiotic consumption contributes to the fight 
against gut infections by boosting immunity through 
improved anti-inflammatory response87,88. The anti-
inflammatory and pro-inflammatory cytokines 
respond to different strains of probiotic LAB, which 
help reduce intestinal inflammation87. Pediococcus 
acidilactici NCD 252 demonstrated strong anti-
inflammatory effects by stabilising cell membranes 
and preventing hemolysis89. Inflammation leads to the 
production of joint swelling together with stiffness, 
while protein denaturation causes the development of 
autoantigens. Furthermore, P. acidilactici R037 can 
potentially treat multiple sclerosis by inhibiting 
inflammatory cytokines. The combination of 
Lactobacillus fermentum with P. acidilactici supports 
gut health development through their ability to 
decrease inflammation and support beneficial bacteria 
growth in the body. The postbiotics, which are 
exopolysaccharides derived from Lactic acid bacteria 
(EPS), produce various health benefits. The EPS 

 

Table 3 — Fundamental probiotic properties of certain Pediococcus strains 

Probiotic conditions Pediococcus acidilactici M76 P. pentosaceus 1101 P. parvulus 2.6 

Isolation source Korean traditional rice 
wine, makgeolli 

Fermented meat products (Spanish-type 
chorizo) 

Obtained from the UPV culture 
collection, Universidad de Pais Vasco 
(San Sebastian, Spain) 

Gastric pH tolerance 71.7% survival (pH 2.5) 86.8% (pH 2.0); 93.9% (pH 3.0) High survival (pH 2.5); Reduced at 
pH1.5; oat milk improves survival by 
2000x at pH 1.5 

Bile salt stress 100% survival (0.3-3.0%) 99.1% survival (0.5%) 10% survival (20% bile); able to grow 
under extreme bile conditions. 

Pathogen inhibition Broad spectrum inhibition Sensitive to key antibiotics; inhibits 
pathogens 

Inhibits gram-positive bacteria, 
including B. cereus; no activity against 
L. monocytogenes. 

References 85 63 86 
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extracted from P. pentosaceus 4412 has the potential 
to modulate inflammatory responses, reduce oxidative 
stress, and protect organs. EPS 4412 can be a natural 
food additive and anti-inflammatory agent in both the 
food and pharmaceutical industries90. Barigela and 
Bhukya,84 reported that P. acidilactici TMAB26, 
isolated from tomato pickle under reference MTCC 
13014, exhibits important functions for treating 
inflammatory conditions in the digestive system. 
Studies have proven that P. parvulus 2.6 contains 
anti-inflammatory and anti-pathogenic potential for 
development as a probiotic in fish feed production91. 
 
Antimicrobial activity  

Lactic Acid Bacteria (LAB) play a significant role 
in preventing microbial spoilage and contamination in 
fermented foods by producing substances that include 
lactic acid, hydrogen peroxide, diacetyl, and 
especially bacteriocins. These antibacterial properties 
also contribute to the taste and texture of fermented 
food92. The advantage of Pediococcus species is 
related to their bacteriocins secretion capacity, which 
shows exceptional antimicrobial effects against major 
foodborne pathogenic agents such as Listeria 
monocytogenes. The traits of Pediococcus species 
establish them as beneficial agents to enhance food 
safety. Research investigations show that Pediococcus 
species possess anti-listeria capacities to minimise L. 
monocytogenes proliferation in meat products and 
milk93-96. The antimicrobial effects of P. acidilactici 
PFC69 worked on all tested indicator strains through 
agar spot assays, effectively inhibiting all 
vancomycin-resistant Enterococcus faecium (VRE) 
and five strains of methicillin-resistant 
Staphylococcus aureus (MRSA). During the good 
diffusion test, the antimicrobial properties were seen 
in P. acidilactici PFC69 supernatants; however, they 
were not effective against Gram-negative rods or 
MRSA97. In another study, P. pentosaceus shows a 
bacteriostatic inhibition against Listeria 
monocytogenes while a bactericidal effect against 
Listeria innocua and Listeria ivanovii. Whereas,  
P. acidilactici showed a strong bactericidal effect 
against all three Listeria strains, which are common 
contaminants in animal-derived food products. On the 
other hand, P. damnosus demonstrated only a 
bacteriostatic effect on the tested pathogens98.  
P. Pentosaceus and P. acidilactici serve as starter 
cultures for the food industry to extend shelf life and 
enhance safety and quality of many food products by 
destroying harmful microorganisms. 

Anticancer potential  
Microorganisms demonstrate potential as anticancer 

agents with less harmful side effects than traditional 
chemotherapy and synthetic drugs because they don't 
harm healthy human cells and tissues during 
therapeutic use99. Several studies have shown that 
Lactic acid bacteria with probiotic potential produce 
potent results in the prevention and treatment of 
cancer100. Particularly, Pediococcus species are 
strongly effective in alternative cancer therapies and 
functional food supplements because they have 
probiotic efficacy83. For example, P. acidilactici 
TMAB26, isolated from tomato pickles, known as 
MTCC 13014 strains, demonstrates significant 
potential in targeting cancer cells, which may enable its 
application in colorectal cancer research84. Similarly,  
P. pentosaceus OBK05 was evaluated for anticancer 
effects through in vivo and in vitro experiments. The 
cell-free supernatant (CFS) of OBK05 was 
experimented on mice models, which alleviated 
intestinal abnormalities in mice injected with HT-29 
cells along with strong anticancer activity101. The 
combination of living P. acidilactici cells together with 
their cell-free supernatant (CFS) reduced viability in 
MDA-MB 231 breast cancer cells during a 24-hour 
exposure102. 
 
Immune modulation 

The immune system functions as the essential 
component that determines both wellness and the 
conditions of illness. The gut immune system might 
undergo influence through the application of probiotic 
lactic acid bacteria (LAB). The growing scientific 
interest in immunobiotic LAB happens because these 
bacteria affect the gastrointestinal tract immune response 
at different levels of stimulation103-105. For example, the 
P. pentosaceus OZF strain survives digestion inside 
mice to eventually activate the immune system. The 
interaction between immune cells and bacteria shows 
evidence that it stimulates an immune response106. 
According to Singla et al.107, the livestock industry 
identified P. acidilactici SRCM102607 as an effective 
probiotic because it significantly improves the immune 
system, which stimulates high levels of TNF-α 
production, a cytokine crucial for immune responses. 
The use of P. acidilactici strains provides benefits of 
healthier livestock with better productivity and reduced 
antibiotic use, resulting in improved resistance to disease 
alongside sustainable farming practices, which makes it 
an important tool for contemporary livestock farming 
operations. 
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Antioxidant properties 
The antioxidant properties of LAB (Lactic Acid 

Bacteria) strains enable them to capture and neutralise 
reactive oxygen species (ROS). This ability helps to 
delay and prevent the oxidation of fermented food108-

109. The researchers observed that increasing 
concentrations of H2O2 triggered oxidative stress, 
which produced complete homeostasis breakdown 
and cell mortality while reducing ATP levels within 
the cells. The oxidative stress caused both 
morphological changes and membrane stability 
deterioration of P. pentosaceus R1. This microbe 
exhibited a strong defence capability through 
enhanced H2O2 tolerance along with increased 
antioxidant enzyme functions. The antioxidant 
defence system of P. pentosaceus R1 became more 
active after exposure to both 1 and 2 mM H2O2 
concentrations. This increase enhanced the overall 
antioxidant capabilities of the bacterial cells110. In 
addition, P. acidilactici proved to show both 
antioxidant and antihyperglycemic activities in cell-
free supernatants, indicating the presence of 
pharmacological metabolites and soluble factors in 
them. Thus, the P. acidilactici strain can be used as 
an alternative to synthetic drugs89. 
 
Other properties 

Chronic metabolic disorders like diabetes and high 
cholesterol are significant challenges to worldwide 
health. Studies indicate that using probiotics may 
demonstrate promise as a method to control these 
health conditions. Researchers investigated  
P. pentosaceus OBK05 for its potential antidiabetic 
and cholesterol-lowering properties through both  
in vitro and in vivo experiments. The cell-free 
supernatant (CFS) of OBK05 showed strong 
antidiabetic effects by inhibiting α-amylase (72%) and 

α-glucosidase (61%), close to the performance of the 
standard drug acarbose (86%). In cholesterol-fed 
mice, OBK05 significantly lowered lipid levels 
and reduced liver lipid droplet accumulation101. The in 
vivo trial performed on diabetic mice confirmed that 
all P. acidilactici demonstrated an important ability to 
reduce blood glucose and low-density lipoprotein 
concentrations in the mice. Notably, two of the four 
strains were significantly more effective (p<0.0001) 
than metformin at reducing blood glucose. This 
implies that P. acidilactici functions as a probiotic to 
prevent hyperglycemia, hypercholesterolemia, and 
gastrointestinal infections111. According to Song et 
al.112, two strains, namely, P. acidilactici SK and  
P. acidilactici OLS3-1, show effectiveness in slowing 
the onset of insulin resistance, which typically 
appears in the early stages of obesity when 
investigated through a diet-induced obesity mouse 
model. The illustration in Fig. 2 represents the 
functional and therapeutic characteristics of 
Pediococcus species together with their major 
attributes. 
 
Applications of Pediococcus species in the food 
industry 
 
Dairy product fermentation and preservation 

Lactic acid bacteria (LAB) conduct milk 
fermentation to produce fermented dairy products, 
which include cheese, yoghurts, and kefir. The 
bacterial species Pediococcus now attracts the dairy 
food fermentation industry due to its beneficial health 
properties. Research has highlighted the use of  
P. acidilactici and P. pentosaceus during the 
manufacturing process of different fermented food 
items. Consumers enjoy fermented dairy products 
because they have many nutritional elements along 

 
 

Fig. 2 — Functional and therapeutic properties of Pediococcus species and their attributes. 



KUMARI et al.: THERAPEUTIC APPLICATION OF PEDIOCOCCUS SPECIES 
 
 

389

with simple storage methods, high digestibility, and 
enough flavour content. P. pentosaceus serves as a 
highly valuable fermenter because it is naturally 
present in or added to cheese, enhances flavour, and 
accelerates the ripening of cheese72. Safety concerns 
over aflatoxins (Afs) contamination in dairy food 
products, particularly for young children. Martínez  
et al.113 highlighted P. pentosaceus for its role in 
binding and degrading AFM1, reducing toxin levels, 
and improving dairy safety. P. acidilactici Kp10 
demonstrated strong peptidase (leucine-arylamidase) 
and esterase-lipase (C4 and C8) activities involved in 
the development of fruity flavours and improved the 
quality of fermented dairy and meat products such as 
cheese, bacon, and fermented sausages114. 
 
Meat product fermentation 

The bio-fermentation technique for fermented meat 
products depends on using particular microorganisms 
to ferment raw meat, so it produces acids or alcohol, 
which lowers the pH. The preservation of the meat 
products occurs through this method, which inhibits 
the growth of spoilage and pathogenic bacteria and 
extends shelf-life. Additionally, microbial 
fermentation reduces unpleasant odours, making the 
product more appealing to consumers72. The 
application of Pediococcus species in meat products 
was examined by several researchers. Organic acid 
produced by LAB suppresses the growth of bacterial 
cells. Pediocin produced by P. acidilactici proved to 

inhibit the growth of L. monocytogenes in fermented 
sausages by routine preservation in a refrigerator at a 
lower temperature115. P. pentosaceus SWU73571 
improved the quality and safety of sour meat products 
when inoculated with Lactobacillus curvatus LAB26 
as a double-starter culture116. A multi-omics approach 
revealed that P. pentosaceus controls both the sensory 
characteristics and chemical breakdown products in 
fermented sausage production. Headspace SPME/GC-
MS detected a total of 27 volatile metabolites with 17 
distinct compositions between treatments and strong 
P. pantosaceus treatment effects, as well as combined 
P. pantosaceus and S. carnosus treatments. A 
UHPLC-MS analysis identified lipids (42.03%) as the 
leading non-volatile category, while organic acid 
(25%) came in second place among the detected 
metabolites, and both showed a strong correlation 
with 20 flavour compounds that differentiated 
samples117. The effects of different Pediococcus 
species on food products, inoculum counts, and 
processing parameters appear in Table 4. 
 

Bakery products fermentation 
P. pentosaceus SP2 has commercial potential as a 

dry, lightweight, and self-stable immobilized starter 
for industrial applications. P. pentosaceus SP2 strains 
prove to be an effective sourdough starter because 
producing bread using this bacterium results in 
improved acidity, higher organic acid content, and 
greater spoilage resistance compared to sourdough 

 

Table 4 — Influence of various Pediococcus species on food products, inoculum count, and processing conditions 
Food products Pediococcus species Inoculum Count  Processing condition Influence on food product 

quality indicator 
References 

Fermented 
sausages 

P. pentosaceus  
(KCTC-13100 strain)  
P. acidiliactici (PE1) 

7 Log CFU/g, 6 Log 
CFU/g 

Fermentation(1st 7 days): 23ºC, 
Ripening(next 21 days): 15ºC, 
anaerobic 

Improved colour and 
overall sensory 
acceptance 

57, 123 

Yogurt P. acidilactici BK01  
P. pentosaceus  
TOKAI 759 

9.106 -10.376 log 
CFU/mL, 0.5 × 109 

CFU/mL 

refrigerator temperature 4ºC. Enhanced taste, aroma, 
and texture; modulate 
microbiota & prevent 
inflammation. 

124, 125 

Sourdough bread P.pentosaceus LD7, 
P.pentosaceus SA8 

108 CFU cells /g electric oven at 180 ºC for 40 
min 

Extend shelf life, 
enhanced texture, aroma 
and taste, low pH inhibit 
spoilage 

126 

Cucumber Pickle P. parvulus HL14 9 log CFU/mL Fermentation 20-25 ºC / 
15days Storage 4 ºC /9weeks 

Probiotic viability and 
stability 

127 

Probioticated 
Mango juice 

P. pentosaceus, 
P. acidilactici 

1.5 × 10 8 CFU/mL incubated at 37ºCfor 72 h, 
stored at 4 and 25 ºCfor four 
weeks 

increased acidity and 
nutritional composition, 
enhanced Probiotic 
viability, possessed 
antimicrobial properties 

80 

Suancai P.pentosaceus  
CGMCC 

107 CFU/mL 6% salt, Preservation at 15 ◦C 
for 30 days 

Increased acidity, reduced 
nitrite, and enhanced 
flavour 

85 
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made with traditional wild microbiota. Freeze-drying 
and wheat bran immobilization by this starter proved 
most effective for maintaining its sourdough 
viability118. The combination of P. acidilactici (L19) 
and P. pentosaceus (J28) with wheat bran 
incorporated in black bean flour sourdough proved 
effective for enhancing bread baking quality and 
extending shelf-life together with staling properties119. 
 
Beverages applications 

The microorganism P. inopinatus chooses to utilise 
lees substances that make its growth cycle and biogenic 
amine formation more intense. When compared to 
other Pediococcus species, P. inopinatus produces both 
positive and negative outcomes that affect wine quality. 
The bacterium produces lactic acid that affects wine 
flavour but exposes the possibility of generating 
histamine under special scenarios. When chemicals 
exist in wine, people who have sensitivities face health 
issues along with off-flavours that develop in the 
beverage. Through proper nutrient management and 
effectiveness tracking, wine producers can preserve 
targeted flavours and defend their products from 
damaging transformations leading to bad tastes120. 
Biosuspension starter culture P. acidilactici HW01 was 
applied in malting operations to enhance 
microbiological stability and reduce filtration times 
while raising viscosity levels. Several acid and 
antimicrobial substances contribute to preventing malt 
from the beer spoilage bacteria of the genus 
Pseudomonas121. Pediococcus species, while often 
linked to spoilage in winemaking, show promise for 
producing pediocins as a sulphite-free method for 
controlling malolactic fermentation and enhancing 

stability, particularly in high-pH wines. Scientific 
studies need to investigate both beneficial Pediococcus 
strains while examining deterioration conditions and 
determining the relationship between vineyard 
practices and Pediococcus proliferation22. During the 
process of fermenting pasteurised broccoli juice, 
researchers used P. pentosaceus JBCC 106 as an 
inoculum strain. The number of broccoli juice cells 
reached their highest level at 12 hours of fermentation 
time, but subsequently declined while the juice acidity 
decreased along with increased antioxidant levels and 
elevated sulforaphane concentration122. Fig. 3 depicts 
different food production fields where Pediococcus 
species operate as well as their specific strain 
applications in each sector. 
 
Safety and regulation  

According to the Food and Drug Administration, 
Pediococcus species are recognized as safe (GRAS) and 
demonstrate therapeutic uses. Numerous bacterial strains 
show medical advantages when applied to human health. 
It is essential to consider any potential adverse effects 
from a consumer safety standpoint. Evaluating the 
overall safety of lactic acid bacteria-based food products 
requires examining their origin and nature, potential 
pathogenicity, method of administration, presence or 
absence of antibiotic resistance genes, exposure level, 
the health condition of the consumer, and the intended 
purpose of the product 128. However, the use of 
Pediococcus species in food production raises additional 
security risks since infections can affect 
immunocompromised people and antibiotic-resistance 
genes can spread, leading to harmful byproducts such as 
biogenic amines and D-lactate. In addition, many 

 
 

Fig. 3 — Applications of Pediococcus species in various branches of the food industry, along with strains used for production. 
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countries aim for safety and regulatory frameworks to 
protect consumers from misleading claims about food 
products. Different nations implement distinct regulatory 
rules in the commercial market depending on the 
intended use of Pediococcus species, demographic 
factors, and market dynamics129. The pharmacological 
functions of Pediococcus species present challenges, 
particularly as probiotics transition from food to 
medicinal use. These obstacles include strain stability 
concerns, maintaining quality control, and clearing 
complicated regulatory steps. For establishing 
Pediococcus species application with a wellness 
perspective, perform strain-specific research while 
implementing global standards for monitoring products 
after they reach the market safely. 
 
Future perspective for the study 

The taxonomic characteristics of Pediococcus 
species and their capacity to act as starter 
cultures,biopreservatives, and potential probiotic 
features have been discussed in the current study. 
Moreover, Specific research in the future should focus 
on identifying improved health-benefiting strains 
while implementing genetic optimisation to enhance 
novel functionalities. Studies that investigate 
particular Pediococcus strains for practical uses in 
defined medical and industrial applications will better 
reveal their industrial and therapeutic worth. 
 
Conclusion 

The reviewed studies focused both on Pediococcus 
species taxonomy and morphology while 
demonstrating different pharmacological applications 
related to probiotics, food preservation, and 
biopreservation functions. The food industry requires 
Pediococcus species to function as starter cultures as 
well as natural preservatives because of their unique 
ability to produce acids and demonstrate antimicrobial 
behaviour. The health advantages Pediococcus strains 
offer to gut health and immune system regulation make 
them promising substances for therapeutic use. Thus, it 
can be concluded that P. pentosaceus species functions 
as an effective probiotic bacterium and P. acidilactici 
exhibits superior properties for enhancing food product 
sensory performance. Various researchers established 
the industrial effectiveness of Pediococcus species 
through their studies.  
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