
Formation of granules at 2.5 kgCOD m-3d-1



SEM analysis of seed sludge vs. mature aerobic granular sludge

Seed sludge (Mag: 10,000x) Mature granule (Mag: 5,000x)



Mature granules at different OLR

Seed sludge at day-0 R1 on day-60 at OLR 1.5

R2 on day-60 at OLR 2.5 R3 on day-60 at OLR 3.5



Physical and microbial characteristics of granule
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Fractal dimension vs. size profile for aerobic granular sludge indicating an almost linear 
relationship between fractal dimension and equivalent diameter of less than 700 µm

Inconsistency of fractal dimension above 700 µm



R² = 0.6718
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SVI vs size of aerobic granular sludge profile indicating good and positive association of 
two important parameters of granules
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Micro-morphology of aerobic granular sludge explored using SEM 



Diversity and evolutionary shift of bacterial population
Species identification of selected DGGE bands at different OLR
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Species identification of AOB selected DGGE bands at different OLR

Bands Closest relatives (accession no.) Length (bp) Identity (%)

1

2

3

4

5

6

7

8

9

10

Uncultured Nitrosomonas sp. (HQ184402)

Thauera aminoaromatica strain NS5 (FJ609701)

Ammonia-oxidizing bacterium NS500-9 (AY135356)

Uncultured Methylobacillus sp. (GQ390421)

Ammonia-oxidizing bacterium NS500-9 (AY135356)

Uncultured Nitrosomonas sp. (HQ184402)

Uncultured Nitrosomonas sp. (GU073372)

Nitrosomonas europaea strain ATCC 25978 (GQ451713)

Uncultured Rhodocyclaceae bacterium clone A26 (GU255493)

Nitrosomonas europaea strain ATCC 25978 (GQ451713)

419

720

1392

710

1516

1499

446

1392
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1499
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99

100

92

100

100
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100

100



Dendrogram showing Raup-Crick similarity between microbial communities collected 
from the various state of aerobic granular sludge formation using POME 
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Microbial population dynamics of aerobic granular sludge was 
converted into binary matrix corresponding to presence/absence 
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Bacterial dominancy at different OLRa

Seed sludge Mature 
granules 

at OLR 1.5

Mature 
granules at

OLR 2.5

Mature 
granules at 

OLR 3.5
Uncultured Bacteriodetes 
bacterium ● ● ● ●

Kineosphaera limosa ● ○ ○ ●
Uncultured 
Propionibacteriaceae 
bacterium

● ○ ○ ●

Uncultured Methyllobacillus ○ ● ● ●
Uncultured Flavobacteriaceae 
bacterium ● ● ● ●

Uncultured Leadbetterella sp. ● ● ● ○
Pseudomonas sp. ○ ● ○ ●
Runella sp. ○ ○ ● ●
Uncultured 
Comamonadaceae bacterium ○ ● ● ●

Trichococcus sp. ○ ○ ○ ●
Uncultured Nitrosomonas sp. ● ● ● ●
Thauera aminoaromatica ● ○ ○ ○
Nitrosomonas europaea ● ○ ● ●
Uncultured Rhodocyclaceae
bacterium ○ ○ ● ○

Dominancy of bacterial V3 region analysis

a   OLR in kgCOD m-3d-1

○ indicates non-presence of bacteria
● indicates presence of bacteria in 
samples 

SEM of cocci-colonies possibly 
Trichococcus sp. found on 

mature granule (Mag: 1000x)
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Aerobic granular sludge was successfully developed at OLR 2.5 
and 3.5 kgCOD m-3d-1

Physical and microbial characteristics of aerobic granular 
sludge developed using POME were successfully determined 
using fractal dimension analyses and molecular technique i.e. 
DGGE. 

Significant bacterial shift was shown on DGGE banding profiles 
indicating microbial evolutionary shift on aerobic granular 
sludge. Bacterial properties, identities and functions of 
selected bacteria were defined at the end of this study.

Aerobic granulation technology has competitive potentials for 
applications in treating POME as well as other types of 
industrial wastewater based on efficient COD, ammonia and 
colour removal performances. 

CONCLUSIONS
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