
BACTERIAL EMPIRE 
2021, VOL. 4, NO. 4, e313 

1 

 

ISOLATION AND CHARACTERIZATION OF DIESEL DEGRADING BACTERIA FROM PETROLEUM OIL 

CONTAMINATED SOIL 

  

Tanvir Ahmed, Sababa Alam Ratul, Tasnia Ahmed* 

 

Address (es):  
Department of Microbiology, Stamford University Bangladesh. 51 Sideshwari Road, Dhaka-1217, Bangladesh. 
 

*Corresponding author: tasnia.ahmed@stamforduniversity.edu.bd        
https://doi.org/10.36547/be.313 

ABSTRACT  

 

Petroleum products are used for energy production and an essential part of our day-to-day lives especially in vehicles, ships, and industries. Accidental leakages occur 
easily and wastage petroleum is also discarded in the environment without any further processing causing environmental pollution. Diesel contributea big part 

topetroleum pollution. The current study was aimed to identify diesel degrading bacteria and determine some conditions to evaluate their best degradation capability. 

We identified Aeromonas spp., Bacillus spp., and Enterobacter spp. from diesel contaminated soil and found that Aeromonas spp. and Bacillus spp. grow best with 10% 
to 15% diesel whereas Enterobacter spp. can grow quite well with 20% diesel concentration at a higher temperature (40oC) than the previous two bacteria. Aeromonas 

spp. worked well at low pH (pH 4 to pH 6) whereas Bacillus spp. and Enterobacter spp. worked best at higher pH (pH 10). 
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INTRODUCTION 

 

Diesel is a fuel consisting of aliphatic and aromatic hydrocarbons ranging from 
C8-C26 and can be obtained from crude oil distillation (Ramasamy et al. 2017; 

Ciric et al. 2009; Gallego et al. 2001). It is also known as Automotive Gas Oil 
(AGO) (Ciric et al. 2009).It is often considered as one of the major contaminants 

in soil and marine environment due to heady spillage of approximately 1.7 to 8.8 

million metric tons each year (Ramasamy et al. 2017; Palanisamy et al. 2014; 

Dadrasina et al. 2013). Diesel can be released into the environment during 

transportation, spillage, accidents, washing of engines, from workshops, 

disposing of used oils, etc. It can cause devastating damage to the environment, 
aquatic lives, crops, animals, and even humans (Usha et al. 2015; Ahamed et al. 

2010; Klingston 2007). The biodiversity of the affected area is also at risk due to 

the presence of such contaminants in the environment (UKHPA 2006). Inhaling 
liquid or vaporized diesel can cause poisoning, carcinogenesis with some 

immediate discomforts like vomiting, dizziness, and headache. Pneumonitis can 

occur if the diesel compound gets entrance directly into the lungs (Ramasamy et 

al. 2017; UKHPA 2006). Diesel in the soil can impart direct toxicity towards the 

plants, hinders sufficient aeration into the soil, reduces germination (Kayode-

Isola et al. 2008; Scullion 2006; Okerentugba and Ezeronye 2003). Some 
native soil microorganisms are capable of bioremediating the diesel oil from the 

contaminated areas. Some such potent bacteria are Psuedomonas sp., 

Micrococcus sp., Staphylococcus sp., Bacillus sp., Flavobacterium sp., 
Acromobacter sp., Klebsiella sp., Actinomycetes sp., Acetobacter sp., 

Rhodococcus sp., Citrobacter sp.,Acinetobacter sp., Corynebacterium sp., 

Arthrobacter sp., Acromobacter sp., Alcaligenes sp. (Noor et al., 2017; 
Bhuvaneswar et al. 2012; Ahmed et al.2010; Al- Saridah et al.1999; Singh et 

al. 2008; Kebria et al. 2009; Hong et al.2004; Ueno et al.2007; Saadoun 2002; 

Amund 2000; Wackett and Hershberger 2001; Parales etal. 2002) and some 
fungi like Fusarium sp., Ulocladium sp., Candida sp., etc (Dharet al.2014; 

Miranda et al. 2007; Binsadiq et al. 2014). These microorganisms can degrade 

diesel to utilize it as carbon and energy source with the production of enzymes 
(Chikere et al. 2009; Patil etal. 2012).  

The current study was conducted to isolate and identify diesel degrading bacteria 

from petroleum oil contaminated soil. Different parameters were investigated to 
determine the efficient diesel degrading condition.   

 

MATERIAL AND METHODS 

 

Study area and sample collection 

 
Soil samples in 5 cm depth of surface soil were collected in pre-sterilized bottle 

from different petroleum oil contaminated areas (soil from some garages in 

Dhaka city were collected where many vehicles are kept and wasted/used and 
burnt diesel are discarded) of Dhaka city. Collected samples were taken back to 

the microbiology laboratory as soon as possible and stored at -4oC until further 

processing. Diesel was collected from a local petroleum oil station. 

 

Enrichment of soil samples 

 

Bushnell Haas (BH) broth was used for the enrichment of the soil. 100 ml BH 
(Bushnell Haas) broth was autoclaved.. After that, 10 gm soil samples were 

mixed with 100 ml of BH broth with 10% (v/v) diesel as the carbon source. The 
conical flasks were then put in shaker incubator for 24-48 h for incubation at 32 

ºC at 100 rpm (Singh et al. 2008). After incubation, the soil suspension was used 

for the isolation of bacteria. 
 

Isolation and identification of diesel resistant bacteria from enriched soil 

samples 

 

To isolate diesel resistant bacteria, at first 1 ml of enriched sample was mixed 

with 9 ml sterile water and mixed thoroughly. BH agar plates were prepared 
where 0.1 ml of the suspension from the mixed enriched oil and water was added 

to the agar plate followed by 100 μl of diesel as the sole source of carbon. Then 

the plates were incubated at 32 ºC for 24 hours (Singh et al. 2008). After 
incubation distinct colonies were selected as bacteria capable of using diesel as 

sole carbon source.  

The identification of the selected bacteria was determined by some biochemical 
tests including triple sugar iron agar test (TSI), indole production test, catalase, 

oxidase, Methyl red test (MR), Voges proskauer test (VP) and citrate utilization 

test (Cappuccino and Sherman, 1996). 
 

Effects of different parameters on the growth of diesel degrading bacteria 

Effect of different concentrations of diesel 

 

The bacterial suspension was prepared in normal saline and incubated for 24 

hours at 37oC. After incubation when bacterial suspension reached 1.5 OD 
(optical density), 1 ml suspension of each bacterium was inoculated into BH 

broth mixed with 5%, 10%, 15%, 20%, and 25% v/v diesel in separate conical 

flasks. All the flasks were then put on shaker incubator (10 rpm) at 32oC 
(Palanisamy et al. 2014). OD was measured at 600 nm after 24 hours, 48 hours, 

72 hours, 96 hours, and 120 hours respectively. 

 

Effect of different temperature 

 

Bacterial suspension was prepared in normal saline with the optical density of 
1.5. 2 ml bacterial suspension of each bacterium was inoculated into 100 ml BH 

broth with 1% v/v diesel in separate conical flasks. The flasks were then 

incubated at 25oC, 30oC, 35oC, 40oC and 45oC. OD was measured at 600 nm after 
24 hours, 48 hours, 72 hours, 96 hours, and 120 hours respectively (Palanisamy 

et al. 2014).. 

 

Effect of pH 

 

The bacterial suspension was prepared in Luria Bertani (LB) broth and 

centrifuged at 5000×g for 10 minutes. Pellets were washed twice with normal 
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saline to remove all the traces of LB broth. The final bacterial pellet was mixed 
with normal saline to make a suspension of 1.5 OD. 2 ml suspension of each 

bacteria was inoculated into 100 ml BH broth with 1% v/v diesel in separate 

conical flasks adjusted to pH 4, 5, 6, 7, 8, 9, 10. The flasks were then incubated at 
37oC. OD was measured at 600 nm after 24 hours, 48 hours, and 72 hours 

respectively (Palanisamy et al. 2014). 

 

Effect of inoculum size 

BH broth supplemented with 1% v/v diesel was inoculated with bacteria 

suspension with the optical density of 0.15, 0.20 and 0.25. The flasks were then 
incubated at 37oC. OD was measured at 600 nm after 24 hours, 48 hours, 72 

hours, 96 hours, and 120 hours respectively (Palanisamy et al. 2014).. 

 

 

RESULTS AND DISCUSSION 

 

From petroleum contaminated soil, bacterial isolates were collected using BH 

media with diesel as the sole source of carbon. After the biochemical 
identification of the bacteria grown on the media, we found three bacterial 

species designated as Aeromonas spp., Bacillus spp. and Enterobacter spp. 

(Table 01). As these bacteria were present with diesel as the only carbon source 
and survived, we can assume that these bacteria are capable of utilizing diesel 

and are resistant to the damaging effect of it as well. As BH does not contain any 

carbon source, diesel will act as the sole carbon source or the bacteria which will 
grow on the medium eventually. Those who can not utilize diesel as sole carbon 

source, will not appear on the media (Palanisamy et al. 2014; Ganesh and Lin, 

2009).  
 

Table 1 Biochemical identification of diesel resistant isolates 

Isolates TSI Citrate Indole MR VP Oxidase Catalase Bacterial identification 

Slant Butt Gas H2S 

01 Y Y + + + + + - + + Aeromonas spp. 

02 Y Y + + + - + + + + Bcillus spp. 

03 R Y + - + - - + - + Enterobacter spp. 

 
After identification of the bacteria, we intended to determine the most favorable 

conditions for their growth in which situation the degradation would be better. 

We have selected four parameters like different concentrations of diesel (as 
carbon source), temperature, pH, and inoculum size for all of the three bacterial 

isolates. 
While studying with the different diesel concentrations (Fig. 1), Aeromonas spp. 

grew better with 15% diesel concentration comparing other concentrations after 

72 hours. 25% showed the least effectiveness. 10% diesel concentration was 
suitable for growth only up to 48 hours.  

Bacillus spp. showed to grow markedly well with 15% diesel especially until 96 

hours of time. Where Aeromonas spp. and Bacillus spp. grew well with 15% 
diesel, Enterobacter spp. grew profoundly with 20% diesel which was the highest 

amongst all the isolates. Growth was maximum after 96 hours. In a study, it has 

been found that Enterobacter spp. Can produce lipopeptide C3 which can 
efficiently degrade diesel with maximum value of 48% (Jemil et al., 2018). 

Aeromonas hydrophila was also found to be able to degrade diesel by 78% in 21 

days (Kaczorek et al., 2010). Bacillus amyloliquifaciens AN6 was also tested 
psoitive for their potential to degrade diesel (Ayed et al., 2015). 

 

 

  

 
Figure 1 Effects of different concentrations of diesel on the growth of 

Aeromonas spp., Bacillus spp. and Enterobacter spp. 

 
In case of different temperatures (Fig. 2), we can see from the bar chart that, the 

growth of Aeromonas spp. was highest compared to Bacillus spp. and 
Enterobacter spp. for different temperatures (25oC, 30oC, 35oC, 40oC) after 72 

and 96 hours. Growth was low after 120 hours for all temperature conditions. 

From 24 to 48 hours the growth rate was moderate.  
For Bacillus spp. 40oC temperature was best suited only after 96 hours.30oC and 

35oC provided suitable growth conditions during 72 hours. From the beginning to 

48 hours no change in the growth pattern was observable for any of the 
temperatures. 

Enterobacter spp. was found to grow inadequately for 25oC, 30oC, 35oC, 40oC, 

and 45oC (between 0.25 and 0.25 optical density) up to 96 hours which further 
decreased after 120 hours. This result reflects the similarity of other bacteria with 

the degradation capabilities at different teperatures (Ramasamy et al. 2017; 

Palanisamy et al. 2014). 
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Figure 2 Effects of different temperatures on the growth of Aeromonas spp., 

Bacillus spp. and Enterobacter spp. 

 

While studying the effect of different pH (Fig. 3), we found maximum growth of 
Aeromonas spp. from pH 4 to pH 6.After that as pH increased, the growth 

decreased accordingly. For all pH condition, best results were showed only up to 

24 hours. On the other hand, Bacillusspp. was found to increase their growth as 
the pH rises and we have found such results up to pH 10- the highest pH we used 

in this study. All these conditions resulted in better growth (up to pH 8) after 72 

hours with a slight decrease after 48 hours. Finally, we studied Enterobacter spp. 
at different pH and found it grew well with increasing pH (from 7 to pH 10). 

Growth was maximum after 24 hours only. In a study, Bacillus spp.and 

Enterobacter hormaechei were found to degrade diesel at pH 7 
(Sivagamasundari et al., 2017). 

 

 

 

 
Figure 3 Effects of different pH on the growth of Aeromonas spp., Bacillus spp. 

and Enterobacter spp. 

During the study with different inoculum size (Fig. 4), we observed a 
simultaneous increase in growth of Aeromonas spp. starting from 24 hours to 120 

hours of the time period with initial 0.28 OD inoculum. Fluctuated growth has 

been seen for initial inoculum 0.20 OD and 0.15 OD. Bacillus spp. showed 
maximum growth with all three initial inoculums after 48 hours which gradually 

decreased up to 120 hours. In the case of Enterobacter spp., all initial inoculum 

showed increased growth up to 96 hours and then decreased. Growth was highest 
at 96 hours of incubation. Similar study was also done with similar studies 

(Palanisamy et al. 2014). 

 

 

 

 
Figure 4 Effects of different inoculum on the growth of Aeromonas spp., 

Bacillus spp. and Enterobacter spp. 
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CONCLUSION 

 

The present study was conducted to determine the capability of degrading diesel 

oil by Aeromonas spp., Bacillus spp. and Enterobacter spp. isolated from diesel 
contaminated soil. The successful bioremediation depends on various factors 

among which carbon source, temperature, pH, and different inoculum was 

studied. Aeromonas spp. worked maximum with 10% to 15% diesel 
concentration, with environmental temperature 35oC, pH range 4 to 6, and initial 

inoculum 0.15 OD. Bacillus spp. worked maximum with 15% diesel 

concentration, with environmental temperature between 35oC to 40oC, higher pH 
condition (pH 10), and initial inoculum 0.28 OD. Finally, Enterobacter spp. 

worked maximum with 20% diesel concentration, with environmental 

temperature between 40oC to 45oC, higher pH condition (pH 10) and initial 
inoculum 0.20 OD. During practical application, these three bacteria can show 

their best results of diesel oil degradation under the suggested conditions. 

 
Acknowledgments: Authors acknowledge the research groups whose findings 

have been used to write this article. Authors thank Stamford University 

Bangladesh for the logistic and financial supports to conduct the study. 
 

REFERENCES 

 
AHAMED, F., HASIBULLAH, M., FERDOUSE, J. AND ANWAR, M.N. (2010) 

Microbial Degradation of Petroleum Hydrocarbon. Bangladesh Journal of 

Microbiology 27(1): 10-13. https://doi.org/10.3329/bjm.v27i1.9161 

AL-SHARIDAH, A., RICHARDT, A., GOLECKI, J.R., DIERSTEIN, R. AND 

TADROS, M.H. (2000) Isolation and characterization of two Hydrocarbon-degrading 

Bacillus subtilis Strains from oil Contaminated Soil of Kuwait. Microbiological 

Research155 (3): 157-164. https://doi.org/10.1016/S0944-5013(00)80029-4 
AMUND, O.O. (2000) The oil-eating microbes: a remedy to the menace of oil 

pollution. An inaugural lecture delivered at the University of Lagos, Nigeria. 

AYED, H.B., JEMIL, N., MAALEJ, H., BAYOUDH, A., HMIDET, N., NASRI, M. 

(2015) Enhancement of solubilization and biodegradation of diesel oil by biosurfactant 

from Bacillus amyloliquefaciens An6. Int. Biodeteriation and Biodegradation.99, 8-

14. http://dx.doi.org/10.1016%2Fj.ibiod.2014.12.009 

BHUVANESWAR, C., SWATHI, G., BHASKAR, B.V., MUNICHANDRABABU, 

T., RAJENDRA, W. (2012) Effective Synergetic Biodegradation of Diesel Oil by 
Bacteria. International Journal of Environmental Biology 2(4):195- 199, 2012. 

BINSADIQ, A.R.H. (2014) Fungal Biodegradation of Diesel by Ulocladium Atrum. 

Journal of Emerging Trends in Engineering and Applied Sciences 5(5): 318-322. 

CAPPUCCINO, J.G., SHERMAN, N., (1996) Microbiology - A Laboratory Manual. 

The Benjamin/Cummings Publishing Co., Inc., Menlo Park, California. 

CIRIC, L., PHILIP, J.C., WHITELEY, A.S. (2010) Hydrocarbon utilization within a 

diesel-degrading bacterial consortium. FEMS Microbiol Lett.303:116- 122. 

https://doi.org/10.1111/j.1574-6968.2009.01871.x 
DADRASNIA, A. AND AGAMUTHU, P. (2013) Diesel Fuel Degradation from 

Contaminated Soil by Dracaena reflexa using Organic Waste Supplementation. 

Journal of the Japan PetroleumInstitute 56(4):236-243. https://doi.org/10.1627/

jpi.56.236 

DHAR, K., DUTTA, S. AND ANWAR, M.N. (2014) Biodegradation of Petroleum 

Hydrocarbon by Indigenous Fungi isolated from Ship breaking yards of Bangladesh. 

International Research Journal of Biological Sciences3(9):22-30. 
GALLEGO, J.L.R., LOREDO, J., LLAMAS, J.F., VÁZQUEZ, F., SÁNCHEZ, J. 

(2001) Bioremediation of diesel-contaminated soils: evaluation of potential in situ 

techniques by study of bacterial degradation. Biodegradation 12:325–335. 

https://doi.org/10.1023/A:1014397732435 

GANESH, A., LIN, J. (2009) Diesel degradation and biosurfactant production by 

Gram-positive isolates. Afr. J of Biotechnol. 8(21) 5847-5854. 

https://doi.org/10.5897/AJB09.811 

HONG, J.H., KIM, J., CHOI, O.K., CHO, K. AND RYU, H.W. (2004) 
Characterization of a Diesel-degrading Bacterium, Pseudomonasaeruginosa IU5, 

Isolated from Oil Contaminated Soil from Korea. World Journal of Microbiology and 

Biotechnology21(3):381- 384. https://doi.org/10.1007/s11274-004-3630-1 

CHIKERE, C.B., OKPOKWASILI, G.C., CHIKERE, B.O. (2009) Bacterial diversity 

in a tropical crude oil-polluted soil undergoing bioremediation. Afr J Biotech.8(11) 

2535-2540. 

JEMIL, N., HMIDET, N., AYED, H.B., NASRI, M. (2018) Physicochemical 
characterization of Enterobacter clocae C3 lipopeptides and their applications in 

enhancing diesel oil biodegradation. Process Safety and Environ. Protection. 117, 399-

407. http://dx.doi.org/10.1016/j.psep.2018.05.018 

KACZOREK, E., URBANOWICZ, M., OLSZANOWSKI, A. (2010) The influence of 

surfactants on cell surface properties of Aeromonas hydrophila during diesel oil 

biodegradation. Colloid Surf. B 81, 363–368. 

https://doi.org/10.1016/j.colsurfb.2010.07.039 

KAYODE-ISOLA, T.M., ENIOLA, K.I.T., OLAYEMI, A.B., IGUNNUGBEMI, O.O. 

(2008) Response of Resident Bacteria of a Crude Oil-Polluted River to Diesel Oil. 

American- Eurasian J Agro 1(1):06-09. 
KEBRIA, D.Y., KHODADADI, A., GANJIDOUST, H., BADKOUBI, A. AND 

AMOOZEGAR, M.A. (2009) Isolation and Characterization of a Novel Native 

Bacillus Strain Capable of Degrading Diesel Fuel. International Journal of 

Environmental Science and Technology6 (3): 435-442. 

https://doi.org/10.1007/BF03326082 

KINGSTON, P.F. (2007) Long-term environmental impact of oil spills. Spill Sci 

Technol Bull 7:53–61. https://doi.org/10.1016/S1353-2561(02)00051-8 

MIRANDA, R., SOUZA, C.S., GOMES, E.B., LOVAGLIO, R., LOPES, C. AND 
SOUSA, M. (2007) Biodegradation of Diesel Oil by Yeasts Isolated from the Vicinity 

of Suape Port in the State of Pernambuco –Brazil. Brazilian Archives of biology and 

technology50 (1): 147-152. https://doi.org/10.1590/S1516-89132007000100018 

NOOR, R., AHMED, T., MUNSHI, S.K. (2017) State of Bioremediation in 

Bangladesh: Current Concept and Implementation Compared to Global Approaches. 

CLEAN-Soil, Air, Water. 4(1), 1500622. http://dx.doi.org/10.1002/clen.201500622 

OKERENTUGBA, P.O., EZERONYE, O.U. (2003) Petroleum degrading potentials of 

single and mixed microbial cultures isolated from rivers and refinery effluent in 
Nigeria. Afr J Biotech2:288-292. https://doi.org/10.5897/AJB2003.000-1058 

PALANISAMY, N., RAMYA, J., KUMAR, S., VASANTHI, N.S., CHANDRAN, P. 

& KHAN, S. (2014) Diesel Biodegradation Capacities of Indigenous BacterialSpecies 

Isolated from Diesel Contaminated Soil. Journal of Environmental Health Science & 

Engineering 12(142): 1-8. https://doi.org/10.1186/s40201-014-0142-2 

PARALES R.E., BRUCE, C.N., SCHMID, A., WACKETT, L.P. (2002) 

Biodegradation, biotransformation, and biocatalysis (B3). Appl Environ Microbiol 
68(10):4699-4709.https://doi.org/10.1128/AEM.68.10.4699-4709.2002. 

PATIL, T.D., PAWAR, S., KAMBLE, P.N., THAKARE, S.V. (2012) Bioremediation 

of Complex Hydrocarbons using Microbial Consortium Isolated from Diesel Oil 

Polluted Soil.  Der Chemica Sinica 3(4):953-958, 2012. 

RAMASAMY, S., ARUMUGAM, A. & CHANDRAN, P. (2017) Optimizationof 

Enterobacter cloacae (KU923381) for Diesel Oil Degradation using Response Surface 

Methodology (RSM). Journal of Microbiology 55(2):104-111. 

http://dx.doi.org/10.1007/s12275-017-6265-2 
SAADOUN, I. (2002) Isolation and Characterization of Bacteria from Crude 

Petroleum Oil Contaminated Soil and their Potential to Degrade Diesel Fuel. Journal 

of Basic Microbiology42 (5):422–430. https://doi.org/10.1002/1521-

4028(200212)42:6<420::AID-JOBM420>3.0 

SCULLION, J. (2006) Remediating polluted soils. Naturwissenschaften 93: 51-65. 

https://doi.org/10.1007/s00114-005-0079-5 

SINGH, C., AND LIN, J. (2008) Isolation and Characterization of Diesel Oil 
Degrading Indigenous Microorganisms in Kwazulu-Natal, South Africa. African 

Journal of Biotechnology7(12): 1927-1932. https://doi.org/10.5897/AJB07.728. 

SIVAGAMASUNDARI, T. & KUMAR, N. J. . (2017). Optimization of Diesel oil 

degrading Bacterial strains at various culture parameters. International Journal of 

Research and Development in Pharmacy & Life Sciences, 6(6), 2840 - 2844. 

https://doi.org/10.21276/IJRDPL.2278-0238.2017.6(6).2840-2844 

UENO, A., ITO, Y., YUMOTO, I. AND OKUYAMA, H. (2007) Isolation and 

Characterization of Bacteria from Soil contaminated with Diesel Oil and the Possible 
use of these in Autochthonous Bioaugmentation. World Journal of Microbiology and 

Biotechnology 23(2): 1739–1745. https://doi.org/10.1007/s11274-007-9423-6 

UK HPA (2006) Compendium of Chemical Hazards: Diesel. Health Protection Agency 

HPA Prepared by: Robert P Chilcott Chemical Hazards and Poisons Division (HQ), 

Chilton, Didcot, Oxfordshire, OX110RQ, United Kingdom. 

USHA, P., RAMA, BHAT, P., PRAJNA, P.S., SHETTY, S., JAYADEV, K. AND 

JENITTA, E. (2015) Degradation of Petroleum by Microorganisms Isolated from Oil 

Contaminated with Petrol and its Byproducts. International Journal of emerging 
engineering applications and bio-sciences2(1): 66-81. 

WACKETT, L.P., HERSHBERGER, L.C.D. (2001) Biocatalysis and biodegradation: 

Microbial transformation of organic compounds. Washington: ASM Press. 2001. 

https://doi.org/10.3329/bjm.v27i1.9161
https://doi.org/10.1016/S0944-5013(00)80029-4
http://dx.doi.org/10.1016%2Fj.ibiod.2014.12.009
https://doi.org/10.1111/j.1574-6968.2009.01871.x
https://doi.org/10.1627/​jpi.56.236
https://doi.org/10.1627/​jpi.56.236
https://doi.org/10.1023/A:1014397732435
https://doi.org/10.5897/AJB09.811
https://doi.org/10.1007/s11274-004-3630-1
http://dx.doi.org/10.1016/j.psep.2018.05.018
https://doi.org/10.1016/j.colsurfb.2010.07.039
https://doi.org/10.1007/BF03326082
https://doi.org/10.1016/S1353-2561(02)00051-8
https://doi.org/10.1590/S1516-89132007000100018
http://dx.doi.org/10.1002/clen.201500622
https://doi.org/10.5897/AJB2003.000-1058
https://doi.org/10.1186/s40201-​014-0142-2
https://doi.org/10.1128/AEM.68.10.​4699-4709.2002
http://dx.doi.org/10.1007/s12275-017-6265-2
https://doi.org/10.1002/1521-4028(200212)42:6%3c420::AID-JOBM420%3e3.0
https://doi.org/10.1002/1521-4028(200212)42:6%3c420::AID-JOBM420%3e3.0
https://doi.org/10.1007/s00114-005-0079-5
https://doi.org/10.5897/AJB07.728
https://doi.org/10.21276/IJRDPL.2278-0238.2017.6(6).2840-2844
https://doi.org/10.1007/s11274-​007-9423-6

