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ABSTRACT

Decolorization study of reactive dye Orange M2Rday fungal strains, Aspergillus flavus, A. nigér, oryzae, A.
terrus and their consortia were carried out usinga@ek Dox broth containing 200mg/l of Orange M2k &ffects
of physiochemical parameters (carbon source, teatpes, pH, shaking vs static) on the decolorizagmtential of
Aspergilli and their consortia was investigated eTlngal consortia have maximum decolorization 382.63%)
with sucrose as carbon source followed by gluc8808+1.02%), A. niger decolorized maximally (8 H3B5%)
in sucrose containing medium. It was found thatksigafavored the dye decolorization effectivendsallaested
aspergilli as well as their consortia. The effeétimtial pH was also tested and found that highdstolorization
showed by fungal consortia (91.8440.91%) at an htleapH 8, but A. flavus showed maximum decoldonat
(83.3640.63%) at acidic pH 5 and A. niger (80.1089%) at pH 6. Effect of incubation temperature head
significant role in the degradation of dye; fungadnsortia (93.6140.79%) showed maximum decolormatat
35°C; A. niger and A. oryzae showed optimum deczdton at 30°C. The study confirmed the potenpiathe
above fungi and their consortia in the decolorieatiof Orange M2R and opened up scope for futurdyaizaof
their performance in the treatment of textile effiti
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INTRODUCTION

Environmental pollution from human activities isvejor challenge for the present world [1]. Textib®smetics,
pharmaceuticals and dying industry effluents ctutgtia major source of water pollution. Dyes oiirtheeakdown
products are known to be highly toxic and carcimagdor living organisms [2]. The wastewater gemedafrom

textile industries vary in their characteristicpeeds on the process employed such as desiringisgpbleaching,
mercerizing, dyeing, printing and finishing [3, Zhe concentration of dye contained in the effluearies between
10-200 mg/ml depending on the dyeing process apel ¢f treatment method employed. Many dyes and @idsn
are hazardous and toxic for human as well as foatagjlife in the concentration at which they aeénly discharged
to receiving water bodies [5]. The high concentratf dyes leads to ulceration of the skin and maaoembrane,
dermatitis, perforation of nasal septum, seveiitafion of respiratory tract and on ingestion mayige vomiting,
hemorrhage and diarrhea [6]. Dyes used in thel¢extidustry are difficult to remove by conventiomaéthods that
are recalcitrant against light, oxidizing agentd &iodegradation processes [7, 8]. The slow ratéesbmposition
of dyes present in wastewater desperately needeel treatment methods to accelerate the proces$0[9,The

methods employed for alleviating the environmeptalblems caused by the textile dye effluent inclptigsical,
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chemical and biological treatment processes. Thgsipt-chemical methods include adsorption, chemical
precipitation, flocculation, oxidation via chloringeroxide, electrolysis and ozone treatment, réalicand
electrochemical destruction, have been used to teatile effluents, but these methods have masgdiiantages
and limitations [11]. Biological methods of removiaVolve the use of microorganisms such as fungitdria, algae
and actinomycetes [12] to convert the pollutants mon-toxic harmless substances. Biological preegsonvert
organic compounds to water and carbon dioxide j4}je a low cost, sustainable and are easy to ugeolihl
metabolism and degradation of dyes depend upodlithatic condition, presence or absence of oxygeesence of
alternate carbon or energy source, optimum pH engbérature etc. Therefore, the present study airims/estigate
the effect of physiochemical parameters on decdtion potential of fouAspergillusspecies for a reactive dye,
Orange M2R.

MATERIALSAND METHODS

Four fungal strains used in this stuligpergillus flavusA. niger, A. terrusandA. oryzaewere recovered from dye
disposal soil reported in earlier papers [13, Hére, the decolorization potential was evaluatediresy a dye
Orange M2R. The textile dye used for this study whtined from M/s Sheena Export and Textiles, [Fani
(Haryana, INDIA). The chemical structure of the dyeshown in Fig. 1. Czapek Dox media constituami other
chemicals used were of analytical grade and puechdsom Hi-media (Mumbai). The following chemical
composition of the Czapek Dox broth was used (ad/l) [K,.HPQ,, 1.0; NaNQ, 3.0; KCI, 0.5; MgSQ@7H,0, 0.5;
FeSQ.7H,0, 0.01; Yeast extract 5.0; Sucrose 5.0].
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Figure 1. Chemical structure of Orange M 2R [15]

The decolorization study was carried out in theeagis medium (100ml) with dye (200mg/l); subseqyentl
inoculated with eaclAspergillus strain biomass (8mm disc) and in one set a cdaosor{8mm disc of testing
aspergilli biomass), separately. The cultures vgeosvn for 10 days in an incubator shaker at 25+29@ 120 rpm.
Samples were withdrawn aseptically on alternates degntrifuged at 5000 rpm for 10 min and the sug@nt was
scanned in spectrophotometernaty(494nm) of the dye. Two control flasks were alsantaénedviz., one flask
contained medium without dye and second flask doeth medium with dye and no fungal biomass. Dye
degradation was reported as percent decolorizatidrexpressed as [16]:

o Initial O. D. — Final O. D.
Decolorization (%) = 6l O.D X 100

To investigate the effect of various physiochemigatameters such as different carbon sources @icghucose

and fructose), pH (5-9), temperature (20-40°C) aheking/static condition same protocol was usededEfof
shaking was studied by incubating the culture Bask25+2°C in an incubator shaker with an agitasipeed of 120
rpm. Experiments were performed in duplicates anel tesults were expressed as the meantSD (standard
deviation).
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RESULTSAND DISCUSSION

Dye decolorization by fungi in aqueous medium hesrnbwidely employed to identify the ligninolyticteatial and

potential degradation of xenobiotic compounds bsgidiamycetes [17]. The time required by fungal aotia and

pure culture to decolorize the synthetic dye wasilar to that reported for other basidiomycetesd@0 days) as
shown in Fig. 2. The decolorization efficiency ahfji can be due to the presence of chitin with bydrand amino
groups in their cell wall, which make them an eéfit adsorbent of dye effluent [8]. Differencedliwe capacity of
dye decolorization between fungi have been relatedter and intraspecific variations, the molecdamplexity of

the dye and culture conditions [19, 20, 21]. Theref some parameters that influence the decol@izatf dyes

were studied using this dye with pure and a mixdtice.
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Figure 2: Decolorization kinetics of Orange M 2R by fungi

Effect of shaking/static on dye degradation

Shaking favored the decolorization of Orange M2Ry.(B), with (89.351+0.63%) decolorization being simoby
fungal consortium, whereas. flavusandA. nigerdegraded the dye about 60-70% in static culturer aéin days.
Although shaking has been shown to suppress theessipn of the ligninolytic system ifhanerochaete
chrysosporiunf22], this condition generally results in highgreddecolorization than obtained with static culsure
due to an increase in mass and oxygen transfebeaeeen cells and the medium, factors that opérttie action of
oxidative enzymes. Thus, shaking has been foursigtdficantly increase dye decolorization By chrysosporium
Trametes versicoloand BjerkanderaSp. BOS55 [23]. Shaking cultures Bferkandera fumosaKuehneromyces
mutabilis and Strofariarugoso annulatgromoted a higher dye decolorization than statikuces [24]. However,
Phlebia tremellosashows better dye decolorization under static damti [25], but decolorization was only
determined after 14 days of incubation and theegfimonitoring of the decolorization kinetics was possible.

4493
Scholars Research Library



Rohilla SK et al Annals of Biological Research, 2012, 3 (9):4491-4496

100 B Shaking Static

&

% %0 B _I_ I -
2001 IR N [ :
o [N [N | F 5

A.flavus  A.niger A.oryzae A.terrus Fungal
consortia

Figure 3: Effect of shaking/static on degradation of Orange M 2R

Effect of carbon source on dye degradation

Various carbon sourcesz, glucose, fructose and sucrose, at 5g/| were, usedo-substrates to investigate their
effects on dye decolorization after 10 days of bation by pure fungi and their mixed culture. Thgition of
glucose as co-substrate reduced the color (83.08%). by mixed culture where as with fructose the dggraded
(74.90£1.50%) byA. oryzae while the addition of sucrose as an additionaboa source enhanced the rate of dye
decolorization and degraded (89.35+0.63%) by furgmisortia followed byA. niger (81.37+0.35%)A. flavus
(77.47£1.90%) andh. oryzae(72.01+0.99%) as shown in Fig. 4. Even without aalglitional carbon source, a
moderate reduction (43.94+1.06% — 49.66+0.27%hédolor was shown b4. nigerand fungal consortium. It is
notable that when sucrose was used as co-subdfnatdgcolorization rates of mixed culture reachpproximately
90% under similar culture conditions. While compgrour previous study results on Reactive Black RH%y a
pure culture ofAspergillus allhabadiMTCC 9988 degrade maximum in glucose-supplememtedium in shaking
condition [26]. The culture media improve the grbvend the adsorption/degradation ability of fungd an the
presence of additional carbon source, the decaltioiz increased up to 90- 95% in 8-10 days [22, B6fther, the
rate of color removal could be linked with the dadlie co-substrates and with the exponential grgwtase [27,
28].
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Figure 4: Effect of carbon sour ce on degradation of Orange M 2R

Effect of initial pH on dye degradation

The effect of initial pH on the decolorization ofedby pure fungal strains and their consortiumhigven in Fig. 5.
The results revealed thétspergillusspecies were capable of decolorizing this dye @v@aH range of 5.0-9.0
efficiently. The fungal consortia degraded the dgd4.84+0.91%) at an alkaline pH 8, whereds, flavus
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(83.36£0.63%) and\. niger (82.10+0.59%) reduced the color at acidic pH 5 @néspectively. The optimum pH
for color removal is often 4.5 to 11.5 for mostloé dyes and observed decrease in decolorizatieartts both ends
of the optimum pH values [11]. Higher uptake ob¢alrat lower pH value may be due to the electrastdtraction
between positively charged cell surface and dyeremi
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Figureb5: Effect of initial pH on degradation of Orange M2R

Effect of incubation temperature on dye degradation

The incubation temperature had a significant eftecthe dye decolorization ability and maximum degration
(93.61+0.79%) by mixed culture at 35°C; wherédasigerreduced the color (83.94+0.59%) at 30°C as shown i
Fig. 6.A. flavusandA. oryzaeshowed higher degradation at 25°C whereaterrusmoderately decolorized the dye
at 30°C. Remazole Black B decolorizes efficientyyrhix culture at 30°C in an earlier report [29].€Thlleviating
temperature may enhance the production of enzyatdribreases the respiration rate and substratgboletm. The
degradation of pollutant by microorganisms reliesaptimum temperature that favorably supports therahial
activity [30].
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Figure 6: Effect of incubation temper ature on degradation of Orange M2R

In the mixed culture oAspergillus flavus, A. niger, A. terrasdA. oryzaga greater reduction in dye was observed
in the presence of additional carbon source. Dyeldezation was faster in the mixed culture congplatio the pure
culture with approximately 94% color reduction viitHLO days. These results support the importancgtuafies
involving mixed cultures in order to better undarst the possible relationship between differenyeratic systems
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in the degradation of pollutant molecules. The @négesults demonstrated differences between feperagilli
grown in pure or mixed cultures in terms of thdiility to degrade reactive textile dye. The excalperformance
of fungal consortia ané. nigerin the decolorization of dye Orange M2R reinforties potential of these fungi for
environmental decontamination to attain greeneirenment.

Acknowledgements

The authors are thankful to the Chairperson, Depant of Biotechnology, Ch. Devi Lal University, §ar for
providing necessary laboratory facilities to cavyt the present research work. The authors arelasdkful to M/s
Sheena Export and Textile, Panipat (Haryana) foviging the dye.

REFERENCES

[1] KP Srivastava, VK SinglResearch Journal Recent 2012, 1 (4): 9-13.

[2] MS Khehra, HS Saini, DK Sharma, BS Chadha, SS Ghibyes and Pigment2006, 70: 1-7.

[3] N Daneshvar, M Ayazloo, AR Khataee, M PourhasBamresource TechnpP007, 98: 1176-1182.

[4]1 M Ponraj, K Gokila, Z Vasudetnternational J Adv Biotechnol Re2011, 2 (1): 168-177.

[5] TH Kim, Y Lee, J Yang, B Lee, C Park, S Kibesalination 2004, 168: 287-293.

[6] A Mittal, L Kurup, VK Gupta,J HazardMater,2005, 117: 171-178.

[7]11 Nilsson, A Moller, B Mattiasson, MST Rubindamayud WelanderEnzyme Microbial Technak005, 38: 94-
100.

[8] N Manikandan, S Surumbar Kuzhali, R KumuthakalayalMicrobiol Biotech Re012, 2 (1): 57-62

[9] PC Vandevivere, R Bianchi, W VerstraeleChem Technol Biotech998, 72: 289-302.

[L0]PGN Kumar, SK BhatSCA J Bio S¢i2012, 1 (2): 17-24.

[L1]KC Chen, JY Wu, DJ Liou, SCJ HwanpBiotechnal2003,101: 57-68.

[12]K Perumal, RB Malleswari, A Catherin, TAS MoortllyMicrobiol Biotech Re2012, 2 (3): 475-480.
[13]RK Salar, J Kumar, S Kumargerrest Aqua Environ Toxicd2012, 6 (2): 96-99.

[14]SK Rohilla, P Sadh, S Gahlawat, In: S Sharma, GsPRs Singh, S Kaur, P Nagpal (Ed.}! #ational
Conference on Recent Advances in Engineering Tdogpoand Environmental Issues, 22-24 Febru@gi2
Sirsa,India (Choice, Sirsa 2012) 352-356.

[15] http://www.chemicalbook.com/ChemicalProductPropey  CB8293284.htm.

[16]C Yatome, S Yamada, T Ogawa, M Mats\pp Microbiol Biotechngl1993, 38: 565-569.

[17]V Shah, F NerudCanadian J Microbigl2002, 48: 857-870.

[18] C Novotny, B Rawal, M Bhatt, P Milind, V Sasek, i®litoris, J Biotechngl2001, 89: 113-122.

[19]KMG Machado, LCA Compart, RO Morais, LH Rosa, MH&ss,Brazilian J Microbiol 2006, 37: 481-487.
[20]M Ramaya, S Anusha, S Kalavathy, DevilaksmiBican J Biotechnql2007, 6 (12): 1441-1445.

[21] TK Kirk, E Schultz, WJ Connors, LF Lorenz, JG Zek#rch Microbiol, 1978, 117: 277-285.

[22]J Swamy, JA Ramsafnzyme Microbial Technol999, 24: 130-137.

[23]JA Wilkolazka, J Kochmanska-rdest, E Malarczyk, Veidas, A LeonowicZnzyme Microbial TechnaR002,
30: 566-572.

[24]N Kirby, R Marchant, G McMullaniFEMS Microbiol Lett2000, 188: 93-96.

[25]SK Rohilla, RK Salar, J Kumad, Bioremed Biodegra®012, 3 (6): 153-157.

[26]W Sugiura, T Miyashita, T Yokoyama, M ArdiBiosci Bioeng1999, 88: 577-581.

[27] S Sumathi, BS ManjlEnzyme Microbial Techna?000, 27 (6): 347-355.

[28]N Ali, LG Ikramullah, AHameed, S AhmetlVorld JMicrobiol Biotechnol,2008, 24: 1099-1105.

[29]R Leena, RD Selvafrican J Biotechngl2008, 7: 3309-3313.

[30]MM Sahasrabudhe, GR Pathadech App Sci Re2011, 3: 403-414.

4496
Scholars Research Library



