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An aerobic consortium CN-1 has been constructed using five different bacteria
namely Pseudomonas aeruginosa CLRI BL22, Moraxella osloensis, Citrobacter freundii
(SUB3 & SUB6) and Pseudomonas aeruginosa isolated from textile effluent. The enhanced
degradation of Acid Black 24 by this constructed aerobic consortium CN-1 compared to
the constituent strains, which is evident from the kinetic studies, may be attributed to
the concerted activities of the bacterial strains. The consortium CN-1 degraded 83% in
48h of incubation whereas the individual bacteria required more than 120 h of incubation
to achieve the same level of degradation. The degradation was found to follow first order
with the K, value of 0.101332h* which is very high compared to the K, values of AB24
decolorization mediated by individual constituent microorganisms.
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Human race cannot imagine the world
without colors. Starting from textile industriesto
pharmaceutical industriesto food industries, dyes
have become indispensible. Absence of dyeswill
make the fashion world non-existent, make it
difficult for layman to select hisdosages, makethe
food non-appealing etc. Inspiteof all these credits,
these dyes when released into the environment
(water bodies) create havoc making the scarcely
available resource unusable for the human kind.
Textileindustriesand dye manufacturing industries
are the major contributors for this havoc.

The discharges of dye house wastewater
into the environment is aesthetically displeasing,
impede light penetration, damage the quality of
therecelving streamsand may betoxic to treatment
processes, to food chain organisms and to aquatic
life! . While numbers of physical and chemical
treatment methods are availablefor theremoval of
dyes from the effluent, they have their own
advantages and disadvantages, the most common
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being the cost involved, requirement of energy
input. Further they mediate phase transfer of the
pollutants rather than their removal from the
environment 2. Biodegradation has always been
looked in asan alternative for the above mentioned
processes since it is eco-friendly, cost effective
and does not require energy input and results in
innocuous end products®.

In most of the cases the individual
bacterial strain cannot degrade different groups of
azo dyes as most of the bacteria are specific for
particular group of dyes. Therefore, individual
organisms cannot be depended for the treatment
of textile effluent which contains different groups
of dyes making the construction of consortium
mandatory for the biological treatment process “.
A bacterial consortium containing five different
bacterial strainsisolated from textile effluent has
been constructed for the degradation of Acid Blue
113°. Thisconsortium wasalso found to be capable
of degrading Acid Black 24. Inthisstudy thetime
course of Acid Black 24 degradation by consortium
aswell asthe constituent bacterial strainsand the
rates in which these reactions proceed were
analyzed.
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MATERIALS AND METHODS

Chemicals

All the solvents used were of analytical
grade, purchased from Merck Pvt. Ltd. The
chemicals used for the preparation of reagent,
solutions and microbiological growth mediawere
purchased from SISCO Research and Hi-Media
Laboratories Pvt. Ltd, Mumbai, India. Acid black
24[CASRegistry Number 3071-73-6] was obtained
from Saujanyadye chemicalsAhmedabad, Gujarat,
India
Microorganismsand cultureconditions

The bacteria present in the effluent were
isolated by serial dilution method and their dye
degrading ability was checked by pour plate
method on nutrient agar containing Acid Black 24
(AB 24). All thebacterial cultureswere maintained
on nutrient agar slants and were used for
biodegradation studies after preculturing in
nutrient broth for 12 h. The bacterial cells were
cultivated in nutrient broth for 24 h and the cells
after centrifugation were resuspended in 20%
glycerol and stored at —20°C asstock cultures. The
purity of the glycerol stocks were checked on
nutrient agar plates before sub culturing on nutrient
agar slants for inoculum preparation.

The consortia was developed by
aseptically transferring the 2% inoculum containing
approximately 2 x 108 cells per ml of 12 h grown
culture of each individual strains in 250 ml
Erlenmeyer flasks containing 50 ml of medium and
50 mg It dye solution at optimized conditions .
Individual strains were inoculated with 2% (v/v)
aliquots of 12 h grown culture, respectively, to
maintain the same cell count in the pure culture
and in the consortium. Thebacterial strainsinthe
consortiaareidentified by the standard 16SrRNA
analysisby isolating and sequencing the 16SrDNA
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sequence followed by comparison with the public
databases (Genbank, EMBL and DDBJ) and
BLASTN sequence match routines.
Decolorization studies

The dye degradation studieswere carried
out in 250 ml conical flasks containing 50 ml mineral
sadt mediacontaining 50 mg I of AB 24. Themedia
was inoculated with 2% inoculum of the bacterial
consortium and incubated in orbitary shaker at 150
rom at 30°C. Degradation of the AB 24 was
followed spectrophotometrically by reading then-
butanol extract of the culture medium at 622 nm©.
Intracellular protein content which is used as an
index of bacterial growth was estimated using the
Lowry method (1957).

RESULTSAND DISCUSSION

The isolates for the consortium
developed were selected based on three factors,
their ability to degrade the dyesefficiently (>90%),
rapidity and their ability to degrade awide variety
of dyes. Further many researchers have mentioned
that a higher degree of biodegradation and
mineralization can be expected when co-metabolic
activitieswithinamicrobial community complement
each other’®,

Fivedifferent bacterial cultureshave been
isolated from effluent sampl es collected from Suntex
processing mills (Gummidipoondi), Professional
fabrics (Tirupur) and Kafer Textile mills(Tirupur).
These bacteria were identified as Citrobacter
freundii (two strains SUB 3 and SUB 6), Moraxella
osloensis and Pseuodomonas aeruginosa based
on 16s rRNA sequencing and were used for the
development of consortium CN-lalong with
Pseuodomonas aeruginosa CLRI BL22 obtained
from CLRI. Theconstruction of consortium CN-1
was explained in detail elsewhere®.

Table 1. Kinetics of AB 24 hiodegradation by Consortium CN-1

Organism Decolorization (%) K, (h?) R2

Pseudomonas aeruginosa CLRI BL22 72 0.071390 0.809
Moraxella osloensis 54 0.062181 0.858
Citrobacter freundii SUB 3 57 0.04606 0.873
Citrobacter freundii SUB 6 63 0.036848 0.772
Pseudomonas aeruginosa 74 0.039151 0.971
Consortium CN-1 83 0.101332 0.954
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Pseudomonas aeruginosa, belonging

to

the family of Pseudomonadaceae, is a Gram-
negative, aerobic, coccobacillus bacterium with
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unipolar motility and is an opportunistic human
pathogen. Pseudomonas aeruginosa is an
excellent candidate for xenobiotics biodegradation
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Fig. 1. @ Timecourse of AB 24 (50 mg-?) degradation by Pseudomonas aeruginosa CLRI BL22 (b) Kinetic study
of AB 24 (50 mg I1) degradation by Pseudomonas aeruginosa CLRI BL22
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Fig. 2. @) Timecourseof AB 24 (50 mg |*) degradation by Moraxella osloensis (b) Kinetic study of AB 24 (50 mg

I*) degradation by Moraxella osloensis
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Fig. 3. a) Time course of AB 24 (50 mg |*) degradation by Citrobacter freundii SUB 3 (b) Kinetic study of AB 24
(50 mg I'Y) degradation by Citrobacter freundii SUB 3
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studies and is also extensively studied for their
ability to degrade a wide variety of azo dyes™!

including the pathways'. Pseudomonas
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for their degradation potential. Valli Nachiyar and

Suseela Rajakumar® have reported the
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Fig. 4. a) Time course of AB 24 (50 mg I*) degradation by Citrobacter freundii SUB 6 (b) Kinetic study of AB 24
(50 mg I'Y) degradation by Citrobacter freundii SUB 6
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Fig. 6. @) Time course of AB 24 (50 mg I'*) degradation by Consortium CN-1 (b) Kinetic study of AB 24 (50 mg
I*) degradation by Consortium CN-1
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biodegradation of Acid Blue 113, and its
degradation products metanilic acid® 8-anilino 1-
naphthal ene sulphonic acid'.

Moraxella odoensisisaspecies of Gram-
negative, oxidase positive, aerobic bacteriawithin
thefamily Moraxellaceaein thegammasubdivision
of the purple bacteria. Moraxella sps. have been
reported to be a potential biodegrading organism
degrading variety of anthropogenic compounds
like nitrophenols *°, substituted anilines'® and
polythene?’. But only few reportsare availableon
the degradation of aniline*® and naphthalene 2, 6
and naphthalene 1, 6 disulfonic acid®, the
intermediate compounds in dye manufacture/
degradation by Moraxella sps. Nachiyar et al. ®
have reported the decol ourization of acid blue 113
by amicrobial consortium comprising Moraxella
osloensis as one of the constituent.

Citrobacter freundii is a facultative
anaerobic Gram-negative bacillus of the
Enterobacteriaceae family. The bacteriaare long
rod-shaped with atypical length of 1-5im. Most
C. freundii cellsare surrounded by several flagella
used for locomotion, but a few are non-motile.
Wahab et al.? haveinvestigated on the enzymatic
system involved in the azo dye biodegradation of
Citrobacter freundii strain A1 using three model
dyes namely Acid Red 27, Direct Blue 15 and
Reactive Black 5. The potentia of this strain to
operate asabacterial consortium wasexplored and
the syntropic interaction between strain Al,
Enterococcus casseliflavus C1, and Enter obacter
cloacae L17 was reported to enhance the
biodegradation of azo dye Amaranth?®.

The degradation of AB24 at 50 mg I'* by
individual aswell asthe consortium CN-1wasgiven
in Table 1. It is clear from the table that the
consortium was capable of bringing about 83%
degradation of the dye after 48h of incubation
whereas the degradation was found to be in the
range of 54-72% for individual organisms.

The biodegradation rates of dye by
consortium and individual organisms were
calculated by testing the kinetic data with first-
order model %,

B _is,-B
i

Integrating the above Equation between
thelimitsOtot from B=0to B=Bt, theabovekinetic
expressions becomes as
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where, Bt is the biodegradation of dye
(mg) at time t and k, (h) is the first-order rate
constant.

Of all the constituent microorganisms
Pseudomonas aeruginosa CLRI BL22 (Fig. 1)
followed by Moraxella osloensis (Fig. 2) displayed
high decolorizing ability showing 63% & 54%
decol orization respectively by 48 h of incubation
reaching amaximum of 83% decol orization by 120
h. While Pseudomonas aeruginosa CLRI BL 22
started to degrade the AB 24 in its late lag phase,
Moraxella osloensis which exhibited avery short
lag phase started to degrade the dye immediately.
The decolorization rate was found to be slow and
steady in case of Pseudomonas aeruginosa CLRI
BL 22 reaching amaximum 1.3 mg | by 4h after
which it decreased gradually. But in case of
Moraxella osloensis decolorization rate was so
rapid that it reached amaximum of 2.3 mg |- by 2h
which came down rapidly to half of that by 12h.
The K, values were calculated to be 0.071393 h*
and 0.062181 h* for Pseudomonas aer uginosa and
Moraxella osloensis respectively with the R?
values of 0.809 and 0.858 indicating that the
reactions were slow and less consistent compared
to that of consortia

The other three organisms of the
consortium namely Citrobacter freundii (both
SUB3 and SUBG6) (Fig. 3 & Fig. 4) and
Pseuodomonasaeruginosa SUB10 (Fig. 5) brought
about 57, 63 and 72% decol orization respectively
after 48h of incubation and they required 120h of
incubation for bring about 83% (Citrobacter
freundii SUB3 and SUBG6) and 81% (Pseudomoas
aeruginosa). Even though the decolorization
percentages were similar to Pseudomoas
aeruginosa CLRI BL22 and Moraxella osloensis
theK, valueswerefound tobe 0.04606 h*, 0.036848
h! and 0.039151 h* with the R? values of 0.873,
0.772 and 0.971 indicating that the ratesin which
they carried out the reaction were slow.

Thegrowth of microbial consortium CN-
1 was found to be slow and steady which was
accelerated after 18 h of incubation (Fig. 6). This
delayed acceleration may be attributed to the
different growth profiles of the constituent
microorganisms. Further, they might have taken
time to get adapted to the presence of each other.

J PURE APPL MICROBIO, 8(3), JUNE 2014.
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This consortium CN-1 was found to be highly
efficient in removing 83% of AB 24 after 48 h of
incubation with the maximum rate of 2 mg | by 4h
which decreased gradually. The decolorization
by this consortium CN-1 followed first order
kineticswith the K value of 0.101332h* whichis
very high compared to the K, values of AB24
decol orization mediated by individual constituent
microorganisms. The high R? value (0.954)
indicates the consistency of the system. The
higher decolorization efficiency of consortium may
be attributed to the concerted activities of the
constituent strainswherethe cometabolic activities
complement each other. Number of reports is
available on the degradation of dyes using
microbia consortium which displayed enhanced
degradation compared to the individual
microorganisms 22324,

CONCLUSON

Biodegradation isalways|ooked upon as
an alternative to physical and chemical methods
asthisis cost effective, environmentally friendly
and produce less sludge. Biodegradation using
bacterial consortium is more advantageous
compared to individual strains as this can handle
pollutants belonging to different classes. The
bacterial consortium CN-1 containing fivedifferent
organisms was found to be capable of degrading
AB24 efficiently compared to the individual
organismswhichisclear fromtheK, and R*values.
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