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Abstract: The textile industry generates half of the industrial pollution 

flows, these effluents can be very colorful and difficult to treat. The 

treatment of these effluents has become a priority in the world, the 

development of methods and the optimization of existing processes, are 

the subject of a large number of works. 

   In the present work the methylene blue was degraded by two 

bacterial strains BP1 and BP2 isolated from the peel of red beet, 

identified as Acinetobacter Johnson II BP1 and BP2 as Bacillus 

weihenstephanensis. The effect of the initial concentration, pH, 

temperature, and addition of the carbon source and nitrogen source 

on the biodegradation of the dye was determined. 
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I. Introduction  

 

   Synthetic dyes are used in several industries such 

as the pharmaceutical, cosmetic, textile and leather 

industries[1]. The effluents from the textile industry 

are the most polluting because of the volume and his 

composition  [2], these effluents have a wide variety 

of dyes and high stability to light, to temperature and 

to microbial attack [3] almost 15% of the dyes used 

in textile industry are released into the 

environment[4, 5]. According to the report published 

in 2002 by RAC / CP, Algeria has 39 companies in 

the textile sector, and consumes 40.12 tons of dyes 

and pigments per year and a quantity of water 

exceeding 4.8 t / year. This generates voluminous 

and charged rejects. However, 70% of these 

industries release their effluents into the 

environment [6] . That cause serious problems of 

water pollution (surface waters and groundwater) in 

addition some synthetic dyes are carcinogenic or 

mutagenic [7] , Methylene blue (MB) is widely used 

dyes, he have been reported for his negative impact 

on living cells and organisms. The oral median lethal 

dose (LD50) of methylene blue in rats has been 

estimated as 1180 [8]. It was also found that at low 

and moderate doses of MB arterial blood pressure 

increased, where as at high doses it will worsen 

systemic hypotension, mycocardardial depression 

and hypertension after endotoxemia [9].  

   

   To avoid the dangers accumulated by dyes in the 

environment, several techniques are used to 

eliminate them such as coagulation flocculation, [10, 

11], reverse osmosis[12], oxidation or chemical 

reduction[13-16] photocatalytic degradation[17-20]. 

   The physico-chemical methods are expensive and 

complicated processes that are why we need to 

develop economical and efficient methods for the 

total elimination of dyes in effluents such as 

biological treatment. Biological treatment is an 

economical treatment that offers a better alternative 

to the analysis and control of the environment[21].     

    In recent years, several studies have focused to the 

degradation of dyes by microorganisms such as 

bacteria, fungi and algae. The use of bacteria for the 

elimination of synthetic dyes offers considerable 

advantages, the process is relatively inexpensive, 

running costs are low and the end products of the 

complete mineralization are not toxic[22]. 
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   There are several bacteria that have the ability to 

absorb or degrade dyes [23-25], these bacteria can be 

isolated from soil, water and from food. 

   The objective of this work is to isolate and identify 

bacterial strains with a strong ability to degrade 

methylene blue from waste of red beet. 

 

II. Materials and Methods : 

II .1. Microorganisms and the culture medium: 

 

   The bacterial strains used in this study were 

isolated from the peel of red beet cultivated in the 

region of Boumerdes in Algeria by the serial dilution 

method [26] . A 5 g sample of the peel of beet was 

suspended in 100 ml of physiological saline (water + 

NaCl at 0.85%). 1 ml of the suspension obtained was 

serially diluted in distilled water (10 times). A 

volume of 0.1 ml of the diluted suspension was 

spread onto nutrient agar plates added with 

methylene blue and incubated at 30 ° C for 24 h.  

   The selected isolate was identified by Maldi-Tof 

mass spectrometry bruker biotyper (Matrix Assisted 

Laser Desorption Ionisation - Time of Flight) by 

analysis of their ribosomal and membrane proteins. 

  

   The bacteria able of degrading methylene blue MB 

was cultivated in a nutrient broth consisting of water, 

peptone, yeast extract, meat extract and NaCl during 

24h at a temperature of 37 ° C.  

 

 II .2 .The Dye 

 

   The dye used in this study is a cationic dye which 

is methylene blue C.I (52015) The Methylene Blue  

was obtained from panreac Ltd. 

Table 1: properties and characteristics of the 

MB[27] 

 

The chemical structure of methylene blue is 

represented in the Figure 1 

 
 

Figure 1: Structure of Methylene Blue 

 

 II.3. Degradation of the methylene blue 

 

   About 0.1 ml of bacterial culture was inoculated in 

test tube containing 20 ml nutrient broth media and 

incubated at 37 °C for 24 h; the precultures obtained 

are added to 200 ml of methylene blue at different 

concentrations in 250 ml Erlenmeyer flasks. 

   The degradation of dye was ascertained by 

measuring the absorbance of culture taken at 

different time intervals at the wavelength of MB 

(664 nm) using the shimadzu spectrophotometer 

UV-1800. 

   The percentage of elimination is calculated by the 

following equation Eq. (1)[28]: 

 

% of elimination =
initial OD − final OD

initial OD
× 100 

 

III.Results and Discussion 

 

III.1. Isolation and identification of bacteria 

   The dilution suspensions method yielded a large 

number of isolates with nutrient agar supplemented 

with methylene blue, the follow-up of the 

decolorization of the medium by the bacterial 

strains isolated from the peel of the red beet during 

24h has allowed to choose two strains BP1 and BP2. 

   The identification of these bacteria by Maldi-Tof 

mass spectrometry identified BP1 as coccobacilli , 

non-sporulating gram-negative bacteria 

Acinetobacter Johnson II and BP2 as rod-shaped 

bacillus Gram-positive, sporulating bacteria, 

Bacillus weihenstephanensis. 

 

 III.2. Influence of the initial concentration on the 

degradation of the methylene blue  

 

   The results obtained are presented in Figures 2 and 

3, they showed that the two strains have a great 

ability to degrade MB, which is a hardly 

biodegradable dye, the BP2 bacterium have better 

results than the bacterium BP1 (90% of elimination 

for the concentration of 5 mg / l during 50h of 

incubation by the bacterium BP2 compared to 80% 

of elimination by the bacterium BP1). 

   The results showed that more the initial 

concentration of the MB increases the percentage of 

elimination decreases , 80% and 90% of elimination 

Generic name 

 

Methylene blue 

 

Chemical name 

 

3,7-bis(Dimethylamino)-

phenazathionium chloride 

tetramethylthionine chloride 

Chemical formula 

 

C16H18ClN3S·3H2O 

Molecular weight  

(g / mol) 

 

373.90  

Molecular volume 

(cm3 / mol) 

 

241.9 

λ max (nm) 

 

668 

795 
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by BP1and BP2 respectively for an initial MB 

concentration of 5 mg / l and by against there is  60% 

by BP1 and 70% by PB2 for an initial concentration 

of 100 mg / l. these results are similar to those found 

by Shah 2012[29], BANDARY and al 2016[30] and 

by Kilany 2017[31],  after this results it can be said 

that the concentration of the dye affect the microbial 

activity by a combination of factors including the 

toxicity of the dye at high concentrations (the 

antiseptic effect of MB)[29]  

  

 
 

 

Figure 2: The rate of degradation of the methylene 

blue as a function of the time and the initial 

concentration of the dye by the 

bacterium Acinetobacter Johnson II. 

 

 
 

 

Figure 3: The rate of degradation of the methylene 

blue as a function of the time and the initial 

concentration of the dye by the bacterium Bacillus 

weihenstephanensis. 

 

III.3. Influence of PH on the degradation of 

the methylene blue: 

Figures 5 and 6 show the degradation of 

methylene blue by the bacteria Acinetobacter 

Johnson II BP1 and Bacillus weihenstephanensis 

BP2 as a function of time and the pH , these results 

show that the rate of degradation is higher at a pH of 

7 (50.5%) for the bacterium BP1, the same finding is 

obtained by BANDARY et al 2016[30] unlike 

Kilany 2017[31]  which obtained a better elimination 

at a pH of 5, for against for the bacterium BP2 the 

degradation is much better in the high pH for 

example for a pH 9 it was an elimination of 59.54%. 

The rate of elimination  was higher at only optimum 

pH but tends to decrease rapidly at strongly acid or 

strongly alkaline pH,This results may explained by 

the fact that at low pH, protons in solution compete 

with the cationic dye for the binding sites on the 

surface of bacteria. At higher pH, hydroxyl groups in 

solution complex with cationic dye preventing their 

adsorption by microbial sorbents [31]. 

 

 
 

 

Figure 4: The rate of degradation of the methylene 

blue as a function of time and the pH by the 

bacterium BP1. 

 

 

Figure 5: The rate of degradation of the methylene 

blue as a function of time and the pH by the 

bacterium BP2. 

 

III.4. Influence of the temperature on the 

degradation of the methylene blue: 
   Microbial decolorization process is directly 

influenced by temperature because different groups 

of microorganisms need a defined range of 

temperature to perform their activity efficiently. 
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   The results presented in figures 6 and 7 show that 

the degradation rate is much better at a temperature 

of 37 ° C in both cases for the bacterium BP1 (the 

percentage of elimination is 59% during 5 hours of 

incubation) as well as for the bacterium BP2 (a 

removal rate is 67% during 5 hours of incubation), 

the further away from 37 ° C the elimination rate 

decreases , The same finding is obtained by Tripathi 

and al 2011[22]; Shah 2012[29] and BANDARY et 

al 2016[30] , by contrast Kilany 2017[31] achieved 

the best degradation at a temperature of 30 ° C. 

   The degradation rate decreases at a higher 

temperature and this result must be due to the loss of 

cell viability or to the denaturation of the enzyme azo 

reductase [32]. At low temperatures the elimination 

rate is low because the growth rate, the biomass yield 

and the reaction mechanism require an optimum 

temperature for maximum efficiency [33]. 

 

 
 

Figure 6: The rate of degradation of the methylene 

blue as a function of time and temperature by the 

bacterium Acinetobacter Johnson II. 

 

 
 

Figure 7: The rate of degradation of the methylene 

blue as a function of time and temperature by the 

bacterium Bacillus weihenstephanensis. 

 

 

 

 

III.5. Influence of carbon source and source of 

nitrogen on the degradation of the methylene 

blue  

   The addition of a source of carbon and nitrogen in 

the medium has a negative effect on the degradation 

of the dye, for the two bacteria (Figures 8 and 9), a 

degradation of 48% was obtained in the presence of 

carbon source and 53% in the presence of a nitrogen 

source in 28 hours of incubation compared to 71% 

without the addition of the latter for the bacterium 

BP2 and a degradation of 19% in the presence of 

carbon source, 41% in the presence of nitrogen for 

the bacterium BP1 on the other hand there is a 

degradation of 75% of degradation without the 

addition of a source of carbon and nitrogen. From its 

results, it can be said that the two bacteria degrade 

methylene blue by taking more carbon than nitrogen. 

 

 
 

 

Figure 8: The degradation of methylene 

blue by Acinetobacter Johnson II as a function of 

time and the source of carbon and nitrogen. 

 

 
 

 

Figure 9: The degradation of methylene 

blue by Bacillus weihenstephanensis in function of 

the time and the source of carbon and nitrogen. 
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IV.Conclusion 

 

   The present work is a contribution to the study of 

the degradation of methylene blue by bacterial 

strains isolated from the peel of red beet; the two 

selected bacteria were identified as Acinetobacter 

Johnson II BP1, Bacillus weihenstephanensis BP2. 

   The degradation of the dye is affected by several 

parameters such as the initial concentration, the pH, 

the temperature and the addition of the carbon source 

and the nitrogen source. 

   The elimination rate of the dye decreases with the 

increase of the concentration as well it decreases 

with the addition of glucose and nitrogen in the 

medium. 

   The best biodegradation is obtained for a 

methylene blue concentration of 5 mg / l at a pH of 

7 and a temperature of 37 °C by bacillus 

weihenstephanensis. 

 
V. References   
 

1.  Mayer, U. Biodegradation of synthetic organic 

colorants, in Microbial Degradation of Xenobiotic and 

Recalcitrant Compounds. The Federation of European 

Materials Societies (FEMS) Symposium  Academic 

Press, London. 12 (1981) 371-385. 

2. Yadav, A.K.; Jena, S.; Acharya, B.C.; Mishra, B.K. 

Removal of azo dye in innovative constructed 

wetlands: Influence of iron scrap and sulfate reducing 

bacterial enrichment. Ecological Engineering 49 

(2012) 53-58. 

3. Modi, H.A.; Rajput, G.; Ambasana, C. Decolorization 

of water soluble azo dyes by bacterial cultures, isolated 

from dye house effluent. Bioresource Technology 101 

(2010) 6580-6583. 

4. Tan, N.C.G. ;J. Field. Biodegradation of sulfonated 

aromatic compounds. Biodegradation springer 16 

(2005): 527–537. 

5. Khehra, M.S.; Saini, H.S.; Sharma, D.K.; Chadha 

B.S.; Chimni, S.S. Comparative studies on potential of 

consortium and constituent pure bacterial isolates to 

decolorize azo dyes. Water Research 39 (2005) 5135-

5141. 

6. Centre d’activités régionales pour la production propre 

(CAR/PC). Prévention de la pollution dans l’industrie 

textile dans la région méditerranéenne. Plan d’Action 

pour la Méditerranée (2002) 29,30. 

7. Spadaro, J.; Gold, M.; Renganathan, V. Degradation 

of Azo Dyes by the Lignin-degrading Fungus 

Phanerochaete chrysosporium. Applied and 

Environmental Microbiology 58 (1992) 2397-401. 

8. Seif, C. F.J.M.P., Osmonov, D. K.; Böhler,G.; Horst, 

C. J.; Leissner, R.H.; Juenemann, K. P.; Braun, P. M. 

Methylene blue staining for nerve-sparing operative 

procedures: An animal model. Urology 63 (2004) 

1205-1208. 

9. Zhang, H. P.R.; Preiser, J. C.; Spapen, H.; Manikis, P.; 

Metz, G.; Vincent, J. L. “Effects of methylene blue on 

oxygen availability and regional blood flow during 

endotoxic shock,”. Critical Care Medicine  10 (1995) 

1711-1721 

10. Kang, S.F.; Chang, H. M. Coagulation of textile 

secondary effluents with Fenton's reagent. Water 

Science and Technology 36 (1997) 215-222. 

11. Al-Degs, Y.; Khraisheh, M.A.M.; Allen, S.J.; Ahmad 

M.N. Effect of carbon surface chemistry on the 

removal of reactive dyes from textile effluent. Water 

Research 34 (2000) 927-935. 

12. Xu, Y.;Lebrun, R.E. Modélisation de 

nanofiltration/osmose inverse en tenant compte du 

facteur de séparations minimale et maximale. The 

Canadian Journal of Chemical Engineering 77 (1999) 

503-507. 

13. Deng, N.; Luo, F.; Wu, F.; Xiao, M.; Wu, X. 

Discoloration of aqueous reactive dye solutions in the 

UV/Fe0 system. Water Research 34 (2000) 2408-

2411. 

14. Liu, R .; Tang, H. Oxidative decolorization of direct 

light red F3B dye at natural manganese mineral 

surface. Water Research 34 (2000) 4029-4035. 

15. Malik, P.K .; Saha, S.K. Oxidation of direct dyes with 

hydrogen peroxide using ferrous ion as catalyst. 

Separation and Purification Technology 31 (2003) 

241-250. 

16. Cheng, L.; Wei, M.; Huang, L.; Pan, F.; Xia, D.; Li, 

X.; Xu A. Efficient H2O2 Oxidation of Organic Dyes 

Catalyzed by Simple Copper(II) Ions in Bicarbonate 

Aqueous Solution. Industrial & Engineering 

Chemistry Research 53 (2014) 3478-3485. 

17. Tanaka, K.; Padermpole, K.; Hisanaga, T. 

Photocatalytic degradation of commercial azo dyes. 

Water Research 34 (2000) 327-333. 

18. Chun, H.; Yizhong, W.; Hongxiao, T. Preparation and 

characterization of surface bond-conjugated 

TiO2/SiO2 and photocatalysis for azo dyes. Applied 

Catalysis B: Environmental 30 (2001) 277-285. 

19. Zayani, G.; Bousselmi, L.; Mhenni, F.; Ghrabi, A. 

Solar photocatalytic degradation of commercial textile 

azo dyes: Performance of pilot plant scale thin film 

fixed-bed reactor. Desalination 246 (2009) 344-352. 

20. Devarahosahalli Veeranna, K.; Theeta Lakshamaiah 

M.; Thimmasandra Narayan, R. Photocatalytic 

Degradation of Indigo Carmine Dye Using Calcium 

Oxide. International Journal of Photochemistry 2014 

(2014) 1-6. 

21. Banat, I.M.; Nigam, P.; Singh, D.; Marchant, R. 

Microbial decolorization of textile-dyecontaining 

effluents: A review. Bioresource Technology 58 

(1996) 217-227. 

22. Tripathi, A .; Srivastava, S. K.Ecofriendly Treatment 

of Azo Dyes: Biodecolorization using Bacterial 

Strains. International Journal of Bioscience, 

Biochemistry and Bioinformatics. 1 (2011) 37-40. 

23. Hosseini Koupaie, E.; Alavi Moghaddam, M.R.; 

Hashemi, S.H. Evaluation of integrated 

anaerobic/aerobic fixed-bed sequencing batch biofilm 

reactor for decolorization and biodegradation of azo 

dye Acid Red 18: Comparison of using two types of 

packing media. Bioresource Technology 127 (2013) 

415-421. 

798 



 N. Abai et al 

 

Copyright © 2018, Algerian Journal of Environmental Science and Technology, All rights reserved 

 

24. Tuttolomondo, M.V.; Alvarez, G.S.; Desimone, M.F.; 

Diaz, L.E. Removal of azo dyes from water by sol–gel 

immobilized Pseudomonas sp. Journal of 

Environmental Chemical Engineering 2 (2014) 131-

136. 

25. Vatandoostarani, S.; Bagheri Lotfabad, T.; 

Heidarinasab, A.; Yaghmaei, S. Degradation of azo 

dye methyl red by Saccharomyces cerevisiae ATCC 

9763. International Biodeterioration & 

Biodegradation 125 (2017) 62-72. 

26. Brown, A. E.; Smith, H. Microbiological applications-

laboratory manual in general microbiology. Bensons. 

International and N.Y. edition, 13 (2002)  

27. Pavan, F.A.; Mazzocato, A.C.; Gushikem, Y. Removal 

of methylene blue dye from aqueous solutions by 

adsorption using yellow passion fruit peel as 

adsorbent. Bioresource Technology 99 (2008) 3162-

3165. 

28. Parshetti, G.K.; Kalme, S.D.; Saratale, G.; Govindwar, 

S. Biodegradation of malachite green by Kocuria rosea 

MTCC 1532. Acta Chemica Slovenica 53( 2006) 492-

498. 

 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

29. Shah, P. M. Microbial degradation of Textile Dye 

(Remazol Black B) by Bacillus spp. ETL-2012. 

Journal of Bioremediation & Biodegradation 04 

(2012)  

30. Bandary, B.; Hussain. Z.; Kumar, R. Effect of carbon 

and nitrogen sources on Escherichia coli bacteria in 

removing dyes. Materials Today: Proceedings 3 

(2016) 4023-4028. 

31. Kilany, M. Isolation, screening and molecular 

identification of novel bacterial strain removing 

methylene blue from water solutions. Applied Water 

Science 7 (2017) 4091-4098. 

32. Saratale, R.G.; Saratale, G.D.; Chang, J.S.; 

Govindwar, S.P. Bacterial decolorization and 

degradation of azo dyes: A review. Journal of the 

Taiwan Institute of Chemical Engineers 42 (2011) 

138-157. 

33. Saratale, R.G.; Saratale, G.D.; Chang J.S.; Govindwar, 

S.P.. Decolorization and biodegradation of reactive 

dyes and dye wastewater by a developed bacterial 

consortium. Biodegradation 21 (2010) 999-1015. 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

Please cite this Article as:  
Abai N., Abed F., Babakhouya N.,  Benrachdi K., The degradation of methylene blue by bacterial 

strains isolated from the peel of Red Beet , Algerian J. Env. Sc. Technology, 4:3 (2018) 794-799 

799 

https://trove.nla.gov.au/people/Brown%2C%20Alfred%20E.%2C%20(Emeritus%20professor%20of%20microbiology)?q=creator%3A%22Brown%2C+Alfred+E.%2C+%28Emeritus+professor+of+microbiology%29%22

