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2.2 Inoculum source

All the Lactobacilli, Lactobacillus casei NCIMB 11970 Lactobacillus plantarum NCIMB 8014, Lactobacillus lactis NCIMB 8586 and
Lactobacillus delbruckii subsp.bulgaricus NCIMB 11778 were provided in a lyophilised form by National Collection of Food and Marine
bacteria(NCIMB) , Aberdeen , Scotland.

2.2 Growth Experiments
2.2.1 Preliminary Growth experiments

Pyrex glass pressure tubes sealed with butyl rubber stoppers and aluminium seals were used to test the effect of basal and optimum on Lactobacilli
growth. The tubes were prepared under aseptic and anaerobic conditions. The media recipe for the basal medium is glucose 2% w/v, yeast extract
1.5% wiv, peptone 1% w/v, sodium acetate, 0.5% w/v, tri-sodium citrate 0.2%, potassinm hydrogen phosphate 0.2% w/v, MgS804 0.02% w/v ,
MnS04 0.002% wiv and resazurin dye 0.0005% v/v. The same recipe was followed for L.delbruckii although glucose was replaced with lactose,
yeast and Tween 80 was added to the medium due to the extensive auxotrophic needs of the bacterium.

Each component was tested separately so to certify its influence on growth in a range of concentrations between 0% wiv to 4% wiv,

All the components were combined and an optimised medium was fabricated. The medium’s recipe is glucose 2% w/v, yeast extract 2 w/v,
sodium acetate, 1% w/v w/v,tri-sodium citrate 1% w/v, potassium hydrogen phosphate 0.5 w/v and resazurin dye 0.0005% v/v. For L.delbrucki,
yeast extract 1%, peptone 1%, lactose 2% and Tween 80 0.1%.

2.2.2 Bench Device (Stirring Tank Reactor, STR)

A 2L Pyrex glass fermenter has been selected for the procedure. The fermenter was equipped with an hydrargiric thermometer for temperature
control, a pH probe (Fischer Scientific, UK) for pH control, a magnetic stir bar for agitation, an glass aeration port, a sampling and inoculation
port, a gas flow stainless steel port connected with a filter for gas sterilisation (Polyvent filter, 0.2pm, Whatman Filters, UK), a port for alkali/acid
feed and stainless steel coils for heat emission. All the ports were made of stainless steel and were connected with plastic tubes of several lengths.
The working volume of the reactor was set at 1.5L. The pH probe was connected with a pH controller apparatus (Electrolab FerMac 260, UK)
which was calibrated with suitable acidic and alkali solutions {pH 4 and pH 7) to adjust the pH range. The gas filter was connected with a gaseous
nitrogen flask via rubber tubes and the flow was set up at 50 ng/ml. The alkali feed port was connected with a plastic bottle containing an alkali
solution of 100 ml of NaOH 1M which was placed on an electronic scale (Chaus portable advanced, Switzerland) o to measure the volume of
alkali/acid used for pH maintenance. The coils were connected with a water bath (Grant Water bath, UK) and a pump (Watson Marlow Digital,
5058, UK) for continuous preservation of steady temperature The fermenter was placed on a magnetic stirring plate (SM1, Stuart Scientific, UK)
and was constantly stirred at 150 rpm as being anacrobic bacteria

2.4 Analytical methods
2.4.1 Measurement of cellular growth and biomass

The cellular growth was measured by placing the pressure tubes into a spectrophotometer fitted with a test tube holder (PU 8625 UV/VIS Philips,
France) at 660 nm. The tube had a 1.8 cm. light path.
2.4.2 Measurement of Lactic acid amount and rate

Lactic acid productivity rate and the amount of lactic acid produced by each strain during the pH and temperature control fermentation are
indirectly determined by the following theorem: 1 M of NaOH neutralises the effect of 1 M Lactic acid: According to this equation the amount of
lactic acid produced is directly proportional to the amount of sodium hydroxide consumed during the fermentation process.

The rate of lactic acid produced is indirectly calculated by the following equation:

%‘*(mM lLIh):((Na ) * FR *M'W') (Equation 1)

Vv

where Na is the moles of the alkali solution used, FR is the feeding rate of the alkali solution in the culture, M.W. is the molecular weight of lactic
acid and V is the overall volume of the culture. (1)

3. Results and Discussion
3.1 The effect of standard and optimum medium on Lactobacilli growth

Thus, to achieve the optimum maximum growth rate and of the bacteria and enhance their productivity, the bacilli were inoculated in a medium of
liquid form containing all the optimised parameters. (2% glucose, 1.5% yeast extract, 0.5% potassium hydrogen phosphate, 1% tri-sodium citrate,
1%sodium acetate, lactose 2%, Tween 80 0.1%).






There has been an effort to use the same parameters in the optimised medium for the inoculation and intensive propagation of all the chosen

Lactobacilli., so to form a common economic simplified medium which will ameliorate distinctively the growth rates and the ceilular yields of the
bacteria.

The maximum growth rate of L.casei on the optimised medium was 024 4™' and the doubling time reduced to 2.87 h. The final biomass

concentration was 2.43 gfl. When compared to the basal medium where maximum growth rate was 0.16 4~ a significant increase in the
maximum growth rate was achieved. Similarly the final cell concentration of the fermentation has been raised from 1.19 g/l to 2.43 g/l. The

maximutn growth rate of Lplantarum on the optimised medium was 030k~ and the doubling time reduced to 2.30 h. The final biomass

concentration was 2.61 g/l. When compared to the basal medium where maximum growth rate was 0.13 A~ a significant high increase in the
maximum growth rate was achieved. Similarly the final cell concentration of the fermentation has been raised from 1.32 g/l 10 2.63 g/l. The

maximum growth rate of L lacis on the optimised medium was 0.22 %" and the doublin g time reduced to 3.13 h. The final biomass concentration

was 1.81 g/l. When compared to the basal medium where maximum growth rate was 0.07 A~ a significant high increase in the maximum growth
rate was achieved. Similarly the final cell concentration of the fermentation has been raised from 0.69 to 1.81. The maximum growth rate of

L.delbruckiii on the optimised medium was 0.32 2~ and the doubling time reduced to 2.13 h. The final biomass concentration was 3.00 g/l. When

compared to the basal medium where maximum growth rate was 020 A~ a significant increase in the maximum growth rate was achieved,
Similarly the final cell concentration of the fermentation has been raised from 1.80 g/1 to 3.00 g.

The optimised medium will be used as a medium for further investigation. (Figures 1. 2. 3.4)
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3.2 Growth of Lactobacilli on a STR

In order to obtain a better maximum growth rate and higher growth yields and improved productivity a pH controlled STR system was developed.
As to investigate the influence of pH over growth in terms of growth rate, doubling time and product and biomass yields the system was operated
with a continuous pH control maintenance system. The influence of pH was tested in a range of highly acidic (4) to neutral (7) pH. All the process
was performed in batch mode. The optimised medium was used.(3)

The results of the experiments are shown in Figures 5, 6, 7 and 8. and Table 1 There is a strong correlation between the pH and the growth of the
bacilli. The maximum growth rate was enhanced when the culture was controfled at pH 5.5, 6.5 and 7. Maintenance of pH on a steady state

Lactobacillus delbruckii subsp.bulgaricus NCIMB 11778 pH 5.5 was set as the optimum pH condition.






Figure 7 Growth of L Juctis on Different pH range in a 2L STR,
Growth(0) on pH 4, Growth (0) on pH 4.5, Growth () on pH 5
Growth (X) on pH 5.5, Growth (*) on pH 6, Growth (o) on pH 6.5,
Growth on pH 7(+)
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Figure 7 Growth of L.lactis on Different pH range in a ZL STR,
Growth(0) on pH 4, Growth (o) on pH 4.5, Growth (A) on pH S
Growth (x) on pH 5.5, Growth (*) on pH 6, Growth (o) on pH 6.5,
Growth on pH 7(+)

Tiws oy

Figure § Growth of L.delbruckii on Different pH range in a 2L STR
Growth(+) on pH 4, Growth (0) on pH 4.5, Growth (0) on pHS,
Growth (A) on pH 5.5, Growth (*) on pH 6, Growth (o) on pH 6.5
Growth on pH 7(0)

25
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Figure 8 Growth of Lidelbruckii on Different pH range in a 2L STR

Growth(+) on pH 4, Growth (0) on pH 4.5, Growth (0) on pH 5,
Growth (A) on pH 5.5, Growth (*) on pH 6, Growth (o) on pH 6.5
Growth on pH 7(¢)






Selected Strains | pH Rate of Lactic Total amount of | Selected Strains | pH Rate of Lactic Total amount
acid produced Lactic acid acid produced of Lactic acid
(mM/L/h} produced (mM) (mM/L/M) produced
(mM)
L.casei 4 9.94 50 L.plantarum 4 1.09 2
4.5 8.45 30 45 1.24 4
5 125.2 500 5 573 23
5.5 181.32 650 55 8.89 48.25
6.0 158.31 715 6.0 136.2 407
6.5 23998 900 65 161.5 613
7 2.82 4 7 13352 556
Llactis 4 4.9 23 L.delbruckii 4 8.34 45
4.5 28 8 4.5 17.59 70
5 72 37 5 98.78 465
5.5 127.99 487 5.5 115.36 514
6 165.33 543 6.0 100.33 498
6.5 183.23 563 6.5 T4 185
7 140.71 4744 7 10.09 38

Table 1: Lactic acid production on different pH conditions on an STR

4. Conclusions

In this work, a new growth strategy to enhance lactic acid production and the growth of Lactebacilli was studied. Significant changes were
notified when the optimized medium was used on the growth of Lactobacilli. Optimized pH conditions also reinforced the cellular growth and the
productivity of lactic acid. Further research should be performed though te develop extraction techniques for lactic acid and test further the lactic
acid productivity and the nutrient media.
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Abstract

Fermentation technology has been a widely researched and exploited field of the science of biotechnology. Through out the
recent years the vast majority of microbial groups have been tested for the production of beneficial compounds especially for
the replacement of products produced by petrol such as lactic acid. A bacterial group that heavily attracis attention due to its
products are Lactic Acid Bacteria (LAB) and especially Lactobacilli. Lactobacilli are widely used in the food and
pharmaceurical industry nowadays. These microoTganisms have several distinguishing features based on their main ability to
ferment carbohydrates such as the production of acids, enzymes and natural antimicrobial substances called bacteriocins.
They are mainly used as natural acidifiers for the inoculation of bulk quantities of milk and vegetables in order to produce d
variety of fermented products. AS such, large quaniities of their biomass and the end products of their metabolism are
necessary. In this article some of the most important uses of Lactobacilli in the industry will be reviewed. Emphasis will be
given in the production of lactic acid, ﬁ—galacrosidase and lantibiotics through the usage of modermn fermentation technology.

Keywords: LAB, fermentation technology. food industry, - galactosidase, lactic acid,

1. Lactic Acid Bacteria and their Industrial Tmportance

Lactobacilli are Gram positive (+) bacteria, shaped as rods which belong 10 the group of LAB. They are natural habitants,
rapidly colonising mammalian mucosal membranes such as oral cavity, intestine and vagina In general; they are found where
rich carbohydrate sources are available such as plants and materials of plant origin for example sewage and fermenting or
spoiled food. (Bernardeau et al, 2006) These bacteria, in the form of starter cultures are essential for many industrial
processes in the food industry, mainly for the fabrication dairy and meat products, fermentation of plants and vegetables,
brewing and wine making. (Cutting, Carr, & Whiting, 1975) Lactobacilli may affect the quality, flavour, odour and texture of
the final product in either a favourable or 2 detrimental way. (Cutting, Carr, & Whiting, 1975) The genera important
members of this group areé Lactobacillus, Leuconostoc, Pediococcus and Streptococcus. These organisms aré heterotrophic
and generally have complex nutritional requirements due to lacking of many biosynthetic capabilities. Consequently, most
species have multiple requirements for amino acids and vitamins. Lactobacilli are also considered to be probiotic bacteria.
Probiotics are live microorganisms that exhibit beneficial effects on the host’s health beyond inherent basic nutrition. (Rose,
1978) Lactobacilli fill in the major criteria that a microorganism should meet to be considered as a probiotic. They are
surviving in a low pH environment, they are capabie or surviving contact with digestive fluids and adhering to intestinal
epithelial cells, they are non pathogenic 10 the host, they can work in multiple hosts, they have the ability of host
multiplication and can easily colonise the gastrointcstinal tract either permanently of temporarily and beneficially to the host
and they survive in fecdstuffs.Dued to all the above abilities they are uscd in the production and packaging of foods
{Bernardeau ef al, 2006) Lactobacilli have proven to be effective against intestinal inflammation, maintenance of remission
in Chron’s discase, treatment of infections during pregnancy, prevention of urinary tract infections (Ahtne ef al., 2005)
Lactobacilli distinctive ability is to produce lactic acid from carbohydrate sources, especially from lactose and glucose and
many of them have been found to produce antimicrobial activity possessing molecules called bacteriocins. These compounds
have gained major industrial interests due t0 their potential application to be used as natural preservatives (Rose, 1982,
Board, 1983)

1.1 Application of Lactobacilli in the Contemporary Food industry Starter Cultures of Lactic Acid Bacteria (LAB)

Nowadays, LAB are constantly used in the food process industry in the form of starter cultures. Starter cultures, are carefully
selected and propagated cultures of known strains of bacteria or yeasts in order to produce the suitable type of fermentation
{(homolactic, heterolactic, citrate etc.) .The starier cultures cither consist of one pure strain of bacteria or yeasts of of a
combination of strains of different microbial species.(Ross et al., 2005)As previously referred, due to their distinctive ability
to produce organic acids such as lactic acid and acetic acid from carbohydrates Lactobuacilli are widely applied in the food
industry. These two organic acids suppress pH below the growth range causing metabolic inhibition of most pathogenic
bacteria. This means that these two organic acids are among the most widely employed preservatives, used also as

antimicrobial compounds. (Gruger& Gruger, 1989)
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Abstract
Fermentation technology has been q widely researched and exploited field of the science of biotechnology. Through out the
Tecent years the vast majority of microbial groups have been tested Sor the production of beneficial compounds especially for
the replacement of products produced by petrol such as lactic acid. A bacterigl group that heavily attrqcts attention due 1o ity
products are Lactic Acid Bacteria (LAB) and especially Lactobacill;, Lactobacilli are widely used in the Jood and
pharmaceusical industry nowadays. These microorganisms have several distinguishing Jeatures based on their main ability 1o
Jermen: carbohydrates such gs the Pproduction of acids, enzymes and natural antimicrobial substances called bacteriocins.
They are mainly used as natyral acidifiers for the inoculation of bulk quantities of milk and vegetables in order 10 Produce a
variety of fermented Products. As such, large guantities of their biomass and the end products of their metabolism are
recessary. In this article some of the most important uses of Lactobacilli in the industry will be reviewed, Emphasis will pe
given in the production of lactic acid, B-galactosidase and lantibiotics th rough the usage of modern Jermentation technology.
Keywords: LAR, fermentation technology, food industry, B-galactosidase, lactic acid,

spoiled food. (Bemnardeay of al, 2006) These bacteria, in the form of starter cultures are essential for many industrial
processes in the food Industry, mainly for the fabrication dairy and meat products, fermentation of Plants and vegetables,
brewing and wine making. (Cutting, Carr, & Whiting, 1975) Lactobacilli may affect the quality, flavour, odour and textyre of
the final product in ejther a favourable or a detrimental way. (Cutting, Carr, & Whiting, 1975) The genera important
members of this group are Lactobacillus, Leuconostoc, Pediococcus and Streptococcus. These organisms are heterotrophic
and generally have complex nutritional requirements due to lacking of many biosynthetic capabilities. Consequently, most
species have multiple fequirements for amino acids and vitamins. Lacrobacilli are also considered to be Probiotic bacteria,
Probiotics are live microorganisms that exhibit beneficial effects on the host’s health beyond inherent basic nutrition. (Rose,
1978) Lactobacilli fill in the major criteria that a microorganism should meet to be considered as a probiotic. They are

epithelial cells, they are non pathogenic to the host, they can work in multiple hosts, they have the ability of host
multiplication and can easily colonise the gastrointestinal tract either permanently or temporarily and beneficially to the host
and they survive in feedstuffs.Dued to all the above abilities they are used in the production and packaging of foods
(Betnardeau er ai, 2006) Lactobacilli have proven to be effective against intestina] inflammation, maintenance of remission
in Chron's disease, treatment of infections during pPregnancy, prevention of urinary tract infections (Ahme et qf, 2005}
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1.2 Application of Lactobacilli in Dairy Industry

Lactic Acid Bacteria (LAB) especially Lactobacilli are responsible for the formation of the microflora of most dairy products
especially of cheese and fermented milk. Lactobacilli are important for flavour, colour and texture of dairy products through
acidification due to lactic acid and of the metabolism of miik proteins. The most commonly used species in dairy products are
L.casei, Lhelveticus, L.rhamnosus, L.lactis, L.curvatus and L.plantarum. (Jack et al., 1995) Furthermore, Lactobacilli are
incorporated into yogurt, cheese and fermented milk as probiotics due to their beneficial effect especially on acute and
chronic inflammations of the gastrointestinal tract. (Bernardeau et al., 2006) In addition, due to the production of bacteriocins
Lactobacilli also help on the preservation of dairy products. (Chen &Hoover, 2003)

1.3 Application of Lactobacilli on Wine Industry

Lactobacilli are also applied in wine industry both for grape and fruit wines, such as cider. The organic acids existing in wine
which are mainly malic and tartaric acid can be easily metabolised by Lactobacilli. (Board, 1983) Malic acid is converted to
lactic acid and carbon dioxide, this phenomenon is called malolactic fermentation which is extensively used for fruit wines
maturation. (Liu et al., 2003) If though tartaric acid is decomposed into pyruvic and citric acid complete spoilage of the
selected food product occurs. So the appropriate choice of the fermenting Lactobacilli is necessary. Usually decomposition of
tartare is observed by Lactobacillus plantarum and Lactobacillus brevis (Rose, 1982)

1.4 Application of Lactobacilli on non-beverage food products of plant origin

Lactobacilli are applied in the fermentation of sauerkraut that is the product of fresh cabbage. The starter culture for
saverkraut production is the normal flora of cabbage, in addition with Lplantarum and an amount of NaCl so to avoid the
growth of pathogenic bacteria. (Miller & Litsky, 1976) Another fermented product where Lactobacilli are involved is pickies.
Pickles are the fermented products of cucumbets. The desirable effect is again achieved by the propagation of an L.plantarum
starter culture. L.plantarum is also involved in the fermentation of olives which follows a similar pattern with the
fermentation of pickles and sauerkraut, the only difference being that it is slower and involves a lye treatment. (Bernardeau ez
al., 2006)

2. Application of Lactobacilli in the Contemporary Pharmaceutical industry
2.1, The Production of Enzymes

Lactobacilli are well known for their role in the preparation of fermented dairy product, including yoghurt, cheese, butter,
buttermilk and kefir and they are the important living bacteria in connection with lactose hydrolyzed in the present of B-
galactosidase. B-galactosidase enzyme from lactic acid bacteria have been attractively attended because this bacteria group
normally considered as safe so the enzyme derived from them might be used with no need of extensive purification and there
are little or no adverse effects on fermented dairy products. Various strains of lactic acid bacteria have been recently
researched for the enzyme for example;

Strains Researchers Comaments
Lactobacillus acidophilus Lin et al., 1991; Noh and Gilliland, 1993; Gupta et al., 1994;
1995; Montes ef al., 1995; Wang and Sakakibara, 1997
Lactobacillus delbruckii subsp.bullgaricus ~ Ohmiya et al., 1977, Wang and Sakakibara, 1997 highest enzyme activity was
about 1.5 U/em’
Streptococcus Thermophilus Greenberg and Mahoney, 1982
Lactococcus lactis subsp.cremoris Shah and Jelen, 1991
Lactobacillus kefiranofaciens Itoh eral., 1992
Lactobacillus helveticus Wang and Sakakibara, 1997

Lactobacillus brevis

Lactobacillus plantarum
Lactobacillus crispatus

2.2 The Production of Lactic acid

Montanari et al., 2000

Fernandez et al., 1999; Montanari et al., 2000
Kim and Rajagopal, 2000

release the enzyme imme
after the end of cell multip.
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2.2.1 Carhohydrate Metabolism by Lactobacilli

The purpose of Lactobacilli fermenting carbohydrate is primarily to achieve energy in the form of ATP capturing the primary
sugar existing in the milk which is lactose. Fermentation can be described as a genre of anaerobic respiration where oxygen is
not used as a final electron acceptor. In fermentation an organic molecule, in most cases a chemical intermediary accepts the
electrons. In the case of Lactobacilli pyruvate is used as an electron receptor and nitrogen as an electron acceptor, being able
to accept the electrons and the proton from NADH, This process is done via NAD which exists in a very small rate within the
cell cytoplasm and has to be constantly regenerated so that glycolysis can continue. (Alcamo, 1997).Many circles of
oxidation are required to give rapid metabolism of sugars. (Paul-Ross et al., 2002)Fermentation process can be inhibited by
the Pasteur Effect which means the inhibition of glycolysis by the presence of oxygen. (Atlas & Bartha, 1993)Lactose or any
other disaccharide in order to be catabolised has to be transferred into the internal of the cell. Lactobacilli use the
Phosphoenolpyruvate: carbohydrate phosphotransferace system (PTS system) which is located in the cellular membrane of
the bacilli. (Stanier &Gunsulus, 1961; Gerhard, 1979)Then, the primary step is the conversion of lactose into galactose and
glucose. This is done by the enzyme p-galactosidase which belongs to the family of oxidases and cleaves off the B-oxygen
bonded attachments to galactose. (Fytou-Pallikari, 1997). In L.lactis B-galactosidase is not strongly bonded with the cell wall
but it floats freely within the cell. Lactebacilli catabolise glucose to pyruvate acid by the Embden-Meyerhof (EMP)
glycolytic pathway and galactose by the Leloir pathway. The pathways are connected via phosphate-6-glucose which is the
final end product in the Leloir pathway and through this form can enter the glycolysis pathway and be further converted to
pyruvate acid. (Davidson &Sittman, 1999)

2.2.2 Conversion of Pyruvate to Lactic Acid

Pyruvate acid is the anion form of pyruvic acid (CH ;COCOO0™) Is an alpha-keto acid of the keto-acid group and under
the presence of the enzyme lactate dehydrogenase (LDH) and the coenzyme NAD. Pyruvate is the major end product of
glycolysis. In the case of L.lactis pyruvate is converted to CH O, via lactate dehydrogenase isoform (L-lactate: NAD
oxidoreductase). Lactate dehydrogenase oxidises the C=0 and the CH-OH (carbinol} part of pyruvic acid. The
C,H ;O produced is of L-stereo isomeric form. (Board, 1983)

2.2,3 Industrial Importance of Lactic Acid

Lactic acid or 2-hydroxypropanoic acid ( C, H 0, , CH sCHOHCOQOH ) is an important chemical substance widely used
in food industry and in pharmaceutical and cosmetics industry. (Wasewar et al, 2003).Lactic acid is a carboxylic acid with a
hydroxyl group and it is considered to be an Alpha hydroxyl acid. (AHA). It has two optically isomer forms L-(+) - lactic
acid and D-(-) — lactic acid and is a chiral acid (Fytou-Pallikari, 1997).The reaction of production of L- lactic acid which is
the most important form biologically, is catalysed by the enzyme lactate dehydrogenase (LDH) and its iscenzymes, It has a
melting point of 53 °C, though the racemic form (D/L) has a boiling point of 122°C at 12 mm Hg,

Lactic acid can be produced into large amounts, biotechnologically, through fermentation process performed by bacteria such
Lactobacilii. Usually, the product of fermentation is a racemic mixture conglomerate mixture of D (-) - and L (+) ~ isomers
but there are also strains which produce optically pure forms of one of the stercoisomer’s. (Martau e al., 2003) Another
modern application is the use of lactic acid as a monomer participating in the synthesis of biodegradable hemopolymers and
co-polymers, such as polylactide (Choi & Hong, 1999). For the synthesis though of such fine polymers highly purified forms
of lactic acid are demanded. Most of these polymers are used in the pharmaceutics industry especially for artificial prosthesis
and controlled drug delivery. Traditional recovery methods for fermentation products (crystatlization, exiraction with solvent,
filtration, carbon treatment evaporation) have high operational cost, so other methods such as distillation and distillation
simultaneously with reaction are proposed due to low cost. (Choi & Hong, 1999)

2.3 The Production of Bacteriocins

As it has been known, a great number of Gram positive (+) bacteria and Gram negative (-} bacteria produce during their
growth, substances of protein structure (either proteins or polypeptides) possessing antimicrobial activities, called
bacteriocins. (Beasly & Saris, 2004) Although bacteriocins could be categorised as antibiotics, they are not. The major
difference between bacteriocins and antibiotics is that bacteriocins restrict their activity to strains of species related to the
producing species and particularly to strains of the same species. Antibiotics on the other hand have a wider activity spectrum
and even if their activity is restricted this does not show any preferential effect on closely related strains. (Reeves, 1972) In
addition, bacteriocins are ribosomally synthesised and produced during the primary phase of growth, though antibiotics are
usually secondary metabolites. (Beasly & Saris, 2004) Bacteriocins usually have low molecular weight (rarely over 10 kDa);
they undergo posttranslational modification and can be casily degraded by proteolytic enzymes especially by the proteases of
the mammalian gastrointestinal tract, which makes them safe for human consumption. Bacteriocins are in general cationic,
amphipathic molecules as they contain an excess of lysyl and arginyl residues. (Rodriguez er al., 2003) They are usually
unstructured when they are incorporated in aqueous solutions but when exposed to structure promoting solvents such as
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