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Abstract

Preservation of perishable foods in a sound and safe condition still a remains an ongoing challenge to the mankind. The number of food borne illness and intoxications are increasing and large outbreak of food borne diseases occurs throughout the world. So, the preservation techniques are required to ensure that the manufactured foods remain safe and unspoiled for a longer time. Non-thermal treatments are attracting interest of food industry due to their capability of assuring the quality and safety of foods. Among them use of natural antimicrobials from plants (essential oil) and microorganisms (LAB and Bacteriocins) have gained wide range of popularity as biopreservatives. Traditionally microorganisms has been used in fermentation from ages but now modern large scale production  of foods exploits use of defined strains to ensure consistency and quality in the final product. The biopreservation offer potential application in food preservation and helps in reducing the addition of chemical preservatives as well as the intensity of heat treatment, resulting in foods which are more naturally preserved and richer in organoleptic and nutritional properties. Beside this biopreservation also provides health benefits such as reduction in cardiovascular diseases, improving GI organisms, helps in curing diarrhea etc. so it is performing a dual role. The microorganisms produces a wide variety of antagonistic primary and secondary metabolites including organic acid, diacetyl, reuterin, bacteriocins etc. some of which has activity against pathogens such as L. monocytogenes and C. botulinum. The bacteriocins such as nisin, pediocin, lacticin and eneterocin can be potentially useful for the food industry. So, the main emphasis of this review is exploitation of such naturally produced antagonists holding tremendous potential for extension of shelf-life and improvement of safety of a variety of foods.
Introduction

    In the production of food it is crucial to take proper measures for ensuring its safety and stability during the shelf life. Food preservation is carried out to maintain the quality of raw material and physico-chemical properties as well as functional quality of the product whilst providing safe and stable products. In general preservation process consists of a combination of mild heat stress and low concentration of chemical preservatives to control food spoilage and the outgrowth of pathogenic spore- forming bacteria (Jeevaratnam et al. 2005). However the resistance of microorganisms to most commonly used preservatives has created problem for the food industry. Moreover consumer demand today is for natural and minimally processed foods, with a fresh appearance and taste, ease-to eat and high safety. The modern food processing is also dependent on a wide  range of preservative technologies to ensure that food is maintained at an acceptable level of quality from the time of manufacture till  the time of consumption because the major concerns of food industry is contamination of food by pathogens which are the frequent cause of food born illness. As a result, research and development of new products is leading to the reduction or even displacement of heat treatments and encouraging traditional preservatives as these treatments are capable of assuring the sensory and nutritional properties of the product without reducing food safety. Non-thermal preservation methods are thus gaining interest as alternative treatments, especially high intensity pulsed electric fields (HIPEF), high pressure (HP) and the addition of natural antimicrobial substances (Bendicho, et al., 2002). 
Natural antimicrobial is a term given to any type of natural chemical compound that can aid in the death or suppress the growth of microorganisms (bacteria, yeast, mycoplasma), etc. These natural antimicrobials show two types of effects i.e. bacteriostatic (prevents microbes from growing) and bacteriocidal (kills microbes directly). Natural antimicrobial compounds have been exploited unknowingly for ages due to their effect against several food spoilage microorganisms and pathogens. Common spices and aromatic plants have been used in cooking not only for their taste, but also for their antibacterial effect. Some common are spices, condiments and others plant material producing essential oil like garlic, orange, black pepper, thyme, clove, tea tree, mint, cumin etc. The need for natural antimicrobial occurs due to:
1. Non-availability of new synthetic compound,
2. Wide range of antimicrobial activity present ,
3. Potential health benefits (act as neutraceutical),
4. Safety concerns of the existing chemical preservatives,
The practical application of these compounds also generates changes, in the sensory and textural properties of foods, when they are added. These biological preservatives imply a novel scientific approach to improve the microbial safety of foods through biopreservation.
Biopreservation means the use of non-pathogenic microorganisms and/or their metabolites to extend the shelf life of foods and improve their microbiological safety (De Martinis et al., 2001). The food-origin antimicrobes are termed as biopreservatives. Biopreservatives helps in preserving the integrity and functionality of cells, tissues and organs held outside the native environment (Jason, 2007). The various biopreservatives includes cells of lactic acid bacteria, acetic, propionic and lactic acids of starter culture, diacetyl of lactic acid bacteria, bacteriocins, nisin, pediocin, lacticin etc. The biological preservatives should have some desirable properties (Galvez et al., 2007). Like 1) No health risks i.e. No production of toxins contains no biogenic amines or other metabolites detrimental to health and are non pathogenic. 2) Should have beneficial effects in product i.e. should be able to have beneficial effects in product, reliability of consistent protective activity ,predictability of metabolic activity under given set of parameters (e.g. lactic acid production/ no gas) should be able to compete against autochtonous organisms and should  poses specific enzymatic activity for specific food. 3) Biopreservatives should have no negative effects on product under GMP (e.g. no production of acid, gas, slime, etc., depending on product type).  4) They should function as ‘indicator’ under abuse conditions.
Why biopreservation?
There is need for biopreservation due to following reasons
1. Transformation of the economic and demographic patterns

2. Recognition of importance of quality and nutritional value of foods

3. Awareness of the risk from contamination and growth of pathogenic and spoilage microorganisms

4. Existing dilemma with the usage of chemical preservatives

5. Desire with lightly preserved food with enhanced safety and extended shelf life

Lactic acid bacteria (LAB) a natural biopreservatives: 
Lactic acid bacteria are a group of gram positive bacteria. They are included in the group of non-spore forming, non-respiring cocci or rods which are aerobic, fastidious, acid tolerant and strictly fermentative with lactic acid as the major end product during the fermentation of carbohydrates. The LAB, generally considered as ‘food-grade’ organisms and show special promise for selection and implementation as protective cultures. It is involved in numerous food fermentations known to man for millennia, it is assumed that most representatives of this group do not pose any health risk to man, and some are designated as ‘GRAS’ (‘generally recognised as safe’) organisms. Reports on the involvement of LAB in human infections indicate that some species may act as opportunistic pathogens in rare cases. However, there is no indication of a health risk of LAB involved in food fermentations; and any definite conclusions presently are speculative.

LAB has been used in food production as an effective method for extending safe storage of foodstuffs by simple fermentation. Lactococcus, Streptococcus, Pediococcus, Leuconostoc, Lactobacillus and Carnobacterium are the genera most commonly used as starter cultures in the fermentation processes of milk, meat and vegetable products (Stiles & Hastings, 1991). They have been isolated from grains, green plants, dairy and meat product, mucosal surface of animal (Lindgren and Dobrogosz, 1990), sourdough (Messens and De Vuyst, 2002) and vegetable pickle (Jamuna and Jeevaratnam, 2004). LAB present attractive physiological properties and technological applications resistance to bacteriophages, proteolytic activity, lactose and citrate fermentation, production of polysaccharides, high resistance to freezing and lyophilization, capacity for adhesion and colonization of the digestive mucosa, and production of antimicrobial substances.
The most important contribution of LAB its use in the preservation of the nutritional qualities of the raw food material through extended shelf life and the inhibition of spoilage and pathogenic bacteria. The preservative effect of these bacteria is mainly due to the production of one or more active metabolites with antimicrobial properties, such as organic acids (lactic and acetic acid), that intensify their action by reducing the pH of the media. However, another mechanism also have been suspected to be involved in killing or at least inhibiting the growing of other related bacteria and even pathogens by LAB. As a result, a large number of bacteriocins produced by LAB have been identified, although their potential application as biopreservatives has not been fully developed.
In addition to the food applications of LAB, various strains are considered to be probiotics. The word ‘probiotic’ meaning ‘for life’ is derived from Greek language. In general probiotics can be described as a preparation of or a product containing viable microorganisms in sufficient numbers to alter the microbiota (by implantation or colonization) in a compartment of the host and that exert beneficial health effects in the host (De Vuyst et al., 2004). In this regard, LAB fit many of requirements for a microorganism to be defined as an effective probiotic (Salminen, et al., 1996). These requirements include the ability to: 

(a) Adhere to cells 

(b) Exclude or reduce pathogenic adherence 

(c) Persist and multiply 

(d) Produce acids, hydrogen peroxide, and bacteriocins antagonistic to pathogen growth

(e) Safe, noninvasive, noncarcinogenic, and nonpathogenic

(f) Coaggregate to form a normal balanced flora.

Strains that are used as probiotics for man have been isolated from the human gastrointestinal tract and usually belong to species of the genera Lactobacillus and Bifidobacterium. However, strains belonging to other species of LAB have been used in the past as probiotics as well, such as E. faecium, E. faecalis, S. thermophilus, L. lactis subsp. lactis, L. mesenteroides, and P. acidilactici.
Lactic acid and other end products of LAB (Table 1) metabolism, including bacteriocins, hydrogen peroxide, diacetyl, acetoin and other organic acids, act as bio-preservatives by altering the intrinsic properties of the food to such an extent as to actually inhibit spoilage microorganisms. These various metabolites produced by the LAB are widely being used in food industry. Some of them are discussed as below:
Bacteriocins

The LAB bacteriocins have many attractive characteristics that make them suitable candidates for use as food preservatives, such as:

• Protein nature, inactivation by proteolytic enzymes of gastrointestinal tract

• Non-toxic to laboratory animals and generally non-immunogenic

• Inactive against eukaryotic cells


• Generally thermoresistant (can maintain antimicrobial activity after pasteurization and sterilization)

• Broad bacteriocidal activity affecting most of the Gram-positive bacteria and some, damaged, Gram-negative bacteria including various pathogens such as L. monocytogenes, Bacillus cereus, S. aureus, and Salmonella
• Genetic determinants generally located in plasmid, which facilitates genetic manipulation to increase the variety of natural peptide analogues with desirable characteristics
Classification of LAB bacteriocins

There are wide number of bacteriocins produced by different LAB and can be classified according to their biochemical and genetic characteristics (Gonzalez et al., 2003). LAB bacteriocins in general are divided   into four classes. Which are as under:
Class I comprises the lantibiotics (lanthionine-containing peptides with antibiotic activity). They are small heat stable peptides (less than 5kDa) acting on membrane structure. They are differentiated from other bacteriocins by their content in dehydroamino acids and thioether amino acids. These arise by post- translational modification of amino acid residue in which gene encoding serine and threonine undergoes enzymatic dehydration to give rise to dehydroalanine and dehydrobutyrine (Sahl and Bierbaum, 1998) e.g. nisin. The lantibiotic bacteriocins are initially divided into two subclasses based on structural similarities.

Subclass Ia included relatively elongated, flexible and positively charged peptides which generally act by forming pores in the cytoplasmic membranes of sensitive target species. The prototypic lantibiotic nisin is a member of this group.

Subclass Ib peptides are characteristically globular, more rigid in structure and are either negatively charged or have no net charge. They exert their action by interfering with essential enzymatic reactions of sensitive bacteria (Deegan et al., 2006).

Class II It comprises of the non-lantibiotic of variable molecular weight (<10 kDa) and are thermostable linear bioactive peptides which do not contain any modified amino acid residue. They are divided into three subclasses: 

Class IIa: These peptides are active against Listeria, the characteristic representants are pediocin PA-1 (Venema et al., 1997) and sakacin P. They have distinctive N-terminal sequence Tyr- Gly- Asn- Gly- Val and two cysteines forming S-S bridge in the N-terminal half of the peptide e.g. pediocin PA-1/AcH produced by Pediococcus.
Class IIb: They are formed by a complex of two distinct peptides and lack a leader peptide. These peptides have little or no activity and it appears to be no sequence similarities between complementary peptides. E.g. enterocin EJ97 produced by E. faecalis.
Class IIc: These are small peptides, heat-stable, which are transported by leader-peptides. In this subclass are found only the bacteriocins divergicin A and acidocin B. e.g. enterocin L50A by E. faecalis
Class III: It includes the large (> 30 KDa) heat-labile bacteriocins that encompass many bacteriolytic extracellular enzymes (hemolysins and muramidases) that may mimic the physiological activities of bacteriocins. Examples are helveticin J of L. helveticus and bacteriocin Bc-48 of E. faecalis.

Class IV: It is a new class created to include the circular antibacterial peptide, an intriguing and novel type of antimicrobial substance produced not only by bacteria but also by plants and mammalian cells. They form large complex with other chemical moieties, carbohydrate or lipid required for their activity. These bacteriocins due to their cationic and hydrophobic properties result in the formation of complexes with other macromolecules (Jeevaratnam et al., 2005). The distinguishing characteristic of this class is the existence of head-to-tail peptide chain ligation, as aresult  these molecules seems to have  neither an origin nor an end. The first circular protein described was the enterocin AS-48. Some commonly characterized bacteriocins are given in Table 2.
Nisin
Nisin is the most well known and characterized bacteriocin and the only one to have realized widespread commercial use (fig.1). It is composed of 34 amino acids and has a pentacyclic structure (Shiba et al., 1991) with one lanthionine residue and four h-methyllanthionine residues produced by the fermentation of a modified milk medium with Lactococcus lactis sub sp. lactis. It possesses antimicrobial activity against a limited range of microorganisms and more specifically against gram positive bacteria (particularly spore former). The antimicrobial activity depends upon the species of organisms, concentration of nisin and pH of medium (Beard et al. 1999). Its synthesis is complex, involving processes of transcription, transduction, post-transductional modifications, secretion,  and processing (Guder et al., 2000). There are two variants of this bacteriocin: nisin A and Z, which differ from each other only by the amino-acid 27 (Histidine in nisin A is replaced by asparagin in nisin Z).
Nisin can be effective at nanomolar concentrations depending on the target strain under investigation. The earlier it was believed that nisin inhibited peptidoglycan biosynthesis (Linnet and Strominger, 1973) and interacted with either lipid I or lipid II (Reisinger et al., 1980). However, Benz et al. (1991) found that nisin caused pore formation in the membranes of sensitive bacteria and thereby affecting the cell. Recently, it was found that nisin interacts with a docking molecule (lipid II) which is a membrane-bound precursor for cell wall biosynthesis (Fig. 2) and in the absence of this precursor, significantly higher concentrations of nisin are required to form pores (Wiedemann et al., 2001). Significantly, mutations in the N-terminal rings of nisin indicates that these are involved in lipid II binding, whereas mutations in the flexible hinge region severely affects the ability of the bacteriocin to form pores. The experiments have revealed the dual functionality of the nisin molecule involving initial binding to lipid II followed by pore formation resulting in rapid killing of the target cell.

Since nisin is produced by a Lactococcal culture, one of the principal applications of nisin-producing strains is in the manufacture of cheese, where it has been investigated for the inhibition of both spoilage and pathogenic microorganisms. From a food safety point of view, the pathogen of primary concern in a number of cheeses is L. monocytogenes, which is capable of growing at refrigeration temperatures (Farber and Peterkin, 1991) and has the ability to survive the acidic conditions of cheese manufacture (Seelinger and Jones, 1986). Moreover, the pathogen can also resume growth in cheeses exhibiting a pH rise during ripening, such as on the surface of mould-ripened cheese. Furthermore, Listeria has been shown to survive the manufacturing process of cottage, camembert and cheddar cheese (Doyle et al., 1987) and there is large number of outbreaks of listeriosis due to the consumption of contaminated dairy products (Linnan et al., 1988). A number of studies have been performed with nisin-producing cultures, demonstrating the effectiveness of nisin for the inhibition of L. monocytogenes in cheese (Ferreira and Lund, 1996). Nisin has also been investigated and demonstrated to be effective in a various food products which include processed cheese and cheese spreads, milk products, canned foods, fish and meat products, brewing, wine manufacture, liquid egg and confectionery. 

Lacticin 3147
 The bacteriocin lacticin 3147 is not commercially exploited at present, but it has many potential applications. It is a broad spectrum bacteriocin produced by a Lactococcus lactis strain that was originally isolated from an Irish kefir grain. It is composed of two similarly sized post-translationally modified peptides, both of which are required from optimal killing activity. An unusual feature of these lanthionine-containing peptides is that it contains D-alanine (Ryan et al., 1999). The bacteriocin causes pore formation in target cells which selectively causes release of K+ ions and inorganic phosphate (McAuliffe et al., 1998). Recent results have demonstrated that these unusual peptides act sequentially on target cells and at nanomolar concentrations. These bacteriocin has a very broad spectrum of action that includes all Gram-positive bacteria tested, including food pathogens such as Listeria monocytogenes and S. aureus and food spoilage microorganisms such as Clostridium tyrobutyricum (Galvin et al., 1999). The activity of lacticin 3147 suggests that this bacteriocin has potential in a wide range of applications in food safety and can be used in the treatment or prevention of human and animal infections.
Lacticin 3147 has also been shown to be an effective biopreservative in many food applications (Ross et al., 1999). An important advantage of lacticin 3147 is that many transconjugants have been generated which produce the bacteriocin. Importantly, the performance of these strains in food fermentations is not compromised by the presence of the plasmid. When used for production of Cheddar cheese, as starters it is associated with reduced (at least 100- fold) numbers of nonstarter lactic acid bacteria which are often associated with quality defects in the product, such as crystal formation, flavour defects and slit defects,during cheese ripening process, but use of these bacteriocin-producing cultures should offer manufacturers greater predictability in terms of product quality (Ryan et al., 1996).. 

Advantages of bacteriocins:

The accumulation of studies carried out in recent years clearly indicates that the application of bacteriocins in food preservation can offer several benefits (Thomas et al., 2000):

 (i) These can help in extending shelf life of foods, 

(ii) Bacteriocins provide extra protection during temperature abuse conditions, 

(iii) Decrease the risk for transmission of food borne pathogens through the food chain, 

(iv)  These can reduce the economic losses due to food spoilage, 

(v) Use of chemical preservatives can be reduced,
 (vi) Less heat treatments are requiredas as a result  food safety can be ensured  by  better preservation of food nutrients , vitamins, as well as organoleptic properties of foods,

 (vii) They may serve to satisfy industrial and consumers demands of “novel” foods (less acidic, with a lower salt content, and with higher water content) 

Mode of action of Bacteriocins


                        The mode of action of the bacteriocins is not very clearly known however most of them are bacteriocidal (except leucocin A-UAL 187 which is bacteriostatic). Different mechanisms of action of these bacteriocins have been reported by different workers . Some of them are:
I. Thedominance of one microbes in a given situation over other microorganisms might be due to production and excretion of substances that are inhibitory or lethal to other microbial cells (Diacetyl, hydrogen peroxide etc.) at higher levels, or due to competition for attachment to adhesion sites or due to rendering the environment unfavorable or undesirable to others (by changing oxidation reduction potential and pH) or due to competition for oxygen and other nutrients (Jay, 1996).
II. These peptides are usually effective against Gram-positive microorganisms. Bacteriocins of lactic acid bacteria may be inefficient to inhibit Gram-negative organisms because the outer membrane hinders the site for bacteriocins action, which is the cell membrane (Morisset et al., 2004).
III. The action of bacteriocins might be due to alteration of enzymatic activity, inhibition of spore germination and inactivation of anionic carriers through the formation of selective and non-selective pores (Martinez and De Matins, 2006) or possess both mechanisms (Engelke et al., 1994).

IV. LAB bacteriocins exert an antimicrobial effect, by targeting the cell envelope. The initial electrostatic attraction between the target cell membrane and the bacteriocin peptide is thought to be the driving force for subsequent events. (Deegan et al., 2006).

V. Bacteriocins may possess a bactericidal or bacteriostatic mode of action on sensitive cells, which is being greatly influenced by several factors such as bacteriocin dose and degree of purification, physiological state of the indicator cells and experimental conditions (Cintas et al., 2001).
VI. The various classes of bacteriocins might use the same mechanisms of action. Peptides bond to the plasmatic membrane through electrostatic interactions with phospholipids charged negatively. So, it gets into the membrane with a reorientation that depends on the membrane potential, which is driven by the pH and phospholipidic composition. The monomers of bacteriocin form protein aggregates that result in the pore formation with the consequent loss of ions (mainly potassium and magnesium), loss of the proton-motriz force (Fundamental role in ATP synthesis and bacterial movement), and exit of ATP and amino-acids (Gonzalez-Martinez et al., 2003)
Application of Bacteriocins in Food Biopreservation

The application of biopreservation in food seems to be an attractive method of preservation by reducing the use of various ingredients such as salt, sugar, fat and acid that usually serves as a potential inhibitor of microbial growth. Its eventual use will be determined by a number of factors, amongst which its (‘food-grade’) safety, and adaptation and suitability for a specific food system are the most important ones. Several possible strategies for the application of bacteriocins in the preservation of foods may be considered:
1. Inoculation of the food with LAB (starter or protective cultures) that produce the bacteriocins in the product (production in situ)
2. Addition of the purified or semi-purified bacteriocins as a food preservative

3. Use of a product previously fermented with a bacteriocins producing strain as an ingredient in food formulation

Bacteriocins can be incorporated into foods as a concentrated, though not purified, preparation made with food-grade techniques. While studying novel techniques, there are many considerations that will determine the use of bacteriocin in food systems. One of the most significant criteria is the ability to withstand thermal processing which is extensively used in the food manufacturing process and can have adverse effects on the bio-active capability of a bacteriocin, potentially rendering it less effective. The chemical and physical properties of a food, e.g. pH, and fat content, can also have a significant role in the suitability of a particular bacteriocin.

Some food ingredients might interfere with the bacteriocin activity. According to Vignolo et al., (1998) the use of lactocin 705 to control L. monocytogenes was less effective in the presence of curing ingredients such as sodium chloride, sodium nitrite, ascorbic acid, alginate and sodium lactate. Although lactocin 705 was shown to be a successful inhibitor of the pathogen, the presence of sodium chloride changed the inhibition from a bactericidal to a bacteriostatic. Schillinger et al., (2001) have studied the combination of nisin and a protective culture against L. monocytogenes in tofu (a nonfermented soybean product with a relatively high pH) which may be contaminated during processing with spoilage or pathogenic bacteria including L. monocytogenes. The results were significantly better when nisin was added during the manufacture of tofu than when it was added as a solution in the final product. The study also showed that the combination of nisin with nisin resistant mutants of Lactobacillus sakei Lb 706 or Enterococcus faecium BFE 900 was more effective in suppressing growth of L. monocytogenes than nisin alone. The application of the protective cultures alone did not result in a successful suppression of Listeria growth in tofu at low temperature. Hurdle technology refers to the manipulation of multiple factors (intrinsic and extrinsic) designed to prevent bacterial contamination or control growth and survival in food (Deegan et al., 2006). A combination of preservation methods may work synergistically or at least provide greater protection than a single method alone, thus improving the safety and quality of a food (Martinez and De Martins, 2005). The application of bacteriocins or bacteriocin-producing LAB strains in food has a potential use as part of the hurdle technology, since bacteriocins have shown synergies with other treatments and could be used to improve food safety. Although the nature of the Gram-negative cell wall restricts the activity of LAB bacteriocins, bacteriocins may be used in combination with other treatments to increase their effectiveness (Deegan et al., 2006).

A bacteriocin alone in a food is not likely to ensure satisfactory safety. This is of particular significance with regards to Gram-negative pathogenic bacteria that are protected by the presence of an outer membrane. When the outer membrane is impaired by agents such as the food grade chelating agent ethylene diamine tetraacetate (EDTA), which acts by binding to Mg2+ ions in lipopolysaccharide; the outer membrane is disrupted, rendering Gram-negatives sensitive to bacteriocins (Deegan et al., 2006).

Bioactive packaging is a further potential application in which bacteriocins or the producing strains can be incorporated into packaging destined to be in contact with food (Castellano and Vignolo, 2006; Schobitz et al., 2006).

Factors Affecting Production of Bacteriocins
 
The production of bacteriocins is influenced by various factors which affect the efficacy of bacteriocins. Some of these limiting factors are food related factors (processing conditions, storage temperature, food pH, inactivation by food enzymes, interaction with food additives, adsorption to food component, low solubility and uneven distribution in food matrix and limited stability during food shelf life), food microbiota ( microbial load, microbial diversity, bacteriocins sensitivity and microbial interaction in the food system) and target bacteria, bacteriocins sensitivity [genus, gram type, species and strains], physiological stage i.e. growing, resting starving etc., protection by physico-chemical barriers like microfilms, slime etc. and development of resistance  or adaptation.
Immunity of producing organism against Bacteriocin 
According to Koponen (2004) the bacterial cell may present some immunity mechanisms which are defined as the ability of the cell to protect itself against a bacteriocin produced by its own metabolism. Both cell-walls constitute and membrane lipid compositions have been demonstrated to be involved in bacteriocin action as well as bacteriocin resistance. The inhibitory action of these antimicrobial peptides can vary between different genera, species of the same genera, identical species, and even identical cultures under different environmental conditions (Castellano et al., 2001).

Two types of immunity have been described for lantibiotics, one reliant on a specific immunity protein, Lan I (present in certain lantibiotic cluster), while the other depends on a separate multi-component transporter (Lan EFG) which is seen in nisin. Class II bacteriocins generally have a single-cell membrane-associated immunity protein that provides complete immunity (Deegan et al., 2006). This mechanism depends mainly on a bacteriocins specific immunity protein, which is expressed concomitantly with the bacteriocin, and does not require the processing and transport system necessary for exporting the bacteriocin (Cintas et al., 2001). This immunity can be activated in various ways against pore-formation bacteriocins as nisin. Adsorption of the bacteriocin to the membrane can be inhibited.  Bacteriocins adsorbed by the membrane can be translocated back to the environment or degradated in the cytoplasm of the cell. The process of the pore formation in the membrane can be inhibited by specific interactions of the bacteriocin with membrane proteins associated to immunity. Also, the pore may be unstabilized or blocked by an immunologic protein. Probably for each bacteriocin there may be a relatively specific membrane protein, whose function is to translocate a precursor form of the bacteriocin across the cytoplasmic membrane to the outside of the cell. Strains producing one specific bacteriocin may or may not be sensitive to other similar bacteriocins (Jack et al., 1995). Resistance to the activity of a bacteriocin can also develop when a normally sensitive strain is grown in the presence of a bacteriocin. Some strains of bacteria can produce more than one type of bacteriocin, as well as the corresponding specific immunity proteins, responsible for self-protection to each of the produced bacteriocins.
Resistance to bacteriocins

An important aspect to take into consideration in relation to the commercial use of bacteriocins is the tolerance or resistance of certain pathogenic bacterial species that are normally sensitive, such as L. monocytogenes, since it may compromise the antibacterial efficiency of these compounds (Schobitz et al., 2003). From a practical point of view, considering the difference in the kinetics of inhibition and cross resistance of the survivors, it is to be expected that the combined use of nisin plus one of other bacteriocins would result in more efficient inhibition of Listeria (Vignolo et al., 2000). Bouttefroy and Milliere (2000) have combined nisin and curvacitin 13 to avoid the development of resistant strains of this genus.

 The use of strains that produce multiple bacteriocins could be advantageous to limit the potential emergence of bacteriocin-resistant populations. Resistance can occur naturally and it has been reported especially with regards to Class IIa bacteriocins such as pediocin PA-1 and mesentericin Y105 among others (Deegan et al., 2006).

Despite of their limitations, bacteriocins may help to solve some actual food safety problems. The restriction imposed on antibiotics use in foods and feeds, and considering the effectiveness of bacteriocins, the existence of viable means through which they can be incorporated and a consumer’s desire for minimally processed food, is an excellent alternative for its use in combination with other natural preservatives or agents (Deegan et al., 2006).

Methods of Purification of Bacteriocins
Various strategies for the purification of bacteriocins from complex cultivation broths to their cationic and hydrophobic characteristics have exploited (Cheigh et al., 2004). Usual methods for bacteriocins extraction are based on their affinity to organic solvents, their variation in solubility in concentrated salt solutions and at a given pH value. The presence of hydrophobic regions in bacteriocin molecules is essential for their activity against sensitive bacteria, since inactivation of microorganisms by bacteriocins depends on the hydrophobic interaction between the bacterial cells and bacteriocin molecules (Burlanek and Yousef, 2000).

Since bacteriocins are secreted into the culture medium, most strategies start with a method to concentrate bacteriocins from the culture supernatant, for example using diatomite calcium silicate (Coventry et al., 1996) or ammonium sulfate precipitation (Yang et al., 1992). Although these procedures are used principally to reduce the working volume, they do not provide a high degree of purification (Guyonnet et al., 2000). Therefore, subsequent methods like using preparative isoelectric focusing and/or multiple chromatographic separations, including cation exchange, gel filtration, hydrophobic interaction and reverse-phase liquid chromatography are necessary to achieve significant purification of bacteriocins. Usually, but not always, the yields obtained are low. This is probably due to the high number of steps involved in the protocol, leading to time consuming processes and subsequently low yields.

To determine optimal parameters for the bacteriocin production, it is necessary to determine the ideal conditions of growth of the lactic strains and the composition of the culture medium. The medium usually contains a complexity of nutrients for optimal production of bacteriocins, but high contents of peptides might interfere in the purification process (Mackay et al., 1997).

An ideal protocol for bacteriocin production should be one that is applicable to large-scale purification, leading to bacteriocin yields higher than 50% and purity around 90% (Schobitz et al., 2006).

In general, for the non-lantibiotic bacteriocins, the methods involves growth in a suitable liquid nutrient medium under optimal conditions for bacteriocin production, removal of the cells followed by fractionated precipitation of the proteins from the culture supernatant by addition of ammonium sulfate. The precipitated proteins are subsequently dissolved in deionized water or in a weak buffer, and bacteriocin molecules are separated by use of different procedures including hydrophobic, ion-exchange, and size exclusion chromatography. Although these techniques have facilitated production of highly purified bacteriocin preparations, the final yield has generally been below 20% and involves several days of processing (Jack et al., 1995).

Many lactobacilli species have been identified as producers of bacteriocins. The origin of these species has mainly been from dairy and vegetable fermentations, vacuum-packaged meat products and from animal or human isolates (Mackay et al., 1997). Purification of bacteriocins was made by using ammonium sulfate precipitation, ion-exchange chromatography, hydrophobic interaction and reverse-phase HPLC.

Other metabolites of Lactic Acid Bacteria

Organic acids

The main metabolite produced by LAB is Lactic acid which reduces pH and thus inhibits or destroy putrefactive (clostridia and pseudomonas), pathogenic (Salmonella and Listeria sp.) and toxinogenic bacteria (Staphylococcus aureus, Clostridium botulinum, Bacillus cereus) (Holzapfel et al., 1995). The undissociated and hydrophobic form of the acid diffuses over the cell membrane and dissociates inside the cell, releasing HC-ions which acidifies the cytoplasm (Axelsson, 1990; Piard & Desmazeaud, 1991). Apart from affecting the pH, the undissociated acid also affects the electrochemical proton gradient, causing bacteriostasis and finally death of susceptible bacteria (Eklund, 1989).

Heterofermentative LAB produces acetic acid in the presence of external electron acceptors in relatively high amounts, whereas, propionic acid is produced only in traces. Both acids have higher pKa values than lactic acid and therefore have a higher proportion of undissociated acid at a certain pH. Similar to lactic acid, acetic acid and propionic acids interact with cell membranes to neutralize the electrochemical proton gradient, but the effect of acetic and propionic acid is often dependent on the changes in pH caused by lactic acid (Eklund, 1989).           Propionic acid reduces fungal growth, especially at lower pH, below 4.5. Propionic and acetic acid also inhibit amino acid uptake (Eklund, 1989) and thereby affecting the growth of microorganism. Woolford (1984) found that salts of propionic acid, such as sodium propionate and ammonium propionate show a similar effect against yeast and filamentous moulds at low pH. According to Moon (1983) the mixtures of lactic, acetic and propionic acid inhibited yeast species that normally grow well at relatively high concentrations (100 mM) of the individual acids, except for propionic acid. The lactic acid produced during LAB growth and the sodium acetate found insubstrate form a standard growth medium for LAB, can have synergistic antifungal effects (Cabo et al., 2002). Under specific conditions of hexose limitation and/or availability of oxygen, homofermentative LAB (e.g. pediococci, lactococci and most Lactobacillus spp.) may dissimilate lactic acid to acetic acid, formic acid and/or Carbon monooxide. However, the inhibitory effects of organic acids such as lactic, acetic and propionic acid will continue to complicate studies on antimicrobial effects of LAB, unless rigorous further purification and characterization of substances is applied. (Magnusson, 2003; Magnusson & Schnurer, 2001).
Other end products 
Hydrogen peroxide and Lactoperoxidase
Most LAB contains enzyme flavoprotein oxidases which produces hydrogen peroxide (H2O2) in the presence of molecular oxygen together with lactate, pyruvate and NADH. The antimicrobial effect of hydrogen peroxide is due to a strong oxidizing effect on the bacterial cell, and due to the destruction of basic molecular structures of cellular proteins. Hydrogen peroxide accumulates in the environment since LAB does not produce catalase (Condon, 1987). The antimicrobial effect of hydrogen peroxide at non-inhibitory concentrations is potentiated by the presence of lactoperoxidase and thiocyanate present in milk and saliva. The lactoperoxidase–thiocyanate–peroxide (LP) system involves the reaction of hydrogen peroxide and thiocyanate through catalysis by lactoperoxidase and produce hypothiocyanate and other intermediary products such as sulphurdicyanide, cyanosulfurous acid or cyanosulfuric acid and thus inhibit other microorganisms by damaging the cytoplasmic membrane which reduces oxygen uptake, inhibit energy dependent transport of glucose and amino acid and causes release of potassium ions. 
Diacetyl
Diacetyl (2,3-butanedione), which is a characteristic aroma compound present in butter, has antimicrobial effects at low pH and is produced by some strains of LAB genera during citrate formation (Earnshaw, 1992). Diacetyl at a concentration of 500-2500 mg/ml was found to be more effective against gram negative bacteria than gram positive bacteria. However, the amount of diacetyl needed to exert antimicrobial activity (close to 200 mM) dramatically alters both the taste and aroma of the product (Piard & Desmazeaud, 1991). Hence its use is limited and oftenly accompanied with some other preservation technique or biopreservatives.
Reuterin

Reuterin is a broad-spectrum antimicrobial substance produced from glycerol by starving cells under anaerobic conditions, and the active reuterin is an equilibrium mixture of monomeric, hydrated and cyclic dimeric forms of 3-HPA (Talarico et al., 1988).  The organism responsible for its production is Lactobacillus reuteri which is a normal inhabitant of the human intestine. The production of reuterin (3-HPA) has also been reported from some other species like L. brevis and L. buchneri (Schutz & Radler, 1984), L. collinoides (Claisse & Lonvaud, 2000) and L. coryniformis (Magnusson, 2003). It is one of the most intensively studied low-molecular-weight; non proteinaceous, highly soluble, neutral pH produced inhibitory compounds of LAB (Nakanishi et al., 2002). Reuterin affects several types of enteropathogens, including Gram-positive and Gram-negative bacteria, yeast, fungi, protozoa and viruses. Its antifungal activity has been shown against species of Candida, Torulopsis, Saccharomyces, Aspergillus and Fusarium (Chung et al., 1989). 

Fatty acids

Several 3-hydroxylated fatty acids (isolated from the supernatant) have been found with antifungal activities which are produced from Lactobacillus plantarum MiLAB 14. These antimicrobial fatty acids from the lipolytic LAB also improve the sensory quality of fermented foods (Earnshaw, 1992). Rao and Reddy (1984) have observed several fatty acids from cultures of LAB in fermented milk. However, while investigating straight chained fatty acids, it was found that antimicrobial activity increases with chain length (Woolford, 1975) for e.g. caprylic (C8) acid and longer fatty acids are generally more effective (except undecanoic, C11). Baird (1980) observed that the antimicrobial activity of organic acids generally increased with chain length, but due to low solubility in water these aliphatic acids longer than C10 or C11 were not as effective as antimicrobial compounds. However, Kabra (1983) observed that fatty acids with 12–16 carbons were most effective and exhibited detergent-like properties. Caproic acid, propionic, butyric and valeric acids also contributed to the inhibitory effect. However, the metabolic role of these hydroxylated fatty acids is not clear, and their potential antifungal activities in natural ecosystems are not known.
Phenyllactic acid

Phenyllactic acid has been identified from culture supernatants of L. plantarum MiLAB 393 (Strom et al., 2002), L. coryniformis strain Si3, and strains of Pediococcus pentosaceus and L. sakei (Magnusson et al., 2003) Phenyllactic acid and 4-hydroxy-phenyllactic acid are also produced from L. plantarum 21B, which is a sourdough isolate with antifungal activity against several species of filamentous fungi (Lavermicocca et al., 2000) which are active against yeasts and moulds at mg/ ml concentrations. However, this metabolite contributes to the overall antifungal effect in combination with other compounds produced by LAB. 

Cyclic dipeptides and other low-molecular-mass inhibitory compounds
New types of antimicrobial compounds have been discovered from the culture filtrate of L. plantarum VTT E-78076 (Niku-Paavola et al., 1999). The active fraction included benzoic acid, methylhydantoine, mevalonolactone, and cyclo(glycyl-L-leucyl). Strom et al. (2002) found two cyclic dipeptides cyclo(Phe-Pro) and cyclo (Phe-OH-Pro) in the supernatant of L. plantarum MiLAB 393. The cyclic dipeptides have antifungal activity at mg/ ml concentrations, and hence are much less effective than the hydroxylated fatty acids. 
Conclusion

Civilization has reaped the benefits of natural antimicrobials from years. Microbial cultures are employed throughout the world for different purpose right from preservation to fermentation. A large number of biopreservatives have been characterized to date with potential usefulness. These biopreservatives represent ultimate solution to food safety problems. Moreover the recent trend of consumer toward naturally preserved food, represent an excellent alternative for use biopreservatives in combination with other novel preservation technologies. Application of microbial ecology approach may provide a more realistic portrait of the complex interaction occurring in food systems. The imaginative exploitation of biopreservatives such as in generation of live packaging could lead to substantial improvement in both safety and quality of food we eat.
Table 1 Metabolic products of lactic acid bacteria with antimicrobial properties (Holzapfel et al., 1995)
	Product
	Main Target Organism

	Organic Acid
· Lactic Acid

·  Acetic Acid
	Putrefactive and gram negative bacteria, some fungi
Putrefactive bacteria, clostridia, some yeast and fungi

	 Hydrogen peroxide
	Pathogen and spoilage organisms, especially in protein rich foods

	Enzymes
· Lactoperoxidase system with hydrogen peroxide
· Lysozymes by recombinant DNA technology
	Pathogen and spoilage bacteria (milk and dairy products)

Undesirable gram positive bacteria

	Low molecular weight metabolites
· Reuterin

· Diacetyl

· Fatty acid
	Wide spectrum of bacteria, yeasts and mould

Gram negative bacteria

Different bacteria

	Bacteriocins
· Nisin

· Other
	Some LAB and gram positive bacteria, notably endospore formers

Gram positive bacteria, inhibitory spectrum according to producer strain and bacteriocin type


Table2 Properties of some well characterized bacteriocins (Source: Soomro et al., 2002)

	Bacteriocin
	Producer organism
	Properties

	Nisin
	Lactococcus lactis subspecies lactis ATCC 11454 
	Lantibiotic, broad spectrum, chromosomal/ plasmid mediated, bactericidal, produced late in the growth cycle

	Pediocin A
	Pediococcus pentoseceus FBB61 and L-7230
	Broad spectrum, plasmid mediated

	Pediocin AcH
	Pediococcus acidilactici H
	Broad spectrum, plasmid mediated

	Leucocin
	Leuconostoc golidum UAL 187
	Broad spectrum, plasmid mediated, bacteriostatic, produced early in the growth cycle

	Helviticin J
	L. helveticus 481
	Narrow spectrum, chromosomally mediated, bactericidal

	Carnobacteriocin
	Carnobacterium piscicola LV17
	Narrow spectrum, plasmid mediated, produced early in the growth cycle


Table 3 Biopreservation by Lactic acid bacteria (Ross et al., 2002)
	Product 
	Microorganism 
	Substrate

	Wine, beer
	Saccharomyces cerevisiae LAB
	Grapes, grain, hops

	Bread
	Saccharomyces cerevisiae LAB
	Wheat, rye, grains

	Cheddar cheese
	Lactococcus (cremoris, lactis) and Leuconostoc
	Milk

	Swiss type cheese
	Lactobacillus (delbruckii, bulgaricus, helveticus)
	Milk

	Mould and smear ripened cheese
	Carnobacterium piscicola, Brevibacterium linens
	Milk

	Yogurts
	St. thermophilus and Lb. bulgaricus


	Milk

	Kefir
	Lactococci, yeast, Lb. kefir (and others)


	Milk

	Fermented meats


	Pediococci, Staphylococci, various LAB


	pork, beef



	Sauerkraut
	L. lactis, Leuc. mesent., Lactobacillus (brevis, plantarum, curvatus, sake)


	cabbage



	Soy sauce


	Aspergillus oryzae/soyae, lactobacilli and Zygosaccharomyces rouxii


	soy beans and wheat



	Vegetables


	Enterococcus (mundtii, faecium), Lactococcus (cremoris, lactis),

Lactobacillus (plantarum, casei)


	vegetables



	Fish


	Carnobacterium (piscicola, divergens)


	fish
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Fig1. Primary Structure of Nisin (Parda et. al. 2007)

[image: image2.png]



Fig2. A schematic representation of the mode of action of nisin (Wiedemann et al., 2001).
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