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ABSTRACT

Objective: Food safety is a matter of utmost importance in developing countries as well as in developed countries, so keeping this in mind this research
work deals with the identification and characterization of bacteriocin producing microbes by using biochemical and molecular characterization. This
study has also covered the biopreservation potential of bacteriocin produced by these microbes against sapodilla, tomato and banana as well.

Methods: For the purpose of sample collection and isolation, samples of milk, curd and gangajal water were taken and bacteriocin producing microbes
were isolated by using serial dilution method. Screening of bacteriocin producing microbe was done by antibacterial sensitivity test using agar well
diffusion method against Bacillus amyloliquefaciens, Escherichia Coli, Staphylococcus aureus and Pseudomonas aeruginosa by determining their zone
of inhibition. Biochemical characterization was done by using different tests, such as, catalase test, mannitol test, citrate test, gelatin test, maltose test,
indole test, urease test, lactose test etc. Molecular characterization was done by using 16S rRNA gene sequencing. Preservative action of bacteriocin
was observed on fruits that comprise sapodilla, tomato and banana by spraying bacteriocin on them and analyzing their activities shows for at least
10 days.

Results: Microbes were found to be Enterococcus faecalis (Accession number KX011874) and Bacillus cereus (Accession number KX011875). Periodic
observatory studies reflect that using bacteriocin, banana can be preserved for nearly 6-7 days while sapodilla for 8-9 days and tomato for 9-10 days.

Conclusion: From present study we would like to conclude that bacteriocins produced by microbes which is found in milk or curd can also be used as
biopreservatives for these defined fruits that is sapodilla, tomato and banana.
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INTRODUCTION

Many chemicals are being used for inactivation of foodborne pathogens
so as to preserve food products for a longer duration [1]. Chemical
preservatives have some of the undesirable side effects such as
alteration in the constituents, nutritional, and organoleptic properties
of the food and toxic effect on human health [1]. As far as the natural
preservatives are concerned, they have shown a better alternative.
Bacteriocin which is a natural product is isolated from milk, curd, cheese
etc. can be used as a biopreservative. Bacteriocins are proteinaceous
toxin produced by bacteria to inhibit the growth of similar or closely
related bacteria [2]. It was first discovered by Gratia in 1925, when he
was searching for ways to kill bacteria [3,4]. Bacteriocin is used as a
preservative in food due to its heat stability, wider pH tolerance, and
its proteolytic activity [5]. Due to thermostability and pH tolerance,
it can withstand heat and acidity/alkalinity of food during storage
condition [5]. Bacteriocins are commonly divided into three or four
groups (Klaenhammer, 1993; Nes et al.,, 1996). Nisin was discovered in
1928 (Hurst, 1967) and subtilin, a nisin analog differing by 12 amino
acid residues was discovered in 1948 (Hansen, 1993). Both belong to
Class I, termed lantibiotics [6]. Bacteriocins of lactic acid bacteria are
considered to be safe biopreservatives, since they are assumed to be
degraded by the proteases in the gastrointestinal tract [6]. The aim of
this study was to characterize the bacteriocin producing microbes and
also to observe the biopreservation potential of bacteriocin producing
microbes. Reported studies on Bacteriocin isolated from different
sources are shown in the Table 1 and reported studies on preservative
action of Bacteriocin are shown in Table 2. In the mean while this study
also tried to find whether bacteriocin producing microbe is present in
gangajal water or not.

METHODS

Source of sample collection

Samples of milk and curd were collected from a family in Sohna,
Haryana, India. The sample of gangajal was collected from Haridwar,
Uttarakhand, India.

Bacterial strain

Bacterial strain of Bacillus amyloliquefaciens, Staphylococcus aureus,
Pseudomonas aeruginosa, and Escherichia coli was obtained from
Helix BioGenesis Pvt. Ltd.,, Noida, Uttar Pradesh, India. They were
subcultured freshly in Luria broth (LB media) and used further for
research work.

Isolation

Samples were simultaneously inoculated to the LB and incubated at
37°C on continuous shaking at 150 rpm. After incubation, test tube was
observed for the growth of bacteria. Serial dilution was done to know
the bioburden of sample. Different colonies were isolated from LB agar
plate after serial dilution from different samples. Isolated colonies were
streaked onto freshly prepared LB agar. Pure cultures of these isolates
were obtained by picking up the colonies. Glycerol stock was prepared
to maintain the culture of isolates at -80°C.

Screening of bacteriocin producing microbes

Antibacterial sensitivity test (agar well diffusion method)
Antibacterial feature of bacteriocin against selected microorganisms
(B. amyloliquefaciens, E. coli, S. aureus, and P. aeruginosa) were
investigated by agar well-diffusion method. LB agar media were
prepared and autoclaved at 121°C for 15 minutes at 15 lbs
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and poured in sterile Petri plate up to a uniform thickness of
approximately 10-15 minutes, and the agar was allowed to set at
ambient temperature. This method is suitable for the organism to
grow rapidly overnight at 35-37°C. The wells were made in medium
after inoculation with the microorganism. 200 ml of inoculums were
spread over LB agar plate using sterile spreader after few minutes 4
wells were made in each Petri plate and loaded with 100 ml of isolates.
Plates were incubated at 37°C for 24 hrs. Antibacterial activity was
observed by measuring its zone of inhibition. The experiments were
done in triplicate.

Morphological and biochemical characterization of the bacteriocin
producing isolates

Isolated colonies were characterized morphologically and biochemical
test (Indole test, methyl red test, voges-proskauer test, citrate test,
urease test, mannitol test, catalase test, starch hydrolysis, growth at
5% NaCl, growth at 10% NacCl, lactose test, maltose test, dextrose test,
growth at 4°C and gelatin test) were carried out to authenticate their
identity by Cappuccino and Sherman, 1989.

Molecular characterization of bacteriocin producing microbes
DNA was isolated by following standard methods (Sambrook et al.
1989), as modified by Baker et al., 1994 and 16S rDNA was amplified
using the 16S rDNA primers, F (5-AGAGTTTGATCMTGGCTCAG-3’)
and R (5-TACGGYTACCTTGTTACGACTT-3"). Polymerase chain
reaction (PCR) was performed with 25 pl reaction mix by taking 2.5 pl
of 10X Taq buffer, 15 mM MgCl,, 1 pl of dNTPs concentration, 1 pl
of reverse primer and 1 pl of forward primer, 15.30 pl of water, 4 pl
of DNA sample, and 0.2 pl of Taq polymerase. PCR was subjected to
30 cycles (denaturation, 30 seconds at 95°C; annealing, 30 seconds
at 55°C; extension, 1 minute at 72°C) and 1 final extension cycle at
72°C for 10 minutes. PCR products were analyzed by agarose gel
electrophoresis, which was performed using 1% agarose gel and
EtBr was used to visualize DNA. 8-10 ul of DNA sample was loaded
in the wells and it was allowed to run at 70-80 V and analyzed under
ultraviolet light.

Biopreservative action of bacteriocin

Biopreservative action of bacteriocin was observed on sapodilla, banana,
and tomato. Bacteriocin isolates were sprayed on sapodilla, banana, and
tomato and they were observed daily for their biopreservative action.
The appearance of bacteriocin treated food products was compared
with the control sample.

Table 1: Reported studies on Bacteriocin isolated from different

sources
SINo. Reported studies
1 Bacteriocin production by a new isolate of Lactobacillus
rhamnosus GPI under different culture conditions [7]
2 Purification and Characterization of a Bacteriocin

Produced by Lactobacillus lactis
Isolated from Marine Environment [8]

3 Production of bacteriocin like substances by lactic acid
bacteria isolated from regional ovine cheese [9]

4 Isolation and characterization of nisin producing
Lactococcus lactis subsp. lactis from bean-sprouts [10]

5 Characteristics and genetic determinants of bacteriocin

activities produced by Carnobacterium piscicola isolated
from cheese [11]

6 Purification and characterization of bacteriocin produced
by Lactobacillus plantarum isolated from cow milk [12]

7 Characterization of bacteriocin produced by Lactobacillus
plantarum and Lactobacillus brevis [13]

8 Purification and characterization of bacteriocin Produced

by Lactobacillus brevis isolated from Dhulliachar: a
traditional food product of North East India [14]
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RESULTS

Isolation

After inoculation of samples in LB broth, turbidity in LB broth was taken
as a primary indicator for microbial growth. Nine morphologically
different isolates were obtained from gangajal water, curd, and milk,
whereas isolates 1 and 2 obtained from gangajal water, isolates 3, 4, 5,
and 6 from curd while isolates 7, 8, and 9 from milk.

Antibacterial sensitivity test

For identifying antibacterial sensitivity test, antibacterial activity
was observed against B. amyloliquefaciens, E. coli, S. aureus, and
P aeruginosa by determining their zone of inhibition. Hence, in this
study, isolates 2, 5 and 6 has not shown any antibacterial activity against
B. amyloliquefaciens, whereas isolates 1, 3, 4, 7, 8, and 9 has shown
antibacterial activity against the same. As far as E. coli was concerned
isolates 1, 3, and 6 has not shown any inhibition, whereas E. coli found
to be inhibited by isolates 2, 4, 5, 7, 8, and 9 as given in Table 1. Isolate 4
and 9 were selected for 16S rRNA gene sequence analysis as these two
samples were showing better result for well diffusion method compared
to other isolates. Antibacterial activity of bacteriocin in isolates 3 and
4 is shown in Fig. 1 and zone of inhibition for antibacterial activity is
shown in Table 3.

Morphological and biochemical characterization

From this study, nine different isolates were morphologically
characterized by Gram-staining and it has shown in the presence
of Gram-positive bacteria with rod shape in its isolates 1 and 4
while cocci shape in isolates 2, 5, and 9, whereas Gram-negative
bacteria with rod shape found to be present in isolates 3, 6, 7, and
8. Biochemical characterization has revealed the presence of methyl
red in isolates 1, 3, 4, 7, and 9, whereas absent in isolates 2, 5, and
8. Voges-proskauer was present in isolates 1, 3, 4, 5, 7, and 9 while
absent in isolates 2, 6, and 8. Indole was found to be absent in all

Table 2: Reported studies on preservative action of Bacteriocin

SINo. Reported studies

1 Biochemical and Genetic Characterization of Enterocin
P, a Novel sec-Dependent Bacteriocin from Enterococcus
faecium P13 with a Broad Antimicrobial Spectrum [15]

2 The use of the bacteriocin, nisin, as a preservative in
ricottatype cheeses to control the foodborne pathogen
Listeria monocytogenes [16]

3 Evidence for a bacteriocin like substance produced by a
new strain of Streptococcus sp., inhibitory to gram positive
Food-borne pathogens [17]

4 Effective use of nisin to control lactic acid bacterial
spoilage in vacuum-packed
Bologna-type sausage [18]

5 Applications of bacteriocins in food, livestock health and
medicine [19]

6 Application of bacteriocins in vegetable food
biopreservation [20]

7 Isolation of a Lactobacillus salivarius Strain and

Purification of its Bacteriocin, which is inhibitory to
Campylobacter jejuni in the Chicken Gastrointestinal
System [21]

8 Application of Lactic Acid Bacteria and their bacteriocins
for food Biopreservation [22]
9 Application of the broadspectrum bacteriocin enterocin

AS-48 to inhibit Bacillus coagulans in canned fruit and
vegetable foods [23]

10 Potential of antagonistic microorganisms and bacteriocins
for the biological preservation of foods [24]

11 Class Ila bacteriocins: biosynthesis, structure and
activity [25]

12 Antibiotic and Bacteriocin Sensitivity of Listeria

monocytogenes strains isolated from different foods [26]
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isolates. Citrate was found be present only in isolate 2. Urease was
found to be present in isolates 6 and 8 and absent in other isolates.
Mannitol was found to be absent in all isolates. Catalase was found
to be present in isolates 2, 3, 4, 5, 6, and 8 while absent in isolates
1, 7, and 9. Starch hydrolysis was found in isolates 4 and 5. Growth
at 5% NaCl was found in isolates 1, 3, 4, and 5. Growth at 10% NacCl
was not found in any isolates. Gelatin was found to be absent in all
isolates. Lactose was found to be present in isolate 8 while absent
in other isolates. Maltose was found to be present in isolates 1,
3, 7, and 9 while absent in isolates 2, 4, 5, 6, and 8. Dextrose was
found to be present in isolates 1, 2, 3, 5, 6, 7, 8, and 9 while absent in
isolate 4. Growth at 4°C was not found in any isolates. Biochemical
characterization for nine isolates is shown in Table 4.

Molecular characterization

Using 16S rRNA gene sequence analysis Gram-positive bacterium
isolate 4 and 9 were identified, their sequences have been submitted
to the National Center for Biotechnology Information GeneBank
and their accession number has been achieved. Isolate 4 found to be
Bacillus cereus (Accession number KX011875) and isolate 9 found to be
Enterococcus faecalis (Accession number KX011874).

Using phylogeny.fr (http://www.phylogeny.fr/simple_phylogeny.cgi),
phylogenetic tree was formed as shown in Figs. 2 and 3.
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Biopreservative action of bacteriocin

Biopreservation activity for isolates 4 and 9 was done on fruit
samples sapodilla, banana, and tomato. Fruit samples were sprayed
with bacteriocin, and these were checked periodically for 10 days.
Test samples were regularly compared with control. These periodic
observatory studies reflect that using bacteriocin, banana can be
preserved for nearly 6-7 days while sapodilla for 8-9 days and tomato
for 9-10 days. Biopreservative action of bacteriocin for different fruits
is shown in Table 5.

DISCUSSION

Our result suggested that bacteriocins producing E. faecalis (Accession
number KX011874) and Bacillus cereus (Accession number KX011875)
naturally occur and survive in milk and curd, respectively. The present
study has shown the significant applications of bacteriocin (isolated
from Bacillus cereus and E. faecalis) as a biopreservative by applying
on tomato, banana, and sapodilla as well. This research has clearly
shown the comparative analysis between the control and test sample
through observatory studies. An earlier study has been done on
strains producing bacteriocins such as Enterococcus mundtii (Bennik
et al., 1998), Lactobacillus lactis subsp. cremoris R (Yildirim and
Johnson, 1998), Lactobacillus bavaricus (bavA) (Larsen et al, 1993),
Carnobacterium piscicola CP5 (Herbin et al, 1997), etc. Apart from

Table 3: Antibacterial activity of bacteriocin

Bacillus amyloliquefaciens Escherichia coli Staphylococcus aureus Pseudomonas aeruginosa

Isolates (Zone of inhibition) (Zone of inhibition) (Zone of inhibition) (Zone of inhibition)

1 0.013m 0 0 0

2 0 0.015m 0 0

3 0.032m 0 0.015m 0

4 0.021m 0.015m 0.015m 0.031m

5 0 0.013m 0.018m 0

6 0 0 0 0.018 m

7 0.014 m 0.013m 0 0

8 0.015m 0.013m 0 0.012m

9 0.017 m 0.018 m 0 0.016 m

Table 4: Biochemical characterization
Tests Isolate Isolate Isolate Isolate Isolate Isolate Isolate Isolate Isolate
1 2 3 4 5 6 7 8 9
Indole test Negative Negative Negative Negative Negative Negative Negative Negative Negative
MR test Positive Negative Positive Positive Negative Positive Positive Negative Positive
VP test Positive Negative Positive Positive Positive Negative Positive Negative Positive
Citrate test Negative Positive Negative Negative Negative Negative Negative Negative Negative
Urease test Negative Negative Negative Negative Negative Positive Negative Positive Negative
Mannitol test Negative Negative Negative Negative Negative Negative Negative Negative Negative
Catalase test Negative Positive Positive Positive Positive Positive Negative Positive Negative
Starch hydrolysis Negative Negative Negative Positive Positive Negative Negative Negative Negative
Growth at 5% NaCl Positive Negative Positive Positive Positive Negative Negative Negative Negative
Growth at 10% NacCl Negative Negative Negative Negative Negative Negative Negative Negative Negative
Lactose test Negative Negative Negative Negative Negative Negative Negative Positive Negative
Maltose test Positive Negative Positive Negative Negative Negative Positive Negative Positive
Dextrose test Positive Positive Positive Negative Positive Positive Positive Positive Positive
Growth at 4°C Negative Negative Negative Negative Negative Negative Negative Negative Negative
Gelatin test Negative Negative Negative Negative Negative Negative Negative Negative Negative
Table 5: Biopreservative action of bacteriocin for different fruits

Days Banana Sapodilla Tomato Control

15t day Appeared fresh Appeared fresh Appeared fresh Appeared fresh

4t day Appeared fresh Appeared fresh Appeared fresh Spoiled up to some extent
6" day Spoiled up to some extent Appeared fresh Appeared fresh Started to spoil rapidly
8t day Started to spoil rapidly Spoiled up to some extent Spoiled up to some extent Spoiled completely
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Fig. 1: Antibacterial activity of bacteriocin in isolates 3 and 4 against (a) Bacillus amyloliquefaciens, (b) Escherichia coli, (c) Staphylococcus

aureus, and (d) Pseudomonas aeruginosa

gi_983657651_gb_KT429601.1_Uncultured_Bacillus_sp._clone_BST_YS1
,_‘_:gi_820948439 _gb_KP279289.1_Bacillus_sp._R-4_16S_ribosomal_RNA_ge
gi_909148316_gb_KT354331.1_Bacillus_thuringiensis_16S_ribosomal

L gi_1008423793_gb_KT074452.1_Bacillus_cereus_strain_ANP221_16S_ri
gi_902761299_dbj_LC065254.1_Bacillus_sp._NCCP-1227_gene_for_16S

gi_936371407_gb_KR007000.1_Bacillus_sp._L4_16S_ribosomal_RNA_gen
\_l_:gi_IOOS 122435_gb_KU522196.1_Bacillus_thuringiensis_strain_CS-9_1
gi_891071940_gb_KT238997.1_Bacillus_thuringiensis_strain_HMR13_1

—

gi_922061589_gb_KT580651.1_Bacillus_sp._CanR-31_16S_ribosomal_RN

gi_925176648_gb_KR006321.1_Bacillus_sp._HBM-34_16S_ribosomal_RNA

Bacillus_cereus_KX011875

Fig. 2: Neighbor-joining phylogenetic tree based on 16S rRNA gene sequence of Bacillus cereus KX011875
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Fig. 3: Neighbor-joining phylogenetic tree based on 16S rRNA gene sequence of Enterococcus faecalis KX011874

studying on isolates from milk and curd, this paper also tried to study
on isolates from gangajal water as well, to find whether the bacteriocin
producing microbes are present in gangajal or not, although gangajal
was not having the bacteriocin producing microbe, so far, no such study
on gangajal water has been done in the past. This study would surely
provide a preliminary foundation for further studies in exploring the
other probable outcomes and applications of bacteriocin.

CONCLUSION

This research work has properly characterized and identified the
bacteriocin producing microbes on the basis of biochemical and
molecular characterization. It has also been shown that bacteriocin
treated food products can stay fresh for a longer period. So, it
demonstrates the effectiveness of the preservative action of bacteriocin.
Thus, bacteriocin can be suggested to be used as a safe, natural, and
effective biopreservative.
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