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Abstract
Developing efficient, effective and low-cost procedure for color removal in wastewater is a serious environmental con-
cern. In this study, we investigated the possibility of enhancing the activities of dyes decolorizing bacterium using 
selected redox mediators and media (nutrient broth, yeast, glucose, starch and peptone). The isolated organism identi-
fied using 16S rRNA gene as Providencia rettgeri showed the highest decolorization of a model dye, methyl red by 97% 
within 6 h using nutrient broth. Preferred redox mediator was found to be quinol (95% within 5 h) than other (nicotina-
mide adenine dinucleotide  (NAD+), reduced  NAD+, nicotinamide adenine dinucleotide phosphate  (NADP+) and reduced 
 NADP+). In addition, the biodegradation of methyl red was investigated by subjecting its metabolites to UV–visible, high-
performance liquid chromatography and Fourier transform infrared analyses that suggested the biodegradation. This 
was confirmed by the removal of signature peaks of aromatic C–H bending (645, 759 and 831 cm−1) and the N=N peak 
at 1509 cm−1 of the FTIR spectrum of the metabolites. In conclusion, introduction of minute amount of hydroquinone 
(1 mM) into wastewaters could enhance their biotreatment by this strain of P. rettgeri.
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1 Introduction

Industrialization is vital for a nation’s economic devel-
opment, but it is equally associated with the produc-
tion of life-threatening effluents. Such effluents contain 
enormous amounts of dyestuffs, which rendered them 
aesthetic displeasing and environmentally harmful [1]. 
About 15% of dyestuffs used in industries entered into 
the effluents [2]. Approximately 10,000 different dyes 
and pigments are used industrially, and over 0.7 million 
tons of synthetic dyes are produced annually worldwide. 
These colored wastewaters, which are often discharged 
into nearby streams and rivers, have adverse effects on the 
ecosystem. They alter the pH and increase the biochemi-
cal oxygen demand (BOD) and chemical oxygen demand 

(COD) of the receiving water bodies [3]. This alteration in 
the physicochemical parameters of the aquatic bodies 
results in hardships of aquatic life and bioaccumulation 
of toxic compounds. Worse still, synthetic dyes in waste-
waters are usually obstinate to most treatment processes. 
Prominent among these synthetic dyes are the azo dyes.

Azo dyes are the major textile dyestuffs produced, 
and they are the most commonly used synthetic dyes in 
the textile, food, printing, leather, cosmetics and paper-
making industries [4]. More than 800,000 tons of these 
dyes are produced annually worldwide [5]. In addition 
to the coloration of water bodies, many synthetic azo 
dyes are known to be toxic, carcinogenic and genotoxic 
[6, 7]. Furthermore, they reduce the dissolved oxygen in 
waters, thus making aquatic life difficult [8]. Azo dyes are 

Received: 6 March 2019 / Accepted: 25 May 2019 / Published online: 10 June 2019

 * Olumide Olukanni, olukannio@run.edu.ng | 1Department of Biochemistry, College of Basic Medical Sciences, Redeemer’s University, 
Gbongan Osogbo Road, P.M.B. 230, Ede, Osun State, Nigeria. 2Department of Biological Sciences, McPherson University, Seriki Sotayo, 
P.M.B. 2094, Abeokuta, Ogun State, Nigeria. 3Department of Biochemistry, College of Medicine, University of Lagos, P.M.B. 12003, Lagos, 
Nigeria. 4Department of Earth Resources and Environmental Engineering, Hanyang University, Seoul 04763, South Korea.

http://crossmark.crossref.org/dialog/?doi=10.1007/s42452-019-0668-0&domain=pdf


Vol:.(1234567890)

Research Article SN Applied Sciences (2019) 1:697 | https://doi.org/10.1007/s42452-019-0668-0

a group of compounds characterized by the presence 
of one or more azo bonds (–N=N–) in association with 
one or more aromatic systems [9]. This chemical nature 
makes them relatively resistant to most biological and 
chemical treatments.

Conventional wastewater treatment processes are 
not usually efficient to remove recalcitrant dyestuffs, like 
azo dyes, from effluents; and physicochemical methods 
such as adsorption, chemical precipitation, photolysis, 
chemical oxidation and reduction, electrochemical treat-
ment have been found worrisome due to high cost, low 
efficiency, production of secondary pollutants and non-
suitability for a variety of dyes [10]. These disadvantages 
make biological treatments of the wastewater contain-
ing dyes, such as microbial or enzymatic decolorization 
and degradation, a viable alternative. Several microbial 
enzymes are being used for azo dye degradation which 
require redox mediators. Presently, nanoparticle-micro-
bial enzyme conjugate-mediated degradation of textile 
azo dyes is on top in global scenario for specific sub-
strates [11]. Although biotreatment of wastewater has 
been adjudged to be more eco-friendly, cheaper and 
safer alternative to chemical decomposition process [12], 
there is a need to optimize the processes.

There are dwindling but promising results of accel-
erating dye decolorization by adding mediating com-
pounds or changing process conditions [13]. Dos-Santos 
et al. [14] have shown acceleration of azo dye reduction 
by the addition of a redox mediator—anthraquinone sul-
fonate. Studies have also demonstrated that ubiquitous 
sources of electrons, such as reduced forms of nicoti-
namide adenine dinucleotide (phosphate) (NAD(P)H), 
were able to reduce azo dyes, even in the absence of 
microbes or enzymes [15]. Another extracellular reduc-
ing agent—sulfide—produced via respiration by sulfate-
reducing bacteria has been shown to decolorize azo dyes 
chemically [16, 17]. Van der Zee and Villaverde [18] have 
also reported that the initial step in the biodegradation 
of azo dyes is the cleavage of the azo bond, a reaction 
catalyzed by the enzyme azoreductase. Azoreductases 
generally require NAD(P)H for their catalytic activities.

Another way of increasing the rate of decolorization is 
the choice of media. Studies with dyes as the sole source 
of carbon usually take prolonged time, some taken days 
or weeks. In previous decolorization studies, involving 
the use of minimal media, the percentage decolorization 
was low, the highest being 47% after 14 days of incuba-
tion [3]. This study emphasizes the importance of media 
choice in bacterial decolorization of color effluents.

The objective of our study was thus to investigate the 
possibilities of selected chemical mediators and different 
media to increase the removal of azo dyes in wastewater. 

The biodegradation of the dye as against mere decolori-
zation was also studied.

2  Materials and methods

2.1  Dyes and chemicals

Methyl red (MR) and hydroquinone were products of BDH 
chemicals (Poole, England), and nicotinamide adenine 
dinucleotide  (NAD+), reduced  NAD+, nicotinamide ade-
nine dinucleotide phosphate  (NADP+) and reduced  NADP+ 
were from Sigma Chemical Co. (St. Louis, Mo, USA). Nutri-
ent broth and agar were those of Lab M Ltd. (Lancashire, 
UK). Other reagents were of analytical grade.

2.2  Screening, isolation and identification 
of the bacterium

Isolation of bacteria from technical grade dyes was car-
ried out by the enrichment technique using nutrient broth 
and a mixture of three dyes: Reactive Blue 13, Reactive 
Yellow 42 and Reactive Red 58 at 50 mg/L concentration. 
The decolorized broth was cultured on nutrient agar, and 
isolates from pure colonies were tested for decoloriza-
tion ability. One of the prominent decolorizers was cho-
sen and identified using the morphological, biochemical 
and genetic method. The genetic identification, using 16S 
rRNA gene sequence of the strain, was done at geneOm-
bio, Pune, India. The sequence was then analyzed at NCBI 
server (http://www.ncbi.nlm.nih.gov) and deposited at 
GenBank. The phylogenetic analysis of the sequence was 
done using MEGA 4 [19]. The organism was maintained 
on a nutrient agar slant at 4 °C and proliferated in 250 mL 
Erlenmeyer flask containing 13 g/L of nutrient broth at 
room temperature until its turbidity  (OD600) is about 1.0 
prior every experiment. The nutrient agar contains (g/L): 
peptone, 5; beef extract, 3; NaCl and agar No.2, 12, while 
the composition of the nutrient broth (g/L) was beef 
extract, 1; yeast extract, 2; peptone, 5 and NaCl, 5.

2.3  Decolorization at various dye concentrations

Decolorization experiments were performed in tripli-
cates, and abiotic controls (without microorganism) were 
included in all experiments. A fresh sterile nutrient broth 
was prepared with the sterile dye sample to a concentra-
tion of 13 g nutrient broth per liter of media. Portions of 
the broth (2 mL) of overnight culture were added into 
50 mL dye-media solution. The culture media (inoculated 
dye) were incubated at 30 °C, and 3 mL of samples was 
taken at 1-h interval and centrifuged at 4000 r.p.m. for 
25 min to remove cells. The absorbance of the cell-free 
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supernatant sample was measured at the dye’s predeter-
mined maximum absorbance–wavelength (λmax), 482 nm, 
and percentage decolorization is calculated as:

where Ao is absorbance of the dyes solution and At is 
absorbance of the treated dyes solution at a specific time, 
t. The experiment was repeated for the dye at 20, 30, 50, 
100 and 200 mg/L.

2.4  Effect of various media on the decolorization 
of MR

The effect of media composition on decolorization was 
investigated by adding five nutrient sources into different 
MR solutions: nutrient broth, NB; with yeast extract, YS; 
with glucose, GC; with peptone, PT; with starch, SR (13 g/L 
each). The media were sterilized at 121 °C for 15 min. Per-
centage decolorization was determined as described 
above. Medium with the highest decolorization activities 
was used for the mediator experiments.

2.5  Effect of selected redox mediators 
on decolorization of MR

The ability of redox mediators: quinol, NAD, NADH, NADP 
and NADPH to influence the decolorization of the azo dye 
MR was investigated using 1 mM [20] of the mediators in 
different vessel containing 50 mL of the dye-broth solu-
tion. The choice of these mediators was born out of their 
importance in biochemical processes and as cofactors for 
enzymes. An equal amount of the organism (~ 0.05 g DCM) 
was added to each reaction setup.

2.6  Biodegradation studies

The biodegradation studies were monitored using the 
Fourier transform infrared (FTIR) and the high-perfor-
mance liquid chromatography (HPLC) of the dye and 
its 24-h metabolites. The 24-h culture of the dye was 
centrifuged at 4000 rpm for 20 min, and the superna-
tant was extracted using ethyl acetate for the analyses. 
The HPLC analyses were done with a dual λ UV–visible 
detector HPLC (Waters, Austria) on a C18 column (sym-
metry, 4.6 × 250 mm). The extract was dissolved in HPLC 
grade methanol, and sample (10 μL of dye or its metabo-
lite) was injected and allowed to separate for 10 min at 
the flow rate of 1 mL/min. A methanol isocratic mobile 
phase was used. Both MR and its ethyl acetate-extracted 
metabolites were used in this study. The FTIR spectra of 
the MR and its metabolites were done using the solid 

%Decolorization =
Ao − At

Ao

× 100

extract on FTIR model 800 (Shimadzu, Japan). The scans 
were done in the mid-IR region of 400-4000 cm−1 with 
16 scan repeat. The samples, mixed with IR grade KBr in 
the ratio 10:90, and fixed in a sample holder, were used 
for the scans.

2.7  Statistical analysis

All values were expressed as mean ± standard deviation 
(SD) of triplicate observations. Decolorization data were 
analyzed using the paired samples T test. Statistical analy-
ses were performed using IBM SPSS Statistics version 20. 
Values were considered statistically significant at P < 0.05.

3  Results

3.1  Initial screening and identity of the bacterium

Initial screening of the isolated bacterium showed that 
the organism could decolorize mixture of dyes contain-
ing textile azo dyes Reactive Blue 13, Reactive Yellow 42 
and Reactive Red 58. Morphological and biochemical 
analysis of the isolate showed that it is a gram-negative, 
rod-shaped, catalase-positive, oxidase-negative, aerobic 
carbohydrate fermenter. The organism was later identified 
as a strain of Providencia rettgeri using its 16S rRNA gene 
sequence (Fig. 1); the sequence has been deposited in the 
NCBI GenBank with accession number GU395555.

3.2  Decolorization of different concentrations 
of MR

To understand the effect of different concentrations of dye 
on the decolorization ability of the strain, a well-defined 
and pure laboratory dye, MR was used. The result of the 
study showed that the initiation of decolorization (lag 
phase) was prolonged as the concentration increased. The 
organism showed more than 50% decolorization of the 
10, 20 and 30 mg/L of the dye solution at 3 h; at the end of 
6-h incubation time, the % decolorization was 95.70 ± 1.64, 
98.00 ± 1.66, 98.03 ± 78, 97.05 ± 038, 82.30 ± 0.51 and 
26.82 ± 0.79 and for 10, 20, 30, 50, 100 and 200  mg/L 
solutions, respectively (Fig. 2). We also observed that the 
organism decolorized the 200 mg/L MR solution at above 
90% within 12 h (data not shown). The ability of this strain 
of P. rettgeri to decolorize MR solution at 100 mg/L within 
6 h is worth noting. Increasing concentration of MR seems 
to increase the lag phase of the growth and subsequently 
the decolorization time (Fig. 2).
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3.3  Effect of different media on decolorization 
of MR

Figure 3 shows the effect of different media types on the 
decolorization of MR. Among the media types, the most 
effective decolorization was achieved using nutrient 
broth with 93.77 ± 1.05% decolorization within 6 h. The 
strain also showed an appreciable level of decolorization 
when peptone and starch were used as media: 47.74 ± 1.52 
and 40.76 ± 0.94% decolorization, respectively. Yeast and 

glucose, however, demonstrated a low level of decoloriza-
tion of 21.94 ± 0.61 and 21.64 ± 0.48% at the same time of 
incubation.

3.4  Effect of redox mediators on the decolorization 
of MR

The presence of hydroquinone as mediator showed 
94.41 ± 0.98% at an incubation time of 5  h, as against 

Fig. 1  Phylogenetic analysis 
of 16S rDNA sequence of 
bacterial isolate P. rettgeri strain 
ODO. Distance tree con-
structed using the neighbor-
joining method by using MEGA 
4. The sequences have been 
retrieved from NCBI database, 
showing the phylogenetic 
relationships of P. rettgeri strain 
ODO and other species of 
genus Providencia 
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Fig. 2  Effect of initial dye concentration on the decolorization of 
methyl red by P. rettgeri strain ODO
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Fig. 3  Effect of various media on the decolorization of methyl red 
by P. rettgeri strain ODO (NB, nutrient broth; SR, starch; YS, yeast; GC, 
glucose; PT, peptone)
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79.35 ± 1.26 recorded in the control experiment (dye in 
nutrient broth without any mediator). Other mediators 
 NAD+, NADH, NADPH and  NADP+ showed 26.86, 19.44, 
82.30 and 19.44% relative decolorization, respectively, 
when compared to quinol (Fig. 4).

3.5  Evidence of biodegradation as against mere 
decolorization

The UV–visible spectrum showed that absorbance peak of 
MR at its predetermined λmax (482 nm) reduced abruptly 
after 6 h of incubation. The FTIR spectrum of MR showed 
specific peaks in the fingerprint region for substituted 
aromatic compounds (645–831 cm−1), C=O stretching at 
1621.22 and C–H stretching at 2929.00 cm−1. While other 
peaks were either distorted or removed in the spectrum of 
the metabolites, there was a sharp increase in the intensity 
of the peak corresponding to the C=O stretching (Fig. 5).
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Fig. 4  Effect of redox mediators on the decolorization of methyl 
red by P. rettgeri strain ODO; results after 5 h

Fig. 5  FTIR analysis of a methyl 
red and b its 24-h metabolic 
products after decolorization 
by P. Rettgeri strain ODO
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The HPLC elution profile of the MR showed a single peak 
at 11.015 min, as against the several peaks in that of the 
metabolites (the major ones being at 4.125 and 4.576 min). 
It is also important to note that the absorbance unit (AU) 
scale of the dye is of the range 0.0–0.04, while the range 
was 0.0–0.006 for the metabolites (Fig. 6).

4  Discussion

Generally, the use of chemical mediators in biotreatment 
serves a dual purpose: firstly to understand the metabolic 
pathway or mechanism of action of the organism; and sec-
ondly to check the possibility of improving reaction rate. 
In this research, the ability of the mediators to increase the 
rate of decolorization of MR was investigated.

The result of the 16S rRNA gene sequence of the organ-
ism showed that the bacterium is a strain of Providencia 
rettgeri (Fig. 1), and the sequence of the organism was 
deposited in the NCBI GenBank with accession number 
GU395555. The ability of this strain of P. rettgeri to com-
pletely decolorized textile dyes and MR (100 mg/L) under 
static anoxic condition suggested that it could be use-
ful in wastewater decolorization. Mahalakshmi et al. [21] 
have observed a similar trend for Congo red, though with 
algae. Shen et al. [22] also estimated that textile effluents 
always have dye concentration of about 60 mg/L. The 

prolonged lag phase experienced as the concentrations 
of dye increased might be connected with the inhibition 
of metabolic enzymes’ production by the dye molecules, 
since metabolic enzymes are products of the lag phase 
[23]. This inhibition of enzyme productions subsequently 
affected the growth of the organism, thereby preventing 
the production of the enzyme required for the catabolism 
of the pollutant, MR.

The fact that the organism preferred NB to other 
media was an indication that peptone, amino acid 
and vitamins (which are components of the NB) are 
required for the decolorization activities. Osuntoki et al. 
[24] have shown that nutrient sources could enhance 
biodegradation of pollutants. The preference of hydro-
quinone among other redox mediators might not be 
unconnected with the redox potential of the media-
tor. Forootanfar et al. [25] have reported the increase 
in decolorization of synthetic and textile dyes in the 
presence of hydroxybenzotriazole. The reduction in the 
decolorization time from 6 h to 5 h seems significant 
and economical since a small concentration of the hyd-
roquinone (1 mM) was used. However, the hydroquinone 
concentration needs to be optimized. The decolorization 
pattern is similar to Michaelis–Menten kinetics, and such 
trend has been interpreted as probable involvement of 
enzymes [3].

Fig. 6  HPLC analysis of methyl red (MR) (a) and its metabolic products (b) after 24-h decolorization by P. rettgeri strain ODO
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The abrupt reduction in the absorbance value at the 
λmax after 6-h incubation is an indication of the decoloriza-
tion and degradation of the dye by the organism [3, 23]. 
The disappearance of the peaks at 645.21–831.35 cm−1 
and the distortion of that at 759.01 cm−1 (aromatic C–H 
bending) in the FTIR of MR metabolites suggested removal 
of the aromatic rings of the dyes. Similarly, Jadhav et al. 
[26] have reported changes in the peaks around 1500 cm−1 
as evidence of azo bonds reduction. In this study, there 
was complete removal of the 1509.35 cm−1 peak in the 
FTIR of MR metabolites (Fig. 5).

The presence of several peaks in the HPLC profile 
of MR metabolites and the low AU values suggested 
biodegradation rather than mere decolorization. This 
result differs from studies by Wong and Yuen [27] and 
Moutaouakkil et al. [28] in which only two peaks corre-
sponding to 2-aminobenzoic acid and N,N′-dimethyl-p-
phenylenediamine were products of MR decolorization. 
The presence of several peaks in the HPLC of the metabo-
lites showed that the dye was degraded to several smaller 
metabolites. The results of the FTIR analyses further justi-
fied the biodegradation, for instance, the disappearance of 
the C–H bending peaks for aromatic rings (600–800 cm−1). 
The removals of these peaks in the FTIR spectrum of 
metabolites have been reported as an indication of bio-
degradation [26]. The findings suggested that this strain 
of P. rettgeri both decolorized and degraded the MR dye.

5  Conclusion

This strain of P. rettgeri decolorized 100 mg/L MR within 6 h 
and degraded the corresponding aromatic amines formed. 
Also, it achieved a similar fit with hydroquinone as a redox 
mediator in 5 h; a rate is considered significant and eco-
nomically viable since only a small amount 1 mM of the 
mediator is required. This study, therefore, concluded that 
this bacterium can be used in the treatment of azo dyes in 
industrial effluents and that its activities can be increased 
by using low-cost redox mediator such as hydroquinone 
for the improvement of the rate of bioremediation.
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