
ABSTRACT: In this study, the decolorization of textile dyes, taken from textile factory, (Doracryl Blue 
(DB), Astrozon Red (AR) and Maxillon Red (MR)), were determined by pure bacterial culture which 
isolated from waste water. Bioaccumulation rate were determined in two different media (Nutrient 
Broth and Molasses medium) as a function of initial pH (5-8), dye concentration (100-500 mgL-1), and 
temperature (25-35ºC). High rates of decolorization at pH 7 and 8 have been found in both nutrient and 
molasses medium at incubation period. The bacterial culture decolorized MR and DB colors at high 
concentrations and all temperatures almost 95% decolorization yield, besides AR decolorized at 200 
mgL-1 dye concentrations and 40% rate and couldn’t be decolorized at higher concentrations. The results 
were showed that the bacterium was able to decolorize the DB and MR high ratio in both nutrient and 
molasses media at high concentrations and all temperatures, although the AR weren’t decolorized at high 
ratio by bacterium. Because of this, although the bacterial culture could be used highly for decolorization 
for DB and MR, it has got limited usage for AR.
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ÖZET: Bu çalışmada tekstil fabrikasından alınan üç farklı tekstil boyasının (Doracryl Blue (DB), 
Astrozon Red (AR) and Maxillon Red (MR)) atık sudan izole edilen bakteriyel kültür ile renk giderimi 
tespit edilmiştir. Biyoakümülasyon oranı, iki farklı besiyerinde (Nutrient Broth ve Melaslı Besiyeri) 
başlangıç pH (5-8), boya konsantrasyonu (100-500 mgL-1) ve sıcaklığa (25-35ºC) karşılık tespit 
edilmiştir. Her iki besiyerinde de inkübasyon periyodu boyunca pH 7 ve 8’de yüksek oranlarda giderim 
tespit edilmiştir. Bakteriyel kültür MR ve DB boyalarını tüm yüksek konsantrasyonlar ve sıcaklıklarda 
%95 oranında gidermiştir. Bunun yanında AR ise 200 mgL-1 konsantrasyonda %40 oranında giderilmiş 
ve daha yüksek konsantrasyonlarda giderilememiştir. Çalışmada elde edilen sonuçlar bakteriyel kültürün 
MR ve DB boyalarını tüm konsantrasyon ve sıcaklıklarda yüksek oranda gidermesine karşın AR’nin 
yüksek oranda dekolorize edilmediğini ortaya koymuştur. Bundan dolayı bakteriyel kültür DB ve MR 
boyalarının dekolorizasyonu için kullanılabilecekken AR için sınırlı kullanım alanına sahiptir. 
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INTRODUCTION

Synthetic dyes are produced as resistant to sweat, 
light, water, chemical agents and also fading. Synthetic 
dyes are widely used in textile industry and high amount 
of water used in dying process that is the major cause of 
water pollution. The pH, amount of dissolved oxygen 
and inorganic substances of the waste water is varied 
according to the chemical composition of dyes. The 
removal of the dye into the water is very hard and it is 
blocked the photosynthesis by entrance of the sunlight 
to water or diminish the concentration of dissolved 
oxygen (Kaputska and Reporter, 1993; Banat et al., 
1996; Vandevivere et al., 1998; Robinson et al, 2001; 
Rai et al, 2005; Kestioğlu and Yalılı, 2006; Pandey et 
al., 2007; Ghodake et al., 2009).

Many physical and chemical methods are used 
for dye remove, but they have disadvantages such as 
high costs and creating secondary waste. Biosorption, 
bioaccumulation, enzymatic techniques are mostly used 
and very important for dye removal from the environment 
(Chen et al., 2002; Forgacs et al., 2004; Khehra et al., 
2005; Han et al., 2011).  Bioaccumulation, is the uptake 
and accumulation the chemicals by organisms’ body 
surface. In a bioaccumulation process the initial pH, 
medium components, initial dye concentration, dye 
structure and culture conditions affect the microbial 
growth and bioaccumulation of dyes (Gönen and Aksu, 
2009; Yabanlı, 2010). 

In this study, the decolorization of textile dyes, taken 
from textile factory of (Doracryl Blue (DB), Astrozon 
Red (AR) and Maxillon Red (MR)), were determined by 
pure bacterial culture which isolated from waste water. 
Bioaccumulation rate were determined in two different 
media as a function of initial pH dye concentration and 
temperature.

MATERIAL AND METHODS 

In the study, the dyes such as Doracryl Blue (DB), 
Astrozon Red (AR), Maxillon Red (MR) were used 
and obtained from textile factory. Bacterial culture 
was isolated from waste water. The nutrient broth 
and molasses medium were used (80 mlL-1 stock 
molasses, 1.0 gL-1 (NH4)2SO4, 0.5 gL-1 KH2PO4) for the 
determination of decolorization capacity of the bacterial 
culture (Aksu and Dönmez 2000; Dönmez, 2001).  

The dye concentration was measured by 
spectrophotometer (600 nm for Doracryl Blue, 530 

nm for Maxillon Red, and 490 nm for Astrozon Red). 
Decolorization experiments were determined as a 
function of initial pH (5-8), initial dye concentration 
(100-500 mgL-1) and temperature effect (25-35°C), and 
the dye samples were taken at 12, 18, 24, 48 hours of 
incubation period. Initial dye concentrations were settled 
as 100-500 mgL-1 in nutrient broth and molasses media. 
All of the experiments were made at 100 mL medium in 
250 mL Erlenmeyer’s flasks, the samples were taken 2 
mL and centrifuged to separate the bacterium from the 
medium, at 5000 rpm for 10 minutes. Decolorization 
yield of dyes were calculated by the following formula. 
Co represents the initial dye concentration and Cf 
represents the final dye concentration.

Decol% = ((Co-Cf)/Co)*100

RESULTS 

In this work the bioaccumulation of textile dyes 
(Doracryl Blue (DB), Astrozon Red (AR), Maxilon 
Red (MR)) were determined and there is a few study 
about bioaccumulation of the dyes, besides there is 
biosorption study with the dyes (Artan Onat et al., 
2013). The bacterial culture which used in this study 
was Gram (+) cocci and has smooth colonies on nutrient 
agar.

Effect of pH 

At first the effect of pH has been investigated on 
the removal of dye and the pH was selected which 
demonstrated the highest removal values for following 
studies. In this study, molasses broth and nutrient broth 
medium were prepared at different pH values (5, 6, 7, 
8), and the medium initial dye concentration adjusted 
at 100 mgL-1 for each dye and bacterial culture was 
inoculated at 1/100 v/v ratio.  The decolorization yields 
of the dyes were showed at Fig. 1, and results were 
obtained at 18. hour of incubation period, at 24. hour of 
incubation period the dyes were provided decolorization 
at maximum yields. 

As shown that Fig. 1 high rates of decolorization 
at pH 7 and 8 have been found in both nutrient and 
molasses media at incubation period. The dye removal 
was established as 76.90%, 58.80% and 75.48% for 
MR, DB and AR respectively at 18. hours of incubation 
period in molasses medium at pH 8. Moreover, the 
decolorization rate was determined almost 95% at 
24. hour of incubation period for all dyes. However, 
the pH 6 was selected for DB due to the removal rate 
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was 89.93% and the pH 8 was selected for MR and 
AR with the removal rate were 96.89% and 82.88% 
consequently at 24 h incubation period in nutrient broth 

medium. The dye decolorization ability of bacterium 
was proximately at same pH values and also the rates 
of decolorization yield were very high for all dyes. 

Figure 1. The effect of pH on decolorization of textile dyes in nutrient broth and molasses media at 100 mgL-1 initial dye concentration 
at 30°C at 18 h. (MR-NB: Maxillon Red-Nutrient Broth, MR-MB: Maxillon Red-Molasses Medium, DB-NB: Doracryl Blue-Nutrient 
Broth, DB-MB: Doracryl Blue-Molasses Medium, AR-NB: Astrozon Red-Nutrient Broth, AR-MB: Astrozon Red-Molasses Medium)

Effect of dye concentration 

The effect of increasing concentration of dyes was 
studied on the dye removal capacity of bacterium, initial 
dye concentrations were settled to 100 – 500 mgL-1 for 
each medium and incubated for 48 hours and the data 
were shown at Fig. 2. 

The removal of MR was determined almost 97 
– 99% for all dye concentrations at nutrient broth 
medium. However, the dye removal was decreased with 
increasing of dye concentration in molasses medium. 
The removal was determined as 89.93%, 91.51%, 
81.47%, 80.84% and 74.62% for 100 – 500 mgL-1 
initial dye concentration sequentially. 

Figure 2. The effect of dye concentration on decolorization of textile dyes in nutrient broth and molasses media at 30°C at 48 h. (MR-
NB: Maxillon Red-Nutrient Broth, MR-MB: Maxillon Red-Molasses Medium, DB-NB: Doracryl Blue-Nutrient Broth, DB-MB: 
Doracryl Blue-Molasses Medium, AR-NB: Astrozon Red-Nutrient Broth, AR-MB: Astrozon Red-Molasses Medium)
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DB was decolorized almost 90% for 100 – 400 
mgL-1 dye concentration at nutrient broth, besides 500 
mgL-1 dye concentration reduced bacterial growth and 
decolorization did not determine at that concentration. 
Moreover, dye decolorization was obtained as 90% for 
all dye concentrations in molasses media. 

The bacterial growth was determined only 100 and 
200 mgL-1 AR concentrations at nutrient broth and the 
removal ratios were 80% and 60% respectively. On the 
other hand, molasses medium increased the tolerance 
of bacterium to AR and removal ratio were determined 
as 75.48%, 57.47%, 58.66% for 100 – 300 mgL-1 dye 
concentration and also 10% decolorization yield was 
obtained for 400 and 500 mgL-1 dye concentrations. 

As a consequence, it was clear that the bacterium 
decolorizes DB and MR at elevated concentrations 

in 48 hours’ incubation period. Therefore, AR was 
affected the bacterial growth and reduced dye removal. 

Effect of temperature

In the study the effect of temperature was also 
studied on dye removal with bacterium, 25 – 35ºC and 
100 mgL-1 dye concentration at 24 hours’ incubation 
period (Fig. 3). The MR was decolorized in nutrient 
broth and molasses media almost 90% and 80% 
sequentially at all temperatures. In addition to this, the 
DB was showed same decolorization yield with MR, 
on the other hand AR was decolorized almost 40% 
yield. The results were showed that the bacterium was 
able to decolorize the DB and MR high ratio in both 
nutrient and molasses media at high concentrations and 
all temperatures, although the AR did not decolorize at 
high ratio by bacterium.

Figure 3. The effect of temperature on decolorization of textile dyes in nutrient broth and molasses media at 100 mgL-1 dye 
concentration at 24 h. (MR-NB: Maxillon Red-Nutrient Broth, MR-MB: Maxillon Red-Molasses Medium, DB-NB: Doracryl Blue-
Nutrient Broth, DB-MB: Doracryl Blue-Molasses Medium, AR-NB: Astrozon Red-Nutrient Broth, AR-MB: Astrozon Red-Molasses 
Medium)

DISCUSSION

The dye decolorization ability of bacterium, that 
isolated from waste water, was detected for three textile 
dyes in two different media. The dye decolorization 
ratio were determined as almost 95% for all dyes at pH 
7 and 8 in 30°C at 24 h incubation period. Bacterial 
consortium or pure cultures decolorize different textile 
dyes similar pH values and temperature degrees. 
Therefore, the bacterial culture that used in this work 

reduces the dye concentration at 18h incubation period 
and this is the shortest decolorization time for this 
textile dyes. Moreover, initial dye concentrations were 
higher than literature (Feng vd., 2014; Khouni vd., 
2012; Moosvi vd., 2006; Vijayalakshmidevi vd., 2015; 
Silveria vd., 2009; Sirianuntapiboon vd., 2007).

Doğan et al., (2009) was decolorized the MR by 
adsorption with kaolinite and decolorized 20 moles g-1 
dye at maximum ratio at pH 4.8. There is no work about 
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the decolorization of DB and AR by bioaccumulation 
method. However, the biosorption yield of DB and AR 
were determined almost 95% (Artan Onat et al., 2013). 

In this work the decolorization yields were 
determined at maximum ratio (95%) for DB and MR 
for high concentrations (100-500 mgL-1) also for AR in 
nominal degrees.  In literature there were many studies 
about decolorization of different textile dyes by bacterial 
consortium or pure bacterial cultures Therefore, in 
this study the incubation period was shorter and the 
initial dye concentrations were higher. In addition, the 
data those taken from this work were coherent with 
the literature, on the other hand there was little work 
about the dyes that were used in this study (Yeşilada et 
al, 2002; Moosvi et al., 2006; Sirianuntapiboon et al., 
2007; Sedighi et al, 2009; Silverda et al, 2009; Almeida 
et al., 2010; Khouni et al., 2012; Feng et al., 2014; 
Vijayalakshmidevi et al., 2015). 

CONCLUSION

The dye decolorization ability of bacterium was 
approximately at same pH (7 and 8) values and also the 
rates of decolorization yield were approximately 95% 
for all dyes at 100 mgL-1 dye concentration and 24 hours’ 
incubation period. The bacterium decolorizes DB and 
MR at elevated concentrations in 48 hours’ incubation 
period. Therefore, AR affected the bacterial growth 
and reduced dye removal. The decolorization yields 
were determined at maximum ratio for DB and MR for 
high concentrations also for AR in nominal degrees. 
The temperature did not affect dye decolorization 
significantly. Moreover, the bacterial culture could 
be used highly for decolorization for DB and MR at 
different temperature and high dye concentrations, 
and has got limited usage for AR because of limited 
bacterial growth.
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