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ABSTRACT

Antibiotics are the secondary metabolites produced by many of the microorganisms via enzymatic catalysis
involving a series of biosynthetic pathways. An antibiotic is an antimicrobial substance responsible for the
regulation and control of microbial population in soil, compost and water. Antibiotics most commonly
used for treating the bacterial infections causing respiratory, gastro-intestinal and urinary tract infections.
Antibiotics are mainly produced by Penicillium, Streptomyces and Bacillus species. The objective of the study
was to isolate antibiotic producing Bacillus species from soil. Four potential isolates were obtained and
potential isolate was subjected to biochemical and 16S rRNA identification. Among them isolate 3 was
found to be Bacillus licheniformis. Optimization was carried out to determine the effect of various parameters
like pH, temperature, glucose concentration on antibiotic production. Optimum pH for antibiotic production
was found to be 8, Optimum temperature was 35 °C, Optimum concentration of glucose was 2%.
Carbohydrates in the form of sugars and starches were employed for the production of the antibiotic.
Among sugars, sorbitol gave the maximum yield of antibiotic. Extract of antibiotic was effective suggesting
potential therapeutic applications of antibiotic produced by Bacillus licheniformis that was identified by 16S
rRNA sequencing.
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Introduction

The term soil refers to the outer loose material of the
earth’s crust. It may be regarded as a three phase’s
system composed of solids, liquids and gases dis-
persed to form a heterogeneous matrix. On the
whole the soil is composed of five major compo-
nents. These include: Mineral matter, Water, Or-
ganic matter, Air and living Organisms. The various
components of the soil environment constantly
changed and the quantity of these constituents are
not the same in all soil but vary with locality. Living

portion of the soil body includes small animals and
microorganisms but it is generally considered that
its microorganisms play the most important role in
the release of nutrients and carbondioxide for plant
growth. The bacteria are the most abundant group
usually more numerous than the four combined.
(Donepudi, S. 2020)

Soil bacteria can be rod shaped (bacilli), cocci
(spherical), spirilla (spirals)of these bacillus are more
numerous than the others. They are one of the major
groups of soil bacterial population and are very
widely distributed. The number and type of bacteria
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present in a particular soil would be greatly influ-
enced by geographical location such as soil tempera-
ture, soil type, soil pH, organic matters contents,
cultivation, aeration and moisture content. The term
antibiotic means against life. In our everyday usage
however, we use the word to describe a set of
chemicals that inhibit or kill bacteria. Antibiotics are
one of the most important commercially exploited
secondary metabolites produced by the bacteria and
employed in a wide range. Antibiotics are the
chemical compounds which are derived from the
microorganisms and have the capacity of inhibiting
the growth and even destroying the microorganism.
They are small organic molecules that when used
even at low concentrations are detrimental to
growth and metabolic activities of other microbes.
Most of the antibiotics used today are from the mi-
crobes. Bacteria are easy to isolate, culture, maintain
and to improve their strain (Hassan et al., 2014).

There are number of bacteria having potential to
produce antibiotics. Bacillus species being the pre-
dominant soil bacteria because of their resistant en-
dospore formation and production of vital antibiotic
like bacitracin are always found inhibiting the
growth of the other organisms.

Many species of Bacillus are of considerable im-
portance because they produce antibiotic. Too neph-
rotoxic to be widely used in therapeutics, their
physiological study was first neglected, but their
chemical study revealed many striking facts. Many
of them are cyclic peptides, containing
unusualamino acids, often with the D configuration;
some peptidic antibiotics behave like epoxides. As a
consequence of their odd composition, the peptidic
antibiotics are resistant to proteasesat least to those
of animal origin usually tested.Like the cell wall
peptides, but unlike cytoplasmic proteins, they are
not synthesized on ribosomes from aminoacyl-trans-
fer RNA. Some of these antibiotics are species spe-
cific and one species may produce several
(Koilybayeva, et al., 2023).

Materials and Methods

Sample collection and isolation

In the process of systematic screening for isolation of
antibiotic producing bacteria. 10 soil samples were
collected from and transported to laboratory in ster-
ile containers. 1g of the soil sample was mixed in
100ml of sterile water to make suspension of it. Us-

ing pour plate method, the inoculation technique
was carried out. The inoculated plates were incu-
bated at room temperature conditions for 24 hours.
Post incubation plates were observed for zone of
inhibition.

Screening of isolates and maintenance of cultures

Wilson’s overlay method was carried out to confirm
whether the zone of inhibition was due to antibiotic
or organic acids. On confirmation, the isolates were
purified onto sterile nutrient agar for further re-
search.

Productionof antibiotic and its screening by agar
cup method

The bacterial isolates were inoculated in the produc-
tion medium (NG medium) and incubated for 120
hours at 150 rpm on an orbital shaker. After every
24 hours, samples were drawn up to 120 hours. Each
sample was centrifuged separately to obtain cell-free
culture supernatant. The supernatant obtained was
subjected to agar well diffusion assay to determine
the potency of antibiotic against test pathogens viz.,
Staphylococcus aureus, Escherichia coli and Candida
albicans.Briefly the turbidity of 24 hours old cultures
of test strains was adjusted to 0.1 O.D. The test
strains were then inoculated into sterile Muller
Hinton butts and then poured into the plates. Wells
were made by using sterile cork borer. About 100µl
of the cell-free culture supernatants was transferred
into each well. The agar plates were then incubated
at 37oC temperatures and observed for the develop-
ment of zones of inhibition.

Biochemical characterization of potential isolates

Potential isolates were subjected to biochemical
identification till genus level. The tests performed
were Sugar Fermentation (Glucose, Lactose. Manni-
tol, Maltose), Catalase Test, Citrate Utilization, En-
dospore Staining (special staining), Voges-
Proskauer Test, Methyl Red Test, Oxidase Test, In-
dole Test.

Optimization of parameters for antibiotic
production

Parameters were optimised for the production of
antibiotic by potent isolate. Parameters like time,
pH, temperature and glucose concentration were
optimized and factors can cause changes in growth
kinetics of the organism.  Effect of these factors on
the growth kinetics was determined by using agar
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well method.

Identification of potential isolate by 16S rRNA
sequencing method

Potential isolate was identified using 16S rRNA se-
quencing method at a reputed institute.

Results and Discussion

Isolation and screening of isolates for antibiotic
production

Isolation of the antibiotic producing microbes was
carried out from soil sample. Four isolates were able
to inhibit the microbes in its vicinity and confirmed
antibiotic production by Wilson’s overlay method.
The isolates showing zone of inhibition was selected
purified and labelled as IS-1, IS-2, IS-3, IS-4. These
microbes were selected for further studies on the
basis of their antibiotic production pattern. Isolates
were plated on nutrient agar medium and were in-
cubated at room temperature for 24 hours.

Screening of isolates by agar cup method

Production of antibiotic was carried out and then its
extraction was carried out using alcohol.  The extract
was screened for its potency against test pathogens.
The zone of inhibition was observed as 18 mm, 16
mm, 15 mm against Escherichia coli, 27 mm, 18 mm,
22 mm against Staphylococcus aureus and 16 mm, 12
mm, 13 mm against Candida albicans by IS-3, IS-2, IS-
1 respectively.

Morphological and biochemical characterization of
the potential isolates

Among the three potential isolates, IS- 1 was Gram
positive cocci in cluster, IS- 2 was Gram positive
cocci in singles and clusters, IS- 3 was Gram positive
rods shaped bacilli. The colony characteristic of iso-
lates is shown in Table:

Biochemical test were carried out for the identifi-

cation of three isolates: IS-1, IS- 2, IS- 3 and identi-
fied according to Bergey’s Manual of systematic bac-
teriology. Results obtained are then compared with
standard biochemical chart of closely related species
in Bergey’s Manual for systematic bacteriology and
tabulated in following tables:

Optimization of various parameters for maximum
antibiotic production

Optimum production of antibiotic was carried out
by varying time, pH, temperature, glucose concen-
tration and different carbon source.

Effect of time on antibiotic production

Effect of time on the production of antibiotic by the
isolate was determined using synthetic medium in-
cubated at different time intervals 24, 48, 96, 120
hours. The change in time enhances or reduces the
growth rate of the microbes. Optimum time for the
antibiotic production was found to be 96 hours and
the growth restricted at 120 hours.

Effect of pH on antibiotic production

Effect of pH on the production of antibiotic by the
isolate was determined using synthetic medium ad-

Table 1. Colony characteristics of the potential isolates

Isolate Size Shape Surface Consistency Margin Elevation Opacity Colour Gram Nature

1 1mm Circular Smooth Moist Entire Convex Opaque Colourless Gram Positive
Cocci

2 1mm Circular Smooth Butyrous Entire Flat Translucent Colourless Gram Positive
Cocci

3 3mm Circular Rough Mucoid Entire Convex Opaque Colourless Gram Positive
Rods

Table 2. Biochemical characterization of potential isolates

Biochemical Test IS 1 IS 2 IS 3
1% Glucose (A) - + +
1%  Mannitol (A) - + +
1% Maltose (A) - + +
1% Lactose (A) - + +
Urease - + +
Nitrate + - +
Catalase + + -
Citrate - + +
Methyl Red - - +
Voges Proskauer + + -
Indole + - -
Gelatinase + + +
Endospore staining - - +

Key: - : Negative result,  + :Positive result
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justed at different pH 5, 6, 7, 8, 9. The change in time
enhances or reduces the growth rate of the microbes.
Optimum pH for the antibiotic production was
found to be pH 7 for the inhibition of S. aureus and
the optimum pH for the inhibition was found to be
pH 8 and the production reduced at pH 9.

reduces the growth rate of the microbes. Optimum
temperature for the antibiotic production was found
to be 35oC for the inhibition of S. aureus and the op-
timum temperature for the inhibition was found to
be 35 oC and the production reduced at 40 oC.

Time interval Zone of inhibition(cm)
(hours) E.coli S.aureus C.albicans

24 1.0 0.5 0.7
48 2.5 2.0 1.1
96 3.5 4.0 1.8
120 3.0 3.7 1.6

Table 3 and Graph 1. Effect of time on antibiotic produc-
tion

Table 4 and Graph 2. Effect of pH on antibiotic produc-
tion

pH Zone of inhibition(cm)
E.coli S.aureus C.albicans

5 1.3 2.3 1.2
6 1.6 2.9 1.5
7 2.4 3.4 1.9
8 3 2.8 2.0
9 1.3 1.9 1.4

Effect of temperature on antibiotic production

Effect of Temperature on the production of antibi-
otic by the isolate was determined using synthetic
medium adjusted at different temperature 30 oC, 35
oC, 40 oC and 45 oC. The change in time enhances or

Table 5 and Graph 3. Effect of temperature on antibiotic
production

Temperature Zone of inhibition(cm)
E.coli S.aureus C.albicans

30oC 2 2.4 1.9
35oC 2.7 3.1 2.4
40oC 1.9 2.1 2.0
45oC 1.2 1.7 1.3

Effect of carbon source on antibiotic production

Effect of varying the carbon source on the produc-
tion of antibiotic by the isolate was determined us-
ing synthetic medium whose carbon source was var-
ied to dextrose, sorbitol, lactose, glycerol.However,
maximum production was seen when dextrose was
added to the medium.

Table 6 and Graph 4. Effect of carbon source on antibiotic
production

Carbon source Zone of inhibition(cm)
E.coli S.aureus C.albicans

Dextrose 2.9 3.2 2.1
Sorbitol 2.5 2.7 1.7
Lactose 1.9 1.8 1.3
Glycerol 2.1 2.5 2.2



BHOIR AND GARUDE S345

Effect of glucose concentration on antibiotic
production

Effect of varying the glucose concentration on the
production of antibiotic by the isolate was deter-
mined using Synthetic medium whose concentra-
tion was changed to 0.5%, 1%, 1.5%, 2%, 2.5%. How-
ever maximum production was seen when 2% glu-
cose was added.

lected for further studies. Following the biochemical
identification they were identified as Micrococcus
species, Staphylococcus species and Bacillus species. Ba-
cillus species was then selected for further studies.
The effect of various parameters like pH, tempera-
ture and different concentration of glucose and
varying carbon source on the antibiotic production
were determined. Optimum pH for the antibiotic
production was found to be 8, while increase in the
pH to 9 showed a decline in the production. Opti-
mum temperature for the production was found to
be 35oC, while 40 oC and 45 oC showed less growth.
Optimum concentration of glucose was found to be
2% and maximum activity was seen when dextrose
was added to the medium. Comparative study was
carried out to determine the potential of the refined
extract for antibiotic producing capacity and it
showed better inhibition than the crude extract.
Thus the above result indicates that the refined ex-
tract was comparatively effective than the crude ex-
tract in killing test organisms.
Conflict of Interest - None

References

Abbas, S., Senthilkumar, R. and Arjunan, S. 2014. Isolation
and molecular characterization of microorganisms
producing novel antibiotics from soil sample. Eur J
Experiment Biol. 4(5): 149-155.

Akermi, M.M., Amrouche, A.I., Abdelouahid, D.E. and
Dalile, H. 2020. Isolation and characterization of
antibacterial Bacillus species from soil samples in
Southern Algeria. South Asian Journal of Experimen-
tal Biology. 10(4): 215-221.

Alhussien, A.A. and Chelab, R.L. 2024. Production and
optimization of xylanase enzyme from bacillus cereus
by submerged fermentation method. South Eastern
European Journal of Public Health. 1025-1032.

Amin, M., Rakhisi, Z. and Ahmady, A.Z. 2015. Isolation
and identification of Bacillus species from soil and
evaluation of their antibacterial properties. Avicenna
Journal of Clinical Microbiology and Infection. 2(1).

Aslim, B., Saðlam, N. and Beyatli, Y. 2002. Determination
of some properties of Bacillus isolated from soil.
Turkish Journal of Biology. 26(1): 41-48.

Banoon, S., Ali, Z. and Salih, T. 2020. Antibiotic resistance
profile of local thermophilic Bacillus licheniformis
isolated from Maysan province soil. Comunicata
Scientiae.

Basi-Chipalu, S., Maharjan, A. and Sthapit, P. 2023. Isola-
tion and identification of Bacillus species from soil
and assessment of antimicrobial properties. Scientific
World. 16(16): 77-84.

Table 7 and Graph 5. Effect of glucose concentration on
antibiotic production

Glucose Zone of inhibition(cm)
concentration (%) E.coli S.aureus C.albicans

0.5 0.9 1.4 0.6
1 1.1 1.7 0.3
1.5 1.3 2.1 0.8
2 1.6 2.4 1.1
2.5 1.1 1.3 1.2

Extract of antibiotic was effective suggesting po-
tential therapeutic applications of antibiotic pro-
duced by Bacillus licheniformis that was identified by
16S rRNA sequencing. Lu, et al., 2022 demonstrated
Agar diffusion assays that antimicrobial substances
produced by B. amyloliquefaciens effectively inhibited
the growth of Aspergillus flavus and Fusarium
oxysporum. Subsequent RT-HPLC and MALDI-TOF
MS analyses identified these agents as a series of
fengycins, including fengycin A and fengycin B.

Conclusion

In this study the main focus was the isolation of an-
tibiotic producing Bacillus. It also includes the com-
parative study for antibiotic production from crude
and refined extract. This microbial isolates was ob-
tained from soil using NG medium.

After primary screening of the isolates from soil
sample, three bacterial isolates were found and se-



S346 Eco. Env. & Cons. 32 (January Suppl. Issue) : 2026

Cai, D., Zhang, B., Zhu, J., Xu, H., Liu, P., Wang, Z. and
Chen, S. 2020. Enhanced bacitracin production by
systematically engineering S-adenosylmethionine
supply modules in Bacillus licheniformis. Frontiers in
Bioengineering and Biotechnology. 8: 305.

Callow, R.K. and Work, T.S. 1952. Antibiotic peptides from
Bacillus licheniformis. Licheniformins A, B and C. Bio-
chemical Journal. 51(4): 558.

Carrera, E., and Peterson, S.N. 2020. Isolation and screen-
ing of antibioticproducing Bacillus and Pseudomo-
nas Species. The FASEB Journal. 34(S1).

City, S., Jan, T.T. and Sugata, M. 2021. Probiotic character-
ization of Bacillus subtilis SM10.1. Journal of Physics:
Conference Series. 1918(5).

Donepudi, S. 2020. Isolation of antibiotic producing bac-
teria from pond soil. International Journal of Research
in AYUSH and Pharmaceutical Sciences. 458–462.

Elazzazy, A.M., Bataweel, N.M., Baghdadi, A.M., Al-
Hejin, A.M. and Mobarki, M.O. 2024. Optimization
of culture conditions and batch process control for
the augmented production of bacteriocin by Bacillus
Species. Microorganisms, 12(4): 651.

Elazzazy, A.M., Bataweel, N.M., Baghdadi, A.M., Alhejin,
A. and Mobarki, M.O. 2024. Optimization of culture
conditions and batch-process control for the aug-
mented production of bacteriocin by Bacillus species.
Research square platform.

Elazzazy, A.M., Mobarki, M.O., Baghdadi, A.M.,
Bataweel, N.M. and Al-Hejin, A.M. 2024. Optimiza-
tion of culture conditions and batch process control
for the augmented production of bacteriocin by Ba-
cillus species. Microorganisms. 12(4): 651.

Golnari, M., Bahrami, N., Milanian, Z., Rabbani
Khorasgani, M., Asadollahi, M.A., Shafiei, R. and
Fatemi, S.S.A. 2024. Isolation and characterization of
novel Bacillus strains with superior probiotic poten-
tial: comparative analysis and safety evaluation. Sci-
entific Reports. 14(1): 1457

Gupta, A., Sao, S., Kataria, R. and Jain, Y. 2017. Isolation,
identification and Characterisation of antibiotic pro-
ducing bacteria from soil at Dr CV Raman Univer-
sity Campus Bilaspur (CG). World J Pharma Res. 6:
1004-1011.

Haque, M.A., Nath, N.D., Johnston, T.V., Haruna, S., Ahn,
J., Ovissipour, R., and Ku, S. 2024. Harnessing bio-
technology for penicillin production: Opportunities
and environmental considerations. Science of the
Total Environment.

Hassan, S.A., Hanif, E., and Zohra, R.R. 2014. Isolation and
screening of soil bacteria for potential antimicrobial
activity. FUUAST Journal of Biology. 4(2): 217-219.

Hoffmann, M., Fernandez Cano Luna, D. S., Xiao, S.,
Stegemüller, L., Rief, K., Heravi, K. M., and
Hausmann, R. 2020. Towards the anaerobic produc-
tion of surfactin using Bacillus subtilis. Frontiers in
Bioengineering and Biotechnology.

Hussaini, S., Abdulrahman A., M., Ummulkusum, M., and
Shuaibu Bala, M. 2021. Isolation, identification and
screening of bacteria with antibiotic production
potential from termite mounds. Advances in Biochem-
istry. 9(3): 56.

Jamil, B., Hasan, F., Hameed, A., and Ahmed, S. 2007. Iso-
lation of Bacillus subtilis MH-4 from soil and its po-
tential of polypeptidic antibiotic production. Pak. J.
Pharm. Sci. 20(1): 26-31.

Khan, R. 2021. Isolation of antibiotic producing bacteria
from soil. Current Trends in Natural Sciences. 10(19):
407-415.

Khan, R. 2021. Isolation of antibiotic producing bacteria
from soil. Current Trends in Natural Sciences. 10(19):
407-415.

Koilybayeva, M., Raganina, K., Kapsalyamova, E.,
Shynykul, Z., Ustenova, G., Mustafina, K.,
Turgumbayeva, A., Abzaliyeva, S., Alimzhanova,
M., Amirkhanova, A., and Yeleken, G. 2023. Molecu-
lar characterization of some Bacillus species from
vegetables and evaluation of their antimicrobial and
antibiotic potency. Molecules (Basel, Switzerland).
28(7): 3210.

Koilybayeva, M., Shynykul, Z., Ustenova, G., Abzaliyeva,
S., Alimzhanova, M., Amirkhanova, A.,and
Kapsalyamova, E. 2023. Molecular characterization
of some Bacillus species from vegetables and evalu-
ation of their antimicrobial and antibiotic potency.
Molecules. 28(7): 3210.

Kuta, F.A., Nimzing, L. and Orka’a, P.Y. 2009. Screening
of Bacillus species with potentials of antibiotics pro-
duction. Applied Medical Informatics. 24(1-2): 42-46.

Lajis, A.F.B. 2020. Biomanufacturing process for the pro-
duction of bacteriocins from Bacillaceae family.
Bioresources and Bioprocessing. 7: 1-26.

Li, J., Tao, W., Yue, S., Yuan, Z. and Li, S. 2023. Adaptive
laboratory evolution of Bacillus subtilis 168 for effi-
cient production of surfactin using NH4Cl as a nitro-
gen source. Fermentation. 9(6): 525.

Liu, Y., Kyle, S. and Straight, P. D. 2018. Antibiotic stimu-
lation of a Bacillus subtilis migratory response.
MSphere. 3(1).

Lu, H., Yang, P., Zhong, M., Zhao, L., Bilal, M., Geng, C.,
Zhao, Y., Liu, S., Xu, H., Zhang, Q., Xu, J. and Liang,
N. 2022. Isolation of a potential probiotic strain Ba-
cillus amyloliquefaciens LPB-18 and identification of
antimicrobial compounds responsible for inhibition
of food-borne pathogens. Food Science and Nutrition.
11(5): 2186-2196.

Maan, H., Kolodkin-Gal, I., Porat, Z., and Gilhar, O. 2021.
Bacillus subtilis colonization of Arabidopsis thaliana
roots induces multiple biosynthetic clusters for an-
tibiotic production. Frontiers in Cellular and Infection
Microbiology. 11(9).

Madslien, E. H., Rønning, H. T., Lindbäck, T., Hassel, B.,
Andersson, M. A., and Granum, P. E. 2013.



BHOIR AND GARUDE S347

Lichenysin is produced by most Bacillus licheniformis
strains. Journal of Applied Microbiology. 115(4): 1068-
1080.

Magar, L. B., Rauniyar, P., Magar, R. R., Poudel, P. and
Nepal, A. 2019. Screening of potent arsenic resistant
and plant growth promoting bacillus species from
the soil of terai region of Nepal. Tribhuvan Univer-
sity Journal of Microbiology. 6: 1-9

Malick, A., Khodaei, N., Benkerroum, N. and Karboune,
S. 2017. Production of exopolysaccharides by se-
lected Bacillus strains: Optimization of media com-
position to maximize the yield and structural char-
acterization. International Journal of Biological Macro-
molecules. 10(2): 539-549.

Mandal, C., Tabassum, T., Shuvo, M.J. and Habib, A. 2019.
Biochemical and molecular identification of antibi-
otic-producing bacteria from waste dumpsite soil. J
Adv. Biotechnol Exp. Ther. 2(3): 120-6.

Meza, V. and Peterson, S.N. 2020. Isolation and character-
ization of an antibiotic producing Advenella Species.
The FASEB Journal. 34(S1): 1.

Nithyapriya, S., Lalitha, S., Sayyed, R.Z., Reddy, M.S.,
Dailin, D.J., El Enshasy, H.A. and Herlambang, S.
2021. Production, purification, and characterization
of bacillibactin siderophore of Bacillus subtilis and its
application for improvement in plant growth and oil
content in sesame. Sustainability. 13(10): 5394.

Ochi, K., and Ohsawa, S. 1984. Initiation of antibiotic pro-
duction by the stringent response of Bacillus subtilis
Marburg. Journal of General Microbiology. 130(10):
2473-2482.

Ouattara, H.G., Reverchon, S., Niamke, S.L. and Nasser,
W. 2010. Molecular identification and pectate lyase
production by Bacillus strains involved in cocoa
fermentation. Food Microbiology. 28(1): 1-8.

Pandey, A., Chandra, N., Srivastava, A., Kumar, D. and
Kumar, S. 2018. Antimicrobial metabolites produc-
ing soil microorganisms: an update. Indian Journal of
Applied Microbiology. 21(1): 46-57.

Pratap Singh, A., B Singh, R. and Mishra, S. 2012. Studies
on isolation and characterization of antibiotic pro-
ducing microorganisms from industrial waste soil
sample. The Open Nutraceuticals Journal. 5(1).

Qiao, Y., Miao, H.N., Lü, X., Zhang, W.J., Han, W., Xu,
Q.Z., Liu, X. and Jiao, B. 2009. Isolation and taxo-
nomic study on a novel macrolactin antibiotic-pro-
ducing marine Bacillus amyloliquefaciens. 16(02): 92-
95.

Rana Chhetri, B., Maharjan, Y., Lamsal, T., Jyapu, P.,
Basnet, A. and Silwal, P. 2022. Biodegradation of
organic waste using bacillus species isolated from
soil. International Journal of Applied Sciences and Bio-
technology. 10(2): 104-111.

Ray, A.K., Mondal, S. and Roy, T. 2012. Optimization of
culture conditions for production of protease by two
bacterial strains, Bacillus licheniformis BF2 and Bacil-

lus subtilis BH4 isolated from the digestive tract of
bata, Labeobata (Hamilton). Proceedings of the Zoologi-
cal Society. 65(1): 33-39.

Sandhya, M.V.S., Ramyakrishna, E., Divya, P., Kumar,
A.P., Karthik, R. and Yazein, E. 2012. Isolation of
antibiotic producing bacteria from soil. International
Journal of Applied Biology and Pharmaceutical Technol-
ogy. 1(6): 46-51.

Sari, D.M., Effendi, I. and Nursyirwani, N. 2019. Identifi-
cation of antibiotic-producing bacteria from extreme
microhabitat in molecular mangrove ecosystems
and their activity on pathogenic bacteria (Vibrio
alginolyticus). Jurnal Perikanan Dan Kelautan. 9(2): 137.

Sihem, B. M., Rafik, E., Mathieu, F., Mohamed, C. and
Lebrihi, A. 2011. Identification and partial character-
ization of antifungal and antibacterial activities of
two Bacillus sp. strains isolated from salt soil in
Tunisia. African Journal of Microbiology Research.
5(13): 1599.

Sitotaw, B., Ayalew, F., Girma, A., Mekonnen, A.B., Bin
Jardan, Y.A., Nafidi, H.A. and Bourhia, M. 2022.
Isolation and identification of promising antibiotic-
producing bacteria. Open Chemistry. 20(1): 1283-
1291.

Thapa, A., Budhathoki, A., Sapkota, A., Shrestha, P. and
Sainju, M. 2021. Isolation, identification and screen-
ing of Bacillus species with antimicrobial activity
from different soil samples of Kathmandu Valley.
Nepal Journal of Biotechnology. 9(2).

Vehapi, M., Ýnan, B., Kayacan-Cakmakoglu, S., Sagdic, O.
and Özçimen, D. 2023. Production of Bacillus subtilis
soil isolate as biocontrol agent under bioreactor con-
ditions. Archives of Microbiology. 205(1): 52

Wagdarikar, M.J. 2015. Media optimization studies for
enhanced production of serratiopeptidase from Ba-
cillus licheniformis (NCIM 2042). Asian Journal of Bio-
medical and Pharmaceutical Sciences. 19-23.

Westhoff, S., Van Wezel, G.P., Kloosterman, A.M., Van
Hoesel, S.F.A., Rozen, D.E. and Wright, G.D. 2021.
Competition Sensing Changes Antibiotic Produc-
tion in Streptomyces. MBio. 12(1).

Yahya, G., Ebada, A., Khalaf, E.M., Mansour, B., Nouh,
N.A., Mosbah, R.A. and El-Baz, A. M. 2021. Soil-
associated Bacillus species: A reservoir of bioactive
compounds with potential therapeutic activity
against human pathogens. Microorganisms. 9(6):
1131.

Yeak, K.Y.C., Perko, M., Staring, G., Fernandez-Ciruelos,
B.M., Wells, J.M., Abee, T. and Wells-Bennik, M. H.
2022. Lichenysin production by Bacillus licheniformis
food isolates and toxicity to human cells. Frontiers in
Microbiology.

Zhu, J., Wang, S., Wang, C., Wang, Z., Luo, G., Li, J. and
Chen, S. 2023. Microbial synthesis of bacitracin:
Recent progress, challenges, and prospects. Synthetic
and Systems Biotechnology. 8(2): 314-322.


