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Abstract
Thermophilic bacteria are potential sources of inulin degrading thermostable enzyme, an enzyme which converts inulin
into fructose and FOS prebiotics. Isolation and identification of inulin degrading bacteria from Bukik Kili hot springs
in Solok, West Sumatra have been undertaken. Screening of inulin degrading bacteria was done using direct and indi-
rect methods on medium with inulin or inulin-RBB as a sole carbon source. One inulin degrading bacterial isolate has
been obtained from 17  isolates. The  isolate was designated as UBCT-007. The isolate was able to grow at temperatures
of 23°C to 60°C on medium with inulin  as a sole carbon source. Optimal temperature and pH of extracellular enzyme
on inulin substrate were 60ºC and 4.5 respectively. Thin layer chromatography (TLC) analysis of the end degradation
product of inulin by extracellular enzyme from UBCT-007 bacterial isolate indicated exo-type action mode. The UBCT-
007 isolate was identified as Bacillus genus and the group of species was Bacillus licheniformis based on 16S rRNA
gene, colony morphology, microscopic cell and biochemical test.
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Introduction

Fructose formation from inulin is more effective and
efficient than from starch. Formation of fructose from
starch involves three enzymes, namely á-amylase and
amyloglucosidase which degrade starch into oligo-
saccharides and glucose, and glucose isomerase which
converts glucose to fructose. The conversion of starch
into fructose can only result in maximum 42% fructose,
50% glucose and 8% oligosaccharides, while complete

hydrolysis of inulin using inulinase produces more than
98% fructose at temperature 60-65°C1.

Inulin can be hydrolyzed using inulinase or levanase.
Some inulinases degrade inulin or levan substrate, while
some levanases are active on inulin or levan substrate.
Inulinase from Bacillus polymyxa can hydrolyze sucrose,
levan, raffinose and inulin2. Exoinulinase from
Aspergillus awamori can hydrolyze inulin and levan
through exo-cleavage, released fructose3. Levanase from
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Bacillus subtilis present in Escherichia coli was active
on levan, inulin and sucrose substrate4, while the
exolevanase from Gluconacetobacter diazotrophicus
SRT4 can hydrolyze levan, inulin, sucrose and raffinose
substrate5.

There are two classes of inulinase or levanase.
Exoinulinase (2,1-â-D-fructan fructohydrolase, EC
3.2.1.80) catalyzes the hydrolysis reaction of â (2→1)-
fructofuranosidic bond from terminal fructose of inulin.
Endoinulinase (2,1-â-D-fructan fructano hydrolase, EC
3.2.1.7) catalyzes bond breaking of â(2→1)-fructo-
furanosidic on the inside strand of inulin3,6. Exolevanase
catalyzes the hydrolyses reaction of â (2→6)-fructo-
furanosidic bond from terminal fructose of levan, while
endolevanase catalyzes the bond breaking of â(2→6)-
fructofuranosidic on the inside strand of levan.

Groups of inulin degrading thermophilic bacteria are
potential sources of inulin degrading enzymes since they
offer several advantages. These bacteria secrete inulin
degrading thermostable enzymes which can be easily
purified by heat treatment. Furthermore, enzymatic
reactions at high temperatures allow higher solubility of
inulin, lowering of the viscosity, reduction of the
contaminant risk and higher reaction speed7.

Most thermophilic bacteria were identified as group of
the Bacillus genus8, for example Bacillus smithii T7.
Bacillus smithii T7 secretes thermostable endoinulinase9.
There are seven species of endoinulinase producing
bacteria which have been reported in the gene. The four
species of endoinulinase producing bacteria were
Arthrobacter sp. S37, Rhodopirellula baltica SH 1,
Pseudomonas mucidolens, Paenbacillus mucilaginosus
KNP414 (www.ncbi.nlm.gov. accessed). Exoinulinase
producing bacteria were Geobacillus stearothermophilis,
Paenibacillus polymyxa, Pseudomonas mucidolens,
Vibrio coralliilyticus ATCC BAA-450 Bacillus subtilis,
Bacillus sp snu-7, and Paenibacillus. sp Aloe-11 (http:/
/www.ncbi.nlm.gov). The exoinulinase gene from the
bacteria have also been found. Levanase gene have been
found in Bacillus subtilis10.

Hot springs located in several areas in highland Solok,
West Sumatra, Indonesia are potential sources of
thermophilic bacteria which could produce inulin
degrading thermostable enzymes. Furthermore, Dahlia
plant which is a source of inulin thrives in this highland.
This paper describes the chracterization of extracellular
enzyme and identification of inulin degrading bacteria
from Bukik Kili hot spring in Solok, West Sumatra,
which have never been reported previously. Activity of
extracellular enzyme on inulin substrate was determined
by variation of pH and temperature. Action mode of
extracellular enzyme from inulin degrading bacteria was
determined using thin layer chromatography (TLC).
Identification of inulin degrading bacteria was based on
16S rRNA gene, colony morphology, microscopic cell,
and biochemical test.

Materials and Methods

Bacterial isolates
The total number of bacteria was 17 isolates. The bacteria
were isolated from Bukik Kili hot spring in Solok, West
Sumatra.

Extraction of inulin from dahlia tubers
Extraction of inulin from dahlia tubers were done
according to procedure described by Andyani11. Dahlia
tubers were cut and blended in water 1:2 (w:v). The
mixture was heated in a water bath (80°C, for 30
minutes), then filtered. 30% ethanol was added to the
filtrate. The solution was stored in freezer for 18 hours.
The solution was left at room temperature for 2 hours,
then centrifuged at 1500 rpm for 15 minutes. Water was
added to the precipitate (wet inulin I) and heated in
water bath at 70°C for 30 minutes. Activated carbon (1-
2% (w/v)) was added to the solution. The mixture was
filtered and cooled at room temperature. 30% ethanol
was added to the filtrate. The solution was cooled in
freezer for 18 hours. The solution was removed from
the freezer and thawed to room temperature, then
centrifuged at 1500 rpm for 15 minutes to obtain white
precipitate (wet inulin II). The precipitate was dried at
50-60°C for 6-7 hours.



35Vol. 2 (1)    January - March 2013

Formation of inulin-Remazol Briliant Blue (inulin-
RBB)
Inulin-RBB was prepared   according to procedures as
described by Castro et al.12. 40 g inulin and 5 g RBB
were dissolved separately in 500 mL water. Both
solutions were mixed and heated at 50°C for 1 hour.
Then, 100 g Na2SO4 and 50 mL of 10% Na3PO4 solution
were added to the mixture. The mixture was again heated
at 50°C for 1 hour and centrifuged at 5000xg for 25
minutes, 5°C. The pellets were resuspended in 100 mL
of water and 3 volumes of ethanol. The mixture was
centrifuged at 5000xg, 5°C for 25 minutes. This process
was continued till the supernatant solution became
colourless. The pellets were resuspended in ethanol and
dried at room temperature.

Isolation of inulin degrading bacteria
Inulin degrading bacteria were isolated from 17 bacterial
isolates which came from Bukik Kili hot spring in Solok.
The temperature of water was about 48-51ºC. The isolate
was grown in nutrient broth (NB) liquid medium (g/L:
3g beef extract, 5g peptone) at 150 rpm, 50°C for 18-
20 hours. Isolation of inulin degrading bacteria was used
as media with inulin as a sole carbon source (g/L), 2g
(NH4)2SO4, 14g KH2PO4, 6g K2HPO4.3H2O, 0.2g
MgSO4.7H2O, 1g trisodium citrate, inulin or inulin-RBB
and agar12. Thermotolerant test of inulin degrading
bacteria was performed on the solid medium at
temperatures 23°C, 37°C, 45°C, 50°C, 55°C and 60°C.
Inulin dahlia and inulin chicory were used in the research
work.

Determination of extracellular enzyme activity on
inulin substrate
UBCT-007 bacterial isolate was grown on 100 mL
medium with inulin as a sole carbon source12.
Extracellular enzyme was isolated from culture on
stationary phase by centrifugation for 15 minutes at 4ºC.
Extracellular enzyme activity on inulin substrate was
performed at variations of pH (4.0-6.0) and temperature
(45-65ºC). The reaction mixtures were 100 μL 1% inulin
in 0.1M acetate buffer (pH 4.0-6.0) and 50 μL enzyme
crude. The reaction mixture was incubated for 30 minutes
with variation of pH and temperature. The reaction

mixture was inactivated immediately by keeping the
reaction at 100ºC for 10 minutes. The reducing sugar
was determined by Somogyi-Nelson method13. The
amounts of reducing sugars were determined using
fructose calibration curve. The fructose concentrations
were 10, 30, 50, 70 and 90 μg/mL. One unit of enzymatic
activity was defined as the amount of enzyme required
to produce one ìmol of fructose per minute from inulin
substrate at the reaction conditions.

Determination of extracellular enzyme action mode
Determination of extracellular enzyme action mode was
performed on the end product of inulin hydrolysis on
TLC plate according to procedures adopted from Ertan
and Ekinci14. Inulin hydrolysis products (3 ì L) was
spotted on TLC plate (silica gel 60 F254). Mobile phase
was a mixture of acetic acid, chloroform and water
(35:30:5, v/v/v). Carbohydrates on the TLC plate were
detected by using aniline-diphenylamine reagent (1 mL
aniline and 1 g diphenylamine in 100 mL of acetone
with 10 mL of 85% phosphoric acid). The plate was
heated at 120ºC for 15 minutes. Fructose was visualized
as a brown spot and glucose as a blue spot.

Identification of 16S rRNA gene
One mL of overnight culture was centrifuged at 13.000-
16.000xg for 5 minutes. Chromosomal DNA bacteria
was isolated and purified using Wizard Genomic DNA
Kit (Promega). Amplification of 16S rRNA gene was
done by PCR technique. The composition of the master
mix were 2.5 μL Dream Tag 10x buffer, 2.5 μL of 2
mM dNTP, 1 μL of 2.5 mM MgCl2, 0.5 μL of 20 ì M
Primer BactF1 (5'-AGAGTTTGATC(A/C)TGGCTCAG-
3'), 0.5 μL of 20 ìM Primer UniB1 (5'-GGTTAC(G/
C)TTGTTACGACTT-3'), 0.4 μL of 50ng/ìL samples,
0.125 μL Dream Tag and double distilled H2O was added
to make the volume to 25 μL. PCR process was started
with initial denaturation at 94°C for 2 minutes and
continued with 29 cycles, denaturation at 94°C for 0.3
minutes, annealing at 48°C for 30 seconds, elongation
at 72°C for 1.5 minutes, and final elongation at 72°C
for 5 minutes. PCR products were separated by gel
electrophoresis and DNA bands were visualized by UV
transillumination.

Characterization of extracellular enzyme and identification of Inulin degrading bacteria from hot springs in
West Sumatra, Indonesia
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The PCR products were isolated from agarose gel,
purified according to procedure described by the Gel/
PCR DNA Fragments Extraction Kit (Geneaid). The
nucleotide sequences of PCR products were determined
by dideoxy-Sanger methods. UniB1 and BactF1 primer
10 pm were used for DNA Sequencing. The purified
PCR products were used as a template for nucleotide
sequencing. Nucleotide sequences data of 16S rRNA
gene in ab1 file format was analyzed in silico using the
DNASTAR programe. Its similarity to the other 16S
rRNA genes in GenBank database was analyzed using
BLASTn programe (http://www.ncbi.nlm.nih.gov).
Phylogenetic tree was constructed using MEGA5
programe15 (http://www.megasoftware.net). Multiple
sequences alignment were done using ClustalW2
programe (http://www.ebi.ac.uk/Tools/msa /clustalw2/).

Morphology and biochemical test of isolate
Colony morphology, microscopic cells, bacterial motility
and biochemical tests were performed at the Laboratory
School of Life Sciences and Technology, Bandung
Institute of Technology, Indonesia.

Nucleotide sequence accession number
The partial sequences of the 16S rRNA gene from
Bacillus licheniformis UBCT-007 have been deposited
in GenBank with access numbers JX681141.

Results and Discussion

Isolation of inulin degrading bacteria
Inulin degrading bacteria was isolated using direct and
indirect isolation method. In the direct isolation method,
each isolate was grown directly on solid media
containing inulin and incubated at 50°C for 18-48 hours.
Using this method, inulin degrading bacteria could not
be obtained and hence indirect isolation method was
used. In the indirect isolation method, bacterial cultures
were grown in liquid medium containing inulin as a
sole carbon source at 50°C for a week, and then followed
by growing on solid media at 50°C for 18-48 hours.
One inulin degrading bacterial isolate was obtained and
designated as UBCT-007 (Fig.1). UBCT-007 bacterial
isolate was isolated from Bukik Kili hot springs in Solok.

Fig. 1.  Colony of UBCT-007 bacterial isolate
The bacterial isolate was grown on medium containing inulin as a

sole carbon source

The isolate grew well at 23°C, 37°C, 45°C, 50°C, and
55°C, but still survived at 60°C in media containing
inulin as a sole carbon source. Thus, inulin degrading
bacteria of UBCT-007 bacterial isolate was considered
as a thermotolerant bacteria.

Effect of pH and temperature on extracellular
enzyme activity
The effect of pH and temperature on the activity of
extracellular enzyme were examined on inulin substrate
in range 4.0-6.0 and 45ºC-65ºC, respectively (Fig. 2).
Maximum reducing sugars was released from inulin in
acetate buffer pH 4.5 at 60ºC.

Action mode of extracelluar enzyme
Action mode of extacellular enzyme was tested on the
end products of inulin hydrolysis using TLC. Fructose
and glucose were used as the TLC standards. Controls
were inulin and inulin treated with heat inactivated
extracellular enzyme. Inulin was hydrolysed using
extracellular enzyme at 60ºC, pH 5 for 1 and 6 hours.
Fructose reacted with aniline-diphenilamine forming
reddish brown product while glucose formed blue
product (Fig.3).

Identification of inulin degrading bacteria
UBCT-007 bacterial isolate was identified as genotype
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Fig.2.  Effect pH (left) and temperature (right) of extracellular enzyme activity on  inulin substrate.The effect of pH was examined
using 0.1 M acetate buffer in the pH range 4.0-6.0 at 50ºC. The effect of temperature was evaluated using acetate buffer pH 4.5 in the

temperature range 45-65ºC.

and phenotype. Chromosomal DNA was isolated from
the genotypic UBCT-007 bacterial isolate. DNA was
used as a template for amplification of 16S rRNA gene
fragment using BactF1 and UniB1 primers by PCR
technique. The position of the primers on E. coli 16S
rRNA gene were 8 to 27 for BacF1 primer and 1510 to
1492 for UniB1 primer16. Fragment of 16S rRNA gene
was amplified by PCR method using the BacF1 and
UniB1 primers. Size of 16S rRNA gene fragment of
UBCT-007 bacterial isolate was approximately 1.5 kb
(Fig. 4).

Amplicon of 16S rRNA gene fragment was used as
templates for sequencing reactions using UniB1 and
BactF1 primers. Nucleotide sequences of 16S rRNA
gene from UBCT-007 bacterial isolate have been found
to be 1423 bp. The sequences have been deposited in
GenBank with access numbers JX681141.

Genotipic identification of UBCT-007 bacterial isolate
was done by comparing the nucleotide sequences of
16S rRNA gene fragment of UBCT-007 bacterial isolate
with nucleotide sequences of 16S rRNA genes from
different bacteria on GenBank databases using the

Fig. 3. TLC of the end product of inulin hydrolysis
1.Inulin; 2. Inulin treated with heat inactivated extracellular
enzyme; 3. Inulin was incubated with extracellular enzyme for
6 hours; 4. Inulin was incubated with extracellular enzyme for 1
hour; 5. Fructose; 6. Glucose

Characterization of extracellular enzyme and identification of Inulin degrading bacteria from hot springs in
West Sumatra, Indonesia
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Fig.4.  Amplicon of 16S rRNA gene fragment using BactF1 and
UniB1 primers

  Lane M, Marker 1 kb DNA ladder,Lane 1, Amplicon of 16S
rRNA gene fragment of UBCT-007 bacterial isolate

BLASTn programe (http://www.ncbi.nlm.nih.gov/).
Furthermore, UBCT-007 bacterial isolate was also
identified phenotypically and morphology and physiology
properties were studied (Table 1).

One inulin degrading bacterial isolate with laboratory
codes of UBCT-007 was obtained by indirect isolation
method (Fig.1). Allais et al.17 had isolated inulin
degrading bacteria using indirect isolation method from
soil bacteria. Indirect isolation method has also been
used successfully to isolate cellulase-producing bacteria
from Egyptian hot springs18. The success of indirect
isolation method on the isolation of inulin degrading
bacteria indicates that inulinase gene or levanase gene
would be expressed in the presence of inulin. Thus, the
inulinase gene or levanase gene may include inducible
type group.

The UBCT-007 bacterial isolate also grew on selective
media containing chicory inulin and inulin-RBB as a
sole carbon source. However, it did not grow in media

Character UBCT-007 isolate 
Colony shape Circular, undulate, raised,  

opaque, a little creamy  
Cell shape Rods, endospora forming 
Gram staining Positive 
Mortility Motile 
  
Nitrate reduction + 
Catalase production + 
H2S production - 
Indol production - 
Urease production - 
  
Methyl red assay - 
Voges Proskauer assay - 
TSI assay + 
Simmon’s citrate assay - 
  
Hydrolysis of starch + 
Hidrolysis of lipid - 
Hidrolysis of casein + 
Hydrolysis of gelatin + 
  

 Glucose fermentation + 
 Sucrose fermentation + 
 Lactose fermentation - 

Table 1. Morphology and physiology of UBCT-007 bacterial
isolate

without inulin (data not shown). Inulin degrading enzyme
is an extracellular enzyme. Extracellular enzyme of
UBCT-007 inulin degrading isolate hydrolyzed inulin-
RBB on the solid media. It resulted in the forma-

Fig. 5. Inulin degrading bacteria of UBCT-007 in agar medium
containing inulin-RBB as a sole carbon source



39Vol. 2 (1)    January - March 2013

tion of clear zone surrounding the colonies (Fig.5).
Castro et al.12 have used media containing inulin-RBB
for screening of inulin degrading microorganism.

Extracellular enzyme activity of UBCT-007 bacterial
isolate on inulin substrate was better in acidic condition
at pH 4.5 and 5. In acidic conditions, pH less than 4 and
pH = 5.5 – 6.0, extracellular enzyme activity on inulin
substrate decreased sharply. Extracellular enzyme activity
on the inulin substrate was achieved best at pH 4.5 and
5. The enzyme worked optimally at pH 4.5 (Fig.2).

Inulin degrading enzymes from UBCT-007 bacterial
isolate worked well in the temperature range of 45°C to
65°C at pH 4.5. Extracellular enzyme activity on inulin
substrate rose sharply in temperatures in the range 45°C
to 60°C. Optimal activity of the enzyme was observed
at temperature 60°C and pH 4.5 in standard 30 minutes
reaction (Fig 2). Therefore, the enzyme can be classified
as a thermostable enzyme. Thermostable enzyme is most
appropriately used as a catalyst in the hydrolysis reaction
of inulin, because of higher solubility of inulin. Industrial
production of fructose and related sacchandes from inulin
is carried out at around 60ºC19.

Optimal temperature and pH of inulin degrading enzymes
from UBCT-007 bacterial isolate were different from
other bacteria. Levanase from Bacillus subtilis showed
maximum activity between temperatures 47ºC and 55ºC
with optimal pH between 5 and 6.5 on the inulin
substrate4. Exoinulinase activity from Geobacillus
stearothermophilus KP1289 was optimal at 60ºC20, while
the optimal temperature of exoinulinase from
Pseudomonas mucidolens was 55ºC21. Exoinulinase from
Bacillus sp.snu-7 had optimal activity at temperature
50ºC, pH 722.

Thin layer chromatographic analysis of hydrolysis
products of inulin showed that the final product had the
same Rf as standard fructose (Fig.3). The results indicated
that UBCT-007 bacterial isolate produced inulinase or
levanase that attack on the glycoside bond from non-
reducing end of the inulin. The enzyme shows exo-type
action mode. Thus, exoinulinase or exolevanase was

found in enzymes system of UBCT-007 bacterial isolate.
Ertan and Ekinci 14, Gong et al.,23, Zhang et al.,24 have
also reported the TLC method to determine the action
mode of inulinase while Menendez et al.,5 reported the
TLC method to determine the action mode of levanase.

The nucleotide sequences of 16S rRNA gene from
UBCT-007 bacterial isolate was analyzed using BLASTn
programe (http://www.ncbi.nlm.nih.gov). It was found
that the nucleotide sequences of 16S rRNA gene from
UBCT-007 bacterial isolate had high degree of similarity
with nucleotide sequences of 16S rRNA gene from 100
bacteria in GenBank database (data not shown). Most
of them were Bacillus genus. The similarity was partial
sequence of 16S rRNA gene. The partial sequence was
about 92.7% of the whole 16S rRNA gene from Bacillus
subtilis and 92% of the whole 16S rRNA gene from
Bacillus licheniformis. The size of 16S rRNA gene from
Bacillus subtilis was 1535 bp and 1549 bp from Bacillus
licheniformis. The similarity degree of 16S rRNA gene
sequences is less than 97% and hence can be considered
as a new species. Thus, based on 16S rRNA gene, the
inulin degrading bacteria of UBCT-007 isolate belonges
to Bacillus genus.

Analysis of the nucleotide sequences of 16S rRNA genes
can be used to construct phylogenetic tree and
classification of living things. The phylogenetic tree of
nucleotide sequences of 16S rRNA gene showing kinship
of UBCT-007 bacterial isolate was Paenibacillus
macerans with similarity degree 86%. Bacillus aqua-
maris, Bacillus halodurans, Bacillus megaterium and
Paenibacillus macerans showed similarity degree less
than 97%. (Fig.6). The closest kinship of UBCT-007
bacterial isolate was shown by Bacillus mojavensis and
Bacillus licheniformis. Therefore, phenotypic
identification was required (Table 1).

UBCT-007 bacterial isolate was a circular-shaped colony,
with wavy edges (undulate) and elevation (raised). The
optical properties of colonies were opaque and creamy.
The cells were rod-shaped cells, gram positive and motile
cells with spores. Biochemical tests were tested on
UBCT-007 bacterial isolate. The UBCT-007 bacterial

Characterization of extracellular enzyme and identification of Inulin degrading bacteria from hot springs in
West Sumatra, Indonesia
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isolate reduced nitrate, produced catalase, but did not
produce H2S, indole, and urease. Methyl red assay,
Voges-Proskauer assay, and Simmon’s citrate assay were
negative, but TSI assay was positive. The UBCT-007
bacterial isolate could hydrolyze starch, casein and
gelatin, but could not hydrolyze lipids. This may imply
that UBCT-007 bacterial isolate also expelled amylase,
proteinase and gelatinase out of its cell. The UBCT-007
bacterial isolate could ferment glucose and sucrose but
could not ferment lactose. The UBCT-007 bacterial
isolate has physiology and morphology properties similar
to Bacillus licheniformis according to the Bergey’s
manual of determinative bacteriology25.

Physiology and morphology properties of the UBCT-
007 bacterial isolate are similar to the physiology and
morphology properties of Bacillus licheniformis 26, but
Bacillus licheniformis strain H1 could produce lipase27,
whereas UBCT-007 bacterial isolate could not produce
lipase. Thus, based on these two approaches, it can be
concluded that the UBCT-007 bacterial isolate includes

Fig 6. Phylogenetic tree of nucleotide sequences of 16S rRNA gene for UBCT-007 bacterial isolate. In parentheses is the GeneBank
accession  number

Bacillus genus and the group of species was Bacillus
licheniformis.

Conclusions

One inulin degrading bacteria designated as UBCT-007
bacterial isolate has been obtained from a total 17
bacterial isolates from Bukik Kili hot springs in Solok
West Sumatra. Optimal temperature and pH of
extracellular enzyme on inulin substrate were 60ºC and
4.5, respectively. Extracellular enzyme of UBCT-007
bacterial isolate showed exo-type action mode on inulin
subtrate. The UBCT-007 bacterial isolate belonged to
Bacillus genus and the group of species was Bacillus
licheniformis.
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