
www.ijcspub.org                                    © 2022 IJCSPUB | Volume 12, Issue 3 September 2022 | ISSN: 2250-1770 

IJCSP22C1261 International Journal of Current Science (IJCSPUB) www.ijcspub.org 331 
 

BACTERIOLOGICAL DISCERNING OF RAW 

AND TREATED SYNTHETIC SUGAR 

WASTEWATER 

1Aruna C, 2Asha B 
1Research Scholar, 2Associate Professor 

1Department of Civil Engineering  
1Annamalai University, Chidambaram, India 

 

Abstract:  Biomass settling issues in wastewater treatment facilities are linked to bacterial growth. They have been suggested to 

aid in the initial biomass aggregation process in systems based on aerobic granular biomass. Their growth on fully developed 

aerobic granular systems hasn't been thoroughly investigated, though. In the current study, the microbial community was 

examined for the first long-term (up to 300 days) operation of aerobic granular systems in an Aerobic Hybrid Bio-Reactor 

(AHBR) fed with synthetic sugar effluent. In conclusion, the incoming wastewater was the source of bacteria in these mature 

aerobic granular systems fed with industrial effluents. 

 

Index Terms - Aerobic Reactor, Microbial analysis, Scanning Electron Microscopy, Synthetic wastewater, Wastewater 

treatment. 

I. INTRODUCTION 

 

The majority of wastewater treatment systems rely heavily on biological processes since bacteria are the primary agents 

in the removal of organic debris and nutrients. The biodegradation of pollutants like narcotics and their metabolites that are 

present in wastewater at extremely low concentration levels may also be aided by them. However, the effectiveness of such 

microbe-driven purification methods and treatments is only assessed by physicochemical criteria. Prior to the discharge of 

purified water into receiving water, routine microbiological investigations are primarily limited to the light microscopic 

observation of the structure of the activated sludge and to the continual hygienic control using cultivation-based methods. Even 

though the basic functions of the Aerobic Hybrid Bio-Reactor (AHBR), such as the breakdown of organic compounds and other 

metabolic transformations, are well understood, the unexpected decrease in purification efficiency shows that even under tightly 

controlled working conditions, microbial activities can shift because so few biologically significant factors are monitored while 

the system is in operation.  

On the other hand, routine use of methods for identifying the types of bacteria that are actually present in specific 

reactors and their activity would greatly raise the expense of maintaining AHBR. In order to improve performance and stability, 

studies focusing on the in-depth understanding of microbiological processes in AHBR are essential not only for the introduction 

of cutting-edge technologies, but also in the case of routine applications with the short-term monitoring of continuously operating 

plant-scale or experimental model systems.  

A new area of microbial community analysis has also been made possible by the development of next-generation 

sequencing techniques, which allow for a much finer reconstruction of community structure and enable the identification of the 

whole bacterial community present in AHBR. It is possible to keep active microbial biomass constantly in a suspended phase and 

adhered to a surface. It has been demonstrated that not only operational factors but also the type of biofilm carrier can have a big 

impact on how cells adhere, how much biofilm forms, how the biofilm is structured, etc. These have a big impact on how well 

each biological reactor performs, and ultimately how effectively the entire AHBR operates. Therefore, the purpose of this study 

was to investigate how the environment, specifically elements involved in biofilm colonisation such as surface and wastewater 

matrix characteristics, affects AHBR microbial communities. A laboratory-scale AHBR with synthetic sugar wastewater 

morphological, physiological, genotypic, and taxonomic results of developing biofilm bacterial communities were combined with 

the results of the detailed analysis of wastewater composition to reveal potential relationships between microbial and operational 

characteristics. 
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II. Methodology followed 

2.1 Isolation of bacteria from Treated water of sugar processing 

About 1 ml of treated water from sugar processing sample was serially diluted and 6th and 7th dilutions were spread 

plated in the sterile nutrient agar plate. After 24-48 h incubation at bacteriological incubator sample was observed for the bacterial 

growth. The bacterial colonies were counted and predominant culture was streaked in newer sterile nutrient agar plate. The 

predominant culture was subjected to molecular identification using 16S rRNA gene sequencing.  

2.2 Genomic DNA isolation and PCR analysis 

Genomic DNA was extracted from overnight grown cultures of the selected bacterial isolates using QIAGEN DNA 

isolation kit (Qiagen), suspended in 100 μl of elution buffer (10 mM/L Tris-HCl, pH 8.5) and quantified by measuring OD at 260 

nm. PCR amplification was performed using a 50 μL reaction mixture containing 100 ng of template DNA, 20 μmol of 16S rRNA 

primers, 200 μM of dNTPs, 1.5 mM of MgCl2, 1U of Taq DNA polymerase (MBI Fermentas) and 10 μL of 10x Taq polymerase 

buffer. The sequences of 16S rRNA primers used were as follows. 

27f: (5'-AGAGTTTGATCCTGGCTCAG-3') 

1522r: (5′-AAGGAGGTGATCCANCCRCA-3') 

Amplification was carried out with an initial denaturation at 95°C for 5 min followed by 35 cycles of denaturation at 

94°C for 45 sec, annealing at 56°C for 45 sec, extension at 72°C for 1 min and final extension at 72°C for 5 min using a 

thermocycler (iCycler; Bio-Rad Laboratories, CA). PCR products were analyzed on 1% agarose gel for 16S rRNA amplicons in 

1x TBE buffer at 100 V. The amplified product was sequenced using ABI PRISM 3730 Genetic Analyzer (Applied Biosystems). 

2.3 Phylogenetic analysis 

The sequences of these 16S rRNA genes were compared against the sequences available from GenBank using the 

BLASTN program (Altschul et al., 1990) and were aligned using CLUSTAL W software (Thompson et al., 1994). Distances were 

calculated according to Kimura’s two-parameter correction (Kimura, 1980). Phylogenetic trees were constructed using the 

neighbor-joining method (Saitou and Nei, 1987). Bootstrap analysis was done based on 1000 replications. The MEGA4 package 

(Kumar et al., 2007) was used for all analyses. 

2.4 Scanning electron microscopy of raw and treated sludge samples 

The raw and treated sludge samples were analyzed using scanning electron microscopy analysis the determination of 

sludge degradation. Briefly, 10 µl of the sample was applied to copper grid assembly and air dried. The air-dried sludge sample 

samples were sputter coated with gold/platinum plasma sputter coater. The sputter-coated grid was analyzed with Hitachi FESEM 

with various magnifications.  

 

III. RESULTS AND DISCUSSION 

3.1 Total plate count 

The treated water sample from sugar processing was estimated for the bacterial count. It was confirmed that, 8.32×1010 

colony forming unit/mL (Figure 1a and 1b). The predominant isolate was streaked in nutrient agar plate for the colony 

morphology and purity (Figure 2) as Bacillus cereus. It is a Gram-positive, rod-shaped, facultative anaerobic, motile, beta-

hemolytic, spore-forming bacterium commonly found in soil, water and food.   

 
Figure 1a. Isolation of bacteria from treated water from sugar processing (10-6 Dilution) 
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Figure 1b. Isolation of bacteria from treated water from sugar processing (10-7 Dilution) 

 
Figure 2. Selected bacteria from treated water from sugar processing 

 

3.2 Molecular identification of selected bacteria from sugar processing treated water 

The selected bacterium was used for the genomic DNA isolation and it was isolated at high pure conditions with single 

band in the agarose gel electrophoresis (Figure 3). The resultant DNA was amplified using 16S rRNA gene primers and it was 

greatly amplified with the signature product size of 1.5 kb (Figure 4).  The amplified product was sequenced in a Sanger 

sequencing with both primers yielded good quality of sequences (Figure 5). The sequence thus obtained was BLAST in the NCBI 

website showed a great match against various Bacillus species. After running with phylogeny analysis using neighbour joining 

method showed closest clade with Bacillus cereus (Figure 6). Based on the BLAST analysis in the NCBI, RDB taxonomy 

analysis and phylogeny tree clearly revealed that that the given sample was belong to the taxa is Bacillus cereus.  
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Figure 3. Genomic DNA of sugar processing treated water bacteria 

  
Figure 4. PCR amplification of 16S rRNA gene from sugar processing treated water bacteria 

a b 

~1500 bp 

http://www.ijcrt.org/


www.ijcspub.org                                    © 2022 IJCSPUB | Volume 12, Issue 3 September 2022 | ISSN: 2250-1770 

IJCSP22C1261 International Journal of Current Science (IJCSPUB) www.ijcspub.org 335 
 

 

Figure 5. 16S rRNA gene sequence from sugar processing treated water bacteria 

 
Figure 6. Phylogeny tree analysis of sugar processing treated water bacteria 

 

The evolutionary history was inferred using the Neighbor-Joining method (Saitou and Nei, 1987). The percentage of 

replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) are shown next to the branches 

(Felsenstein, 1985). The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to 

infer the phylogenetic tree. The evolutionary distances were computed using the Kimura 2-parameter method (Kimura, 1980) and 

are in the units of the number of base substitutions per site. Codon positions included were 1st+2nd+3rd+Noncoding. All 

positions containing alignment gaps and missing data were eliminated only in pairwise sequence comparisons (Pairwise deletion 

option). There were a total of 1483 positions in the final dataset. Phylogenetic analyses were conducted in MEGA4 (Tamura et 

al., 2007).  

3.3 Scanning electron microscopy of raw and treated sludge samples 

The scanning electron microscopical images of the raw and treated sludge samples showed clear degradation of the 

sludge, and the macro particles were seen in the raw sludge samples and micronized particles were seen in the treated sludge 

sample (Figure 7a and 7b). In the samples, the bacterial and other microbial structures were also seen. The microbial digestion of 

the raw sludge was visualized after treatment with bacterial populations, due to the bacteriological enzyme action on the macro 

particles to become micronized were observed under 5000X magnifications.   

 

>Seq_isolate of treated water sugar processing  

TAATACATGCAAGTCGAGCGAATGGATTAAGAGCTTGCTCTTAGAAGTTAGCGG

CGGACGGGTGAGTAACACGTGGGTAACCTGCCCCATAAGACTGGGATAACTCCGGGA

AACCGGGGCTAATACCGGATAACATTTTGAACTGCATCGAAATTGAAAGGCGGCTTCG

GCGTCACTTATGGATGGACCCGCGTCGCATTAGCTAGTTGGTGAGGTAGACGGCTCAC

CAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGAC

ACGGCCCAAACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACAAAAGT

CTGACGACCAACGCCGCGTGAGTGATGAAGGCTTTCGGGTCGTAAAACTCTGTTTGTT

AGGGAAGAACAAGTGCTATTTGAATAAGCTGGCACCTTGACGGTACCTAACCAGAAAG

CCACGGCTAACTACGTGCCACCAGCCGCGGTAATACGTAGGTTATCCGGAATTATTGG

GCGTAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCACGCGCTCAACCG

TGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAGTGGAATTCCAT

GTGTAGCGGTGAAATGCGTAGAGATATGGAGGAACACCAGTGGCGAAGGCGACTTTC

TGGTCTGTAAAACTGACACTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATA

CCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTAGAGGGTTTCCGCCCTTTA

GTGCTGAAGTTAACGCATTACGCACTCCNCCCCCTGGGGAGTACGGCCGCAGGGCTG

AAACTCAAAGGAATTGACGGGGGCCCGCACAATCGGTGGAGCTTGTGGTTTATTTCCA

AAGCCNACCCAAAAAAACCTTACCCGGTTCTGACTTCTTTTTAAAACCCCAAAGAAAG

GGGTTTTCTTTTTGGGGCAAAGGAACAGGGGGGCATTTTGGGTTTTTTTCAGTTCGTT

TTTTGAGATGTTGGGTTAATTCCCCCAACGAGGGCAACCCCCCTTTTTTTTTGCCTCCC

TTAATTTGGGCCCTTTAAGGGGACTGCCGGGGGCAAACCGGGGGAAGGGGGGGGGAG

GTCAAATAATCATCCCCCTTTTGACCTGGGGTACAACGGGTTCGGGCAATGGAGGGTA

CAAAAAGGGGCAAGACCGCGGGGGGGGGTATCCTTTTTTAAAACCATTTTCATTTTGG

TTTTTTGGGTCAATTCCCCTCCACCTAAAGCGGGAATGGTTGGTAATTGGGGATCACA

TGCCGCGGGCGTGAAAAATCCGGGCCTGGTACACCCCCCCCGCCCCCCCCCGGGAGT

TTGTAACACCCGAAGTCGGGGGGGGAACCTTTTTGAGCCACGTCCCCCCCAAGGGGG

CCAGATAATTGGGGGTGGGAAT 
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Figure 7a. SEM Analysis of raw sludge from sugar processing 

 

 
 

Figure 7b. SEM Analysis of treated sludge from sugar processing 

 

 

 

IV. Conclusion 

 With the use of instruments for structural and physiological investigation, biofilm growth and maturation have been 

researched in an Aerobic Hybrid Bio-Reactor for the wastewater treatment of synthetic sugar. It was evident that different carrier 

types, reactors, and compositional changes in bacterial communities affected the biofilm architectures as they matured. When 

large Organic Loading Rate (OLR) were applied, the granules' surface began to show signs of microbe expansion, which led to an 

increase in granule diameter. The movement of dissolved oxygen from the bulk liquid to the centre of the granules was hampered 

by the high diameter of the particles. The oxygen encouraged the aerobic bacterial growth. 
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