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Food safety and quality are the major concern for food processing industries.
In today’s world, people are getting more conscious about food safety param-
eters. In this regard, bacteriocin plays a major role in ensuring the safety and

Mgy quality of food products. From those, LAB bacteriocins are of great interest

due to their GRAS status. They are widely used in food preservation, agricul-

Food Safety, ture and pharmaceutical industries. They have also been incorporated into

Food quality, food packaging material due to their both antibacterial and antifungal prop-

Bacteriocins, erties. In this review, we highlighted the possible ways to produce and purify

Preservation bacteriocin and also the potential application to be used as a natural preser-
vative.
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INTRODUCTION

In the world, approximately 1.3 billion tonnes of
food gets wasted every year, which is about one-
third of the total food production for human con-
sumption. Globally fruits and vegetables accumu-
late the highest wastage rate among any of the food
article followed by cereals, meat and dairy products.
In Europe and North America per capita, food loss
is about 95-115 kg/year whereas, in South-Eastern
Asia and sub- Saharan Africa, per capita food loss is
6-11 kg/year. The stages of the food supply chain
where food get wasted is shown in Figure 1. In
approx total US $ 680 billion get wasted because of
food loss in industrialized countries and US $ 310

2030, global food demand is about to reach to 35%.
This demand can only be covered by increasing the
production of food or by reducing food waste. Such
demand has opened up new avenues for the use
of bio preservatives evolved from plants, animals
or microbial sources. Bacteriocins grant one pos-
sible solution to be used as natural preservatives.
These are small antimicrobial peptides ribosomally
synthesized extracellular released compounds pro-
duced by bacterial species that have antagonistic
activity to the producer strain (Jack et al., 1995).
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Figure 1: Stages of the food supply chain

These antimicrobial peptides produced by various
gram-positive and gram-negative bacteria and those
which are produced by lactic acid bacteria have
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great potential to be used in food industries for
many reasons i.e. they acquired GRAS (generally
recognized as safe) status by U.S. FDA and also
inhibits a large range of food spoiling and foodborne
pathogens (Hansen, 2002). They are diverse from
conformist antibiotics, as bacteriocins are the pri-
mary product of log-phase, whereas antibiotics are
secondary metabolites (Table 1) (Cleveland et al,
2001)

Bacteriocins have varying of the inhibitory spectrum
and this characteristic permit their use in food safety
and spoilage (Knoll et al, 2008). If they are pro-
duced by one bacteria are inhibitory to other bac-
teria of the same species, then they are classified
as a narrow spectrum, and if bacteriocins showed
inhibition activity against bacteria of another gen-
era, then they are known as broad-spectrum bac-
teriocins (Juturu and J.C, 2018). The discovery of
nisin accordingly opened a dynamic area in bacte-
riocin research and flagstone the way for identifica-
tion of novel bacteriocin to be used as food preser-
vatives. The joint Food and Agriculture Organiza-
tion and the World Health Organization had interna-
tionally accepted nisin as a natural food preservative
in 1969 (WHO, 1969). In 2001-2004 bacteriocins
were the part of $ 22 billion global food additive with
an annual growth rate of approximately 2.4% per
annum and in 2007 it had reached about $ 24 bil-
lion. Incorporation of bacteriocin in packaging film
for inhibition of pathogenic microorganisms to con-
trol food spoilage is also an area of active research.

Antimicrobial packaging film prevents the growth
of pathogenic microorganisms on food surface by
direct contact of film with the food surface, e.g.
Cheese slice. That is why; the antimicrobial film
must be in contact with the food surface so that bac-
teriocin can diffuse to that surface and inhibits the
growth of food spoiling pathogens. Although a bulk
of research has been carried out in the area of bac-
teriocins on their isolation, characterization, purifi-
cation and mode of action over last few decades
but only a few of them have been commercialized
include nisin, pediocin PA-1 and carnocyclin A (Field
et al, 2018). In this review, we have discussed var-
ious strategies for the production and purification
of bacteriocins and also their application in various
industries.

Production of bacteriocins

Bacteriocin production is generally a growth associ-
ated process and follows primary metabolite kinet-
ics (Leroy and Vuyst, 1999) that usually occurs dur-
ing the growth phase of producing organisms and
the bacterial activity reduced at the end of bacte-
rial growth due to protease degradation (Vuyst and

Vandamme, 1994; Parente, 1994). Although the
amount of bacteriocin production is proportional to
the amount of biomass, it is significantly affected
by the changes in media composition and culture
conditions, i.e. change in pH and temperature (Kim
et al., 2006). The presence of sodium chloride in
the growth medium usually decreases the bacteri-
ocin production (Verluyten, 2004). (Mandal, 2008)
optimized the growth condition for bacteriocin pro-
duction of Pediococcus acidilactici by growing the
strain in different media like MRS, TGE, TGE+ Tween
80 (0.05%), TGE+ buffer (containing 0.02% sodium
citrate, sodium acetate and dipotassium hydrogen
phosphate) and TGE+ Tween 80+ buffer at various
pH 2-12. The optimum media and growth condi-
tions were found to be in TGE+ Tween 80+ buffer
(pH 6.8) for 24 hours at 372C, and the bacteriocin
activity was maximum at stationary phase. The
medium, i.e. TGE+ Tween 80+ buffer have more
buffering components that controlled the pH, which
showed higher bacteriocin production as compared
to TGE+ Tween 80. Also, Tween 80 helps in releas-
ing the bacteriocin molecules form producer strain’s
cell wall into the growth medium (Keren et al,
2004). (Naz and Rasool, 2013) subjected the pro-
ducer strain Pseudomonas aeruginosa SA188 to dif-
ferent culture conditions for higher bacteriocin pro-
duction. The producer strain was grown in nutrient
broth (NB), Trypticase soya broth (TSB), Brain heart
infusion broth (BHI), Lactose broth (LB) and pseudo
agar base (PAB), for different incubation tempera-
ture (4, 10, 29, 37 and 40) and incubation period
(5, 10, 15, 20, 24, 36, 48 and 72 hours). pH ranges
from 2 to 14 was used. The maximum bacteri-
ocin production was found in brain heart infusion
broth, i.e. 640 AU/ml. In the enriched media, car-
bon and nitrogen carries significance for maximum
bacteriocin production (Mataragas, 2004). Glucose
is the main source of carbon besides lactose, raf-
finose and galactose (Vamanu, 2010). There are
few statistical experimental design techniques to
optimize the culture conditions for maximum bac-
teriocin production, i.e. Plackett-Burman design,
Response surface methodology and central compos-
ite design. In 2014, Hwanhlem et al. used the
PBD statistical experimental design to optimize the
bacteriocin production by producer strain Entero-
coccus faecalis KT2W2G in flask cultures. In this
design, lactose and temperature were two main
factors whose effects on bacteriocin activity were
further determined by using the central composite
design (CCD). The optimal composition of lactose
and temperature were found 14.85 g/l and 25.592C,
respectively. The bacteriocin activity was increased
by 8 fold in 18-hour fermentation. (Meng, 2012)
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Table 1: Difference between bacteriocins and antibiotics

Characteristics Bacteriocin Antibiotics

Activity Reduced Spectrum Variable spectrum
Synthesis Ribosomally synthesized Secondary Metabolites
Interactive Requirement Non-specific targets Specific targets
Immunity to host cell Yes No

Toxicity Unknown Yes

Mode of action

Pore formation in membrane

Intracellular targets/cell membrane

use response surface methodology to optimize the
culture conditions for Lactococcus lactis subsp lac-
tis LLC518. Chopra et al, 2015 optimize the
media composition and environmental conditions of
producer strain Bacillus sonorensin MT93, bacteri-
ocin sonorensin, by using Plackett-Burman design
and response surface methodology. PB design was
used to identify the important variables of culture
medium that affects sonorensin production, then
the central composite rotatable design was used to
optimize the major variables selected by PB design.
From PB design yeast extract, beef extract and pep-
tone were found to be the most effective variables
for sonorensin production. Fermentation param-
eters, i.e. pH, temperature and rate of agitation,
were also optimized at flask level by using CCRD.
B sonorensin MT93 showed 23680 AU/ml, i.e. 15
fold higher activity by using optimized culture con-
ditions than using initial growth medium. One more
study conducted for maximum bacteriocin produc-
tion from Enterococcus faecium MC13 by optimizing
the fermentation medium using one-variable-at-a-
time (OVAT) for preliminary screening of nutrients
and then they were further optimized by response
surface methodology. The bacteriocin activity was
increased by 3 fold in the optimized medium and
less expensive than commercial MRS media (Kan-
mani et al., 2011). These studies revealed that the
optimization of culture conditions for the enhance-
ment of bacteriocin production brings significance
in research and cost-efficacy as well.

Purification of bacteriocin

Purification of bacteriocin is an essential step for
their characterization. A general understanding of
bacteriocin from its production to the final step of
characterization is depicted in Figure 2. As the
crude extract of bacteriocin contain many undesir-
able compounds of fermentation broth which have
to be purify to used them as a bio preservative.
Because of their heterogeneous nature, a purifica-
tion technique varies for each bacteriocin.

From the last few decades to till date, these tech-
niques are being modified in order to reduce the

BACTERIOCIN
Producing
Isclation for Bacteriocin Racteria
producing bacteria strain !
Bacteriocin
production
Antimicrobial acthity . S 0
against food spolling I e -}
and food-borne [P e
pathogens ] .
Bacteriogin production peak
Bacteriocin
Purification
Bacteriocin - 4
Characterization
-
SDS-PAGE

Figure 2: Bacteriocin layout from its production
to characterization

time and cost. There are three major strategies
for the complete purification of bacteriocin, these
are, conventional multi-step method, simple three-
step method and single-step bed adsorption. (Piva,
1994) purified pediocin A by dialysis followed by
butanol extraction that results in 3.9% yield and
7834 purification fold. As most of the bacteriocins
are low molecular weight, cationic and hydropho-
bic in nature, so the most successful purification
process was initially developed by (Nissen-Meyer,
1992) for lactococcin G. Bacteriocins are produced
in small amount, therefore, the activity will be lost at
every step. (Yang, 1992) developed a novel method
for their purification in minimal steps which exploits
their cationic nature. In this method, the bac-
teriocin was produced in a nutrient medium, fol-
lowed by heating at 702C to Kkill the cells. This
results in the adsorption of bacteriocin to heat-
killed cells which are removed from the medium and
resupended in saline buffer. This results in des-
orption of cationic bacteriocins that dialysed fol-
lowed by lyophilization. RP-HPLC was performed to
purify them to homogeneity. This method was suit-
able for nisin, pediocin ACH and leuconocin Lcm1
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which recover about 90% of bacteriocin but only
44% was recovered in case of sakacin A which indi-
cates that this procedure may not be suitable for
all bacteriocins. One more simple procedure was
developed by (Venema, 1997) for lactococcin B that
requires minimal steps. In this method, the bacteri-
ocin was precipitated by adding precooled ethanol
(49C) to the CFS. Recently this method was used for
sakacin C2 and pediocin SA131 (Lee et al, 2010).
A different technique was developed by (Pingitore,
2009) to purify salivaricin 1328 produced by Lac-
tobacillus salivarius 1328. They produce the bac-
teriocin in a chemically-defined medium which was
devoid from any contaminating peptides, so a sin-
gle step ultrafiltration was sufficient for its purifica-
tion. Ammonium sulfate precipitation is the most
commonly used method for initial volume reduc-
tion and concentration of bacteriocins. Other meth-
ods like amberlite resin (XAD 16), ultrafiltration and
lyophilization are also be used for initial volume
reduction. Bacteriocins are produced in very small
quantities in a large volume of culture medium, so
initial volume reduction is a necessary step for their
purification. However, this step is not very dis-
criminatory because proteins and peptides are also
get concentrated along with bacteriocin. There-
fore further purification steps are mandatory to
purify bacteriocin to homogeneity. For the final
purification step most commonly used techniques
include hydrophobic interaction chromatography,
gel-filtration chromatography, Reverse-phase High-
Pressure Liquid Chromatography (RP-HPLC) etc. In
these techniques, RP-HPLC is usually the final step
to purify bacteriocins to homogeneity (Saavedra and
Sesma, 2011). After these purification steps, the
purity of bacteriocin is confirmed by SDS-PAGE as a
result of single active band in the gel confirms that
the bacteriocins have been purified to homogene-
ity and then the primary structure is determined
by using mass spectrometry, N-terminal sequencing
etc. As most of the studies reported that purification
of bacteriocin is a very critical and complex process,
so its being necessary to simplify the process by
using some efficient purification method that results
in high yield of bacteriocin. (Wong, 2017) first
time purified bacteriocin-like inhibitory substance
from Pediococcus acidilactici Kp10 by using surfac-
tant precipitation with Bis(2-ethylexyl) sulfosucci-
nate sodium salt (AOT) that results into a satisfac-
tory recovery of BLIS from its complex fermentation
broth, i.e. 83.3% recovery activity and 53.8 purifica-
tion fold. It is very simple, rapid and cost-effective
method. (Garsa et al,, 2014) reported that extrac-
tion (solid/liquid) and centrifugation steps results
in low purification fold than chromatography steps.

A recent study by (Du et al, 2018) involved the
purification of plantaricin GZ1-27, produced form
Lactobacillus Plantarum GZ1-27, by using three-step
process including ammonium sulfate precipitation,
gel filtration chromatography and RP-HPLC. Follow-
ing ammonium sulfate precipitation to specificity
was increased from 246.59 to 262.44 1U/mg with a
protein concentration of 102.50 mg/ml form 41.77
mg/ml. After purification by Sephadex G-50 and
HPLC, the specific activity was increased to 2601.24
IU/mg by 10 fold purification with protein content
3.21 mg/ml. MALDI-TOF/MS was then used for
sequence analysis of plantaricin GZ1-27. Similar
purification method was used for bacteriocin plan-
taricin ZJ008 (Zhu, 2014), garvicin A (Maldonado-
Barraga, 2013), plantaricin 163 (Huetal, 2013) and
enterocin 7A and 7B (Lohans, 2013). In another
study by (Alexey et al, 2017), a bacteriocin-like
inhibitory substance produced by Enterococcus fae-
cium was purified by the two-step purification pro-
cess. At the first stage, desalting was achieved
by size exclusion chromatography, and then the
separation of active fractions was achieved by RP-
HPLC. To confirm the purity of peptide SDS-PAGE
was performed. (Kaur and Tiwari, 2018) purified a
bacteriocin LB44 produced from Pediococcus pen-
tosaceus LB44 by using activity-guided chromatog-
raphy methods. Ammonium sulfate precipitation
was used for initial volume reduction, and desalt-
ing was done by 2 KDa cut-off dialysis membrane.
Then gel-filtration chromatography was performed
to separate the proteins and remove salts from pro-
tein sample to achieve the active fraction, which
was further applied to RP-HPLC, showed a single
peak confirming the homogeneity of purified pep-
tide. RP-HPLC is the most commonly used and reli-
able technique to test the purity of bacteriocins (Pal
and Ramana, 2010). Enterocin LD3 and T1 also
purified with the same purification process (Gupta
et al, 2016). The third method single-step bed
adsorption was achieved by (Cheigh et al, 2004)
for purification of nisin Z by applying the culture
broth on an expanded-bed ion-exchange chromatog-
raphy and eluted the fraction using 0.15 M NaCl that
results in 90% yield and 31-fold purification. This
method reduces the number of purification steps
used in the conventional method, thus increasing
the productivity and operation conditions like high
flow rate and processing volume.

Applications of bacteriocins

Over the past few decades, several physical and
chemical treatments have been used to increase the
shelf life of food products. Nowadays, consumers
are anxious about the possible detrimental health
effects due to the presence of chemical additives in
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food, that increase the demand of minimally pro-
cessed food with no chemical preservatives. Most of
the food processing industries are focusing on bio-
preservation. This increases the demand for nat-
ural preservatives, i.e. bacteriocins. Due to target
specificity bacteriocins from class, I and class Ila are
the most acceptable and likely to be used in food
preservation (Weerapong, 2016). Nisin produced
from Lactococcus lactis is the only approved bacteri-
ocin by U.S. FDA which is commercially available as
Nisaplin® and used as a preservative in around 45
countries all over the world (Settanni and Corsett,
2008). Nisin is the first antimicrobial peptide pro-
duced by LAB (Rogers, 1928). Earlier at the time
of discovery, producing strains were identified as
Streptococcus lactis and later on, they classified as
Lactococcus lactis (Schleifer, 1985). Another bac-
teriocin pediocin PA-1 produced from Pediococcus
acidilactici is also commercially available as Alta®
2341 that inhibits the growth of listeria monocy-
togenes in meat products (Field et al., 2018). The
bacteriocins have many fascinating properties that
make them applicable in food preservation (Chen
and Hoover, 2003).

e Their GRAS status
 Inactivated by digestive proteases
+ Non-Toxic to eukaryotic cell

¢ Active over a broad range of pH and tempera-
ture

+ Synthesized on the ribosome and undergo post-
translational modifications

Large numbers of bacteriocins have been tested as a
preservative in a wide range of food products which
include fruits, vegetables, seafood, dairy and meat
products (Khan et al, 2010) and they have various
applications in different industries like dairy, meat,
fruits and vegetables, livestock and also in pharma-
ceuticals.

Dairy industry

The dairy industry is a dynamic global business
which plays an important role in the sustainability
of the economies of many countries. Dairy prod-
uct global market is estimated to flourish at a sig-
nificant CAGR by 2027. Novel products with bet-
ter quality and improved nutritional values are been
introduced by major players to capture this increas-
ing demand of the market. Bacteriocins have wide
applications in the dairy industry, especially dur-
ing the fermentation of the product. Nisin has been
approved as a food additive (E234) in the Euro-
pean Union according to directive 95/2/EC in the

following products: semolina and tapioca puddings
(3mg/kg), ripened and processed cheese (12.5
mg/kg) (EFSA, 2006). Nisin containing camembert
and semi hard cheese with prolonged shelf-life were
made using Lactococcus lactis. Plantaricin C is a
broad spectrum bacteriocin produced by Lactococ-
cus Plantarum, isolated from ripening cheese. The
use of bacteriocin producing bacteria as a starter
culture for in situ biosynthesis during milk fermen-
tation becomes an effective alternative strategy to
incorporate bacteriocin in dairy food. Lacticin 3147
producing strain Lactococcus lactis DPC 3147 used
as a protective culture in chedder cheese which
reduce the number of Listeria monocytogenes to <10
cfu/g within 5 days at 42C (Chen and Hoover, 2003).
Other LAB strains such as L. Plantarum WHE92 used
as an adjunct to the starter culture reduced Liste-
ria monocytogenes, Listeria innocua and Escherichia
coli 0157: H7 counts in cheese as a consequence of
the production of plantaricin. Danisco developed a
freeze-dried culture of Pediococcus acidilactici (mar-
keted as CHOOZIT Flav 43) for use as a bacteriocin-
producer adjunct in chedder and semi-hard cheese.

Meat industry

The meat industry is one of the largest food pro-
cessing industries globally. The global processed
meat market was around USD 714 billion in 2016
and is expected to increase by USD 1567 billion by
2022, growing at a CAGR of around 14% from 2017
to 2022. The leading meat producers are Brazil and
China, followed by Argentina, India, Indonesia, Mex-
ico, Pakistan and Vietnam (among developing coun-
tries). Among the various bacteriocins, Nisin is the
only commercially approved additive for processed
meat preservation (USFDA, 2000). Listeria monocy-
togenes is a well-known pathogen for food spoilage
that convoluted in various food-borne diseases. Fer-
mented sausages and vacuum-packed meat prod-
ucts are extensively eaten products without reheat-
ing. For food safety, the presence of Listeria mono-
cytogenes in these two products is of great inter-
est. (Aymerich et al, 2000) assayed different meat
products like cooked ham, minced pork, meat and
chicken breasts, to evaluate the effect of enterocin,
a bacteriocin produced from Enterococcus faecium
CTC492, against Listeria monocytogenes. He found
the reduction in Listeria strain by 7.98 and 9 log
cycles in cooked ham and pork respectively when
stored for 37 days at 72C. (Nieto-Lozano, 2006) con-
ducted a study by incubated the sample of Spanish
raw meat surface with a bacteriocin produced by
Pediococcus acidilactici and observed the reduction
of Listeria monocytogenes by 1, 2 and 3 log cycles
after storage for 72 hours at 152C and 2.5-3.5 log
cycles reduction after storage for 21 days at 42C with
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1000-5000 AU/ml. It showed great activity against
Listeria monocytogenes and Clostridium perfringens.

Fruits and Vegetables

Due to the health benefits of fresh food, their
consumption has greatly increased over the past
few decades especially for food of vegetal ori-
gin (Olaimat and Holley, 2012; Abadias et al., 2008;
Pinela and Ferreira, 2015). The contamination of
fruits and vegetables by pathogenic organisms is
mainly due to fecal and soil materials from the farm
during their growth, harvest, transport and stor-
age (Hsu et al., 2014). Many bacteriocins have been
reported to be used for fruits and vegetable preser-
vation, but only nisin and pediocin PA-1 have been
approved as a food additive. The fruit products
itself have acidic pH that reduces various contami-
nating bacteria with the heat treatment, but these
characteristics are not sufficient to remove thermo
acidophilic bacteria like Clostridium, bacillus, Alicy-
clobacillus. Their endospores remain in the soil that
causes fruit and vegetable contamination (Carvalho
etal, 2007; Carvalho, 2007; Bevilacqua et al.,, 2012;
Gouws et al,, 2005). Alicyclobacillusacidoterrestris is
the main cause of contamination in pasteurized fruit
juice industry (Wang, 2014). For the preservation of
fruit products, bacteriocin may incorporate directly
in the purified or semi-purified form. One study
by (Carvalho et al., 2007; Carvalho, 2007) showed
that addition of Bovicin HC5, a bacteriocin produced
from Streptococcus bovis HC5 in mango pulp inhibits
Alicyclobacillus acidoterrestris, Bacillus cereus, and
Clostridium tyrobutyricum.  Another bacteriocin
pediocin produced from Pediococcus pentosaceus,
when added in minimally processed papaya showed
effective inhibitory activity against mesopilic bac-
teria and fungi (Narsaiah, 2015). LAB bacteriocins
play a very important role in the preservation of fer-
mented foods and their microbial safety. (Molinos,
2005) observed the reduction in Listeria monocy-
togenes in artificially contaminated alfalfa and soy-
bean sprouts by incorporate the material in AS-48
bacteriocin, a cyclic peptide, solution for 5 min-
utes. He again observed the extension in shelf-life
of Russian salad by inhibiting the growth of Liste-
ria monocytogenes and Salmonella sp. with bacte-
riocin AS-48 (Molinos, 2009). Miso (fermented soy-
bean paste) is a very defining seasoning for Japanese
and Asian cuisine made up of rice koji fermented
by Aspergillus oryzae (Yamabe, 2007) but Bacillus
sp. prevents the fermentation of Aspergilli and cause
the spoilage of food. (Kato et al, 1999) observed
the inhibition of Bacillus subtilis in fermented soy-
bean by adding nisin. Again in (Kato et al, 2001).
observed the growth of Lactococcus produced nisin
in cooked rice with soybean extract, which prevents

the growth of Bacillus subtilis in miso. Nisin pro-
ducing lactococci was not affecting the flavors and
color of miso and also not inhibiting the growth
of Aspergillus oryzae, required for koji fermenta-
tion. Bacteriocins also plays a very defining role in
non-fermented vegetables, i.e. refrigerated pickles,
Mungbean sprouts (Reina, 2005).

Human health

Lantibiotics have potential medical application
as they have been studied since 1928 when
nisin was first time reported as tubercle bacilli
inhibitor (Rogers, 1928). Staphylococcus aureus
is one of the most competently explored bacterial
organisms that can cause various nosocomial infec-
tions varying from minor skin abscesses to severe
life-threatening diseases (Kruszewska et al., 2004).
The treatments of these infections are intricate due
to multi-antibiotic resistance. A study conducted
by (Kruszewska et al., 2004) found that mersacidin,
a lantibiotic was an effective antimicrobial peptide
that eradicates a nasal human MRSA strain. Nisin
A and lacticin 3147 have also been found effective
against Methyllin resistance Staphylococcus aureus
strains (Piper, 2009). Lacticin 3147 is a promising
bacteriocin for potential use in human health and
medicine. It shows great activity over a broad
pH range, broad spectrum activity at nanomolar
concentration and absence of cytotoxicity towards
eukaryotic cells (Piper et al, 2012). A study by
Aunpad and Na-Bangchang isolated a bacteriocin
producing strain Bacillus pumilus was found active
against MRSA and VRE (Aunpad and Na-Bangchang,
2007). Nisin F inhibits Staphylococcus aureus
when administered at a concentration of 8192
AU in non-immuno, and immunosuppressed Wis-
tar rats, without causing any toxic effects to the
lungs (Ahmad et al., 2016). Lacticin 3147, located
inside macrophages, effectively inhibits Mycobac-
terium tuberculosis H37RV and Mpycobacterium
kansasii (Carroll et al, 2010). Many bacteriocins
have been reported to effectively treat skin and
soft tissue infections caused by various organisms
i.e. Staphylococcus aureus, Propionibacterium acne,
Staphylococcus epidermidis, Bacillus cereus, Bacillus
subtilis etc. (Manosroi, 2010; Bowe et al., 2006; Kang
et al, 2009; Izquierdo et al., 2009). A bacteriocin
hiracin JM79 from Enterococcus hirae DCH5 was
found active against these skin infection-causing
bacteria (Sanchez et al, 2007). Two bacteriocin
epidermin produced by Staphylococcus epidermidis
and gallidermin produced by Staphylococcus galli-
narum have been reported for effectively treating
skin infections (Kellner et al, 1988). Subpeptin
JM4B, a bacteriocin produced from Bacillus subtilis
JM4 effectively inhibits Staphylococcus aureus,
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Enterococcus faecalis, Salmonella, Pseudomonas
aeruginosa (Wu et al, 2005). Bacteriocin like
subtilosin A, lacticin 3147, BLISK12 have also been
reported to inhibit the growth of various major oral
pathogens, i.e. Porphyromonas gingivalis, Prevotella
intermedia etc. (Hammami et al., 2011; Howell et al.,
1993; Tagg, 2014). A bacteriocin mutacin produced
from Streptococcus mutans VSM43 showed great
activity against dental caries. Cancer has become
a risk or menace for human health over the past
few decades. It is the second leading cause of
human death (National Cancer Center, 2013). Many
studies have been reported that bacteriocins can
be considered as great anticancer agents due to the
presence of a large number of microvilli (Chaud-
hary and Munshi, 1995) which allow them to more
binding of the antimicrobial peptide to the cancer
cells. (Joo et al, 2012)conducted a study in which
nisin had the efficiency to prevent the growth of
cancer cells. Another bacteriocin colicin E1 and A
have pore-forming mechanism action that inhibits
the growth of fibroblast line MRC5 and tumor cell
lines in human (Chumchalova and Smarda, 2003).

CONCLUSION

Bacteriocins are one of the important natural
defense mechanism bacteria use to fight with
pathogenic microorganisms in the same environ-
ment. In recent years a number of technologies have
been employed to bolster the potential of bacteri-
ocins in food preservation. The knowledge gained
by research carried out in this area will boost our
understanding on their global effect in food ecosys-
tem and license more stable approaches for applica-
tion in food products. A wide variety of bacteriocins
are capable in inhibiting the growth the foodborne
and food spoiling pathogens have been recently
described. The productivity of these compounds is
still very low, so various techniques have been used
to enhance their production. During the previous
decades, many researchers have shifted their focus
towards the bacteriocin application in the treatment
of antibiotic-resistant disease-causing bacteria and
infection. The therapeutic potential of bacteriocins
has been enhanced by the use of engineered bacteri-
ocin. This revived era of research in bacteriocin will
lead to new application and potential inventions in
this field.

REFERENCES

F.A.0. 2019. SAVE FOOD: Global Initiative on Food
Loss and Waste Reduction.

Abadias, M., Usall, J., Anguera, M. 2008. Microbio-
logical quality of fresh, minimally-processed fruit

and vegetables, and sprouts from retail establish-
ments. Int ] Food Microbiol, 123:121-129.

Ahmad, V,, Khan, M. S,, Jamal, Q. M. S., Alzohairy, M.,
Karaawi, M., Siddiqui, M. U. 2016. Antimicrobial
potential of bacteriocins: in therapy, agriculture
and food preservation. Int J Antimicrob Agents,
49(1):1-11.

Alexey, S., Vasilchenko, E., Rogozhin, A., Alexander,
V.V.2017. Purification of a Novel Bacteriocin-Like
Inhibitory Substance Produced by Enterococcus
faecium ICIS 8 and Characterization of Its Mode of
Action. Microb Drug Resist, 23(4):447-456.

Aunpad, R, Na-Bangchang, K. 2007. Pumilicin 4, a
novel bacteriocin with anti- MRSA and anti-VRE
activity produced by newly isolated bacteria Bacil-
lus pumilus strain WAPB4. Curr Microbiol, 55:308-
13.

Aymerich, T, Garriga, M,, Ylla, ]., Vallier, J., Monfort,
J. M., Hugas, M. 2000. Application of enterocins as
biopreservatives against Listeria innocua in meat
products. ] Food Protec, 63:721-726.

Bevilacqua, A., Campaniello, D., Speranza, B. 2012.
Control of Alicyclobacillus acidoterrestris in apple
juice by citrus extracts and a mild heat-treatment.
Food Control, 31:553-559.

Bowe, W. P, Filip, ]. C., Rienzo, J. M. D., Volgina, A,
Margolis, D. ]J. 2006. Inhibition of Propionibac-
terium acnes by bacteriocin-like inhibitory sub-
stances (BLIS) produced by Streptococcus salivar-
ius. J Drugs Dermatol, 5:868-70.

Carroll, ]J., Draper, L. A., 0’Connor, P. M., Coffey, A., Hill,
C., Ross, R. P. 2010. Comparison of the activities
of the lantibiotics nisin and lacticin 3147 against
clinically significant mycobacteria. Int | Antimicrob
Agents, 36:132-6.

Carvalho 2007. Effect of bovicin HC5 on growth and
spore germination of Bacillus cereus and Bacillus
thuringiensis isolated from spoiled mango pulp. J
Appl Microbiol, 102:1000-1009.

Carvalho, A. A. T,, Mantovani, H. C., Vanetti, M. C. D.
2007. Bactericidal effect of bovicin HC5 and nisin
against Clostridium tyrobutyricum isolated from
spoiled mango pulp. Lett Appl Microbiol, 45:68-
74.

Chaudhary, J., Munshi, M. 1995. Scanning elec-
tron microscopic analysis of breast aspirates.
Cytopathology, 6:162-167.

Cheigh, C. I, Kook, M. C,, Kim, S. B,, Hong, Y. H,,
Pyun, Y. R. 2004. Simple one-step purification of
nisin Z from uncalrified culture broth of Lactococ-
cus lactis subsp. lactis A164 using expanded bed
ion exchange chromatography. Biotechnol Lett,
26:1341-1345.

1814

© International Journal of Research in Pharmaceutical Sciences



Gajender Kumar Aseri et al., Int. J. Res. Pharm. Sci., 10(3), 1808-1817

Chen, H., Hoover, D. G. 2003. Bacteriocins and their
food application. Compr rev food sci food, 2:82-
100.

Chumchalova, J., Smarda, ]. 2003. Human tumor cells
are selectively inhibited by colicins. Folia Microbiol
(Praha), 48:111-115.

Cleveland, ]J., Montville, T. ., Nes, 1. F, Chikindas,
M. L. 2001. Bacteriocins: Safe, natural antimicro-
bials for food preservation. Int ] Food Microbiol,
71(1):1-20.

Du, H,, Yang, |, Lu, Z,, Bie, X,, Zhao, H., Zhang, C., Lu,
F. 2018. Purification, Characterization, and Mode
of Action of Plantaricin GZ1-27, a Novel Bacteri-
ocin against Bacillus cereus. ] Agri Food Chem,
66(18):4716-4724.

Field, D., Ross, R. P, Hill, C. 2018. Developing bacte-
riocins of lactic acid bacteria into next generation
biopreservatives. Current Opinion in Food Science,
20:1-6.

Garsa, A. K., Kumariya, R,, Sood, S. K., Kumar, A,
Kapila, S. 2014. Bacteriocin production and differ-
ent strategies for their recovery and purification.
Probiotics & Antimicro Prot, 6:47-58.

Gouws, P. A, Gie, L., Pretorius, A. 2005. Isolation and
identification of Alicyclobacillus acidocaldarius by
16S rDNA from mango juice and concentrate. Int |
Food Sci Technol, 40:789-792.

Gupta, A., Tiwari, S. K., Netrebov, V., Chikindas, M. L.
2016. Biochemical properties and mechanism
of action of enterocin LD3 purified from Entero-
coccus hirae LD3. Probiotics Antimicrob Protein,
8:161-169.

Hammami, R., Zouhir, A,, Lay, C. L., Hamida, J. B., Fliss,
[.2011. Database mining for bacteriocin discovery.
Natural antimicrobials in food safety and quality, 1.

Hansen, E. B. 2002. Commercial bacterial starter cul-
tures for fermented foods of the future. Int]. Food
Microbiol, 78:119-131.

Howell, T. H., Fiorellini, J. P, Blackburn, P, Projan,
S.]., Harpe, J., Williams, R. C. 1993. The effect of a
mouthrinse based on nisin, a bacteriocin, on devel-
oping plaque and gingivitis in beagle dogs. J Clin
Periodontol, 20:335-9.

Hsu, N. S., Schlichting, M. L., Thompson-Schill, S. L.
2014. Feature diagnosticity affects representa-
tions of novel and familiar objects. /] Cogn Neurosci,
26:2735-2749.

Hu, M., Zhao, H., Zhang, C., Yu, ., Lu, Z. 2013. Purifi-
cation and characterization of plantaricin 163, a
novel bacteriocin produced by Lactobacillus plan-
tarum 163 isolated from traditional Chinese fer-
mented vegetables. | Agric Food Chem, 61:11676-

11682.

Izquierdo, E., Wagner, C., Marchioni, E. Aoude-
Werner, D., Ennahar, S. 2009. Enterocin 96, a novel
class Il bacteriocin produced by Enterococcus fae-
calis WHE 96, isolated from Munster cheese. Appl
Environ Microbiol, 75:4273-6.

Jack, W. R,, Tagg, ]J. R,, Ray, B. 1995. Bacteriocins
of Gram-positive bacteria. Microbiol. Rev, 59:171-
200.

Joo, N. E,, Ritchie, K., Kamarajan, P,, Miao, D., Kapila,
Y. L. 2012. Nisin, an apoptogenic bacteriocin and
food preservative, attenuates HNSCC tumorigene-
sis. Cancer Med, 1(3):295-305. via CHAC1.Cancer
Med. 1.

Juturuy, V., J.C, W. 2018. Microbial production of bac-
teriocins: Latest research development and appli-
cations. Biotechnol Adv, 36:2187-2200.

Kang, B,, Seo, ]. G, Lee, G. S, Kim, J. H,, Kim, S., Han,
Y. 2009. Antimicrobial activity of enterocins from
Enterococcus faecalis SL-5 against Propionibac-
terium acnes, the causative agent in acne vulgaris,
and its therapeutic effect. | Microbiol, 47:101-9.

Kanmani, P, Satishkumar, R., Yuvaraj, N., Paari, K. A,,
Pattukumar, V., Arul, V. 2011. The role of envi-
ronmental factors and medium composition on
bacteriocin production by an aquaculture probi-
otic Enterococcus faecium MC13 isolated from fish
intestine. Korean | Chem Eng, 28:860-866.

Kato, T, Inuzuka, L., Kondo, M., Matsuda, T. 2001.
Growth of nisin-producing lactococci in cooked
rice supplemented with soybean extract and its
application to the inhibition of B. subtilis in rice
miso. Biosci Biotechnol Biochem, 65:330-337.

Kato, T, Maeda, K., Kasuya, H., Matsuda, T. 1999.
Complete growth inhibition of Bacillus subtilis by
nisin-producing lactococci in fermented soybeans.
Biosci Biotechnol Biochem, 63:642-647.

Kaur, R, Tiwari, S. K. 2018. Membrane-acting bacte-
riocin purified from a soil isolate Pediococcus pen-
tosaceus LB44 shows broad host-range. Biochem-
ical and Biophysical Research Communications.

Kellner, R, Jung, G., Horner, T, Zahner, H., Schnell,
N., Entian, K. D., Gotz, F. 1988. Gallidermin: a new
lanthionine-containing polypeptide antibiotic. Eur
J Biochem, 177:53-59.

Keren, T, Yarmus, M., Halevy, G., Shapira, R. 2004.
Immunodetection of the bacteriocin lacticin RM:
Analysis of the influence of temperature and
Tween 80 on its expression and activity. Appl Evi-
ron Microbiol, 70:2098-2104.

Khan, H., Flint, S., Yu, P. L. 2010. Enterocins in food
preservation. Int | Food Microbiol, 141:1-10.

© International Journal of Research in Pharmaceutical Sciences

1815



Gajender Kumar Aseri et al., Int. J. Res. Pharm. Sci., 10(3), 1808-1817

Kim, M. H., Kong, Y. ]J., Beak, H., Hyun, H. H. 2006.
Optimization of Culture Conditions and Medium
Composition for the Production of Micrococcin
GOS5 by Micrococcus sp. GO5. ] Biotechnol, 121:54-
61.

Knoll, C., Divol, B., dutoit, M. 2008. Genetic screen-
ing of lactic acid bacteria of oenological origin
for bacteriocin-encoding genes. Food Microbiol,
25:983-991.

Kruszewska, D., Sahl, H. G., Bierbaum, G., Pag, U,
Hynes, S. 0., Ljungh, A. 2004. Mersacidin eradi-
cates methicillin-resistant Staphylococcus aureus
(MRSA) in a mouse rhinitis model. ] Antimicrob
Chemother, 54:648-53.

Lee, N.K,, Park, Y. L., Park, Y. H., Kim, ]. M., Nam, H. M.,
Jung, S. C., Paik, H. D. 2010. Purification and char-
acterization of pediocin SA131 produced by Pedio-
coccus pentosaceus SA131 against bovine mastitis
pathogens. Milchwissenschaft-Milk Sci Int, 65:19-
21.

Leroy, F, Vuyst, L. D. 1999. The presence of salt
and a curing agent reduces bacteriocin production
by Lactobacillus sakei CTC 494, a potential starter
culture for sausage fermentation. Appl Environ
Microbiol, 65(5350):5356.

Lohans 2013. Solution structures of the linear lead-
erless bacteriocins enterocin 7A and 7B resem-
ble carnocyclin A, a circular antimicrobial peptide.
Biochem, 52:3987-3994.

Maldonado-Barraga 2013. Garvicin A, a novel class
[Id bacteriocin from Lactococcus garvieae that
inhibits septum formation in L. garvieae strains .
Appl Environ Microbiol, 79:4336-4336.

Mandal, V. 2008. Optimized culture conditions for
bacteriocin production by Pediococcus acidilactici
LAB 5 and its characterization. Indian ] Biochem
Bio. 45:106-110.

Manosroi 2010. Transdermal absorption enhance-
ment through rat skin of gallidermin loaded in nio-
somes. Int | Pharm, 392:304-310.

Mataragas 2004. Influence of nutrients on growth
and bacteriocin production by Leuconostoc
mesenteroides L124 and Lactobacillus curvatus
L442. Antonie van Leeuwenhoek, 85:191-198.

Meng 2012. Optimization of medium composition
for production of lacticin LLC518 by Lactococcus
lactis subsp. lactis LLC518 using response surface
methodology. J Food, Agri Environ, 10:137-142.

Molinos 2005. Effect of immersion solutions con-
taining enterocin AS 48 on Listeria monocyto-
genes in vegetable foods. Appl Environ Microbiol,
71:7781-7787.

Molinos 2009. Enhanced bactericidal activity of
enterocin AS-48 in combination with essential
oils, natural bioactive compounds, and chemical
preservatives against Listeria monocytogenes in
ready-to-eat salads. Food Chem Toxicol, 47:2216-
2223.

Narsaiah 2015. Effect of bacteriocin- incorporated
alginate coating on shelf-life of minimally pro-
cessed papaya (Carica papaya L.). Postharvest. Biol
Technol, 100:212-218.

National Cancer Center 2013. Facts and Figures
2013. Goyang: Director of National Cancer. Center
Minister of Health and Welfare.

Naz, S. A, Rasool, S. A. 2013. Isolation, production
and characterization of bacteriocins produced by
strains from indigenous environments. Pak J Bot,
45:261-267.

Nieto-Lozano 2006. Effect of a bacteriocin produced
by Pediococcus acidilactici against Listeria mono-
cytogenes and Clostridum perfringens on Spanish
raw meat. Meat Sci, 72:57-61.

Nissen-Meyer 1992. A novel lactococcal bacteri-
ocin whose activity depends on the complemen-
tary action of two peptides. J Bacteriol, 174:5686-
5692.

Olaimat, Holley 2012. Factors influencing the micro-
bial safety of fresh produce: a review. Food Micro-
biol, 32:1-19.

Pal, Ramana 2010. Purification and character-
ization of bacteriocin from Weissella parame-
senteroides DFR-8, an isolate from cucumber
(Cucumis sativus). | Food Biochem, 34:932-948.

Parente, E. 1994. Influence of pH on growth and bac-
teriocin production by Lactococcus lactis subsp.
lactis 140NWC during batch fermentation. Appl
Microbiol Biotechnol, 41:388-394.

Pinela, Ferreira 2015. Non-thermal physical tech-
nologies to decontaminate and extend the shelf-
life of fruits and vegetables: trends aiming at qual-
ity and safety. Crit Rev Food Sci Nutr.

Pingitore 2009. Influence of vitamins and osmo-
lites on growth and bacteriocin production by
Lactobacillus salivarius CRL 1328 in a chemically
defined medium. Canadian | Microbiol, 55:304-
310.

Piper 2009. A comparison of the activities of lacticin
3147 and nisin against drug-resistant Staphylo-
coccus aureus and Enterococcus species. | Antimi-
crob Chemother, 64:546-551.

Piper, Casey, Hill 2012. The lantibiotic lacticin
3147 prevents systemic spread of Staphylococcus
aureus in a murine infection model. Int ] Microbiol,

1816

© International Journal of Research in Pharmaceutical Sciences



Gajender Kumar Aseri et al., Int. J. Res. Pharm. Sci., 10(3), 1808-1817

pages 1-6.

Piva 1994. Pediocin A, a bacteriocin produced
by Pediococcus pentosaceus FBB61. Microbiol,
140:697-702.

Reina 2005. Isolation and selection of lactic acid bac-
teria as biocontrol agents for nonacidified, refrig-
erated pickles. J Food Sci, 70:7-11.

Rogers 1928. The inhibitory effect of Streptococ-
cus lactis on Lactobacillus bulgaricus. J Bacteriol,
16:321-325.

Saavedra, Sesma 2011. Purification Techniques of
Bacteriocins from Lactic Acid Bacteria and Other
Gram-Positive Bacteria. Prokaryotic Antimicrobial
Peptides , pages 99-113.

Sanchez, J., Diep, D. Herranz, C. 2007. Amino
acid and nucleotide sequence, adjacent genes, and
heterologous expression of hiracin JM79, a sec-
dependent bacteriocin produced by Enterococcus
hirae DCH5, isolated from Mallard ducks (Anas
platyrhynchos). FEMS Microbiol Lett, 270(2):227-
236.

Schleifer 1985. Transfer of Streptococcus lactis and
related streptococci to the genus Lactococcus gen
nov. Sys Appl Microbiol, 6:183-195.

Settanni, Corsett 2008. pplication of bacteriocins in
vegetable food biopreservation. Int ] Food Micro-
biol, 121:123-13.

Tagg 2014. Prevention of streptococcal pharyngitis
by anti-Streptococcus pyogenes bacteriocin-like
inhibitory substances (BLIS) produced by Strepto-
coccus salivarius. Indian | Med Res, 119:13-16.

Vamanu 2010. The influence of prebiotics on bac-
teriocin synthesis using the strain Lactobacillus
paracasei CMGB16. Afr ] Microbiol Res, 4:534-537.

Venema 1997. Rapid and efficient purification
method for small, hydrophobic, cationic bacteri-
ocins: Purification of lactococcin B and pediocin
PA-1. Appl Environ Microbiol , 63:305-309.

Verluyten, J. 2004. Sodium chloride reduces pro-
duction of curvacin A, a bacteriocin produced by
Lactobacillus curvatus strain LTH 1174, originat-
ing from fermented sausage. Appl Environ Micro-
biol, 70:2271-2278.

Vuyst, L., Vandamme, E. ]. 1994. Nisin, a lantibi-
otic produced by Lactococcus lactis subsp. lactis:
properties, biosynthesis, fermentation and appli-
cations. Bacteriocins of Lactic Acid Bacteria, pages
151-221.

Wang 2014. An immunomagnetic separation-real-
time PCR system for the detection of Alicyclobacil-
lus acidoterrestris in fruit products. Int J Food
Microbiol, 175:30-35.

Weerapong 2016. Bacteriocins from lactic acid bac-
teria and their applications in meat and meat prod-
ucts. Meat Sci, 120:118-132.

Wong 2017. Recovery of a bacteriocin-like
inhibitory substance from Pediococcus acidi-
lactici Kp10 using surfactant precipitation. Food
Chem , 232:245-252.

Wu, S, Jia, S., Sun, D. 2005. Purification and char-
acterization of two novel antimicrobial peptides
subpeptin JM4-A and subpeptin JM4-B produced
Bacillus subtilis JM4. Curr Microbiol, 51(5):292-
306.

Yamabe 2007. Effect of soybean varieties on the
content and composition of isoflavone in rice-koji
miso. Food Chem, 100:369-374.

Yang 1992. Novel method to extract large amounts
ofbacteriocins from Lactic Acid Bacteria. Appl Env-
iron Microbiol, 58:3355-3359.

Zhu 2014. Purification and characterisation of plan-
taricin ZJ008, a novel bacteriocin against Staphy-
lococcus spp. from Lactobacillus plantarum ZJ008.
Food Chem, 165:216-223.

© International Journal of Research in Pharmaceutical Sciences

1817



	Introduction
	Conclusion

