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Abstract

Soil, as one of the most important microbial ecosystems, serves as a habitat for the growth
and reproduction of various microorganisms, including bacteria. Probiotics are live and
beneficial microorganisms that, when consumed regularly, can improve overall health. Due
to their immunological, functional and technological properties, probiotic bacteria are
increasingly being proposed as health-promoting bacteria in various types of foods. In this
study, samples were collected from six different points in the soil of Yas Fatemi Forest Park.
After repeated culture for purification, initial identification of Bacillus species was carried
out using catalase, citrate, sugar fermentation, motility, indole, lecithinase and gelatin
hydrolysis tests. PCR was performed on the 16S rRNA gene for accurate strain identification.
The phylogenetic tree of the superior strain was then constructed using Mega 7 software.
Finally, the strains were tested for probiotic properties. In addition, the strains were evaluated
for haemolytic activity, antimicrobial activity against Escherichia coli, Salmonella,
Staphylococcus aureus and antibiotic resistance. At the end of the experiments, one strain
(C2c) exhibited the best resistance characteristics under conditions simulating the
gastrointestinal system. It was also resistance to antibiotics such as gentamicin, streptomycin,
clindamycin, tetracycline, chloramphenicol, vancomycin and levofloxacin, while
demonstrating significant antimicrobial activity against the pathogenic strains tested. Finally,
this bacterium was identified as Bacillus subtilis CFR08 using biochemical identification
methods and 16S rRNA sequencing. In this study, a strain of Bacillus subtilis was isolated
from the soil of Yas Fatemi Forest Park and introduced as a bacterium with probiotic
properties that can be used in industries that require probiotic bacteria.

Keywords: Probiotic, Bacillus subtilis, bile salt, acidic pH, 16S rRNA

! Corresponding Author
3060-7647/ © 2025 The Authors

OO0
This is an open access article under the CC BY-NC-ND/4.0/ License (https://creativecommons.org/licenses/by-nc-nd/4.0/). @ BY_NC_iD
Gohari heydari S, akhavanesepahy A, Mehrabian S. Isolation of Different Bacillus Species from the Soil of Yas Fatemi Forest Park and
Investigation of Their Probiotic Properties. Journal of Microbial Biology. 2025; 14(53): 49-70. doi: 10.22108/bjm.2024.143024.1617



https://bjm.ui.ac.ir/?lang=en
https://portal.issn.org/resource/ISSN/2322-5173
mailto:s.gohari1992@gmail.com
mailto:Akhavansepahy@gmail.com
mailto:mehrabian_s@yahoo.com
https://creativecommons.org/licenses/by-nc-nd/4.0/
doi:%2010.22108/bjm.2024.143024.1617
https://orcid.org/0000-0002-4112-8962

50 Journal of Microbial Biology, 14™ Year, Vol. 14, No. 53, 2025

Introduction

Soil is one of the key ecosystems in the biological cycle, providing a rich environment for the discovery of new
microorganisms due to its high microbial diversity. As a natural habitat for the growth and proliferation of
bacteria, including probiotic bacteria, soil is of great importance in biological and industrial research. Probiotics
are recognized as live and beneficial microorganisms that, when consumed regularly, can enhance overall health.

Due to their safety, functionality and technological properties, probiotic bacteria are increasingly being proposed
as beneficial health-promoting agents in various foods. They play a crucial role in boosting the immune system,
improving digestive health and preventing disease. Beyond digestive health, these bacteria are also effective in
reducing inflammation and promoting general well-being.

With the growing demand for food and pharmaceutical products based on probiotics, the identification and
exploitation of new sources of these bacteria, particularly from natural environments such as soil, has become a
challenging but promising field of biological research. The soil microbiome plays a pivotal role not only in nutrient
cycling, but also in supporting plant and animal health, making it a crucial focus of ecological studies. Extensive
research on natural habitats like soil provides opportunities to uncover unique bacterial strains with novel
applications in health and industry. The aim of this study is to identify and isolate Bacillus strains from the soil of
Yas Fatemi Forest Park and evaluate their probiotic characteristics to enable their use in the production of health-
promoting products.

Bacteria of the genus Bacillus are considered ideal candidates for use as probiotics due to their unique
characteristics. These bacteria, which are natural inhabitants of the soil, can grow in harsh environmental
conditions and form resistant spores that allow them to successfully compete with other microorganisms. Their
spores are resistant to unfavourable conditions such as low stomach pH, radiation, high temperatures, and chemical
agents, making refrigeration unnecessary.

Unlike bacteria such as Lactobacillus, which lack spore-forming proteins, Bacillus species are more stable under
storage and processing conditions due to their resistant spores. This characteristic has made them a suitable
replacement for more sensitive species in the food and probiotic industries.

The desirable properties of Bacillus as a probiotic include resistance to gastric acid, bile salts and digestive
enzymes, non-pathogenicity and high safety, ability to fight pathogens and prevent their adhesion to the intestinal
mucosa, ability to colonise in the gut, and stimulation of immune responses. These properties make Bacillus one
of the most effective probiotics for promoting public health and for use in the food industry.

Materials and Methods

In this study, soil samples were collected from six different locations within Yas Fatemi Forest Park to identify
and isolate probiotic strains. The samples were transferred to the laboratory and subjected to successive culture
processes for strain isolation and purification. Initial identification was carried out using a series of biochemical
tests including Gram staining, catalase, citrate utilization, sugar fermentation, motility, indole production,
lecithinase activity and gelatin hydrolysis.

PCR analysis of the 16S rRNA gene was then performed for further identification. Given the importance of DNA
quality and purity, a commercial kit from SinaClon was used for DNA extraction instead of the boiling method.
Finally, the superior strains were sent to the Genlran laboratory for sequencing. The resulting sequences were
compared using databases.

To study the phylogeny of the bacterial species, a phylogenetic tree was constructed from the aligned sequences
using the neighbour joining method with MEGAY7 software.

Probiotic properties were evaluated by tests such as tolerance to acid pH, bile salts (0.3%), growth ability at
different temperatures and sodium chloride concentrations, and antimicrobial activity against pathogenic bacteria
including Escherichia coli, Salmonella typhimurium and Staphylococcus aureus.

Additionally, sensitivity to various antibiotics, including gentamicin, streptomycin and tetracycline, was assessed
to determine the clinical potential of the strains.

Results

In this study, 15 Bacillus strains were isolated from the soil of Yas Fatemi Forest Park in Tehran. Phylogenetic
analysis of the 16S rRNA sequence of isolate C2C revealed its closest genetic relationship with Bacillus subtilis
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CFRO08. The growth of the strains under acidic conditions and in the presence of bile salts was measured at different
times using a spectrophotometer.

Of the 15 strains, 11 showed a high tolerance to acidic conditions (pH = 4) and varying concentrations of sodium
chloride. Antibiotic sensitivity tests indicated that these strains were sensitive to antibiotics such as gentamicin,
streptomycin, clindamycin, tetracycline, chloramphenicol, vancomycin and levofloxacin.

Four strains lacked haemolytic activity, making them safe candidates for biological applications. As bile salt
resistance is a key feature for the selection of effective probiotics, only one strain, named C2C, showed high
resistance to bile salts (0.3%). Moreover, this strain exhibited all the probiotic properties evaluated, including
tolerance to simulated gastrointestinal conditions and strong antimicrobial activity.

Due to its high resistance to challenging environmental conditions, this strain was identified as the best candidate
for use in the food and pharmaceutical industries.

Discussion and Conclusion

The results of this study showed that the soil of Yas Fatemi Forest Park is a rich source of Bacillus bacteria and a
strain with unique probiotic characteristics, Bacillus subtilis CFR08, was identified. This strain is a suitable
candidate as a potential probiotic due to its high tolerance to acid and bile conditions, lack of haemolytic activity
and strong antimicrobial activity against pathogenic bacteria.

The findings suggest that the C2C strain has significant potential for use in probiotic products and can play an
effective role in promoting public health. Given its sensitivity to various antibiotics, the safety of this strain for
use in dietary supplements has been confirmed.

However, as this study did not include in vivo experiments to assess the bacterium’s ability to adhere to epithelial
cells and its hydrophobicity, further research, including in vivo experiments and molecular analysis, is
recommended to fully assess the safety and efficacy of this strain as a viable probiotic.

This study represents an important step towards identifying natural sources of probiotic bacteria and may
contribute to the development of health-oriented products, opening up new horizons for the exploitation of natural
ecosystems. Future studies could focus on optimizing the cultivation and storage processes of these strains for
industrial applications.
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Figure 1: View of Purple Bacillus Shapes (Gram-
Positive) Under Light Microscope at 100x Magnification
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Figure 2: Results of Sugar Hydrolysis Test (From Left to Right: Glucose, Mannitol, Arabinose, Xylose). A Color Change
from Red Indicates a Positive Test.
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Figure 3: Differential Tests for Bacillus Bacteria (From

Left to Right: Lecithinase, Citrate, Gelatinase, Motility,

_ Catalase).
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Table 4: Results of Biochemical Tests
e | YOS Sl | o83 i’i S| ST | dssle | 5518 | Shed | 8T
E3b + + - + + + + + + A
C2e + - + - + - - + + s
F4b + - + - + - + - + B
Dig + - - - + - - - + s
D2b + + + + + + + - + y
C2b + - + - + - - - + sk
D3b + + + - + + + - + B
D2a + + + - + - + + + y
Blc + - - + + + + + + s
Eda + + + - + + + - + B
Ald + + + - + + + - + A
C2c + + + + + + + - + Y
C2a + - + + + - + - + A
F2e + - + - + + + - + y
Alc + + + - + + + - + B
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Figure 6: Analysis of 16S rRNA Sequence of C2c¢ Isolate to Determine Phylogenetic Position of This Bacterium Among
Other Bacteria in the Phylogenetic Tree of C2c Strain Using Mega7 Software
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Figure 1: Acidic pH Tolerance of C2c Strain
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Table 5: Growth of isolates in acidic conditions

4l pH2 pH3 pH4 pH5 pH6 pH7 pH8 pH9
E3b - + + + + + + +
Fab - + + + + + + +
D2b - + + + + + + +
D3b - + + + + + + +
D2a - - - + + + + +
Eda - - - + + + + +
Ald - - + + + + + +
C2c - + + + + + + +
C2a - + + + + + + +
F2e - - + + + + + +
Alc - - - + + + + +
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Table 6: Spectrophotometry Results of C2¢ Strain at Acidic pH

Time pH 3 pH 4 pH 5 pH 6 pH 7 pH 8 pH9
0 0.01 0.015 0.03 0.05 0.13 0. 46 0.16
2 0.22 0.31 0.36 0.45 0.26 0.74 0.24
4 0.33 0.51 0.84 1.45 0.56 111 0. 57
6 0.56 0.98 12 191 1.7 151 0.71
8 0.76 1.48 1.93 2.58 2.36 243 1.09
10 11 177 2.2 2.98 2.92 3.79 3.37
12 1.73 1.84 25 31 3.02 4.09 4.67
14 1.86 19 2.81 3.05 3.27 4.66 5.21
24 1.87 1.98 2.96 3.22 3.93 54 5.57

o S s ST Jole stV s
Table 7: Results of Antibiogram
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Table 8: Spectrophotometry Results of C2¢ Strain at
Different Concentrations of Sodium Chloride

Time | NACL%2 %4 %6 %8 %10
0 0.018 0.095 | 0.090 | 0.113 | 0.116
2 0.111 0.031 | 0.162 | 0.162 | 0.128
4 0.123 0.049 | 0.178 | 0.167 | 0.134
6 0.131 0.053 | 0212 | 0.171 | 0.135
8 0.133 0.064 | 0217 | 0.291 | 0.135
24 0.157 0317 | 0219 | 0.321 | 0.166
26 0.214 0.376 | 0.309 | 0.391 | 0.620
48 0.312 0.378 | 0.497 | 0.412 | 0.830
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Figure 8: Results of Hemolytic Activity Test
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Figure 7: Results of Antibiogram Test
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Table 9: Spectrophotometry Results of C2c Strain at Y 15 503) 3y0s
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Figure 2: The growth curve of strain C2c in a medium containing X-gal (bile salt) at different time points is shown. As
observed, strain C2c tolerated the bile salt-containing medium over various time intervals and exhibited acceptable growth

under bile conditions.
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