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Abstract: Biological decolorization of dye effluent is receiving much consideration due to cost effective and
its safety use. A total of 24 isolates (9 bacteria and 15 fungi) were isolated from Al-Salam textile factory
wastewater by the enrichment culture technique, using Reactive Black 5 (RB5) as a sole carbon source. A
bacterial isolate (identified as Micrococcus luteus) showed the highest biodegradation activity. This isolate
was able to remove up to 66% of the dye within 3 days of incubation. Comparatively, 53 % of the dye was
decolourized by a yeast isolate (identified as Candida albicans) after 3 days of incubation. Addition of yeast
extract at a concentration of 10 g L  enhanced the biodegradation, where complete disappearance of the dye1

was observed within 3 days of incubation. Interestingly, the bacterium was able to decolorize the dye up to a
concentration of 40 mg L . The residual dye was traced and detected by TLC, UV absorbance as well as HPLC,1

after 5 days of incubation with Micrococcus luteus. The metabolite was detected by TLC with R  = 0.8 and af

wavelength of 597 nm. The bacterium had the capacity to decolorize the dye in industrial wastewaters at a
concentration of 10 to 80 mg/L within 7 days of incubation. The cultures could be useful in the treatment of
textile dye at manufacturing site fordecolorization of the dye effluent.
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INTRODUCTION including advanced oxidation processes, coagulation-

Azo dyes are receiving considerable attention due to etc. [5]. However, the application of these methods was
their massive production and discharge.  These  dyes  are limited due to high operational cost or huge sludge
extensively used in textile, printing, cosmetic, food, production [2]. On the other hand, biological treatment of
pharmaceutical and many other industries [1]. The loss of azo dye wastewater has  attracted more  interests due to
azo dyesduring their application may vary from 2% for its cost effectiveness, lower sludge production and
basic dyesto 50% for reactive dyes, resulting in the environmental friendliness [6]. This has resulted in
generation of a great quantity of azo dye wastewater [2]. considerable interest in the use of biological systems for
Besides the aesthetic concerns caused by azo dyes the treatment of these wastewaters. Azo dyes are first an
entering into natural water bodies such as oceans, seas aerobically degraded into corresponding aromatic amines,
and lakes, many azo dyes and their breakdown derivatives some of which are then further mineralized under aerobic
have been considered to be mutagenic and carcinogenic or anaerobic conditions [7,8]. Many azo-dye-decolorizing
[3,4]. Therefore, dye-containing wastewater must be bacteria have been isolated from soil, aquatic, sediments
treated prior to its discharge into the receiving water and many other different environments during the past
bodies. Most of recent studies, focused on the treatment decades [9]. Yet, more work is needed for the isolation of
of the dyes by means of physicochemical methods, new  microbes capable of degrading structurally different

focculation, adsorption, ion exchange, membrane fltration,
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azo  dyes  to  reveal  their  physiological  characteristics Screening and Cultivation of Bacterial Isolates: A total
in order not only to understand the underlying of 32 samples of wastewaters were collected from
decolorization mechanisms, but also for biotechnological wastewater treatment plants of textile factories of dyeing
application. industries in 6  of October city, Egypt. All samples were

Several     bacterial   and   fungal   isolates    have screened to degrade RB5 under aerobic conditions.
been screened and reported to have biodegradation Isolates from each inoculum source that were capable of
capacities to dyes [10]. In particular, Micrococcus genus growth on RB5 was first enriched using MSM amended
includes at least 40 species, most of which are harmless with100 mg L  of the azo dye as a sole source of carbon.
and reside normally on the skin and mucous membranes Flasks containing 50 ml of MSM and enriched with the
of animals and humans [11]. Some Micrococcus species dye was inoculated with 10 ml volumes of wastewater
are also frequently found in sewage and wastewater sample. The flasks were incubated at 30°C for 5 days
treatment plant [12,13]. Yet, knowledge about under static conditions. After incubation, cell
Micrococcus luteus in decolorizing azo dyes was limited. suspensions from flask were plated onto MSM agar
Compare to bacteria and filamentous fungi, yeasts have medium and incubated at 30°C for 24h. Microbial colonies
many advantages. Yeasts are in expensive, readily that appeared on the agar medium were washed gently
available source of biomass. They do not only grow with sterile water and re-suspended into the flask
rapidly like bacteria, but also have the ability to resist containing fresh MSM broth spiked with the RB5. The
unfavorable environments like low pH, etc. like purified cultures were preserved at -20°C in 15% (w/v)
filamentous fungi [14]. glycerol for subsequent study.

In this prospective, this study, a Micrococcus luteus
capable of decolorizing azo dyes was isolated from textile Biodegradation and Decolorization Studies: Aerobically
wastewater with relevant and high capacities of effective grown Micrococcus luteus cells in medium were
decolorization of the most recalcitrant azo dyes harvested by centrifugation at 12000 g for 10 min during
individually  within  a  time  span  of  almost  24h   [15]. the log phase and washed three times with phosphate
The biodegradation capacities were further improved by buffer (20 mM, pH 7.0). The harvested cells were then re-
optimizing the environmental factors affecting the kinetics suspended in freshly prepared MSM containing RB5 or
of azo dye decolorization by the pure culture. In addition, sterile wastewater which used in this study. Cells were
the effect of yeast extract as anitrogen source and the inoculated into sterile 50 ml wastewater containing 10-80
effect of carbon source on decolorization was mg L of RB5, which was then placed under aerobic
investigated, since it has been reported that the type of conditions at 37°C. The pH of the medium varied from 5 to
carbon source could affect dye decolorization and its 10 to study the effects of pH on the  decolorization of
subsequent reduction [16,17]. RB5 using 1N either HCL or NaOH as appropriate.

MATERIALS AND METHODS conditions with 50 ml cultures of MSMR (pH 7)

Chemicals: The azo dye Reactive Black 5 (Sigma Aldrich) decolorization was measured in a UV-visible
was used without further purifcation. All other chemicals spectrophotometer (Shimadzu 2101) in absorbance at
used in this study were of analytical grade. maxima ( ) of respective dyes (i.e. 597 for Reactive Black

Culture Media: Mineral salts medium (MSM) was used calculated. The decolorization percent was calculated
for screening and decolorization, have the following according to the following formula. 
composition (g L ): Na HPO , (1); K HPO , (1); MgSO ,1

2 4 2 4 4

(0.5); CaCl , (0.1) and NaCl, (1) [18]. The rich mineral salt Decolorization (%) = (A-B)/A x 100 2

medium (RMSM) consisted of MSM supplemented with
50 mgL  of RB5 and 1 gL  of yeast extract and was Where1 1

autoclaved at 121°C for 20 min. The pure culture after
screening was cultivated in the medium containing 2% A = Initial absorbance
w/v agar-agar. B = Observed absorbance 

th

1

1

Decolorization assays were carried out under static

supplemented with 20 mg L  of the RB5. Dye1

5) and the percentage of effluent decolorization was



( )
( )

B-T V 250
BOD mg/L =

X
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Optimization of Decolorization Ability of the Selected (2.0 mm x 250 mm) for liquid chromatography and a Bruker
Isolates: The decolourization experiments were carried out esquire 600 ion trap mass spectrometer for mass
in Erlenmeyerc onical flasks 250 ml containing 50 ml of spectrometry. The mobile phase was composed of (70%
cultivation medium. The temperature was 30°C and methanol + 30% deionized water) and gradient elution
agitation was 190 rpm except when the influence of these consisted of 10% over 30 min at a fow rate of 0.25 ml/min.
operational factors on the effect of colour removal was
being  evaluated.  Preliminary  experiments  were  carried Estimation  of   Biological  Oxygen  Demand  (BOD):
out  at varying  pH (4-8) and incubation conditions BOD was estimated according to the method reported by
(static-  agitation),  in  addition  of  dye    concentration Gurulakshmi et al. [19]. Aliquot of one ml of initial medium
(10-80 mg/L). The standard medium used to be as containing dye solution, decolorized medium, distilled
previously described, except that the 1% of yeast extract water was added to airtight BOD bottles sample 1, sample
was supplemented to the mineral salt medium used in 2, blank, respectively. Place desired volume of water in a
screening experiments in a trial to support growth and suitable bottle and add 1 ml of each of Phosphate buffer
increase the degradation ability of the selected bacterial (pH 7), MgSO , FeCl and seeding/L of water. Before use
isolates. The medium was supplemented with the brings the dilution water temperature to 20°C. Dilution
appropriate dye at a concentration of 20 mg/L. The water was aerated with organic, free filtrated air. All the
medium was autoclaved at 120°C for 20 minutes. bottles are kept in BOD incubator at 20°C for 5 days. After
Experiments were performed in triplicate to study the incubation 1 ml of MnSO , alkali iodide solution and
effect of different factors on the decolorization % of RB5 sulfuric acid were added to form a brown solution. After
by Micrococcus luteus. color formation they were titrated against their Na SO  for

Analysis: To monitor the decolorization process, samples
were taken from experimental tests at different time
intervals and centrifuged at 12000 g for 10 min to remove
the cells. The cell-free supernatant was used for the
analysis of dye residue. B = Volume of Na SO used for blank 

Thin Layer Chromatography (TLC): Degradation of RB5 S (v) = Volume of sample
was analyzed by TLC using silica gel plates 0.060-0.200
mm 60A for CC (Acros Organics, New Jersey, USA). BOD values were compared between the initial
Sample (5 ml) was extracted with an equal volume of ethyl medium containing dye solution and decolorized medium.
acetate and then evaporated under vacuum. The gel
plates supplied by the residue were spotted on TLC plates RESULTS
in which micro syringe was used. The solvent system
used was methanol: chloroform: ethyl acetate, (5:5:5 v/v). Isolation, Identification and Characterization of

Spectrophotometric Analysis: Cell-free supernatant of the bacteria and 15 fungi) were collected from the tank and
dye degradation under aerobic conditions was scanned in input effluent of waste water treatment dyeing factories
the range of 200-800 nm to observe changing of peaks (Al-Salam factory, 6  of October), Egypt. Microbiological
using Shimadzu UV-1601 (Kyoto, Japan) studies showed that, most of degradable isolates were
spectrophotometer. Furthermore, the absorbance of the bacterial and yeast isolates which were identified by
supernatants was measured at absorption wave lengths Micro Analytical Center, Faculty of Science-Cairo
of the RB5 ( 597 nm). University. According to identification, they weremax

High  Performance  Liquid Chromatography (HPLC): hand, the bacterial isolate Micrococcus luteus was re-
The removal of azo dyes and a generation of identified by the Micro - Sequence sample from extraction
decolorization  products  was  also  monitored using (Forward and Reverse) NCBI Nucleotide sequence
HPLC-MS system equipped with an ODS  C18  column (GeneBank) as shown in Fig. 1.

4 3

4

2 4

determining their BOD values. The readings were noted.

2 4

T (v) = Volume of Na SO used for sampling2 4

Biodegrading Microorganisms: A total of 24 isolates (9

th

Micrococcus luteus and Candida albicans. On the other
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(a) (b)
Fig. 1: A: Forward nucleotide sequence  B: Reverse nucleotide sequence of Micrococcus luteus.

(a) (b)
Fig. 2: The recorded decolorization % in a flask, contained 50 ml MSM, supplemented with 20 mg l  of RB5 and1

inoculated with Micrococcus luteus at (A) or pure cultures (B). The flasks were incubated at 30°C under static
conditions for 7 days with addition of yeast extract ( ) or without yeast extracts ( ).

Biodegradation Capacity: Screening experiments
assessed the potential of Micrococcus luteus to degrade
RB5 under static conditions in MSM and wastewater.
Partial decolourization (50 and 60%) of RB5 by the
Micrococcus luteus was observed after 72 h, while
complete decolorization after 24 h with yeast extract 8-9 20-10 %

treatment. On the other hands, Micrococcus luteus
achieved 80% decolorization within 48 and 72 h during
wastewater experiment. Bacterial culture had been used in
this study, had no difference in the dye decolorization
after 5 days from beginning of the experiment (Fig. 2).

Effect of  Culture Conditions  on  Dye  Decolourization:
The cultures under static conditions demonstrated a
better growth than that under shaking conditions and the
bacterial cells also exhibited dye decolorizing activity only
when incubated under static conditions, whereas,
negligible decolouriztion (7%) of the RB5 (Fig. 3) was
noticed under the shaking conditions. Stationary cultures
exhibited apparently partial decolourization (56%) of RB5
(Table 1) within 72h of incubation and further incubation
did not improve decolourization. 

Table 1: Effect of different factors on the decolorization of 20 mg/L of RB5
by Micrococcus luteus

Tested factor % of RB5 decolourization
Yeast extract 10 g/L
pH 4-5 20-40 %

6-7 60-80 %

Different incubation period Static 60 %
Agitation 7 %

Dye concentrations 10 mg/L 70 %
20 mg/L 60 %
40 mg/L 30 %
80 mg/L 10 %

Effect of Ph on Dyedecolourization: Cells of Micrococcus
luteus were applied for the decolorization of RB5. As
shown in Fig. 4, negligible (6%) decolorization was
reached within 72 h when the initial pH of the wastewater
which used in this study, was at 9.0. The decolorization
effciency increased with the decrease of initial pH value
and  decolorization  of  the  RB5  achieved  70%    under
pH = 7.0 conditions. However, when the initial pH
continued to increase into alkaline conditions, the
decolorization    activity   of   Micrococcus    luteus    was
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Fig. 3: The recorded absorbance % in flasks, contained 50 Fig. 6: Degradation  of  RB5  by  Micrococcus  luteus  at
ml MSM, supplemented with 20 mg l  of RB5 and 20 mg/L supplemented with yeast extracts.1

inoculated with Micrococcus luteus. The flasks
were incubated at 30 oC, under static condition decolorization effciency and almost no decolorization
( ) and agitation 190 rpm ( ) for 3 days. occurred in the situation of pH = 9.0 or even lower values

Fig. 4: Effect of pH ondecolorization of 20 mg l  of RB5 treatment of dye bearing industrial wastewaters. Further1

by Micrococcus luteus. increase in dye concentration resulted in reduction in

Fig. 5: The recorded decolorization % in a flask contained was observed in the presence of 1% yeast extract.
50 ml MSM, supplemented with different Complete decolorization could be achieved in 5 days in
concentrations (10-80) mg l  of RB5 and the presence of yeast extract. However, around 10 days1

inoculated with Micrococcus luteus. The flasks were needed for Micrococcus luteus to reach similar
were incubated at 30ºC under static conditions for decolorization without yeast extract. Therefore, result
7 days recorded concerning the effect of yeast extract

inhibited.  The  decolorization  effciency  was  decreased Micrococcus luteus showed there was clear of yeast
to  20%  when the  pH  value   was   8.0.   Further extract concentration on the decolorization, but in general
increases   of   pH  resulted  in  a  drastic  decline  of  the decolorization  increased  slightly  as  the  yeast   extract

(2.0-5.0).

Effect of Initial Dye Concentration: The decolourization
activity of the bacterial culture of Micrococcus luteus was
studied using RB5 at different concentrations varying
from 10 to 80 mg/L (Fig. 5). Rate of decolourization slightly
increased with increasing the initial dye concentration up
to 40 mg/L. In the presence of 20 mg/L RB5, the initial
concentration of the dye was reduced about 56%. In
addition, isolate of Micrococcus luteus could decolourize
the dye at concentrations much above 20 mg/L in
wastewaters and thus it can be successfully exposed for

decolorization rate. 

Effect of Co-Substrate on Dye Decolorization: Bacterial
culture Micrococcus luteus exhibited complete
decolourization of RB5 after 24 h. when the yeast extract
was supplemented in the medium (Fig. 6). The addition of
10 g/L (1%) of yeast extract signifcantly improved the
decolorization performance. The bacterial culture was
unable to complete decolourization of the dye in absence
of yeast extract, while it shows that 60% decolorization

concentration on the decolourization of the dye by
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Fig. 7: TLC chromatogram for A) RB5 and B) its metabolite

Fig. 8: UV-vis spectrum analysis of RB5 (untreated dye). Micrococcus luteus and yeast extracts treatment.

Fig. 9: UV-vis spectrum analysis of RB5 and its and 310 nm. For treating dye, after degradation of the RB5
metabolite formed by Micrococcus luteus. in the static and shaking conditions treated, the

absorbance peak in the visible region disappeared during
concentration increased while the absence of yeast extract static incubation, which indicates that the decolourization
completely caused decline in colour removal ability by is due to dye degradation (Fig. 9). Moreover, in the UV
Micrococcus luteus. spectra, the peak at 310 nm disappeared and was replaced

TLC Analysis: The degradation metabolite (s) after addition, yeast extract treatment shows disappearance of
decolourization by Micrococcus luteus was examined by both peaks were mentioned previously without producing
TLC analysis.  TLC  chromatogram  showed  (R   value  of any metabolites (Fig. 10).f

Fig. 10: UV-vis  spectrum  analysis  of  RB5 by

RB5 = 0.8 and no spot was observed in the
decolourization medium), indicating that decolourization
was due to its degradation into unidentified intermediates,
whereas that other spot was observed in the 7 days
treated RB5 with R  value = 0.5 which indicatesf

metabolites was detected as shown in Fig. 7. The
metabolite band of the chromatogram could be observed
in a visible spectral range with a blue colour.

UV-Vis Characterization: The biodegradation of the RB5
azo dye was monitored by UV- vis analysis. For untreated
dye, as shown in Fig. 8, RB5 presented large peaks at 597

by new peak at 400 nm during static incubation. In
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Fig. 11: HPLC profile of A) RB5; B) its metabolite formed by Micrococcus luteus and C) yeast extract treatment.

High Performance Liquid Chromatography (HPLC) of the hydrolyzed dye contains only singly (m/z 740) and
Analysis: HPLC analysis of RB5 showed a peak at the (m/z 370.5) charged deprotonated molecules and is much
retention time of 2.25 min. While the product formed after simpler than that of the original dye (m/z 903) [20].
RB5 degradation by Micrococcus luteus showed peak at
the retention time 1.396 min. In addition, RB5 metabolite BOD Determination: The rate of removal (that is
formed by Micrococcus luteus with yeast extract consumed) of Oxygen by micro-organism in the aerobic
treatment showed peak at the retention time 1.190 min and degradation of the dissolved or even particulate organic
decrease  of  initial  peak  of  the  RB5  (Fig. 11). matter in water that is called Biological Oxygen Demand
Presumably the metabolites of the RB5, which has a (BOD).The BOD determination was used to determine the
retention time around 1.396 min under aerobic conditions relative oxygen requirements of dye solution. The BOD of
is P- aminobenzene- 2 hydroxy ethyl sulphonic acid while degraded dye solutions gets considerably after
the predicted second product is 1,2,7-triamino-8- biodegradation by Candida albicans and Micrococcus
hydroxynaphthalene-3,6-disulfonic acid which was luteus. BOD  of  the  solutions  shows  significant
untouched under aerobic condition. The mass spectrum decrease from 3525 mg/L to 1275 mg/L  after  degradation
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Fig. 12: Biodegradation rate of RB5 are  measured by BOD studies have shown that strains of Micrococcus luteus,
determination. isolated from soil in a textile effuent treatment plant, were

by Micrococcus luteus. In addition, degradation of the In the present work, the Micrococcus luteus and
solutions of Candida albicans shows decrease in BOD Candida albicans were tested to separately decolourize
from 3525 to 2750 mg/L at pH 7 (Fig. 12). RB5 in an aerated process in the presence of yeast extract

DISCUSSION the absence of yeast extract, a partial decolourization

Azo dyes are mainly reduced by bacteria to colorless decolourization when the yeast extract was substituted by
aromatic amines and the resulting amines can be further glucose (data not shown). Thus Micrococcus luteus and
degraded aerobically by bacteria. Some bacteria have the Candida albicans indicated the obligatory requirement of
capacity to metabolize azo dyes both aerobically and yeast extract as a redox mediator to attain effcient dye
anaerobically. Azo dyes can be converted into colorless decolourization. Yeast extract, a powder supplement
aromatic amines, some of which may become   less   toxic consisting of protein, free amino nitrogen, B vitamins,
than the original dye, whereas others, such as arylamines minerals, nucleotides and other yeast cell components,
and free radicals, are potentially carcinogenic [21]. has been the most commonly used nitrogen sources for
Measures to develop environmentally favorable as well as dye decolourization processes [27]. A screening test for
cost-effective techniques to remove hazardous pollutants the ability of these isolates toutilize RB5 as a sole carbon
from textile wastewater, have received a great deal of source was established to select the most potent
attention. The chemical structures of the dyes greatly organisms and exclude that decolorization may occur due
infuence their decolourization rates and the to adsorption  only.  This  technique was used by Asad
decolourization effciency is limited several azo dye et al. [28]. Where the ability of halophilic and halotolerant
structures [22]. Dyes with simple structures and low bacterial isolates to utilize Remazole Blake B as sole
molecular weights usually exhibit higher rates of colour carbon source was used to select the most effective
removal, whereas colour removal ismore diffcult with isolates. The screening was done at static and shaking
highly substituted, high molecular weight dyes [23,24]. conditions in MSM and wastewater containing different
Usually, the presence of sulfonates in reactive dye concentrations of RB5 to select the best condition leads
structures results in low levels of colour removal. to complete degradation of RB5. In a trial to study the
However, this is not applicable to direct dyes (DB71) that effect of types of incubation condition on the
usually exhibit high levels of colour removal independent decolourization of RB5 by bacterial isolates, it was found
of the number of sulfonate groups in the dye structure, that: decolorization percentage decreased under shaking
reinforcing the idea that steric hindrance and the number incubation although cell growth was the best under
of azo bonds are responsible for the different shaking conditions in all cases. In addition, the
decolourization times [25]. Dyes with simple structure, decolorization percentages obtained under static
such as Acid red B (ARB) and Acid Orange (AO), were conditions were highly active in all cases. Results were in
much easier to be reduced. Around 84.3% ARB and 77.6% complete accordance with many studies. Isik and Sponza
AO could be decolourized in 24 h, respectively [5]. For [29] studied, the color removal efficiencies throughout the
RB5, which has a more complex structure and containing 9 days of the incubation period under static, shaking
more azo bonds (diazo), 56% decolourization was conditions for azo dye Direct Black 38 (DB 38) decolorized

obtained. Considering the best performance of
Micrococcus luteus in RB5 decolourization, RB5 was
chosen to be the model of recalcitrant azo dyes for the
decolourization activity of Micrococcus luteus.
Micrococcus luteus is a gram positive coccus, motile and
facultative anaerobic bacterium. Although this bacterium
has shown greater dye degradation ability as comparedto
other bacteria, there is no available literature on dye
decolourization with Micrococcus luteus. Previous

able to decolourize the sulfonate azo dye Congo Red [26].

as the source of the electron donors NAD and NADH. In

(<50%) was achieved after 3 days, but there was no
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by E. coli, more than 72% of the color was removed within decolorization  of  RB5 was 7.0 and 37°C, respectively.
3 days under static conditions, while at the same time 24 The best decolorization performance 70% was observed
and 63% decolorization was observed under shaking in the presence of 10 mg/L RB5 and it's able to be
incubations, respectively. decolorized  when  the  dye  concentration  was   up     to

Bacterial culture generally exhibited maximum 80 mg/L. The addition of Co-substrate (yeast extract) is
decolourization % at pH values near 7. In this regards, the essential conditions for attaining maximum
Mali et al.[30] found that a pH value between 6 and 8 was decolourization efficiency, thus suggesting its application
optimized for decolourization of triphenylmethanes and for decolourization of the dye bearing of industrial
azo dyes by Pseudomonas sp. Moreover, it has been wastewaters. The aerobic decolourization of RB5 occurs
reported that generally azo dye reduction cultures to more as a result of mineralization of aromatic amines, which
basic aromatic amines leads to a rise in pH of the medium found in static condition. Decolorization product analysis
by about 0.8-1.0 values [31,32]. Many studies have indicated that the decolorization was achieved through
reported that the presence of various yeast extracts could reductive metabolism of azo dye RB5. This was the frst
facilitate azo dye reduction by different bacteria [33]. No study on RB5 azo dye decolorization by Micrococcus
information was available for mediated reduction by luteus under static condition, which might be promising
Micrococcus luteus and herein, we demonstrated for the for effcient treatment of azo dye wastewater.
frst time that Micrococcus luteus could also use yeast
extract to stimulate azo dye reduction.The reductive REFERENCES
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