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ABSTRACT: Bacteriocins are proteinaceous substances having antigenic and developed by some microbial strains having the ability and 
effectiveness against pathogenic bacteria and spoilage, harmless to the consumer, and have no adverse effect on the organoleptic product 
quality. Bacteriocins are rendered inactive by the action of proteolytic enzymes present in the gastrointestinal tract, thy can resist high 
temperatures, are non-toxic and does not compromise the immune system in experimental animals. Bacteriocins as microbial defense 
systems has been widely researched and documented. However, though the diversity and abundance of bactrocins is very high, indicating 
their use as microbial weapons, research on ecological and evolutionary significance needs elaborate studies. More advanced studies are 
needed to unfold reasons for their success as toxins. 
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INTRODUCTION

Bacteriocins were first recorded in 1925, when André 
Gratia showed the activity of a highly specific inhibitory 
substance, produced by the bacterium Escherichia coli, 
which showed bactericidal activity against other E. coli 
strains (de Lima and Filho, 2005). It was observed that E. 
coli cells produced a temperature tolerant substance with 
inhibitory effect on microbials of related taxa. The presence 
ofantagonistic interactions among bacteria was reported 
by Pasteur and Joubert at the end of the 19th century. They 
noticed that a bacterial isolate could inhibit the growth 
of Bacillus anthracis (Jack et al.,1995).The production 
of antibacterial substances by lactococci was also report-
ed in 1928 by Rogers. Research findings on bacteriocins 
were mostly descriptive but protocols for detection, assay 
and bacterial strain typing have been established. (Freder-
icq, 1957; 1963). Pioneering work on bacteriocin genetics 
was studied by Fredericq (1957; 1963). Whitehead (1933) 
showed that the antibacterial substance produced by lacto-
cocci was protein. The protein was concentrated and tested 
against pathogenic streptococci (Mattick and Hirsch, 1944) 
and later the same protein that was inhibitory was used to 
treat bovine mastitis (Taylor et al., 1949). Similarly, inter-
section studies showed that a Staphylococcus isolate could 
inhibit Corynebacterium diphtheriae. Leading to the suc-
cessful utilization of Staphylococcal isolates indiphtheria 
treatment (Florey, 1996). The inhibitory interactions among 

various species of enterobacteriaceae resulted in naming 
with the generic name ‘colicine’. Jacob et al. (1952) coined 
the general name bacteriocin for highly specific riboso-
mally synthesized antibacterial proteins differentiated from 
the classical antibiotics, and produced by certain strains 
of bacteria and active mainly against strains of the same 
species. Bacteriocins have since gained new attention on 
particularly in the epidemiology of nosocomial infections; 
they have been found to be very useful in typing organisms 
particularly those which are difficult to type by the usual 
methods (Lebek et al.,1993). 

Further research could decipher the bacteriocin genet-
ics, biosynthesis, secretion and mode of action (Lakey et 
al.,1993). The results led to the application of bacteriocins 
as a biochemical tool incellular physiology (Becker et al., 
1993). 

MICROBIAL DEFENSE SYSTEMS

Complex array of defense mechanisms are inherently 
present in microbes (Riley and Wertz, 2002) which helps 
them to overcome infections or competition (Nissen-Meyer 
and Nes, 1997). Defense mechanisms adopted include ex-
pression of antibiotics with broad spectrum activity which 
have serious implications on human health, metabolic prod-
ucts like lactic acids, lytic agents ex. lysozymes (found in 
many foods) and extoxins (James et al., 1991). In most of 
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the species the first line of defense include production of 
antimicrobial peptides which for part of inborn immunity 
(Cleveland et al., 2001). The peptides can act against a par-
ticular group of competing microbes; or it can have broad 
spectrum activity that can serve as a general type of defense 
mechanism. These peptides can act directly on all microbes 
including bacteria, fungi viruses causing cellular damage 
by destabilization of cellular membrane or other targets af-
fecting the organization of the inflammatory and innate im-
mune responses (Hancock and Diamond, 2000a). Antimi-
crobial peptides are found in virtually all forms of life, from 
bacteria to plants and invertebrate and vertebrate species, 
including mammals and aid in defense mechanisms. Bac-
teriocins are antimicrobial peptides produced by bacteria 
and belong to one family of microbial defense systems; and 
were the first to be isolated and characterized (Mattickand 
Hirsch,1947). They basically act by killing other bacteria 
that compete for nutrients in that same environment, how-
ever they cannot ward off infections. Most bacteria produce 
bacteriocins and are highly potent as compared to those 
produced by eukaryotes (Klaenhammer, 1988). They can 
have narrow or broad spectrum activity and can target bac-
teria within same species and but can also act on different 
genera. Production of bacteriocins is a universal phenom-
enon in the microbial world, every bacteria produce them 
and within a species tens or even hundreds of bacteriocin 
types can be seen (Riley and Gordon, 1992).

ECOLOGY 

The ability to synthesize bacteriocins by bacteria has 
been a highly advantageous characteristic as they evolved 
(Chen and Hoover, 2003). If an organism can remove a 
competing organism in it is ecological environment then 
it has an excellent chance to survive and multiply, often 
the competition can be severe since bacteria grow rapid-
ly (Dykes, 1995).The population dynamics of bacterioc-
ins and their interactions are complex and ecological and 
evolutionary levels and much need to be unfolded.Hence 
bacteriocins can act as anti competitors as well as defen-
sive agents to prevent entry of other bacteria into an estab-
lished niche. Studies on Lactobacillus plantarum, E. coli, 
and Streptococcus mutans reveal that those that growth of 
bacteriocin sensitive bacteria can be inhibited when bacte-
ricin producers are present in the same environment (Riley, 
1998).To ferment Spanish-style green olives L. plantaru-
ma bacteriocin-producing strain was used. (Ruiz-Barba et 
al.,1994).Analytical models have been proposed and used 
to understand the interaction between bacteriocin produc-
ers and sensitive ones. Mathematical modelling of bacte-
riocins have been done by utilizing the colicins (those that 
are expressed by E. coli but show inhibition of different 
E. coli strains and closely related enterobacteria) Stessful 

conditions such as nutrient deficiency and overcrowding fa-
cilitate bacteriocins production and 30% of E. coli popula-
tions produce bacteriocins (Riley, 1998; Riley and Gordon, 
1999). Riley (1998) reported that around 30 % of E. coli 
strains can express bacteriocins.. Stress factors, depleted 
nutrient conditions and overcrowding are inducers for bac-
teriocin secretion (Riley and Gordon, 1999).

DEFINITION OF BACTERIOCINS 

As more research data emerged, the true meaning of 
bacteriocins has undergone many changes since its discov-
ery. Antibiotics are antimicrobial substances produced by 
microbes, animals, plants or by synthetic means and will 
have the following properties at low concentrations: i) le-
thal or inhibitory activity against microbial species; ii) abil-
ity to prevent the appearance of microbial resistance; iii) 
absence of undesirable effects to the host; and iv) chemical 
stability (Tavares, 1984; Amato Neto et al., 1994; Abrahan 
et al., 1996). In general way, antibiotics can be defined as 
agents of great interference on the growth and/or microbial 
activities (Trabulsi et al., 2002). Antibiotics can act act in 
different ways on the microbial cell which can bei) dam-
aging the cell wall; ii) destabilizing the cytoplasmic mem-
brane; iii) changing the nucleic acid structure; iv) inhibit-
ing the enzymatic action; v) antimetabolic action; and vi) 
affecting the acid nucleic synthesis (Pelczar et al., 1980). 

Tagg et al. (1976), defined bacteriocins as protein-
aceous substances that kill closely related bacteria. This 
definition is true for the majority of bacteriocins investi-
gated, but evidences show that certain bacteriocins can 
elicit bactericidal activity against species that are more 
distantly related to the bacteriocin producer. Bacteriocins 
are produced by gram positive and gram negative bacterial 
species and have the capacity to inhibit closely related spe-
cies at low concentrations (Riley, 1998; Brock 1995). De 
Vuyst and Vandame (1994) have worked out the heteroge-
neity of bacteriocin producing-bacterial species, their mo-
lecular size, antibacterial spectrum, stability, physical and 
chemical properties, and action mode. The protein nature 
and absence of lethality to producer cells are considered as 
two factors for the definition of bacteriocins (Montville and 
Kaiser,1993). 

Bacteriocins are often designated as antibiotics in lit-
erature (Hansen, 1993). Mode of action, basis of synthesis, 
antimicrobial spectrum, toxicity, resistance mechanisms, 
and applications and clinical effects differentiate from 
antibiotics(Table1) (Klement et al., 1990; Davis, 1999). 
Antibiotics (Chen and Hoover, 2003) are to be safely and 
effectively used to control the growth of target pathogens 
in foods (Table 1).
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Antimicrobial peptides from eukaryotes

Antimicorbial peptides play a basic and crucial role in 
defence against bacterial and fungal interactions in plants 
(Jensen et al., 2006). For instance, plant defensins dis-
play antibacterial and antifungal activities in vitro (Terras 
et al.,1992). Leaves, flowers, seeds, and tubers are found 
to harbour such defensins. Antimicrobial peptides which 
have an imminent role in host defense were isolated from 
vertebrates and invertebrates. It is shown that amphibian 
skin glands are rich source of antimicrobial peptides. For 
example Magainins (Zasloff, 1987) present in amphibian 
skin glands have strong membrane-permeabilizing activity 
against gram-positive and negative bacteria, fungi, yeasts, 
and viruses. Similarly cathelicidins are a large and diverse 
group of vertebrate antimicrobial peptides. Defensins form 
a another prominent group of mammalian antimicrobial 
peptides (Ganz,2003). Tsai and Bobek (1998) observed 
that histatin a bacteriocin secreted in saliva of humans and 
primates is known to act against fungal pathogens by dis-
rupting the mitochondria

Antimicrobial peptides from bacteria

Antimicrobial peptides have been produced and de-
tected in all lineages of eubacteria and archaebacteria (Tor-
reblanca et al., 1995). It is now understood that almost all 
bacteria are able to express at least one bacteriocin and 
researchers need to look for them (Klaenhammer, 1988).
Expression of these antimicrobial peptides requires consid-
erable amount of energy. Various environmental conditions, 
including pH, temperature, aeration, sugar concentration, 
buffering capacity of the medium and time of incubation, 
affect the production of bacteriocins (Lewus, 1991) to bac-
teriocins, thus the physiological status can determine effec-
tivity (Tag et al., 1976).

Bacteriocins of gram positive bacteria

As discussed previously 99% of bacteria produce bac-
teriocins (Klaenhammer, 1988) and are generally extremely 
potent as compared to those produced by the eukaryotic 

counterparts. Gram positive bacteria are able to produce 
the most active membrane peptides (Oscáriz and Pisabarro, 
2001). Presently bacteriocins produced by gram-positive 
bacteria are the most studied group of antibacterial pep-
tides, given their potential for commercial applications in 
foods and other products (Schillinger et al., 1996) as they 
can show either narrow or broad spectrum activity. Gram-
positive bacteria produce bacteriocins with broad spectrum 
activity when compared to gram-negative bacteria, and 
these bacteriocins are active against both gram-positives 
and also a few of the gram-negatives. Specific immunity by 
a producing strain is less strong, probably the bacteriocins 
produced by gram-positive bacteria do not bind to a specific 
receptor protein but with the phospholipid head groups of 
the membrane. The gram-positive bacteriocins are gener-
ally of the channel-forming type and not the nuclease type. 
Most of these bacteriocins are small (less than 5 KDa), heat 
stable, amphiphilic, membrane-permeabilizing peptides, 
cationic proteins that are structurally unlike the colicins. 
Most are synthesized as prepeptides in which the leader 
peptide is removed to form the biologically active bacterio-
cin. These features show similarities in production of anti-
microbial peptides by eukaryotes (Jon Nissen and Ingolf, 
1997). Bacteriocins produced by lactic acid bacteria (LAB) 
have been widely studied, of which sakacins are unique 
(Jack et al., 1995), including the lantibiotics that have al-
tered amino acid residues (Oscáriz and Pisabarro, 2001) are 
important. Bacteriocins of LAB are mostly categorized into 
3 groups that also include bacteriocins from other gram-
positive bacteria (Klaenhammer, 1993; Nes et al., 1996). 
Guder et al. (2000) observed that lantibiotics or lanthio-
nine based antimicrobial peptides are small (<5 KDa) pep-
tides and contains lanthionine (Lan), methyllanthionine 
(MeLan), dehydroalanine, and dehydrobutyrine which are 
unusual amino acids. Lantibiotics come under class I group 
and are further classified as type A and type B lantibiotics 
based on chemistry and antimicrobial activity Cleveland et 
al. (2001) have classified the lantibiotics as Type A (elon-
gated peptides havinga net positive charge) and Type B lan-

Table 1. �Bacteriocin vs. antibiotics (Klement et al., 1990)

Characteristic bacteriocins, Antibiotics

Application Food Clinical

Synthesi Ribosomal Secondary metabolite

Activity Narrow spectrum Varying spectrum

Host cell immunity Yes No

Mechanism of target, cell resistance 
or tolerance

Usually adaptative on affecting cell 
membrane composistion

Usually a genetically transferable deteminant affect-
ing different sites depending on the mode of action

Interaction requirements Sometimes docking molecules Specifie target

Mode of action Mostly pore fomation, but in a few 
cases possibly cell wall biosynthesis

Cell membrane or intracellular targets

Toxicity/side effects None known Yes
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tibiotics are (smaller globular peptides and have a negative 
or no net charge; and are able to inhibit specific enzymes). 
Small (<10 KDa), heat-stable, non-lanthionine-containing 
peptides are contained in class II (Cleveland et al.,2001), 
which represents the largest group of bacteriocins. These 
peptides are divided into 3 subgroups. Class IIa includes 
pediocin-like peptides having an N-terminal consensus 
sequence -Tyr-Gly-Asn-Gly-Val-Xaa-Cys. This subgroup 
has attracted much of the attention due to their anti-listerial 
activity (Ennahar et al., 2000). Class IIb contains bacteri-
ocins requiring 2 different peptides for activity, and class 
IIc contains the remaining peptides of the class, including 
sec-dependent secreted bacteriocins. Bacteriocins grouped 
under class III are larger (>30 KDa) proteins and heat-la-
bile. Klaenhammer (1993) suggested 4th class bacterioc-
ins that act on carbohydrate or lipid moieties however, this 
needs biochemical characterization with more description 
(McAuliffe et al., 2001). Nisin, a lantibiotic, produced by 
Lactococcus lactis, a food preservative did not show any 
resistance development But extremely active against gram-
positive bacteria at mininmal inhibitory concentrations 
(MICs) and activity can be seen nanomolar levels. Other 
lantibiotics have found their important role in combating 
antibiotic resistant bacteria. A notable example is mersaci-
din, a tetracyclic peptide produced by Bacillus spp. which 
can suppress methicillin- resistant S. aureus and is compara-
ble with vancomycin, but without the development of cross 
resistance (Chatterjee et al., 1992a and 1992b;Kruszewska 
et al., 2004). 

Bacteriocins of gram negative bacteria

The bacteriocin family is made up of diverse proteins 
that vary in size, modes of action, target organisms, and 
immunity mechanisms. Recombination between existing 
bacteriocins produce gram-negative bacteria produced bac-
teriocins (Braun et al., 1994). The killing actions of colicins 
include pore formation in the cell membrane, and nuclease 
activity against DNA, rRNA, and tRNA targets. 

Gram-negative bacteria produce bacteriocins that have 
large molecular size. Colicins the largest representative 
of gram-negative pore forming bacteriocins, range in size 
from 449 to 629 amino acids. Colicins expressed by E.coli 
are encoded on plasmids (Pugsley and Oudega, 1987) and 
genes for bacteriocins of Serratia marcesens which are 
also similar to colicins are located on both plasmids and 
genomic DNA (Ferrer et al., 1996). In colicins, the central 
domain is composed of half the protein and is involved in 
the recognition of specific cell surface receptors. The N-ter-
minal domain (›25% of the protein) translocates the protein 
into the target cell. The killing domain and the immunity 
region, form part of the remaining colicin protein which is a 

short sequence and takes part in immunity protein binding. 
Pyocins produced by Pseudomonas aeruginosa are also 
similar to colicin structure but the order of translocation 
and receptor recognition domains are switched (Sano et al., 
1993). 

Antimicrobial peptides from archaebacteria

Archaeocins are bacteriocins expressed by archaea-
bacteria and are unique. The only characterized member is 
from the halocin family produced by halobacteria (Cheung 
et al., 1997; Shand et al., 1998). S8 is the first discovered 
halocin and is composed of a short hydrophobic peptide 
with 36 amino acids, this is derived from larger pro-protein 
of 34 KDa (Price and Shand, 2000). The gene for Halocin 
S8 is located on a megaplasmid and is very hardy; as it 
can be desalted, boiled, resistant to to organic solvents, and 
can be stored at 4±ºC for long period without loss of activ-
ity. The gene expression depends upon the growth stage. 
Halocin S8 can exist at low concentrations at basal level 
but during transition to stationary phase explosive nine 
fold increase in secretion can be noticed. Archaeocins are 
expressed during stationary phase wherein availability of 
nutrients are limited, the bacteriocin can lyse sensitive cells 
which in turn make available nutrients in the local environ-
ment. Archaeocins are stable proteins, and tend to remain 
in the environment for extended periods thereby reducing 
competition during subsequent phases of nutrient flux. This 
property enables lesser species diversity in the hypersa-
line environments dominated by halobacteria (Riley et al., 
2002; Shand et al., 1998). 

NOMENCLATURE 

Bacteriocin nomenclature in general is is based on the 
addition of the suffix “cin” to the genus or species name 
to denote bacteriocinogenic activity. However in some it’s 
based on the species (plantaricin, sakacin, caseicin) or ge-
nus name (lactococcin, lactocin, pediocin) of the producer 
microorganism (de Lima and Filho, 2005). Lactostrepsinn 
nisin and diplococcin refer tobacteriocins produced by dif-
ferent Lactococcus species. Alphabetic sequence used to 
refer the discovery sequence of the same species for eg 
lactacin F refers to the sixth bacteriocin reported for a Lac-
tobacillus species (Tagg et al., 1976; Kozar et al., 1978, 
Klaenhammer, 1988; Montville and Kaiser, 1993). Tagg 
et al. (1976), called bacteriocin-like inhibitory substances 
(BLIS) or antimicrobial substances that are less under-
stood. McCormick and Savage (1983) used the same term 
to refer all inhibitory substances of a protein nature. It was 
evident that the nomenclature for bacteriocins was mired in 
controversy since a single species can produce more than 
one bacteriocin, and hence can be called by the addition of 
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consecutive letters of the alphabet. Some authors use name 
of producer strain apart from normal bacteriocin designa-
tion (Montville and Winkowski, 1997). So the fact remains 
that naming of bacteriocins were not in proper order for 
example six independently isolated bacteriocins were given 
six different classifications but which were later proved to 
be the same substance based on their amino acid sequenc-
es. Such discrepancies in bacteriocin classification can im-
pair advances in research on bacteriocins (Montville and 
Winkowski, 1997). Hence Jack et al. (1995) opined that a 
new name should only be designated to a bacteriocin after 
identification of the amino acid sequence. 

CLASSIFICATION OF BACTERIOCINS 

Taxonomy of bacteriocins have been dynamic and 
many nomenclatures have been proposed over the years 
Fredericq (1957) proposed the primary classification on 
colicins Colicins were grouped based on the absorption 
specificity as bacteriocins have a high degree of specific-
ity. of their adsorption and subgroups were proposed based 
on immune specific reactions.. Also based on spectrum of 
resistance several bacteriocins were further subdivided. In 
1965 Reeves could classify 16 bacteriocins based on the 
source or the organism that produced it. Hence colicins are 
bacteriocins produced by E. coli, pyocin produced by Pseu-
domonas. aeruginosa (, cloacin expressed by Enterobacter 
cloacae, pestisin from Yersinia pestis, monocin of Listeria 
monocytogenes, Bacillus cereus based cerecin, and staphy-
lococcin secreted by Staphylococcus (Daw and Frederick, 
1996). Hence Bradely (1967) Based on molecular weight 
Bradely (1967) could classify bacteriocins into two distinct 
groups viz., low and high. The low molecular weight ones 
are thermostable and are not sedimented by ultracentrifuga-
tion, and is unresolved through electron microscope. Those 
grouped as having high molecular weight can be easily 
sedimented, are thermolabile, show trypsin resistance and 
resolved through electron microscope. The classification 
based on molecular weight enables the inclusion of bacte-
riocins produced by Bacillus sp. The low molecular weight 
bacteriocins can be compared to phage particles (Bradley, 
1966). Gram positive bacteria produce bacteriocins that do 
not conform to the strict definition of bacteriocin because 
(1) they broad spectrum activity against gram positive spe-
cies, (2) specific receptors are involved in heir mode of 
action and (3) lysins can enhance their release (Daw and 
Frederick, 1996). Hence it was suggested that (Havarstein 
et al., 1994) the bacteriocins produced by gram positive 
bacteria be grouped differently, also since they lack the 
outer membrane, the immunity shown to their own bacteri-
ocins are varied. Tagg (1992) opined that a new definition 
is needed for bacteriocins as some of the recently reported 
peptides are different from colicins, however the original 

definition can be retained with peptides similar to colicins 
grouped as BLIS. Gram positive bacteria do have a rela-
tively high BLIS production. Biochemical (net charge) and/
or structural features (linear/circular/amino acid composi-
tion) are major criteria for classification of antimicrobial 
peptides (Tossi and Sandri, 2002; Zasloff, 2002). Jack et 
al.(1995) suggested that the presence of disulphide and 
monosulphide (lanthionine) bonds be the basis for bacte-
rioicin classification and it can be used as a benchmark to 
denote r their spectrum activity, since presence of higher 
number of the disulphide bonds in a bacteriocin enhances 
the activity spectrum . Hence, bacteriocins can form four 
taxonomic groups: A antibiotics having unusual post trans-
lationally modified amino acids such as dehydroalanine, 
dehydrobutirine, lanthionine or – methyl- lanthionine (lan-
tibiotics), B. antibiotics containing at least one disulphide 
bridge essential for their activity (cystibiotics), C. peptides 
containing single –SH residue that are in a reduced form 
which enables the antibiotic to be active (thiolbiotics), and 
D. peptides lacking the cysteine residues (Table 2). Klaen-
hammer (1993), classified bacteriocins into 4 groups based 
on their molecular mass, thermostability, enzymatic sensi-
tivity, presence of post translationally modified amino ac-
ids, and mode of action.

Class I bacteriocins

The Class I bacteriocins comprises lantibiotics and 
can be further divided into two subgroups on the basis of 
structure and charge of the compound: 

•	 Group Ia, which consists of screw-shaped, am-
phipathic, small cationic peptides that produce 
voltage-dependent pores by unspecific interaction 
with the membrane of the target cell. 

•	 Group Ib, which consists of anionic or neutral 
peptides having a globular shape.

The number of thioether bridges (modified amino ac-
ids) present in group Ia lantibiotics can vary and members 
with either three (pep5) (Reis et al., 1994), four (epider-
min) (Allgaier et al., 1986), or five (nisins A and Z, subti-
lin) (Hurst, 1978; Banerjee and Hansen, 1988) monosulfide 
bonds have been described. The molecular size of these an-
tibiotics ranges from 1,959 (duramycin) to 4,635 (carnocin 
U149, the largest lantibiotic described up to now) (Nes and 
Tagg, 1996). Group Ib includes antibiotics such as mersaci-
din (Chatterjee et al.,1992b), actagardin (Jung, 1991), cin-
namycin and mutacin A (Kaletta et al.,1991).

Class II bacteriocins

The Class II bacteriocinsare composed of heat-stable 
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peptides with molecular masses smaller that 10 KDa and 
with no modified amino acids. Members of this class can 
be further subdivided into three groups:

•	 Group II a consists of antilisterial peptides in-
cluding pediocin, mesentericin, sakacin, and car-
nobacteriocin. These compounds are bactericides 
that disrupt the integrity of the cytoplsamic mem-
brane, producing ionic imbalance and leakage of 
organic phosphate to exert their killing action.

•	 Group II b consists of pore-forming complexes 
requiring two peptides for their activity. The two 

peptides are individually active but when present 
together they behave synergistically (Cintas et al., 
1998), or they may both be necessary for antimi-
crobial activity (lactococcins) (Nissen-Meyer et 
al., 1992), and plantaricins (Van Belkum et al., 
1991). 

•	 Group II c includes all class II bacteriocins that do 
not fall into groups IIa or IIb. This group includes: 
a- antibiotics with one or two cysteine residues 
(thiobiotics and cystibiotics, resopectively), and 
b- antibiotics without cysteine (lactococcin A and 
acidocin B).

Table 2. �Antibiotic peptides classified according to Jack et al. (1995)

Antimicrobial peptide
Molecular mass 

(KDa)
Aminoacids Producer microorganism

Lantibiotics
Actagardine
Ancivenin
Cinnamycin
Duramycin
Epidermin
Gallidermin
Lanthiopeptin
Mersacidin
Nisin
Pep5
Subtilin
Cystibiotics
Pediocin AcH/PA1
Leucocin A/UAL 187
Mesentericin Y 105
Sakacin A
Sakacin P
Lactacin F
Carnobacteriocin A
Carnobacteriocin BM1
Carnobacteriocin B2
Cerein 7/8
Thiolbiotics

Lactococcin B
No cysteine
Lactococcin B

Lactococcin Ma

Lactococcin Na

Lactococcin Gαa

Lactococcin Gβa

1.9
2.0
2.0
2.0
2.0
2.0
2.0
1.8
3.4
3.5
3.3

4.6
3.9
3.8

4.3
4.4
5.6
5.1
4.5
4.9
4.9

 

5.3

5.8

4.3
4.4
4.3
4.1

19
19
19
19
22
22
19
19
34
34
32

44
37
37

41
43
57
53
43
48

56
 

47

54

48
47
39
35

Actinoplanes spp.
Streptomyces spp.
Str. cinnamoneus
Str.cinnamoneus
S. epidermidis
S. gallinarum
Streptoverticullum cinnamoneum
Bacillus sp.
Lactococcus lactis
S. epidermidis
B. subtilis

Pediococcusacidilactici H/PAC 1.0
LeuconostocgelidumUAL 187
L.mesenteroides Y 105

Lactobacillussake LB 706
L.sake LTH 674
L.acidophilus 11088 
Carnobacteriumpiscicola LV 17 A
C. piscicola LV 17 B
C. piscicola LV 17 B
B.cereus Bc7
 
 
 
L. lactis subsp. cremoris 9 B4

L. lactis subsp. cremoris 9 B4
L. lactis subsp. cremorisLMG 2130
L. lactis subsp. lactis bv, diacetylactis WM4
L. lactis subsp. cremoris 9 B4
L. lactis subsp. cremoris 9 B4
L. lactis subsp. lactisLMG 2081
L. lactis subsp. lactisLMG 2081

a These two pairs of peptides act synergistically
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Class III bacteriocins

Class III bacteriocins are having peptidic antibiotics 
that are heat labile proteins with a molecular mass larger 
than 30 KDa. They are mostly produced by the genus Lac-
tobacillus. Members of this group are leviticin J (Joerjer 
and Klaenhammer, 1986), produced by L. helveticus 481 
and lacticin B (Barefoot and Klaenhammer, 1984), and pro-
duced by L. acidophilus.

Class IV bacteriocins

This group consists of either glycoproteins (lac-
tocin 27) (Upreti and Hinsdill, 1975) or lipoproteins (lac-
strepcins) (Kozak et al., 1977) that require non-protein 
moities for their activity.

SYNTHESIS AND TRANSPORT OF BACTERIOCINS 

Siezen et al. (1996) has reviewed the genetic deter-
minants responsible for the synthesis of bacteriocin mol-
ecules. Bacteriocin expressing genes are located in operon 
clusters. The lantibiotic synthesis operon has been stud-
ied in detail and genes that are homologous can be found 
among the many of the sequenced lantibiotic operons. 
Lantibiotic operons that come under Class Ia have been 
well characterized. Whole gene clusters for the Class Ib 
lantibiotic mersadicin have been well documented (Altena 
et al., 2000). It is not surprising that most of the genes in 
the cluster transcribe proteins that resemble the proteins in 
Class Ia. Plasmids of varying sizes also code for bacterioc-
ins for example pediocinin produced by Pediococcus and 
lactocin produced by L. lactisare plasmid borne. Some are 
encoded by chromosomal DNA (Altena et al., 2000) such 
as plantaracin A and sakacina 674, some can be transposon 
regulated (Engelke et al., 1992) like produced by L. lactis 
(Ray, 1996). Genes coding for the structural peptides are 
typical to organisms (Rauch and de Vos, 1992), genes for 
processing of proteins to the active form (Engelke et al., 
1992), proteins that aid in the transport of peptides across 
the membrane (Klein et al., 1992; Klein et al., 1993; Engel-
ke et al., 1994; Klein and Entian, 1994) and peptides that 
help the host in conferring immunity (Diep et al., 1996; 
Qiao et al., 1996). The genetics of plantaricin, pediocin and 
sakacin that are nonlantibiotic bacteriocins have been well 
documented (Marugg et al., 1992; Diep et al., 1994; Ehr-
man et al., 2000). Lantibiotic genes share similarities with 
regulatory, structural, translocation, genes, etc.., plantaricin 
encoding genes can also code for multiple bacteriocins 
which share the transport and the regulatory systems. Diep 
et al. (1996) reported that every bacteriocin can regulate 
the immune system with its own dedicated genes to Bac-
teriocins under Class I are post-translationally modified to 
produce the active form while all other classes of bacterio-

cins are ribosomally synthesized, (Cleveland et al., 2001; 
Kupke and Gotz, 1996). Genetic manupulation can help in 
better understanding of active sites and structure function 
relationship. Since structural genes code for bacteriocins 
their location is well Jack et al. (1995) showed that the 
structural genes are located in an operon, and is directly in-
volved in the modification and translocation of peptides via 
the cytoplasmic membrane system of prokaryotes (Jack et 
al., 1995). Modern biotechnology tools can aid in synthesis 
of bacteriocin analogues having enhanced activity or with 
changed specificity that needs further design and testing, 
whereas in antibiotics, they need to be chemically synthe-
sized and genetic mnupulation becomes complex due more 
number of genes involved.

Lysis or kill protein is the term used for one gene cod-
ing for bacteriocin release protein (BRP) which is involved 
in export (Havarstein et al., 1994). These freely secreted 
proteins are translocated and gets accumulated in the cyto-
plasm in a soluble form before release. Entry of bacteriocin 
molecule into the bacterial cell is in the form of an inactive 
peptide having an N-terminal leader and a C-terminal pro-
peptide. Specific peptidases dissolve the N-terminal leader 
for activation and release into the environment. Klaen-
hamer, (1993) has however, observed that at pH 5.0 and 
above certain bacteriocins above remain adsorbed on the 
producing-cell surface. These peptides possess a positive 
charge and tend to form aggregates.

CHARACTERISTICS OF BACTERIOCINS 

Protein structure of bacteriocins

Limited reports are available on the physical structure 
of bacteriocins. To determine the protein nature of bacteri-
ocins many workers 

(Daw and Falkiner, 1996; Daw and Frederick, 1996) 
used proteolytic enzymes to degrade crude preparations and 
determined their molecular weights based on diffusibility 
of the lysates through agar or semipermeable membranes 
(Daw and Falkiner, 1996; Daw and Frederick, 1996). Jack 
et al. (1995) observed that cationic, neutral and anionic type 
of bacteriocins fall in the range of 1.9 (Actagardine) and 5.8 
(Lactococcin B) KDa in molecular mass. Protein or peptide 
component of bacteriocins are crucial for their bactericidal 
function, and some are synthesised as combinations of dif-
ferent proteins (Allison et al., 1994) or some bacteriocins 
can exist as composites of proteins having lipid or carbo-
hydrate moieties (Lewus et al., 1992). Research studies by 
several workers (Kingsbury, 1966; Reeves, 1972;Daw and 
Falkiner, 1993; Daw and Frederick, 1996) has shown that 
bacteriocins are made up of protein molecules having traces 
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of carbohydrates (less than 1%) and phosphorus (less than 
0.1%). Others (Konisky and Richard, 1970; Howards et al., 
1989; Nieto-Lozano et al., 1992; Koebink and Braun, 1993) 
have shown that variations in sequences or cross composi-
tion of amino acids exist among the bacteriocin molecules 
and varies from one bacteriocin to another, even among the 
same group of bacteriocins. Sahl (1994) could report that 
bacteriocins that were earlier considered as high molecu-
lar weight are now proved that they are small peptides this 
was possible due to advancement in protein purification 
protocols and their higher weight were attributed to high 
hydrophobicity and also due to co-purification along with 
other cellular components. Vaughan et al. (1992) earlier 
reported that some gram-positive bacteria could form rela-
tively high-molecular-weight, heat-labile bacteriocin-like 
substances but these were later identified as small, heat-
stable cationic peptides structurally different from colicins. 
Studies by Pugsley, (1984a) revealed that colicins have a 
mass of 29 to 90 KDa with receptors for specificity, trans-
location, or killing activity. Sano et al. (1993) later found 
that pyocins secreted by P. aeruginosa have similar domain 
constructs. Bacteriocins produced by gram-positive bacte-
ria appear supposed to have been formed initially as pre-
peptides and later separated from the main peptide to form 
the biologically active molecule. In lantibiotics for exam-
ple (Jung and Sahl, 1991), modifications are brought out 
into the propeptide region of the precursor molecule before 
cleavage of the leader component. Clusters of positively 
charged amino acids may have a role in the initial interac-
tion with the negatively charged phospholipid head groups 
in the cytoplasmic membrane of sensitive bacteria (Nissen-
Meyer et al., 1992). The unusual amino acid residues (e.g., 
lanthionine and b-methyl lanthionine in lantibiotics) (Jung 
and Sahl,1991) present in some bacteriocins may function 
to produce a more stable moiety. The biological activity 
of molecules increase when amino acid residues like Di-
dehydroalanine, didehydrobutyrine, and cysteine provide 
reactive groupings Didehydro- residues of lantibiotics have 
been suggested to play important roles in the interaction of 
these molecules with the sulfhydryl groupings on germinat-
ing spores (Morris et al., 1984). The activity of thiolbiotics 
(eg lactococcin B) is attributed to reduction of -SH group 
of cysteine (Venema et al.,1993), similar to that of the -SH 
in thiol-activated toxins (Boulnois et al.,1991).

Bacteriocinogeny and lysogeny

Daw and Falkiner, (1993) observed structural similari-
ties were noticed between bacteriocins and bacteriophages 
Alatossava, (1994) could later show that the similarities 
were because of existence of receptors thst were common 
to bacteriophages and colicins. Electron microscopy stud-
ies had also revealed similarities between the two antibacte-

rial agents (Daw, 1989; Daw and Falkiner, 1993). Daw and 
Frederick, (1996) considered bacteriocins as incomplete 
phages as can be seen in their physical structure (Fig. 1a 
and b) due the high resemblance of phage tails to the bac-
teriocin particles.

Fig. 1.    �Morphological comparison of  a) phage PS3 and  b) R-
type pyocin of P. aeruginosa. The phage tail is slightly 
larger than the bactertiocin particle. Dimensions are 
shown in Ǻ. (Adapted from Daw, 1989).

The physical structure of bacteriocin resembles a 
headless phage and gets adsorbed to similar specific recep-
tors present on the cell wall of bacteria before entry and 
kill. Ito et al. (1970) could earlier show that common recep-
tors exist for colicin K and tail of phage T6 or colicin E and 
phage BF23. Lysogenic and bacteriocinogenic bacteria are 
usually immune to the antibacterial agents they produce or 
carry. UV irradiation can increase the production of bacte-
riocin and bacteriophage. Each phenomenon, however, is 
a lethal process for the bacterium. Mechanisms involved 
for bacteriocin synthesis or prophage induction are similar. 
This was shown by several workers (Hardy and Meynell, 
1972a and b; Issacson and Konisky, 1974; Hardy, 1975; 
Boemare et al.,1992) wherein chemical treatments for in-
hibition of DNA synthesis triggers prophage induction as 
well as synthesis of bacteriocins. Bacteriophages are self 
reproducible in sensitive bacteria whereas bacteriocins are 
unable to do so ( (Ito and Kageyama, 1970). Some stud-
ies (Daw, 1989) indicated that bacteriophages, upon dilu-
tion, exhibit decreasing number of discrete phage plaques; 
whereas a bacteriocin gets diffused with increased dilution 
of supernatant ((Daw, 1989). There is no antigenic similari-
ty between bacteriocins and bacteriophages. No connection 
could be demonstrated and a bacterium is both lysogenic 
and bacteriocinogenic (Daw and Falkiner, 1993; Daw and 
Frederick, 1996).

Mode of action

Several experiments conducted by Nomura (1967) 
revealed the mode of action of bacteriocins. The interac-
tion with the bacterial cell membrane usually determines 
the activities of antibacterial peptides (Hancock and Rozek, 
2002). Interaction is established by adsorption between 
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the peptide and the target cell, this is facilitated by electro-
static bonding between the cationic peptide and negatively 
charged molecules of the outer bacterial envelope, such as 
phosphate moieties of lipopolysaccharides of gram-neg-
ative bacteria or lipoteichoic acids occurring on surfaces 
of gram-positive bacteria. Specific receptors present on 
the target microbial cell surface serve as primary ignition 
for biological action of bacteriocins and as a consequence 
result in the death of the microbial cell in an isolated or 
concomitant (Brashears et al., 1998). While several non-
lantibiotic bacteriocins require a protein receptor to act 
on non-energized membranes (Montville and Winkowski, 
1997), lantibiotic bacteriocins act on energized membranes 
and do not require protein receptors. Montville et al. (1999) 
could show that nisin a lantibiotic bacteriocin that is active 
against strains of Lactococcus, Streptococcus, Staphylococ-
cus, Listeria and Mycobacterium, as well as spore-produc-
ing vegetative cells of Bacillus and Clostridium does not 
require receptors. In vitro studies revealed that the mecha-
nism of action is probably due to pore formation (Montville 
et al., 1995). 

Recently Jenssen et al. (2006) proposed two modes 
of action that enables membrane permeabilization; the for-
mation of a complex with membrane components, leading 
to pore formation, or destabilization of cytoplasmic mem-
brane integrity with a detergent-like effect. In several cases, 
membrane rupture causes bacteriocin to invade (Stevens et 
al., 1991). The main criteria for these types of mechanisms 
is the amphipathic nature of antimicrobial peptides, as hy-
drophobic regions are essential to interact directly with the 
lipid moieties of the membrane, while hydrophilic regions 
can bind with the phospholipid head groups or face the lu-
men of the pore. More ultrastructural studies on the mor-
phological changes of the sensitive bacteria can through 
more light on the mode of action of these bacteriocins.

de Lima and Filho, (2005) proposed that the outer 
membrane acts as cell permeability barrier in Gram-neg-
ative bacteria but they can be sensitive to bacteriosins in 
the presence of chelating agents, hydrostatic pressure or 
cell damage. Hence peptides are inserted into the outer 
membrane through hydrophobic interactions or by prefold-
ing of the peptides into a membrane-associated structure; 
which can cause membrane disruption enabling peptide 
entry, this process can be as termed self-promoted uptake. 
These processes enable the peptides to accumulate at the 
cytoplasmic membrane, gain entry into interfacial region of 
the membrane (the interface between the hydrophilic and 

hydrophobic portions of the membrane) in a process driven 
by electrostatic and hydrophobic interactions. The higher 
proportion of negatively charged lipids on the surface mon-
olayer of the bacterial cytoplasmic membrane plays an im-
portant role in the selectivity of antimicrobial peptides for 
bacterial cells over eukaryotic cells, in which uncharged 
lipids predominate at the host cell surface. As a result, the 
peptide can permeabilize the membrane and/or translocate 
across the membrane and into the cytoplasm without caus-
ing major membrane disruption (Stevens et al., 1991).

Hence, the modes of action of antibacterial peptides 
can be broadly categorized as either membrane acting or 
non-membrane acting. While most cationic antibacterial 
peptides studied so far have been characterized as mem-
brane permeabilizing, it should be noted that virtually any 
cationic amphiphilic peptide will cause membrane pertur-
bation in model systems if a high enough concentration is 
applied, and there are few examples of studies with intact 
bacteria (Zhang et al., 2001; Patrzykat et al., 2002). Stud-
ies conducted with whole bacterial cells have revealed that 
several antibacterial peptides translocate into cells and do 
not cause membrane permeabilization but rather mediate 
bacterial cell death by targeting essential intracellular pro-
cesses. 

Bacteriocins are normally effective against gram posi-
tive bacteria belonging to closely related species and differ-
ent genera (Moreno et al., 2000). Nisin and pediocin AcH 
are examples of bacteriocins owner of prominent antimi-
crobial spectrum which are able to exert inhibitory activity 
on the growth of bacteria such as L. plantarum, P. acidilac-
tici, L. mesenteroides, L.monocytogenes and Micrococcus 
luteus (Ray, 1996). Regarding their narrow action, bacteri-
ocins primary role is as intra-specific mediators or promot-
ers of interactions among microbial populations (Cleveland 
et al.,2001). Microbial cell killing due bacteriocins action 
could occur as consequence of unbalanced cytoplasmic 
membrane function (affecting energy synthesis and perme-
ability), inhibition of nucleic acid synthesis, interference on 
the protein synthesis and changing cell translator mecha-
nism. 

Bacteriocin producing-cells are immune to bacteri-
ocin due to production of a protein (Hancock and Chapple, 
1999). This makes them effective on competitor bacteria 
and not to the producing cell (Tadashi and Schnneewind, 
1998). 



138

Microbial defense systems in foods and feeds

Fig. 2.    �Transmission electron micrographs (TEM) of  
S. typhimurium (105 CFU/ml). Control cells were 
left untreated a) or were treated with bacteriocin 
preparation of B. megaterium 19 b,c). Control cells 
remained as intact rod shape, while treated ones ap-
peared as ghost cells with deformed morphology and 
distorted cell surface (Khalil et al., 2009).

Toxicity and safety considerations

Nisin, still remains an important bacteriocinal though 
several bacteriocins were characterized and developed for 
potential use (Chikindas and Montville, 2002). A compre-
hensive literature search shows that most of the informa-
tion regarding the safety of nisin was collected over 35-37 
years ago (Claypool et al., 1966; Shtenberg, 1973). It is 
likely that more information regarding nisin safety exists, 
but is not available to the public. Patents claiming nisin as 
an antibacterial agent in food, personal care products or for 
medical applications do not provide new data, and instead 
rely on previously published information (Blackburn et al., 
1998; Cleveland et al., 2001). Purified nisin have been eval-
uated for toxicological effect and found harmless or at least 
with very low toxicity using rat and guinea pig models (Sht-
enberg and Ignatev, 1970). Nisin being used in over as food 
additive in 50 countries Nisin is legally approved for use 
canned soups (Australia), ice for storing fresh fish (Bulgar-
ia), baby foods, baked goods and mayonnaise (Czech Re-

public), and milk shakes (Spain) (Hurst and Hoover, 1993). 
In the U.S., use of nisin-producing starter cultures has never 
been regulated, as lactococci are considered GRAS (Gen-
erally regarded as safe). The safety of other bacteriocins 
with potential applications in food has also been evaluated. 
Pimiricin, a surface active antimycotic compound has also 
been approved (Henning et al., 1986). Morover, pediocin 
PA-1AcH was injected into mice and rabbits, and immu-
noblotting showed that it was non-immunogenic in both 
animals (Bhunia et al., 1990). The Food Safety and Inspec-
tion Service (FSIS) of the U.S. Department of Agriculture 
(USDA) evaluate the safety and effectiveness of bacterioc-
ins in commodity segments such as meat and poultry prod-
ucts. Thus depending on the type of product, the food and 
drug administration (FDA) or FSIS approve use of novel 
bacteriocins before any applications are permitted (Chikin-
das and Montville, 2002).

APPLICATIONS OF BACTERIOCINS 

In clinical purposes

Due toemergence of bacterial resistance to current an-
tibiotic drugs interest has been growing in the development 
of antimicrobial peptides as a novel therapeutic approach to 
treat infections (Håvard et al., 2006). Several bacteriocins 
and peptides have been undergoing clinical trials, at various 
stages of development. Antimicrobial-peptide-based thera-
pies are suitable alternate to antibiotics since they combat 
naturally the pathogens and possibility of resistance devel-
opment is remote due to their mode of action. This has been 
proved by serial exposure at subinhibitory concentrations, 
(Ge et al., 1999; Zhang et al., 2005).Potential of develop-
ing peptides with multiple range of antibacterial, antiviral 
and antifungal activity is very high. ‘Combination therapy’ 
where antimicrobials could be used with existing drugs 
expressing synergistic effect has been used as followed in 
HIV treatment (De Clercq, 2004). 

Currently two indolicidin-based antimicrobial peptide 
variants, MBI-226 and MX-594AN for the treatment of 
catheter-related infections and acne, respectively are under 
various clinical trials, awaiting for approval by concerned 
agencies. MX-594AN significantly reduced acne lesions. 
Iseganan abroad-spectrum antimicrobial failed in clinical 
trials to prevent or reduce oral mucositis compared with a 
placebo (Trotti et al., 2004). A variant of histatins, a natural 
cationic peptide was developed as mouth wash for treat-
ment of oral candidiasis (Kavanagh and Dowd, 2004). The 
feasibility of developing antimicrobial peptides is very 
high due to the encouraging results obtained so far. Future 
prospects is bright to encounter the challenges for the pep-
tide based therapies. Presently, peptides show ingno direct 
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microbicidal activity in vitro are being developed to pro-
tect against bacterial infection or promote wound healing 
(Bowdish et al., 2005).

In human health

Bacteriocins provide an alternative solution to the use 
of antibiotics. The prospect of using bacteriocins as ‘de-
signer drugs’ for specific bacterial pathogens is very high 
bacteriocin molecules may also be used treatment of cancer 
(Tanaka, 2001) and viral (Filatova et al., 2002) or parasitic 
infections (Vizioli andSalzet, 2003) due to their wide spec-
trum. A few biotechnological companies have developed 
bacterocins for various topical and systemic applications 
(Hancock and Diamond, 2000b). 

Bacteriocins in food systems

Due to growing concern on the possible side adverse 
effects of chemical additives in food, interest is now fo-
cussed on use of bacteriocins as natural preservative with 
minimal food processing. Bacteriocins isolated from meat 
and dairy products have unknowingly been consumed for 
centuries, they. Among the gram-positive bacteria, the lac-
tic acid bacteria have been comprehensively exploited as a 
reservoir for antimicrobial peptides with food applications. 
LAB produced bacteriocins have been used to ferment the 
products without any additional regulatory clearance as 
they are approved by FDA (Wessles et al., 1998; Montville 

and Winkowski, 1997).

Biopreservation of dairy products

Biopreservation refers to the use of antagonistic micro-
organisms or their metabolic products to inhibit or destroy 
undesired microorganisms in foods to enhance food safety 
and extend shelf life (Schillinger et al., 1996). Bacteriocins, 
produced by LAB, may be considered natural preservatives 
or biopreservatives that fulfill these requirements. Three ap-
proaches are commonly used in the application of bacteri-
ocins for biopreservation of foods:

•	 Inoculation of food with LAB with ability to grow 
and produce bacteriocin

•	 Addition of purified or semi-purified bacteriocins 
as food preservatives.

•	 Use of a product previously fermented with a bac-
teriocin producing strain as an ingredient in food 
processing.

Nisin is being in 50 countries as a biopreservative in-
cluding pasteurized foods. Nisin has many applications and 
is approved for use in various foods throughout the world 
(Table 3). L. monocytogenes has been the cause for anum-
ber of outbreaks associated with dairy products, such as 

Table 3. �Examples of world wide use of nisin (Fleming et al., 1985)

Country Food in which nisin is permitted Maximum level (IU/g)*
Argentina

Australia

Belgium

Cyprus

EU

France

Italy

Mexico

Netherlands

Peru

Russia

UK

US

Processed cheese.

Cheese, processed cheese, canned tomatoes.

Cheese.

Cheeses, dotted cheese, canned vegetables.

E234 may also be labeled as “natural preservative”.

Processed cheese.

Cheese.

Nisin is a permitted additive.

Factory cheese, processed cheese, cheese powder.

Nisin is a permitted additive.

Diabetic processed cheese, canned vegetables.

Cheese, canned foods, clotted cream.

Pasteurized processed cheese spreads. 

500

No limit

100

No limit

Varies according to product and member state.

No limit.

500

500

800

No limit.

8000

No limit.

10.000

*International unit per gram.
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pasteurized milk (Fleming et al., 1985) and cheese (James 
et al., 1985), and nisin has been shown effective against 
L. monocytogenes in dairy products. Zottola et al. (1994) 
used Nisin-containing cheddar cheese and nissin added 
processed cheese (to prevent growth of Clostridium tyrobu-
tyricum had been in vogue for several years (Zottola et al., 
1994; Schillinger et al., 1996)

Biopreservation of meat products

The ability to grow at refrigeration temperatures and 
anaerobic conditions make L.monocytogenes, a highly 
potent pathogen and rigid policies of US government for 
its zero tolerance in ready to eat food, (Jay, 1996; Ryser 
and Marth, 1999) has lead to several studies to control L. 
monocytogenes in meat products on raw meat and cooked 
and ready-to-eat meat products (Ryser and Marth, 1999). 
Nisin in combination with lactic acid showed an increased 
effect as a preservative to inhibit gram negative organisms 
(Ariyapitipun et al.,1999 and 2000). Antilisterial activity of 
nisin A and pediocin ACH, enterocin CCM 4231 for con-
trolling L. monocytogenes and sakacin K against L. innocua 
have given promising results (Murray and Richard,1997; 
Lauková et al. 1999). Nielsen et al. (1990) obtained prom-
ising results for the preservationof fresh meats using pedi-
ocin PA-1 produced by P. acidilactici 

Biopreservation of seafood products

The bacteriocins are effective s to control growth of 
L. monocytogenes in vacuum-packed sea food and Katla et 
al. (2001) examined the effective inhibition of sakacin P 
and/or L. saké cultures (sakacin P producer) to L. monocy-
togenes contaminating cold-smoked salmon. Nisin in com-
bination with carbon dioxide and low temperature showed 
inhibitory effect on the L. monocytogenes in cold-smoked 
salmon (Nilsson et al., 1997).

The effectiveness of nisin Z, carnocin UI49, and a 
preparation of crude bavaricin A on shelf life extension 
of brined shrimp was evaluated by Einarsson and Lauzon 
(1995) and considered as potential technology to prevent 

use of sorbic and benzoic acids. However, bacteriocins 
are still used a little in food conservation (de Souza et al., 
2005).

Bacteriocins in packaging film

Antimicrobial packaging film prevents microbial 
growth on food surface by direct contact of the package 
with the surface of foods, such as meats and cheese without 
lost or reduction of antimicrobial activity(Chen and Hoo-
ver, 2003) and is advantageous than spraying or dipping of 
(Appendini and Hotchkiss, 2002). Bacteriocins are either 
incorporated into packaging films directly or (eg. nisin in 
biodegradable protein films) or to coat or adsorb bacterioc-
ins on packaging films (eg nisin/methylcellulose coatings 
for polyethylene films and nisin coatings for poultry)(Padg-
ett et al., 1998;Appendini and Hotchkiss, 2002).

Use of bacteriocins in hurdle technology

Hurdle technology is a combination of several preser-
vation methods to retard microbial growth. Leistner,(2000). 
Reviewed the principles underlying hurdle technology, as 
well as potential hurdles in food systems. As shown in Ta-
ble 4 the bacteriocins often have synergies with other treat-
ments, and can be used as a hurdle to improve the safety 
of food. An understanding of the mode of action of each 
individual hurdle allows the most effective combination of 
treatments. The application of pulsed electric field (PEF), 
which increases the permeability of cell membranes, and 
metal chelators with EDTA in combination with nisin for 
the control of Salmonella and E. coli are a few examples 
of hurdle technologies (Terebiznik et al., 2000) \ (Stevens 
et al., 1991) Zhang and Mustapha, 1999), probably EDTA 
disrupts the outer membrane, allowing the penetration of 
nisin (Abee et al., 1995).
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