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ABSTRACT

The utilisation of oil palm empty fruit bunches (EFB) remains underexplored. Harnessing cellu-
lolytic microorganisms for the production of cellulase enzymes offers sustainable approach to
addressing waste management challenges while aligning with the principles of the Sustainable
Development Goals (SDGs) and address waste management challenges. This study aims to
isolate, characterize, identify, and test the potential cellulase activity of cellulolytic bacteria from
EFB taken from three different locations: PO code from organic fertilizer plantations (POU1,
POU2, POU3), PL code from oil palm plantations (PLU1, PLU2, PLU3), and PK code from
Sulung mills (PKU1, PKU2, PKU3). This study used three isolated cultures in its testing. The
research process includes sample preparation, bacterial isolation, gram staining, catalase test,
hypersensitivity test, DNA amplification, bioinformatics analysis and cellulase activity analysis.
The results of the bacterial isolation obtained 28 colonies. The results of the characterisation
were all 3 non-pathogenic bacterial isolates, with a positive catalase test. The result of staining
Gram-negative with bacilli-shaped bacteria. The amplification results obtained a band size of
1500 bp. The results of the identification obtained the species Aeromonas enteropelogenes,
Nitrosomonas stercoris, and Methylobacillus caricis. The results of phylogenetic analysis
showed low homology. Cellulase activity of six positive isolates with medium ability isolates
code POU3 (1.3), PLU2 (1.0), PLU3 (1.0); low isolates POU1 (0.2), POU2 (0.2), PLU (0.8) and
3 negative isolates no enzyme activity PKU1 (-1), PKU2 (-1), and PKU3 (-1).

Keywords: Cellulase Enzyme, Cellulolytic Bacteria, DNA Barcoding, Molecular Identification,
Empty Fruits Bunches (EFB)

ABSTRAK

Pemanfaatan limbah tandan kosong kelapa sawit (TKKS) masih terbatas, pemanfaatan bakteri
selulolitik sebagai sumber penghasil selulase menjadi solusi permasalahan pengelolaan
limbah dan bentuk penerapan Sustainable development goals (SDGs). Penelitian ini bertujuan
untuk mengisolasi, mengkarakterisasi, mengidentifikasi dan menguji potensi aktivitas selulase
bakteri selulolitik asal TKKS yang diambil dari tiga lokasi berbeda: kode PO asal kebun pupuk
organik (POU1, POU2, POU3), Kode PL asal kebun sawit (PLU1, PLU2, PLU3), dan Kode PK
asal pabrik Sulung (PKU1, PKU2, PKU3). Penelitian ini menggunakan tiga kultur isolat dalam
pengujiannya. Proses penelitian meliputi preparasi sampel, isolasi bakteri, pewarnaan gram,
uji katalase, uji hipersensitivitas, amplifikasi DNA, analisis bioinformatika dan analisis aktivitas
selulase. Hasil iisolasi bakteri mendapatkan 28 koloni. Hasil karakterisasi seluruh isolat bakteri
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nonpatogen, dengan uji katalase positif. Hasil pewarnaan gram negatif dengan bakteri ber-
bentuk basil. Hasil amplifikasi mendapatkan pita ukuran +1500 bp. Hasil identifikasi mendapat-
kan spesies Aeromonas enteropelogenes, Nitrosomonas stercoris, Methylobacillus caricis.
Hasil analisa filogentik menunjukan homologi yang rendah antara spesies. Aktivitas selulase
enam isolat positif memiliki aktivitas selulase dengan kemampuan sedang isolat kode POU3
(1.3), PLU2 (1.0), PLU3 (1.0); rendah isolat POU1 (0.2), POU2 (0.2), PLU1 (0.8) dan 3 isolat
negatif tidak memiliki aktivitas enzim PKU1 (-1), PKU2 (-1), dan PKU3(-1).

Keywords: Enzim Selulase, Bakteri Selulolitik, DNA Barcoding, Identifikasi Molekuler dan
Tandan Kosong Kelapa Sawit (TKKS)

INTRODUCTION

Sustainable  development  goals
(SDGs) are activities to achieve sustainable
development. SDGs have 17 pillars (devel-
opment programs) carried out by all United
Nations member countries to attain commu-
nity welfare and environmental sustainability
(Khairina et al., 2020). The pillars of the
SDGs related to this study are pillar 9 (in-
dustrial infrastructure and innovation) as a
form of innovation in the palm oil plantation
industry, pillar 12 (responsible consumption
and production) as a form of responsibility
for palm oil waste production, and pillar 15
(maintaining terrestrial ecosystems) as an
action to prevent environmental pollution in
maintaining terrestrial ecosystems. Palm oil
is an industry with rapid development; the
total area of oil palm plantations in 2022
reached 15.34 million/ha, consisting of
40.51% of smallholder oil palm plantations,
3.57% of large state plantations, and
55.92% of large private plantations (BPS,
2023). The high level of consumption of
palm oil and palm oil derivative products in-
fluences the development of the palm oil
plantation industry. It affects the availability
of empty oil palm bunches (EFB) in line with
the development of the palm oil industry.
The total production of EFB waste from pro-
cessed Fresh Fruit Bunches is around 22-
24% of the total weight produced in palm oil
mills, currently the utilisation of EFB is still
very limited. The use of EFB, which is com-
monly used as biochar, mulch, or compost,
can increase plant growth by 49.2%, and
EFB can be used as a soil improvement ma-
terial to improve soil properties and increase
crop yields (Adu et al., 2022)

EFB waste is an abundant biomass
and is still rarely utlised. The use of

cellulolytic bacteria from empty oil palm
bunches as a source of cellulase production
is a solution to the problems of waste man-
agement, the environment and the imple-
mentation of the SDGs pillars. The use of
EFB waste is still very limited and less than
optimal; the decomposition process takes 6-
12 months (Kurniawan et al., 2021). Decom-
position is influenced by microorganisms
that can decompose organic waste into or-
ganic fertiliser. One of the microorganisms
that plays an important role in the decompo-
sition process is cellulolytic bacteria.
Suryaningrum and Samsudin (2018) stated
that cellulolytic bacteria are bacteria that can
hydrolyse materials containing cellulose, de-
grading complex molecules in insoluble sub-
strates using enzymes to break bonds at dif-
ferent locations in the substrate. The en-
zyme produced is cellulase which plays a
role in the hydrolysis of cellulose into simpler
products, namely glucose. Cellulolytic bac-
teria can be found in palm oil industry waste,
namely in piles of oil palm leaves, fronds and
empty oil palm bunches. Murtiyaningsih and
Hazmi (2017); Arifin et al. (2019) reported
that these bacteria are found in agricultural
land, forests, organic compost, decaying
plants, and dry leaf litter. Previous research
related to the isolation and characterisation
of cellulolytic bacteria from various samples
including soil, bagasse, vermicomposting
EFB, and cow rumen. These bacteria have
a relatively faster growth rate compared to
other microbes, which has an impact on
good time efficiency when producing cellu-
lase (Yusnia et al., 2019). Cellulase is used
in various industrial fields such as food tech-
nology, textiles, animal feed, paper, and ag-
riculture. (Seprianto, 2017).

According to Azizah et al, (2013),
Screening of cellulolytic bacteria from
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vermicomposting can accelerate the com-
posting process in 2-3 months, based on en-
zyme activity measurements obtained from
21 isolates having cellulolytic activity from
51 isolates of TKKS vermicomposting bac-
teria. Selpani, (2015) succeeded in identify-
ing bacteria from Situ Gede soil using the
16s rDNA gene to obtain the species
Cellvibrio fibrivorans and Cellvibrio ganda-
vensis, which had a maximum rate of en-
zyme activity on the seventh day. The genus
of bacteria capable of degrading cellulose
includes the genera Nisseria, Micrococcus,
Bacillus, Pseudomonas, Flavobacterium,
and Actinobacillus (Fauziah and lbrahim,
2020). However, exploration of cellulolytic
bacteria diversity is still lacking. Thus, this
experiment aims to determine the identity of
the species and genus of EFB cellulolytic
bacteria and to determine the cellulase ac-
tivity in EFB so that it can be utilised further.
These findings are expected to answer the
availability of EFB waste.

MATERIALS AND METHODS

This research was conducted in Feb-
ruary — November 2024, and it isolated and
characterised cellulolytic bacteria at the
Sulung Research Station (SRS) -Citra Bor-
neo Indah (CBlI GROUP), PT. Sawit Sum-
bermas Sarana Tbk, Pangkalan Bun, Cen-
tral Kalimantan. The multiplication, bio-
chemical test, and purification of bacterial
isolates were carried out at the Microbiology
Laboratory of the Citra Widya Edukasi Palm
Oil Polytechnic, Bekasi, West Java. Molecu-
lar Identification was carried out at the Bio-
technology Laboratory and Silviculture La-
boratory of the Southeast Asian Regional
Centre for Tropical Biology (SEAMEO BIO-
TROP), Bogor, West Java.

The tools used in this study were
oven, centrifuge, orbital shaker, incubator,
autoclave, biosafety cabinet, hot plate, vor-
tex, analytical balance, spatula, petri dish
tweezers, pyrex glassware, spirit burner,
ose needle, tube rack, vortex, 1.5ml tube,
2ml micro tube, micro pipette with sizes (2;
10; 200; 100 and 1000 uL), micro centrifuge,
heating block, freezer, analytical balance,
250 ml Erlenmeyer flask, microwave, cham-
ber, comb, electrophoresis set, UV transillu-
minator box, thermocycler (PCR Machine).
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The materials used in this study were sam-
ples of EFB from the SRS organic fertiliser
plantation (PO); PT. SSMS oil palm planta-
tion (PL); Sulung Factory (PK), bunsen,
plastic wrapping, congo red, samples of
empty oil palm bunches, Dipotassium phos-
phate (K2HPO,), Monopotassium phosphate
(KH2PO4), Ammonium sulphate (NH4SOa),
Magnesium sulfate heptahydrate
(MgS04.2H20), Calcium chloride dihydrate
(CaCly), Sodium chloride (NaCl), Yeast ex-
tract, Carboxyl methyl cellulose (CMC, Avi-
cel, Guaiacol), aquadest, aquabidest
(ddH20), agar, agarose, primer 27F, primer
1492R, PCR MIX 2x My Tag HS red mix (Bi-
oline, US), TAE Buffer 1x, Florosafe DNA
stain. The Stages carried out in this re-
search on Figure 1.

Stage 1
Isolation and Rejuvenation

‘

Stage 2
Morphological and Biochemical
Characterization

v

Stage 3
Molecular ldentification

'

Stage 4
Bioinformatic Analaysis

¥

Stage 5
Cellulase Activity

Figure 1. Research Stages

Isolation and Rejuvenation

The cellulolytic bacteria were isolated
from three different locations: organic ferti-
liser plantation (PO), oil palm plantation
(PL), and Sulung factory (PK) from SRS.
The media used in isolation and rejuvena-
tion was selective media for cellulolytic bac-
teria Carboxy Methyl Cellulose (CMC). Iso-
lation was carried out by taking 100 L to be
inoculated on the press using the pour plate
technique and incubated at a temperature of
31°C for 48 hours. The three isolates were
rejuvenated using solid media for 24 hours,



and then the three isolates of rejuvenation
were inoculated into liquid media for 24
hours while stirring using a shaker at 150-
200 rpm. The results of the isolation of bac-
teria that grew on selective media for cellu-
lolytic bacteria with dilution using NaCl were
calculated using a Colony Counter.

Morphological and Biochemical Charac-
terisation
Gram Staining

Gram staining was conducted by ap-
plying 1 loop of bacterial colonies to a slide
and fixing/heating with a Bunsen burner,
then dropping gentian violet dye and leaving
for 5 minutes. Lugol dye and leave for 2
minutes. Safranin dye and leave for 2
minutes, add 1-2 drops of 95% alcohol (here
using 70% alcohol). In each solution before
dropping another solution, the sample is
rinsed with distilled water. After that, drop a
little immersion oil and observe using a mi-
croscope with a 100x magnification lens.

Catalase Test

The catalase test was conducted by
taking 1 colony using an ose, then flattened
on a glass preparation and dripped with 3%
H.O.. The results of the catalase test are di-
vided into positive and negative. A positive
catalase test is indicated by the appearance
of bubbles on the isolate that has been
dripped as a form of reaction. The hydrolysis
process is based on the reaction of the de-
composition of H202 into H20 and O2, which
characterizes the appearance of bubbles
when positive (Chusniasih et al., 2023).

Hypersensitivity Test

The hypersensitivity test is achieved
by injecting 500 pL of isolates into liquid cul-
ture into tobacco leaves aged + 3 months.
The injection is done using a sterile needle,
and the leaves are incubated and observed
for 48 hours after the injection.

Molecular Identification
DNA Amplification

Amplification was carried out directly
on the pellet without DNA extraction using
PCR (thermocycler). In DNA isolation and
amplification, pure isolates were cultured in
selective liquid media for 24 hours using an
orbital shaker with stirring at 150 rpm. A total
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of 1 mL of bacteria in liquid culture was cen-
trifuged for 3 minutes at a speed of 7,500
rom. The resulting pellets were used for
DNA extraction (Rosita, 2021). The molecu-
lar marker used by Sharma et al, (2020) was
16S rRNA, such as 27F (5'- AGA GTT TGA
TCC TGG CTC AG-3') and 1492R (5'- GGT
TAC CTT ACG ACT T-3'). PCR reaction was
performed in a total volume of 50 ul, using
PCR MIX My Tag HS red mix with 5 ul DNA
template, 2 ul forward and reverse primers,
25 pl 2x My Tag HS red mix, and 16 pl nu-
clease-free water. The PCR program were
performed in initial denaturation at 95 °C for
1 minute 30 seconds, further denaturation at
95 °C for 30 seconds, annealing process at
50 °C for 30 seconds, extension process at
72 °C for 1 minute 30 seconds and final ex-
tension at 72 °C for 5 minutes, the amplifica-
tion process was carried out for 30 cycles
(Rosita, 2021) The amplification results
were visualized using 100V DC electropho-
resis technique for 45 minutes.

Bioinformatic Analysis

The PCR product from the amplifica-
tion that has been obtained is then read
through the DNA nucleotide sequence (Se-
quencing) with the help of PT. Genetika Sci-
ence. The sample sequence by DNA Se-
quencing sample qualification by agarose
gel. The sequencing data is then subjected
to bioinformatics analysis to identify species
and reconstruct phylogenetic trees. The
analysis to identify the species using the Bi-
oedit and the BLASTN (Basic Local Align-
ment Search Tool Nucleotide) program on
the NCBI website
(http://blast.ncbi.nim.nih.gov/Blast.cgi), and
the Mega11 software applications to recon-
struct the phylogenetic trees.

Cellulase Activity

The method is used to measure cellu-
lase enzyme activity qualitatively through
cellulolytic testing. Measurements are made
by measuring the clear zone around the col-
ony on selective media that has been given
a Congo red reagent. The testing stages
started based on namely by making selec-
tive bacterial media using 0.5% CMC (Car-
boxy Methyl Cellulose) media by inoculating
pure isolates in the middle of the media us-
ing an ose (Syukri et al., 2021; Chusniasih
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et al., 2023). Testing was carried out on
each bacterial isolate (PO, PL, PK) with 3
repetitions, with a total of 9 experimental
units. The ability of cellulolytic bacteria to
degrade cellulose is indicated by a clear
zone, to clarify the clear zone, 0.1% Congo
red reagent was given, soaked for 15
minutes, then rinsed with 5% NaCl, then left
for 15 minutes, and the liquid was discarded.
The reaction of giving Congo red will show a
clear zone, to clarify the clear zone formed,

incubate for 48 hours at a temperature of
30°C. The diameter of the bacterial colony
and the diameter of the clear zone formed
are measured using a ruler (mm). Qualita-
tively, the larger the diameter of the enzyme
produced by the cellulolytic bacterial colony,
the greater the amount of enzyme produced
by the bacteria (Alkahfi et al., 2021).

The formula for calculating cellulase
activity through the clear zone, colony, and
cellulolytic index is as follows:

1. The formula is used to calculate DB (Clear Zone Diameter):

B DB vertical+ DB horizontal

- 2

2. The formula is used to calculate DK (Colony diameter):

N DK vertical+DK harizontal
- 2

3. The formula is used to calculate IS (Cellulolytic Index):
Clear zone Diameter (DB)-Colony Diameter (DK)

1S=

Colony Diameter (DK)

Description:

DB = Clear zone diameter
DK = Colony diameter

IS = Cellulolytic Index

The results of the clear zone measure-
ment can be seen from the amount of en-
zyme produced through the comparison be-
tween the diameter of the clear zone and the
diameter of the colony, the further the dis-
tance of the edge of the clear zone from the
edge of the colony means the enzyme pro-
duced by the bacteria is also greater. The
classification of cellulose degradation power
is based on the cellulolytic index value, with
a measurement value of < 1 included in the
low category, 1-2 included in the medium
category and = 2 included in the high cate-
gory (Alkahfi et al., 2021).

RESULTS AND DISCUSSION
Isolation, Rejuvenation and Characteri-
sation

The results of cellulolytic bacterial iso-
lation using TKKS samples from 3 different
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locations showed high microorganism activ-
ity, obtaining 300+ colonies of total colony
count in 1077 dilution, inoculated with 100uL.
Purification was carried out until three iso-
lates were obtained that represented the
origin of the isolation location: organic ferti-
liser plantation (PO), oil palm plantation
(PL), and Sulung factory (PK) in SRS. The
bacterial isolates were then subjected to a
hypersensitivity test, which showed that the
three isolates were non-pathogenic and
were positive for hydrolysis of H,O, based
on the catalase test carried out. The results
of the isolation and characterisation of bac-
terial isolates can be seen in Table 1.
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Table 1. Characterisation Results of the three isolates include Colony Description, Morphological and
Biochemical characteristics.

Characterization of Three Isolated

Isolate Colony

Sampele Origin Colony Description Morphological Biochemical

Code Count

Colour Shape Elevation Margin Shape Gram Catalase Hypersensitivity
PO Organic fertilezer plantati 300 White Circular Raised [jke wool Bacilli Negative Positive Negative
PL  Qil palm plantation 300 White Circular Raised [ike wool Bacilli Negative Positive Negative
PK  Sulung mills 300 White Circular Raised Like wool Bacilli Negative Positive Negative

DNA Amplification

The amplification result exhibited that
the three samples had a thick and clear sin-
gle band with a length of 1500 bp (Figure 2),
as expected from the selected molecular
marker. The amplicons from the three sam-
ples had good quality and showed that

bacterial DNA amplification without the DNA
isolation process using 16S rRNA primers
was successful. Bacterial DNA amplification
was carried out using the Polymerase Chain
Reaction technique with primer pairs 27F
and 1492R, then the sequencing process
could be carried out.

1500bp —==

Figure 2. Electrophoregram of the results of DNA isolation of cellulolytic bacteria, without the DNA iso-
lation process, with a single band 1500 bp long.

BIOINFORMATIC ANALYSIS

Species Identification

The sequence data was then matched with
the database using the BLASTn program to
determine the level of homology. The
BLAST results in Table 2 show that the 3
cellulolytic bacterial isolates have varying
levels of homology, and the three isolates
identified <97% have similarities with the

bacterial genus on the NCBI website. The
PK code isolate has a maximum identity
value of 80.43%, included in the Aeromonas
enteropelogenes, code PL genus Nitro-
somonas stercoris with a maximum identity
value of 72.14%, and the PO isolate is iden-
tified as Methylobacillus caricis with a maxi-
mum identity value of 68.82%. Table 2. Re-
sults of the identification of Cellulolytic Bac-
terial Species.

Table 2. Results of the identification of cellulolytic bacteria species.

BLAST Results

Code Type of Samples

Top Species Query Cover (%) Perc. Identity Accession
Organic fertilizer . - 0
PO plantation Methylobacillus caricis 83% 68.82 NR_179144.1
PL Oil palm plantation Nitrosomonas stercoris 41% 72,14 NR 146824.1
PK  Sulung factory Aeromonas 21% 80,43 NR_044846.1
enteropelogenes
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The species Methylobacillus caricis
belongs to the genus Methylobacillus.
Methylobacillus is a genus and species of
obligate methylotrophic bacteria, with gram-
negative rods (Yordy and Weaver, 1977).
This bacterium was found from isolation re-
sults in the area around the roots of
nutsedge (Agafonova et al., 2017). The Ni-
trosomonas stercoris species was found by
Nakagawa and Takahashi (2015), who iso-
lated it from composted cow dung as a
gram-negative bacterium capable of oxidiz-
ing Chemoautotrophic ammonia, which is
tolerant to high ammonium. Aeromonas en-
teropelogenes is a species of gram-negative
bacteria found and first identified in human
faeces in India (Schubert et al., 1990). Fae-
ces are livestock waste containing complex
organic materials, which can be processed
as compost through a decomposition pro-
cess influenced by microorganisms (Hi-
dayatulloh et al., 2022). Mahendra (2022)
identified cellulolytic bacteria from horse
faeces (Equus caballus) using Bergey's
Manual of Systematic Bacteriology, the 9th
edition obtained the genus Fibrobacter and
Bacillus. Based on the results of the molec-
ular identification carried out, these species
had similarities to cellulolytic bacteria from
TKKS <97%, which means there is potential
to obtain new species of cellulolytic bacteria.
Species with <97% similarity are said to be

different species (novel species) but are
said to be the same species if they are 99%
similar (Stackbrant and Gobel, 1994; Petti,
2007). The limited studies related to cellulo-
lytic bacteria from TKKS have an impact on
the low percentage of bacteria identified and
the absence of data sequences in the NCBI
gene bank.

Phylogenetic Tree

The phylogenetic tree was
reconstructed based on the identified
cellulolytic bacterial isolates by comparing
the identified bacterial sequences in the
NCBI database. The phylogenetic tree is
shown in Figure 3. The results of the
phylogenetic tree showed that the bacterial
species Nitrosomonas stercoris NCBI and
Aeromonas enteropelogenes NCBI have
96% homology with Methylobacillus caricis
NCBI. Methylobacillus caricis NCBI has
94%  similarity with the  species
Methylobacillus caricis PO, with 20%
similarity to the species Aeromonas
enteropelogenes PK, and 13% similarity to
the species Nitrosomonas stercoris PL. The
result indicated that it has the potential to get
new species of cellulolytic bacteria from
EFB; however, further related studies are re-
quired to explore cellulolytic bacteria from
EFB.

0.21

o Nitrosomonas stercoris NCBI

Aeromonas enteropelogenes NCBI

Methviobacillus caricis NCBI

Methviobacillus caricis Sampel PO

Aeromonas enteropelogenes Sampel PK

0.67

o
-
=

Nitrosomonas stercoris Sampel PL

Figure 3. Phylogenetic tree construction. Bacterial isolates with NCBI gene bank data.
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Cellulase Activity

The results of the clear zone measure-
ment were carried out by calculating the cel-
lulolytic index and classification based on Al-
kahfi et al., (2021) the greater the enzyme
produced, the more the clear zone pro-
duced, the classification of cellulose degra-
dation power values using the cellulolytic in-
dex <1 is included in the low category, 1-2 is
included in the medium category, and >2 is
included in the high category. The result of
cellulase activity measurements (Table 3)
with cellulolytic tests based on quantitative
descriptions showed 6 positive isolates
(POUS, PLU1, PLU2, POU1, POU2, PLU1),

Figure 4. Cellulase Activity Test. 9 experimental units (

J Bioteknol Biosains Indones — Vol 12 No 1 Thn 2025

and 3 negative isolates (PKU1, PKUZ2,
PKU3). Based on measurements (IS), the
cellulolytic index, three isolates (POUS3,
PLU1, PLU2) showed moderate values 1-2,
three isolates (POU1, POU2, PLU1) showed
low values <1, and 3 (PKU1, PKU2, PKU3)
isolates did not have cellulase activity.
Measurement of the clear zone in each iso-
late using the cellulolytic index aims to de-
termine the ability of the isolate to produce
cellulase. The results of the cellulase activity
test, with 0.1% Congo red reactant, are
marked with a clear zone, which can be
seen in Figure 4.

PLU1, PLU2, PLU3, POU1, POU2, POU3, PKU1,

PKU2, and PKU3) (A), Isolate without cellulase activity (B), Isolate with cellulase activity (C).

Table 3. The result of Cellulase Activity Analysis

Result of Cellulase Activity Analysis

Sample Code Qualitative Quantitative
Cellulolytic Index Power Classification Value Description
POU1 + 0.2 <1 Low
POU2 + 0.2 <1 Low
POU3 + 1.3 1-2 Medium
PLU1 + 0.8 <1 Low
PLU2 + 1.0 1-2 Medium
PLU3 + 1.0 1-2 Medium
PKU1 - -1.0 <1 None
PKU2 - -1.0 <1 None
PKU3 - -1.0 <2 None
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CONCLUSION

Characterization results showed that
the three isolates have white colony physiol-
ogy, round shape, raised elevation with
wool-like edges, and are non-pathogenic
bacteria, gram-negative and bacillus-
shaped, and positive for H,O, catalase. The
results of molecular identification of the
three cellulolytic bacterial isolates are as fol-
lows: the PK sample is the Aeromonas en-
teropelogenes species, the PL sample is the
Nitrosomonas stercoris species, and the PO
sample is Methylobacillus caricis. Isolates
were identified at <97%, so further studies
are needed to explore new species of cellu-
lolytic bacteria. The results of the analysis of
cellulase activity using the cellulolytic test
method showed activity in 6 positive isolates
with moderate ability (1-2) in isolate codes
POU3 (1.3), PLU2 (1.0), PLU3 (1.0); low in
isolates POU1 (0.2), POU2 (0.2), PLU (0.8)
and three negative isolates did not have
PKU1 (-1), PKU2 (-1), and PKU3(-1) en-
zyme activity. Based on the research find-
ings, the cellulolytic bacteria derived from
TKKS waste has the potential to be used in
cellulose production. However, further stud-
ies are needed regarding production optimi-
sation, enzyme characterisation, and others.
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