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ABSTRACT

In search for a cheaper energy source, this study was undertaken to investigate the potential
of mixed culture for the decolorization of Methylene blue (MB) and Remazol black B (RBB)
using glucose, molasses, and cheese whey as an energy source for microbial growth in aero-
bic batch reactor. The experiments were performed with synthetic solutions of both the dyes
ranging from 25 to 300mg1~'. The results show that the decolorization and microbial growth
was affected by the increase in concentration of dyes leading to the decreased decolorization
of dyes. The presence of glucose was found to be more efficient as compared to molasses
and cheese whey. After 36 h, mixed culture was able to decolorize MB up to 83, 59, and 54%
and RBB up to 80, 58, and 52% in the presence of glucose, molasses, and cheese whey,
respectively, at 300mgl~" initial dye concentration. The maximum specific uptake was 57,
51, and 52mgg ' in presence of glucose, molasses, and cheese whey, respectively, at
300mgl! initial dye concentration of RBB. The maximum specific uptake was 58, 51, and
53mgg " in the presence of glucose, molasses, and cheese whey, respectively, at 300mgl~"
initial dye concentration of MB. The results of this study shall be useful to develop a suitable
decolorization process for the treatment of dye-contaminated wastewater or wastewater con-
taminated with a variety of dyes.
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1. Introduction

Textile and dyeing industries have been listed
under seventeen highly polluted industries by Central
Pollution Control Board in India [1]. The dye-contami-
nated wastewater discharged into open waters pre-
sents an esthetic problem. As dyes are designed to be
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chemically and photolytically stable, they are highly
persistent in natural environments. The release of
dyes may, therefore, presents an ecotoxic hazard and
introduces the potential danger of bioaccumulation
that may eventually affect man by transport through
the food chain. Textile finishing wastewater, espe-
cially, dye house effluents contain different classes of
organic dyes and chemicals, and thus, they are
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colored and have extreme pH, chemical oxygen
demand (COD), biological oxygen demand (BOD), dif-
ferent salts, surfactants, heavy metals, mineral oils,
etc. cause the reduce in light penetration affecting
photosynthetic activity in aquatic life and may also be
toxic to some aquatic life [2-8]. The removal of the
polluting dyes and other contaminants from effluents
is an important problem, particularly for small-scale
textile industries where working conditions and eco-
nomic status do not allow them to treat their waste-
water before disposal, and they have no choice other
than discharging the effluents into the main stream of
water resources. Most physicochemical methods for
dye removal have drawbacks, because they are expen-
sive, have limited versatility, are greatly interferred by
other wastewater constituents, and/or generate waste
products that must be handled [9-14]. Alternatively,
biological treatment may present a relatively inexpen-
sive way to remove dyes from wastewater. Microbial
process for decolorization and degradation is an envi-
ronment-friendly and cost-competitive alternative pro-
cess over chemical decomposition processes [15].

In most of the studies reported on decolorization
by various microorganisms using pure and mixed
culture, glucose has been used preferably as an
energy source. There is also a need to search for
cheaper energy source for the development of an
economically viable bioremediation process for the
wastewater contaminated with dyes. For the growth
of microorganisms, molasses, and cheese whey
which are generated as waste in food industries can
also be used as an energy source as an alternative
of glucose. The disposal of cheese whey into the
environment is a matter of serious concern due to
the presence of high organic matter content such as
lactose, protein, vitamins, BOD in the range 40-
60gl™' and COD in the range 50-80gl ™' [16-19].
The growth of certain microorganisms is favored in
the cheese whey due to its composition and hence
biological treatment of whey has been reported to
be a favorable process [20,21]. Further, molasses is a
by-product of sugarcane industry, which has low
price as compared to other sources of sugar, and
due to the presence of several other compounds and
vitamins, it can be used as growth medium for
microorganisms to develop an economic viable treat-
ment process for dye contaminated wastewater [22].
Scanty information is available in the literature on
the treatment of dye-contaminated wastewater using
molasses and cheese whey as an energy source. The
treatment technique using these sources can be
considered as economically more viable with simul-
taneous benefit of pollution minimization. The batch
decolorization was performed in the present study
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using synthetic solutions of RBB and MB dyes at
different initial dye concentrations in the presence of
glucose, molasses, and cheese whey as energy
source for microorganisms.

2. Materials and methods
2.1. Synthetic solutions of dyes

In the present study, Remazol Black B (RBB molec-
ular formula: CycH»1N5NasO195¢, molecular weight:
991.82 and pKa 6.9) and Methylene blue (MB Molecu-
lar formula: C;¢H;gN3SCl, Molecular weight:319.85
and pKa 3.8) were used. Stock solutions of RBB and
MB dyes of 1,000mgl~" concentration were prepared
by dissolving the appropriate quantities of powdered
dyes in tap water, and the solutions of the desired
concentrations for various experiments were obtained
by successive dilution. The dyes were procured from
textile engineering department of Indian Institute of
Technology Delhi (IIT Delhi) and were of analytical
grade with 95% purity. The chemical structure of the
dyes is shown in Fig. 1(a) and (b) [23,24].

2.2. Composition of cheese whey and molasses

The aerobic mixed culture used in this study was
grown in glucose, cheese whey, and molasses. The
characteristics of glucose, cheese whey, and molasses
are shown in Tables 1-3, respectively.
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Fig. 1. (a) Structure of Remazol Black B. (b) Structure of
MB.
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Table 1
Glucose medium composition

Component Concentration (g1™")

Glucose 10

0.340
0.840
0.134
0.234
0.084

Yeast extract
NH,C1
KH,PO,
K,HPO,
MgCl,.6H,O

Table 2
Cheese whey composition

Component Concentration

BOD (g1™h 38
COD (gl™h) 64
Total phosphorous content (mgl~") 136
Total nitrogen content (mgl™") 867
Total sugar content (g1~ ") 48

Table 3
Molasses composition

Component Value

BOD (g1 30
COD (kg1 ™) 100
Total phosphorous content (g1~ ") 0.10
Total nitrogen content (g1~") 1.5
Total sugar content (g1™") 477

2.3. Aerobic mixed culture acclimatization and inoculum
preparation

A primary requirement of this work was to
develop an acclimatized culture that can decolorize
higher concentrations of RBB and MB. Acclimatization
was done in shake flasks with RBB dye, and the same
inoculum was used for all the experiments performed
with MB dye. The synthetic dye solutions and the
activated sludge samples were stored at 4°C. A 10%
(v/v) inoculum was used in all the experiments con-
ducted in 500-ml Erlenmeyer flasks stoppered with
cotton plugs, which were used as the completely
mixed reactors. The working volume of the liquid was
200ml. To check whether there was any decrease in
dye concentration due to volatilization, control flasks
(without inoculum) were operated under the same
conditions. For enrichment of the culture, the heterog-
enous population was first grown aerobically in a
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medium containing 1% (w/v) glucose as the carbon
and energy source and 25mgl ' RBB dye. During
acclimatization period, the amount of glucose was reg-
ularly checked and maintained at 1%. The culture was
gradually exposed to increasing concentrations of RBB
dye in order to acclimatize the microbial culture to
the higher concentrations of dye. Successive transfers
of the culture into fresh glucose medium containing
higher concentrations of RBB, up to 300mgl~', were
done at 37°C. This acclimatized microbial culture was
used in all the experiments conducted in batch mode
for decolorization of the dyes (RBB and MB).

2.4. Aerobic batch decolorization using synthetic dye
solutions

The decolorization experiments were performed in
batch mode in 500-ml Erlenmeyer flasks. A working
volume of 200ml was employed throughout the
study. The glucose media and dye (concentration
according to the requirement, i.e. 10, 20, or 50mg Y
were added to the flasks. The flasks were incubated
with 10% (v/v) acclimatized inoculum. After adding
glucose media, inoculum and required concentration
of dye, the flasks were kept in an orbital shaker at
180rpm and 30°C. The initial pH of the solution was
adjusted using 1N hydrochloric acid or sodium
hydroxide as per the requirement. In addition, control
flasks containing only dye and media and without
inoculum were also kept under the same conditions to
see the abiotic decolorization, if any. All the experi-
ments were performed in duplicate.

2.5. Analytical methods

At different time intervals, the samples were
withdrawn from the flasks and centrifuged at
5000rpm for 10min. to precipitate suspended bio-
mass. The concentration of dye in the supernatant
was determined by reading absorbance at 595nm.
This absorbance was compared with standard curve
plotted using different concentrations of the dye. The
measurement of absorbance and centrifugation were
done by using systronic UV-VIS spectrophotometer
117 and Hitech model centrifuge, respectively.

3. Results and discussions

The percentage decolorization with time at pH 7.0
and 30°C using different carbon sources at 25mgl™’
initial concentration of RBB and MB is shown in
Fig. 2. It is clear from the figure that maximum decol-
orization was achieved with glucose as the carbon
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Fig. 2. Effect of carbon source on decolourization of RBB and
MB with time at 25 mg1 " initial dye concentration using TS.
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Fig. 3. Change in biomass concentration w1th time in
presence of different carbon sources at 25mg1~" initial dye
concentration (RBB and MB) using TSL.
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Fig. 4. Effect of carbon source on decolourization of RBB and

MB with time at 100mgl " initial dye concentration using
TSL.

source (supplement) followed by molasses and cheese
whey for both the dyes (RBB and MB). Moreover, rate
of decolorization was faster with glucose in compari-
son with molasses and cheese whey. The maximum
decolorization after 48h was found to be 99% for MB
and 98% for RBB in the presence of glucose, while it
was 91% and 88% for MB and RBB, respectively, in
the presence of molasses. On the other hand, the mini-
mum decolorization was achieved for both the dyes
under similar experimental conditions in the presence
of cheese whey and it was 80% and 77% for MB and
RBB, respectively. The lower decolorization in the
presence of molasses and cheese whey might be due
to the lower growth of microorganisms.

Fig. 3 shows the change in biomass concentration
with time in the presence of different carbon sources
and at 25mgl™" initial concentration of RBB and MB.
The figure clearly indicates that biomass concentration
increased with time till 36 h and then became constant
for all the carbon sources for both the dyes. However,
the lag phase was longer in case of cheese whey and
molasses. Maximum biomass concentration (around
4.7g1™") was found in the presence of glucose as com-
pared to molasses (4.1gl™') and cheese whey

B5gl™.
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Fig. 5. Change in biomass concentration with time in
presence of different carbon sources at 100mgl™" initial
dye concentration (RBB and MB) using TSL.

Fig. 4 shows the percentage decolorization of RBB
and MB with time at 100mg1 " initial dye concentra-
tion in the presence of different carbon sources. The
Figure clearly indicates that percentage decolorization
decreased for both the dyes with increase in dye con-
centration  although  percentage  decolorization
increased till 36h for both the dyes using all the car-
bon sources. After 36 h, the maximum decolorization
was found to be 95% for RBB and MB in presence of
glucose. Molasses could decolorize 84 and 87% of RBB
and MB, respectively, whereas cheese whey resulted
in lower decolorization of 72 and 74% for RBB and
MB, respectively, after 36 h under similar experimental
conditions. =~ The lower biomass concentration
(27mgl ") was also found in the presence of cheese
whey, resulting in lower decolourization (Fig. 5).
Fig. 5 shows the change in biomass concentration with
time in presence of different carbon sources at
100 mg 1 'initial concentration of RBB and MB. It is
clear from the figure that maximum growth of bio-
mass (4.3gl™") took place in presence of glucose fol-
lowed by molasses (3.7gl™!) and cheese whey
(2.7gl™"). The biomass concentration increased with
time till 36 h then remained constant for all the carbon
sources studied. Lower biomass concentration was
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Fig. 6. Effect of carbon source on decolourization of RBB
and MB with time at 300mgl™" initial dye concentration
using TSL.

found at higher dye concentration in comparison with
higher biomass concentration at lower dye concentra-
tion (25mgl™") in the presence of all carbon sources
which resulted in lower percentage decolourization at
higher dye concentration for both the dyes (RBB and
MB).

Fig. 6 shows the percentage decolorization of RBB
and MB with time in the presence of different carbon
sources at 300mgl~" initial dye concentration. Fig-
ure clearly indicates that percentage decolorization
increased with time till 36h and then remained con-
stant for all carbon sources. Rate of decolorization was
faster with glucose in comparison with molasses and
cheese whey. Maximum decolorization was found
with glucose followed by molasses and cheese whey.
The decolorization after 36h was found to be 80 and
83% for RBB and MB respectively in the presence of
glucose, while as it was 58 and 59% for RBB and MB
respectively in the presence of molasses. The decolor-
ization was only 52 and 54% for RBB and MB, respec-
tively, in the presence of cheese whey after 36 h. The
reason for lower decolorization at higher dye concen-
tration is due to the lower biomass growth rate caused
by the inhibitory effect of the dye. Similar kinds of
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Fig. 7. Change in biomass concentration in presence of
different carbon sources at 300mgl™' initial dye
concentration (RBB and MB) using TSL.

Table 4

Maximum specific dye uptake (mgg™') in presence of
different carbon sources at different initial concentrations
of RBB and MB

Carbon source ~ Maximum specific dye uptake (mg/g)

RBB (mgl™") MB (mgl™")

25 100 300 25 100 300
Glucose 521 22 57 51 2159 57.85
Molasses 536 227 51 54 2289 5057
Cheese whey 5.06 20 52 51 21.76 5225

results have also been reported in the literature [25-
27].

Fig. 7 shows the change in biomass concentration
at 300mg1" initial dye concentration in the presence
of different carbon sources. It is clear from the figure
that biomass increased with time for all carbon
sources and maximum biomass (4.1gl™") was found
in the presence of glucose followed by molasses
(34gl™") and cheese whey (3gl™"). Decolorization
was higher in the presence of glucose followed by
molasses and cheese whey.
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It is clear from Table 4 that maximum specific
uptake increased with increase in dye concentration
for both the dyes. Maximum specific uptake for RBB
increased from 521 mgg ' to 52mgg ' with increase
in dye concentration increased from 25mgl™' to
300mgl™'. The maximum specific uptake of MB
increased from 5.1mgg ' to 5225mgg ! with
increase in dye concentration from 25mgl' to
300mgl .

4. Conclusion

The results of the study showed that the mixed
culture was able to grow and decolorize both the dyes
(RBB and MB) not only with glucose but also with
molasses and cheese whey as supplementary carbon
sources. After 36 h, mixed culture was able to decolor-
ize MB up to 83, 59, and 54% and RBB up to 80, 58
and 52% in the presence of glucose, molasses, and
cheese whey, respectively, at 300 mg/1 initial dye con-
centration. The maximum specific uptake was found
to be 57, 51, and 52mg/g in the presence of glucose,
molasses, and cheese whey, respectively, at 300 mg/1
initial dye concentration of RBB. The maximum spe-
cific uptake was found to be 58, 51, and 53mg/g in
the presence of glucose, molasses, and cheese whey,
respectively, at 300mg/1 initial dye concentration of
MB. The results of the above study will help to
develop a suitable treatment strategy for the treatment
of wastewater contaminated with dyes using cheaper
carbon sources like cheese whey and molasses instead
of glucose for the growth of microorganisms. This will
decrease the cost for treatment of dye-contaminated
wastewater as well as will be helpful to solve the
problem of disposal and treatment of these wastes.
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