
ABSTRACT
Due to the increased use of synthetic dyes in various industries, there is an increased disposal of wastewater containing harmful dyes. 
These, in turn, have affected plants, animals, and humans. The physical and chemical methods of dye decolorization have failed to 
degrade the synthetic dyes in industrial effluents completely. The microbial decolorization is better due to its versatility, dynamic 
metabolism, and potential machinery of enzymes. This study aimed to degrade basic yellow dye auramine O by bacteria isolated 
from textile industry effluent. In this regard, five bacterial strains were isolated and screened from a soil sample taken from textile 
industry effluent. The initial physical and biochemical characterization of the bacterial isolates 1 and 2 indicated catalase test-positive, 
starch test-negative, motility agar test-negative, gram staining test-positive, and morphology-bacillus. The bacterial isolates 3, 4, and 
5 indicated oxidase test-negative, urease test-positive, gram staining test-negative, and morphology-staphylococcus. All the isolates 
were further subjected to a screening test, where isolate 5 showed maximum dye decolorization of 98.9% in 96 h. The biodegradation 
of dye was optimized for different values of initial pH (4-10), inoculum size (2% -10%), initial dye concentration (50 mgL-1 to400 
mgL-1), carbon source (glucose, fructose, xylose, starch and lactose) and nitrogen source (peptone, ammonium sulphate, yeast extract, 
ammonium nitrate and urea). Maximum dye decolorization was observed for initial dye concentration of 200 mgL-1, initial pH of 6, 
inoculum size of 10%, yeast extract as nitrogen source, and glucose as carbon source. Therefore, dye degradation by bacteria can be 
used as a potential method for auramine O dye treatment.
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INTRODUCTION

Dyes are an essential component in different industries like 
paper, food, leather, textile, paint, and cosmetics. Roughly 
around 25 dye groups are present based on the chemical 
structure of chromophore. Many dyes are grouped as textile 
dyes which are used to dye different fabrics (Shet et al. 
2013; Hombalimath et al. 2012; Shet et al. 2016; Kulkarni 
et al. 2017; Abe et al. 2019; Benkhaya et al. 2020). Disposal 
of industrial- effluents to the water bodies causes water 
pollution. The environmental pollution can cause health risks 
to all the living things on the earth (Varjani 2017; Varjani 
and Upasani 2017; Bencheqroun et al. 2019; Shet et al. 
2021; Achappa et al. 2021). The dyes used in textile industry 
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causes artistic damage and stops the light diffusion in water, 
leading to a decreased level of dissolved oxygen and thus 
affecting the aquatic life's photosynthesis rate (Ajaz et al. 
2020; Achappa et al. 2020). Among different dyes, Auramine 
O is a diarylmethane dye that is used as a fluorescent stain in 
paper, leather, textile, and paint industries. Various methods 
are used to remove the auramine O dye from textile effluents: 
physical, chemical, Physico-chemical, and biological (Cao et 
al. 2019; Varjani and Upasani 2019; Nakkeeran et al. 2020; 
Achappa et al. 2021; Shet et al. 2021).

The biological method has many advantages like; it is 
simple, cheap, and environmentally friendly process. The 
large numbers of microbes present are maintained easily 
and require less preparation (Kulkarni et al. 2017; Crini 
and Lichtfouse 2018). Different microbes such as fungi, 
algae, bacteria, and yeast decolorize different dyes (Roy et 
al. 2018; Shet et al. 2020; Bhavikatti et al. 2020). Textile 
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wastewater treatment can be done using pure or mixed 
microbial cultures (Tochhawng et al. 2019; Patil et al. 
2020). Different factors like nutrients, soluble salts, initial 
pH, heavy metals, incubation temperature, dye structure, 
etc., affect the dye decolorization (Al-Amrani et al. 2014). 
There are different reports available which showed different 
dye decolorization using microbes (Varjani and Upasani 
2016; Kiayi et al. 2019; Pratiwi et al. 2019; Achappa et al. 
2021; Shet et al. 2021). In the Present study, biodegradation 
of basic yellow dye auramine O using bacteria has been 
reported. The effect of inoculum size, initial pH, carbon 
source, initial dye concentration, nitrogen source, and 
incubation temperature has been examined and the results 
obtained are discussed.

MATERIAL AND METHODS

Media components were obtained from Himedia laboratories 
Pvt. Ltd. All the analytical grade chemicals were purchased 
from S.R.L. Pvt. Ltd. U.V. Visible Spectrophotometer 
(Make: Metler Toledo) was used for the analysis of the 
samples. The samples were collected from different 
disposal points of the local textile industry in the form of 
soil samples. Sterile plastic bottles and spatula were used 
to collect the samples. It was then stored in the laboratory 
at 4oC. The soil samples were cultured on sterile nutrient 
agar plates, and 5 isolates were screened and transferred to 
sterile slants and preserved.

For screening, Bushnell and Has mineral medium was 
prepared using a standard protocol. The broth pH was 
adjusted to 7. The dye of concentration 100 mgL-1was 
added to the test tubes. This was distributed in test tubes and 
autoclaved to maintain sterility. The isolates were added to 
separate test tubes and incubated. Initial studies were done 
to decide on the operating environment such as initial pH 
(7), substrate concentration (100 mgL-1), and incubation 
temperature (30 oC). Percentage dye decolorization was 
determined by taking 1.5 mL aliquots from time to time 
from different test tubes. Then the sample was centrifuged 
at 5,000 rpm for 15 minutes to take out the cells. The 
supernatant was then measured for its absorbance at 370 nm 
using UV-visible spectrophotometer. The percentage dye 
decolorization was determined by using the mathematical 
expression: % Dye decolorization = (C – T/C) × 100. Where 
C = Initial absorbance, T = Final absorbance.

Standard gram staining and microscopic observations were 
carried out to characterize the isolates. The isolates were 
transferred on the slide with a sterile inoculating loop. It was 
allowed to dry. A drop of violet stain was put on the culture 
and waited for 30 seconds, then washed under running water 
carefully. A drop of iodine was added and waited for 30 
seconds to allow it to dry. Then safranin stain was added 
and waited for 30seconds till it dried and washed under 
running water carefully. The slide was then observed under 
a microscope [100X] with immersion oil. Biochemical 
characterization like oxidase test, catalase test, urease test, 
starch hydrolysis test, and motility agar test were conducted 
on the isolates and recorded. Different media and process 
parameters were optimized by One Factor At a Time (OFAT) 
to get the highest decolorization efficiency of auramine O 

dye by the selected bacterial isolates. The experiments were 
performed in triplicates. The effect of different pH (4, 6, 8, 
and 10) was observed for the dye decolorization efficiency 
of the selected bacterial isolate.

The Bushnell and "Hass" medium was spiked with auramine 
O dye of concentration 100 mgL-1 and was incubated at 
a temperature of 30°C. The initial value of pH was set 
using 0.01 M HCl / 0.01 M NaOH solutions. Percentage 
dye decolorization was determined. The effect of three 
different initial dye concentration (50, 200, and 400 mgL-1) 
of Auramine O dye was examined on the dye decolorization 
efficiency. The inoculum was added to 10 mL medium, 
maintained at 1:50 inoculum to broth ratio and incubation 
temperature of 30°C. Percentage dye decolorization was 
determined by taking 1.5 mL aliquots from time to time 
from different test tubes. The samples were centrifuged 
at 5,000 rpm for 15 minutes to take out the cells. The 
supernatants were then measured for its absorbance at 
370 nm using UV- visible spectrophotometer, and % 
decolorization was calculated. Abiotic decolorization was 
checked using an un-inoculated blank.

Different inoculum sizes (2% and 10%) were used to 
examine the effect on the dye degrading efficiency of the 
selected bacterial isolates. The Bushnell and "Hass" medium 
was spiked with auramine O dye of concentration 100 mgL-1 

and was incubated at a temperature of 30°C. Percentage 
dye decolorization was determined. To analyze the effect 
of media components on the bacterial dye degradation, five 
different carbon sources: fructose, glucose, xylose, starch, 
and lactose, and five different nitrogen sources: peptone, 
ammonium sulphate, yeast extract, urea and ammonium 
nitrate were used (4 gL-1). The Bushnell and "Hass" medium 
was spiked with auramine O dye of concentration 100 mgL-1 
and was incubated at a temperature of 30°C. Decolorization 
of the dye was determined.

RESULTS AND DISCUSSION

Physical and Biochemical characterization: The soil 
samples were collected from local textile industry effluent 
where auramine O dye was used for dyeing purposes. 
The organisms were cultured on agar slants, and they 
were identified by gram staining. The biochemical and 
microscopic characterization of the bacterial isolates are 
shown in table 1 and 2 respectively. The biochemical tests 
and gram staining indicated that the culture was a mixed 
culture that contained both gram-positive and gram-negative 
organisms. Some of them were rod-shaped, and some of 
them were round-shaped. Bacterial isolates 1 and 2 showed 
catalase test- positive, starch test- negative, motility agar 
test- negative, and the gram staining test showed that they 
were gram-positive strains and bacillus morphology. The 
bacterial isolates 3, 4 and 5 were staphylococcus as they 
were gram-negative, oxidase test negative, and urease test 
positive.

Biodegradation of Auramine O dye: All the five bacterial 
isolates showed effective ability in decolorizing auramine 
O dye. Degradation started in few hours, and after 96 h, 
the average percentage of dye removal by Bacillus spp. 
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was 96% and by staphylococcus spp. was 98%. No color 
decrease was observed in a sterile control. At 24 h, isolate 
5 showed a higher percentage of dye decolorization when 
compared to other bacterial isolates. For all the bacterial 
isolates, the % dye decolorization was observed to increase 
with time. At 96 h, isolate 5 showed the maximum dye 
decolorization of 98.9%, as shown in figure 1. Since isolate 
5 showed maximum dye decolorization capacity, it was 
considered for further optimization studies.

Bacterial oxido-reductive enzymes were responsible for the 
textile dye decolorization. The bacterial metabolism enabled 
the use of complex xenobiotic compounds of the dyes and 
breaks them down into less complex metabolites. The 
bacteria obtained from actual effluent disposal sites have 
the enzymes activated, which assisted the decolorization 
of dye (Radia and Romana, 2019; Ajaz et al. 2020; Shet 
et al. 2021).

Effect of initial pH: pH is a vital variable for bacterial 
growth and an important factor for wastewater treatment. 
Depending on the dye type, pH may be acidic, alkaline, 
or neutral. Dye decolorization rate may change with the 
change in pH of the wastewater. Dye decolorization can 
be improved by modifying the wastewater pH to support 
bacteria degrading the dye or by choosing the microbes 
that can grow at the pollutant’s pH (Al-Amrani et al. 2014; 
Varjani and Upasani 2017). In this study, as shown in 
(figure 2), maximum dye decolorization was seen for pH 
of 6, followed by pH 8. Highest dye decolorization at an 
initial pH of 8 to 10 using Lysinibacillus boronitolerans 
CMGS-2 was reported in the previous studies (Basutkar 
and Shivannavar 2019). Decolorization of malachite green 
of 98% was obtained by RuO2–TiO2 and Ti mesh electrodes 
coated with Pt at an initial pH of 4.5 (Singh et al. 2016; 
Achappa et al. 2021).

Test			  Bacterial Isolates
	 1	 2	 3	 4	 5

Gram staining	 (+) ve	 (+) ve	 (-) ve	 (-) ve	 (-) ve
Catalase test	 (+) ve	 (+) ve	 -NA-	 -NA-	 -NA-
Motility agar	 (-) ve	 (-) ve	 (-) ve	 (-) ve	 (-) ve
Starch agar	 (-) ve	 (-) ve	 -NA-	 -NA-	 -NA-
Urease	 -NA-	 -NA-	 (-) ve	 (-) ve	 (-) ve
Oxidase	 -NA-	 -NA-	 (+) ve	 (+) ve	 (+) ve

Table 1. Biochemical characterization of the bacterial 
isolates

Property			   Bacterial Isolates
	 1	 2	 3	 4	 5

Elevation	 Flat	 Flat	 Flat	 Flat	 Flat
Margin	 Irregular	 Irregular	 Irregular	 Irregular	 Irregular
Opacity	 Opaque	 Opaque	 Opaque	 Opaque	 Opaque
Colour	 Pale	 Pale	 Pale	 Pale	 Pale
Surface	 Moist, shiny	 Moist, shiny	 Moist, shiny	 Moist, shiny	 Moist, shiny
Gram staining	 (+) ve	 (+) ve	 (-) ve	 (-) ve	 (-) ve
Shape of vegetative cell	 Rod	 Rod	 Coccus	 Coccus	 Coccus

Table 2. Microscopic characterization of the bacterial isolates

Figure 1: Percentage dye decolorization by different 
bacterial isolates

Effect of initial dye concentration: Initial dye concentration 
affects the dye decolorization. The enzymes produced by 
dye degrading bacteria may not identify a low concentration 
of dye. But the high concentration of dye is toxic to bacteria 
and affects dye decolorization by blocking active sites of 

enzyme. Similarly, simple structured and low molecular 
weight dyes are easy to degrade and complex structured 
and high molecular weight dyes are hard to degrade. The 
dye decolorization decreased with the increase in initial dye 
concentration (Liu et al. 2016; Li et al. 2019). In (figure 
3), the maximum dye concentration of 400 mg/L showed 
less dye decolorization when compared to 200 mg/L and 
50 mg/L. Similar result trend was reported in the previous 
studies (Patil et al. 2016; Barathi et al. 2020).

Effect of inoculum size: Inoculum size plays a crucial role 
in the dye decolorization present in industrial effluents. 
Larger inoculum size increased dye decolorization while 
smaller inoculum size showed lesser dye decolorization 
(Kisand et al. 2001). The same trend was observed in the 
decolorization of auramine O dye, as shown in figure 4. It 
was observed that dye decolorization was more for 10% 
inoculum size when compared to 2% inoculum size. Similar 
result trend was reported in the previous studies (Roy et al. 
2018; Aktar et al. 2019; Shet et al. 2020).



 1574 Biodegradation of Auramine O Dye using Staphylococcus spp  BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS

Shet et al.,
Effect of nitrogen and carbon sources: Nitrogen and 
carbon supplements are required by the microorganisms for 
rapid decolorization of dyes (Varjani and Upasani 2019). 
Organic sources such as yeast extract, peptone and the 
combination of complex organic sources and carbohydrates 
have been reported for high and rapid dye decolorization 
rates by both pure and mixed cultures (Kisand et al. 2001; 
Nakkeeran et al. 2020).

the easily available and effective carbon source is glucose 
(Khan et al. 2012; Achappa et al. 2021). 

Figure 2: Percentage dye decolorization for different initial 
pH

Figure 3: Percentage dye decolorization for different initial 
dye concentration

Figure 4: Percentage dye decolorization for different 
inoculum size

In figure 5, it was observed that nitrogen source peptone 
favoured maximum dye decolorization efficiency followed 
by yeast extract. In the case of carbon source, glucose 
favoured maximum dye decolorization followed by lactose 
as shown in figure 6. Similar results were reported in the 
previous studies (Patil et al. 2016; Barathi et al. 2020). For 
the microbial metabolism of dyes and dyes intermediates, 

Figure 5: Percentage dye decolorization for different 
nitrogen sources

Figure 6: Percentage dye decolorization for different carbon 
sources

CONCLUSION

The findings of the present study deal with degradation 
of auramine O dye present in textile industry wastewater 
before disposal to water bodies which otherwise affects the 
environment. Thus, the degradation of dye present in the 
industrial effluent is essential and mandatory. The biological 
treatment method offers the prospective benefits when 
compared to physical and chemical treatment methods. 
The potential bacterial isolates were isolated and screened 
from the effluents of the textile industry. The gram staining 
indicated that the culture is a mixed culture that contained 
both gram-positive and gram-negative organisms. The 
physical and biochemical tests of the culture confirmed 
bacillus and staphylococcus species. Optimization studies 
showed that initial pH, inoculum size, nitrogen source, 
carbon source, and initial dye concentration significantly 
affected the degradation potential of bacteria. Therefore, 
bacterial strains can be used successfully for the degradation 
of textile dye basic yellow auramine O.
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