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ABSTRACT
Anti-listerial bacteriocin producing strain was isolated, purified and characterized from fermented 
food source toddy and milk and found to be the genus Paenibacillus polymyxa and Enterococcus  
faecium GRD AA. The bacteriocins ALC101 and ALC102 were partially purified by Amberlite  
XAD-16 purification method and anti-listerial activity were checked. Both the bacteriocins ALC101 
and ALC102 along with Nisin showed a maximum of 85% of DPPH and 85.5% of ABTS radical 
scavenging activity like BHT which was the standard used in the assay. The bacteriocins also showed 
a maximum of 87.6% Fe2+ reduction potential. From the results it can be concluded as bacteriocin 
produced by Paenibacillus polymyxa ALC101, and bacteriocin from Enterococcus faecium GRD 
AA ALC102 has a good antioxidant potential when compared to Nisin and BHT (positive control).
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INTRODUCTION
Fermented food and beverages of  all types have played 
a major role in human nutrition since the beginning of  
recorded human history. The intensified preservation 
feature of  fermented foods confers a significant 
advantage, still crucial for food preservation in less 
developed societies where refrigeration is still scarce. 
In current societies, increasing consumer demands 
and preference for natural products and processes 
emphasizes the concept of  biopreservation as a natural 
alternative for food preservation. This includes the use 
of  safety-enhancing bacteria in fermented foods known 
as protective cultures.[1]

The new concepts of  human well-being and healthy 
food promote scientists to search for new antibacterial 
compounds for food preservation. Bacteriocins and/or 

bacteriocin producing group Lactic Acid Bacteria (LAB) 
can serve as natural biopreservatives instead of  synthetic 
preservatives. Bacteriocins are antimicrobial peptides 
synthesized ribosomally produced by one bacterium 
that are active against other bacteria either in the same 
species and, as with host defense peptides, cell signaling 
mechanisms also be involved.[2,3] Thus bacteriocins are 
pH sensitive, which could limit their efficacy and finally 
their use. Nisin is a polypeptide produced by Lactococcus 
lactis spp. It has been approved as a food additive with 
generally recognized as safe (GRAS) status in over 50 
countries. Moreover, it is particularly effective against 
heat resistant bacterial spores of  Clostridium spp. and 
against foodborne pathogens like Listeria monocytogenes, 
Staphylococcus aureus, Bacillus cereus, etc.[4]

Lactic Acid Bacteria (LAB) in particular, constitute the 
most appropriate choice for application as protective 
cultures, since they are found in almost all kinds of  
fermented foods, and having a long history of  secure 
use and form part of  the gut microflora of  humans 
and animals. In addition, LAB produces a range of  
antimicrobial substances such as organic acids and 
bacteriocins that have been already exploited by the 
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food industry. Promising LAB strains or their metabolic 
products have been applied in food against pathogens 
mainly Listeria monocytogenes, in dairy products such as 
soft and hard cheese, and meat products such as sausages 
and ham.[5-7] The main variance between bacteriocins 
and antibiotics is that bacteriocins limit their activity to 
strains of  species, associated with the producing species 
especially to the strains of  the same species; contrarily 
antibiotics, have a broad spectrum of  activity and even if  
its activity is restricted, this doesn’t show any preferential 
effect on closely related strains. Moreover, bacteriocins 
are synthesized ribosomally and produced during the 
initial stage of  growth phase, although antibiotics are 
usually secondary metabolites. Bacteriocins can be used 
in purified or crude form or by using a product formerly 
fermented with a bacteriocin producing bacterial strain 
as a component in food processing or incorporated as 
bacteriocin producing starter culture strain.[3]

Free radicals and active oxygen have been recognized 
as important factors in the pathogenesis of  several 
human diseases. Reaction oxygen metabolites (ROM), 
generated through normal reactions within the body 
during respiration in aerobic organisms and can cause 
damage to proteins, mutations in DNA, oxidation of  
membrane phospholipids, and modification of  low 
density lipoproteins. Excessive amounts of  ROM 
lead to cell damage, which in succession, promotes 
chronic diseases includes atherosclerosis, arthritis, 
diabetes, neurodegenerative diseases, and cancer. To 
counterpoise the oxidant molecule, the human body 
produces antioxidant enzymes and molecules along 
with the antioxidants present in the food from the 
biological barrier. However, in certain conditions, the 
defense system breaks down to protect the body against 
oxidative stress; and leads to the possibility of  increasing 
antioxidant defenses is considered to be important in the 
maintenance of  human health and disease prevention. 
The bacteriocins can be used as probiotics, which 
can improve the total antioxidant status and decrease 
markers of  oxidative stress in healthy people.[8-10]

Bacterial strains included in the genus Paenibacillus have 
been isolated from a diversity of  environments, in which 
many of  the species are pertinent to humans, animals, 
plants, and the environment. The majority of  them are 
found in soil, often associated with plant roots; these 
groups of  rhizobacteria promote plant growth and can 
be utilized in the field of  agriculture. Numerous species 
of  Paenibacillus produces antimicrobial molecules that 
can be used as chemotherapeutics or as pesticides, and 
many of  them produces enzymes that can be exploited 
for bioremediation or to produce valuable chemicals. 
Many strains of  Paenibacillus are pathogenic to honey 

bees or other invertebrates; mean while others are 
occasional opportunistic pathogens to humans. Many 
of  these pertinent characteristics overlap within the 
same species.[11] Enterococcus faecium is a Gram positive, 
homofermentative, lactic acid bacteria that is a natural 
inhabitant of  the gastro-intestinal tract. Nevertheless, 
they are also found in fermented foods and are 
frequently isolated from starter cultures and cheese 
producers.[12] Enterococcus faecium bacteriocins have gained 
attentions in recent years as they could be isolated easily 
from several fermented foods and because many of  
them are active against food-borne pathogens such 
as Listeria monocytogenes. Enterococcus faecium T136 was 
isolated from Spanish dry fermented sausages, which 
produced enterocin A and B. They were active against a 
wide range of  Gram positive bacteria, including Listeria 
and Staphylococci spp. N-terminal amino acid sequencing 
exposed the similarity of  enterocin A with pediocin 
family of  bacteriocins whereas enterocin B showed 
strong homogenity to carnobacteriocin. Enterocin P 
inhibited most Gram positive foodborne pathogens 
like Listeria monocytogenes, Staphylococcus aureus, Clostridium 
perfringens and Clostridium botulinum.[13]

With regard to the relationship between bacteriocins 
and antioxidant activity, the majority of  studies have 
focused on the antioxidant activity of  intact cells, 
intracellular cell free extracts and cell free supernatants 
of  LAB.[11] The aim of  this study was to isolate and 
identify bacteriocin producing bacteria from fermented 
food sources and to analyze their potentiality in exerting 
antioxidant activity for counteracting oxidative stress in 
the host comparing with Nisin which is a commercially 
available bacteriocin.

MATERIALS AND METHODS
Screening and identification of  bacteriocin 
producing strains: Toddy (palm sap) and milk was 
selected as food sources for isolating bacteriocin 
producing bacteria. Fermented toddy sample was 
collected from Palakkad district of  Kerala and milk 
sample was collected from local market of  Coimbatore, 
Tamil Nadu. The samples were serially diluted and 
plated on de Man Rogosa and Sharpe (MRS) agar 
plates by spread plating technique. The plates were 
incubated overnight at 37°C. Further screening of  the 
isolates were done by inoculating the colonies to MRS 
(broth and agar) medium. A total of  30 isolate were 
screened from toddy and milk samples and tested its 
acivtity against Listeria monocytogenes MTCC 657 (a major 
foodborne pathogen). Only two of  them were found to 
be anti-listerial and bacteriocin producing and they were 
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maintained in MRS agar media. The isolates were tested 
for cell morphology, Gram staining, catalase activity 
and hemolytic activity. The molecular identification of  
the strains were done by 16S rRNA gene amplification 
using polymerase chain (PCR) reactions. The strains 
were phylogentically identified and the gene sequence 
were submitted to GenBank and accession numbers 
were obtained.
Isolation of  antilisterial bacteriocin from the 
strains: The production of  antilisterial bacteriocin was 
achieved by inoculating a single colony of  the isolated 
strain to 10 ml of  production media (TSBYE, HiMedia, 
India) and kept for incubation for 16-18 h at 30°C 
without shaking.[14] The bacterial culture was centrifuged 
at 12000 × g for 20 min at room temperature and cell 
free supernatant was collected followed by incubation 
at 100°C for 10 min in a boiling water bath to inactivate 
protease. The heat inactivated cell free supernatant 
(crude antilisterial bacteriocin) was filtered (0.45 μm 
pore size filter, Millipore) and then used for further 
assay and purification.
Purification of  antilisterial bacteriocin from the 
strains by Amberlite XAD-16 adsorption: Five grams 
of  Amberlite XAD-16 was soaked in 50% isopropanol 
and stored at 4°C overnight. The isopropanol was 
removed by washing repeatedly with deionized distilled 
water till the smell of  isopropanol disappears. Five 
grams of  Amberlite XAD-16 was added to 250 ml of  
heat stabilized cell-free supernatant. This mixture was 
kept for incubation with shaking at room temperature 
for 4 hr. The mixture was then transferred to a 
chromatographic column and the matrix was washed 
with 20 ml of  deionized distilled water and 20 ml of  
40% (v/v) ethanol in distilled water.[15] The antilisterial 
bacteriocin were eluted with 20 ml of  70% (v/v) 
isopropanol in distilled water, followed by washing with 
20 ml of  absolute isopropanol. The eluted fraction 
of  crude bacteriocin was evaporated to half  of  its 
volume and the pH were adjusted to 5.7 with 5 N 
NaOH. This fraction is called Amberlite fraction. The 
protein concentration of  this fraction was estimated by 
measuring the absorbance at 280 nm.
Nisin: 100mg of  Nisin (HiMedia) was solubilized in 
10ml of  0.02N HCl to give the concentration of  104 
IU/ml (40 IU=1g). The solution were filtered through 
0.45mm filters (Whatman®, Sigma-Aldrich, India) and 
was stored at -4°C.[16] 

Antioxidant activity of the bacteriocins

DPPH Radical Scavenging Assay: Scavenging ability 
of  2, 2- diphenyl-1-picryl hydrazyl hydrate (DPPH) free 
radical by antilisterial bacteriocins ALC101, ALC102 

and Nisin were evaluated according to the method 
explained by.[17] The assay solution which is composed 
of  2.2 ml DPPH free radical (0.1mM) and 0.8 ml of  the 
bacteriocin sample. The mixture were shaken vigorously 
and kept in a dark room for 30 min in room temperature. 
The absorbance of  the sample were measured 
spectrophotometrically at 517 nm. Standard antioxidant 
BHT (Butylated hydroxyl toluene) were served as 
positive control (Ayigoro, 2009) and millipore water 
as blank control. The DPPH free radical scavenging 
activity of  the bacteriocins ALC101, ALC102 and Nisin 
were calculated using the following formula:

0

1 2

Scavenging activity (%) 100
1 ( )

A
A A

= ×
− −

Where A0 is the absorbance of  the control (water instead 
of  sample), A1 is the absorbance of  the sample, and A2 
is the absorbance of  the sample only (water instead of  
DPPH).[18]

ABTS.+ Radical Scavenging Assay: The antioxidant 
capacity of  the bacterocins ALC101, ALC102 and 
Nisin were determined using 2,2-azino-bis(3-ethyl 
benzothiazoline-6-sulfonic acid) radical cation (ABTS) 
method. Based on an earlier report by[19] the ABTS.+ 
stock solution were prepared by mixing 7.4 mM ABTS 
with 2.6 mM potassium persulfate in 10 mM phosphate 
buffer (PB) (pH 7) and allowed to stand in dark for 16h 
at room temperature prior use. Before the analysis, stock 
solution was dissolved in 10 mM PB (pH 7) to obtain 
an absorbance of  0.7 ± 0.1 AU (ABTS radical working  
solution) at 734 nm. The ABTS working solution (100 μL)  
was mixed with 1 μL of  each sample, incubated for 6 
min, and the absorbance was measured at 734 nm. BHT 
served as the positive control. The percentage inhibition 
of  ABTS. + radical scavenging activity was calculated 
using the formula:[9]

blank sample

blank

Scavenging activity (%) 100
ABs Abs

Abs
−

= ×

Where Abs blank is the absorbance of  the blank solution 
and Abs sample is the absorbance of  the sample.
Reducing power assay: Antioxidant effects of  
antilisterial bacteriocins ALC101, ALC102 and Nisin 
were determined by reducing power assay method. The 
assay was performed according to the method of.[20] The 
reaction was carried out in a solution containing 2.5 ml 
of  sample (0.05-1 mg/ml), 2.5 ml of  0.2 M sodium 
phosphate buffer (pH 6.6) and 2.5 ml of  K3Fe(CN)6  
(1% w/v) and incubated at 50°C for 20 min. Then  
2.5 ml of  tricholoroacetic acid (10% w/v) were added 
and the mixture was centrifuged for 10 min at 5000 rpm. 
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species through hydrophobic and polar interactions.[19] 
By applying Amberlite XAD-16 resin to clarified cell-
free culture supernatant, the antilisterial bacteriocin 
were selectively adsorbed, while other water-soluble 
components remained in the liquid phase. The 
bacteriocin were eluted from XAD-16 by 75% isopropyl 
alcohol and the fraction was evaporated to half  of  the 
volume which retain the antimicrobial activity. 

Antioxidant activity of bacteriocins ALC102, 
ALC102 and Nisin

DPPH radical scavenging activity: The model of  
DPPH radical is a widely used method to evaluate the 
free radical scavenging activities of  antioxidants. In the 
DPPH assay, the antioxidants are able to reduce the  
stable DPPH to the non-radical form. The DPPH 
scavenging activities of  antioxidants are attributed to 
their hydrogen donating abilities.[21] Both the bacteriocins 
ALC101, ALC102, Nisin and BHT (standard) showed 
good radical scavenging activity [Figure 3.1]. As 
shown in the Figure, the scavenging capacity increased 
significantly in a concentration dependent manner. 
ABTS radical scavenging activity: ABTS radical 
scavenging activity is widely used to determine the 
antioxidant activity of  chemical components. The 
scavenging abilities of  BHT (standard), antilisterial 
bacteriocins ALC101, ALC102 and Nisin against 
ABTS radicals are shown in Figure 3.2. The scavenging 
activity of  ALC101, ALC102 and Nisin exhibited 
a concentration-dependent manner and was much 
lower than that of  BHT at same concentrations. The 
maximum scavenging percentage of  ascorbic acid (82%) 
was obtained at 6.25μg/ml concentration. However, 
the bacteriocins exhibited more than 80.0% ABTS 
radical scavenging percentage when the concentration 
exceeded 6.5μg/ml, and reached the maximum of  

The supernatant (5 ml) was mixed with 0.5 ml of  freshly 
prepared FeCl3 (0.1% w/v) and the absorbance was read 
at 700 nm. The greater absorbance indicates a higher 
reducing power. BHT and deionized water served as 
positive control and blank control respectively.[21]

Statistical analysis: The experiment on time course 
and kinetics of  growth were done in triplicates. All the 
experiments were done in independent repetitions and 
the data were expressed as Mean±SD. All the graphs 
were plotted using GraphPad Prism version 8.0 and 
Microsoft Excel 2013.

RESULTS AND DISCUSSION
Isolation and identification of  antilisterial 
bacteriocin producing strains: Toddy and milk were 
selected as a source for isolating bacteriocin producing 
bacteria. From more than 30 isolates screened, two 
strains were found to be bateriocin producing and 
were designated as GRD S1 and GRD S6. The two 
strains were maintained on MRS agar. Both the strains 
were found to be Gram positive and anaerobic after 
morphological identification. The strains were then 
subjected to 16S rRNA sequencing and phylogenetic 
analysis. Microbiological test in combination with 16S 
rRNA gene sequencing clearly depicted the taxonomic 
identification of  the bacterial isolate. The phylogenetic 
analysis clearly identified the isolates to the species level. 
Based on the microbiological, physiological tests and 
16S rRNA phylogeny, the strain GRD S6 showed 99% 
similarity with Paenibacillus polymyxa. The sequence was 
submitted to GenBank, NCBI (https://www.ncbi.nlm.
nih.gov) under the accession number MH113817. The 
strain GRD S1 showed 99% similarity with Enterococcus 
faecium and the sequence was submitted to GenBank 
under accession number MH113816.
Production and Purification of  Antilisterial 
Bacteriocins: Antilisterial bacteriocin ALC101 and 
ALC102 production was carried out using the TGE + 
Tween 80 (pH 6.8) medium, which supported maximum 
bacteriocin production. Bacteriocin production was 
discovered at early exponential phase and maximized 
at stationary phase. Tween 80 is a non-ionic detergent, 
which helps in releasing bacteriocin molecules from the 
producer cell wall into the medium. The bacteriocin 
in the medium decreased with prolonged incubation 
period, due to self-proteolytic enzymes synthesized 
in the late stationary phase. The optimum pH for 
bacteriocin production was at 6.6 ± 0.2. Extraction 
of  the antilisterial bacteriocin from P. polymyxa were 
achieved using Amberlite XAD-16 adsorbent, a non-
ionic macro-reticular resin that adsorbs and release ionic 

Figure 3.1: Percentage of DPPH radical scavenging activity 
of antilisterial bacteriocins ALC101, ALC102 and Nisin along 

with BHT (standard).
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of  its great biotechnological potential in different 
industrial processes and in sustainable agriculture. The 
genus Paenibacillus was created by[11] to accommodate 
the former ‘group 3’ of  the genus Bacillus. It comprises 
over 30 species of  facultative anaerobes and endospore 
forming, neutrophilic, periflagellated heterotrophic, low 
G+C Gram positive bacilli. The name this fact, in Latin 
‘Paene’ means almost, and therefore the Paenibacillus 
is almost a Bacillus. Comparative 16S rRNA sequence 
analyses revealed that rRNA group 3 bacilli represents 
a phylogenetically distinct group and exhibit high 
intragroup sequence relatedness and is only remotely 
related to Bacillus subtilis; the type species of  the genus 
Bacillus. The taxon contains various species such as 
Bacillus alvei, Bacillus amylolytics, Bacillus azotofixans, Bacillus 
gordonae, Bacillus larvae, Bacillus macquariensis, Bacillus 
polymyxa, Bacillus pulvifaciens and Bacillus validus. The 
bacteriocin like compound produced by Paenibacillus 
polymyxa is effective against a wide range of  Gram 
positive and Gram negative bacterial species including 
foodborne pathogens. It posseses bacteriocin like 
properties such as proteinaceous nature (sensitive 
to proteases), sensitivity to organic solvents and 
chelators, heat stability (up to 10 min at 90°C) and 
instability in acidic and alkaline conditions. Paenibacillus 
species are known to produce at least two of  the three 
class bacteriocins, being lantibiotics and pediocins. 
Lantibiotics, also known as Class I bacteriocins, contain 
the non-coded amino acid lanthionine and are typically 
active against Gram positive pathogenic bacteria.[22,23] 
Enterococcus faecium is a Gram positive, homofermentative, 
lactic acid bacteria that is a natural inhabitant of  the 
gastro intestinal tract. Nevertheless, they are also found 
in fermented foods and are frequently isolated from 
starter cultures and cheese producers Enterococcus faecium 
bacteriocins have gained attentions in recent years as 
they could be isolated easily from several fermented 
foods and because many of  them are active against 
foodborne pathogens such as Listeria monocytogenes.[24] 
Enterococcus faecium T136 was isolated from Spanish dry 
fermented sausages, which produced enterocin A and B. 
Enterocin P inhibited most of  Gram positive foodborne 
pathogens like Listeria monocytogens, Staphylococcus aureus, 
Clostridium perfringenes and Clostridium botulinum. Most 
bacteriocins from enterococci are classified as Class II 
bacteriocins; small, heat stable, non-lantibiotics. These 
are further divided into three sub groups: (II a) listeria-
active peptides, (II b) poration complexes consisting of  
two proteinaceous peptides for activity and (III c) thiol-
activated peptides requiring reduces cysteine residues 
for activity.[25,13]

85.5% at the concentration of  100μg/ml. These results 
indicated that bacteriocins had scavenging activity on 
2, 2-azino-bis (3-ethyl benzothiazoline-6-sulfonic acid) 
(ABTS) radical.
Reducing power: The reducing power or reduction 
potential of  a compound may serve as a significant 
indicator of  its capacity of  antioxidant activity. In this 
assay, antioxidants are able to reduce Fe3+/Ferricyanide 
complex to its ferrous form. Therefore, Fe2+ can be 
monitored by measuring the formation of  Prussian blue 
at 700 nm. The reduction potential bacteriocin purified 
from Paenibacillus polymyxa ALC101, from Enterococcus 
faecium GRD AA ALC102 and Nisin long with BHT 
(standard) increased with increase of  concentrations 
(Figure 3.3). 

DISCUSSION
Paenibacillus polymyxa (formerly known as Bacillus 
polymyxa) has attracted considerable interest because 

Figure 3.2: Percentage of ABTS radical scavenging activity 
of antilisterial bacteriocins ALC101, ALC102 and Nisin along 

with BHT (standard).

Figure 3.3: Percentage of reduction potential of antilisteral 
bacteriocins ALC101, ALC102 and Nisin along with BHT 

(standard).
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Recently, a number of  bacteriocins produced by 
enterococci have been reported and information about 
them, for example, their inhibitory spectra and their pH 
and enzyme stabilities is available for their purification 
and the cloning of  DNA related to bacteriocin 
production.[26] Numerous purification strategies have 
been reported for bacteriocin with varying degrees of  
success, which may be attributable to the extremely 
heterogeneous nature of  bacteriocin. The purification 
methods commonly employed include ammonium 
sulphate precipitation, ion-exchange chromatography, 
hydrophobic chromatography coupled with cation-
exchange column chromatography, reverse-phase 
high-performance liquid chromatography (RP-HPLC), 
Amberlite XAD- 2, Sephadex G-25 gel filtration, 
ultrafiltration and gel permeation chromatography 
and ethanol precipitation. Each and every purification 
method has its own downsides, which includes issues 
with low yield and purity, price, and the requirement 
for a skilled worker. Among these methods tested, 
the Amberlite XAD-16 method found to be the most 
appropriate in partially purifying the sample, especially 
since it is used in the previously reported purification 
scheme of  the NKR-5-3 enterocins.[27] 
In vitro experiments showed that the studied strains 
of  microorganisms reduce the amount of  liposomes 
in suspensions, exposed to induced oxidation, lipid 
peroxidation products; hence, the mechanism of  
antioxidant activity of  bacteriocin producing micro
organisms is the inhibition of  lipid peroxidation 
metabolites that make up cell membranes, which is 
probably determined by the binding of  free radicals 
and the inhibition of  the lipoxygenase enzyme.[28] Free 
radicals are formed uncontrollably in biological processes 
and may cause several functional disorders, such as 
mutagenesis, carcinogenesis, circulatory disturbances 
and ageing problems. These disorders are mostly due 
to the strike of  oxidative agents on membrane lipids, 
intracellular proteins, enzymes carbohydrates and DNA 
in cells and tissues. Therefore, the solicitation of  lactic 
acid bacteria (LAB) which can exhibit both probiotic and 
antioxidant activity can be contemplated as worthy plan 
of  action to overcome this problem. In point of  fact, 
many methods have been applied for the determination 
of  antioxidant activity of  fermented products.[29] DPPH 
is commonly used assay to evaluate antioxidant activity 
in biological systems. DPPH is a free radical, capable 
of  accepting an electron or hydrogen radical to become 
a stable diamagnetic molecule. Commonly, DPPH 
radical scavenging activity by Lactobacillus spp. is a dose-
dependent activity. In addition, the antioxidant activity 
of  LAB may vary depending on the initial concentration 

of  the micro-organisms.[30-32] Reactive oxygen species 
(ROS) are formed inside our body due to external and 
internal factors and are found to be responsible for 
many diseases when produced in excess. Antioxidant 
compounds have an important role in sequestering 
ROS from body that can decrease the risk of  multiple 
chronic degenerative diseases, for instance cancer, 
Alzheimer, cataract and coronary heart disease. Now a 
days, substitutes of  natural antioxidant compounds from 
bio-resources are attempted and developed to obtain  
compounds which is specific, better activity and safer.[33,34]

CONCLUSION
In our study, we isolated, identified the bacteriocins 
from Paenibacillus polymyxa strain and Enterococcus faecium. 
The bacteriocins ALC101 and ALC102 isolated from 
the strains were partially purified and characterized. 
The antioxidant efficiency was evaluated using DPPH, 
ABTS and reducing power methods. The bacteriocins 
ALC102 and ALC102 showed good activity of  DPPH 
and ABTS radical scavenging activity, reducing power 
in a concentration dependent manner. From our study 
it is clear that the bacteriocins ALC101 and ALC102 
are good candidates having antioxidant potential when 
compared to the activity of  Nisin.
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