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          A B S T R A C T                          

Introduction  

Disperse dyes are extensively used in the 
textile industries since the discovery of 
synthetic fiber. Disperse dyes are mainly 
chosen for polyester fibers but they are 
also used to dye nylon, cellulose triacetate, 
and acrylic fibers. In some cases, a dyeing 
temperature of 130oC is required, and a 
pressurized dye bath is used. Due to such 
extreme dyeing conditions and low levels 
of dye fiber fixation, up to 50% of the dye          

that is present in the original dye bath is 
lost in to the waste water (Mariana et al ., 
2004). When such polluted water finds 
their way into the environment, they retain 
their colour and structural integrity for a 
long period of time in the environment 
proving detrimental to its biotic 
components (Ajibola et al ., 2005; 
Chinwetkitvanich et al ., 2000). Discharge 
of these dyes into the aquatic environment 
causes serious damage, since they may 
significantly affect the photosynthetic 
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Rapid decolourization potential of a novel bacterial isolate was developed from a 
mixed culture isolated from a textile industrial ground at Mettuppalayam, Tamil 
Nadu, India. The isolate decolorized Disperse Red F3B to 94% at 100 mg l-1 

concentration within 5 hrs under microaerophilic condition at 50°C. The bacterial 
isolate was determined to be Enterococcus faecalis based on the biochemical 
characteristics and 16S rDNA sequence analysis. Dye decolourization was 
optimum in Nutrient broth and the biotransformation was confirmed through Ultra 
Violet-Visble Spectroscopy, Thin Layer Chromatography and Fourier Transformed 
Infra Red spectroscopy analysis of the initial, intermediate and final decolorized 
sample. Phytotoxicity testing with the seeds of Brassica nigra and Cyamopsis 
tetragonolobus demonstrated more sensitivity towards the native dye, while the 
products after decolourization did not have any inhibitory effect as seen from 
germination delay index and morphometric parameters. 
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activity of hydrophytes by reducing light 
penetration (Aksu et al ., 2007) and also 
they may be toxic to aquatic organisms 
due to their breakdown products (Hao et 
al., 2000). Also, public perception of 
water quality is greatly influenced by the 
colour. The presence of unnatural colours 
is aesthetically unpleasant and tends to be 
associated with contamination (Waters, 
1995).   

The three most common groups are azo, 
anthraquinone and phthalocyanine dyes 
(Axelsson et al ., 2006), most of which are 
toxic and carcinogenic (Acuner and Dilek., 
2004). Azo dyes, which are aromatic 
compounds with one or more ( N=N ) 
groups, represent a major group of dyes 
that are causing environmental concern 
because of its persistent colour, 
biorecalcitrance and potential toxic nature 
to the animals and humans consuming it 
(Ghasemi et al ., 2010; Samarghandi et al , 
2007; Gharbani et al ., 2008; Chen et al ., 
2004; Hilden Brand et al ., 1999; Jadhav et 
al., 2007; Kumar et al ., 2006; Martins et 
al., 2002). Several azo dyes induce liver 
nodules in experimental animals and there 
is a higher incidence of bladder cancer, 
spleen sarcomas, hepatocarcinomas and 
nuclear anomalies in experimental animals 
and chromosomal aberrations in 
mammalian cells. Few azo dyes induce 
liver nodules in experimental animals and 
there is a higher incidence of bladder 
cancer in dye workers exposed to large 
quantities of azo dyes.  

Dyes can be removed from wastewater by 
chemical and physical methods such as 
including adsorption, coagulation
flocculation, oxidation and 
electrochemical methods (Lin and Peng., 
1994, 1995, 1996). Nevertheless these 
techniques have been accepted and 
followed by textile industries; both the 

physical and chemical methods have many 
disadvantages in application. These 
methods involve high energy costs, results 
in the formation of by-products and 
accumulation of high loads of sludge 
(Sarioglu et al ., 2007). Accumulation of 
concentrated sludge leads to practical 
difficulty in its disposal. Presently, sludge 
is being deposited in to the lands owned 
by the textile industries converting them in 
to waste lands. Conversely, 
bioremediation can overcome these 
defects because it is cost saving and 
environmentally benign. It provides us a 
feasible solution by making use of the 
native microorganism. These 
microorganisms within the soil of the 
textile industrial areas where the dye 
effluents containing synthetic compounds 
are largely found, adapt themselves over 
the ages for the presence of synthetic dyes 
due to their persistency in its micro-
environment.  

Adsorption rather than degradation plays a 
major role during the decolourization 
process by fungi and algae, as a result, the 
dyes remain in the environment. It is well 
known that bacteria can degrade and even 
completely mineralize many azo dyes 
under certain conditions (Asad et al ., 
2007; Chen et al ., 2004; Kapdan and 
Erten., 2007; Moosvi et al ., 2005). 
Bacterial azo-reductases reduce the azo 
compounds to their corresponding amines 
(Bragger et al., 1997). Bacterial 
azoreductases are more active in reducing 
azo dyes and are capable of converting 
some azo dyes to mutagenic and 
carcinogenic amines. Even better, the 
products of intermediate metabolism 
during the decolourization process, such as 
aromatic amines, can be degraded by the 
hydroxylase and oxygenase produced by 
bacteria (Pandey et al., 2007). There are 
many number of reports suggesting the use 
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of native bacterial isolates that have the 
capacity to decolourize the dyes that are 
commonly used in the respective textile 
industries (Asad et al ., 2007; Beydilli and 
Pavlostathis., 2005; Jadhav et al ., 2007; 
Kodam et al., 2005; Manu and Chaudhari., 
2003; Maximo et al., 2003).  

Bacterial degradation of dyes is often 
initiated under anaerobic conditions by an 
enzymatic biotransformation step 
(Carvalho et al ., 2008; Park et al ., 2007). 
The resulting products such as aromatic 
amines are further degraded by multiple-
step bioconversion occurring aerobically 
or anaerobically (Barragan et al ., 2007; 
Xu et al ., 2006, 2007). Since many 
aromatic amines are carcinogenic and 
mutagenic decolourization of the dye 
containing waste water alone is not 
sufficient but complete degradation or 
detoxification is also expected in the 
process of bioremediation. Recently, a 
number of investigators report of 
microorganisms with the ability, not only 
to decolourize dyes but also detoxify it 
(Adedayo et al ., 2004; Kumar et al ., 
2006, 2007; Rajaguru et al ., 2000).  

Azo dye disperse red F3B with a chemical 
formula, C20H22N6O2S (Fig. 1) has a 
molecular weight of 410.0 (g mol l-1) was 
selected as the model azo dye for the 
characterization of the breakdown process 
during decolourization. Knowledge of 
biological decolourization of azo dye, 
disperse red F3B is still inadequate. Much 
work is still required to isolate new 
microorganisms capable of degrading a 
wide range of structurally different dyes 
and to study their physiological 
characteristics, in order not only to 
understand the underlying mechanisms in 
dye biodegradation, but also for field trials 
and application.  

An assessment of the ecological and 
genetic impact of the environmental 
pollutants on the plant populations is of 
great importance as plants are important 
commercial products and are consumed by 
humans. Moreover, plants may be used as 
biosensors of genetic toxicity of the 
environmental pollutants.  

In this study, we have identified a 
potential bacterial isolate that is capable of 
decolourizing and degrading Disperse Red 
F3B dye to about 94% within 5 h of 
incubation at 50°C under static conditions. 
Ultra Violet 

 

Visible (UV-Vis) 
spectroscopy, Thin Layer Chromatography 
(TLC) and Fourier Transformed 

 

Infra 
Red Spectroscopy (FT-IR) results have 
formed the basis for the degradation 
results. Percentage of germination and 
morphometric parameters in Brassica 
nigra (L.) and Cyamopsis tetragonolobus 
(L.) has revealed the eco-friendly nature of 
the decolourized products that are formed 
in the process bioremediation. 
                                        

Materials and Methods  

Soil samples were aseptically collected 
from different sites around United 
Bleachers (P) Ltd, (UBL), Mettupalayam, 
Tamil Nadu, India. All the soil samples 
were mixed and used for the isolation of 
dye-decolourizing microorganism owing 
to long-term usage of the location for over 
decades since the establishment of the 
industry. The soil samples were serially 
diluted by following the standard protocol 
and the dilution series of  10-2 to 10-7was 
plated in Nutrient Agar medium. Each 
dilution was maintained in triplicates. All 
the plates were incubated at 37°C for 24 h. 
Disperse Red F3B was procured from the 
same industry. Other chemicals and 
reagents were of Analytical grade and 
obtained from Himedia, India.  
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All decolourization experiments were 
performed in triplicates. A loopful of each 
isolated bacterial culture was inoculated 
into a separate 250 ml Erlenmeyer flask 
containing the Disperse Red F3B dye (100 
mg l-1) in Nutrient broth and incubated for 
24 h at 37°C for initial screening of the 
isolates for the ability to decolourize the 
dye. The Disperse Red F3B had an 
intensive red colour and presented the 
highest absorbance peak (

 

max) in the 
visible spectrum region, at 550 nm. 
Aliquots of the culture (3 ml) was 
withdrawn at different time intervals, 
centrifuged at 5000 rpm for 15 min to 
separate the bacterial cell mass. 
Decolourization was determined by 
measuring the absorbance of the 
decolourization medium at 520 nm ( 
max) and percentage of decolourization 
was calculated (Saratale et al ., 2006) as 
follows:  

(%) Decolourization = (Initial absorbance 

 

Observed absorbance) / Initial 
absorbance X 100  

The average decolourization rate gh-1 
was calculated (Jadhav et al ., 2008) as 
follows;  

Average decolourization rate = C x %D x 
1000/ 100 x t  

Where C is the initial concentration of dye 
(mg l-1) and %D is the dye decolourization 
(%) after time t in hours (h). A loopful of 
culture was inoculated in 250 ml 
Erlenmeyer flask containing 100 ml 
nutrient broth. The dye was added at the 
concentrations of 25, 50, 75 and 100 mg l-

1. Separate study was carried out for 
different temperatures (20, 30, 40 and 50) 
and pH (3-10). Decolourization was also 
studied under shaking (150 rpm/min) and 
static conditions. The composition of 

growth medium for this study was nutrient 
broth. However, to evaluate the nutrient 
requirements and to optimize 
decolourization process of the isolate, the 
experiments were conducted with nutrient 
media and minimal media (mg l-1): 
Glucose 1800; MgSO4.7H2O  250; 
KH2PO4  2,310; K2HPO4  5,550; 
(NH4)2SO4 1,980.  

The genomic DNA of the strain with best 
decolourization potential was isolated 
according to the procedure described by 
Rainey et al  (1996). A partial DNA 
sequence for 16S rRNA gene was 
amplified by using 5 - ATG GAT CCG 
GGG GTT TGA TCC TGG CTC AGG-3 
(forward primer) and 5 -TAT CTG CAG 
TGG TGT GAC GGG GGG TGG-3 
(reverse primer) (Jing et al . 2004). The 
16SrDNA has been popular in bacterial 
gene identification partly because of its 
relatively small size which hastens 
sequence analysis and saves time 
(Madukasi et al .,  2011). Amplifications 
were performed in 50 l reaction mixtures 
containing the template DNA, 40ng, 0.2 

M, for each of the primers, dNTPs 
200 M, Taq

 

DNA polymerase 2.5U and 
10X Taq buffers 5 l. The mixture was 
subjected to the following amplification 
conditions; 2 min at 94oC, followed by 30 
cycles of 94oC for 1 min, and ended by a 
final extension step at 72oC for 7 min. The 
Ploymerase Chain Reaction (PCR) 
products were electrophoresced on 0.7% 
agarose gels. The PCR reaction mixture 
was then sent for sequencing (Chromous 
Biotech Pvt. Ltd.,). The nucleotide 
sequence analysis of the sequence was 
done at Blast-n site at NCBI server 
http://www.ncbi.nlm.hin.gov/BLAST).   

The alignment of the sequence was done 
by using CLUSTALW program V1.82 at 
European bioinformatics site 

http://www.ncbi.nlm.hin.gov/BLAST
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http://www.ebi.ac.uk/clustalw). The 
sequence was refined manually after 
crosschecking with the raw data to remove 
ambiguities and submitted to the NCBI. 
Physiological characteristics were 
determined according to the procedures 
outlined in Bergey s Manual of 
Determinative Bacteriology.  

Samples collected at intermediate and 
decolourization end point were centrifuged 
at 10,000 rpm for 15 minutes and the cell-
free supernatant was used for the 
spectrophotometric analysis in Shimadzu 
UV-1800 (Japan). The dye free medium 
was used as blank and sterile medium 
containing 100 mg l-1 of Disperse Red F3B 
was used as the reference for obtaining the 
spectrum.  

The metabolites obtained during the 
decolourization of the Disperse Red F3B 
dye was extracted with equal volume of 
ethyl acetate. The extract was dried over 
anhydrous Na2SO4 and evaporated to 
dryness in rotary evaporator. The crystals 
obtained were dissolved in small volume 
of HPLC grade methanol and the same 
sample was used for TLC and FTIR 
analysis. Changes in the absorption 
spectrum (400-4000) were recorded. TLC 
analysis was carried out on a silica gel 
using mobile phase solvent system 
ammonia, methanol, n- butanol and 
distilled water (5:2:2:1). The 
chromatogram was allowed to develop and 
observed under UV illumination.  

The phytotoxicity of the Disperse Red 
F3B dye was performed to evaluate the 
toxicity of the dye before and after 
decolourization in the concentration range 
of 100 ppm. The study was carried out in 
Brassica nigra (L.) and Cyamopsis 
tetragonolobus (L.). Emergence of shoot 
of 0.5cm in length or more was taken as 

germinated seeds and the germination 
percentage was determined. Delay index 
(DI), a normalized parameter, was 
calculated to compare the performance of 
the dye and biodegraded dye as given 
below (Garg and Kaushik., 2007).  

DI = X/Y  

Where, 
DI = Delay Index 
X = delay in germination time over control 
(no effluent) and 
Y = germination time for control  

Root length and shoot length of Brassica 
nigra (L) and Cyamopsis tetragonolobus 
(L) were recorded after 15 and 25 day. 
The data in this study were analyzed using 
the SPSS package, and all the values that 
are represented are the mean ± SE. 
Students t-tests were used to compare the 
effect of biodecolourization with that of 
the native dye. The probability levels used 
for statistical significance were P<0.05 for 
the tests.  

Results and Discussion  

From serial dilution of the soil sample 
taken from the textile industrial area, 46 
different isolates were obtained. For the 
convenience, these isolates were assigned 
strain numbers from UBL-01 to UBL-46, 
based on the abundance of the isolates in 
the serially diluted plates. On screening all 
the 46 isolates for the ability to decolorize 
Disperse Red F3B, strain UBL-02 alone 
exhibited a decolourization rate of 3467 g 
h-1 (Table.1) and was chosen to be used in 
the latter experiments. Reduction in cell 
growth and decolourization rate by other 
bacterial strains might result from the 
toxicity of disperse red F3B through the 
inhibition of metabolic activities. Disperse 
red F3B, like any other azo dyes contains a  

http://www.ebi.ac.uk/clustalw
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Table.1 Average decolorization rates of Disperse Red F3B by individual strains, calculated 

as g of dye decolorized per hour.  
Strain Name Average decolorization rate ( g h-

1)

 
 UBL 01 1095 
 UBL 02 3467 
 UBL 03 942 
 UBL 04 1155 
 UBL 05 1003 
 UBL 06 1064 
 UBL 07 790 
 UBL 08 1064 
 UBL 09 942 
 UBL 10 882 
 UBL 11 1095 
 UBL 12 821 
 UBL 13 790 
 UBL 14 1034 
 UBL 15 942 
 UBL 16 1155 
 UBL 17 1034 
 UBL 18 730 
 UBL 19 790 
 UBL 20 1064 
 UBL 21 790 
 UBL 22 882 
 UBL 23 730 
 UBL 24 547 
 UBL 25 1429 
 UBL 26 273 
 UBL 27 821 
 UBL 28 730 
 UBL 29 1095 
 UBL 30 1003 
 UBL 31 942 
 UBL 32 790 
 UBL 33 1155 
 UBL 34 1247 
 UBL 35 669 
 UBL 36 1003 
 UBL 37 790 
 UBL 38 882 
 UBL 39 608 
 UBL 40 1247 
 UBL 41 730 
 UBL 42 ND 
 UBL 43 638 
 UBL 44 730 
 UBL 45 2219 
 UBL 46 1064 

ND - No Decolourization 
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Table.2 Biochemical profile of Enterococcus faecalis  

Biochemical Character Response 
N-Acetylglucosamine  + 

L-Arabinose  - 
Cellobiose  + 

Dextrin  + 
D-Fructose  + 
Galactose  + 
D-Glucose  + 
Glycerol  + 
Glycogen  - 
Lactose  + 
Maltose  + 
Mannitol  + 

D-Mannose  + 
Melibiose  - 

D-Raffinose  - 
Ribose  + 
Sorbitol  + 
Sucrose  + 

Growth in 6.5% NaCl  + 
Growth in 0.1% Methylene 

blue milk  
+ 

H2S production  - 
Alpha hemolysis  + 
Beta hemolysis  + 

Lancefield group D  + 
Motility  - 

Voges-Proskauer  + 
Yellow pigment  - 

Catalase  - 
Esculin hydrolysis  + 

+ Positive;  
- Negative 

 

Table.3 Average decolorization rate of Disperse Red F3B by Enterococcus faecalis UBL 02 
under optimal conditions, calculated

 

as g of dye decolorized per hour.

  

Average 
decolorization 
rate  ( g h-1) 

pH T0 Nutrient

 

Condition

 

Time 
taken(hours)  

18,800 8 500C Nutrient 
broth 

Static 5 h 
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Table.4 Phytotoxicity study of disperse Red F3B and its metabolites 

 formed after biodegradation.  

Brassica 
nigra 

Cyamopsis tetragonolobus* Parameters 
studied   

Control   
D. Red 
F3B   

Degraded 
Product Control D. Red 

F3B 
Degraded 
Product 

Germination 
% 

100 28.4±1.02

 

83.6±1.8 100 33.2±1.55

 

87.25±2.36

 

Delay index 0 0.33 0 0 0.715 0.28 
Shoot 
length 

10.4±0.71a

 

6±0.41b 9.2±0.68a 15.6±1.1a

 

 8.4±0.9b 14±1.6a 

Root length 1.7±0.52a 2±0.14a 1.6±0.09a 3.6±1.1a 3.4±1.4a 3.3±1.6a 

*Values followed by same letters in a row are not significantly different (p 0.05)  

 

sulphonic-acid group on the aromatic ring, 
which might act as detergent, thereby 
inhibiting the growth of the 
microorganisms. Such dyes may affect 
DNA synthesis since it has also been 
reported that dyes are inhibitors of the 
nucleic acid syntheses, or cell growth 
(Asad., 2007).  

The strain UBL-02 was subjected to 
morphological and physiological 
characterization (Table 2) and was 
identified as Enterococcus fecalis (Albert 
and Anciet., 1999). To further confirm the 
identity of the isolate, 16SrDNA genes 

was partially sequenced following PCR 
amplification and it was compared with 
the sequences deposited in the database 
(Madukasi et al ., 2011). The phylogenetic 
tree showed that the isolate UBL 02 was 
an unidentified species and was closely 
related to Enterococcus faecalis species 
showing similarity of 99%. The sequence 
has been submitted at the GenBank under 
the accession no. HM451428.  

There was no significant decolourization 
of Disperse Red F3B in minimal broth by 
UBL-02 and therefore, further 
optimization   of     the   conditions    was  
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performed in nutrient broth. Two opinions 
have been argued for many years: one 
deems that dyes are not a carbon source 
since the anaerobic/facultative anaerobic 
bacteria obtain energy from the glucose 
instead of the dyes and glucose can 
enhance the decolourizing performance of 
biological systems (Sarioglu and Bisgin., 
2007); while another deems that glucose 
can inhibit the decolourizing activity 
(Chen et al ., 2004). The variability may 
be due to the different microbial 
characteristics involved. Our results 
showed that a certain concentration of 
carbon source was necessary for the 
Enterococcus fecalis UBL 02 
decolourizing process. The results clearly 
indicated that decolourization was greatly 
affected by addition of yeast extract as 
nitrogen sources. Metabolism of the yeast 
extract is considered essential for 
regeneration of NADH, which is the 
electron donor for azo bond reduction 
(Craliell et al ., 1995). This is in 
accordance with other reports of Chen et 
al . 2004; Kodam et al .,( 2005); Moosvi et 
al ., (2005) stating that, the best 

decolourization was achieved with the 
yeast extract as nitrogen source.  

The success of bioremediation is 
dependent on the inherent biodegradability 
of the pollutant, the accessibility of the 
pollutant to degrading microorganisms and 
on the optimization of biological activity 
(Yousefi Kebria et al ., 2009; Sivaraman et 
al ., 2011). When decolourization pattern 
for the Disperse Red F3B was studied 
under different conditions, it was found 
that the dye even at a high concentration 
of 100 mg l-1 was decolourized completely 
to 94% within 5 h of incubation at pH 8, 
under 50°C of temperature and static 
condition with an average decolourization 
rate of 18,800 gl-1. The average 
decolourization rate per hour of the 
Enterococcus fecalis UBL 02 has 
increased 5.4 folds from 3467 g h-1 to 
18,800 g h-1 (Table 3) after optimization 
of the pH, temperature and static 
conditions.  

Our findings show that the capacity of 
Enterococcus       fecalis     to   decolourize 
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Disperse Red F3B under static and non-
aerated condition is similar to that of 
others (Haiyan et al ., 2010; Widhi et al ., 
2007) on decolourization of reactive red 2 
and acid red 27 under static and non-
aerated conditions. Enterococcus fecalis is 
also reported for a faster rate of 
decolourization of reactive red and acid 
red 2 within 12 h at a conc. of 100 mg l-1 

(Widhi et al ., 2007).  

This result suggested that Enterococcus 
fecalis UBL 02 was a type of facultative 
anaerobe. Oxygen was favorable to the 
growth of the bacterium but deleterious to 
the yield process of the degradation related 
enzyme. The result accorded with the 
conclusion that none of these 
decolourizing bacteria are able to 
efficiently decolourize dyes under aerobic 
conditions (Khehra et al ., 2005; Moosvi et 
al ., 2005). Dissolved oxygen often 
inhibited the anaerobic decolourization of 
azo dyes, because oxygen was a preferable 
terminal electron receptor over the azo 
groups. During the dye reduction stage, if 
the extra-cellular environment is aerobic, 
the high-redox-potential electron acceptor, 
oxygen, may inhibit the dye reduction 
mechanism (Pearce et al ., 2003).  

Decolourization of dyes may take place by 
adsorption (Aravindhan et al ., 2007) or 
Degradation (Kumar et al ., 2007). In the 
case of adsorption, dyes are only adsorbed 
onto the surface of bacterial cells, whereas 
new compounds come into being when 
dyes are degraded by bacterial enzymes 
during the degradation process. In 
adsorption, examination of the absorption 
spectrum will reveal that all peaks 
decrease approximately in proportion to 
each other. If the dye removal is attributed 
to biodegradation, either the major visible 
light absorbance peak will completely 

disappear or a new peak will appear (Yu 
and Wen, 2005).  

The UV-Vis spectra of the media 
containing the dye before decolourization 
showed a maximum absorption at 550 nm 
(0 hour). In the intermediate stage of 
decolourization, the  max shifted to 520 
nm (2.5 h) and in the final stage after 
decolourization, the absorption maxima 
once again disappeared from 520 nm and 
appeared at 490 nm. Therefore, shifting of 
peaks from 550 nm to 520 nm and a 
complete disappearance of peak at 550 nm 
(5 h) is a clear evidence of molecular 
rearrangements in the dye structure and 
biodegradation thereof (Fig. 2). Dye 
adsorption can be also easily judged by an 
evidently coloured cell pellet, whereas 
those retaining their original colours are 
accompanied by the occurrence of 
biodegradation (Chen et al ., 2004). The 
observation of Enterococcus faecalis cell 
mass retained their natural colour after 
decolourization of Disperse red F3B, 
further confirms that the dye has 
undergone biotransformation.  

The great changes occurring both in UV 
and visible spectra indicated that the 
molecular structure of Disperse Red F3B 
changed evidently after decolourization. 
The red colour of Disperse Red F3B was 
caused by the conjugated structure of azo 
bonds (chromophore) and amino group. It 
could be presumed that the azo bonds 
cleaved during the reaction which 
indicated that the primary chromophore 
was destroyed (Hui et al ., 2009). The 
absorbance peak at UV spectra did not 
disappear in the end of decolourization, 
which indicated that Disperse Red F3B 
was not completely mineralized while 
some new metabolites formed in the 
culture. 
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The comparison of TLC chromatograms of 
the media extracted by the organic phase 
before and after decolourization by the 
UBL 02 strain under UV light showed that 
the decolourized sample had two new 
bands, which might have originated from 
the dye metabolites. Aromatic amines are 
the usual decolourization products of azo 
dyes that appear in the organic phase 
extract. Comparison of chromatograms of 
the aqueous phase extracts of the samples 
before and after treatment also showed the 
disappearance of the dye band in 
decolourized media indicating complete 
decolourization. The parent dye compound 
disperse ded F3B resolved into a single 
spot of Rf value 0.156 in TLC.  

The solvent extracted sample of the same 
after decolourization by Enterococcus 
fecalis UBL 02 showed two new spots 
with Rf values 0.187 and 0.281 
respectively.  

When the Disperse Red F3B was 
subjected to FTIR analysis, before and 
after decolourization, it showed several 
peaks that represented rearrangements in 
the molecular structure of the compound. 
The FTIR spectrum of the control (Fig. 3) 
displayed a peak at 3432  cm-1, 2950 cm-1, 
and 1640 cm-1 for free NH2 due to 
asymmetric stretching vibration, -CH3 for 
stretching vibration and OH stretching 
vibration respectively. A broad peak near 
to 655 cm-1for the monosubstitution 
phenyl derivative and 1640 cm-1 indicated 
the aromatic nature of the dye. The peak 
near 1023 cm-1 for S=O indicated 
sulphoxide nature of the dye. FTIR report 
of the degradation product (Fig. 4) 
displayed 3398 cm-1 for OH stretching, a 
peak at 1640 cm-1 for C=N and Fermi 
resonance band at 2950 cm-1 for CH3 
indicated the formation of imines. FTIR 
analysis confirmed the biotransformation 
of the dye into imines. These results 

provide obvious evidence of 
biodegradation of Disperse Red F3B by 
Enterococcus fecalis UBL 02 in the 
decolourization process, and also 
supported the earlier conclusion that 
decolourization by bacteria is due to 
biodegradation, rather than inactive 
surface adsorption.  

Despite the fact that untreated dyeing 
effluent may cause serious environmental 
and health hazards, they are being 
disposed off in water bodies and this water 
is being used for agriculture purposes 
(Jadhav et al ., 2010; Kalyani et al ., 2008; 
Saratale et al ., 2009). Therefore, 
evaluation of toxicity of the dye and its 
degraded product was needed to be tested 
on the plant species. Disperse Red F3B 
(100 ppm) showed 28.4±1.02 % and 
33.2±1.55 % of germination in Brassica 
nigra and Cyamopsis tetragonolobus 
respectively when compared to the control 
(Table 4).  

Metabolites of  Disperse Red F3B did not 
show inhibition in the germination of 
Brassica nigra and Cyamopsis 
tetragonolobus. Delay index in this 
experiment is a measure and an indication 
of the effect of Disperse Red F3B before 
and after biodegradation, and 
demonstrated a complete detoxification of 
the dye with respect to germination and 
growth of these two plants. Likewise, 
shoot length also showed significant 
reduction in both Brassica nigra 
(6±0.41cm) on day 15 and Cyamopsis 
tetragonolobus (8.4±0.9cm) on day 25 
when compared to the control.  

However, there was no significant change 
in the root length. There is not adequate 
information regarding the precise 
mechanisms affecting the reduction in 
germination rate, above ground biomass 
and shoot height (Sharifi et al .,  2007). 
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Phytotoxicity studies confirmed the 
detoxification of the dye with respect to 
Brassica nigra and Cyamopsis 
tetragonolobus. All these experimental 
demonstration clearly suggests that 
Enterococcus fecalis UBL 02 could be of 
great importance and use to decolourize 
complex dyestuff effluent containing 
various azo dyes. 
The strain UBL 02 isolated from the 
textile effluent polluted soil was identified 
by 16srDNA gene as Entercoccus faecalis. 
A representative type of azo dye, named 
disperse red F3B was rapidly decolourized 
within 5 h under static (microaerophilic) 
condition, as confirmed by the UV 

 

Vis 
and TLC analysis. The formation of 
imines during the microaerophilic stage 
was confirmed by FTIR analysis, reveling 
partial mineralization of the dye 
degradation products. The decolourized 
products of the dye did not show any 
significant phytotoxicity when tested on 
Brassica nigra and cyamopsis 
tetragonolobus. Thus the novel isolate 
used in the present study appears to be a 
promising alternative to replace or 
supplement currently available biological 
treatment process enabling the re-use of 
biologically treated textile wastewater for 
irrigation as well.  
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