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Summary. In this study, soil samples were taken. Isolation of bacteria was carried out by dilutions technique.
Identification and biochemical tests of the obtained bacteria were performed. Bacteria were identified to be
Bacillus cereus WYS01, Bacillus niacini PRPB1, Bacillus thuringiensis VITLW1, Bacillus thuringiensis ES2I3P,
Bacillus cereus TG16. As a result of biochemical tests, all bacteria showed gram (+), urease tests (-) and amylase
activity (+) results. Bacteria reproduced in different feed-lots showed most reproduction in Nutrient Agar and
MRS Agar. By determining the optimum reproducing conditions of the bacteria, all bacteria were found to
be the most reproductive at 40oC, pH 7.0 within 24 hours.
Key words: bacteria, isolation, identification, food industry

Introduction
Microorganisms are spread out from the deepest
part of the seas to the highest levels of the sky. The
soil being one of these areas has water, air, oxygen,
mineral matter, carbon and nitrogen resources that are
necessary for the life of microorganisms (1). Soil is a
complex and dynamic biological system. The number
of bacteria in one gram of soil is estimated to be 10 billion and to have thousands of species (2). In addition to
individual studies, global projects are also conducted to
determine soil diversity (3, 4). As developing technology, microorganisms can be detected in laboratory by
new generation 16S rRNA and 18S rRNA sequencing
metagenomics studies. As a result of analyzes using
new generation sequencing technologies, the maximum number calculated is 8.3 million (5). Physicochemical structure of the soil, climate changes and agricultural practices significantly affect the distribution
and diversity of bacteria (2,3,6). This distribution and
diversity offers a wide range of resources for biotechnological applications. Soil is generally poor and limited

for microorganisms in terms of nutrients and energy
sources compared to in vitro conditions (6). Besides,
there shows up a competition between microorganisms
both due to high number of microorganisms and variety. In this competition, microorganisms try to have
factors such as larger area, organic matter and water for
themselves by using the toxic substances they produce
to take the advantage for life. An important part of
the soil microflora is bacterium of the genus Bacillus.
Bacillus species in the family Bacillaceae is aerop and
facultative anaerope, gram positive endospore bacteria
(7-9). Bacillus species is used to produce many industrially important enzymes. Because most of its species
do not show pathogenic properties, they have a wide
genetic diversity and are easy to develop (10). Typical
enzyme production by fermentation can be carried out
in a short time with Bacillus species and with much
lower costs of nitrogen and carbon sources (11). About
half of commercial enzyme production is produced
by Bacillus species. These enzymes include enzymes
such as proteases, α-amylases, glucose isomerases and
pullunases. Bacillus species are in a significant group
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among microbial rennet producing bacteria. Among
these species, the enzyme secreted by the Bacillus polymyxa has very good properties (12). Most of the enzymes used in beer production, baking and textile industry are amylase and β-glucanase enzymes produced
by Bacilllus spp (13). Amylase produced by Bacillus
mojavensis SO-10 is used in many fields (14). Alkaline
polygalacturonase lyase (PGL) enzyme is the enzyme
pectin depolymerase. PGL B, which is used in many
fields such as tea and coffee fermentation, oil extraction, fruit juice and textile, is produced by B. subtilis
(12). Proteases isolated from Bacillus are also used in
detergent production and leather industry (13). It has
been determined that the protease enzymes obtained
from Bacillus subtilis and Bacillus cereus bacteria are an
alternative to chemical use in the leather industry and
thus it is an effective method for reducing environmental pollution (15). In addition, various foods are
obtained from microorganisms (milk products such as
yoghurt, kouz; all alcoholic beverages, vinegar, various
products such as far eastern origin soy sauce, fermentation of bread, single cell protein).
Due to such effects of bacteria, in this study, soil
samples were taken and bacterial isolation was performed by dilution technique. Bacterial identification
and biochemical tests were performed. The optimum
conditions of the identified bacteria were determined
and it was aimed to be used both in biotechnological
studies and in various industrial fields.

Material and Method
Biological material
Bacteria isolated from soil were used.
Isolation of microorganisms
To obtain microorganisms from the soil, 1 gram
of sample was taken and 9 ml of sterile water was left
on that sample. By that method, a suspension of 10-1
was made. By similar way, as sequential transfers were
performed, and 10-2, 10-3, 10-4, 10-5, 10-6, 10-7 dilutions
were obtained. In order to obtain a single colony, smear
sowing was done from the samples made of serial dilution instead of Nutrient Agar (NA) and left to incubation at 37°C for 1 night.
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Identification of bacteria species
Isolated bacteria were partially subjected to 16S
rRNA analysis by EpiGen.
Biochemical tests
Biochemical tests were performed in order to
identify the selected bacterial samples. As biochemical
tests such as gram staining, hemolysis, mobility, catalase, amylase, coagulase, urease tests were applied on
bacteria separately.
The Effect of different medium on bacterial development
In order to determine the growing of bacteria on
solid medium, medium such as Nurient Agar (NA),
MRS Agar, Plate- Count Agar, EMB Agar, Endo
Agar which were prepared on sterilized petris were experimented. Growing of bacteria was observed as being planted in these medium.
Effect of temperature, pH and incubation time on microorganism growing
25 ml of Nutrient Broth (NB) liquid medium
were prepared and 100 ml of glass bottle were autoclaved and 2 ml of bacterial cultivation was performed
from fresh overnight culture. It was incubated in shaking in the water bath at 120 rpm as starting from 30°C
to 60°C in increments of 10°C.
The effects of pH on the development of bacteria
were investigated. For that purpose, 25 ml NB liquid
medium were autoclaved by adjusting the pH to be
4.0-11.0 and 2 ml of planting was done from fresh culture. The bacteria were incubated at 120 rpm in shaking in the water bath at the optimum temperature of
the bacteria.
In order to investigate the effect of incubation
time on the development of bacteria, bacteria was produced in shaking in water bath at 120 rpm at the optimum pH and temperature of the bacterium by 2 ml
planting from the fresh culture instead of 25 ml of NB
liquid medium. Absorbance of the bacteria samples
taken at 12, 24, 36, 48, 60 and 72 hours at 460 nm by
spectrophotometer was measured.
Results
Identification of microorganism and biochemical tests
5 bacteria species isolated from soil were subjected to partially 16S rRNA analysis by EpiGen. The
results showed that the bacteria were Bacillus cereus

Identification of bacteria species isolated from soil and investigation of optimum conditions: application in food industry and biotechnological fields

WYS01, Bacillus niacini PRPB1, Bacillus thuringiensis
VITLW1, Bacillus thuringiensis ES2I3P, Bacillus cereus
TG16. There found base strains as bacteria Bacillus cereus WYS01 891, Bacillus niacini PRPB1 900, Bacillus
thuringiensis VITLW1 879, Bacillus cereus TG16 883,
Bacillus thuringiensis ES2I3P 874. Some of base strains
of bacteria are shown as follows.
cccatgcggcgtactcccaggcggagtgcttatgcgttacttcagcactaaagggcggaaaccctctaacacttagcactcatcgtttacggcgtggactaccagggtatctaatcctgtttgctccccacgctttcgcgcctcagtgtcagttacagaccagaaagtcgccttcgccactggtgttcctccatatctctacgcatttcaccgctacacatggaattccactttcctcttctgcactcaagtctcccagtttccaatgaccctccacggttgagccgtgggctttcacatcagacttaagaaaccacctgcgcgcgctttacgcccaataattccggataacgcttgccacctacgtattaccgcggctgctggcacgtagttagccgtggctttctggttaggtaccgtcaaggtgccagcttattcaactagcacttgttcttccctaacaacagagttttacgacccgaaagccttcatcactcacgcggcgttgctccgtcagact…(Bacillus cereus WYS01)
catgctggcgtactcccaggcggagtgcttatgcgttagctgcagcactaaaggggaaccctctaacacttagcactcatcgtttacggcgtggactaccagggtatctatcctgtttgctccccacgctttcgcgcctcagcgtcagttacagaccagaaagcccttcgccactggtgttcctccacatctctacgcatttcaccgctacacgtggaattccgctttcctcttctgtactcaagtcccccagtttccaatgaccctccacggttagccgtgggctttcacatcagacttaaaggaccgcctgcgcgcgctttacgcccaataattccggacaacgcttgccacctacgtattaccgcggctgctggcacgtagttagccgtggctttctggttaggtaccgtcaaggtaccggcagttactccggtacttgttcttccctaacaacagagctttacgacccgaaggccttcatcgctcacgcggcgtgctccgtcagactttcgtccattgcggaagattccctactgctgcctcccgtaggatctgggccgtgtc…(Bacillus niacini PRPB1)
cattgcgtcgtactcccaggcggagtgcttatgcgttaacttcagcactaaaggcggaaccctctaacacttagcactcatcgtttacggcgtggactaccagggtatctaatcctgtttgctccccacgctttcgcgcctcagtgtcagttacagaccagaaagtcgccttcgccactggtgttcctccatatctctacgcatttcaccgctacacatggattccactttcctcttctgcactcaagtctcccagtttccaatgaccctccacggtgagccgtgggctttcacatcagacttaagaaaccacctgcgcgcgctttacgcccaataattccggataacgcttgccacctacgtattaccgcggctgctggcacgtagagccgtg-
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gctttctggttaggtaccgtcaaggtgccagcttattcaactagcactgttcttccctaacaacagagttttacgacccgaaagccttcatcactcacgcgggttgctccgtcagactttcg…
(Bacillus thuringiensis VITLW1)
ccatggcgcgtactcccaggcggagtgcttatgcgttacttcagcactaaagggcggaaaccctctaacacttagcactcatcgtttacggcgtggactaccagggtatctaatcctgtttgctccccacgctttcgcgcctcagtgtcagttacagaccagaaagtcgccttcgccactggtgttcctccatatctctacgcatttcaccgctacacatggaattccactttcctcttctgcactcaagtctcccagtttccaatgaccctccacggttgagccgtgggctttcacatcagacttaagaaaccacctgcgcgcgctttacgcccaataattccggataacgcttgccacctacgtattaccgcggctgctggcacgtagttagccgtggctttctggttaggtaccgtcaaggtgccagcttattcaactacacttgttcttccctaacaacagagttttacgacccgaaagccttcatcactcacgcggcgttgctccgtcagactttcgtcc…(Bacillus thuringiensis ES2I3P)
ccttggctgccgtactccccaggcggagtgcttatgcgttacttcagcactaaagggcggaaaccctctaacacttag c ac t c at c g t t tac g g c g t g g ac tac c ag g g tatctaatcctgtttgctccccacgctttcgcgcctcagtgtcagttacagaccagaaagtcgccttcgccactggtgttcctccatatctctacgcatttcaccgctacacatggaattccactttcctcttctgcactcaagtctcccagtttccaatgaccctccacggttgagccgtgggctttcacatcagacttaagaaaccacctgcgcgcgctttacgcccaataattccggataacgcttgccacctacgtattaccgcggctgctggcgtagttagccgtggctttctggttaggtaccgtcaaggtgccagcttattcaactagcacttgttcttccctaacaacagagttttacgacccgaaagccttcatcactcacgcggcgttgctccgtcagactttcg…(Bacillus cereus TG16)
Various biochemical tests were applied to bacteria
identified and which strain analysis had been conducted. It was determined that all bacteria were gram (+)
during gram coloring. It is found that Bacillus niacini
PRPB1 and Bacillus thuringiensis ES2I3P were inactive and the others were active. It was determined that
all microorganisms performed hemolysis. All of the
bacteria were found to have negative urease activity
but positive amylase activity. Detailed information on
biochemical tests and properties is shown at Table 1.
The effect of different medium on bacterial growing
In order to determine bacteria growing in different medium, medium such as Nurient Agar (NA),
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Table 1. Biochemical Tests
Features

Bacillus cereus
WYS01
+

Bacillus niacini
PRPB 1
+

Hemolysis

+

+

+

+

+

Mobility

+

-

+

-

+

Temperature range

30-40°C

30-40°C

30-40°C

30-50°C

30-40°C

pH range

4.0-8.0

5.0-8.0

4.0-8.0

5.0-9.0

5.0-8.0

Gram

Bacillus thuringiensis Bacillus thuringiensis
VITLW1
E S2I3P
+
+
+

Bacillus cereus
TG16

Growth

Activity
Ureaz

-

-

-

-

-

Katalaz

+

-

+

+

+

KuagÜlaz

+

-

-

-

-

Amylase

+

+

+

+

+

MRS Agar, Plate- Count Agar, EMB Agar, Endo
Agar were examined. As a result of that study, it was
found that Bacillus cereus WYS01 shows less growing
in Endo and EMB Agars but its growing in other ones
was good. It is determined that Bacillus niacini PRPB1
bacteria does not grow at all in Endo and EMG Agars,
but contrary to those medium, it showed a great growing in Nutrient and MRS Agars. It is also found that
Bacillus thuringiensis ES2I3P bacteria does not grow
in Endo Agar. The growth of microorganisms in solid
medium was shown in detail at Table 2.
Effect of temperature, pH and incubation time on microorganism growing
For the temperature effect on the bacterial reproduction experiment was conducted between 30°C
and 60°C. In the analysis, it is found that Bacillus cereus WYS01 showed the highest growing among the
other bacteria at 30 °C. It is also found that all bacteria
showed a good reproductive growth from 30°C and

4°C but there showed decreases in the reproduction
due to the increasing temperature. The growth of bacteria is shown at Figure 1.
The other important factor in the growth of microorganisms is pH. All of the bacteria produced at
pH ranges between 4 and 11 were found to have the
best growth rate at pH 7.0. It is found that the microorganism showing the best growing in bacteria was
Bacillus cereus WYS01. Bacterial reproducing grows
up respectively Bacillus cereus WYS01, Bacillus cereus
TG16, Bacillus thuringiensis VITLW1, Bacillus thuringiensis ES2I3P and Bacillus niacini PRPB1. Incubation time has a great effect on bacterial growth like as
the other parameters. The bacterial growth is observed
between 12–72 hours. When checked the growing of
bacteria at 12 hour, it is found that the most was Bacillus cereus WYS01. After that, it is found that there
was respectively Bacillus niacini PRPB1, Bacillus cereus TG16, Bacillus thuringiensis VITLW1 and Bacillus thuringiensis ES2I3P as to their growing rate. As

Table 2. The effect of different medium on bacterial growing
Microorganisms

Nutrient Agar

Endo Agar

EMB Agar

Plate- Count Agar

MRS Agar

Bacillus cereus WYS01

+++

+

++

+++

+++

Bacillus niacini PRPB1

+++

-

-

+

+++

Bacillus thuringiensis
VITLW1
Bacillus thuringiensis ES2I3P

+++

+

+

+++

+++

+++

-

+

+++

+++

Bacillus cereus TG16

+++

+

++

+++

+++

+, positive result or growth; -, negative result
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Figure 1. Effect of temperature on microorganism growing

the time that all microorganisms showed the most
reproduction was found as the 24th hour. After that
time, a proportional decrease was observed in bacterial
growth. It is determined that Bacillus cereus WYS01
was the most growing microorganism at the 24th hour.
The effect of time on the growth of microorganisms is
shown at Figure 3 in detail.

Discussion and Conclusion
In our study, isolation of bacteria from soil was
carried out. As a result of isolation, a partial 16S rRNA
analysis was conducted and it was found that all bacteria were the Bacillus species. As a result of biochemical
tests, bacteria was found as gram (+). Damodara Chari
et al (16) detected that all bacteria they had obtained
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from soil was gram (+). As a similar result, Ortakaya
et al (17) declared that Bacillus simplex microorganism
was gram (+) in their study which was conducted as
isolating bacteria from soil. The optimum conditions
of bacteria identified in our study was found as 40°C,
pH 7.0 and the 24th hour. Hamilton et al (18) found
that the conditions of Bacillus sp. IMD 43 were 40°C
and the 41st hour. Behal et al (19) conducted reproduction of Bacillus sp. AB 04 between 24 and 36 hours at
40°C. Asgher et al (20) detected that incubation time
was 48 hours, temperature was 50°C and pH was 7.0
for thermophilic Bacillus subtilis JS-2004. Saxena et al
(21) carried out reproduction of Bacillus sp. PN5 after
incubation for 60 hours, at 60°C and pH 7.0. Hmidet
et al (22) produced Bacillus licheniformis NH1 at 48
hours, 37°C and pH 7.0. Ozdemir et al (14) produced
Bacillus mojavensis microorganism at 35°C, pH 7.0 and
36 hours for use in biotechnological studies. The temperature of the environment greatly affects the growth
of microorganisms. Microorganisms can usually reproduce and grow within their specific temperature limits.
These limits include the optimal temperature at which
the growth occurs. On the other hand, pH of medium
should be within the optimal limits for reproduction of
microorganisms. Among the physical parameters, the
pH of the growing environment plays an important
role in the morphological changes in the microorganism and consequently in the increase of industrial and
biotechnological production (20).
When we examine the properties of the bacteria obtained in our study, there are advantages both
in terms of biochemical test characteristics and optimal conditions. Bacterial growth in a short term and
providing low-temperature growth are the significant
advantageous for industrially important issues, such as
the short duration and electricity savings.

Figure 2. Effect of pH on microorganism growing

References

Figure 3. Effect of incubation time on microorganism growing

1. Başkaya Y, Kocabaş A. Determination of Antimicrobial
Substance Production Potentials of Soil Isolate Microorganisms. KSU J Nat Sci 2016; 19(4): 393–398.
2. Torsvik V, Ovreas L. Microbial Diversity and Function in
soil: from Genes to Ecosystems. Curr Opin Microbio 2002;
5: 240–245.

472

3. Roesch LFW, Fulthorpe, RR, Riva A, Casella G, Hadwin
AK, Kent AD, Daroub SH, Camargo FA, Farmerie WG,
Triplett EWPyrosequencing Enumerates and Contrasts
Soil Microbial Diversity, The ISME J 2007;1: 283–290.
4. Gilbert JA, Jansson JK, Knight R. The Earth Microbiome
Project: Successes and Aspirations. BMC biol 2014;12:
69–72.
5. Gans J, Wolinsky M, Dunbar J. Computational Improvements Reveal Great Bacterial Diversity and High Metal
Toxicity in Soil. Sci 2005; 309:1387–1390.
6. Nannipieri P, Ascher J, Ceccherini MT, Landi L, Pietramellara G, Renella G. Microbial Diversity and Soil Functions.
Eur J Soil Sci 2003;54: 655–670.
7. Topçal F, Dığrak M, Gündoğan R. Identification of Bacillus
Species Isolated from Soil and Determination of Bacteriocin Production. Adıyaman Uni J Sci 2014; 4(2): 57–67.
8. L
 ogan NA, Turnbull PCB. Bacillus and Recently Derived
Genera. In:PR Murray, Rogel Berkeley, Blackwell Science
Ltd. Blackwell Publishingh, 2002; 305.
9. B
 erkeley RCW, Logan N. Bacillus, Alicyelobacillus and Paenibacillus, Principles and Practice of Clinical Bacteriology,
Chichester: Wiley 1997; 185.
10. Claus D, Berkeley, CW. The genus Bacillus In: Bergey’s
Manual of Systematic Bacteriology. 1986; 2 (34): 1105–
1139.
11. Arellano-Carbajal F, Olmos-Soto J. Thermostable α-1,4and α-1,6-glucosidase enzymes from Bacillus sp. isolated
from marine environment. World J Microbiol Biotechnol
2002;18: 791–795.
12. Zhang J. Kang Z, Ling Z, Cao W, Liu L, Wang M, Dub
G, Chen J. High-level extracellular production of alkaline
polygalacturonate lyase in Bacillus subtilis with optimized
regulatory elements. Biores Technol 2013;146: 543–548.
13. Demain AL, Solomon N. In Industrial Microbiology. Sci
1981; 214 ( 4524): 987–995.
14. Ozdemir S, Aguloglu Fincan S, Karakaya A, Enez B. A
Novel Raw Starch Hydrolyzing Thermostable α-Amylase
Produced by Newly Isolated Bacillus mojavensis SO-10: Purification, Characterization and Usage in Starch Industries.
Braz Arch Biol Technol 2018;61:e18160399.

B. Enez

15. Antelo SC, No ICF, Böhme K, Alnakip ME, Baluja MQ,
Velazquez JB, Mata PC. Genetic discrimination of food
borne pathogenic and spoilage Bacillus subsp. based on three
house keeping genes. Food Microbiol 2014; 46: 288–298.
16. Damodara Chari K, Subhash Reddy R, Triveni S, Trimurtulu N, Durga Rani CHV, Sreedhar M. Isolation and Characterization of Abiotic Stress Tolerant Plant Growth Promoting Bacillus spp. from Different Rhizospheric Soils of
Telangana. Bıoscı Bıotechnol Research Asia 2018; 15(2):
485–494.
17. Ortakaya V, Aguloglu Fincan S, Enez B. α-Amylase From
Bacıllus Sımplex- Production, Characterization and Partial
Purification. Fresen Environ Bull 2017; 26 (7): 4446–4455.
18. Hamilton LM, Kelly CT, Fogarty WM. Production and
properties of the raw strach digestig amylase of Bacillus sp.
IMD 435. Process Biochem 1999;35: 27–31.
19. Behal A, Sharma MK, Puri P, Singh J, Batra N. Characterization ofalkaline α-amylase from Bacillus sp.AB 04. Int J
Agric Biol 2006; 8: 80–83.
20. Asgher M, Asad MJ, Rahman SU, Legge RL. A thermostable α-amylase from a moderately thermophilic Bacillus subtilis strain for starch processing. J Food Eng 2007;
79:950–955.
21. Saxena RK, Dutt K, Agarwal L, Nayyar PA. Highly thermostable and alkaline amylase from a Bacillus sp. PN5. Bioresour Technol 2007; 98:260–265.
22. Hmidet N, Bayoudh, A, Berrin JG, Kanoun S, Juge N,
Nasri M. Purification and biochemical characterization of
a novel a-amylase from Bacillus licheniformis NH1 Cloning,
nucleotide sequence and expression of amyN gene in Escherichia coli. Process Biochem 2008;43: 499–510.

Correspondence:
Baris Enez
Bingol University, Technical Science Vocational School,
Laborant and Veterinary Health Program,
1200, Bingol, Turkey
E-mail: benez@bingol.edu.tr

