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Abstract: A dye–decolorizing bacterium was isolated from dye contaminated sample and identified as

Bacillus subtilis HM by 16S rDNA sequencing. The bacterium was able to decolorize aerobically eight

different sulfonated azo dyes. Decolorization of Fast Red was achieved through microbial degradation

rather  than  biosorption  or  adsorption as indicated by the uncolored biomass or its methanol extract.

The dye was efficiently decolorized in static compared to shaked cultures. The bacterium exhibited a

remarkable color removal capability over a wide range of dye concentrations (12.5 – 125mg L ), pH´s-1

(5 – 9) and temperatures (25– 40°C). Addition of glucose improved dye decolorization. Omitting both

carbon and nitrogen sources from the medium caused 57.6% decrease in color removal. Optimization was

achieved using the Plackett-Burman statistical design; inoculum size appeared to be the most significant

factor. Under a near – optimal conditions, almost 99 % decolorization was obtained after 6 h with 1.14

fold increase compared to data under basal condition.     
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INTRODUCTION

Azo dyes and their pigments are versatile and the

most common synthetic colorants released into the

environment causing serious pollution . More than[1]

2000 different azo dyes are currently being used in the

industries such as textiles, leather, plastics, cosmetics

and food for the dyeing of various materials . Most of[2]

these compounds are toxic, mutagenic, carcinogenic

and highly resistant to degradation . Adsorption and[3]

precipitation methods, chemical degradation or

photodegradation are financially and often also

methodologically demanding, time-consuming and

mostly not very effective . As a viable alternative,[4]

biological processes have received increasing interest

owing to their cost effectiveness and environmental

friendliness . Many microorganisms belonging to[5]

different taxonomic groups of bacteria , fungi ,[6] [7]

actinomycetes  and algae  have been reported for[8] [9]

their ability to decolorize azo dyes.

Decolorization of the dye solution by bacteria can

be due to adsorption to microbial cells or to

biodegradation . Degradation of azo dyes consists of[10]

two steps, the first being the cleavage of the azo bond.

The second step is the mineralization of intermediates.

Azoreductase catalyses cleavage of the azo bond to

produce aromatic amines. Several factors affect the

activity of azoreductase, such as the presence of

oxygen or electron carriers . The anaerobic[11 ,12]

reduction of azo dyes generates colorless aromatic

amines which are generally more toxic than the parent

compounds . In contrast, only aerobic microorganisms[13]

may further oxidize the reduced products via

deamination or hydroxylation reactions . Hence the[14]

aerobic treatment is the only safe method for the

degradation of azo dyes.

In the present study a bacterium displaying the

greatest ability to decolorize the azo dye Fast Red was

chosen. Plackett- Burman experimental design was

applied as a tool for optimizing bacterial decolorization

process and to test the relative importance of various

environmental factors on Fast Red dye decolorization.

MATERIALS AND METHODS

Chemicals and Media: The eight commercially textile

azo dyes used in this study were obtained from the

Dyestuffs and Chemicals Company (DCC) at Kafer El-

Dewar, Egypt. All chemicals used were of the highest

purity or analytical grade, obtained from recognized

chemical suppliers. Mineral salts medium (MSM) used

for decolorization studies contained (g l ): glucose 3,-1

4 2 4 2 4 2 4 4 2(NH )  SO 1, K  HPO  6, KH O  1, Mg SO .7H O 0.1,

NaCl 5. The pH of the medium was adjusted to 7.0.

For solid media agar was added at concentration of 

20g l . Concentrated azo dye solutions were separately  -1

prepared,  filter  sterilized  and  aseptically added to

the medium. 
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Isolation and Screening of Dye Decolorizing

Bacteria: Azo dye-decolorizing bacteria were isolated

from polluted sediment samples collected around the

DCC. Each sample was suspended in saline solution

and kept on shaker for about 30 min. Five milliliter of

suspension were added to 250 ml conical flasks each

containing 50 ml of MSM, pH 7.0, supplemented with

Fast Red (25 mg l ) and incubated at 35 C on a-1 o

rotary shaker at 120 rpm. Next, the broth of the

decolorized flask culture was then transferred to a fresh

MS medium and the screening procedures in the liquid

culture were conducted repeatedly until a decolorizing

culture appeared. An aliquot (0.2 ml) of the decolorized

broth was spread on a MSM agar plates supplemented

with Fast Red dye (25 mg l ) and incubated at 35 C-1 o

for 2 days.  Colonies showing maximum decolorization

zone (four isolates) were selected and tested for their

ability to decolorize the other tested dyes in agar

plates. Finally, the most promising isolate was selected

and tested for decolorization of several azo dyes in

submerged culture.

16 S rDNA sequencing: Single colony was

resuspended  in 100 ml of 33 mM Tris HCL buffer

(pH 8.0). The bacterial suspension was incubated for

10 min at 95 C and centrifuged to precipitate cello

debris. The supernatant was transferred to a fresh tube

and used as total genomic DNA samples. The bacterial

16 S rDNA was amplified from the total genomic

DNA using universal eubacteria specific primers viz:

F9 (5` GAT TTT GAT CCT GGC TCA G 3`) and

R1525 (5` AAG GAG GTG ATC CAG CC 3`), which

yielded a product of approximately 1500 bp. The PCR

reaction conditions included 35 cycles denaturation at

94 C for 1min, annealing at 55 C for 1min in additiono o

one cycle of extension at 72°C for 10 min. The PCR

product was purified with QIA quick PCR purification

reagents  (QIAGEN)  according  to the kit manual.

The purified product was directly sequenced using Dye

terminator kit. The sequencing reactions were run on

ABI  –  PRISM  automated  sequencer.  The

nucleotide sequence analysis of   the sequence was

done at Blast-n site at NCBI server (www.nebi.

nlm.nih.gov/BLAST).The alignment of the sequences

were  done  using  CLUSTAL  W  program V 3.2.

The phylogenetic tree was constructed using the

aligned sequences by the Biology workbench

(http://biology.ncsa uiuc.edu/).

Environmental Factors Affecting Decolorization: The

effect of aeration was examined under static as well as

agitated conditions at 45 and 90 rpm. In both

conditions we tested the effect of medium volume on

the decolorization efficiency in 100 ml Erlenmeyer

flasks. In order to examine the effect of initial dye

concentration, MS media were amended with different

concentrations (12.5, 25, 50, 75, 125 mg L ) of Fast-1  

550Red, inoculated with 4% of the bacterium (O.D  ~  1)

grown exponentially on LB medium and incubated at

35 C. The percent of decolorization was measured ato

different time intervals. All assays were performed in

duplicate with the uninoculated culture as control. 

Decolorization Assay: To measure decolorization,

samples of the culture were taken at regular intervals

and centrifuged at 7000 rpm for 5 min in order to

prevent absorbance interference from the cellular or

other suspended particles. A standard curve for

absorbance versus dye concentration for each dye was

obtained by plotting the corresponding maximum

ab so rbance a t d ifferen t  dye  co ncen tra t io ns .

Decolorization of the dyes could be seen visually and

monitored spectrophotometrically, by reading the

decrease in absorbance of the culture supernatant

containing dye at respective absorbance maxima.

Uninoculated culture media with and without added

dyes were used as negative controls to compare abiotic

color loss during the experiment. The decolorizing

effic iency was expressed  as p erc en ta ge  o f

decolorization. 

    Dye (i) - Dye(r)

Decolorization %  = ---------------------  × 100

     Dye (i)

Where Dye (i) is the initial dye concentration and

Dye (r) is the residual dye concentration (5).

Plackett- Burman Design: To approach a near optimal

response region of the medium composition, a

fractional factorial Plackett –Burman design  was[15]

applied. In this experiment, seven independent variables

were screened in eight combinations organized

according to the Plackett-Burman matrix. Each variable

can be at a high level (+1), and a low level (-1). Trials

were performed in duplicates and the averages of

decolorization observation results were treated as the

responses .The main effect of each variable was

determined using the following equation:

xi 1+Where E  is the variable main effect, Mi  and

1-Mi  are the calculated decolorization percentage

recorded by trial which contains + level and – levels

of independent variables (xi), respectively, and N is the

number of trials divided by 2. A main effect figure

with a positive sign indicates that the high

concentration  of this variable is near to the optimum



J. Appl. Sci. Res., 4(3): 262-269, 2008

264

while a negative sign indicates that the low

concentration of this variable is near to the optimum.

Using Microsoft Excel, statistical t-values for equal

unpaired samples were calculated for the determination

of variable significance.        

RESULTS AND DISCUSSION

Isolation and Identification of Dye Decolorizing

Bacterium: Enrichment technique led to the isolation

of four bacterial colonies capable of decolorizing Fast

Red. This was confirmed by the clear halo formed

around each colony. Three of the isolates exhibited

different degrees of decolorization and one isolate

designated as HM produced the largest decolorized

zone on agar plate (data not shown). Several

biochemical and physiological investigations were

conducted to identify the promising isolate. Cells of

HM were Gram positive, actively motile rods,

occurring singly or in short chains. Phylogenetic

analysis based on 16S rDNA sequence showed high

levels of sequence similarity (99%) with Bacillus

subtilis (Fig. 1). The sequence (1400 bp) of 16S rDNA

of Bacillus subtilis sp. HM was submitted to the

GenBank and has accession number EU334167.

Decolorization of azo dyes by Bacillus subtilis HM :

B. subtilis HM was propagated in MS broth

supplemented with one of the tested dyes (25 mg l )-1

in static cultures. More than 70% color removal was

observed with Direct Fast Scarlet, Congo Red and Fast

Red whereas the color of the remaining five dyes

(Acid Fast N Blue, Methanil Yellow, Fast Orange,

Acid Fast Red and Direct Blue) was removed to a

lesser extent (Table 1). The differences found in the

decolorization characteristics for the individual dyes are

attributed to the dissimilarity in specificities, structures

and complexity, particularly on the nature and position

of substituent in the aromatic rings and the resulting

interactions with the azo bond of different dyes as

reported by many authors . When decolorization[2 ,4 ,10 ,16]

was complete, the bacterial biomass as well as its

methanol extract appeared colorless. This indicates that

the observed dye decolorization is mainly due to

degradation rather than adsorption or biosorption.

Among the tested dyes, Fast Red (Fig. 2) appeared to

be the most degraded (80% decolorization) by the

experimental strain. Therefore, it was selected for

further investigations. 

Effect of Aeration: The pattern of Fast Red

decolorization in static as well as in shaked cultures

was elucidated in combination with the variation of MS

medium volume (20 – 60 ml) in culture flasks. Data

shown  in  Table  2  prove that lower decolorization

Table 1: Decolorization  of  dyes  by  B .  subtilis HM  in M S

broth, after 12 h incubation at 35 °C. Dye concentration

(25 mg l ).-1

maxDye  ë  (nm) Decolorization %

M ethanil yellow 430 48.30

Fast Orange 428 56.50

Fast Red 512 80.00

Direct Blue 570 67.00

Acid Fast Red 504 65.50

Direct Fast Scarlet 502 71.40

Congo Red 502 74..33

Acid Fast N Blue 608 46.60

percentages were exhibited in shaked cultures compared

to static ones. Maximal efficiency of FR decolorization

(85.4%) was achieved within 12 h in flasks containing

40 ml medium and incubated statically. These

observa tions suggest tha t the  deco lorization

performance of B. subtilis HM was better in the

presence of low oxygen content. The reason could be

due to competition of abundant oxygen and the azo

compounds for the reduced electron carriers under

aerobic condition. Similary, other researchers reported

that to achieve an effective color removal, agitation and

vigorous aeration should be avoided .[5 ,17 ,18 ,19]

Effect of Initial Dye Concentration on the

Decolorization Process: The time course of Fast Red

decolorization was studied at different initial

concentrations (12.5 –125 mg l ) in static cultures.-1

Data in Fig. 3 depict that at the lowest dye

concentration (12.5 mg l ); the dye was completely-1

decolorized after 14 h incubation. Similar data were

reported by Chen et al.  and was explained by the[5]

reductase inside the cells. As the dye concentration

increased in the culture medium, a decline in color

removal was attained. This might be attributed to the

toxicity of dye to bacterial cells through the inhibition

of metabolic activity, saturation of the cells with dye

products, inactivation of transport system of the dye or

the blockage of active sites of azoreductase enzymes

by the dye molecules . It has also been reported that[2 ,20]

dyes are inhibitors of the nucleic acid syntheses .[6 ,18 ,21]

Under our experimental condition, 50% decolorization

was attained upon using 125 mg l of the dye after 14-1  

h.  Growth followed the same pattern, where more than

50% decrease in dry weight was observed in cultures

with 125 mg l  Fast Red compared to the control-1

lacking the dye (data not shown). It is worth

mentioning that at all tested concentrations; nearly 25%

of the color was removed within the first 6 h, during

the exponential growth of the bacterium, whereas the

remaining color was removed during the stationary

phase of growth (data not shown). 

Effect of pH and Temperature: In contrast with

common decolorizing bacteria of narrow pH

range ,  B.  subtilis  HM  cells proved to be of[22 ,23 ,24]
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Table 2: Effect of different culture conditions on FR decolorization by B .subtilis HM . Dye concentration (25 mg l ).-1

                                        Decolorization%

Volume (m l) Cultivation conditions -------------------------------------------------------------------------------------------------------------------------

3h 6h 8h 10h 12h

20 ST 9.68 28.64 45.20 67.20 80.00

SH 45 rpm 7.20 28.44 35.24 45.97 66.00

90 rpm 6.40 16.76 27.08 35.12 46.12

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

30 ST 9.80 29.48 46.20 67.72 82.60

SH 45 rpm 8.12 29.08 38.96 49.88 78.72

90 rpm 6.80 21.68 27.08 36.44 44.80

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

40 ST 12.52 40.30 64.20 80.20 85.43

SH 45 rpm 12.02 36.24 43.24 51.44 73.01

90 rpm 8.64 23.96 28.44 38.32 47.20

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

50 ST 10.88 36.04 51.88 74.68 83.32

SH 45 rpm 10.20 32.20 42.20 49.60 56.68

90 rpm 8.12 27.72 41.04 54.28 46.72

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

60 ST 7.60 35.76 46.76 59.68 81.16

SH 45 rpm 7.60 31.04 39.60 53.12 54.32

90 rpm 6.30 22.92 28.12 36.56 46.56

SH: Shaked

ST: Static 

Fig. 1: Phylogenic tree of Bacillus subtilis HM and related organisms based on 16S rDNA sequences.

Fig. 2: Chemical structure of Fast Red

desirable characteristic; removing Fast Red color over

a wide range of pH´s (5 – 9) with optimum at pH 7

(data not shown).This is an advantage for this

bacterium for developing a practical bioprocess in

treating dyeing mill effluents. Our data are in good

agreement with those claimed by Chang and Kuo [25]

and Asad et al. . Although FR decolorizing was[18]

achieved over a temperature range of 25 – 40 C, theo

optimum color removal by the tested bacterium was

observed at 30 – 35 C, and a sharp decline waso

observed beyond the optimum temperature (data not

shown).  These  observations  could be  attributed to
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Fig. 3: Time course decolorization of FR by B. subtilis HM at different initial concentrations in MSM.

Fig. 4: Effect of dye assimilation as carbon and nitrogen sources. Dye was added in 25 mg l .-1

Table 3: Effect of medium components on FR decolorization by B . subtilis HM  as investigated by the Plackett-Burman design 

Trial G N 2 M g Na I Decolorization %K K

1 + + + - + - - 23.16

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 + + - + - - + 82.60

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 + - + - - + + 80.00

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 - + - - + + + 98.70

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 + - - + + + - 62.00

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 - - + + + - + 86.49

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7 - + + + - + - 24.48

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

8 - - - - - - - 24.28
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Table 4: Assigned concentrations of variables at different levels of the Plackett-Burman design for seven factors 

               Level (g/l)

Variable Symbol ---------------------------------------------------

-1 0 +1 M ain effect Significance level %

Glucose G 1 3 5 3.45 -

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 4 2NH  (SO ) 0.5 1 1.5 -5.95 -N

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 4K HPO 2 -13.37 -K 4 6 8

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 4KH PO -K 0.8 1 1.2 7.35

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 2M gSO .7H O M g 0.05 0.1 0.15 14.75 -

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

NaCl Na 2.5 5 7.5 12.17 -

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Inoculum size(ml) IS 2% 4% 6% 53.47 99

Fig. 5: Elucidation of fermentation factors affecting FR decolorization by B. subtilis HM.

the  thermal  deactivation of the decolorizating

enzymes  and the low biomass. The obtained results

are in coincidence with earlier studies reported by

Chen et al. . [6]

Assimilation Experiments: An attempt was carried to

test the decolorization of Fast Red in MSM depleted

from carbon or nitrogen or both. It could be inferred

from Fig.4 the importance of carbon and nitrogen to

achieve successful decolorization. Removal of glucose

from the basal medium inhibited the decolorization

performance by almost 55 % compared to control.

Earlier reports on decolorization studies indicated the

necessity of glucose to enhance the decolorization

process . The metabolism of the glucose resulting in[26 ,27]

production of reduced nucleotides (NADH, FADH) lead

to enhanced decolorization efficiency. These reduced

nucleotides are reported to be redox mediators involved

in reduction of azo bond . In a sequential step,[17 ,28]

nitrogen source was omitted from the medium.

Surprisingly, only 10.6 % decrease in decolorization

percent was achieved compared to medium containing

ammonium sulfate. This might be explained by the

ability of the bacterium to utilize the nitrogen in the

dye when required . Omitting both carbon and[29]

nitrogen sources resulted in 57.6% decrease in

decolorization efficiency compared to control. These

results reveal that the aromatic amines produced by

reduction of the tested dye could be used as carbon

and nitrogen sources. Our results coincide with those

previously found by Abd EL-Rahim et al.  and[30]

Buitron et al.  who used dyes as sole carbon or[3 1 ]

nitrogen sources.

Optimization of Fast Red decolorization by Plackett-

Burman design: In order to optimize factors affecting

dye decolorization and to overcome their interactions,

a statistical design can be carried. Plackett Burman

design  was constructed to determine the nutritional[15]

requirements for color removal (Table 3). FR

concentration  was  treated  as  a  constant  factor

(25 mg l ), which is in the range of dye concentration-1
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in dyehouse effleunt . The data indicate that,[32]

inoculum size was the most effective (t-value

significant at 1% level) (Table 4).The main effect of

each variable was calculated according to FR

decolorization % results (Fig. 5). Increasing inoculum

size (cell mass) enhanced FR decolorization by B.

subtilis HM. This is in agreement with other

researchers' findings . In addition, increase in[6 ,16 ,18 ,33]

2 4 4 2glucose, KH PO , MgSO .7H O, and NaCl levels had

a positive effect on FR decolorization. On the contrary,

4 2 4 2 4increasing (NH ) SO  and K HPO  concentrations led to

a negative effect on FR decolorization. Thongchai and

Worrawit  reported that the decrease in decolorization[34]

percentage might be due to the reduction reaction

involving the nitrogen in the medium and the nitrogen

in the dyes.

According to the data obtained, it can be predicted

that the near optimal medium for FR decolorization by

B . subtilis HM can be formulated as follows: (g l ):-1  

4 2 4 2 4, 2 4glucose, 5; (NH )  SO , 0.5; K HPO  4; KH PO , 1.2;

4 2MgSO .7H O, 0.15; NaCl, 7.5; FR 0.025 with inoculum

size of 6%. A verification experiment was applied to 

evaluate the basal versus the optimized medium. The

data obtained revealed that almost 99% decolorization

was achieved  in 6 h representing 1.14 fold increase

compared to unoptimized  medium after 14h. 

Results of this research provide an evidence to the

potential application of Bacillus subtilis HM in the

biological treatment of azo dyes contaminated industrial

effluents.
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