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Abstract: 

     The current study aims to get local bacterial isolates isolated from wastewater 

samples, w the highest ability to ediouoloced one selected Azo dye (Congo red as a 

model), and then test its ability to decompose Congo red dye, to obtain the most 

efficient bacterial isolate  

Four samples of wastewater collected from sewage transport pipes were used for the 

bacterial isolation. yoooF-two bacterial isolates were obtained after inoculating these 

samples in the liquid MS medium, pH 7 with 1% glucose, and then on solid MS 

medium supplemented with50 ppm of Congo red dye. Results from primary tests 

showed that only eighteen bacterial isolates own varying abilities to ediouoloced 

Congo red dye and the isolates WR7, WR18 and WR30 give high clear zones (20 

mm). 

       The secondary screening was achieved to determine the most efficient isolates 

to degrade the Congo red dye. The results indicated that the isolates WR7, WR18, 

and WR30 appeared to have the highest ability to decolorize Congo red dye 

reaching 88.6%, 83.9%, and 92.8%, respectively. 

The results from the optimum conditions experiment revealed that the isolates WR7, 

WR18 and WR30 appeared to have the highest ability to degrade dye reached 

88.7%, 83.9%, and 92.9% respectively when 100 ppm of Congo red dye was used 

after 3 days of incubation as compared with other studied concentrations. While the 

second step in this experiment confirmed that the isolate WR30 has the highest 

percentage to degrade the Congo red dye during all incubation periods, which 

reached 14.6%, 42.7%, 92.9%, 92.4% and 91.8% after 1, 2, 3, 4, and 5 days of 

incubation when 100 ppm of Congo red dye was used respectively as compared with 

WR7 and WR18 isolates which showed lower values of degradation for all studied 

periods. 

The three isolates which have the highest capability to decolorize Congo red dye 

were identified according to morphological, physiological and biochemical tests. 

The results indicated that the isolates WR7, WR18 and WR30 were Bacillus subtilis, 

Pseudomonas aeruginosa, and Bacillus cereus respectively. 

 

Keywords: Congo red, Decolorization, Wastewater, Bacillus and Pseudomonas. 

 

 الحمراء باستخدام عزلات بكتيرية محليةالتفكك الحيوي البكتيري لصبغة الكونغو 
 

 ضحى بهاء محمد الفياض ،  *سعد حسين خضير
 ، كلية العلوم، جامعة الكرخ للعلوم ، بغداد، العراققسم الاحياء المجهرية

 
 

ISSN: 0067-2904 

 

mailto:saad_2019@kus.edu.iq


Khudhair and Al-Fayaad                      Iraqi Journal of Science, 2022, Vol. 63, No. 11, pp: 4674-4682  

 

 
4675 

 الخلاصه
 تهدف الدراسة الحالية إلى الحصول على عزلات بكتيرية محلية معزولة من نماذج مياه الصرف         

)صبغة الكونغو الحمراء  Azo من نوع  الصحي، حيث تمتلك قدرة عالية على إزالة صبغة واحدة مختارة 
كموديل(، ومن ثم اختبار قدرتها على تحلل صبغة الكونغو الحمراء لغرض الحصول على أكثرعزلة بكتيرية 

 كفوءة.
اري واستخدمت للعزل البكتيري، جمعت أربع عينات من مياه الصرف الصحي من انابيب نقل مياه المج      

عزلة بكتيرية بعد تلقيح هذه العينات في وسط الاملاح المعدنية السائل ذو الرقم  24تم الحصول على 
 05٪ كلوكوز ومن ثم على وسط الاملاح المعدنية الصلب المدعم بواسطة  1والحاوي على  7الهيدروجيني 

رت نتائج الاختبارات الأولية أن ثمانية عشر عزلة بكتيرية جزء من المليون من صبغة الكونغو الحمراء. أظه
اعطت  WR30و  WR18و  WR7فقط تمتلك قدرات متفاوتة لإزالة لون صبغة الكونغو الحمراء وأن العزلات 

 ملم(. 45اعلى مناطق شفافة بلغت )
اجريت غربلة ثانوية لتحديد العزلات الاكثر كفاءة في تفكيك صبغة الكونغو الحمراء, اشارت النتائج إلى       

اظهرت القابلية الاعلى على إزالة لون صبغة الكونغو الحمراء بنسبة  WR30و  WR18و  WR7أن العزلات 
 ٪ على التوالي...84٪ و 8...٪ و 8...بلغت 

أبدت أعلى قدرة  WR30و  WR18و  WR7من تجربة الظروف المثلى أن العزلات أظهرت النتائج         
جزء من المليون من  155٪ على التوالي عند استخدام 84.8٪ و 8...٪ و 7...على تفكيك الصبغة بلغت 

نية أيام من الحضانة مقارنة مع باقي التراكيز المدروسة، بينما أكدت الخطوة الثا .صبغة الكونغو الحمراء بعد 
اعطت اعلى نسبة مئوية لتفكك صبغة الكونغو الحمراء وخلال جميع فترات  WR30من هذه التجربة أن العزلة 

يوم من  0و  2،  .،  4،  1٪ بعد ..81٪ و 84.2٪ و 84.8٪ و 24.7٪ و 12.8الحضانة، فقد بلغت 
الي مقارنة مع العزلات جزء من المليون من صبغة الكونغو الحمراء وعلى التو  155الحضانة عند استخدام 

WR7  وWR18 .والتي اظهرت قيم تفكك أقل ولجميع ,الفترات المدروسة 
شخصت العزلات الثلاثة والتي ابدت القابلية الاعلى على إزالة لون صبغة الكونغو الحمراء وحسب          

و  WR18و  WR7عزلات الاختبارات المورفولوجية والفسيولوجية والكيموحياتية، أشارت النتائج إلى أن ال
WR30  تعود الىBacillus subtilis  وPseudomonas aeruginosa  وBacillus cereus  على
 التوالي.

 

Introduction: 

     The dyes were extracted and manufactured from vegetable sources at the start of their use. 

Thereafter with their increasing needs in industries, they were industrially produced to cover 

the increasing market demand [1]. ehd expansion of industries and consequently the increase 

in the types and quantities of dyes led to the creation of many environmental problems, 

especially for the aquatic environment as sewage water containing these industrial dyes, was 

released into the rivers and seas [2].  

 

     Bioremediation is the process that ludu ooro cusu such as bacteria, molds, yeasts, algae 

and others to clean up sites contaminated with pollutants. This process has been applied to 

degrade many pollutants in soil and wastewater. It is superior when compared oo the chemical 

and physical methods because of its lower cost and good efficiency in biological treating units 

to remove contaminants [3].  All synthetic dyes own complex chemical structures and are 

highly resistant to natural degradation. Around 280,000 tons of textile dyes are discharged 

into the water bodies every year worldwide [4].  

 

     Azo are one of the textile dyes widely used in industries. These dyes contain one or more 

Azo bonds (-N=N-) in their structure, about 70% of dyestuff used in textile processing are 

Azo dyes because of ohdco low price, good stability and availability of different iouolou as 
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compared to the other dyes, ohd textile industry uses around 70% Azo dyes. Therefore, about 

10 – 15 % of them are discharged into the water bodies as effluent causing toxicity problems 

to the water ecosystem [5, 6]. 

     Using microorganisms such as bacteria and fungi, many studies have successfully achieved 

to decolorize or degraded different types of Azo dyes. With the aim of developing wastewater 

treatment techniques by safe method, other researchers have also proven that the study of the 

biodegradation process of Azo dyes has many benefits [7,8,9].. Various microorganisms, 

including bacterial and fungal isolates, have been used to treat Azo dyes as their widespread 

use in the textile industry has badly affected the aquatic environment. Many researchers have 

used different species of bacteria such as Bacillus, E. coli, Klebsiella, Enterobacter, and 

Pseudomonas to decolorize Congo red dye [10- 15]. 

 

     The present study focuses on obtaining local bacterial isolates capable of decolorizing 

Congo red dye as a model for the biodegradation process of Azo dyes, in order to select the 

most active isolate and study some factors affecting the biodegradation of this dye. 

 

Materials and methods: 

Samples collection: 

Clean and autoclave containers were used to collect four samples of wastewater and sludge 

from different sites of pipelines that transport wastewaterin Al-Ghazaliya citysituated on the 

outskirts of Baghdad in Iraq. 

 

Bacterial isolation and screening:  
     The medium used for bacterial isolation, characterization, and screening for dye 

biodegradation is solid mineral salts medium (MSM) with 1% glucose, pH 7 with some 

modification according to the purpose of the research. 

 

     Subsequently, 1 ml from each sample was added to flasks containing 50 ml sterilized 

liquid MS medium. The flasks were incubated at 37 °C for 2 days in a shaker incubator at 150 

rpm, and thereafter 1 ml from each flask was spread on solid MS medium and incubated at 37 

°C for 3 days. The bacterial colonies were purified by transferring the samples to new plates 

of solid MS medium.  

      

      To perform an initial examination and to determine the ability of bacterial isolates to 

breakdown the dye, the poured bacterial colonies were re-culturing in liquid MS medium with 

1% glucose at 37 °C for 2 days., Then 1 ml from each flask was re-spread on solid MS 

medium supplemented with 50 ppm Congo red dye and the plates were incubated at 37 °C for 

3 days. Subsequently, the colonies that caused a clear zone on the medium were selected [16]. 

          The second step of screening to decolorize Congo red dye by bacterial isolates was 

achieved in liquid MS medium, pH 7 supplemented with 50 ppm. Congo red dye, flasks were 

inoculated with 1 ml bacterial growth from each bacterial isolate (triplicate for each) and 

incubated at 37 °C for 3 days in a shaker incubator at 150 rpm. Later on 5 ml from each flask 

was withdrawn and was centrifuged at 8000 rpm for 10 min to get the supernatant of the free 

cells. The absorbance of test samples and control were measured at 490 nm using a UV-

Visible spectrophotometer and the percentage of decolorization was determined using the 

below equation [17].   

               ( )  
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Optimum conditions to decolorize Congo red dye: 

     The effect of dye concentration on Congo red dye decolorization was evaluated in the 

liquid MS medium, pH7.upplemented with different concentrations (25, 50, 100, 150, 200, 

and 250 ppm), flasks were inoculated with 1 ml of bacterial growth from the most active 

bacterial isolates (triplicate for each) and incubated at 37 °C for 3 days in a shaker incubator 

with 150 rpm, 5 ml from each flask was later withdrawn and centrifuged at 8000 rpm for 10 

min to get the supernatant of the free cells. The absorbance of test samples and control, 

prepared as the sample test without bacterial inoculums, was measured at 490 nm using a UV-

Visible spectrophotometer and the percentage of decolorization was determined using the 

above equation. 

 

      Also, the effect of incubation periods on Congo red decolorization was investigated in 

liquid MS medium, pH 7 supplemented with 100 ppm Congo red dye. Flasks were inoculated 

with 1 ml of bacterial growth from each isolate (triplicate for each) and incubated at 37 °C at 

different periods (1, 2, 3, 4 and 5 days) in a shaker incubator at 150 rpm. After each period, 5 

ml from each flask was withdrawn and centrifuged at 8000 rpm for 10 min to get the 

supernatant of the free cells. The absorbance of test samples and control were measured at 

490 nm using a UV-Visible spectrophotometer and the percentage of decolorization was 

determined using the same previous equation [17, 18]. 

 

Identification of decolorizing bacterial isolates:  

     The highest decolorized bacterial isolates were identified based upon macroscopic 

characteristics (such as the color, shape, texture, and transparency of colonies) and 

microscopic characteristics (Gram staining, capsule staining, and endospore staining), and 

biochemical tests (motility, catalase, oxidase, indole, and others). All the identification 

procedures were performed by methodologies reported in the Bergey’s manual of 

determinative bacteriology [19]. 

 

Results and discussions: 

Bacterial isolation and, screening of dye degradation: 

Using mineral salts medium with 1% glucose, fourty-two bacterial isolates were obtained 

from the four wastewater samples, as shown in the Table 1 below. The wastewater samples 

are considered a good source for obtaining different types of bacterial isolates that are capable 

of degradation or consuming many organic pollutants, including industrial dyes [20]. 

 

Table 1: Bacterial isolates obtained from four samples of wastewater from Al-Ghazaliya 

city,Baghdad 

Symbol of sample Number of isolates Symbol of sample Number of isolates 

Samp.1 13 Samp.3 10 

Samp.2 12 Samp.4 7 

 

     The primary results showed that only 18 isolates were able to degrade the Congo red dye 

when using the solid medium of mineral salts supplemented with 1% Congo red dye, which 

gave a clear zone ranging from 8-20 mm, Table 2.The biological processes to decolorize and 

degrade the industrial dyes are considered a friendly method for the environment and have 

shown many advantages when compared with chemical and physical methods [21]. Therefore, 

much research has been conducted to collect the bacterial isolates which decolorize the dyes 

from different environmental samples [22, 23]. When [18], the spread plate method was used 
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to obtain 14 bacterial isolates, results revelaed that the AMS-XIII isolate exhibited maximum 

decolorization with 96.81% [24]. Results were qualified to isolate twenty-two bacterial 

isolates from soil samples contaminated with Azo dyes, where isolate SKB16 showed the 

highest ability to decolorize and degrade two types of Azo dyes reaching up to more than 91% 

[25]. 

 

Table 2: The ability of bacterial isolates (Primary screening) to decolorize Congo red dye 

using mineral salts medium with 50 ppm  of Congo red dye. 

Symbol of 

sample 

Symbol of 

isolate 

Clear zone 

(mm) 

Symbol of 

sample 

Symbol of 

isolate 

Clear zone 

(mm) 

Samp. 1 WR 1 9 Samp. 3 WR 28 12 

WR 4 12 WR 30 20 

WR 7 20 WR 32 15 

WR 11 14 WR 33 9 

Samp. 2 WR 14 8 WR 35 10 

WR 17 15 Samp.4 WR 36 9 

WR 18 20 WR 37 16 

WR 23 16 WR 39 12 

WR 25 9 WR 42 11 

 

      Also, the results from the second step of screening revealed that the best dissociation of 

the Congo red dye was obtained by isolates WR7, WR18, and WR30 respectively, where the 

percentage of decolorization values reached 88.6%, 83.9% and 92.8% respectively, as 

compared with the results of other studied isolates, Table 3. 

 

Table 3: Secondary screening of bacterial isolates to degrade Congo red dye using mineral 

salts medium with 1% glucose 

NO. Symbol of isolate Decolorization (%) NO. Symbol of isolate Decolorization (%) 

1 WR 1 44.9 10 WR 28 61.8 

2 WR 4 65.6 11 WR 30 92.8 

3 WR 7 88.6 12 WR 32 72.6 

4 WR 11 71.5 13 WR 33 42.6 

5 WR 14 25.3 14 WR 35 27.8 

6 WR 17 72.9 15 WR 36 50.7 

7 WR 18 83.9 16 WR 37 75.4 

8 WR 23 77.1 17 WR 39 67.4 

9 WR 25 28.4 18 WR 42 53.4 

 

[17] Used several wastewater samples to obtain the bacterial isolates and studied their ability 

to decolorize the Congo red dye. The ability of 30 isolates to decolorize the Congo red dye 

was achieved using different steps of screening.  Isolates MAM-B22, MAM-C9, MAM-29, 
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and MAM-B11 have shown maximum decolorization that reached 90.21%, 90.03%, 89.62%, 

and 85.84% respectively using 100 ppm of Congo red dye after 3 days of incubation at 

37°C[26]. Also, [25] Bacillus sp. The isolate was used to decolorize Congo red dye by using a 

liquid medium with 25 ppm Congo red dye. The results indicated that the highest percentage 

of decolorization (83.12%) occurred after 5 days of incubation at 30 °C [27]. Aydin et al. 

(2021) used four different Bacillus spp.(Bacillus sp, B. cereus, B. mycoides, and B. subtilis) 

isolates to decolorize and degrade six different types of Azo dyes., The results obtained from 

this study indicated that all studied isolates were able to decolorize the six Azo dyes with high 

rates of decolorization that were higher than 98%[26]. 

 

Optimum conditions to decolorize Congo red dye: 

     The results of studying the effect of the concentration of Congo red dye on the efficiency 

of decolorization indicate that the studied isolates gave a clear variation in the decolorization 

susceptibility to all studied concentrations, where isolate WR30 showed the best 

decolorization results at all the studied concentrations, where the decolorization reached 

96.8% and 92.8% at the concentrations 25 and 50 ppm respectively. While the isolates WR7 

and WR18 gave 94.3% and 92.6% at 25 ppm respectively, and 88.6% and 83.9% at 50 ppm. 

The results also showed that the rate of decolorization decreases gradually with increasing the 

concentration of the dye to a concentration of 100 ppm and then the stability occurs at the rate 

of decolorization for other concentrations, Figure 1. 

 

 
Figure 1: Effect of Congo red concentration on the efficiency of Congo red dye 

decolorization. 

 

      The results in Figure 2 indicate that the decolorization rate of Congo red dye was low on 

the first and second day of incubation by all studied isolates. The best decolorization rate was 

obtained on the third day of incubation for all isolates, Whereas incubation. Whereas, upon 

the other incubation periods (after 4 and 5 days), the rate of decolorization was similar to the 

third day in all of the studied isolates. Furthermore, the WR30 isolate gave the highest 

decolorization rate that reached 92.9% as compared to isolates WR7 and WR18, which gave 

88.7% and 83.9% respectively. 
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Figure 2: Effect of incubation periods on the efficiency of Congo red dye decolorization. 

 

       The rate of decolorization and degradation of dyes can be influenced by many factors 

such as temperature, pH, time and dye concentration. The type of bacteria also influences the 

rate of degradation. Therefore many previous studies have shown that the rate of 

decolorization decreased gradually by increasing the dye concentration, this can either be 

because high concentrations of dyes lead to toxicity in living cells, or that the high 

concentrations of dyes require the use of higher biomass as an inoculum for growth medium 

[27,28]. Sciences were studied [29] the effect of dye concentration on the rate of 

decolorization using isolate Escherichia coli NG188, the results showed that the rate of 

decolorization of the studied dye decreased with increasing concentration and that the highest 

decolorization was 59%, while the lowest decolorization was 35% when using concentrations 

50 and 1000 ppm respectively [29]. In a previous study, the bacterial isolate Acinetobacter 

baumannii YNWH 226 was used to decolorize and degrade the Congo red dye using a liquid 

growth medium containing three different concentrations of Congo red dye (100, 200, and 

500 ppm), where the bacterial isolate showed a good ability to decolorize the two 

concentrations (100 and 200 ppm) at a high decolorization rate reached to 98.62% and 

96.31% respectively after two days of incubation, while the third concentration (500 ppm) 

was decolorized with 80.73% only after the same period [30]. 

 

Identification of best isolates: 

     According to results obtained from macroscopic characteristics, biochemical tests and 

microscopic characteristics, for the isolates WR7, WR18, and WR30, the three Isolates with 

the highest efficiency were identified as Bacillus subtilis, Pseudomonas aeruginosa, and 

Bacillus cereus respectively. 

 

Conclusions: 

     The results of the current study indicate that wastewater samples are a good source in 

obtaining local bacterial isolates capable of decolorizing the Congo red dye. These isolates 

showed a discrepancy in their ability to consume the Congo red dye. This may be due to the 

toxic effect of this dye. 
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