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ABSTRACT 
Thirtyeight isolates of Bacillus spp. were isolated from collected samples from soil near Aksu river and tested for the level of sensitivity to 
the widely used antibiotics. The aim of this study was to determine the antibiotic sensitivity to Bacillus strains isolated in Microbiology 

Laboratory in Kahramanmaras. Antibiotic resistance was determined by an agar disc diffusion test using Mueller-Hinton agar (Difco) 

according to Clinical and Laboratory Standards Institute recommendations. β-lactamase production was detected with the iodometric slide 
test using according to MacFaddin (2000). The result of present study indicated that the antibiotic sensitivity rates were as follows: 

Meropenem (MER) 100%, Oflaxain (OFL) 92%, Chloramfenicol (CHL) and Nitrofurantoin (NIT) 89%,Tetracycline (TET) 79%, Cefoxitin 

(CEFX) 47%, Ceftriaxone (CEFT) and Streptomycin (STR) 45%, Cefazolin (CEF) 42%, Amoxicillin (AMO) 37%, Penicilin (PEN) and 
Gentamicin (GEN) 26%. Among Thirtyeight isolates of Bacillus from soil showed 24(63%) beta lactamase activity, whereas 14 (37%) 

isolates of Bacillus showed no beta lactamase activity in our study. Ten isolates showed no antibiotic resistance, but twenty eight isolates 

showed antibiotic resistance one to six antibiotics. Out of the 38 isolates, only eleven (29%) were presumptively identified as B.subtilis, ten 
(26%) B.alvei, four (11%) B.licheniformis, three (8%) B.larvae, B.firmus, B.cereus, and only one (3%) B.popillia, B.coagulans, 

B.megaterium, B.brevis. In conclusion, this paper has broadened the number of antimicrobails potentially useful against Bacillus. Therefore, 

an examination of the antibiotic resistance profiles of the Bacillus isolates must be done earlier to the use of appropriate antibiotics for 
treatment and prevention of antibiotic resistance. 
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INTRODUCTION 
 

Bacillus species are Gram-positive, aerobic, rod-shaped and endospore forming bacteria commonly found 

in nature. By means of their spores they are resistant to adverse environmental conditions [1]. Previous 

researchers and investigators have reported that natural environment of soil of Turkey are a good reservoir of 

Bacillus populations with agreat diversity of serological and biological characteristics [2]. Moreover, Bacillus 

species can be found among insect cadavers, stored product dust, leaves of plants, aquatic environments, from 

the marine sediments, vegetables, animal hair, fresh water and sediments and raw plant food [3]. Various reports 

confirmed the ability of Bacillus species to produce antimicrobial agents and compounds with potential 

biotechnological, pharmaceutical and industrial applications [4-7]. Bacillus species spores have the potential to 

remain viable in the soil for many years. Lasting environmental contamination following a release is a 

http://www.aensiweb.com/aeb.html
mailto:storoglu@ksu.edu.tr
https://www.omicsonline.org/searchresult.php?keyword=%20environmental%20contamination


207                                                                              Sevil Toroğlu et al, 2016 

Advances in Environmental Biology, 10(12) December 2016, Pages: 206-212 

 

possibility, and planning for site characterization and remediation activities should consider both indoor-to-

outdoor spore transport and outdoor soil as potential exposure pathways [8-11]. 

In Turkey, resistance to antibiotics has resulted in morbidity and mortality from treatment failures and 

increased health care costs [12]. The increases in antibiotics resistant have been attributed to inappropriate use, 

inadequacies on the part of the manufacturers [13,14] and leads to the steady decline of effective antibiotics 

annually worldwide [15]. The global emerge of antibiotic resistant bacteria has had serious consequences for 

human and animal health, thus drawing in more attention towards its treatment and control [16-19]. 

Considerable controversy persists regarding the increase of antibiotic resistant bacteria as a result of antibiotics 

use in agricultural production [20-22].  

Antibiotic resistance is the ability of a micro-organism to withstand the effects of an antibiotic. It is a 

specific type of drug resistance. Antibiotic resistance evolves naturally through natural selection through 

random mutation, but it could also be engineered. Once such a gene is generated, bacteria can then transfer the 

genetic information in a horizontal fashion (between individuals) by plasmid exchange. Production of beta-

lactamases is the most common mechanism of bacterial resistance to these antibiotics. These enzymes are 

numerous and are plasmid mediated, capable of hydrolysing and inactivating a wide variety of beta-lactam 

antibiotics. Therefore, the present investigation was to desined to identification of Bacillus species isolated from 

soil from Aksu river,  determine the status of antimicrobial resistance, underlying conditions, and determination 

of Bacillus isolates with beta-lactamase soil near Aksu river. 

 

MATERIALS AND METHODS 

 

Sample collection: 

Samples were collected from soils from differentregions distributed widely between 37° 25 minute, 00 

moment North, 36° 54 minute 00 moment East from Aksu river in Turkey. We attemptedto collect soil from 

locations that were as diverse as possible. Soil samples were collected by scrapingoff surface material with a 

sterile spatula and thenobtaining approximately 100-g samples from 2-5 cm below the surface. Samples were 

then stored at 4 °Cuntil use. 

 

Filtration of samples: 

Ten-gram portions of soil samples were suspended in 90 ml of deionized water in a 250 ml conical flask. 

The samples were shaken at 150 rpm (Gallenhamp, serial no 40) at37oC and subjected to the filtration method 

by 0.45 μm membranes in a glass 100 laminated flow chamber. Filtered samples were incubated (Gallenhamp 

compenstat, England) aerobically at roomtemperature for 48 hr, thus expanding the mesophilic aerobic 

microorganisms present in the samples [23].  

 

Isolation of bacterial strains and identification: 

Each sample was subjected to triplicate serial dilutions (10-1 to 10-3) and then plated on heterotrophicplate 

count agar (MHPC) developed especially for isolation ofheterotrophic bacteria from soil [23]. The culture plates 

were incubated aerobically at 30o C, 45°C and 80 °Cfor 48 hr. The developed colonies were submitted to Gram 

stain, followed by biochemicalgenera and species identification tests. To 10 mL of Luria-Bertani broth, 1 g from 

each soil sample was added16 and buffered with sodium acetate (0.25 M, pH 6.8) in a 125-mL flask. The broth 

was incubated in a shaker at 200 rpm for 4 h at 30°C. A 1-mL aliquot was heated to 80 °C for 15 min in a 

thermomixer (Eppendorf), spread on nutrient agar plates (NA), and incubated at 30 °Cfor 48-72 h. Bacillus-like 

colonies were subcultured on new NA plates until pure cultures were obtained, and they were kept at 4°C for 

further identifi cation. Thirtyeight isolates were collected from from soil near Aksu river widely used antibiotics. 

Isolates were considered to be presumptive Bacillus spp. Biochemical tests (Gram staining, spore staining, 

motility test, determination of incubation temperature, catalase, growth in NaCl, anaerobic growth, Voges-

Proskauer and Methyl-Red test, growth at pH 5.7, fermentation of carbohydrate, hydrolysis of starch, utilization 

of citrate, formation of indole, formation of dihydroxyacetone, deamination of phenylalanine, hydrolysis of 

casein, degradation of tyrosine, hydrolysis of gelatin, egg yolk lecithinase, growth with lysozyme present) were 

executed according to methods described by [19,24-26].  

 

Antibiotic resistance activity: 

Antibiotic resistance was determined by an agar disc diffusion test [27] using Mueller-Hinton agar (Difco) 

according to Clinical and Laboratory Standards Institute [28] recommendations. Twelve different antibiotics 

were used. For antibiotic resistance determination, the isolates were grown in Luria- Bertani (LB) broth until the 

turbidity equal to the 0.5 Mc Farland standart (approximately 108cfu/ml). Cultures were swabbed on to the 

Mueller–Hinton agar and all isolates were tested against Meropenem (MER, 10µg/ml), Amoxicillin 

(AMO,20µg/ml), Penicilin (PEN, 10µg/ml), Nitrofurantoin (NIT, 300µg/ml), Cefazolin (CEF, 30µg/ml), 

Cefoxitin (CEFX, 30µg/ml), Ceftriaxone (CEFT, 30µg/ml), Gentamicin (GEN, 10µg/ml), Tetracycline (TET, 
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30µg/ml), Streptomycin (STR, 10µg/ml), Chloramfenicol (CHL, 30µg/ml), Oflaxain (OFL, 5µg/ml). The 

isolates those grown in inoculation were evaluated as resistant and the others were evaluated as susceptible. The 

antibiotic discs were dispensed sufficiently separated from each other so as to avoid overlapping of inhibition 

zones. The plates were incubated at 37°C, and the diameters of the inhibition zones were measured after 18 hr. 

All susceptibility tests were carried out in duplicate and were repeated twice if discordant results had been 

obtained. 

 

β-lactamase production: 

The production of β-lactamase was detected with the iodometric slide test [29,30]. Previously, iodine 

solution was added to penicillin solution. Later, emulsify organism to be tested in a drop of freshly prepared the 

penicillin-iodine solution on flamed side of a glass slide; made a heavy suspension. Then starch solution was 

added. Initially, solution of all samples will turn purple. An indication of β-lactamase production is clearing of 

solution, clearing of purple color to white within 5 min. But the whole mixture does not have to clear; clearing 

of definite clumps or areas is sufficient to denote a positive result. All the bacterial isolates were tested for the 

production of β-lactamases. 

 

Multiple Antibiotic Resistance Index: 

For all isolates, we calculated the MAR index values (a/b, where a represents the number of antibiotics the 

isolate was resistant to, b represents the total number of antibiotics the isolate tested against). A MAR index 

value ≥ 0.2 is observed when isolates are exposed to high risk sources of human or animal contamination, where 

antibiotics use is common; in contrast a MAR index value <or = 0.2 observed when antibiotics are seldom or 

never used [31,32]. 

 

RESULTS AND DISCUSSION 
 

The results of the antibiotic susceptibility of the isolates are shown in Table 1.The antibioticsusceptibility 

was determined by the disc agar diffusion method in accordance with the instructions of the antibiotic disc 

manufacture (Oxoid). The antibiotic sensitivity rates were as follows: Meropenem 100%, Oflaxain 92%, 

Chloramfenicol and Nitrofurantoin 89%, Tetracycline 79%, Cefoxitin 47%, Ceftriaxone and Streptomycin 45%, 

Cefazolin 42%, Amoxicillin 37%, Penicilin and Gentamicin 26%. The number of isolates were given Figure 1. 

 
Table 1: Antibiotic suspectibility pattern of Bacillus isolated from from soil near Aksu river  

Antibiotics  

MER      

 OFL 

  NIT 

CHL  

 TET  
CEFX   

CEFT 

STR 
CEF 

AMO 

PEN 
GEN 

Sensitive 

38(100%) 

35(92%) 

34(89%) 

34(89%) 

30(79%) 
18(47%) 

17(45%) 

17(45%) 
16(42%) 

14(37%) 

10(26%) 
10 (26%) 

İntermediate 

(0%) 

3(8%) 

3(8%) 

4(11%) 

8(21%) 
13(34%) 

10(26%) 

17(45%) 
6(16%) 

19(50%) 

3(7%) 
13(34%) 

Resistance 

(0%) 

(0%)  

 1(3%) 

(0%) 

(0%)  
 7(18%)  

11(29%) 

 4(11%) 
16(42%)   

5(13%) 

25(66%)   
 7(18%)                   

 

It was reported that the resistance to penicilin among aerobic spore forming bacteria was due to 

penicillinase and that Bacillus synthesized penicillinase [33,34]. 

The Bacillus strains isolated from soil were tested on the antibiotics ampicillin, kanamycin, streptomycin, 

chloramphenicol, tetracycline, erythromycin, gentamicin and novobiocin. It was found that B. cereus was high 

level resistant to ampicillin and only a few strains showed resistance to antibiotics like kanamycin and 

tetracycline. B. subtilis strains were resistant to streptomycin [35]. Aslım et al (2002) reported that an 

examination of the antibiotic resistance of strains revealed the fact that all of the strains showed resistance to 

penicillin G and all were sensitive to vancomycin [2]. Isolates showed 97% sensitivity to chloramphenicol, 93% 

to tetracycline, 90% to gentamicin, 80% to erithromycin, 40% to cephalothin and 23% to ampicillin. Isolates 

showed 97% sensitivity to chloramphenicol. In the same way, Ikpeme et al (2011) reported the resistance of 

Bacillus species to gentamicin, penicilin, and other commonly used antibiotics [36]. 

The Bacillus strains isolated from soil were tested on the antibiotics ampicillin, kanamycin, streptomycin, 

chloramphenicol, tetracycline, erythromycin, gentamicin and novobiocin proved to be resistant to four different 

antibiotics [35].  It is recommended that this strain be used in certain biotechnological studies [36].  Antibiotic 

resistance is a concern for the management of diseases in humans, animals and plants. The intense research 

efforts to elucidate mechanism of resistance have focused on genes derived from a narrow rangeof 

environments. Most of the known resistance determinants have been discovered in clinical and 
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veterinary bacterial isolates, whereas the environmental reservoirs of antibiotic resistance are not well 

characterized [2,37].   

 

 
Fig. 1: Number of isolates Resistance, İntermediate and Susceptibility to Meropenem, Amoxicillin, Penicilin, 

Nitrofurantoin, Cefazolin, Cefoxitin, Ceftriaxone, Gentamicin, Tetracyclin, Streptomycin, 

Chloramfenicol, Oflaxain and in 38 Bacillus isolated from from soil near Aksu river 

 

In our previous study about water samples of Aksu river, 67 strains belonging to 3 bacterial genera of The 

Enterobacteriaceae and Pseudomonas sp., in the water samples taken from The Aksu River were isolated. 

Among the isolates 45 strains were E.coli (67.2%), these were followed by 20 strains of Klebsiella spp. (29.8%), 

1 strain of Citrobacter spp (1.5%) and 1strain of Pseudomonas spp (1.5%). These bacteria are defined as a sign 

of fecal contamination in areas polluted by urban, industrial and domestic wastes by other studies [38-41].  

Based on the conventional method of characterization and antibiotic resistance of microorganisms isolated, 

out of the 38 isolates, only eleven (29%) were presumptively identified as B.subtilis, ten (26%) B.alvei, four 

(11%) B.licheniformis, three (8%) B.larvae, B.firmus, B.cereus, and only one (3%) B.popillia, B.coagulans, 

B.megaterium, B.brevis. Achudume  and  Olawale (2010) reported that B.cereus (2%) were found soil 

underlying urban waste sites in South Western Nigeria [42].   

 
Table 2: Multiple Antibiotic Resistance (MAR) Index and beta lactamase production of among 38  Bacillus  isolates from soil  

Name  of isolates  

B.subtilis  
B.alvei 

B.licheniformis 

B.firmus 
B.larvae 

B.cereus 

B.popillia 
B.coagulans 

B.megaterium 

B.brevis 
Total 

Total isolates     

11(29%)  
10(26%) 

4(11%) 

3(8%) 
3(8%) 

3(8%) 

1(3%) 
1(3%) 

1(3%) 

1(3%) 
38 

MAR(Index)     

0, 0.08, 0.17(2), 0.25(4), 0.33(2),0.42 0(5), 
0.17(2), 0.25, 0.33,0.42 

0(2), 0.5, 0.25  

0.25, 0.08(2) 
0.17, 0.25, 0.42 

0.08, 0.17(2) 

0 
0.08 

0 

0.42 
 

Beta lactamase +  or –  

 11(+) 
 2(+), 8(-) 

4(+) 

1(+),  2(-)     
3(+) 

2(+),1(-)   

1(-)  
1(-) 

1(-)  

1(+) 
24(+) ,14(-) 

 

Ten isolates showed no antibiotic resistance, but twenty eight isolates showed Multiple Antibiotic 

Resistance one to six antibiotics. The MAR index value of 16 isolates displayed ≥ 0.2 . This status showed that 

isolates exposed to sources of human or animal pollutants. To the best of our knowledge, there is’nt any few 

reports on the multiple antibiotic resistance of Bacillus strains isolated from soil.  

Giwa et al., (2016) reported that the knowledge of multiple drug resistant bacteria and the available 

antimicrobial drugs or agents among professionals is necessary to reduce levels of resistance through correct use 

of antimicrobials [43]. Amin et al (2015) reported that the identified Bacillus species included B. cereus 

(86.6%), B.subtilis (6.6%), B. thuringiensis (3.3%), and B. pumilus (3.3%) from soil samples [44]. Chikerema et 

al (2012) reported that B. anthracis were isolated from 9 of 81 (11.1%) soil samples representing five of the 
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seven sampled areas and PCR targeting virulence plasmids provided a rapid confirmation of B. anthracis [45]. 

The result of previous researchers were in accordance with our results.  

Among Thirtyeight isolates of Bacillus from soil showed 24(63%) beta lactamase activity, whereas 14 

(37%) isolates of Bacillus showed no beta lactamase activity. (Table 2). Beta lactamases is a type of enzyme 

produced by some bacteria that is responsible for their resistance to beta lactam antibiotics like penicillin’s, 

cephalospoprin’s, cephamycin’s and carbapenem’s. These antibiotics have a common element in their molecular 

structure: a four ring known as a beta lactam. The lactamase enzyme breaks that ring open, deactivating the 

molecule’s antibacterial properties [46]. 

In conclusion, The most isolated species were B.subtilis and B.alvei in the present study. The most sensitive 

antibiotics were meropenem, oflaxain, chloramfenicol and nitrofurantoin in disc diffusion test where as the most 

resistant antibiotics were penicilin in our study against to isolated Bacillus spps. Among Thirty eight isolates of 

Bacillus from soil showed 63% beta lactamase activity, whereas 37% isolates of Bacillus showed no beta 

lactamase activity. Ten isolates showed no antibiotic resistance, but the other isolates showed resistance one to 

six antibiotics. This status is resulted to transmission of antibiotic resistant genes among pathogens. This 

indicates that there are many multiple drug resistant microorganisms of public health significance found in soil 

of near Aksu River which is may contamination the human body through contact. Results of this study shows 

that Aksu River and its water and soil can serve as environmental reservoirs of multiple antibiotic resistant 

bacteria capable of being transferred to other environments and to person. Therefore, the present study suggest 

that the examination of the antibiotic resistance profiles should be done earlier to the use of antibiotics for 

treatment and around of Aksu River should be cleaned from pollutants. 
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