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ABSTRACT
In the present study, the potential of Bacilluhidiniformis MTCC 429 to decolourize reactive blge
dye used in textile industry was evaluated. Théuente of different incubation time, p
temperature, inoculum concentration and carbon sesmwas studied to find the optimum conditi
required for maximum decolourization of reactivaiebldye using B. licheniformis MTCC 4

compared to other carbon sources tested. The Waktes such as sapota and apple peel w
extracts were tested as substrate for the growthdye decolourization ability of the bacteria. T
sapota peel waste extracts served as better subsivhich exhibited 91% decolourization abili
when compared to apple waste. The results of tlesgmt study evidenced the potential of
licheniformis MTCC 429 to be used in the biologitadatment of textile effluents containi
recalcitrant textile dyes.
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INTRODUCTION
According to a recent survey, nearly 10,000 dyesusmed in the textile industry and most of them are
recalcitrant in nature These dyes after processing are discharged a® eéients that have been
estimated as 2,80,000 tonnes every year worldwitle. discharge of such dyes into water bodies have
many adverse effects over aquatic life by blocKight penetration and also by altering pH, BOD and
COD of the watér’. Due to lack of adequate treatment proceduresetityes can persist in the
environment for a very long tirfie
By considering the adverse effects of such dyelsidimtg their toxicity, colour, mutagenicity, etenany
investigations have been done by various researdbeevaluating dye decolourization and degradatio
ability using different microorganismsGenerally, reactive dyes are extensively useebitile industries
due to their bright colour, low energy consumpiaoml their covalent bonding ability with fabfic¥hese
kinds of dyes are mostly synthetic and consistwaf key components: chromophore, that imparts the
colour and auxochrome which renders the solubditgl charge Their aromatic molecular structure
makes them more stable and is difficult to degrakdee dye, reactive blue is found in thousands of
textiles, foodstuffs, and pharmaceutical wastewdterddition, reactive blue was also used as amuat
algaecide by various professiorfals
In the present investigation, the ability Bécillus licheniformisMTCC 429 to decolourize reactive blue
dye was screened and the various operational pteesraffecting the decolourization of reactive blue
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dye were also optimized. In addition, the effecsaota and apple peel waste extracts on the giaveth
dye decolourization efficiency &:. licheniformisMTCC 429 were also investigated.

MATERIAL AND METHODS
Chemicals and dye:
All the chemicals and reagents used in the presteily were of analytical grade and purchased from
Sigma Aldrich (USA) and Merck (India).
Microorganism:
For the present studyBacillus licheniformisMTCC 429 was procured from MTCC, IMTECH,
Chandigarh. The culture was maintained in nutrdgyatr slants at 4 °C till further use.
Screening for dye decolourization:
Bacillus licheniformisMTCC 429 was tested for its growth and decolotioraability on nutrient agar
medium amended with 0.01% of reactive blue dye. dym amended NA plates were streaked with the
bacterial culture and incubated for 24 hrs at 37Fie plates were then observed for the clearanee zo
around the bacterial colony for their decolourizatability.
Dye decolourization study:
Quantitative dye decolourization study was careedl in 250 ml conical flasks containing 100 ml of
nutrient broth amended with reactive blue dye edrecentration of 0.1 g/L. The flask was inoculatéth
1 ml of overnight bacterial inoculum and then inatgddl in rotary shaker incubator for 3 days at 37°C.
During incubation, about 5 ml aliquots of samplesravwithdrawn at every 6 hours interval for
determining the dye decolourization abflitfhe obtained culture medium was centrifuged &08@m
for 15 minutes and decolourization percentage wssessed spectrophotometrically by measuring
absorbance of the supernatant at the absorptioimraakm) of reactive blue using the formula:

Initial OD- FinaIOD><
Initial OD

Decolouriationpercentage 100

Optimization of dye decolourization:

The effect of various operational parameters on db&olourization was assessed by growing bacterial
culture in dye amended growth medium. Initiallye tsH of the medium was adjusted with different pH
ranging from 6.0 to 9.0 (6.0, 6.5, 7.0, 7.5, 8, 8.8) and the decolourization percentage was Izl

For the investigation of optimum temperature foe dgcolourization, the bacterial culture was inatad

in the growth media and incubated at different terapure ranging from 25°C to 55°C. The inoculum
concentration was varied to determine the optimuoeulum size for the better dye decolourizatione Th
effect of different carbon sources on dye decokaiion was also studied using different carbon @our
including starch, glucose, sucrose, mannose andskd0.1%). For all the parameters studied, the
decolourization percentage was calculated usindpottmeula described earlier.

Preparation of sapota peel and apple peel extracts:

The fruit wastes such as sapota peels and apple weee collected from local market and juice shops
The collected fruit peels were washed using tapmiilowed by distilled water. The fruit peels wer
then shade dried at room temperature till the moéstontent is completely removed. After complete
drying, the fruit peels were ground into fine powdssing mixer grinder. The fruit peel extract was
prepared by mixing one gram of the each fruit pestder with 100 ml of distilled water separatelyan
left for two days for extraction. After two daybgetapple and sapota peel extracts were filtered|ized

and used for dye decolourization stufles

Fruit peel extracts in dye decolourization:

The effect of sapota peel extracts and apple pdaehats on dye decolourization was determined by
amending different concentrations of the fruit pedracts in Luria bertoni (LB) broth. For this pose,

10 to 100 % fruit peel extracts (sapota and apple€B broth were prepared separately and amendtd wi
reactive blue dye at 0.01% concentration. The nmedias inoculated with 5% inoculum and incubated
for 24 hrs under shaken condition. After 24 hrsnafibation, the absorbance was recorded and the dye
decolourization percentage was calculated usindptimeula described earlier.
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RESULTS AND DISCUSSION
The improper disposal of textile effluent into emwiment has polluted not only the surface waterisd
the subsoil water to be contaminated. The levahefavailable effluent treatment procedures has not
been satisfactory at most of the industrial unMsst of the units illegally let the untreated eéfiu into
nearby river sources which caused serious impactgoiculture as well as aquaculture. These effhient
also result in serious health problems includinig sllergies and lung infections. It is mandatarytrieat
such dye waste by biological methods are foundetadst effective and simple to use for this purpose
Various microbes were reported to utilize a varigtychemical compounds including dyes as their sole
carbon source.
The bacterial isolatd3. licheniformisMTCC 429 showed a better decolourization of reactilue dye in
plate assay (Fig. 1). The bacteria were testedhieir dye decolourizing ability on liquid mediumdan
showed complete decolourization of reactive blue.
In this course of study on decolourization of reacblue,B. licheniformisMTCC 429 showed maximum
decolourization (73%) during 24hr of incubation (Fig. 2). The rate of decoloutiaa increased till 24
hrs and no further decolourization occurred aftet.t The capability oB. licheniformisMTCC 429 to
decolourize textile dyes is directly correlatedtheir ability to produce ligninolytic enzymes. &land
co-workers evidenced the relationship between dgeoldurization and production of ligninolytic
enzyme¥. The dye concentration also plays a significafé i the growth and dye degradation ability
of the bacteri. The results elucidate th8t licheniformisMTCC 429 was capable of decolourizing
reactive blue textile dye.
In microorganisms, the environmental pH directifiances their growth and metabolism by responding
to even slight pH alterations by biochemical adégamechanisms. From the available reports, it was
found that alteration in pH significantly affectethdecolourization efficiency of bacteriBacillus
licheniformisMTCC 429 showed a maximum dye decolourization (Y##the medium adjusted with pH
7 (Fig. 3). Various researchers have reportedtii@bptimum pH required by different microorganisms
for the decolourization of textile dygs** The dye decolourization efficiency of most o thacteria is
favored in pH range of 318 Most of the azo dye degrading bacterial specigmned are able to
decolourize the dye at neutral {fH
Temperature plays an important role in growth oé tmicroorganisms; hence, it is taken into
consideration for the optimization. The influendetemperature on reactive blue decolourization was
studied at the temperature range from 25°C to 50%& rate of decolourization increased till the
optimum temperature of 35°C (78%) attained and bdywhich a decrease in dye decolourization was
observed (Fig. 4). FdBacillus sp., the optimum temperatures for dye decoloudmdtave been reported
in the range between 25 and 37°Qt has also been reported that the temperatuosvt25°C and above
50°C inhibits the bacterial growth and dye degrg@inzyme synthesfs
Varying volumes of bacterial inocula were usedrtoculate the decolourization medium and the flasks
were incubated for 24 hrs at their optimum pH (7abd temperature (35°C). The variation in dye
decolourization with respect to varying inoculummesunder optimum conditions was displayed in Fig. 5
The better decolourization (80%) of the reactiveebtlye after 24 hrs of incubation time period was
observed in the flask which received 5% inoculumBoflicheniformisMTCC 429.The rate of dye
decolourization gradually increased until 5% inoonlwas added to the decolourization medium. The
further increase in inoculum concentration decreéagiee dye decolourization efficiency dB.
licheniformisMTCC 429 which may be due to the depletion ofieats. For optimal dye decolourization
using microorganisms, requires an optimum amourihefmicrobial cellS. Among the carbon sources
tested, glucose was found to be the better carborce for the decolourization of reactive blue By
licheniformisMTCC 429 (Fig. 6).
The adsorption and removal of synthetic dyes froatew bodies involve various complex and cost
intensive methods. In the present research, it imasstigated the decolourization efficiencies ob-ec
friendly fruit peel extracts as substrates for ¢inewth and decolourization of reactive blue dyeBy
licheniformisMTCC 429. The sapota and apple peel extracts wexpared and tested as substrate at
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different concentrations in LB broth for bactergmbwth and dye decolourization efficiency. The gapo
peel extract at the concentration of 60% in LB hrshowed better dye decolourization (91%) when
compared to other concentrations. Whereas, appleextract at the concentration of 70% in LB broth
showed optimum dye decolourization of 85% (Fig.BOth the fruit peel extracts showed promising dye
decolourization properties and on comparison, sapekl extract was proven to be a better substrate
when compared to apple peel extract for the readtive dye decolourization B licheniformisMTCC
429. This might be due to the high sugar contensdpota peel extract which facilitated the better
utilization for the growth as well as dye decolaation process. Several other studies also supbtirée
present findings as Kulandaivel and co-workeveo have used agro-industrial waste as substeate f
Bacillus sp. for the decolourization of crystal violet, @orred, methylene blue and safrdfiSimilarly,
Marina and co-workers (2012) used sugar beet wastibstrate for the growth and decolourization of
textile violet dye byAspergillus Ochraceid$

Fig. 1: Bacilluslicheniformis MTCC 429 grown on NA medium amended
with reactive blue dye

Fig. 2: Effect of incubation time on dye decolouriation efficacy ofB. licheniformis MTCC 429
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Fig. 3: Effect of pH on dye decolourization efficag of B. licheniformis MTCC 429
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Fig. 4: Effect of temperature on dye decolourizatio efficacy ofB. licheniformis MTCC 429
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Fig. 5: Effect of inoculum percentage on dye decaloization efficacy of B. licheniformis MTCC 429
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Fig. 6: Effect of different carbon sources on dye ecolourization efficacy ofB. licheniformis MTCC 429
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Fig. 7: Utilization of fruit peel extract for reactive blue dye decolourization byB. licheniformis MTCC 429
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CONCLUSION
The textile dye, reactive blue is completely deglde under aerobic conditions with the aidBafcillus
licheniformis MTCC 429. The process parameters for the decdlation of reactive blue usinB.
licheniformisMTCC 429 was optimized and better decolourizatibthe dye was achieved in 24 hrs at
pH 7 and 35°C using 5% inoculum which was correlatéth the spectrophotometric studies. The
efficiency of sapota and apple peel extracts asstmaties for the growth and dye decolourization
properties ofB. licheniformisMTCC 429 was also evaluated. TBe licheniformisMTCC 429 with its

dye decolourizing efficiency has an excellent scfipeuse in the treatment of industrial effluertisitt
contain untreated residual textile dyes.
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