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1. Introduction

Abstract

Bacteriocins are antimicrobial peptide compounds derived from
gram-positive and gram-negative bacteria. Bacteriocins can be
cationic, anionic, and neutral. These compounds are synthesized in
bacterial ribosomes and have a broad spectrum of activity against
pathogenic bacteria. Some bacteriocins from lactic acid bacteria used
in the food industry are nisin, diplococcin, acidochilin, bulgarican,
helventicin, lactacin, and plantaricin. Bacteriocins produced by
Pediococcus spp., which are known as pediocins, can be used as
alternative preservatives in the food industry. Another type of
bacteriocin is plantaricin, which is produced by a group of gram-
positive bacteria, Lactobacillus plantarum, and can inhibit growth
and kill a group of gram-negative bacteria that are pathogenic.
Bacteriocins derived from lactic acid bacteria and used as
biopreservatives have several advantages, namely a) they are not
toxic and biodegrade easily because they are protein compounds; b)
they do not harm the intestinal microflora because they are easily
digested by enzymes in the digestive tract; c) they can reduce the use
of chemical food preservatives; and d) they are highly versatile and
can be utilized in various forms such as the form of bacteriocin-
producing bacterial culture strains or purified or semi-purified
bacteriocin compounds.

Bacteriocins are defined specifically related to colicin, a type of antibiotic protein synthesizing a
component that can kill or inhibit bacterial cell growth [1] and its absorption ability depends on
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specific receptors on the sensitive part of the bacteria [2]. Other colicin-type inhibitory effects
include relatively high molecular weight, sensitive inhibitory activity (generally restricted to
Enterobacteriaceae strains), and genetically determined plasmid combinations [3]. It has now been
found that most bacteriocins produced are from gram-positive bacteria. This does not follow the
characteristics of colicin. Bacteriocins tend to be more active against gram-positive strains of bacteria
[4]. Some bacteriocins, such as nisin, contain lanthionine, a modified amino acid formed after the
translation of the molecule. Lactic acid bacteria (LAB) can produce lactic acid that is helpful for
inhibiting the growth of unwanted microorganisms in food [5]. In addition to lactic acid, lactic acid
bacteria can produce various antimicrobial substances. Some examples of these antimicrobial
substances include hydrogen peroxide, diacetyl, organic acids, and bacteriocins. Bacteriocins are
antimicrobial peptide compounds derived from gram-positive and gram-negative bacteria.
Bacteriocins can be cationic, anionic, and neutral [6]. These compounds are synthesized in bacterial
ribosomes and have varied activities and a broad antimicrobial spectrum. Bacteriocins are
extracellular peptides or bioactive complexes produced by lactic acid bacteria. They are bactericidal
or bacteriostatic against other types of bacteria, especially those derived from strains of bacteria
closely related to the bacteria produced. However, in some cases, bacteriocins can also be broad-
spectrum by inhibiting the growth of or killing bacterial strains unrelated to the bacteria that produce
them [7].

Lactic acid bacteria are the group of bacteria that produce the most bacteriocins.
Generally, the bacteriocins secreted by LAB are small cationic peptides with 30 to 60 amino acid
residues and are heat resistant [8, 9]. Based on research that has been done, more than 50 different
types of bacteriocins are produced by LAB [10]. Some bacteriocins from LAB that have been
characterized are nisin produced from several Lactococcus lactis, Lactococcus A and B from
Lactococcus lactis subsp. cremoris, pediocin from Pediococcus acidilactici, lactacin from
Lactobacillus  johnsonii, lactostrepsin from Streptococcus cremoris, and curvacin from
Lactobacillus curvatus [11]. Bacteriocins are protein substances that generally have small molecular
weights and have bactericidal activity through protein synthesis regulated by plasmids [12].
Bacteriocins play many roles and provide many benefits. They can act as antagonists, and it is
because of this property that they are used as food biopreservatives. They are also able to inhibit the
growth of gram-positive and gram-negative bacteria and thus are used as therapeutic agents [13].
Several species of lactic acid bacteria that have been known to produce bacteriocins include
Streptococcus lactis, Lactobacillus plantarum, Lactobacillus acidophilus, Pediococcus acidilactici,
Enterococcus  faecum, Enterococcus lactis, Leuconostoc mesenteroides, and Listeria
monocytogenes [14, 15].

Bacteriocins are defined by several additional criteria: (1) they have a relatively narrow
spectrum of activity targeting mostly bacterial strains associated with the bacteriocin-producing
species, (2) the active compounds consist mainly of a protein fraction, (3) they have bactericidal
properties, (4) they have specific receptors that can recognize and inhibit or kill target bacterial
cells, and (5) their determinant genes are found in plasmids that have a role in production and
immunity [16]. Bacteriocins produced by lactic acid bacteria are active components of food
biopreservatives [17]. In addition, some bacteriocins are resistant and stable in heat treatment,
making them applicable to the heating process. Bacteriocins also have irreversible properties, are
easy to digest, positively affect health, and can be active at low concentrations [18]. In this review,
the biosynthesis of plantaricin and pediocin bacteriocins in lactic acid bacteria, antimicrobial
mechanisms, and their application as food preservatives are discussed.
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2. Bacteriocin Classification

Bacteriocins produced by lactic acid bacteria are classified into three main classes based on their
biochemical and genetic characteristics [19-21], namely:

1. Class I: Bacteriocins of this class are referred to as lantibiotics. The peptides in this
bacteriocin are small molecular weight (<5 kDa), modified in the post-transcriptional phase, and
contain one or more amino acids such as lanthionine, E-methyllanthionine, and dehydrated
dehydroalanine and dehydrobutyrine residues. Based on the functional and structural groups,
lantibiotics can be divided into types A and B.

a. Type A lantibiotics are cationic peptides extended by a lanthionine bridge. These
peptides work by interfering with the cell membrane of the target organism (e.g., nisin, subtilin, and
epidermin).

b. Type B lantibiotics are round and smaller peptides (up to 19 amino acid residues). These
peptides work by interfering with the enzyme function of the target organism. For example, they
inhibit cell wall biosynthesis (e.g., mersacidine, duramycin, and actagardin).

2. Class II: These are small molecular weight (<10 kDa) peptides that are unmodified and
heat resistant. The members of this class of bacteriocins form a helical (amphipathic) structure with
variable hydrophobicity and an E-Sheet structure. These peptides are stable when heated to 100°C-
121°C. So far, more than 50 class II bacteriocins from lactic acid bacteria have been isolated and
characterized. Class II bacteriocins include:

a. Class I1a: Pediocins, the largest and most studied subclass. These peptides have vigorous
anti-listerial activity and show the most significant identity in sequencing (40-70%).

b. Class IIb: Two-peptide bacteriocins. These bacteriocins require a combination of two
peptides for potent antimicrobial activity. Most of these bacteriocins are active when the peptides
are present separately but are optimally active with both present. Exceptions include the peptides
Lactocin G and Lactocin 705, which do not have antimicrobial activity when used separately.

c. Class Ilc: sec-dependent bacteriocins. These bacteriocins will cross the cytoplasmic
membrane via sec-dependent secretory pathways (e.g., acidosin B, divergicin A, bacteriocin 31,
enterosine P, and listeriosin 743A).

d. Class IId: Bacteriocins without direct sequencing. Unlike other bacteriocins, these
bacteriocins are synthesized without a primary N-terminal or sequencing signal. This subclass
consists of the two-component bacteriocin enterosine L50 and the single peptide enterosine Q,
produced by Enterococcus faecium 150, and Aurosin A70, produced by Staphylococcus aureus
A70.

e. Class Ile: Bacteriocins with cyclic peptides. In contrast to linear bacteriocins, these
bacteriocins become cyclic by forming a head-tail peptide binder. (Example: AS-48, gassericin A,
and circularin A)

f. Class IIf: Other unmodified bacteriocins. This group contains other class II bacteriocins
that do not resemble the structure and motifs of any subclasses.

3. Class III: Peptides with a significant molecular weight (>30 kDa) that are not heat-
resistant. Only a few bacteriocins of this class have been identified (e.g., helveticin J, helveticin V,
acidophilusin A, lactacin A, and B).

2.1 Bacteriocin biosynthesis and secretion

The production of bacteriocins requires at least four genes. One or two operons generally regulate
these genes. One gene encodes a peptide precursor (pre-peptide), and then the second gene
determines the immunity of the target organism (Figure 1). The third gene codes for the Human
ATP-binding cassette (ABC) transporter (a membrane transporter), so the propeptides can cross the
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membrane simultaneously [22]. Finally, the fourth gene encodes an accessory protein required when
secreting bacteriocins (Figure 1). Histidine kinases are activated by mature-inducing peptides and
regulate the phosphorylation response. The regulator of this response binds to DNA and activates
genes. Prebacteriocin and preinduced peptides cross the membrane sequentially [23].

Figure 1. Mechanism of bacteriocin biosynthesis [13]
2.2 Mechanism of action of bacteriocin

Generally, bacteriocins from gram-positive bacteria are active against other types of gram-positive
bacteria [1, 4]. However, some species (such as nisin) also have activity against gram-negative
bacteria when the outer membrane of the bacteria is permeable [20]. Type A lantibiotics and some
class II bacteriocins are membrane-activating peptides that destroy the cytoplasmic membrane
integrity of target cells through pore formation [1, 2]. These bacteriocins cause leakage of low
molecular weight metabolites or expulsion of proton pressure (Proton Motif Force, PMF) [2, 3].
PMF is an electrochemical gradient across the cytoplasmic membrane consisting of a membrane
potential (y) and a pH gradient, which guides ATP synthesis and accumulates other ions and
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metabolites. The decrease in target cell PMF, induced by bacteriocin activity, leads to cell death by
stopping the energy-generating reaction [2, 3].

3. Plantaricin

One type of bacteriocin is plantaricin that is synthesized explicitly by a group of gram-positive
bacteria. For example, Lactobacillus plantarum producing plantaricin can inhibit growth and kill a
group of gram-negative pathogenic bacteria [24]. Some of the characteristics possessed by
plantaricins are generally small, thermostable, and cationic or hydrophobic. These antimicrobial
compounds are non-toxic to humans and easily degraded by proteolytic enzymes. They do not harm
the intestinal microflora because digestive enzymes easily digest them, and moreover they are stable
to changes in pH and temperature [25]. Plantaricins can inhibit the growth of pathogenic bacteria
such as Escherichia coli, Staphylococcus aureus, Bacillus cereus, and Salmonella typhimurium [26].
Plantaricins display promising antimicrobial properties and have the potential to be developed at the
application stage. Bacteriocins such as plantaricins can be used as natural biopreservatives. They
contain antimicrobial compounds that can damage or inhibit the growth of pathogenic bacteria and
thus extend a food product's shelf life [27].

The mechanism of plantaricin IIA-1AS5 in destroying bacterial cell membranes is by
inhibiting the synthesis of cell membranes where plantaricin adheres to cell membranes and
interferes with the permeability properties of bacterial cells and then form pores. When the
membrane pores are enlarged, a severance of crosslinks between N-acetylglucosamine and N-
acetylmuramic polypeptides, that are made up for peptidoglycan, occurs [28]. When crosslinking
occurs, the bacterial cell wall will become easily damaged. The target of bacteriocins produced by
lactic acid bacteria is the cytoplasmic membrane of sensitive bacterial cells, which can have fatal
consequences for the survival of these cells. All living cells are limited by a cytoplasmic membrane
that is selectively permeable and carries out active transport, thus playing a role in controlling
components in the cell. When the integrity of the cytoplasmic cell membrane is disturbed, the
substances in the cell escape from the cell, causing damage or cell death [29].

The initial step of the action of plantaricin is the attachment of plantaricin molecules to
specific membranes (receptors) or non-specific membranes. When the bacterial cell membrane has
been damaged, it will cause the release of protein and genetic material. Damage to bacterial cells
due to antibacterial compounds can also be caused by damage to the hydrophobic bonds of
components that make up cell membranes, such as proteins, phospholipids, and the dissolution of
hydrophilic and hydrophobic components. When this occurs, the permeability of the cell membrane
is increased, facilitating the entry of antibacterial components into the cell and the release of cell
substances such as proteins and nucleic acids, and causes cell damage. Bacteriocins have various
effects on the bacteria. Leukonosine S and plantaricin C19 have bacteriostatic effects [30].
Bacteriocins have bacteriostatic properties based on their ability to inhibit the viability of the growth
rate of pathogenic bacteria. Several bacteriocins have bactericidal activity, such as bacteriocin
PsVP-10, plantaricin C from Lactobacillus plantarum 1L1L441, and plantaricin L-1. Bacteriocins
have bactericidal properties by forming non-selective pores in the cell membrane, thus releasing cell
contents and resulting in cell death [31].

In general, bacteriocins from LAB can fight other bacteria with bactericidal effects. The
mechanism of bactericidal activity of some bacteriocins, in general, is as follows: (1) bacteriocin
molecules come into direct contact with the cell membrane, and (2) this contact disrupts the
membrane potential producing cytoplasmic membrane instability, and the cell becomes weak, (3)
membrane instability can have an impact on the cell membrane [1, 7]. Formation of holes or pores
in the cell membrane occurs through the process of interference with PMF (Proton Motive Force)
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[31]. The administration of plantaricin-IIA1AS showed a bactericidal effect, as indicated by
observations of UV-absorbance, where turbidity occurs due to the presence of cell material (ions,
proteins, and genetic material) from the inside of the membrane. The ability of plantaricin to damage
cell membranes can be explained using two models, the barrel-stave model and the carpet model.
The mechanism by which plantaricins destroy bacterial cell membranes according to the barrel-
stave model begins with the absorption of the helical structure of the plantaricin to the cell membrane
through the hydrophobic region [25].

In contrast, the hydrophilic region of the plantaricin molecule freely interacts with the
solvent. After the plantaricin reaches the concentration limit, the plantaricin will form pores in the
membrane, with the hydrophobic surface facing outward and the hydrophilic surface facing inward,
resulting in cell leakage [25]. At the beginning of the attachment of the bacteriocins onto the
membrane surface, the bacteriocins form tiny pores, which then enlarge as more bacteriocin
molecules enter the cell, a process which can result in the release of cell material from the membrane
and cell death. Leaks that occur due to the formation of holes in the cytoplasmic membrane are
indicated by the activity of molecules that enter and leave the cell. The leakage that occurs impacts
the decrease in the cellular pH gradient. In general, the formation of cytoplasmic holes due to the
presence of bacteriocins causes changes in membrane potential gradients, the release of intracellular
molecules, and the entry of extracellular substances [32]. This effect causes cell growth inhibition
and results in cell death in cells sensitive to bacteriocins. The mechanism of plantaricin damage to
cell membranes as described in the carpet model is indicated by the absence of pore formation on
the cell membrane. Plantaricin will stick to the surface of the cell wall and will stretch like a carpet.
Furthermore, plantaricin can cause lysis of all cell wall surfaces that have been covered. Cell wall
lysis can have an impact on cell membrane damage. The cell membrane will be easily damaged
because there is no cell wall as a wrapper and due to strong pressure from within the membrane.
Without a cell wall, the cell membrane cannot withstand the osmotic pressure inside the bacterial
cell, so the cell will burst [25].

4. Pediocin

Bacteriocins produced by Pediococcus spp. are known as pediocins, and they can be alternative
preservatives for the food industry. Pediocin has been commercialized under the name AltaTM 2341
and has been used in American and European countries as a preservative, especially in meat
products, to prevent the growth of Listeria monocytogenes. Pediocin belongs to class Ila
bacteriocins, which are small (<10 kDa) peptides, cationic, hydrophobic, heat stable, strong anti-
listeria, and not the result of post-translational modifications. Pediocin generally has a molecular
weight (BM) ranging from 2.7-17 kDa. According to Ennahar et al. [33], pediocin can be used as a
substitute for nisin because it has a wide pH range and is stable to heat. Pediocin's mode of action
is bactericidal, involving binding, insertion, and pore formation processes that result in the wasting
of proton motive force (PMF) and leakage of intracellular substances leading to the death of the
target bacteria. Pediocin containing the motif of Tyr-Gly-Asn-Gly-Val amino acid residues can form
pores with a barrel stave mechanism, where pediocin binds to specific receptors of bacterial cell
membranes, making the hydrophobic surface of pediocin interact with membrane phospholipids.
The target bacteria are hydrophobic, then the hydrophilic surface of pediocin creates a pore in the
interior of the hydrophilic cell and creates a channel that causes leakage and cell death [34].
Pediocin, a bacteriocin from lactic acid bacteria, is not toxic and safe to use as a food
preservative to prevent food damage caused by pathogenic bacteria. This is because proteolytic
enzymes quickly degrade bacteriocins, so bacteriocin fragments do not last long in the human body.
In addition, pediocin has peptides that are bactericidal activity against gram-positive bacteria,
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including pathogenic bacteria but has no effect on eukaryotic cells and has high stability against
high temperatures and low pH. This supports the application of pediocin as an antimicrobial in
various foodstuffs. Some strains of P. acidilactici and P. pentosaceus can produce pediocin [33].

4.1 Production of pediocin

Pediocin is produced by Pediococcus sp., which are included in the group of lactic acid bacteria,
namely gram-positive bacteria, cannot form spores, are catalase-negative, resistant to acid, with
optimum growth pH between 4.0-4.5, and grow under microaerophilic to anaerobic conditions.
Pediococcus is a bacterium with non-motile (not moving) characteristics and a spherical shape.
Bacterial cells of Pediococcus are present in pairs or tetrads (composed of four cells) and are
facultative anaerobes; requires an environment rich in nutrients containing growth factors and
fermentable sugars. Pediococcus sp. are homofermentative (produce only lactic acid) and cannot
use pentoses (C5-atom carbohydrates). The optimum growth temperature is 25-30°C, while the
optimum pH is around 6.0. Pediococcus has species and strains that differ in their tolerance and
resistance to oxygen, pH, temperature, antibiotic resistance, and NaCl. Some Pediococcus strains
have one or more plasmids of various sizes, some of which can encode genes for carbohydrate
fermentation and bacteriocin production [35].

Pediococcus acidilactici and P. pentosaceus are commonly used to ferment vegetables
and meat. Both are the main species used for pediocin production, as starter cultures in fermentation
processes and as probiotic supplements for humans and animals. Pediococcus pentosaceus, in
general, has similar characteristics to P. acidilactici, where the two are only distinguished by growth
temperature and resistance to salt. Pediococcus pentosaceus does not grow at a temperature of 50°C
and is resistant to salt concentrations up to 10%, while P. acidilactici is the opposite. The optimum
temperature for its growth is 28-35°C. Most strains are known to ferment glucose, ribose, galactose,
arabinose, and fructose, to DL-lactate, while only a few strains can ferment lactose and xylose [36].
Pediococcus pentosaceus 2A2, used in this study, is a bacterium isolated from fresh beef sold in the
Bogor regional market. Based on the 16S-23S ribosomal RNA sequence analysis, P. pentosaceus
2A2 was included in the P. pentosaceus ATCC 25745 group with a 97% NCBI BLAST match. The
genome of P. pentosaceus ATCC 25745 contains a group of genes that regulate the bacteriocin
system, which results in solid bacteriocin activity. Therefore, the producer has immunity to
bacteriocins resulting from having specific immune proteins [37].

Pediocin production occurs in the exponential growth phase until it enters the stationary
phase. Biologically, pediocin is synthesized as an inactive pre-peptide with one N-terminal group
on the main peptide to be translated into a C-terminal propeptide. After the translation process, the
principal peptide that carries the propeptide molecule will be transported from the cytoplasm to the
outside through the membrane with ABC carrier bonds that act as an endopeptidase. This ABC
carrier bond will cleave the main peptide so the propeptide portion can be released into the
environment. In contrast, the principal peptide remains in the cytoplasm to be able to return to play
arole in further pediocin synthesis. The propeptides released are pediocin molecules formed [19].

According to Reis et al. [38], the composition of the media will affect the production of
bacteriocins and their antimicrobial properties. Most of the pH values for bacteriocin production are
likely species or strain dependent. The synthetic medium commonly used for pediocin production
is MRS (deMan Rogosa Sharpe). MRSB is a liquid medium commonly used to grow LAB. This
synthetic medium is relatively expensive. Several studies have been conducted to produce
bacteriocins using inexpensive media, such as molasses. Molasses is a by-product of cane sugar
production, which contains sugar and organic acids, has a sucrose content of 44-50% with a pH of
5.5-6.5 obtained during the cane sugar bleaching process. It is the cheapest source of organic carbon
and energy source for the growth of microorganisms. Molasses is generally exported abroad at low
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prices, even in many places. This waste is the cause of environmental pollution problems due to the
content of calcium oxide, which can reduce oxygen levels in the soil.

Bacteriocin production using molasses media has been widely carried out [2, 19] by using
4% molasses in MRSB media inoculated with LAB strain SCG 1223. The results showed that the
highest bacteriocin activity against E. coli was obtained. In addition, according to De Vuyst and
Leroy [13], the growth of Lactobacillus plantarum AMA-K in 10% molasses medium was
equivalent to growth in MRSB, where the bacteriocin produced by Lactobacillus plantarum AMA-
K had similar homology to pediocin PA-1. Cleveland et al. [7] also produced pediocin using P.
pentosaceus 2A2 isolate in growth media containing 30% molasses at 37°C for 24 h. Analysis with
SDS-PAGE provides information that the molecular weight of pediocin crude extract (EKP) is 8.1
kDa. The EKP produced is heat resistant (80°C for 30 min, 100°C for 15 min, 121°C for 15 m) and
stable to pH 2.0, 4.0, and 6.0. The antimicrobial activity of the EKP obtained against the indicator
bacteria L. monocytogenes ATCC 7644 resulted in a zone of inhibition that was not significantly
different from that of MRSB. EKP's comparative test results against commercial synthetic
preservatives, such as sodium benzoate (1000 ppm) and sodium nitrite (30 ppm and 300 ppm),
resulted in a larger pediocin inhibition zone compared to commercial synthetic preservatives. This
shows that pediocin can be effectively used as a food preservative, especially as a substitute for
synthetic preservatives.

4.2 Characteristics of pediocin

Pediocin is one type of bacteriocin, an antimicrobial composed of peptides or short-chain proteins
synthesized in the ribosomes. It can inhibit the growth of other bacteria, even at low concentrations.
Although this bacteriocin can be categorized as an antibiotic, it is not an antibiotic. The main
difference between bacteriocins and antibiotics is that these bacteriocins limit their antibacterial
activity to strains that are closely related to the strains of the bacteria that produce them, generally
of the same species, while antibiotics have a broader spectrum of activity and although their activity
is narrower, their effects are not related to bacterial strains that have proximity to the producing
bacteria. In addition, bacteriocins are synthesized in the ribosomes and produced in the primary
growth phase, whereas antibiotics are generally secondary metabolites. Pediocin is a class Ila
bacteriocin, one of the most studied bacteriocins, and has been widely characterized and used as a
natural food preservative. According to Jack et al. [39], class I and Ila bacteriocins are the most
abundantly available and have the potential for industrial applications.

Pediocin is a safe antimicrobial. Lavermicocca et al. [40] explained that this safe property
was due to pediocin being a bacteriocin produced by Lactic Acid Bacteria (LAB), which is not toxic.
The safe nature of LAB causes these microorganisms to be classified as food-grade microorganisms
or known as generally recognized as safe (GRAS) microorganisms, which are microorganisms that
are not at health risk. Protease enzymes can inactivate pediocin in the digestive system with little
effect on the natural microorganisms present in the human digestive system. This bacteriocin does
not affect the sensory quality of the food added [41].

Pediocins generally have varying molecular weights (BM). Pediocin SA-1 from P.
acidilactici NRRL B5627 has a BM of 3.66 kDa, pediocin K23-2 produced by P. pentosaceus K23-
2 has a BM of 5 kDa [22], even pediocin ACCEL which produced P. pentosaceus ACCEL has a
BM of 17.5 kDa. In addition, pediocin is encoded by plasmids, making it possible for genetic
manipulation [24]. Pediocin is not a post-translational modification, is a small peptide (<10 kDa),
cationic, hydrophobic, heat stable, does not contain lanthionine, and belongs to class Ila
bacteriocins, namely bacteriocins with anti-listeria solid effect, and has a sequence Tyr-Gly-Asn-
Gly-Val at terminal N.
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Pediocin is also stable at hot temperatures, sterilization temperatures, and refrigeration
temperatures up to -80°C. Pediocin is reported to have four cysteine residues that form 2 disulfide
bonds. This disulfide bond contributes to its heat resistance properties. Its activity persists over a
wide pH range but is sensitive to most proteases. Based on its properties, pediocin has the potential
to be a natural preservative. Amino acid sequencing results showed that pediocin consists of amino
acid residues KYYGNGVTXXGKHSXVDXG, where X is an unidentified residue at positions
9,10,15,18 from the N terminal. The characteristic of pediocin is a near Tyr-Gly-Asn-Gly-Val
sequence with the N-terminal characteristic of class Ila bacteriocins. Different pediocins have
similar biochemical properties despite having a wide range of molecular weights.

4.3 Purification of pediocin

Purifying pediocin is very important to know its function and evaluate its potential to be applied to
various foods. This bacteriocin will be secreted in the growth medium, so the initial step is to
concentrate the bacteriocin from the supernatant culture using ammonium sulfate precipitation. The
principle of protein deposition using ammonium sulfate was described by Kim et al. [42]. Protein
solubility will increase in the presence of salt, which is the salting process. At higher salt
concentrations, protein solubility generally decreases, resulting in precipitation, which is salting out.
Salt that causes a decrease in protein solubility can increase the conformational stability of the
protein. A higher salt concentration is required to precipitate proteins with smaller molecular
weights than proteins with larger molecular weights. Therefore, the protein deposition process uses
saturated ammonium sulfate salt to a concentration of 90%. Ammonium sulfate or (NH4),SO4 has
the highest solubility of other phosphate salts, so it is most often chosen as a salting-out reagent.
Precipitation of protein with ammonium sulfate has various advantages, including being
economical, increasing protein stability to prevent protein denaturation, preventing proteolysis, and
reducing sample application time at the chromatographic stage [42].

Although the protein deposition procedure with ammonium sulfate salt aims to reduce
the volume of bacteriocins, it does not produce bacteriocins with a high level of purity. Therefore,
further purification steps using preparative techniques focusing on isoelectric pH or separation using
chromatography, including cation exchange, gel filtration, hydrophobic interactions, and RP-HPLC
(reverse-phase liquid chromatography), are deemed necessary to achieve a significant level of
bacteriocin purity. Many studies have been carried out on the purification process of pediocin.
Bacteriocin purification can be done by precipitation of ammonium sulfate, ion exchange
chromatography, hydrophobic interaction, and RP-HPLC [43]. According to Martinez et al. [44], as
the first choice, the SP (sulfopropyl) sepharose or CM (carboxymethyl) sephadex cation exchange
column is the most widely used procedure. Kumar and Srivastava [45] used the pediocin purification
method by precipitation of ammonium sulfate and cation exchange chromatography (SP Sephadex)
to obtain pure pediocin.

According to Joerger [46], cation exchange chromatography is commonly used for
separating and purifying charged proteins, polypeptides, nucleic acids, and other molecules. This
technique involves three stages: (1) the occurrence of an equilibrium stage of the ionic group, which
is ready to bind charged molecules, (2) the entry of the sample and the binding of the sample to the
ion group, which has the opposite charge from the sample. The buffer will wash out the unbound
component, and (3) the bound sample is separated by changing the eluent condition, which does not
support the molecule's binding based on its ionic strength, and generally involves increasing the
ionic strength or changing the pH of the elution buffer. The use of cation exchange gel is only stable
at pH 5-8. To facilitate sufficient binding and elution, the required pH for cation exchange
chromatography is lower than the isoelectric pH of the sample. Pediocin has an isoelectric pH of
8.67-8.85. The sample begins dissociating from the cation exchange at 0.5-unit intervals from its
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isoelectric pH, so the 4 variations used for sample elution are pH 5.5, 6.0, 6.5, and 7.0. Different
pediocin purification treatments resulted in different pediocin-specific activities. Purified pediocin
has also been characterized to test its stability against temperature, pH, and proteolytic enzymes.
According to Karthikeyan and Santosh [6], purified pediocin SM-1 was stable for 60 min at 100°C,
even at 121°C. Storage for one year at a temperature of -80°C and -20°C did not affect its activity.
SM-1 pediocin resistance is in the pH 3.0-12.0 and inactive at pH 2.0, 13.0, and 14.0. The purified
pediocin SA-1 was stable for 60 min and heat at 121°C. Even though it was storage for four weeks
at -80°C, -20°C, 4°C, and 30°C, its antimicrobial activity was not affected. The purified ACCEL
pediocin is inactive in the presence of protease enzymes and remains stable at pH 2.0-6.0 at
temperatures below 100°C. The activity of as much as 80% persisted after being heated at 121°C
for 15 min at pH 2.0-6.0 [47].

4.4 Mechanism of action of pediocin

The mechanism of action of pediocin is almost the same as the mechanism of bacteriocin in general,
i.e., inhibiting the target bacteria by damaging the cell membrane and creating pores that cause cell
death. The antimicrobial mechanism interferes with the target organism's cell wall or membrane by
binding it to cell surface receptors. The cytoplasmic membrane of gram-positive bacteria is a target
for pediocin. Pediocin works by changing the permeability of the cytoplasmic membrane through
the formation of pores by inserting the C-terminal into the membrane. Pediocin, a hydrophobic
molecule, when in contact with target bacteria, can reduce the stability of the cytoplasmic
membrane. This disrupts the membrane permeability and potential, causing the cell to lyse. Pediocin
kills sensitive bacteria by forming pores in their cell membranes, causing disruption of the
transmembrane potential and disrupting the balance maintained by the bacteria with the surrounding
environment. Pediocin, like most other bacteriocins, consists of cationic and amphiphilic peptides
because it contains excess lysine and arginine residues. The molecular mechanism of cell lysis is
still not clearly understood. However, it leads to different or varied modes of action of
transmembrane pore formation with detergent-like effects on the membrane. Pediocin SM-1,
pediocin SA-1, pediocin CP2, pediocin 05-10 were reported to have bactericidal properties. Pediocin
PA-1 was highly active against L. monocytogenes, while pediocin SM-1 was more active and
effective against LAB and Listeria spp. Like other pediocin, pediocin SM-1 is inactive against gram-
negative bacteria such as Salmonella spp. [44].

Many studies have been carried out on the mode of action of pediocin. Pediocin PA-1 is
a bacteriocin produced by LAB that shows potent activity against L. monocytogenes, a pathogenic
food bacterium of concern to the food industry. The mode of action of pediocin PA-1, which is
bactericidal, consists of 3 steps: binding pediocin to the cytoplasmic membrane, then entering the
membrane, and forming a pore complex. This process eventually leads to cell death, which can
occur with or without cell lysis [48]. The mechanism of action of pediocin PA-1 begins with
pediocin molecules approaching the cell surface, followed by specific binding of receptor
components on the cytoplasmic membrane. Then pediocin molecules enter the membrane,
aggregate, and form an oligomeric structure. In this phase, hydrophilic pores are formed, which can
cause the release of small molecules and ions, resulting in cell death. Finally, tryptophan residues
from pediocin PA-1 enter the anionic membrane, which involves electrostatic interactions between
positive ions from pediocin and negative ions on bacterial membranes that play a role in the binding
of pediocin to the target membrane. /n vivo studies of pediocin PA-1 on L. monocytogenes show
death. Pediocin induces cytoplasmic ATP depletion, irreversible K* ion depletion, and phosphate
with cell death depletion. The depletion of ATP is due to the cell having to maintain its proton
motive force (PMF) rather than the inability of the cell to form ATP due to the loss of phosphate
[49].
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The formation of pores by pediocin uses a barrel stave model in which pediocin will bind
to specific receptors of the bacterial membrane and oligomerize. The oligomer enters the center of
the hydrophobic membrane, and the hydrophilic surface of pediocin creates a pore to the inside.
Hydrophilic cells form transmembrane pores. Optimum electrostatic interaction is required,
influenced by pediocin concentration, so the peptide can associate to form an active aggregation
conformation. The concentration of pediocin determines the size limit of the escape of molecules
out of the pores because a higher concentration of pediocin is needed to pass molecules with a
molecular weight above 9400 Da. The formation of pores in the cytoplasmic membrane of the target
cell can disrupt the transmembrane electrical potential, inhibit amino acid transport, and cause the
depletion of small ions [50].

The mechanism of action of pediocin AcH, initially, pediocin AcH binds to a non-specific
receptor, which is probably LTA (lipoteichoic acid). When non-specific areas are decomposed
(which only occurs in sensitive cells), pediocin AcH binds to specific receptors and disrupts
membrane integrity resulting in membrane disintegration and loss of K™ ions and other small
molecules. The target bacteria will lose the ability to replicate. Even for some strains, it can cause
loss of structural integrity and cause cell lysis. The specific receptor is absent or cannot be bound in
resistant gram-positive bacteria. In gram-negative bacteria, there is no non-specific and specific
receptor for pediocin AcH. Pediocin AcH forms a complex with LTA. This LTA is only present in
gram-positive bacteria but not in gram-negative bacteria, thus explaining why pediocin AcH is
absorbed in gram-positive bacteria, not in gram-negative bacteria.

5. Application of Bacteriocin as a Food Preservative

Contaminating microorganisms during food processing, transportation, and storage can cause food
poisoning, disease or infection, and food spoilage. This is a fundamental problem in the industrial
world because it causes huge losses. The use of preservatives as additives in food is done to
overcome this. Food companies must consider carefully and use as few non-food additives and
synthetics as possible. Consumers who are aware of the importance of health are more interested in
foods that do not contain preservatives, especially those from non-food ingredients. The orientation
of the search for preservatives is that which consumers can accept. It is naturally found in food, for
example, derived from plants and animals or produced by microorganisms called biopreservatives.
Bacteriocins derived from various lactic acid bacteria (LAB) are natural ingredients that can be used,
and they are tested to be safe substances [51]. Bacteriocins produced by LAB have attracted much
attention recently due to their potential use as preservatives. This substance is a protein, and it can
be degraded in the digestion of humans and animals. LAB bacteriocins have been widely used as
food biopreservatives, especially in cheese, milk, and other products. Some bacteriocins are heat
stable, thus making them applicable to heat treatment. Bacteriocins are irreversible, easy to digest,
positively affect health, and active at low concentrations. Bacteriocins from LAB are readily
accepted as additives by health experts and, more importantly, by consumers because LAB is usually
naturally present in fermenting food [52].

5.1 Application of lactic acid bacteria and bacteriocins in food to inhibit
L. monocytogenes

Among the antimicrobial compounds produced by lactic acid bacteria, lately, bacteriocins have been
the most widely applied as antimicrobials in foodstuffs. This is because it effectively inhibits and
kills several pathogenic bacteria that often contaminate food. In addition, bacteriocins are also
capable of being produced. They have a reasonably high activity at low temperatures. They can
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work synergistically with low-temperature storage treatments to improve food safety against
pathogenic bacteria, especially those resistant to low temperatures, such as L. monocytogenes.
Another advantage of bacteriocin is that it provides an antimicrobial effect without causing
significant changes in the taste and appearance of the resulting product, so it has broader application
possibilities.

Some bacteriocins produced by lactic acid bacteria from food have been isolated and are
known to have antimicrobial effects against L. monocytogenes, including nisin produced by
Lactococcus lactis, plantaricin UG1 from Lactobacillus plantarum isolated from dried sausage,
plantaricin D from Lactobacillus plantarum strain BFE 905 isolated from salad vegetables,
thermophilin 347 produced by Streptococcus thermophilus 347 isolated from yogurt, acidocin A
produced by Lactobacillus acidophilus TK9201, bavaricin A from Lactobacillus bavaricus M1401
isolated from sourdough, bavaricin MN from Lactobacillus sake MN, pediocin JD from the strain
Pediococcus acidilactici JD 1-23, enterocin 226NWC produced by Enterococcus faecalis 226
isolated from whey culture used as a starter in the manufacture of Mozzarella cheese from buffalo
milk, divercin and piscicocin produced by Carnobacterium strains from processed fish products.
Many studies have been conducted on applying lactic acid bacteria or the compounds they produce
to food products to inhibit the growth or kill pathogenic bacteria L. monocytogenes, thereby
increasing the safety of these foodstuffs. Research on applying lactic acid bacteria and the
compounds produced as anti-listeria to foodstuffs has been carried out on fresh and processed foods
and animal and vegetable products. Lactic acid bacteria or the compounds produced are applied
alone or in combination with other treatments [53].

5.2 Application of bacteriocins in livestock and poultry meat

Reis et al. [38] successfully isolated Lactobacillus bavaricus MN from meat products which showed
antagonistic effects against L. monocytogenes in beef. This strain inhibited the growth of L.
monocytogenes Scott A inoculated on meat products in solution (beef gravy) stored at 4°C.
Inhibition was seen at a concentration of Lactobacillus bavaricus 10> CFU/ml against L.
monocytogenes inoculated in 10 times more significant amounts. Other strains that also showed anti-
listeria effect were five strains of Lactobacillus sakei. The five strains up to 10°CFU/g inhibited the
growth of L. monocytogenes in cooked sliced meat packaged in a vacuum or with gas and stored at
8°C. Inhibition can be caused by one of these strains or by several strains acting synergistically.
There was no sensory quality deviation in these products until storage for 21 days. In addition to
being added in the form of bacterial culture, bacteriocins produced by lactic acid bacteria are also
widely studied for application to meat products to provide antagonistic effects against L.
monocytogenes. The antimicrobial effect of commercial nisin (nisaplin) was investigated by
Udhayashree ef al. [30] to inhibit the growth of L. monocytogenes in turkey meat. Nisin is added to
the hot water used to marinate the turkey. Leuconostoc monocytogenes is applied in two ways: in
hot water soaking turkey and applied directly to the turkey skin. The addition of nisin caused a
decrease in the amount of L. monocytogenes by 1 log CFU/ml when cells were added to turkey skin.
The decrease continued if the sample was stored at refrigeration temperature. The heat from the
washing water showed a synergistic effect with nisin, indicated by a more significant decrease of
log 2 after immersion when L. monocytogenes cells were given to the washing water. After storage
at refrigeration temperature for 48 h, L. monocytogenes cells were killed with that treatment.

In addition, the inhibitory activity against L. monocytogenes Linll was investigated by
two bacteriocins, namely nisin and pediocin AcH, in minced raw pork stored aerobically at 5°C.
The bacteriocin was applied to the soaking stage before the meat was minced. The result was that
nisin was more efficient than pediocin AcH. However, after two days of storage, bacteria surviving
on meat grew at the same rate as controls not treated with lamti-containing bacteriocin. Furthermore,
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it was found that bacteria that survived after being treated with nisin became more resistant to the
bacteriocin.

In contrast, those who survived after being treated with pediocin AcH remained
susceptible. Further observations show that the loss of bacteriocin activity, especially in pediocin
AcH, is caused by the rapid degradation of the protease enzyme in pork to the bacteriocin. From this
study, it can be concluded that nisin is more suitable to be applied to soaking pork before chopping
to inhibit L. monocytogenes. However, the concentration given is considered because if there are
still bacteria that can survive, they may become a new population more resistant to nisin and other
bacteriocins [54].

Ge et al. [55] investigated the antimicrobial effect of lactic acid, nisin, and pediocin on
L. monocytogenes in beef. The meat was sliced into cubes (1 cm?) and then given lactic acid (2%),
nisin (4x10* TU/ml) and pediocin (3.2x103 IU/ml). Meat treated with antimicrobials was soaked for
1 min in L. monocytogenes cell suspension, then stored at 4°C for 48 h. The results showed that
adding lactic acid, nisin, and pediocin significantly reduced the number of L. monocytogenes cells
at 1.7, 1.1, and 0.6 log CFU/ml of the meat surface (6 cm?), respectively [20]. In combination with
sorbate, nisin also has an anti-listeria effect on beef stored at refrigeration temperature. The sterile
beef steak was inoculated with three strains of hemolytic pathogenic L. monocytogenes at about 5
log CFU/cm?, and the surface of the meat was treated with an antimicrobial lamtan consisting of
1.0% sorbate plus 1000 IU/ml nisin. Then the meat is vacuum-packed with 100% CO; and stored at
4°C for 4 weeks. In meat not added with nisin and sorbate, the growth of L. monocytogenes reached
1.79 log rounds, while in meat packaged with 100% CO,, the listeria population decreased by 0.54
log rounds [20]. In meat with added nisin and sorbate, with vacuum packaging, the amount of L.
monocytogenes was 96.5% of the inoculated amount [30]. However, the lag phase of the remaining
bacterial cells was not affected. Meanwhile, in meat added with nisin and sorbate and packaged with
100% CO,, the number of L. monocytogenes decreased by 89.3% from the original amount, and the
lag phase of the remaining bacteria was extended [20].

The combination of nisin with EDTA was also shown to have an antagonistic effect
against L. monocytogenes in fresh beef cut into cubes (2.5 cm?). The meat was inoculated with about
7 log CFU/ml L. monocytogenes Scott A and immersed in a solution of nisin or nisin combined with
EDTA for 10 min [20, 30]. The samples were then drained for 15 min, vacuum packed, and stored
at 4°C for 30 days. The results showed that immersion in the nisin solution reduced the population
of L. monocytogenes by 2.01 CFU/cm?. The combination of nisin with EDTA decreased to 0.99
CFU/cm? after 30 days of storage compared to controls not dyed with the lamtan [20]. In addition,
the antimicrobial effect was also obtained by applying bacteriocins to the films used to package
meat products [20]. Cleveland ef al. [7] used bacteriocins in powder form that were produced from
milk-based media and applied to packaging films. Ennahar et al. [33] applied pediocin powder to
plastic packaging bags at 7.75 mg/cm?. Beef and poultry samples were then inoculated with L.
monocytogenes before placing in these bags and the growth of L. monocytogenes was inhibited
during 12 weeks of storage at 4°C was reported.

5.3 Applications on sausage

The minimum infectious dose for listeriosis in humans is unclear, so it is essential to control the
presence of L. monocytogenes in foodstuffs, especially low-Aw fermented foods such as sausages,
where L. monocytogenes can survive. Joerger [46] investigated the antimicrobial activity of
bacteriocin-producing lactic acid bacteria against L. monocytogenes in Italian salami sausage. The
lactic acid bacteria used were L. plantarum MCSI strain-producing bacteriocin, the mutant of this
strain that did not produce bacteriocin, and two commercial starter cultures. One of the commercial
starter cultures contained a mixture of Lactobacillus curvatus and Pediococcus pentosaceus, while

13



Curr. Appl. Sci. Technol. 2024, Vol. 24 (No. 1), e0258161 R. H. B. Setiarto and L. Anshory

the other contained Lactobacillus sp., which is not identified. The sausages tested contained 2.5%
NaCl, 250 mg/kg NO,, and 0.3% sucrose. Meanwhile, L. monocytogenes were inoculated from
SSICA strains 38 and 150, as much as 103 to 10* CFU/g. In salami sausage that did not contain lactic
acid bacteria, the growth of L. monocytogenes was detected after 7-14 days of storage. While
containing lactic acid bacteria, the number of L. monocytogenes decreased during the salami
ripening process, but there were still bacteria that could survive until the ripening process ended.
Only salami supplemented with Lactobacillus plantarum MCSl-producing bacteriocin successfully
killed all L. monocytogenes cells in salami at the end of ripening. The combination of treatment with
adding lysozyme, nisin, and EDTA in bologna sausage also reduced the growth of L.
monocytogenes. The sausage was made by adding lysozyme 500 mg/kg, nisin 1:3, and EDTA 500
mg/kg, and inoculated with spoilage or pathogenic bacteria, including L. monocytogenes, vacuum
packed and stored at 8°C for four weeks. This treatment inhibited the growth of L. monocytogenes
until storage for two weeks.

5.4 Applications to fish and foods of marine origin

Bacteriocins are the main compounds that have antimicrobial effects against L. monocytogenes in
fish products or foodstuffs of marine origin. The combination of nisin with dehydroacetic acid
applied to the catfish cut (Ictalurus punctatus) also inhibited and killed L. monocytogenes, which
were inoculated in the product as much as 10° CFU/ml. The fish meat products are packaged and
stored at 2°C for six days. Adding nisin alone (0.1%) or in combination with 0.1% dehydroacetic
acid significantly reduced the L. monocytogenes by 2.2 and 3.1 log CFU/ml, respectively. The
application of nisin combined with the addition of NaCl treatment, CO, regulation, and storage at
low temperatures also showed antagonistic activity against the growth of L. monocytogenes
inoculated in cold smoked salmon. In general, nisin at a 50 [U/ml concentration showed increased
inhibitory activity when used with 100% CO and NaCl. At 5°C, the growth of L. monocytogenes
was inhibited in vacuum-packed salmon with the addition of nisin at a concentration of 500 or 1000
IU/ml. Storage of salmon in a 100% CO atmosphere gave a lag phase for eight days; after 27 days,
L. monocytogenes reached 10° cfu/g. In the modified atmosphere treatment combined with 500
IU/ml nisin, the lag phase became 8 days, while adding 1000 [U/ml nisin became 20 days [2].

Based on the research of Bharal and Sohpal [19], a combination of nisin addition
treatment with soft heating increased the antimicrobial properties of L. monocytogenes in cold-
packed canned lobster. The addition of nisin to the salt solution filled into cans with lobster as much
as 25 mg/kg of the contents of the cans, combined with the process of heating the cans until the
internal temperature reaches 60°C for 5 min or 65°C for 2 min, reduces the viability of pathogenic
bacteria, L. monocytogenes, at 3-5 log CFU/g. The anti-listeria effect of lactic acid bacterial cultures
was investigated by Cleveland et al. [7]. They proved the ability of Carnobacterium pisciola to
inhibit the growth of L. monocytogenes in cold smoked salmon in vacuum packaging stored at 5°C
without causing aberration of sensory properties.

Carnobacterium pisciola cell-free supernatant inhibited L. monocytogenes due to the
bacteriocin it produces. The bacteriocin-producing C. piciola strain extended the growth lag phase
of L. monocytogenes to 7 days, followed by a decrease in the number of L. monocytogenes from 103
to less than 10 CFU/ml after 32 days of incubation. In contrast, Cintas et al. [4] investigated the
inhibition of L. monocytogenes by strains. Carnobacterium and crude extract of bacteriocin were
produced in cold smoked salmon, which was vacuum packed and stored at refrigeration temperature.
Carnobacterium piscicola V1 was bactericidal against L. monocytogenes at 2°C, while
Carnobacterium divergens V41 had a bacteriostatic effect. Carnobacterium piscicola SF668 at a
temperature of 8°C prolongs the lag phase, and at 4°C has a bacteriostatic effect on L.
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monocytogenes. Listeria growth was not affected by non-bacteriocin compounds produced by C.
piscicola.

5.5 Application on eggs

Bacteriocins produced by lactic acid bacteria also showed antagonistic effects against L.
monocytogenes in liquid egg products. Arabestani ef al. [1] investigated the D and Z values of L.
monocytogenes Scott A in liquid whole eggs with the addition of 90 or 10 mg/mL nisin and NaCl
(0 or 10%) by immersion procedure. Adding nisin to unsalted liquid eggs rapidly reduced the
number of bacteria by 4 logs in 1 h. Nisin significantly reduced the D value in liquid whole eggs,
whether added salt, pasteurized at a temperature of less than 58°C. Meanwhile, for liquid eggs which
were pasteurized at the standard pasteurization temperature in Canada and the US (60°C without
salt or 63°C with the addition of salt), the addition of nisin 2 h before the pasteurization treatment
significantly reduced the D value because the bacteria were already in a wound condition. Because
of bacteriocin, they are more sensitive to heat treatment. Nisin works synergistically with heating,
so it has the potential to be applied to control L. monocytogenes in pasteurized liquid egg products.

5.6 Applications for ice cream

In addition to cheese, a bacteriocin produced by lactic acid bacteria has also been applied to other
dairy products such as ice cream, to control L. monocytogenes [56]. They investigated the effect of
adding nisin on the resistance of L. monocytogenes V7 in ice cream made from total fat (10% fat)
and reduced fat (3% fat) milk. Ice cream with varying fat composition was inoculated with L.
monocytogenes during processing and soft frozen, followed by freezing at -18°C for three months.
Adding nisin to ice cream made with 3% fat effectively killed L. monocytogenes, and at the end of
storage, no L. monocytogenes cells were found in the product. Meanwhile, in ice cream with 10%
fat content, the amount of L. monocytogenes was reduced but not significantly. Furthermore, the
stability of nisin was relatively constant during storage at -18°C [57].

5.7 Applications in vegetable products

Lactic acid bacteria or their compounds have also been applied as antimicrobials against L.
monocytogenes in plant foods. For example, Alvarez-Cisneros et al. [58] showed the potential of
the bacteriocin produced by Enterococcus mundtii, mundticin, to inhibit and kill L. monocytogenes
in minimally processed vegetable products. Bacteriocins, which were applied at the washing step or
by coating procedures, prevented the growth of L. monocytogenes on bean or mung bean sprouts
stored at modified atmospheric conditions (1.5% O2; 20% CO,; 78.5% N>) at a refrigeration
temperature of 8°C [59, 60].

6. Conclusions

Bacteriocins are antimicrobial peptide compounds that are easily degraded by proteolytic enzymes
in the digestive system of humans and animals. Bacteriocins produced by lactic acid bacteria are
very beneficial in the food industry, especially in fermented food products. Their activity can inhibit
the growth of several contaminant bacteria that cause spoilage and food-borne illness. The addition
of bacteriocins in food is not only to prevent spoilage but also to extend food storage time and inhibit
the growth or kill pathogenic bacteria. The number of lactic acid bacteria species have been used in
the food industry, but not all species produce bacteriocins. Some bacteriocins from lactic acid
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bacteria in the food industry are nisin, diplococcin, acidochilin, bulgarican, helventicin, lactacin,
and plantaricin. Bacteriocins derived from lactic acid bacteria and used as biopreservatives have
several advantages: a) bacteriocins are not toxic and are readily biodegradable because they are
protein compounds; b) the use of bacteriocin does not harm the intestinal microflora because it is
easily digested by enzymes in the digestive tract; c) the use of bacteriocins in the food industry can
reduce the number of chemicals used as food preservatives; d) the use of very flexible bacteriocins
can be in the form of cultured strains of bacteriocin-producing bacteria or purified or semi-purified
bacteriocin compounds.
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