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Abstract  Reactive azo dyes primarily present in the effluent of textile industries are recalcitrant molecules and are 
highly toxic enough to impart severe adverse effects on vital organs of human or animal system and are difficult to 
degrade by biological means. The present study is structured to study the decolourization and detoxification potential 
of Saccharothrix aerocolonigenes strain TE5 isolated from the soil contaminated with textile effluents. The percent 
of decolourization was calculated under static and shaking conditions by employing UV-VIS Spectroscopy. The 
effect of pH, temperature, carbon and nitrogen sources on the rate of decolourization was determined. The toxicity of 
the degraded products was assessed by germination assay. 
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1. Introduction 
The textile industry is rated as one of the most 

prominent polluting industry among all the industrial 
sectors based on the volume and composition of dyes 
released in to the water stream [1,2]. Globally, the total 
organic dye production is found to be more than 100,000 
tons/year [3]. The textile effluents have notable features 
with reference to pH profile, amount of dissolved oxygen, 
organic and inorganic chemical complexes [4]. Release of 
textile dyes in to water bodies causes an unpleasant 
appearance by imparting colour/odor and also the 
breakdown products of textile dyes are highly toxic that 
involves in the process of mutagesis and carcinogenesis 
[5]. During the dying process, a sizable amount of dye is 
lost in the effluent waste water and the loss was reported 
of about 10-15% of total dyes [6].  

The textile dyes are catergorised as azo, cationic, basic, 
anthraquinone and metal complex dyes based on the 
nature of their chemical structure [7]. Azo dyes, which 
represent about one-half of all other dyes which are 
commonly engaged as colouring agents in textile industry. 
The reactive azo dyes are extensively used in textile 
industry due to their unique characteristics such as 
brilliant colour band, diverse colour shades, water–
fastness profile and easy application technique with low 
energy consumption [8]. The release of azo dyes into the 
surrounding environment causes serious damage as they 
intensely affect the photosynthetic activity of hydrophytes 
by limiting the light penetration and their breakdown 
products will lead into acute toxicity of ecosystems. The 
azo groups are generally connected to aromatic heterocyclic 

or aliphatic groups and these side chains are necessary for 
imparting the colour of the dye [9]. Azo dyes are resistant 
to degradation and remains persistent for long time due to 
their fused aromatic structure [10]. By keeping in view the 
importance of azo dyes, the present study is designed to 
evaluate the potential of saccharothrix aerocolonigenes 
strain TE5, a terrestrial actinomycetes, isolated from the 
soil sample contaminated by textile effluent. 

2. Materials and Methods 

2.1. Dyes 
Azo dyes – namely Reactive Red 1 (RR1), Reactive 

Orange 107 (RY107) and Reactive black 5 (RB5) are 
collected from Madanapalle town, Chittoor district, 
Andhra Pradesh, India. 

2.2. Preparation of Dye Stock Solution 
The stock solution of the three dyes was prepared by 

dissolving 2.0g in 10ml distilled water (200 mg/m1) and 
sterilized by autoclaving at 120°C for 30 minutes. 

2.3. Microorganisms and Culture Media 
The isolate was designated as Saccharothrix 

aerocolonigenes strain TE5 based on the biochemical and 
molecular characterization (data not shown) and was 
maintained on Glucose malt extract (Glucose 4g;Yeast 
extract 4g; Malt extract 10g; CaCO3 2g; Distilled water 
1000ml) and preserved for further use. 

2.4. Decolourisation Assay 
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Typical decolourization experiments were carried out in 
250 ml conical flasks with 100 ml volumes of a sterile 
Mineral salt medium. Saccharothrix aerocolonigenes 
strain TE5 was inoculated into mineral medium containing 
600 ppm of one of the dye such as RR1, RY107 or RB5 
and incubated at 37°C both under static and shaking 
conditions. Control was maintained without the inoculum. 
Three independent experiments were conducted for the 
selected azo dyes. All samples were collected at regular 
intervals, centrifuged at 10000g for 10 min and the 
supernatant was used for measuring absorption at 410 ηm 
for RY-107 and 540ηm for RR1 or RB5 using UV-VIS 
spectrophotometer. The percent decolourization of 
reactive azo dyes was determined [11]. 

2.5. Decolourization at Different Temperatures 
In order to determine the optimum temperature for the 

decolourization of the azo dyes, the test tubes with 
minimal broth were inoculated with 0.1 ml of overnight 
cultures and incubated at different temperatures ranging 
from 4°C to 45°C for 48h. At the end of incubation period, 
the magnitude of decolourization of the reactive dyes was 
measured and optimum temperature was recorded. 

2.6. Effect of pH on Decolourisation 
The ability of the isolate to decolourise the azo dyes at 

pH ranging from 3 – 9 was tested in minimal broth by 
keeping other conditions as constant (dye concentration 
600 mg/L, temperature 37°C. The percent of decolourization 
was measured after 24 h. 

2.7. Effect of Carbon on Decolourisation 
The Mineral Salt Medium containing 600 ppm of dye 

was supplemented with carbon sources (1%) such Glucose, 
Lactose and Sucrose to determine their effect on the 
degradation potential of Saccharothrix aerocolonigenes 
strain TE5. The experiments with individual dye were 
performed at pH 7 and temperature 37°C for 24h. 

2.8. Effect of Nitrogen on Decolourization 
To determine the effect of Nitrogen sources on 

decolourisation, the medium was augmented with 1% 
Nitrogen sources (Peptone, Beef extract and Yeast Extract) 
and was inoculated with Saccharothrix aerocolonigenes 
strain TE5 at 37°C for 24h. At the end of incubation, the 
percent of decolurisation was estimated. 

2.9. Bioassy for Phytotoxicity 
The phytotoxic nature of the degraded azo dye was 

studied by seed germination assay. The tolerance level of 
the wheat and green gram towards the toxicity of the 
RR1dye and RY107 respectively and their degraded 
products were observed. The Saccharothrix aerocolonigenes 
TE5 culture was inoculated to the Mineral Salt Medium 
containing 600ppm of Dye RR1 and incubated at 37°C for 
48h. After degradation of the dye, the culture was harvested 
and centrifuged at 10,000 rpm for 10 minutes and supernatant 
was collected. The seeds of both wheat and green gram 
were soaked either in the decolourised supernatant or 
original dye (600 mg/l). The seeds wet with the distilled 
water were taken as the control. After overnight period, 

the soaked seeds were placed on the paper towels for 
germination [12]. Germination was continuously 
monitored for 7days. The perncentage of germination, the 
length of plumule and radical of the germinated seeds was 
measured after 7days and the results were tabulated. 

2.10. Statistical Analysis 
The results obtained during experimentation were 

expressed in terms of Means and Standard Error (SE). 
Data was defined statistically by ANOVA (Single factor), 
T-test. Correlation between different parameters was 
calculated by SPSS software. Probability (p-value) less 
than 0.05 and 0.01 was considered significant and highly 
significant respectively.  

3. Results and Discussion 
The Saccharothrix aerocolonigenes TE5 was employed 

for the degradation of the three reactive azo dyes. From 
the present study, it was found that Saccharothrix 
aerocolonigenes TE5 could decolourize the reactive azo 
dyes significantly within 48h. The efficacy of decolourisation 
depends upon the adaptability and survival of these 
microorganisms during the degradation processes [13]. As 
shown in Figure 1, the Saccharothrix aerocolonigenes 
TE5 decolourized RR1 (92%), RY 107 (90%) and RB 
(54%) from the MSM medium after 48h of incubation 
under static conditions whereas, the percentage of 
decolourization was reduced from 92% to 62% for RR1, 
from 90% to 74% for RY107 and from 54% to 41% for 
RB5 under shaking conditions (Figure 2). 
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Figure 1. Decolourisation of Reactive azo dyes by Saccarothrix 
aerocolonigenes TE5 under static conditions. The data indicate the mean 
of three independent experiments Mean±SEM. p<0.001 

Initially, the effect of pH on the decolourization of 
reactive dyes was studied at a pH range of 3.0–9.0. The 
Saccharothrix aerocolonigenes TE5 was capable of 
decolorizing all the three reactive dyes and it showed 
maximum decolourisation of 92% for RR1 and 80% for 
RY107 and for 52% with RB5 at pH 7.0 (Figure 3). The 
degradation percentage was observed to be higher with 
RY 107 when compared with RR1 and RB5. The optimum 
pH for decolourization was found to be 7.0 and decrease 
in decolourisation was noticed both at acidic as well as 
basic pH range. The enzymatic reduction of the azo bond 
resulted into the formation of aromatic amines which in 
turn increases the pH of the medium while comparing 
with original azo compound [14]. This indicates the 
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absence of aromatic amines in the degraded samples of 
these three dyes. As per the data shown in Figure 4, the 
optimum temperature was found to be 37°C for effective 
decolourisation of the selected reactive dyes. The decline 
in colour removal activity at higher temperatures can be 
attributed to the loss of cell viability or due to the 
denaturation of an azo reductase or laccase enzyme [15,16]. 
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Figure 2. Decolourisation of Reactive azo dyes by Saccarothrix 
aerocolonigenes TE5 under shaking conditions. The data indicate the 
mean of three independent experiments Mean±SEM. p<0.05 

0

10

20

30

40

50

60

70

80

90

100

3 5 7 9

%
 o

f D
ec

ol
or

iz
at

io
n

pH

Orange107 Red 1 Black5
 

Figure 3. The effect of pH on the decolurization of of three reactive azo 
dyes by Saccarothrix aerocolonigenes TE5. The data indicates the mean 
of three independent experiments Mean±SEM. p<0.01 
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Figure 4. The effect of temperatue on the decolurization of of three 
reactive azo dyes by Saccarothrix aerocolonigenes TE5. The data 
indicates the mean of three independent experiments Mean±SEM. 
p<0.01 

 

Figure 5. The effect of Carbon sources on the colour removal of three 
reactive azo dyes by Saccarothrix aerocolonigenes TE5. The data 
indicate the mean of three independent experiments Mean±SEM. p<0.01 

 

Figure 6. The effect of Nitrogen sources on the colour removal of three 
reactive azo dyes by Saccarothrix aerocolonigenes TE5. The data 
indicate the mean of three independent experiments Mean±SEM. p<0.01 

The decolourization of reactive azo dyes was studied in 
the presence of carbon and nitrogen additives. The carbon 
sources such as glucose, fructose and sucrose at 1% were 
used as co-substrates to investigate their effects on dye 
decolourization after 24h of incubation with Saccharothrix 
aerocolonigenes TE5. The culture media supplemented 
with additional source of glucose exhibited two fold 
increase in the decolourisation of all three reactive dyes on 
comparison with sucrose and lactose (Figure 5). The 
literature reported the correlative influence of glucose 
concentration on the decolorization of various dyes [17]. 
The effect of different nitrogen sources on the 
decolourization of selected reactive azo dyes was studied 
by addition of 1% nitrogen source to Mineral salt medium 
and incubating with Saccharothrix aerocolonigenes TE5 
for 24h. The medium supplemented with beef extract, 
yeast extract and peptone showed significant effect on the 
degradation of the dyes RR1, RY107 and RB5. Among 
nitrogen sources, the degradation was observed to be high 
with yeast extract than other nitrogen sources (Figure 6). 
The decolourization of reactive brilliant blue by 
Rhodocyclus gelatinosus XL-1 significantly increased 
with the addition of peptone to the reaction medium. 

Seed germination assay and plant growth bioassay are 
the most common methods used to evaluate the toxic 
nature of the decolourised dyes [18]. Thus, in the present 
study, the phytotoxicity of the dye and its metabolites 
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after degradation by Saccharothrix aerocolonigenes TE5 was observed (Table 1). 

Table 1. Effect of degraded and parent RR1 dye on the germination of wheat and bean seedlings 

Seed Sample 
Percentage of Germination Average shoot 

length (cm)* 
Average root Length 

(cm) 
Day- 

2 
Day- 

3 
Day- 

4 
Day- 

5 
Day- 

6 
Day- 

7   

wheat 

D. water 12 28 48 76 89 99 9.5±0.3 3.2±0.2 

Treated dye 7 22 31 46 67 70 5.6±0.4 2.2±0.5 

Untreated dye - 10 15 17 20 20 1.8±0.2 0.9±0.31 

Green gram 

D. water 20 32 58 86 98 100 8.7±0.11 2.9±0.4 

Treated dye 8 28 39 59 67 72 4.9±0.43 2.00±0.2 

Untreated dye 4 13 17 25 26 26 1.4±0.25 0.8±0.32 

The seedlings of Triticum aestivum showed 3.5 fold 
(70%) germination rate with degraded RR1sample on 
comparison with RR1 control dye (20%) (Figure 7). 

 

Figure 7. The effect of degraded and control RR1 dye on germination of 
wheat seedlings. The data indicates the mean of three independent 
experiments Mean±SEM. p<0.01 

 
Figure 8. The effect of degraded and control RR1 dye on length of (a) 
plumule (b) Radicle 

Similarly, Phaseolus aureus seeds with degraded 
RY107 sample showed significant germination i.e. 3 fold 
rise (Figure 8). The length of plumule and radicle was 
observed to be significantly affected by both RR1 and 
RY107 parent azo dyes than their degradative metabolites, 

indicating less toxic nature of degradation metabolites as 
compared with parent dyes. The phytotoxic evaluation 
studies conducted on the germination and early seedling 
growth of clover, wheat, lettuce and tomato plants showed 
similar effects [19,20].  

4. Conclusion 
Saccharothrix aerocolonigenes TE5 isolated from the 

contaminated site is potential for the decolourisation of 
reactive azo dyes namely RR1, RY107 and RB5. The 
phytotoxicity studies also revealed that the biodegradation 
of reactive dyes results into the formation of non-toxic 
metabolites. 
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