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Abstract: Problems statement: Lack of information on locally isolated cellulase-producing bacterium
in thermophilic compost using a mixture of Empty Fruit Bunch (EFB) and Palm Oil Mill Effluent
(POME) as composting materials. Approach: The isolation of microbes from compost heap was
conducted at day 7 of composting process where the mixture of composting materials consisted of
45.8% cellulose, 17.1% hemicellulose and 28.3% lignin content. The temperature, pH and moisture
content of the composting pile at day 7 treatment were 58.3, 8.1 and 65.5°C, respectively. The
morphological analysis of the isolated microbes was conducted using Scanning Electron Microscope
(SEM) and Gram stain method. The congo red test was conducted in order to detect 1% CMC agar
degradation activities. Total genomic DNAs were extracted from approximately 1.0 g of mixed
compost and amplified by using PCR primers. The PCR product was sequent to identify the nearest
relatives of 16S rRNA genes. The localization of bacteria chromosomes was determined by
Fluorescence In Situ Hybridization (FISH) analysis. Results: Single isolated bacteria species was
successfully isolated from Empty Fruit Bunch (EFB)-Palm Oil Mill Effluent (POME) compost at
thermophilic stage. Restriction fragment length polymorphism profiles of the DNAs coding for the 16S
rRNAs with the phylogenetic analysis showed that the isolated bacteria from EFB-POME thermophilic
compost gave the highest homology (99%) with similarity to Geobacillus pallidus. The strain was
spore forming bacteria and able to grow at 60°C with pH 7. Conclusion: Thermophilic bacteria strain,
Geobacillus pallidus was successfully isolated from Empty Fruit Bunch (EFB) and Palm Oil Mil
Effluent (POME) compost and characterized.
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INTRODUCTION

Composting can be defined as the controlled
biological decomposition of organic substrates carried
out by successive microbial populations combining both
mesophilic and thermophilic activities, leading to the
production of a final product sufficiently stable for
agricultural field without adverse environmental effects
(Iyengar and Bhave, 2005). Composting of Empty Fruit
Bunch (EFB) and Palm Oil Mill Effluent (POME) is one

of the alternative ways to reduce the amount of by
product and towards the zero emission programs in palm
oil mill industry (Hassan et al., 2002; Baharuddin et al.,
2009). The composting process typically undergoes a
series of temperatures which are rapid increase in
temperature, a period of sustained high temperature and
followed by the slow cooling of the compost (Dees and
Ghiorse, 2001).

EFB contain a high proportion of cellulosic matter
which is easily decomposed by a combination of
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physical, chemical and biological processes. The bunch
consists of 70 moisture and 30% solid; of which
holocellulose accounts for 65.5, lignin 21.2, ash 3.5, hot
water-soluble substances 5.6 and alcohol-benzene
soluble 4-1% (Thambirajah et al., 1995). Lignin is an
integral cell wall constituent, which provides plant
strength and resistance to microbial degradation
(Shibata et al., 2008). Many microorganisms are
capable of degrading and utilizing cellulose and
hemicellulose as carbon and energy sources. During
composting, the capacity of  thermophilic
microorganisms to assimilate organic matter depends
on their ability to produce the enzymes needed for
degradation of the substrate (Tuomela et al., 2000).

Enzymatic hydrolysis processing of cellulosic
materials could be accomplished through a complex
reaction of various enzymes. Cellulases are inducible
enzymes which are synthesized by microorganisms
during their growth on cellulosic materials (Lee and
Koo, 2001; Cai et al., 1999). Therefore, there have been
much research aimed in obtaining new microorganisms
producing cellulase enzymes with greater efficiency.
Bacteria, which has high growth rate as compared to
fungi has good potential to be used in cellulase
production (Ariffin et al, 2008). Thermostable
cellulase can increase the rate of reaction, decrease
amount of enzyme needed, longer half-life and decrease
the possibility of microbial contamination (Ibrahim and
El-diwany, 2007). Applications of cellulase are in
detergent, textile and paper industries. The aim of this
study is to identify and characterize thermophilic
cellulase-producing bacteria isolated from Empty Fruit
Bunches (EFB) and Palm Oil Mill Effluent (POME)
compost.

MATERIALS AND METHODS

Composting facilities: The composting facilities
studied represent the open windrow composting
process at FELDA Maokil, Johor, Malaysia to treat
the Empty Fruit Bunch (EFB) and partially treated
Palm Oil Mill Effluent (POME) in field scale
operation (Baharuddin et al., 2009). The composting
materials obtained from the oil palm processing mill.
The shredded EFB and partially treated POME were
mixed at 40 and 120 tonnes, respectively. Wastewater
treatment facility in Maokil palm oil mill comprises of
ponding system (cooling pond, mixing pond, anaerobic
ponds, facultative ponds and algae ponds) constructed
to treat POME before safely discharge. POME used
was collected from anaerobic pond (partially treated)
and sprayed directly onto the composting piles
throughout the process.
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Compost samples: The compost samples were taken at
day 7 of composting process (55-60°C). A total of 5 kg
compost material in the different thermophilic zone was
taken and mixed. These samples are used for
microbiological studies and analysis of cellulose,
hemicellulose and lignin content. The sample was
stored at -20°C to reduce the bacteria activity. Analysis
of cellulose, hemicellulose and lignin content were
determined according to Umi kalsom et al. (1997).

Screening and isolation of spore-forming bacteria:
The compost samples were placed in a water bath at
70°C for 1 day to eliminate the non-spore forming
bacteria (Beffa et al., 1996). The samples were
suspended and serially diluted in sterile distilled water
up to 107%, 100 pL of each dilution were spread on
nutrient agar plate and incubated at 60°C for 3 days.
Single colonies on the plates were isolated and purified
by transferring them several times onto fresh CMC agar
plates. The isolated colonies were further incubated at
60°C for 3 days to allow for the secretion of cellulose
(Ariffin et al., 2008). The purity of colonies was
ensured by the pattern of bacteria growth on the plate
and microscopically (Ziad et al., 2007).

Enrichment of cellulases producers: Thermophilic
bacteria were isolated and purified using streaking
method on Carboxymethylcellulose (CMC) agar
containing 2 g L' yeast extract, 4 g L™ beef extract, 5
peptone, 10 CMC, 1 KH,PO,, 0.2 MgSQ,, 3 CaCl,,
111 Na,HPO,, 0.28 mg L' FeCI3, 0.01 g L' L-
cysteine and 20 g L™' agar. The pH of medium was
adjusted to 7.0 with 1 M NaOH before autoclaving. The
broth media seeded with pure culture bacteria was
incubated aerobically (170 rpm) at 60°C in a 250 mL
flask.

Morphological studies: The cell sample was prepared
according to standard Scanning Electron Microscopy
(SEM) samples preparation procedures. Philips XL 30
ESEM (Holland) scanning electron microscope was
used to view the morphological properties. Bacteria
gram staining was used according to Hucker
modification method. Motility test was determined by
phase contrast microscopy with wet mounts and
hanging drop preparations (Ziad et al., 2007).

Detection of cellulase activity: Extracellular cellulases
were tested using agar plate containing 1% (W/v)
carboxymethylcellulose (CMC) (pH 7.0). The pure
culture on agar plates was flooded with aqueous
solution of congo red (1% w/v) for 15 min to detect
cellulase production. The congo red solution was then
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poured off and the plates were destained with 1 M NaCl
for 15 min. The formation of a clear zone of hydrolysis
indicated cellulose degradation by microorganism
(Ariffin et al., 2008).

16S rRNA gene sequence: The 16S rDNA sequence of
the strain was determined from genomic DNA isolated
from pure culture bacteria shake flask. Extraction of
DNA was carried out by using GF 1 DNA Extraction
Kit (Vivantis (M) Sdn Bhd). PCR amplification was
performed in a final reaction tube of 106.8 puL and the
reaction mixture contained each primer at a
concentration of 3, deoxynucleoside triphosphate at a
concentration of 3, 15 MgCl and 1.2 uM of Taq DNA
polymerase. The PCR reaction was run for 30 cycles in
a DNA thermal cycler (Model Takara). The following
thermal profile was used for the PCR: denaturation at
94°C for 1 min, primer annealing at 60°C for 1 min and
extension at 72°C for 1 min. The final cycle included
extension for 10 min at 72°C to ensure full extension of
the products. The amplified PCR products were then
analyzed in a 1.0% (w/v) agarose gel and dye with gel
red. The 16S-rDNA gene sequence of the isolates was
performed by Vivantis (M) Sdn Bhd by following the
manufacturer’s instruction.

Fluorescence in Situ Hybridization (FISH) analysis:
The pure culture bacteria were fixed onto slide with
fixing solution containing 4% paraformaldehyde for
three hours. The fixing solution was removed and the
cells were washed by centrifugation. Phosphate-
Buffered Saline (PBS) and cold ethanol were added to
the bacteria. The fixed bacteria were transferred to well
slide and was incubated in 46°C for 30 min. Fixed
bacteria were spotted onto Vectabond (Vector
Laboratories)-coated eight-well glass slides. After the
samples were dried at room temperature, the glass
slides were immersed into 50, 80 and 90% ethanol for
3 min each to dehydrate the specimens. Lysozyme
solution was added after the ethanol was dried. The
slide was incubated at 30°C for 20 min on wet filter
paper. Slide was rinsed slowly with sterile distilled
water and dried. Hybridization buffer and eubacteria
probes (EUB 338) were added to the bacteria. The
probe sequence used was 5’-GCT GCC TCC CGT
AGG AGT-3". Bacteria were incubated at 46°C for 2 h
on wet filter paper containing hybridization buffer and
washed with washing solution (Tris-HCI, SDS, ETDA
and NaCl). The bacteria were incubated at 48°C for
20 min and washed with sterile distilled water.
Antifading agent was dropped onto the bacteria and
covered with cover slip. The slide was observed under
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Confocal Florescence Microscope (Sekiguchi et al.,
1999).

RESULTS

Composting characteristic: The temperature of the
compost pile at day 7 was 58.3£2.1°C indicated the
thermophilic phase occurred during the composting
with moisture content of 65.5+5.8% and pH of 8.1+0.8.
The structure of EFB which consisted firmly bounded
threads of lignin with smooth surface along the
structure were altered which was shown by the present
of many holes indicating the lignin has been disrupted
(Fig.1a). The SEM observation of the similar compost
sample shows the mixture of microbial attachment on
the surface of disrupted EFB (Fig. 1b). The
identification of the bacteria strain in this compost
sample was done using isolation and 16S DNA
extraction methods. Figure 2 shows the composition of
cellulose, hemicellulose and lignin content of the
compost samples throughout the composting process.

7
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Fig. 1: SEM observation on the EFB compost sample at
day 7 treatment (a): 1000X magnification and
(b): 6000X magnification. The arrows showed
the colonization of bacteria
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Fig. 2: The profiles of cellulose (0): Hemicellulose (¢)
and lignin content (A) of EFB-POME compost

sample throughout the treatment

Table 1: Chemical composition of shredded EFB and dewatered

POME sludge
Parameters (%) EFB Dewatered POME sludge
Nitrogen 0.04 3.54
Carbon 46.8 339
Cellulose 52.8 15.7
Hemicellulose 24.8 13.0
Lignin 15.7 323

The cellulose content gradually decreased towards the
end of composting process with 47.4% of reduction
while lignin content has the opposite profiles with the
increment of 57.1%. The hemicellulose content was
reduced slightly throughout composting process with
the 25% of reduction (Fig. 2). The composition of
compost at day 7 consisted of 45.8 cellulose, 17.1
hemicellulose and 28.3% lignin content, respectively.
The lignin content (32.3%) of the POME sludge was
higher than the cellulose and hemicellulose composition
as indicated in Table 1.

Enrichment and isolation of cellulose-producing
bacteria: Pre-incubation of the cultures at 70°C in
water bath for 1 day only shown the present of
thermophilic spore-forming bacteria grown on the CMC
agar plates after 3 days. The colonies exhibited small
circular form with creamy color. These cultures form
pellicles at their surfaces. The formation of spore
occurred when the spore forming bacteria had dormant
at high temperature (70°C).

Morphological characterization: The isolated bacteria
shown rod shape (Fig. 3a), gram negative bacteria and
motile. Based on the SEM micrograph (Fig. 3b), it shown
that the bacteria have rod shape with the size of 2-4 pm.
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Fig. 3: Gram stain result viewed under 1000x light
microscope (a) and scanning electron
micrograph of isolated bacteria under 7000x (b)

Table 2: The 16 alignment matches for EB compost 1

Percentage

Accession No.  Species Similarity
EU621361 Geobacillus pallidus 99
AY566220 Bacillus sp. BS1 99
AY583458 Bacillus sp. E53-10 99
AB089226 Bacillus sp. G8 99
AY566219 Bacillus sp. BL8 99
726930 B.pallidus 99
EU250939 Proteobacterium NFC7-B 99
DQ642094 Geobacillus sp. T38 99
EUS816691 Geobacillus pallidus clone LK5 99
DQ642095 Geobacillus sp. A60 99

AY 639816 Bacillus sp. IS-2004 99
AB040122 Bacillus sp. B-3 99
AB089233 Bacillus sp. 123 99
EU004569 Geobacillus sp. HM06-07 99
AB089220 Bacillus sp. G2 99

726931 B.thermoalkalophilus 98
FM162562 Pseudomonas veronii Out of group

Meanwhile, the isolated bacteria also shown the absent
of flagella and the bacteria moved in a whirl and jet
motion. In this study, the isolated thermophilic bacteria
were motile, rod shape, produced flat, cream-colored
colonies, gram negative stain, 1-14 pm long and had
spore-forming rod shape.

Detection of cellulase activity: The screening process
of cellulolytic bacteria was conducted using the congo
red test. Since the sole carbon source in the agar was
CMC, therefore the result of the test was a strong
evident that cellulase was produced in order to degrade
cellulose (Lynd et al., 2002; Wang et al., 2008). The
isolated bacteria were identified by 16S rDNA
sequence analysis. A total of 831 nucleotides on the
reverse sequence complement of 16S rRNA genes were
determined. The sequences were entered into the
Nucleotide-Nucleotide BLAST (NCBI BLAST) and
percentage identities established. The highest identity
for sample EB compost 1 was 99% with similarity to
Geobacillus pallidus (Table 2). The 16S rRNA
phylogenetic tree was constructed by Bioedit and
Mega4 as shown in Fig. 5. In this study, the EUB 338
probe was hybridized with the isolated 16S rRNA
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which was exhibited red color. Figure 6 illustrated the
abundance of eubacteria in thermophilic cellulase-
producing bacteria. Autofluorescence was created less
image quality which shown reddish cloudy to the
captured image.

Fig. 4: Clear zone indicated the hydrolysis of CMC as a
result of cellulases production by isolated
Geobacillus pallidus
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lhes sp. BS1 (AYS66220)

s sp. ES3-10 (AY583458)
GS (ABO39226)

BLE (AYS66219)

26930%

JFCT-B 168 (EU250939)
(EU621361)
DOG42095)

Ilidhs clone LKS (EUS16691)
s sp.AG0 (DQG642095)

LIS-2004 (AYE39E16)

B-3 (AB040122)

IZ-3 (ABO89233)
5 sp. HMOG6-07 (EUCO4569)
s sp. G2 (ABOS9220)
noalkal,

"
| pp———————— (]
by

hillus (Z26931)

s veronii (FM162363)

0.02

Fig. 5: Neighbor joining phylogenetic trees. The trees
were generated using the 17 alignments matches

Fig. 6: FISH staining on pure culture of thermophilic
cellulase-producing bacteria isolated from EFB-
POME compost
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DISCUSSION

The slightly alkaline pH might be due to an
increase in ammonia generated by the biochemical
reaction of nitrogen-containing materials and additional
of partially treated POME to enrich the EFB compost
(Baharuddin et al., 2009). The isolation was conducted
at the initial stage of composting process to obtain the
superior bacteria strain at thermophilic condition
capable for the degradation of lignocellulosic material
of EFB. The reduction of cellulose content may due to
the microbial consumption while the increment of
lignin content could due to the accumulation of non-
degradable compost material and addition of POME
sludge onto the composting piles throughout the
treatment. Lignin forms an excellent strength barrier
with cellulose and other carbohydrate to suppress the
penetration of cellulolytic enzymes. The EFB lignin can
be considered as structurally more complex than wood
lignin which they are composed of syringyl and
guaiacylpropane units together with small amount of p-
hydroxyphenypropane units (Ibrahim and Azian, 2005).

The spore was heat resistance in the compost. In
this study, the spore will germinate and multiplied
when the condition are favourable with an agreement
and reported by other researchers (Laaberki and
Dworkin, 2008; Hassen et al., 2002). The isolated
bacteria may respond directly to ambient condition or to
temporal changes in stimulus intensity as reported by
Wu et al. (2003). According to literature, Bacillus was
gram-variable and endospore-forming bacteria
(Banat et al., 2004). It was reported that Bacillus
subtillis was moved in a whirl and jet motion neither
individually nor in cell groups (Mendelson et al., 1999).
According to Beffa et al. thermophilic oval-spore-
forming Bacillus was isolated from compost and shown
long rod shape with 2-3 um long viewed under SEM
(Beffa et al., 1996). Geobacillus debilis was isolated
from cool soil environment as reported by Banat et al.
(2004).

In this study, clear zone around the bacteria
colonies after staining with congo red indicated the
hydrolysis of CMC as a result of cellulases production
(Fig. 4) and this phenomenon has been reported by
Ibrahim and El-diwany (2007). Moreover, it was
reported by Sirisena and Manamendra that Geobacillus
strain was capable in hydrolyzing cellulose (Miyazaki
et al., 2007). As detected from congo red method, the
isolated strain had endo-B-1, 4-glucanase activity. This
was one of the enzymes required for the conversion of
cellulose to glucose as reported by Sirisena and
Manamendra (1995). According to Ariffin et al.
(2008) cellulolytic bacteria, Bacillus pumilus EB3 was
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successfully isolated from EFB. The strain produced
clear zone around the colony after staining with congo
red on CMC agar.

It was reported that the 16S rRNA gene analysis of
the  isolated  bacterium  could  characterize
morphologically and its phylogenetic position
(Chang et al., 1998). It has been reported that the
isolated Geobacillus debilis had shown 91% 16S rRNA
gene sequence similarity to the sequence of Geobacillus
pallidus (Lynd et al., 2002). Comparison of the mean
distance phylogenetic tree had shown similar
relationships. Fluorescent In Situ Hybridization (FISH)
has been used primarily with prokaryotic communities
and allows the direct identification and quantification of
specific  or  general taxonomic  groups of
microorganisms within their natural microhabitat
(Kenzaka et al., 1998). The group of eubacteria,
archaea and methanogen can be distinguished with
different labeled probes (Hill et al., 2000). The
oligonucleotide probes (EUB338) used in this study has
been shown to detect almost all eubacteria (Haruta et al.,
2002). Drying touch preparations in air, locus-specific
probe specificity and chemical composition of cell were
the major contribution to autofluorescence (Szollosi et
al., 1995; Ainsworth et al., 2006).

CONCLUSION

Cellulose-degrading bacteria namely EB compost 1
wasidentified and characterized a thermophilic with 99%
similarity to Geobacillus pallidus. Considering its
stability under high temperature (up to 60°C) as well as
neutral condition (pH 7), the isolated strain may be
useful for the industrial purpose. This study successfully
isolated new bacteria strains from Empty Fruit Bunch
(EFB) and Palm Oil Mil Effluent (POME) compost.
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