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 Bio-augmentation plays an important role in de-colorization and mineralization of 

actual textile wastewater. However, very little attention is given to study the bacteria 
responsible for maximum performance of the biological treatment process. This study 

identifies the diversity and dominant of culturable bacterial community in the sequential 

facultative anaerobic-aerobic bioreactor using culture-dependent approach during 
maximum performance of actual textile wastewater treatment. A total of 23 bacteria 

isolates were revealed from biofilm and suspension of both reactors. The full sequence 

of 16S rRNA strains shared between 83 % and 100 % similarity with genus 
Enterococcus, Bacillus, Klebsiella, Proteus and uncultured bacterium. Most of the 

bacteria belonged to the phyla Firmicutes, while the second and third most abundant 

phyla were Proteobacteria and unknown phyla. The genus Enterococcus sp 33C (1.6 x 

107 cfu/mL; 3.5 x 108 cfu/mL) from phyla Firmicutes was the dominant genus in the 

biofilm of both facultative anaerobic and aerobic reactors. In contrast, the suspension of 

facultative anaerobic reactor was dominated by Enterococcus faecalis FUA 3334 (8 x 
108 cfu/mL), whereas aerobic reactor by Bacillus cereus strain M212 (4 x 108 cfu/mL) 

which was also classified into phyla Firmicutes. The results have implications for a 

better understanding of the dominant culturable bacterial community in the sequential 
facultative anaerobic-aerobic using bio-augmentation treatment during maximum 

performance and suggesting them as a potential bacterial community in dye-treatment. 
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INTRODUCTION 

 

 The role of microorganisms in the treatment of dye-containing wastewater using a sequential facultative 

anaerobic-aerobic bioreactor has received significant attention due to its ability to not only decolorize the 

wastewater but also to detoxify the effect of aromatic amine accumulation [1; 2]. Application of microorganisms 

in bioremediation and treatment of wastewater is mainly dominated by bacteria [3; 4; 5]. The ability of pure 

bacterial isolates to decolorize wide spectrum of dyes have been extensively studied [6]. However, the real 

application of single and mix bacterial culture through bio-augmentation approach to treat actual textile or other 

types of dye-containing wastewater has not yet reported elsewhere. Bio-augmentation is the application of 

indigenous or genetically modified organisms to bioreactors or other polluted waste sites in order to accelerate 

the removal of undesired compounds [7]. To date, consideration is much focused on the design and operational 

parameters of biological treatment plants such as temperature, pH, nutrients and aeration. Still, very little 

attention is given to study the bacteria responsible for maximum performance of the biological treatment 
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process. The ability to identify the bacterial types and functions has provided useful information to enable better 

control and maintenance of the treatment system [8].  

 Various approaches can be adopted to monitor microbial viability and activity in the wastewater treatment 

process such as the concentration of dissolved oxygen, viable cell counts and degradation activity of specific 

pollutants. On the other hand, identification of bacterial community that play important role in the wastewater 

treatment process can be carried out either by culture dependent or culture independent method. Metagenomics 

approach is highly feasible at identifying the architecture of microbial population throughout the operational 

period of the treatment system. This method also lead the identification of culturable and nonculturable 

microbes a possible and easy task [9].  

 However, this present study only emphasize on identifying the diversity and dominant of culturable 

bacterial community during the maximum performance of actual textile wastewater treatment system using 

culture dependent method. Even though less accurate, result from the culture dependent method has provided 

useful insight to the development of stable bacterial mix community for maximum functionality of the 

biological treatment system. Identification of culturable bacteria from the same treatment system has been 

reported in several publications [10; 11; 12]. Therefore, the results obtained from this present study will be 

compared to those reported earlier with the aim to indicate the changes of dominant bacterial community and 

performance of the treatment system throughout its various operational periods. 

 

MATERIALS AND METHOD 

 

Sample Collection and Isolation of Bacteria: 

 Samples were collected from a lab scale bioreactor. Bioreactor consists of facultative anaerobic reactor (5 

L), aerobic reactor (2.5 L) and reservoir tank. A schematic diagram of lab scale bioreactor for actual textile 

wastewater treatment is shown in Figure 1.  

 

 
 

Fig. 1: Schematic diagram of the treatment system. 

 

 This study used bio-augmentation approach where micro-clear as inoculum was added into a microbial 

community in the raw textile wastewater to enhance their ability in degrade dye-wastewater. Inoculum was 

dominated by Enterococcus sp., Bacillus sp. and Penibacillus sp. Operating parameters in both reactors such as 

pH, temperature, MLSS and MLVSS were not adjusted to represent the real conditions. However, facultative 

anaerobic-aerobic bioreactor was continuously operated using 72 hr of total HRT and treated actual textile 

wastewater with addition of yeast extract (2.5.g/L) and riboflavin (1 μM). Samples were collected from both 

facultative anaerobic and aerobic processes at maximum performance for overall treatment system, in which the 

colour and COD removal efficiency were reached 76% and 85%, respectively. Wastewater suspension samples 

were taken by direct withdrawal of the wastewater from the respective processes to represent the sample of non-

immobilised bacterial strains. Biofilm samples were aseptically removed from cosmoball (support matric) and 

suspended into a volume of 0.9% w/v sterile saline solution (NaCl) by shaking at 200 rpm for 30 min prior to 

use for bacterial isolation. Isolation was carried out using standard method involving serial dilution and spread 

plate techniques.  

 Dilution plate method [13] was used for estimating the bacterial community of collected samples. Bacterial 

suspensions from biofilm and wastewater aliquots were serially diluted (10
-1

 to 10
-8

) in sterile distilled water. A 

0.1 mL of serially diluted samples was then transferred onto sterile nutrient agar. The aliquots were uniformly 

spread over the surface of the medium using sterile glass spreader. Each diluted sample was spread onto 
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triplicate nutrient agar to ensure the accuracy and reliability of results obtained. All plates were incubated at 

30
o
C to allow growth of the bacterial colonies and observation was carried out daily for up to 3 days prior to 

isolation of discrete colonies from selected dilution plate. The bacteria isolated from sample of biofilm and 

suspension were grown on solid (nutrient agar) and liquid (nutrient broth) media. Samples of wastewater 

suspension and biofilm taken from both processes were used to identify the dominant bacterial community. The 

colonies were isolated and pure cultured by streak plate method and slant was prepared for genomic analysis. 

 

DNA Extraction and Purification: 

 DNA was isolated from the culture. A 1.5 mL culture aliquot of pure bacteria was withdrawn from 

overnight grown cells with culture density of 0.6, measured using spectrophotometry at 600 nm. The aliquots 

were then centrifuged (13,000-16,000 X g 2 minutes) in order to separate the cells from the culture medium. The 

cell pellet were then used to isolate the genomic DNA. DNA isolation was carried out using QIAamp®DNA 

Stool Mini Kit (QIAGEN) following manufacturer’s instruction. All genomic DNA extracted from pure bacteria 

were analysed on 1% w/v agarose gel electrophoresis (Vivantis, USA) to indicate the length and purity of the 

DNA obtained. The DNA samples were electrophoresed at 80 V for 90 minutes. The 1kb DNA Ladder (Bio 

Labs) was used as molecular marker. Ethidium bromide (BDH Chemicals) solution (0.5 μgmL-1) was added 

into the molten agarose gel prior to pour into the gel mould and allow to solidify. Upon completion of the 

electrophoresis run, the resulting gel was then visualize on a UV translumoinator Bio imaging (Gene Flash 

SynGene) and photographed with a Pulnix TM-300 camera. The quality and quantity of the DNA samples were 

determined using a NanoDrop® ND-1000 spectrophotometer (Nano Drop Technologies, Wilmington, DE, 

USA). 

 

Amplification of 16S rDNA Gene and Sequencing and Phylogenetic Analyses: 

 A 5 μl of DNA extracts were used to amplify the 16S rRNA gene fragments of bacteria, respectively. Two 

universal oligonucleotide primers were used in this study. PCR was carried out in 2X PCR Master Mix 

(Promega) consisted of Taq DNA polymerase, nuclease free water, MgCl2, dATP, dCTP, dGTP, and dTTP. 

DNA template and primers were added accordingly. The quality and quantity of PCR products obtained were 

analysed by agarose electrophoresis and spectrophotometry method. Sequencing of the amplicon were carried 

out using the same primers for PCR which were designed to amplify approximately 1.5 kbp region of the 16S 

rRNA in eubacteria. The raw sequence results of the 16S rDNA were obtained in “.abi” format were analysed 

and cleaned up using Dot Plot programme. The clean DNA sequences in “.fasta” format were then used for 

subsequent purposes such as Blast and sequence alignment. Following Dot Plot analysis, the 16S rRNA gene 

sequences of bacteria were compared to those of know sequenced in the GenBank using BLAST programme 

assessable from National Centre of Biotechnology Information (NCBI). Identity of the unknown bacteria was 

determined based on the highest percentage of sequence similarity with those in the GenBank. Multiple 

sequence alignment against sequence from database was performed using Basic Local Alignment Search Tool 

(BLASTn), an online service provided by NCBI. Phylogenetic analyses were carried out using distance setting 

(Maximum parsimony) in MEGA 5 software [14] with 1,000 bootstrap replicates through its implementation of 

Clustal W, estimating phylogenetic trees by a variety of distance methods including Neighbour Joining (NJ) and 

drawing those trees in a variety of ways (http://megasoftware.net). 

 

RESULTS AND DISCUSSION 

 

Diversity of Culturable Bacteria: 

 A total of 23 culturable bacteria were isolated in this study. Samples were coded with series codes from Z1 

to Z23. 23 DNA sequences were compared with 16S rRNA sequence information of bacteria listed in the 

GenBank database. Similarity values were between 87% and 100% to Enterococcus for Z1, Z4, Z5, Z7, Z8, 

Z10, Z11, Z12, Z14 while Z20. Z2, Z6, Z9 and Z22 were most closely related between 96% and 99% to 

uncultured bacterium, whereas unknown phyla. Z3, Z13, Z15, Z16, Z18, Z21 and Z23 with similarity value 

between 97% and 99% were most closely related to Bacillus. Two species of Proteobacteria phyla, Z17 and Z19 

were closely related to Proteus mirabilis and Klebsiella pneumoniae strain SDM45 with similarity values about 

93% and 98%, respectively. However, it has been proposed that only prokaryote with sequence homology more 

than 97% identity to any other sequence should be acceptable. Otherwise, a prokaryote whose 16S ribosomal 

RNA (rRNA) sequence with sequence homology less than 97% identity to any other sequence should be 

considered as a new species [15]. Since the BLASTn result revealed that the sequence from isolated Z6, Z10, 

Z12 and Z17 has less than 97% identity with uncultured bacterium, Enterococcus faecalis and Proteus mirabilis. 

It can possibly confirm that sample Z6, Z10, Z12 and Z17 belong to the similar genus or probably belonged to 

another strain.  

 In the facultative anaerobic reactor, Enterococcus sp. 33C, uncultured bacterium clone 16slp112-1b01.w2k, 

Bacillus sp. NII-45, Enterococcus faecalis 62 and Enterococcus faecalis strain KLDS4.0341 were abundant in 
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the biofilm while uncultured bacterium clone nby695c08c1, Enterococcus sp. 33C, Enterococcus faecalis strain 

XJ-1, uncultured bacterium clone nby601d05c1, Enterococcus faecalis FUA 3334 and Enterococcus faecalis 62 

were abundant in the suspension. On the other hand, biofilm of aerobic reactor was consisted of Enterococcus 

faecalis 62, Bacillus thuringiensis serovar finitimus YBT-020, Enterococcus sp. 33C, Bacillus sp KCd2, 

Bacillus anthracis strain UST2006-BC001, Proteus mirabilis and Bacillus thuringiensis serovar chinensis CT-

43 while its suspension consisted of Klebsiella pneumoniae strain SDM45, Enterococcus sp. 33C, Bacillus 

anthracis strain UST2006-BC001, uncultured bacterium clone ncd1358b08c1 and Bacillus cereus strain M212. 

The results of bacterial analysis in the facultative anaerobic and aerobic bioreactor revealed the presence of two 

different bacterial phyla namely Firmicutes and Proteobacteria. Table 1 and Table 2 show the results of bacterial 

analysis in the facultative anaerobic and aerobic bioreactor. 

 
Table 1: The 16S rRNA coding sequences of bacteria in the facultative anaerobic. 

 
 
Table 2: The 16S rRNA coding sequences of bacteria in the aerobic reactor 

 
 

 The result in the facultative anaerobic were slightly similar with Zhang el al. (2012) [16] which found 

similar phyla, Firmicutes and Proteobacteria. Similar phyla was also found in the aerobic reactor. This result 

was in agreement with Ola et al. (2010) [17] which found that mostly bacteria in the aerobic system was phyla 

Firmicutes namely Bacillus cereus and Streptococcus faecalis (Enterococcus). Phyla Firmicutes in both reactors 

mainly consisted of Enterecocus sp. Unlike in the study by Zhang el al. (2012) [16] and Ola et al. (2010) [17], 

no Bacteroidetes have been revealed in the facultative anaerobic reactor and phyla Actinobacteria in the aerobic 

reactor. These different results may be due to uncultivable bacteria and different characteristics of textile 

wastewater quality [18]. The relationship among groups of bacteria in both reactors can be shown by 

phylogenetic tree. Figure 2 shows the phylogenetic tree in the facultative anaerobic reactor.  
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Fig. 2: Phylogenetic tree of the facultative anaerobic reactor isolates to other bacteria. 

 

 In the facultative anaerobic reactor, the tree was rooted using Enterococcus faecalis 62 as an out group. 

Results from phylogenetic tree was in good agreement with that of BLAST which locate bacteria Z1 to Z11 in 

the cluster of Enterococcus sp 33C (Z1 and Z7). Uncultured bacterium clone 16slp112-1b01.w2k (Z2), Bacillus 

sp. NII-45 (Z3), Enterococcus faecalis 62 (Z4 and Z11), Enterococcus faecalis strain KLDS4.0341 (Z5), 

Uncultured bacterium clone nby695c08c1 (Z6), Enterococcus faecalis strain XJ-1 (Z8), Uncultured bacterium 

clone nby601d05c1 (Z9) and Enterococcus faecalis FUA 3334 (Z10), respectively. The phylogenetic tree also 

showed the relationship of bacteria with other members of their closely related genus. For example, both 

Enterococcus sp and Bacillus sp have been reported for bioremediation of many types of dye wastewater. 

Enterococcus feacalis was achieved high decolourisation efficiency (95-100%) within 3 h of incubation for 

Acid Red 27, and 12 h for Reactive Red 2, at room temperature, neutral pH, static and non-aerated condition 

[19]. While, Bacillus sp was able to decolourise cibacron red P4B by (81%) using the combination of 

ammonium nitrate and sucrose. It also decolourised cibacron black PSG by (75%) using yeast extract and 

lactose [17].  

 Besides decolourization, Bumpus (1995) [20] found that Proteus sp., Enterococcus sp., Streptococcus 

faecalis, Bacillus subtilis, Bacillus cereus, and Pseudomonas spp. have been shown to reduce azo bonds of 

textile dyes. Chang et al. (2001) [21] found that Bacillus subtilis and Enterococcus faecalis showed high dye 

chemical reduction ability. Therefore, in this study Enterecoccus sp and Bacillus sp were expected to degrade 

the actual textile wastewater containing dye in the facultative anaerobic reactor. According to Maier et al. 

(2004) [22] and Chen et al. (2003) [23] these microbes were already screened and considered to have the ability 
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to produce azoreductase for dye decolourisation. This study also found uncultured bacterium, however, their 

ability in dye degraded were still not clear. It expected to be involved in dye decolourisation because under the 

anaerobic conditions many bacteria have been reported to readily decolourise azo dyes [24].  

 In the aerobic reactor, the phylogenetic tree was rooted using Bacillus cereus Aj0803191A-16 as an out 

group. Phylogenetic tree of bacteria in the aerobic reactor is shown in Figure 3. 

 

 
 

Fig. 3: Phylogenetic tree of the aerobic reactor isolates to other bacteria. 

 

 Results from phylogenetic tree were similar as in the facultative anaerobic reactor. The results were in good 

agreement with that of BLAST which locate bacteria Z12 to Z23 in the cluster of Enterococcus faecalis 62 

(Z12), Bacillus thuringiensis serovar finitimus YBT-020 (Z13), Enterococcus sp. 33C (Z14 and Z20), Bacillus 

sp KCd2 (Z15), Bacillus anthracis strain UST2006-BC001 (Z16 and Z21), Proteus mirabilis (Z17), Bacillus 

thuringiensis serovar chinensis CT-43 (Z18), Klebsiella pneumoniae strain SDM45 (Z19), Uncultured 

bacterium clone ncd1358b08c1(Z22) and Bacillus cereus strain M212 (Z23), respectively. As described in the 

facultative anaerobic reactor, the phylogenetic tree in the aerobic reactor also showed the relationship of bacteria 

with other members of their closely related genus. All bacteria may share the same role including Klebsiella sp 

and Proteus sp. Klebsiella sp that showed an ability in decolourising a range of pure dyes such as Orange II, 

Direct Blue 15, SF Yellow 3RS, SF Red 3BS, SF Yellow EXF and Black EXA [10]. Proteus mirabilis also was 

able to degrade azo dyes [23].  
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 Besides decolourization, mineralisation also occurred with specific microbes under aerobic condition. 

Therefore, genus Enterococcus, Bacillus, Proteus, Klebsiella and uncultured bacterium in this study may 

involve in mineralisation of aromatic amines. This based on previous research on consortium bacteria for dyes 

treatment by many researchers. Khehra et al. (2006)[24] found that the consortium based on acclimatised 

bacterial strains belonging to Bacillus sp., Stenotrophomonas sp., and Pseudomonas sp. was isolated from waste 

disposal sites of textile processing industries and has transformed azo dye AR-88 to non-aromatic metabolic 

intermediates after treatment in sequential anoxic aerobic bioreactor. Hydrogenophaga palleronii S1 and 

Agrobacterium radiobacter S2 also have been reported be able to completely mineralise 4-ABS [25]. However, 

these bacteria could not be isolate in this study. Besides mineralisation of aromatic amines, these bacteria also 

decolourised the dyes in the presence of oxygen. Several bacterial strains have been reported to decolourise azo 

dyes aerobically by reductive mechanisms [26] such as Bacillus subtilis, Proteus mirabilis, Pseudomonas 

pseudomallei 13NA and Pseudomonas luteola [27; 28; 29]. However, many of these isolates were reported to 

decolourise the azo compounds only in the presence of other carbon sources and therefore presumably do not 

uses the azo dye as carbon or energy sources. This findings showed that the closely related genus also possibly 

shows their closely their role or work.  

 

Dominant Bacteria: 

 Facultative anaerobic and aerobic microbial were found to dominate the culturable bacteria in the 

facultative anaerobic-aerobic sequential treating actual textile wastewater (Table 1 and Table 2). Most isolates 

were related to bacteria previously isolated from textile wastewater treatment system by Chong (2007) [10] 

(Kleibsela pneumoniae) and Umor (2010) [12] (Bacillus sp., Bacillus cereus and Bacillus thuringiensis). The 

microbial of the treatment system were also related to the inoculum (MicroClear) which dominated by 

Enterococcus sp., Bacillus sp., Paenibacillus sp., and Achromobacter sp. [11].  

 The study found that facultative anaerobic process was dominated by Enterococcus faecalis FUA 3334 (8 x 

10
8
 cfu/mL), followed by Enterococcus sp 33C (2.0 x 10

7
 cfu/mL), Bacillus sp NII-45 (1.8 x 10

6
 cfu/mL), 

Enterococcus faecalis strain KLDS4.0341 (1.4 x 10
6
 cfu/mL), uncultured bacterium clone 16slp112-1b01.w2k 

(1.3 x 10
6
 cfu/mL), uncultured bacterium clone nby601d05c1 (1.2 x 10

6
 cfu/mL), Uncultured bacterium clone 

nby695c08c1 (1.0 X 10
6
 cfu/mL), Enterococcus faecalis XJ-1 (3 x 10

5
 cfu/mL) and Enterococcus faecalis strain 

62 (1.1 x 10
5
 cfu/mL). Table 3 shows the summary of bacteria in the facultative anaerobic reactor with total 

cfu/ml. 

 
Table 3: Bacteria in the facultative anaerobic reactor. 

 
 

 Under aerobic conditions, the dominant bacteria were Bacillus cereus strain M212 (4 x 10
8
 cfu/mL), 

followed by Enterecoccus sp 33C (3.51 X 10
8
 cfu/mL), Bacillus sp KCd2 (3 X 10

8
 cfu/mL), Klebsiella 

pneumoniae strain SDM45 (5 x 10
6
 cfu/mL), Proteus mirabilis (4 x 10

6
 cfu/mL), Bacillus thuringiensis serovar 

finitimus YBT-020 (1.4 X 10
6
 cfu/mL), Enterecoccus sp 33C (1 x 10

6
 cfu/mL in suspension), Bacillus anthracis 

strain UST2006-BC001 (5x 10
5
 cfu/mL), Bacillus thuringiensis serovar chinensis CT-43(1 x 10

5
 cfu/mL) and 

Enterecoccus faecalis 62 (1 x 10
5
 cfu/mL). Table 4 shows the summary of bacteria in the aerobic reactor. 
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Table 4: Bacteria in the aerobic reactor 

 
 

Table 5: The dominant bacteria in the biofilm and suspension 

 
 

 In this study, both facultative anaerobic and aerobic biofilm were dominated by Enterococcus sp 33C (1.6 x 

10
7
 cfu/mL; 3.5 x 10

8
 cfu/mL) while the lowest colonies were Enterococcus faecalis 62 (1 x 10

4
 cfu/mL; 1 x 10

5
 

cfu/mL). This indicates that the dominant bacteria in both facultative anaerobic and aerobic biofilm were 

similar. On the other hand, the suspension of facultative anaerobic was dominated by Enterococcus faecalis 

FUA 3334 (8 x 10
8
 cfu/mL) and for aerobic by Bacillus cereus strain M212 (4 x 10

8
 cfu/mL). The lowest 

colonies in both facultative anaerobic and aerobic reactors were Enterococcus faecalis 62 (1 x 10
5 

cfu/mL) and 

uncultured bacterium clone ncd1358b08c1 (4 x 10
4
 cfu/mL), respectively. This result showed that in suspension 

both reactors were dominated by different bacteria. Table 5 shows the dominat microbes in the biofilm and 
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suspension. Overall, under facultative anaerobic the dominant bacteria was Enterecoccus sp while dominant 

bacteria under aerobic was Bacillus sp.  

 The findings of this study contrast with Mohd Zahari (2008) [30] which found that Enterobacter freundii, 

Citrobacter freundii and Escherichia coli was isolated from real textile wastewater treatment plant, while 

Ibrahim et al., (2009) [11] found that Bacillus sp., Paenibacillus sp. and Acromobacter sp. from raw textile 

wastewater in a prototype aerobic biofilm reactor (ABR) system. The different result on the study may be due 

on the fail to culture all biofilm and suspension bacteria. Thus, the study only showed the culturable bacteria in 

the treatment system.  

 

Conclusion: 

 The culturable bacteria were slightly abundant and diverse in the sequential facultative anaerobic-aerobic 

bioreactor during maximum performance of actual textile wastewater treatment. Twenty three strains were 

isolated from the treatment system. Eleven strains were isolated from facultative anaerobic reactor and remain 

strains were isolated from aerobic reactor. The full sequence of 16S rDNA strains shared between 83 % and 100 

% similarity with genus Enterococcus, Bacillus, Klebsiella, Proteus or uncultured bacterium. Facultative 

anaerobic and aerobic reactors were dominated by Enterococcus sp 33C (1.6 x 10
7
 cfu/mL; 3.5 x 10

8
 cfu/mL) in 

biofilm while the suspension of facultative anaerobic was dominated by Enterococcus faecalis FUA 3334 (8 x 

10
8
 cfu/mL). On the other hand, Bacillus cereus strain M212 (4 x 10

8
 cfu/mL) was dominated the aerobic 

reactor. The result may give a better understanding of diversity and dominant culturable bacterial community in 

the sequential facultative anaerobic-aerobic bioreactor. The results of this study should help toward the design 

of an optimal wastewater treatment process using those functional bacterial genera. The best ecosystem in the 

bioreactor through the ccommunity microbes in the biofilm and suspension can be applied in the real treatment 

system to improve the degradation of actual textile wastewater. 
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