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ABSTRACT

After use of molassesasaraw material for fermentation such asin alcohol
and amino acid production, a large amount of colored substances remain
in the fermentation as effluent after recovery of the product. Molasses
waste water is one of the most difficult waste products to dispose off
because of low p H and dark brown color. Laboratory experiments were
conducted to decol orize molasses effluent using the fungal strainisolated
fromtheeffluent. The physicochemical characteristics of molasses effluent
were evaluated. The optimum pH and temperature for the decolorization
activity of the isolated fungal strain was found to be 6.0 and 30°C
respectively. About 30% color removal was achieved onthe second day in
all effluent concentrations (0.5-5%) studied, without any carbon and
nitrogen source. However, maximum decolorization of 60% with added
glucose (carbon source) and maximum reduction in COD of 50% was
obtained onthesixthday. Inall the studies, it wasfound that decol orization
increased upto 6 days and then decreased. Thiswas due to the adsorption
and desorption of pigments to the fungal mycelial pellets. Further
characterization studies for the identification of the fungus revealed it to
be Aspergillus. It was concluded that this fungal culture might have high
potential application in reducing the pollution of molasseseffluent prior to
its disposal. © 2011 Trade Sciencelnc. - INDIA
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Recalcitrant and pollutants are becoming amajor
concernto globa ecology and environment. An aware-
ness of environmental problemsand potentia hazards
caused by industrial wastewaters has prompted many
countriestolimit thedischarge of untreated effluentg.
Widespread contamination of soil aswell asground wa
ter and surfacewater near theindustrid areahasbrought
thisproblemto theforefront. Cleaning up of environ-

mental pollution a so presents aseriouseconomic bur-
dentothesociety. Considering themagnitudeof thisfi-
nancial burden, it becomes apparent that cost effective
yet efficient methods of decontamination arevita toour
successin solving the hazardouswaste problemf@.
Molassesisanimportant by product of sugar indus-
try andiswidely used asacarbon sourcein microbial
fermentationindustriesbecause of itsavailability!. After
useof molassesasaraw materia for fermentationssuch
asindcohol andamino acid productions, alargeamount
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of colored substancesremain in thefermentation asef-
fluent after recovery of the product. M olasseswaste-
water or spent wash isone of themost difficult waste
products to dispose off because of low pH and dark
brown colour. Thereca citrant nature of molassesis
duetothepresenceof melanoidins, whichareformedin
the Maillard amino-carbonyl reaction!™. These com-
pounds have anti oxidant properties, which render them
toxicto aquatic micro and macroorganisms®. Thehighly
colored componentsdisposed into natura water bodies
may resultintheir eutrophication. Meanoidinsasolead
to areduction of sunlight penetrationinrivers, lakesor
lagoonswhichin turn decreasesboth photosynthetic ac-
tivity and dissol ved oxygen concentrationswhichisdet-
rimental toaquaticlife. Disposd of effluentinthelandis
equaly hazardous, causing areductioninsoil dkainity
and manganeseavail ability, inhibition of seed germina-
tionand ultimately ruinthevegetation™.

Inorder tominimizepollutionaongwithtoxicityin
wastewaters, these effluentsaretreated by biological
oxidation in aerated lagoons and/or activated sludge
systemd®. Such treatments have the ability to reduce
BOD and COD of effluents, but they fail to reduce
colour significantly. Effortshave d so been madeby the
industriesto develop methodsfor colour removal at
|east to some extent, using metal coagulants such as
compoundsof alumina, calcium, magnesium and iron.
Physica and chemical processes such asprecipitation
and sorption remove high molecular weight materials,
color, toxicity, suspended solids, and COD, but BOD
and low mol ecular weight compounds are not removed
efficiently™®. Presently availablebiologicd and physica
methods do not appear to be the ultimate solution to
wastetreatment problemsbut rather methodsto trans-
form wasteto another form.

Onemethod that hasbecomeincreasingly popular
is bioremediation. The underlying basis of
bioremediationisthenatural processof biodegradation
which can reduce the concentration of pollutantsand
compl etely oxidize someorganic pollutantsto carbon
dioxide, water, nitrateand other inorganic components
that can be accommodated in the environment*%, Mi-
croorganismsareespecialy useful for bioremediation
because of their great metabolic diversity. It isthe har-
nessing of these microbiological activitiesand their
implementationinadvanced engineering gppli cationsthat
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form the basisfor theincreasing use of bio treatment
systemsfor biodegradation of eventhe most difficult
hazardouschemica™.

Inthisstudy, an effort was madeto decolorizemo-
lasses effluent with the aid of microbesisolated from
effluent and soil collected from the areaof disposal of
wastewatey.

MATERIALSAND METHODS

Collection of molasseseffluent

Canemol asses effluent was coll ected from Sakthi
sugarslimited, Tamilnaduwhere about 12 1akhlitres of
effluent isdrained out fromtheplant per day. Theefflu-
ent sampleswerestored at 4°C

Analysis of physicochemical characteristics of
molasses effluent

Theeffluent samplewasandysed for various phys-
cochemical parameters. The colour of molassesefflu-
ent was found to be dark brown, and pH was 3.84.
Theamount of dissolved oxygen, BOD and COD were
foundto be 3.5 mg/L,200mg/L and 600mg/L respec-
tively. The amount of TDS and TSS are 91g/L and
25.5¢/L respectively. Theva uesof reducing sugar and
non reducing sugarswerefound to be 9.878mg/L and
11.215mg/L respectively. Lignin peroxidiseactivity was
estimated by the method of Tien and Kirk*® and was
foundintraceamounts.

I solation and screening of melanoidin degrading
microbes

Samplesourcesused for isolation of meanoidin de-
grading microbesweresoil fromtheareaof disposal of
the effluent and mol asses effluent. Thesampleswere
seria diluted and spread plated on isolation medium
containing 0.5-1% mol asses effluent and agar. These
plates were incubated at 30°C for 48hrs and were
checked for microbia growth aswell asfor clear zones.

Primary screening was carried out by plate assay
method™ for sel ection of melanoidin degrading mi-
crobes. Mol asses effluent was used as carbon source.
Thestrains screened through plate assay method were
subjected to secondary screening on giant colony me-
dium(*4 with mol asses effluent of 5% and 10% ascar-
bon source. The screened strainswereinocul ated onto
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the centre of agar plate and cultivated at 30°C for 10
daysto obtain agiant colony. Thedecolorization ability
of the cultureswas compared. Coloniesproducing de-
colorization zoneswere sel ected and theisolateswere
maintained in mol asses effluent agar dants.

Decolorization experiments

Theabsorbance at 475 nmiscommonly used asa
standard index to determine molasses pigment decol -
orization™. Meanoidin decolorizing activity wasmea-
sured asdecreasein optical density or absorbance at
475 nm. Decol orization assay was carried out to select
the organismsproducing maximum decol orization.

Microbes producing decol orization zonesin giant
colony method wereinoculated inVVogel ’s mineral me-
diaand incubated at 30°C for 48 hours. 1%(v/v) of
microbial inoculum from the preinoculum wasinocu-
lated into mol asses effluent medium. Themediumwas
incubated at 30°C for 10 days at 200rpm. Samples
werewithdravnat 24 hour intervasfor chemicd andyss
and decol orization measurement.

For decol orization measurement, Iml of cultureme-
diumwas centrifuged at 8000 rpm for 15 minutes, and
the supernatant wasassayed for decolourization activity.

Optimization/standar dization of conditionsfor de-
colorization

Variousparameterswereoptimised to achieve better
decol ourization. To study the effect of pH, isolated mi-
crobid culturewasinocul ated in the mol asses effluent
medium and adjusted to different pH level g% andin-
cubated at room temperature. Optimum temperature
needed for decol ori zation was determined by incubat-
ing the culture medium at varying temperatures (4 °C,
11°C, 30°C and 37°C). Decolourization assay was
carried out to study the effect of pH and temperature
onthedecol orization activity of theisolated strain.

Mol asses effl uent medium of different concentra-
tions (0.5%, 1.4%, 2.5% and 5%) were inoculated
along with theisolated strain and assayed for decol ori-
zation to optimi zethemaxi mum concentration required
for decol orization. To study the effect of different car-
bon sources on decol orization, glucose, fructose, su-
crose, galactoseand glycerine were added to mol asses
effluent medium a 0.5% concentration and assayed for
decolorization.

To optimisethe effect of glucose concentration on

color removal 0.2%, 1%, 2.5% and 5% of glucosewas
added to the molassesmedium aongwith theisolated
strain Nitrogen sourcesat 0.2% (w/w) concentration
were added to mol asses effluent medium. Both organic
(yeast extract, beef extract and peptone) and inorganic
nitrogen sources (ammonium sul phate and sodium ni-
trate) were used to study the effect on the decol oriza-
tion ability of theisolated strain.

Effect of pre-treatment

Asmol asseseffluent contained nonreducing sugar's,
pretrestment was carried out to covert nonreducing sugar
to reducing sugar. In thiscase, 2N hydrochloric acid
was added to the culture sample and kept in aboiling
water bath for 25 min. Contentswere cooled immedi-
ately and neutralised with 2N sodium hydroxide solu-
tion. The pretreated samplewas used for DNS assay.

Changesin selected physicochemical parameters
after treatment

After treestment of theeffluent with theisolated strain,
effluent sasmplesweretested for pH, COD and lignin
peroxidiseactivity.

RESULTSAND DISCUSSION

Molasseswastewater isadark brown colored re-
cal citrant effluent which hasahigh chemical oxygen
demand and high pollution potentia . Accordingly, in-
creasing attention hasbeen directed towards utilising
microbial activity for the decol ourisation of molasses
effluent. TABLE 1 givetheresult of physicochemical
parameters of molasses effluent.

TABLE 1 : Physicochemical characteristics of molasses
effluent

S.No. Parameters Results
1. Color Dark brown
2. pH 3.84
3. Tota dissolved solids (g/L) 91.0
4.  Total suspended solids (g/L) 255
5.  Dissolved oxygen (mg/L) 35
6. Biochemical oxygen demand (mg/L) 200
7.  Chemical oxygen demand (mg/L) 600
8.  Reducing sugar (mg/L) 9.878
9.  Non- reducing sugar (mg/L) 11.215
10. Lignin peroxidise activity (mole/mL) 0.05

s BioTechnology

An Tudian Yourual



216

Decolorization of molasses effluent using isolated strain

BTAIJ, 5(4) 2011

FULL PAPER o

Theamount of totd dissolved solids(TDS) and totd
suspended solids (TSS) are 91g/L and 25.5 g/L re-
spectively. Theestimated va uesweremuch higher than
the reported values given by Trivedy™®. The higher
amountsof TDSand TSS may bedueto the presence
of melanoidinsand other colloidal substances.

Theamount of dissolved oxygen, biochemica oxy-
gen demand and chemica oxygen demand werefound
tobe 3.5mg/L, 200 mg/L and 600 mg/L respectively.
Thehigh BOD may be dueto the presence of organic
load and @ so dueto the presence of sugar and oil from
themachineries. The COD/BOD ration of themill &f-
fluent wasfoundtobe 1:3. A smilar result wasreported
by Rao and Dutta'? indicating that the wasteisame-
nableto biological treatment.

Thevauesof reducing sugar and non-reducing sug-
ars were found to be 9.878 mg/L and 11.215 mg/L
respectively. It wasreported by Satttler and Zerban™
that about 10% of the reducing power of the ferment-
able substancesin cane molasseswasdueto volatile

ingredents, such ashydroxyl methyl furfural, acetoin,
formicacid and levulinic acid, which werethe decom-
position products of he sugars. Unfermentabl e sub-
stancesin canejuice are accel erated by heat and the
fact that the high temperature used in processing cane
juicein sugar millsand the subsequent storage of mo-
lasses under hot tropical sun increase the amount of
non-fermentabl e substances.

I solation and screeing of melanoidin degrading
microbes

Low concentration of molasseseffluent (0.5% and
1%) wasused for isolation. A total of 36 organismin-
cluding bacteriaand fungi wereisolated. Amongthem 10
organismsweresd ected trough primary screeing by plate
assay method. 3microbid strains- onefunga species,
BS-1 and two bacterial strainsPC-1 and CR-1 were se-
lected by secondary screening using giant colony method.
Theculturd characteristicsof thethreestransfollowing
secondary screeing aredepictedin TABLE 2.

TABLE 2: Cultural characteristicsof isolated strainsfrom molasses effluent

Strains Molasses effluent Agar

Vogel’s mineral medium Decolorization zones

White mycelial growth

with black spores

Pink, concentric, ring shaped,
circular, entire and moist colonies

BS-I (Fungus)

PC-I (Bacteria)
CR-I (Bacteria)

Turbid, homogenous with pellicle
formation. Mycelial mat was formed

+++

Turbid with pink colored growth ++

Cream, circular and smooth colonies  Uniform and fine turbidity +

FromTABLE 2itisclear that thefungd stranBS-
| produced highest decol orization zone compared to
PC-1 and CR-I.

Decolorization assay was carried out to select the
organism produci ng maximum decol orizetion. Different
concentration of molasses effluent (0.5%,1.5%,2.5%
and 5%) were used for comparing the decol orization
activity of 3 strains. Though thetwo bacterial strains
produced decol orization zones, the percentage of de-
colorization was found to be low and hence thetwo
strainswerenot used for further studies.

Among the different molasses effluent concentra-
tions (0.5%, 1.5% and 5%) tested 1.5% exhibited
maxi mum decol ourisation activity of 48.62% on the
fourthday (Figurel).

Increased concentrationsgenerally reduced both
percentage decolorization and COD remova. Photo-
graphs 1 and 2 exhibitsthedecolorizing activity of BS-
| and different growth patternsof BS-1 at different ef-
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fluent concentrations.

Theinhibitory effect of increasng mol asseseffluent
concentrationsislikely dueto the presence of inhibi-
tory compounds such asphenalics, gallicand vanillic
acid. Theseresults show that substantial dilutionisre-
quired for molasseseffluent beforebiologica treatment.
For further optimisation, 1.5% dilution was used.
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Figurel: Effect of different effluent concentrationson decol-
orization activity of BS-| strain
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Photograph 1: Decolorization activity of BS:I strain at dif-
ferent effluent concentrations(0.5%, 1.5%, 2.5% and 5%)

Photograph 2 : Growth characteristicsof BS-I strain at
different effluent concencentrations(0.5%, 1.5%, 2.5%
and 5%)

Optimisation of conditionsfor decolorization of
effluent usngBS-| strain

Theinfluenceof pH in the decol orisation process
was very important, as it was noted that some com-
poundsrespons blefor wasteweter colour weresoluble
over acertain pH range. Themelanoidin solubility de-
pendsonthepH, itislesssolubleat acidic pH than at
akdinepH. ThereforethepH of thewastewater was
modified by the addition of hydrochloric acid and so-
dium hydroxideandtested for decol orization (Figure2).

The maximum percentage decolorisation was
around 49% withaninitial pH of 6.0 onthesixth day of
the experiment. The degradation was better than other
pH even on the second and fourth day. But therewas
no steady increasein the decol orisation dueto the ad-
sorption and desorption of themelanoidin pigmentson
themycdia

Theeffect of culture temperature on melanoidin
decolorising activity was examined in therange of 4-
37°C (Figure 3).
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Figure2: Optimum pH rangefor decolorization activity of
theisolate.
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Figure3: Effect of temperatur eon decolorization activity
of isolate

The optimal temperature for maximum
decol orisation wasfound to be 30°C on the sixth day.
Theachieved decol orization might bedueto the degra-
dation of smaller molecular weight fractions of
melanoidin®, Preliminary experiments proved that
colour removal was higher when the culture medium
wasgterilised. Asaresult sterilised culturemediumwas
used for al the experiments. Thusbetter colour eimi-
nation could have been due to structural changesin
compoundswhen the wastewater wastreated at high
temperature (Penaet a., 1996).

Thepresenceof areadily availablecarbon source
was necessary for the growth of the cultureand dsofor
mel anoidin degradation. Different carbon sourcesex-
hibiting decol orization activity isshowninfigure4.

Glucose gavethe highest growth and decol oriza-
tion of 48.26% on the 10" day. Thisindicatesthat the
effluent contained littleamount of easily metabolisable
carbon content. Therefore, addition of readily available
carbon sourcewas necessary for microbia metabolism
intheeffluent medium.

Sinceglucose gavethehighest decolorization, dif-
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ferent concentrationsof glucosewereused (Figure5).
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Figure4: Effect of supplementary carbon sour ceson decol-
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5% glucose gavethe highest decol orization activ-
ity of 60% on the 6" day under optimum conditions.
Higher concentration of glucoseresultsin greater ad-
sorption and pellet formation of the culturein shaking
conditions of 200rpm. This might bethereason for
higher decol orization.

Among thedifferent nitrogen sourcestested, pep-
tonewasthemost advantageous. For ahigh activity, an
organic nitrogen sourcelike yeast extract, peptoneand
beef extract wasfound effectivewhereasinorganic ni-
trogen sources|ikeammonium sul phate and sodium ni-
tratewasunsuitable (Figure6).
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Figure 6 : Effect of nitrogen sources on decolorization
activity of isolate

However, lack of additiona nitrogen did not inhibit

either growth or decol orization, asdid thelack of addi-
tiona carbon source.

Sincemol asseseffluent contained non-reducing sug-
ars, pretreatment was carried out to convert non re-
ducing sugar to reducing sugar. Thispretrestment hel ped
ingreater degreeof decolorizationinitially. Nonreduc-
ing sugar was converted to reducing sugar such asglu-
cose and fructose following acid hydrolysisand this
would have been the reason for more degradationin
thebeginning. Photograpgh 3 showstheeffluent ssmple
used and the decol orized samplefollowing inoculaion
withthefungd strain.

Photograph 3: M olasseseffluent and the decolorized sample
followinginoculation with thefungal strain BS-I

Decolorized effluent samplewas checked for pH,
COD and lignin peroxidise activity. Therewas ade-
creasein pH indicating the presence of acidic metabo-
litesinthedecol orized effluent sample. Maximum per-
centage of COD reduction was 50% on the 6" day.
Lignin peroxidiseactivity wasfound intraceamounts.

Further characterization studiescarried out for the
identification of theisolated BS-| strainrevealedit to
be Aspergillussp (Photograph 4). Thisisolated strain
wasfound to beefficientin decolorizingtheeffluentin
thepresenceof externdly added carbon source aswell
asdilution upto 1.5%. Genetic improvement of the
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Ph(;tograph 4 : Aspergillus strain following lactophenol
staining
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strain could be explored in futurefor improvement of
itsefficiency.
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