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Mankind is using antimicrobial agents in various forms since last 2000 years. The present study was 
designed to evaluate the antimicrobial activities of different culture microbes against each other. A 
total six bacteria including Salmonella typhi, Escherichia coli, Pasteuralla multocida, Lactobacillus 
bulgaricus, Micrococcus luteus and Staphylococcus aureius were used against each other to evaluate their 
antimicrobial activities. All of bacteria were cultured in LB media and further the culture of each bacterium 
was divided into three parts, the first part was centrifuged in order to collect supernatant. While the second 
and third parts were also centrifuged but however supernatants were discarded to get their pellets, which 
were dissolved in normal saline. Of this one part was taken for thaw and freeze treatment, while the 
second for ultrasonication treatment, before conducting antimicrobial activities. Zones of inhibition were 
measured by using disc diffusion method. Supernatant fraction of E. coli was positive against Sal. typhi 
and supernatant fraction of P. multocida was positive against E. coli, which show that antimicrobial agents 
were secretory in nature. Sonicated fractions were on second order to produce antimicrobial activities. 
The freeze thaw method was least effective in secreting active antimicrobial agents from tested bacteria. 
From the present study it is concluded that microbes are natural reservoir of antimicrobial compounds.

INTRODUCTION

Different species of streptomyces and actinomycetes 
are reported to produce many medicinally important 

compounds and they account for more than 70% of the 
naturally occurring antibiotics (Baskaran et al., 2016). 
The presently available drugs to combat infections caused 
by gram negative bacteria are not enough and there are 
still many antibiotics that are under clinical trials to fill 
the gaps and limitation in drug development. Initiative of 
infectious Disease Society of America is working on 10 
novel antibiotics against bacilli, which will be helpful in 
combating infectious diseases (Taneja and Kaur, 2016). 

Bacteria form biofilms in both natural and artificial 
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like industrial environments. In such biofilms bacterial 
cells are linked together showing complex form of 
behaviors like coordination, communication, antagonism, 
cooperation and other communal behaviors and 
intercellular interactions (Moons et al., 2009). Bacteria 
form organized biofilms in the oral cavity on teeth and 
mucosal surfaces (Kolenbrander et al., 2010), which help 
in intercellular microbial interactions (Jakubovics et al., 
2008). Antagonism in microbes has been worked out since 
previous century in the field of microbiology (Jay, 1996). 
Such interactions among microbes provide important and 
alternate method to treat infections (Stiles, 1996). 

According to Cleveland et al. (2001) bacteria produce 
a number of antimicrobial proteins as a natural defense to 
kill or inhibit other bacteria. However nature, functions, 
structures and mode of action of such bacteriocin need to 
be explored. Lazdunski (1988) was the first who reported 
a bacteriocin in gram negative bacteria. Then other 
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antimicrobial were reoprted like Enterocin 4 (Nunez et 
al., 1997), Linocin M-18 (Eppert et al., 1997), Pediocin 
AcH (Baccus-Taylor et al., 1993), Enterocin (Aymerich 
et al., 2000) etc. These antimicrobial peptide and protein 
have many applications but bacteria by their self-produced 
these to kill other bacteria. 

Antibiotics and antimicrobial discovery is a difficult 
job even today when many of antibiotics has been 
discovered. According to Scientists still we need to discover 
hundreds of antimicrobial agents. This study was designed 
to screen for natural antibiotics and new templates for 
synthetic antibiotics from bacteria. Furthermore it aimed 
to evaluate antimicrobial activity of different cultured 
bacteria against each other. 

MATERIALS AND METHODS

The cultured bacteria were collected from 
Biotechnology Laboratory, PMAS Arid Agriculture 
University Rawalpindi Pakistan and were refreshed on 
LB media. A total six bacteria i.e. E. coli, Sal. typhi, P. 
multocida, S. aureius, M. luteus and L. bulgaricus were 
used in this study. All these bacteria were further sub-
cultured on LB media and density of cultures were 
adjusted at 0.4 by taking O.D600. Further the cultures were 
divided into three parts, the first part was centrifuged at 
10,000 rpm at 4 °C for 10 min and its supernatant was 
taken. The second and third parts was also subjected to 
centrifugation at 10,000 rpm at 4 °C for 10 min but their 
supernatants were discarded and pellets were collected in 
sterile PBS (pH 7.4). The collected pallet samples were 
further divided into two parts, the first part was subjected 
to ultrasonication treatment and second part was subjected 
to freeze and thaw treatment. 

Antimicrobial assay
For this purpose sterilized whatman filter paper discs 

were soaked in the treated samples of each bacterium, like 
some in harvested supernatant samples of bacteria, some 
in thaw and freeze samples, while other ultrasonicated 
samples in. The rest of the bacteria were now streaked on 
agar plates after maintaining density at O.D600 at 0.4 and 
incubated at 37 °C for 1 h. After this incubation period, the 
presoaked discs were transferred onto streaked agar plates 
and then incubated for 16 h at 37°C. The presoaked discs 
from chloramphenicol were used as positive control. After 
incubation the results were visualized, carefully and their 
photographs were captured. 

Minimum inhibition concentrations (MIC)
For this purpose activities conferring samples 

were diluted till the last effective concentrations against 

bacteria. INT was used as control in calculating MIC from 
different antimicrobial conferring samples. 

Statistical analysis 
Polynomial ANNOVA was used for analysis of 

variance with keeping significancy level at 95%. 

RESULTS AND DISCUSSION

Bacteria possess ability to ensure their survival 
inside the host by producing various compounds like 
toxins and effectors etc. These secretions enable them in 
colonization over a substratum (Kim et al., 2010). When 
the bacteria colonize a substratum and form biofilms, they 
exhibit various sort of interactions, like antagonism and 
coordination by producing various compounds (Moons et 
al., 2009). According to Field et al. (2016) the spreading of 
more and more pathogenic bacteria are becoming resistant 
to the existing antibiotics. To compensate this antimicrobial 
resistance there is need of novel drugs, antibiotics and 
other strategies to control various diseases. They reported 
the antimicrobial activity of Nisin (an antimicrobial 
peptide belonging to the family of the lantibiotic) against 
Gram-positive bacteria. Keeping in view these aspects 
of intercellular interactions among bacteria, the present 
study was designed to evaluate antimicrobial activities of 
bacteria against each other. 

In some studies the bacterial interactions was 
studied by using through stoichiometric constraint 
based modeling (Stolyar, 2007). To study antimicrobial 
interaction among six common microbes, three methods 
were applied to study this interaction. The protocol is 
designed in such a way that the level of interaction should 
get highlight, the protocol help in elucidating the nature of 
antimicrobial agent.

A few studies reported on the antimicrobial activities 
of bacterial against each other. However enough work 
has been done to understand the intercellular microbial 
interactions. The work of Patricia et al. (2014) favors 
our studies. They worked on the synergistic relationship 
between Candida albicans and oral streptococci, which 
are an example of bacterial-fungal interaction. The 
understanding of such interactions will be helpful in 
treatment of many diseases and will improve human 
health. 

Antimicrobial activity of E. coli
During the present study supernatant fraction of E. 

coli showed higher activity against P. multocida (0.5cm), 
which means their antimicrobial agents are secretory in 
nature. Antimicrobial activity against S. typhi was recorded 
in its sonicated (0.25) followed by supernatant (0.25) 
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product while no activity recorded in thaw freeze product. 
This shows that antimicrobial agent could be secretory as 
well as membrane bounded but not intercellular. Similarly 
E. coli also showed antimicrobial activity against S. aureus 
in its sonicated product (0.1cm) and supernatant (0.2cm), 
against L. bulgaricus in its sonicated product (0.1cm) and 
supernatant (0.2cm), against M. lutius in its sonicated 
product (0.1cm), in supernatant (>0.1cm) and (1.3cm) 
against control (Table I). Flynn et al. (2002) reported the 
first bacteriocin form a human probiotic bacterium i.e. 
Lactobacillus salivarius subsp. salivarius UCC118. This 
novel bacteriocin showed good antimicrobial activities. 
They also studied its genetic basis, and reported genes that 
encode or enhance its production. In our reported studies 
as antimicrobial bacterions were not identified as this was 
not as a part of our studies. Further work is needed to 
investigate nature these bacteriocins as well as to find their 
genetic basis.

Table I.- Antimicrobial activity from different fractions 
of E. coli.

Organism Supernatant Sonicated Freeze and 
thawed

Positive 
control

S. typhi 0.25 0.25 0.00 1.25
S. aureus 0.22 0.12 0.00 1.25
P. multocida 0.51 0.00 0.00 1.15
L. bulgaricus 0.22 0.13 0.00 0.95
M. lutius 0.15 0.12 0.00 1.10

Mean values in columns and rows are statistically non-significant 
(P>0.05) in comparison to the control group.

Table II.- Antimicrobial activity from different 
fractions of S. typhi.

Organism Supernatant Sonicated Freeze and 
thawed

Positive 
control

E. coli 0.22 0.71 0.00 1.30
S. aureus 0.11 0.12 0.00 1.25
P. multocida 0.00 0.11 0.00 1.00
L. bulgaricus 0.11 0.35 0.05 1.00
M. lutius 0.12 0.60 0.00 1.10

Mean values in columns and rows are statistically non-significant 
(P>0.05) in comparison to the control group.

Antimicrobial activity of S. typhi
Higher antimicrobial activity against E. coli recorded 

in its sonicated product (0.7cm) followed by its supernatant 
(0.2cm). It also showed activity against S. aureus (>0.1cm) 
both in sonicated and supernatant, against P. multocida in 

sonicated (0.1cm), against L. bulgaricus in supernatant 
(>0.1), in sonicated (0.1), in Freeze and thaw (0.35cm), 
against M. lutius in sonicated (0.6cm), in supernatant 
(>0.1cm) and (1.35cm) against control (Table II).

Antimicrobial activity of S. aureus
A higher activity against E. coli recorded in sonicated 

(0.65cm), supernatant (0.525cm), while in Freeze and 
thaw (0.325cm). It also has activity against S. typhi in 
sonicated (0.5cm), supernatant (0.32cm), against P. 
multocida in sonicated (0.325cm), supernatant (0.425cm), 
F/T (0.2cm), against L. bulgaricus in sonicated (0.3cm), 
supernatant (0.2cm), F/T (0.4cm), against M. lutius in 
sonicated (0.5cm), supernatant (0.25), F/T (0.25cm) and 
against control (1cm) (Table III).

Table III.- Antimicrobial activity from different 
fractions of S. aureus.

Organism Supernatant Sonicated Freez and 
thawed

Positive 
control

E. coli 0.53 0.65 0.32 1.30
S. typhi 0.32 0.51 0.00 1.25
P. multocida 0.43 0.33 0.21 1.00
L. bulgaricus 0.20 0.30 0.43 1.00
M. lutius 0.25 0.51 0.25 1.10

Mean values in columns and rows are statistically non-significant 
(P>0.05) in comparison to the control group.

Antimicrobial activity of P. multocida
It showed maximum activity against E. coli (0.975cm) 

in its supernatant, in sonicated (0.575cm), while in freeze 
and thaw (0.85cm). It also showed activity against S. typhi 
is in supernatant (0.5cm), in sonicated (0.1cm), against S. 
aureus in supernatant (0.375), against L. bulgaricus in F/T 
(0.275cm), against M. lutius in supernatant (0.225cm), in 
F/T (0.1cm) and (1cm) against control (Table IV). 

Table IV.- Antimicrobial activity from different 
fractions of P. multocida.

Organism Supernatant Sonicated Freeze and 
thawed

Positive 
control

E. coli 0.98 0.57 0.85 1.35
S. typhi 0.50 0.11 0.00 1.22
S. aureus 0.38 0.00 0.00 1.31
L. bulgaricus 0.00 0.00 0.27 1.00
M. lutius 0.22 0.00 0.10 1.00

Mean values in columns and rows are statistically non-significant 
(P>0.05) in comparison to the control group.
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Antimicrobial activity of L. bulgaricus
It exhibited activity only against S. aureus (0.15cm) 

in its sonicated product, against P. multocida in supernatant 
(0.1cm) and against control (1.25cm) (Fig .1, Table V).

Zahid et al. (2015) used five lactic acid bacteria i.e. 
L. acidophilus, L. bulgaricus, L. dulbrueckii, L. plantarum 
and L. fermentum to isolate bacteriocin from them by using 
ammonium sulphate precipitation method. By testing these 
bacteriocin against Methicillin-Resistant Staphylococcus 
aureus, E.coli, Salmonella and Staphylococcus aureus, 
these given excellent antimicrobial activities against these 
pathogen. They argue that such antimicobial bacteriocin 
can be used to treat a variety of huffmann diseases. Their 
reported works favor the present studies and also highlight 
the importance of the reported work. 

Table V.-  Antimicrobial activity from different 
fractions of L. bulgaricus.

Organism Supernatant Sonicated Freeze and 
thawed

Positive 
control

E. coli 0.00 0.00 0.00 1.37
S. typhi 0.00 0.00 0.00 1.22
S. aureus 0.00 0.15 0.00 1.20
P. multocida 0.10 0.00 0.00 1.21
M. lutius 0.00 0.00 0.00 1.00

Mean values in columns and rows are statistically non-significant 
(P>0.05) in comparison to the control group.

Fig. 1. Activity of L. bulgaricus against S. aureus in 
sonicated product.

Antimicrobial activity of M. leutius
It showed a higher activity against E. coli in its freeze 

and thaw (0.7cm), in supernatant (0.1cm), against S. 
typhi in F/T (0.35cm), against S. aureus in F/T (0.55cm), 

against L. bulgaricus in supernatant (>0.1) and (1.3cm) 
against control (Table VI). The work of Nielsen et al. 
(1990) also favors the present findings, who reported the 
same work but with different microbes from that in our 
studies. They used a bacteriocin produced by Pediococcus 
acidilactici which showed an inhibitory and bactericidal 
activity against Listeria monocytogenes. According to 
Li and Gu (2016), Lactobacillus plantarum ZJ95 is an 
important probiotic of infants, which is reported to produce 
riboflavin, that has antimicrobial activity. They sequenced 
its genome in order to facilitate the biosynthesis of this 
bacteriocin and to highlight its importance. The recorded 
antimicrobial activity of different microbes, in the present 
study may also be proven helpful in treatment of various 
human diseases and other industries also. Guinane et al. 
(2016) studied that gastrointestinal microbiota produce a 
variety of active substances like bacteriocins, which have 
antimicrobial activity, which enhance human health. They 
isolated a novel broad spectrum class IId bacteriocin by 
gut Lactobacillus salivarius, which has regulating effect 
on the gut microbiota like Bacteroides, Clostridium and 
Bifidibacterium spp. According to Joerger (2003), Bacteria 
produce the bacteriocins (proteinaceous in nature) which 
are lethal against those nonproducing bacteria. This 
property of normal micro-flora in the gut of animals is 
useful the competitive exclusion of pathogenic bacteria. 
Similarly the purified or partially purified bacteriocins 
could be used as preservatives agents. These suggestions 
highlight the importance of the present work, in which in 
vitro activities were performed on various strains of the 
bacteria to test their antagonistic actions against each 
other. Further work is needed to isolate the bacteriocins 
and their nature, mode of action and potency. 

Table VI.- Antimicrobial activity from different 
fractions of M. lutius.

Organism Supernatant Sonicated Freeze and 
thawed

Positive 
control

E. coli 0.11 0.00 0.71 1.37
S. typhi 0.00 0.00 0.35 1.20
S. aureus 0.00 0.00 0.55 1.20
P. multocida 0.10 0.00 0.00 1.20
L. bulgaricus 0.12 0.00 0.00 1.00

Mean values in columns and rows are statistically non-significant 
(P>0.05) in comparison to the control group.

CONCLUSIONS

This study proved that bacteria are good source of 
natural antimicrobial agent(s). The use of bacteria in 
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medicine and biotechnology industry is already common. 
Huge quantities of antibiotics and other antimicrobial agents 
are produced from naturally occurring bacteria as well as 
from genetically modified bacteria. Different microbes have 
different modes of action against other microbes, some act 
as microbicidal, some act as microbistatic. Similarly, some 
antimicrobial agents are organic acid in nature, some are 
oil/lipid in nature, some are proteins like bactericin, some 
are bioactive peptides, some produced inorganic acids or 
toxic gases to control microbes etc. The microbes selected 
in current study are common pathogens of class mammalia 
and aves. All of these microbes are well reported in 
economic losses of livestock and poultry industry. The 
antimicrobial resistance against currently used antibiotics 
further highlights the importance of this study. There is 
need of natural, synthetic and semi synthetic antimicrobial 
drugs in market. Bacteria in considered as cheap and 
effective source of new antimicrobial agents and clear 
zones of inhibitions produced by E.coli, S. aureus and P. 
multocida, against each other and other microbes provide 
a big support to this idea. Microbes are responsible to 
cause diseases in livestock and poultry industry and on the 
same time they can provide remedy against other microbes 
through their antimicrobial agent(s).The prolonged use of 
antimicrobial agents can affect gut microbial flora. The use 
of probiotics is highly recommended after prolonged used 
of antimicrobial to replenish the lost gut flora.

ACKNOWLEDGMENTS

All the authors all thankful to the staff members 
of Laboratory of Molecular Biology and Biochemistry, 
University College of Veterinary and Animal sciences, 
IUB, Pakistan for providing support in the completion of 
this study. 

Statement of conflict of interest
Authors have declared no conflict of interest. 

REFERENCES

Aymerich, T., Garriga, M., Ylla, J., Vallier, J., Monfort, 
J.M. and Hugas, M., 2000. Application of enterocins 
as biopreservatives against Listeria innocua in 
meat products. J. Fd. Prot., 63: 721–726. https://
doi.org/10.4315/0362-028X-63.6.721

Baccus-Taylor, G., Glass, K.A., Luchansky, J.B. and 
Maurer, A.J., 1993. Fate of Listeria monocytogenes 
and pediococcal starter cultures during the 
manufacture of chicken summer sausage. Poult. 
Sci., 72: 1772–1778. https://doi.org/10.3382/
ps.0721772

Baskaran, R., Mohan, P.M., Sivakumar, K. and Kumar, 
A., 2016. Antimicrobial activity and phylogenetic 
analysis of streptomyces parvulus dosmb-D105 
isolated from the mangrove sediments of Andaman 
Islands. Acta Microbiol. Immunol. Hung., 63: 27-
46. https://doi.org/10.1556/030.63.2016.1.2

Cleveland, J., Montville, T.J., Nes, I.F. and Chikindas, 
M.L., 2001. Bacteriocins: safe, natural 
antimicrobials for food preservation: Review 
article. Int. J. Fd. Microbiol., 71: 1–20. https://doi.
org/10.1016/S0168-1605(01)00560-8

Diaz, P.I., Linda, D., Strausbaugh. and Dongari-
Bagtzoglou, A., 2014. Fungal-bacterial interactions 
and their relevance to oral health: linking the clinic 
and the bench. Front. Cell. Infect. Microbiol., 4: 
101. https://doi.org/10.3389/fcimb.2014.00101

Eppert, I., Valdes-Stauber, N., Gotz, H., Busse, M. 
and Scherer, S., 1997. Growth reduction of 
Listeria spp. caused by undefined industrial red 
smear cheese cultures and bacteriocin-producing 
BreÕibacterium lines as evaluated in situ on soft 
cheese. Appl. environ. Microbiol., 63: 4812–4817. 
https://doi.org/10.3389/fmicb.2016.00508

Field, D., O’ Connor, R., Cotter, P.D., Ross, R.P. and 
Hill, C., 2016. In vitro activities of nisin and 
nisin derivatives alone and in combination with 
antibiotics against Staphylococcus biofilms. Front. 
Microbiol., 7: 508.

Flynn, S., Sinderen, D.V., Thornton, G.M., Holo, H., 
Nes, I.F. and Collins, J.K., 2002. Characterization 
of the genetic locus responsible for the production 
of ABP-118, a novel bacteriocin produced by the 
probiotic bacterium Lactobacillus salivarius subsp. 
salivarius UCC118. Microbiology, 148: 973–984. 
https://doi.org/10.1099/00221287-148-4-973

Guinane, C.M., Lawton, E.M., O’connor, P.M., 
O’sullivan, Ó., Hill, C., Ross, R.P. and Cotter, 
P.D., 2016. The bacteriocin bactofencin a subtly 
modulates gut microbial populations. Anaerobe, 
16: 1075-9964. https://doi.org/10.1016/j.
anaerobe.2016.05.001

Jakubovics, N.S., Gill, S.R., Iobst, S.E., Vickerman, M.M. 
and Kolenbrander, P.E., 2008. Regulation of gene 
expression in a mixed-genus community: stabilized 
arginine biosynthesis in Streptococcus gordonii 
by coaggregation with Actinomycesnaeslundii. J. 
Bact., 190: 3646–3657. https://doi.org/10.1128/
JB.00088-08

Jay, J.M., 1996. Microorganisms in fresh ground meats: 
The relative safety of products with low versus 
high numbers. J. Meat Sci., 43: S59-S65. https://
doi.org/10.1016/0309-1740(96)00055-1

https://doi.org/10.4315/0362-028X-63.6.721
https://doi.org/10.4315/0362-028X-63.6.721
https://doi.org/10.3382/ps.0721772
https://doi.org/10.3382/ps.0721772
https://doi.org/10.1556/030.63.2016.1.2
https://doi.org/10.1016/S0168-1605(01)00560-8
https://doi.org/10.1016/S0168-1605(01)00560-8
https://doi.org/10.3389/fcimb.2014.00101
https://doi.org/10.3389/fmicb.2016.00508
https://doi.org/10.1099/00221287-148-4-973
https://doi.org/10.1016/j.anaerobe.2016.05.001
https://doi.org/10.1016/j.anaerobe.2016.05.001
https://doi.org/10.1128/JB.00088-08
https://doi.org/10.1128/JB.00088-08
https://doi.org/10.1016/0309-1740(96)00055-1
https://doi.org/10.1016/0309-1740(96)00055-1


1062                                                                                        M.I. Shahzad et al. 

Joerger, R.D., 2003. Alternatives to antibiotics: 
bacteriocins, antimicrobial peptides and 
bacteriophages. Poult. Sci., 82: 640-647. https://
doi.org/10.1093/ps/82.4.640

Kim, M.1., Ashida, H., Ogawa, M., Yoshikawa, Y., 
Mimuro, H. and Sasakawa, C., 2010. Bacterial 
interactions with the host epithelium. Cell. Host 
Microbe, 8: 20-35. https://doi.org/10.1016/j.
chom.2010.06.006

Kolenbrander, P.E., Palmer, R.J.J.R., Periasamy, S. and 
Jakubovics, N.S., 2010. Oral multispecies biofilm 
development and the key role of cell-cell distance. 
Nat. Rev. Microbiol., 8: 471–480. https://doi.
org/10.1038/nrmicro2381

Lazdunski, C.J., 1988. Pore-forming colicins: synthesis, 
extracellular extra cellular release, mode of action, 
immunity. Biochimie, 70: 1291–1296. https://doi.
org/10.1016/0300-9084(88)90197-6

Li, P. And Gu, Q., 2016. Complete genome sequence 
of Lactobacillus plantarum LZ95, a potential 
probiotic strain producing bacteriocins and B-group 
vitamin riboflavin. J. Biotechnol., 229: 1-2. https://
doi.org/10.1016/j.jbiotec.2016.04.048

Moons, P., Michiels, C.W. and Aertsen, A., 2009. 
Bacterial interactions in biofilms. Crit. 
Rev. Microbiol., 35: 157-168. https://doi.
org/10.1080/10408410902809431

Nielsen, J.W., Dickson, J.S. and Crouse, J.D., 1990. 
Use of a bacteriocin produced by Pediococcus 
acidilactici to inhibit Listeria monocytogenes 

associated with fresh meat. Appl. environ. 
Microbiol., 56: 2142-2145.

Nunez, M., Rodriguez, J.L., Garcia, E., Gaya, P. 
and Medina, M., 1997. Inhibition of Listeria 
monocytogenes by enterocin 4 during the 
manufacture and ripening of Manchego cheese. 
J. appl. Microbiol., 83: 671–677. https://doi.
org/10.1046/j.1365-2672.1997.00275.x

Patricia, I.D., Zhihong, X., Takanori, S., Angela, T., 
Basak, B., Austin, R., Laertis, I. And Anna, D.B., 
2014. Synergistic Interaction between Candida 
albicans and commensal oral Streptococci in a 
Noval Mucosal Model. Infect. Immun., 2:620-632.

Stiles, M.E., 1996. Biopreservation by lactic acid 
bacteria. Antonie van Leuwenhoek, 70: 331-345. 
https://doi.org/10.1007/BF00395940

Stolyar, S., 2007. Metabolic modeling of a mutualistic 
microbial community. Mol. Syst. Biol., 3: 92. 
https://doi.org/10.1038/msb4100131

Taneja, N. and Kaur, H., 2016. Insights into newer 
antimicrobial agents against Gram-negative 
bacteria. Microbiol. Insights, 9: 9-19. https://doi.
org/10.4137/MBI.S29459

Zahid, M., Ashraf, M., Arshad, M., Muhammad, 
G., Yasmin, A. and Hameed, H.M.A., 2015. 
Antimicrobial activity of bacteriocins isolated from 
lactic acid bacteria against resistant pathogenic 
strains. Int. J. Nutr. Fd. Sci., 4: 326-331. https://doi.
org/10.11648/j.ijnfs.20150403.20

https://doi.org/10.1093/ps/82.4.640
https://doi.org/10.1093/ps/82.4.640
https://doi.org/10.1016/j.chom.2010.06.006
https://doi.org/10.1016/j.chom.2010.06.006
https://doi.org/10.1038/nrmicro2381
https://doi.org/10.1038/nrmicro2381
https://doi.org/10.1016/0300-9084(88)90197-6
https://doi.org/10.1016/0300-9084(88)90197-6
https://doi.org/10.1016/j.jbiotec.2016.04.048
https://doi.org/10.1016/j.jbiotec.2016.04.048
https://doi.org/10.1080/10408410902809431
https://doi.org/10.1080/10408410902809431
https://doi.org/10.1046/j.1365-2672.1997.00275.x
https://doi.org/10.1046/j.1365-2672.1997.00275.x
https://doi.org/10.1007/BF00395940
https://doi.org/10.1038/msb4100131
https://doi.org/10.4137/MBI.S29459
https://doi.org/10.4137/MBI.S29459
https://doi.org/10.11648/j.ijnfs.20150403.20
https://doi.org/10.11648/j.ijnfs.20150403.20

