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Abstract
Background and Objective: Biofilm  plays an important  role  in  causing  microbial  corrosion.  One of prerequisites for microbes as energy
source to grow  and  to   form   biofilm   is   carbon  source. The purposes of this study were measuring the ability of biofilm community
sampled from Saguling   hydro   power  in   utilizing   carbon   sources   and  assessing  culturable  heterotrophic  of  bacterial  community
from those  biofilm. Materials and Methods: Biolog EcoPlateTM  and culture-dependent approach were used to assess biofilm community.
Results: Heterotrophic bacteria in biofilm have the ability to use 30 different carbon sources consistently. The source of carbon used by
this community at the highest rate are N-acetyl-D-glucosamine  from  carbohydrates  group,  2-hydroxybenzoic  acid  from  carboxylic
and  kenotic  acids,  glycogen  from  polymers  group  and  L-serine  from  the  amino  acid  group  at  the  rate  of  0.16,  0.05,  0.14  and
0.09   absorbance  U  hG1  respectively.  Whereas  the  carbon  sources  with  high  consumption are as follow: Pyruvic acid methyl ester,
$-methyl-D-glucoside,  D-mannitol   and   N-acetyl-D-glucosamine   from   carbohydrates  group;  D-galacturonic   acid,  2-hydroxybenzoic 
acid,  D-glucosaminic  acid  and   D-malice   acid  from  the  group  of  carboxylic  and  kenotic  acids;   tween   40   and   80  as  polymers; 
L-argentine, L-asparagines, L-serine, L-heroine and glycol-L-glutei from amino acids group. Furthermore, culturable bacterial community
of those biofilm were dominated by Gram-negative bacteria,  consisted  of  five  common/heterotrophic  bacteria, two manganese
bacteria, two nitrifying bacteria, three iron bacteria and three  sulfate  reducing  bacteria.  Conclusion:  Bacterial community of biofilm
from Saguling hydro power which were dominated by Gram-negative bacteria have the ability to use various carbon sources and degrade
glycogen.
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INTRODUCTION

Microbiologically Influenced Corrosion (MIC) refers to the
influence of microorganisms on the kinetics of corrosion
processes  of  metals,  caused  by  microorganisms  adhering
to  the  interfaces  (biofilm)1.  Those  processes involving
microorganisms or the products of its metabolic activity
including enzymes, exopolimer as well as organic acids and
volatile components  in  the form of inorganic such as
ammonia and hydrogen sulfide2. Javaherdashti3 noted that
microorganisms are capable of affecting the extent and
severity of corrosion. Thus, Coetser and Cloete4 emphasized
that the economic implications of those microbial fouling in
industrial water systems are much greater than many people
realize.
Biofilm is a complex assemblages of microorganisms that

are embedded in a matrix of extracellular polymeric
substances5. According to Horemans et al.6, environmental
Dissolved Organic Matter (DOM) as the main carbon source
governs  biofilm  formation.  Most  exopolymer-producing
microorganisms utilize carbohydrates as their carbon and
energy source and amino acids as their source of nitrogen in
their growth and extracellular biopolymer’s synthesis7. On the
cells of Aureobasidium pullulans, carbohydrates, such as
glucose   and   mannose,   determine   the  exopolymer
production8. Santos et al.9 noted that production of bacterial
cellulose as an insoluble exopolysaccharide generated by
bacterial species lies in its ability to synthesize glucose from
the carbon substrate, followed by its polymerization to
cellulose. In  addition,  the differences in biofilm formation
may relate to differential expression of fimbriae on the cell
surface10. According to Edwards and Schifferli11, regulation of
fimbrial production is also affected by carbon source and
nitrogen source. 
In nature, bacterial induced corrosion do not work solely

but rather in a consorsium. Differences in bacterial species
composition of biofilm consortia and resulting differences in
metabolic  activities  within  such  biofilm  could explain why,
in two identical systems under the same environmental
condition, corrosion rates can vary significantly12. Therefore, in
order to investigate microbiologically-influenced corrosion
failures of ferrous metals in Saguling hydro power, besides
molecular approach using DGGE technique13, further studies
considering physiological activity of biofilm community and
culturable bacterial community residing in this biofilm are
important. The main objectives of this study were to measure
the ability of biofilm community in utilizing carbon sources by
using Biolog EcoPlateTM  and to assess culturable heterotrophic
bacterial community from biofilm using culture-dependent
approach.

MATERIALS AND METHODS

Site and sample collection: Saguling hydro power is located
in  West  Bandung  Regency,  West  Java province, Indonesia
(South 06E51'49.8", East 107E20'57", the altitude 643 m).
Biofilms samples were taken from the power house of
saguling hydro power. Those biofilm were gently scrapped
from steel surfaces and composited in a sterile tube before
stored in an ice-chest. 

Measurement of community substrate utilization profiles:
Carbon source utilization by heterotrophic aerobic bacterial
community of biofilm were assessed by Biolog EcoPlateTM

which contains 31 of the most useful carbon source for soil
community  analysis. The sample was serially diluted with
0.85% sterile saline solution up to a 10G3 w/v dilution
(approximately 1×106 CFU mLG1). Each well of the EcoPlate
was inoculated by 100 µL of the sample suspension and
incubated at 30EC in a dark chamber. The iMarkTM microplate
reader (BioRad) was used to read the absorbance in each well
at 590 nm (OD590) at even intervals from 0-168 h.
The utilization of any carbon sources by the bacterial

community resulted in the respiration-dependent reduction
of the tetrazolium dye and purple color formation measured
as absorbance, that can be quantified and monitored over
time as average well-color development (AWCD) index. The
AWCD is bacterial responses in each microplate that express
overall activity of bacterial community and calculated as the
arithmetic average of the sum of positive carbon responses
corrected by subtracting the water control wells values with
the equation:

AWCD = Σ(ODi/31)

where, ODi is optical density value from each well14. The
percentage of functional diversity is determined by the
equation:

No. of positive carbon source wells
100

31


This  value  varies  from   0-100% with 0 being low
diversity and 100% being highly diverse. Furthermore, the
inconsistency found within each sample is calculated by
percentage of variation of results within sample in the formula
(100×i)/31, where, i is the number of carbon sources in which
the three replicates were not all positive or all negative.
Beside AWCD, shannon diversity index (H) and evenness

index (E) were investigated using formulae: H = !Epi(lnpi) and
E  =  H/lnS  respectively,  where,  pi  is  the   proportional  color
development  of  the  well  over total color development of  all
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wells of a plate and S is the number of wells with color
development (substrate utilization richness)14. The PCA
analysis was used to evaluate the substrates which were the
most utilized in biofilm using Minitab 17.

Isolation  and  enumeration  of bacteria: In this study,
culture-dependent approach was used to isolate, grow and
enumerate culturable bacteria associated with microbial
corrosion  from the  biofilm  on  various  agar  media. The
nutrient  agar,  Fe  bacterial isolaton medium, Mn base agar
and winogradsky medium were used to enumerate the
heterotrophic bacteria, iron bacteria, manganese-oxidizing
bacteria and acid producers bacteria, respectively15.  To obtain
Sulfate  Reducing  Bacteria  (SRB), the sulfate reducing API agar
(Sigma-Aldrich) recommended by American Petroleum
Institute was used. Bacterial enumeration was done by total
plate count method16.

Biochemical characterization of isolates: All bacteria isolated
from all types of media were identified according to Bergey’s 

manual of determinative bacteriology17. The pure isolated
bacterial cultures were identified by their morphological and
biochemical characterization using the following analysis:
Gram staining, motility test, indole production test, methyl red
test, Voges-Proskauer test, citrate utilization test, nitrate
reduction test, H2S production test, urease test, carbohydrate
fermentation test, starch, lipid, casein and gelatin hydrolysis
test16. 

RESULTS

The ability of heterotrophic bacteria from the biofilm
samples for both culturable and unculturable in metabolizing
a variety of carbon sources were analyzed using Biolog
EcoPlateTM  (Table 1). In general, all of the carbon sources can
be used by the bacteria present on biofilm except for phenyl
ethylamine which is included in the group of amines/amides.
Shannon diversity index (H) on the use of the substrates
showed a value of 3.24±0.08 with the evenness index (E) as
much as 0.965±0.018. Furthermore, the pattern of reaction of

Table 1: Biochemical diversity: Community Level Physiological Profiles (CLPP) using Biolog EcoPlateTM

No. of wells Substrates Compound group* No. of positives**
A1 Water ‒ 0
B1 Pyruvic acid methyl ester Carbohydrates 3
C1 Tween 40 Polymers 3
D1 Tween 80 Polymers 3
E1 "-cyclodextrin Polymers 3
F1 Glycogen Polymers 3
G1 D-cellobiose Carbohydrates 2
H1 "-D-lactose Carbohydrates 2
A2 $-methyl-D-glucoside Carbohydrates 3
B2 D-xylose Carbohydrates 3
C2 i-erythritol Carbohydrates 3
D2 D-mannitol Carbohydrates 3
E2 N-acetyl-D-glucosamine Carbohydrates 3
F2 D-glucosaminic acid Carboxylic and ketonic acids 3
G2 Glucose-1-phosphate Carbohydrates 3
H2 D, L-"-glycerol phosphate Carbohydrates 3
A3 D-galactonic acid-γ-lactone Carboxylic and ketonic acids 3
B3 D-galacturonic acid Carboxylic and ketonic acids 3
C3 2-hydroxybenzoic acid Carboxylic and ketonic acids 3
D3 4-hydroxybenzoic acid Carboxylic and ketonic acids 3
E3 γ-hydroxybutyric acid Carboxylic and ketonic acids 3
F3 Itaconic acid Carboxylic and ketonic acids 3
G3 "-ketobutyric acid Carboxylic and ketonic acids 3
H3 D-malic acid Carboxylic and ketonic acids 3
A4 L-arginine Amino acids 3
B4 L-asparagine Amino acids 3
C4 L-phenylalanine Amino acids 3
D4 L-serine Amino acids 3
E4 L-threonine Amino acids 3
F4 Glycyl-L-glutamic acid Amino acids 3
G4 Phenylethylamine Amines/amides 0
H4 Putrescine Amines/amides 3
Total substrates used 30
Functional diversity (%) 96.8
Variation of results within sample (%) 6.5
*Gryta et al.14, **Positives from the use of the substrate in three replication
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bacteria  in  biofilm  communities  over  time  were analyzed
in  the  form  of  Average Well Color Development (AWCD)
curve  until  it  reached  a  stationary phase that was in 168 h
(7th day) and the use of each carbon source in different
groups  that  were  compared  with   an   average   of  the use
of overall carbon sources  by  the  bacterial community
(AWCD) during  168  h  (Fig.  1).  The differences of the
consumption   of  each  carbon  source  up to 168 h analyzed
by  PCA  based  on  the  absorbance  values  can  be seen in
Fig. 2.
Figure  3  shows  the  data  on  the number of bacteria

from  different  groups  that  were  isolated from biofilm.
Aerobic bacterial group consist of heterotrophic/common
bacteria,   manganese   oxidizing    bacteria,    nitrifying 
bacteria  as   well   as   iron   bacteria,  while  anaerobic
bacterial  group  consist of sulfate-reducing  bacteria.  It  can 
be   seen   that   bacterial  plate   count   for   aerobic   bacteria

obtained from various cultivation  media  were  in  the  range
of 3.4×103 to 3.9×105 CFU gG1 whereas,  for anaerobic
bacteria were in the number of 1.1×103 CFU gG1. 

There  were  12 aerobic and 3 anaerobic dominant
isolates that found  in  the  culture  observed.  The aerobic
isolates consist of  common/heterotrophic  bacteria 
(Brevibacillus laterosporus  (NA1),  Bacillus  lentus  (NA2),
Burkholderia caryophylli  (NA3),   Xenorhabdus japonica  (NA4)
and Bacillus acidiproducens (NA5)),  manganese bacteria
(Spirosoma sp. (MN1)) and Runella  sp. (MN2)),  nitrifying 
bacteria  (Nitrosococcus  sp. (WN1) and Nitrosomonas
europaea  (WN2))  and  iron  bacteria  (Burkholderia
pseudomallei  (FB1), Yersinia pseudo tuberculosis (FB2)  and
Enterobacter  cancerogenus  (FB3)),  whereas, anaerobic 
isolates were Desulfobacterium sp. (API1), Desulfobulbus
elongatus (API2) and Desulfobacter  sp. (API3). The
biochemical characteristics of those isolates are shown in
Table 2.

Fig. 1(a-d): Rate  of  the  use  of  each  carbon  source  in  different groups that were compared with an average of the use of
overall carbon sources by the bacterial community in biofilm (AWCD) during 168  h (n = 3), (a) Carbohydrates group,
(b) Carboxylic and ketonic acids group, (c) Polymers group and (d) Amino acids and amines/amides group
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Fig. 2: PCA plot of the two first principal components for the use of carbon sources during 168 h based on the absorbance values
from the EcoPlates (in three replicates). There are three groups of substrates with different level of utilization: Low, average
and high

Fig. 3: Estimation of bacterial plate count from biofilm at
various cultivation media

DISCUSSION

Functional diversity of bacterial biofilm in substrate
utilization  reached   96.8%  with  low  variation  of results in
the  sample (6.5%). This indicated that the bacterial
community can use almost all of the carbon sources
consistently. The calculation of the shannon diversity and
evenness  index  of  the  use  of  the substrates showed that
the  community  of  biofilm  have  the  ability  evenly  in the
use of diverse carbon sources. Furthermore, in general the
biofilm  community  showed  the  high rate of the use of the
carbon  sources,  mainly  from the carbohydrate group at the
24 h.

Carbon  source    from    the   group   of  carbohydrates
that   was    used    with    the   highest   level  of  respiration 
was  N-acetyl-D-glucosamine    (GlcNAc)    at    the    rate    of 
0.16  absorbance   U  hG1.   GlcNAc   is   transported   into   the
cell   via    the    phosphotransferase    system    to  form
GlcNAc-6-phosphate (GlcNAc-6-P) which is then converted
into GlcN-6-P by the enzyme  nagA deacetylase.  Herein  after,
GlcN-6-P  enter  either  the  glycolytic  pathway  through
fructose-6-P   by    nagB    deaminase    or    murein  and
lipopolysaccharide biosynthesis pathway via UDP-GlcNAc by
GlmM and GlmU18.
Carbon  source  from  the  group  of carboxylic and

ketonic acids that was used with the highest level of
respiration     was     2-hydroxybenzoic     acid     at     a    rate of
0.05   absorbance    U  hG1.   The  2-hydroxybenzoic  acid
degraded  either    through    the    catechol    or    salicylate 
pathway   by   enzyme    gentisate    1-hydroxylase    and
salicylate  5-hydroxylase19. Furthermore,  the  carbon  sources
of  the  polymer group used  with  the  highest  level of
respiration was glycogen at the rate of 0.14 absorbance U hG1.
Glycogen is a polymer of glucose. Glycogen is catabolized
through phosphorylation reaction by glycogen phosphorylase
(GlgP) and GlgX into glucose-1-phosphate20  which can later
be converted into glucose-6-phosphate as the initial substrate
of glycolysis.
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Table 2: Biochemical characterization of isolates from biofilm
Characteristics NA1 NA2 NA3 NA4 NA5 MN1 MN2 WN1 WN2 FB1 FB2 FB3 API1 API2 API3
Cell morphology
Gram stain + + - - + - - - - - - - - - -
Shape Rod Rod Small rod Small rod Rod Rod Rod Coccus Small rod Rod Small rod Small rod Rod Rod Rod
Motility + + + + + - - + + + + + + + -
Biochemical reaction             
Indole production test - - - - - - - - - - - - + - -
Methyl red test - - - - - + - - - - - - + - +
Voges Proskauer test - - - - + - - - - - - - - - -
Citrate utilization test - - + + - + + - - - - + + + +
Nitrate reduction test + - + + + + + + + - + + + + +
H2S production test - - - - - - - - - - - - + + +
Urease test - + - - - - + - - - + - - - -
Production of acid from             
Glucose +/A +/A +/A - +/A +/A - - - +/A - - +/AG +/A +/G
Sucrose +/A +/A +/A - +/A +/A - - - +/A - - +/AG +/AG +/AG
Lactose - - - - - - - - - - - - +/AG +/AG +/AG
Hydrolysis of             
Starch - + - - - - - - - + - - - + -
Lipid - - + - - + - - - - - - - - -
Casein + - - - - + - - - - - - + + +
Gelatin - - - + - + - - - + - - + + +
A: Acid, G: Gas, Brevibacillus laterosporus (NA1), Bacillus lentus (NA2), Burkholderia caryophylli (NA3), Xenorhabdus japonica (NA4), Bacillus acidiproducens (NA5),
Spirosoma sp. (MN1), Runella sp. (MN2), Nitrosococcus sp. (WN1), Nitrosomonas europea  (WN2), Burkholderia pseudomallei (FB1), Yersinia pseudotuberculosis (FB2),
Enterobacter cancerogenus (FB3), Desulfobacterium  sp. (API1), Desulfobulbus elongatus (API2), Desulfobacter  sp. (API3)

Meanwhile, the carbon source of the amino acid groups
that were used with the highest level of respiration is L-serine
with the rate of 0.09 absorbance U hG1. L-serine plays a role in
protein synthesis and a compound involved in many
metabolic pathways21, one of which is serine-deamination
pathway which converts L-serine to pyruvate by the enzyme
of L-serine deaminase (sdaA)22. Besides carbon sources with
high rate of utilization, there were several sources of carbon
with the low rate of usage i.e., D-cellobiose and i-erythritol
from   the    carbohydrate    group,    "-ketobutyric   acid  and
γ-hydroxybutyric acid of the group of carboxylic and ketonic
acids, "-cylodextrin from the polymer group and putrescine of
amines/amides groups.
According to PCA plot, there were three groups of the use

of the substrates, one of which was the group with high level
of consumption of the carbon sources, namely pyruvic acid
methyl ester, $-methyl-D-glucoside, D-mannitol and N-acetyl-
D-glucosamine from carbohydrates group; D-galacturonic
acid, 2-hydroxybenzoic acid, D-glucosaminic acid and D-malic
acid from the group of carboxylic and ketonic acids; tween 40
and   80    as   polymers;   L-arginine,   L-asparagine,  L-serine,
L-threonine and glycyl-L-glutamic from amino acids group.
Ultimately, the information regarding the type and the rate of
use of these carbon sources can be used as a marker to
identify metabolic pathways traversed by bacteria and
enzymes that are involved in it. Horemans et al.6 stated that
biofilm   biomass,    species    composition,    architecture   and

colocalization of member strains depended on carbon source
and its biodegradability. 
Conventional bacteriological methods were used to

isolate bacteria with corrosive potential, from a wide diversity
of environments including biofilm. Since biofilm consist of
various  microorganisms, therefore in the present study
various cultivation media were used. Among the bacteria
isolated, Gram-negative   bacteria    were    more   dominant 
than  Gram-positive    bacteria    by    80%.    It     indicated   that
Gram-negative  bacteria  were  more  active in the formation
of biofilm   in   freshwater.   This   result   is    consistent with
the observations by Rickard et al.23 that a Gram-negative
bacterium was isolated from a freshwater biofilm developed
on a stainless steel surface and that Gram-negative organisms
dominated in all of the biofilms observed. Biopolymers and
lipopolysaccharides constituting Gram negative bacterial cell
walls play an important role in cell adhesion to the hydrophilic
material24.

Furthermore, almost all of the isolates were rod shaped
whereas  one  isolates  was  coccus  and  among  15 isolates,
12 isolates have the ability to move from one place to another.
The ability to move was one of the properties of the cell due
to the presence of fimbriae and flagella that influence the rate
and extent of attachment of microbial cell to a surface25.
Coetser and Cloete4 noted that when bacteria attach to a
surface, a whole different suite of genes is activated, making
sessile bacteria significantly different to planktonic bacteria
suspended in the water.
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Generally,  according  to  the biochemical analysis, all of
the  isolates  obtained  showed different physiological
characteristics with various responses to the tests including
intracellular  enzymatic   activities.  These  biochemical
fingerprints indicate the properties of microorganisms that are
controlled by the cell’s  enzymatic activities and responsible
for bioenergetics, biosynthesis and biodegradation16. This
heterogenous  type  of  bacteria  and  growth activity in
biofilm  will  led  to  the  formation  of colonization. The
colonization of bacteria that is not uniform resulting in the
formation of aeration cell differentiation26. Thereby, resources
utilization becomes optimized and the processes that require
sintrophic relationships or special micro-environment become
facilitated27.

In this study, bacterial isolates with corrosive potential
have been found. Heterotrophic bacteria Brevibacillus
laterosporus has been proven to cause corrosion28, however
its mecanism in causing microbial corrosion has not been
known yet. Due to aerobic, this bacteria thought to play a role
as a constituent of aerobic biofilm that consume oxygen as to
allow anaerobic bacteria such as sulfate-reducing bacteria to
grow in the inner lining of biofilm29. In addition, the similar
interaction also has been seen on the role of Bacillus
acidiproducens in causing microbial corrosion indirectly.
Beside create an anaerobic environment, this isolate can
produce lactic acid30 which is  utilized  by  sulfate-reducing
bacteria as organic carbon source  for  its  growth31.  On the
other  hand,  lactic  acid  itself  could  potentially  cause
biocorrosion32. 
Nitrifying bacteria Nitrosococcus halophilus and

Nitrosomonas  europea  have  been   isolated   with  the
highest number among other groups of bacteria. As a
chemolitothroph autotroph obligate, the abundance of those
bacteria were supported by the content of inorganic carbon
compound in the form of CO2 in the water33. The abundance
of nitrifying bacteria has been known to contribute on the
microbial corrosion by increasing the concentration of nitric
acid which is corrosive34, produce nitrate that can increase 
corrosion  rate35  and  can  be  associated with sulfate-reducing
bacteria36. The previous study has been revealed  that 
amonium,  nitrate,  nitrite  and  chloride ion produced in the
biofilm could cause localized  corrosion37. 
Spirosoma  sp.,  has not been known yet as bacterial that

influence corrosion. However, these genus often classified as
iron bacteria38. Probably, these bacteria play a role in
dissolving the iron oxide or passive layer, thereafter increase
the corrosion rate39. Generally, iron/manganese oxidizing
bacteria  acquire  the  energy from oxidizing Fe2+  to Fe3+ such

as Gallionella  sp.40. In the other hand, Enterobacter
cancerogenus included in the Enterobacteriaceae, bacterial
group that play a role in causing microbiologically induced
corrosion41,42. 
Desulfobacterium sp., Desulfobulbus elongatus and

Desulfobacter   sp.,  found  in  biofilm  are bacteria that
belongs to the group of sulfate-reduced bacteria. Ito et al.43

showed that  different  molecular analyses confirmed that
Desulfobulbus  was found to be the numerically important
members of SRB in a wastewater biofilm with Desulfobulbus
elongatus  was the most frequently found. Sulfate-reduced
bacteria group are strict anaerobes that often found in
biotopes where conditions can temporarily exist44. Those
bacteria do not aggregate on the surface until an anaerobic
space is formed and defend themselves against free oxygen
by several defense strategies include absorbing substances
containing  non  free  oxygen, aerotaxis and enzymatic
systems that is dedicated to the reduction and the
elimmination  of  oxygen  and  its   reactive  species44,45.
Sulfate-reducing bacteria are heterotrophic bacteria that
require  organic  compounds  as  nutrient  source and utilize
H2,  lactate  and acetate as electron donor40. Chemically,
sulfate-reducing bacteria can reduce sulfate (SO4)2  to sulphide 
(S2G) and produce compounds such as hydrogen suphide (H2S)
or iron suphide (FeS)46. Eventhough there are few in number
as shown in Fig. 3, sulfate-reducing bacteria have been
reported as the major part in biocorrosion of metallic surfaces
and involved in the number of microbial corrosion problems
on various systems and alloys47.
Although be in a consortium of biofilm that potential to

cause  corrosion,  some  microbes  residing  in those biofilm
are  also  known  to  have  a  role  as  a   pathogenic   bacteria.
B. caryophylli   is pathogenic for carnations and causes onion
rot48  whereas, Xenorhabdus  bacterial group are known to be
symbiotically associated  with  the  entomopathogenic
nematode Steinernema49. Other  bacteria  which  are
pathogenic  to  humans  are  Burkholderia  pseudomallei
which is an important cause of acute fulminant pneumonia,
septicaemia and cystic fibrosis50, Yersinia pseudotuberculosis
that is causing gastroenteritis and extra-intestinal infections51

and  Enterobacter  cancerogenus  that has been found to be
the cause of osteomyelitis52. The presence of those microbes
in the biofilm, in addition to being ubiquitous in nature such
as the genus of Burkholderia  that occupy remarkably diverse
ecological niches, ranging from contaminated soils to the
respiratory tract of humans53, it can be caused also by various
pollutions due to many kinds of anthropogenic activities such
as domestic, agriculture, animal husbandry and industry at the
upper part of the water source.
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CONCLUSION

Biofilm formation depended on carbon source and its
biodegradability. Bacterial  community  of  biofilm  from
saguling hydro power has the ability evenly in the use of
diverse  carbon  sources  consistently.  Carbon  sources used
by  biofilm  community  at  the   high   rate   of   reparation
were  N-acetyl-D-glucosamine   from   carbohydrates  group,
2-hydroxybenzoic acid from carboxylic and ketonic acids,
glycogen  from  polymers  group  and  L-serine  from the
amino  acid  groups.  In  addition,   besides   being   used with
a    high     respiration     rate,     N-acetyl-D-glucosamine   and
2-hydroxybenzoic acid also being used in large quantities for
168 h of incubation time. In this community, there were SRB
group as the main group that causes microbial corrosion.
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