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Abstract. Layli IR, Meryandini A, Helianti I, Astuti RI. 2021. Identification of lipase-producing bacteria from palm oil sewage sludge
processing plant at Malimping, Banten, Indonesia. Biodiversitas 22: 4512-4524. Lipase (triacylglycerol hydrolase E.C.3.1.1.3) is an
enzyme that catalyzes the hydrolysis reaction of triacylglycerol into free fatty acids and glycerols. Lipase has broad application spectrum
and unique catalytic mechanism, as one of important enzymes for industries, and almost all enzymes used for industries are originated
from microbes. Identification of lipase-producing bacteria from palm oil processing sewage sludge was carried out to determine the
potential of isolates and the application of lipase enzymes for industry. This study identified lipase-producing bacteria from the
screening and isolation results from palm oil sewage sludge in Malimping-Banten. Two isolates were obtained from screening and
isolation results. The morphological and observation and Gram staining method resulted in mlp-1 colony isolate was Gram-negative
with basil cell shape, while mlp-2 colony isolate was Gram-positive with basil cell shape. Qualitative test on two isolates in tributyrin
agar showed that two isolates produced clear zone or lipase enzyme. Molecular identification using 16SrRNA sequence showed that
mip-1 colony isolate was Chryseobacterium gleum, while mlp-2 colony was Bacillus velezensis. Literature study stated that
Chryseobacterium gleum are pathogenic bacteria, resulting in uncontinued identification process, while Bacillus velezensis are non-
pathogenic bacteria that have potential for industrial application. Identification of Bacillus velezensis was continued by performing
biochemical test and inhibitory test. The continued identification results supported the molecular identification of lipase-producing

enzyme for Bacillus velezensis.
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INTRODUCTION

The biotechnology industry, also known as green
technology is a modern biotechnological application for
sustainable production of chemicals, materials, and fuels
from renewable resources using living cells or their enzyme
products. Industrial biotechnology becomes very attractive
as its application can save energy, reduce gas emissions,
and be environmentally friendly. Biotechnological
development has been very fast after involving enzymes
and microbes (Gurung et al. 2013).

Enzyme is biocatalysator that plays important role in
biological processes and becomes one of main components
in various application processes in the industry.
Environmental pollution and strict governmental regulation
to apply green technology in each industry cause high
enzyme production demand. Hydrolase enzyme is an
enzyme that takes over 70% of demands in industrial share.
Lipase as part of hydrolase group remains in third place
after protease and carbohydrase (Li et al. 2012). Widely
substrate usage and catalyzed reaction assisted, compared
to other enzymes, causes lipase as important enzyme in
industries with many applications among food, non-food,
and health industries (Verma et al. 2012).

Lipase (triacyl glycerol hydrolase E.C.3.1.1.3) is an
enzyme that catalyzes hydrolysis reaction  of
triacylglycerols into free fatty acids and glycerols. Lipase is

found in nature and produced by plants, animals, and
microorganisms (Hasan et al. 2006). However, enzymes
from bacteria are more preferable to enzymes from fungi or
molds. This condition is because bacteria have shorter
generation period, simpler nutrient requirements, and easier
screening procedures (Jaeger and Eggert 2002). Several
genera for lipase-producing bacteria are Bacillus,
Pseudomonas, and Burkholderia (Verma et al. 2012).

From 1980 until today, lipase requirement for industries
grows fast, due to various benefits, such as catalytic
efficiency and high specificity, which causes higher lipase
demand (Hasan et al. 2006). Massive demand for lipase for
industrial application encourages further study about wider
exploration and identification for lipase-producing
microorganisms, which can obtain excellent isolates to
support commercial enzyme production. Lipase-producing
microorganisms such as yeast, molds, bacteria, and some
protozoa are commonly found in soil habitats, especially in
soils and areas containing high organic matter, fats, and
oils. Microbes inhabiting soil habitats rich in oil or fat
produce extracellular hydrolase enzymes for the substrate
as a source of nutrients, and most of the hydrolase enzymes
produced are lipase enzymes (Lee et al. 2015). According
to Derawi et al. (2014), solid waste such as sludge from oil
palm processing contains 75% water, 11.4% crude protein,
and 10.14% crude fat. Palm oil processing waste in
Malimping-Banten is estimated to be inhabited by
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microbes that produce lipase enzymes. Patel et al. (2016)
succeeded in obtaining 2 isolates of lipase-producing
bacteria of the genus Bacillus, isolated from palm oil waste
in Bardoli-India. This study isolated and identified the
lipase-producing bacteria from oil palm processing sewage
sludge in Malimping-Banten.

MATERIALS AND METHODS

Sampling location

Samples were obtained from palm oil processing
sewage sludge in Malimping Sub-district, Lebak District,
Banten Province, Indonesia, at 105°1'11-106°7'12” E and
507'560”-7°1'1” S. (Figure 1).

Sampling lipase producing bacteria from sewage sludge

Sampling was performed on sewage sludge surface as
the outlet stream from palm oil processing waste. Sampling
was carried out on 2 spots. The first was performed on the
sewage sludge surface, and the second was at a depth of 20
cm from the surface. Using water dipper, every 50 mL of
sample from sewage sludge surface and sample from at a
dept of 20 cm collected into sterile falcon.

Isolation bacteria from palm oil sewage sludge samples
in Malimping Sub-district

Isolation was performed by diluting the samples
obtained. Using Patel et al. (2016) methods. Dilution used
sterile aquadest with serial dilution starting from 10 to 10°
5. From each serial dilution was taken 50 pL triplicate and
poured on Luria Bertani (LB) agar plates with pour-plate
method. These plates were then incubated at 37°C.
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Isolate purification from the isolation results

Purification of isolates from the isolation results using
Patel et al. (2016) method. Isolates from the isolation
results grown in LB agar media were purified by taking
different colonies and moving these colonies to LB media
with quadrant streaking method and the media were
incubated at 37°C. From 15 plates 2 different purified
colonies were obtained.

Qualitative test for purified isolates in Tributyrin
(TBA) agar media

TBA agar media used for qualitative test and screening
potential lipase isolate based on Glogauer et al. (2011).
TBA agar media consist of Peptone 0.5%, Beef extract
0.3%, Tributyrin 1% and agar 1%. Isolates from the
purification results were taken from its single colony and
grown on Tributyrin agar media, then incubated at 37°C,
and the clear zone formed was observed around the grown
colony. The clear zone formed showed that the isolates
from the isolation results produced lipase enzyme.

Gram staining

Gram staining was performed by preparing smearing
sample on the object-glass. This method is based on Li et
al. (2020). The liquid culture isolates on less than 24 hour
period were used, using 14 hours liquid culture isolate.
Object glass was then fixated above Bunsen until dry.
Crystal violet solution was dropped on the object-glass and
the object-glass was stood for 2 minutes, then rinsed with
aquadest, alcohol 95% for 30 seconds, aquadest again. For
the last step, Safranin staining was dropped on the object-
glass for 30 seconds and rinsed back with aquadest. Sample
was dried and observed under the microscope.

Figure 1. Sampling location in Malimping Sub-district, Lebak District, Banten Province, Indonesia
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Morphological observation

Bacterial identification using morphological
observation by Li et al. (2020) methods. Morphological
observation was performed by dropping 10 pL of liquid
culture isolate on 14 hour period on the object-glass and
observing its morphology and motility under the light
microscope. Using 100, 400 and 1000 magnification.

Genome isolation from bacterial isolates after isolation

Bacterial genome isolation was performed by using
Presto ™ mini DNA Bacteria Kit Protocol Genaid kit. The
method was based on Geneaid Instruction Manual (2017).
There were five steps prepared for DNA isolation with kit.
First step was bacterial culture preparation. Bacterial cells
were grown on LB media and incubated for 18 hours at
37°C. The culture was checked its optical density (OD)
every 2 hours and harvested when the OD value reached
0.4-0.6 or until the cell reached approximately 1x10°
cells/ml. Culture was taken at 1 mL, moved to 1.5 ml
microtube, and centrifuged for 1 minute at 14,000 rpm, and
the supernatant was removed. GT buffer was added in the
sample following lysozyme (0.8 mg/200 pL concentration)
addition. The sample was vortexed until the mixture was
mixed evenly. The sample was incubated for 30 minutes at
37°C, added by proteinase K at 20 pL and incubated for 10
minutes at 60°C, as the mixture was shaken every 3
minutes. The second step was cell lysis. Sample was added
with 200 pL buffer GB, resuspended, vortexed for 10
seconds, and incubated for 10 minutes at 70°C, and the
mixture was shaken every 3 minutes. The third step was
DNA binding.

Sample was added with 200 pL of absolute ethanol,
resuspended until soluble without threads, and centrifuged
at 4°C at 14,000 rpm for 2 minutes. The fourth step was
washing. Sample was added with 400 pL Buffer WI in the
GD column, centrifuged for 30 seconds at 14,000 rpm in
4°C, as the liquid part below the column was removed,
followed by adding 600 uL Wash buffer and centrifuging
at 14,000 rpm for 30 seconds, and recentrifuged for 3
minutes with the same temperature and speed. The fifth
step or the last step was elution. New microtube was
prepared and the GD column from the third step was
moved to the microtube. The 50 pL warm elution buffer
was added to the GD column and stood for 5 minutes at
room temperature, centrifuged at 14,000 rpm for 30
seconds, and the eluted part (down from the GD column)
was preserved at -20°C.

16S rRNA encoding gene region amplification from
bacterial isolate

The 16S rRNA region from the isolate was amplified
using the PCR technique (Lane et al. 1985) based on the
primers of 27F (5’-AGAGTTGATCCTGGCTCAG-3"),
1492R (5’-TACCTTGTTACGATT-3"). The PCR reacting
composition contained 1 pL 10x PCR buffer, 1 uL dNTPs
(2 mM), 1 pL primer 27f (10 mM), 1 pL primer 1492R (10
mM), 2 pL DNA genome (100-200 ng), 1 pL Taq
polymerase (0.5 U), and 3 pL ddH.O. The PCR program
for this reaction was denaturation at 94°C for 1 minute,
annealing at 50°C for 35 seconds, and extension at 72°C
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for 2 minutes. Total cycle performed was 30 cycles. In the
final cycle, final extension was performed for 10 minutes.

PCR product purification

The PCR purification product purification used the
extraction kit (Geneaid Gel/PCR DNA Fragments
Extraction Kit). The method base on Geneaid Instruction
Manual (2017). After PCR, the PCR product was run using
the agarose gel to obtain the DNA band at around 1500 bp.
The 1500 bp band on the agarose gel was cut and taken 300
mg gel weight. This process was performed by cutting the
gel below the UV transilluminator. Gel was moved to the
microtube, added 500 pL buffer DF, vortexed, and
incubated for 15 minutes at 60°C. Next step was
centrifugation at 16,000 rpm for 30 seconds. Supernatant
was removed and pellet was added with 400 pL WI buffer,
centrifuged at 16,000 rpm for 30 seconds, supernatant was
removed, added with 600 pL wash buffer, centrifuged at
16,000 rpm for 30 seconds, and the supernatant was
removed. Pellet was eluted with 20 pL elusion buffer,
centrifuged at 16,000 rpm for 2 minutes, and the pellet
obtained was from the purified PCR product.

16S rRNA sequencing result analysis

The purification result of PCR product was sent to
Genetika Science vendor for 16S rRNA region sequencing.
The sequencing result obtained was identified its sequence
similarity based on the online available database on
www.nchi.nlm.nih.gov by using the Nucleotide Basic Local
Alignment Search Tool (Nucleotide BLAST).

Motility observation

Motility observation test using Bailey et al. (1974)
methods. Isolate culture was inoculated perpendicularly on
the Tryptone Soya Agar (TSA), added with phenol red
indicator, incubated for 24 to 48 hours at 35-37°C, and
observed the distribution or movement existence on the
agar.

Catalase test

One ose of culture isolate was placed on the object-
glass dropped with 3% H>O> and observed the O bubble
existence on the culture isolate.

Oxidase test

Isolate was inoculated on Nutrient Broth (NB) media
and incubated at 30°C for 24 hours. The 1% alpha-naphthol
and 0.3 ml p-aminodimethylaniline-oxalate were dropped
on the culture isolate and stood for 5 minutes to observe the
blue color formation existence.

Indole production test

One ose of isolate was inoculated on the Tryptone
Broth liquid media and incubated at 35-37°C for 24 hours.
The Kovacs reagent was then added at 0.2-0.3 ml. Ring
formed on the media was observed whether in red or
yellow color.


http://www.ncbi.nlm.nih.gov/

LAYLI et al. — Identification of lipase producing bacteria

Carbohydrate fermentation (glucose, fructose, sucrose)
The 45 g/L Phenol Red Glucose Broth (PGRB) added
with glucose, fructose, and sucrose at 5 g/L in 7.4 pH was
added in each tube filled with Durham tube. One ose of
culture isolate was inoculated in each tube and incubated at
37°C for 48 hours. Reaction was observed based on the
indicator color changing on the medium and gas formation.

Oxidation-fermentation test

The oxidative-fermentative media (Hugh and Leifson’s
medium) was used to inoculate the isolate. Tubes filled
with the media and isolates were remained opened and
closed with paraffin oil at 1 cm height, and the isolate was
incubated for 7 days at 37°C and observed the media color-
changing occurred.

Urease test

Urease agar medium was used to testify the urease
activity on bacteria. The 10 ml Urea agar in reaction tube
was added with 40% urea at 0.5 ml. Isolate was inoculated
on urea slant agar and incubated at 37°C for 24 hours.
Color formation was observed in the media.

Citrate test

Bacterial isolate was inoculated on Simon citrate agar
media, which was incubated for 96 hours at 37°C, and the
color changing in the media was observed.

Voges Proskauer test

Isolate was inoculated on the Methyl Red Voges
Proskauer (MR-VP) media and inoculated at 37°C for 48
hours. The 1 mL of inoculated MR-VP medium was moved
to the sterile reaction tube, added with 0.6 ml alpha
naphthol solution and 0.2 ml KOH 40%, then shaken,
added with creatine crystal, reshaken and stood for 2 hours,
which was observed the color formation when the positive
reaction occurred.

Methyl red test

The inoculated MR-VP medium used for Voges
Proskauer test was also used for the methyl red test by
incubating the medium at 37°C for 48 hours added with
five drops of methyl red indicator. Red color formation was
observed whether the positive reaction occurred.

H-S production

To testify whether the bacteria could produce H.S, a
test was performed by using the Triple Sugar Iron Agar
(TSIA) medium was used. Isolate was inoculated on the
TSIA slant agar and incubated at 37°C for 24 hours, and
the change was observed on stand and slant position.

Starch hydrolysis

Isolate was inoculated on starch medium and incubated
at 37°C for 48-72 hours. The bacterial culture grown was
dropped iodine solution. Color changing was observed
around the culture, whether showing clear formation or not.
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Nitrate reduction

By using the Nitrate broth and reagents to testify the
nitrate-reducing bacteria. lIsolate was inoculated on the
Nitrate medium and incubated at 37°C for 24 hours,
dropped with 3-4 drops of alpha-naphthylamine and
sulfanilic acid. The color formation was observed after
dropping the reagents.

Isolate rejuvenation for antagonistic test

The isolate tested its antagonistic activity against the
isolated isolate sample was rejuvenated from the glycerol
stock and grown on the LB medium. The isolate was
incubated at 37°C for 24 hours. Eight isolates were used for
antagonistic test, namely, Chryseobacterium gleum,
Bacillus halodurans CM1, Bacillus megaterium, Bacillus
stearothermophilus, Bacillus subtilis DB104, Bacillus
lichenifromis F11.3, Lactobacillus lactis, and E. coli
DH5o.

Inhibitory test on the isolated isolates

The isolated isolates and isolates used to testify the
antagonistic level were inoculated on liquid LB media and
incubated at 37°C for one night with 150 rpm agitation.
The liquid culture isolates for antagonistic test was taken
100 uL and grown on LB agar medium using the pour plate
method. Similar agar plate inoculated with liquid culture
isolate for antagonistic test was dropped the liquid culture
isolate from the isolation result in four-quadrant parts and
incubated for 24-48 hours to observe its antagonistic effect.

RESULTS AND DISCUSSIONS

Sampling and isolation of lipase enzyme-producing
bacteria from palm oil processing sewage sludge
Sampling was performed on sewage sludge surface as
the outlet stream from palm oil processing waste. Sampling
was carried out on the surface of the sewage sludge, and at
a depth of 20 cm from the surface. Sampling with this
method was to obtain aerobic microbes, because it is
carried out at a point where there is still available free
oxygen. Oil waste was abundant in the sewage as solid or
liquid waste on the surface, which may possibly contain
abundant microorganisms, including bacteria (Figure 2).

Figure 2. Sewage sludge
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Figure 3. Screening and isolation of isolates. S1, S2, S3: The isolate obtained from sample purification at the point of the sewage sludge
surface. S4, S5, S6: The isolate obtained from sample purification at a point at a depth of 10 cm from the surface of sewage sludge

Popoola and Onilude (2017) stated that lipase-
producing microbes mostly inhabit processing waste or
contaminants from plant-based oil. Lee et al. (2015)
supported this result, who successfully isolated lipolytic
bacteria from industrial garbage, plant oil processing
company, milk product and their derivatives, and oil-
contaminated soil. These habitats were rich in oil and lipids
as good environmental conditions for lipolytic bacteria to
proliferate.

The screening and isolation results obtained six agar
plates from six single bacterial colonies (Figure 3). The
isolates were obtained grown on LB media. The LB media
are nutrient-rich media used for bacterial proliferation. The
LB media were created by Giuseppe Bertani in 1952 and
used as Shigella proliferating media observed from the
plaque formation (MacWilliam and Min 2006). The results
of the screening obtained 6 isolates, 3 isolates obtained
from the results of sampling on the surface of the sewer
mud (S1-S3) and 3 other isolates obtained from the results
of sampling at a point at a depth of 20 cm from the surface
of the sewer mud (S4-S6). The six isolates obtained
showed differences in the shape and color of the colonies.
There were 2 isolates whose colonies were white and 4
isolates whose colonies were yellow. The white colonies
have an irregular shape, while the yellow colonies are
round. According to Madigan et al. (2009), several forms
of bacterial colonies are punctiform, rhizoid, filamentous,
irregular, spindle. While the colony colors include orange,
black, brown, opaque or white and milky.

Six bacterial isolates were purified and observed based
on the similarity of colony shape and color. 2 bacterial
isolates with irregular colony shape and white color are the
same isolates referred to as mlp-2 isolates. Meanwhile, 4
bacterial isolates with irregular colony shape and yellow
color were also the same isolates, referred to as mip-1
isolates (Figure 4). Six bacterial isolates in six agar plates
were re-purified by inoculating them on the LB media. The
purification results obtained 2 isolates with mlp-1 colony

and mlp-2 colony (Figure 4).

Purification of isolated bacteria obtained 2 single
colonies with different morphology due to separation from
other colonies or contaminants. The yellow colonies are
called mlp-1 isolates and the white colonies are called mlp-
2 isolates. Purification aimed to obtain pure isolate, single
colony without any microbial contaminants. The purified
microbial colonies were selected based on morphological
differences, such as color, surface texture, elevation, radial
line, concentrical circle (Ed-Har et al. 2017). Purified
isolate mlp-1 and mlp-2 were regrown and refresh on LB
media, for further testing.

Isolate potential test for lipase enzyme production on
TBA media

The mlp-1 and mlp-2 bacterial isolates were tested for
their potential as lipolytic bacteria that produced lipase
enzymes by growing them on Tributyrine Agar (TBA)
media. The qualitative results of mlp-1 and mlp-2 bacterial
isolates showed that both isolates could form clear zone
around the colony (Figure 5).

Figure 4. Purified isolate A. mlp-1 isolate, B. mlp-2 isolate
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A B

Figure 5. Clear zone on Tributyrin media, A. mip-1 isolate, B.
mlp-2 isolate

The clear zone formed around the A and B bacterial
colony isolates on Tributyrin media after incubating for 24
hours indicates that both isolates have potential as lipase-
producing enzyme bacteria that can hydrolyze lipid in
Tributyrin media. Palafox et al. (2018) stated that tributyrin
agar (TBA) or blue spirit agar was used to determine the
lipolytic bacteria. TBA media are commonly used for
lipolytic bacterial screening by observing the existence of
clear zone around the colony. The clear zone formed
showed lipase or esterase activities. Haba et al. (2000)
stated that TBA media were also used for strain selection
after 72-hour to 7-day incubations besides identifying the
lipolytic activity. In line with Ma et al. (2010), TBA is the
most commonly used media for screening lipolytic strains
by developing a clear zone around the colony, as indicative
of lipase or esterase activity.

Isolate Gram staining and morphological observation
Gram staining was performed to identify the Gram type
in bacteria whether bacteria were Gram-positive or
negative. Gram difference in bacteria was shown from the
purple staining for Gram-positive and red staining for

A
Figure 7. Morphological colony and rod shape cell; A. mip-1 isolate, B. mlp-2 isolate

Figure 6. Gram staining; A.Gram negative mlp-1 isolate, B.
Gram-positive mlp-2 isolate

Gram-negative. Beveridge (2001) and Wu and Yang (2020)
stated that Gram staining was used to clarify whether
Gram-positive and Gram-negative bacteria were. Gram
staining is used for initial clarification in unknown isolates.
Gram staining classifies bacteria based on cell-wall
composition difference in bacteria, namely, peptidoglycans,
lipopolysaccharides, and cell-wall thickness and thinness,
which produces red color for Gram-negative bacteria and
purple for Gram-positive bacteria.

Gram staining on the mlp-1 isolate produced red color,
while the mlp-2 isolate produced purple color. This means
that the mlp-1 isolate is Gram-negative bacteria and mlp-2
isolate is Gram-positive bacteria (Figure 6). Morphological
cell observation indicates that the mlp-1 and mip-2 isolates
are rod-shaped bacteria with non-elevated circle-shaped
colonies. In the mlp-2 isolate, the colony had radial line,
while in the mlp-1 isolate, had no radial line (Figure 7).
The results followed Kirairitthichai and Thongwai (2005)
who tested the morphological characteristics of bacterial
colonies by observing shape, edge, elevation, radial line,
color, motility, and Gram staining.
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The motility in both isolates on TSA media indicates
that the mlp-1 and mlp-2 isolates are non-motile or
negative motility as no bacteria spreading below the media
in the form of root-like but the spreading occurred around
the colony. This condition was similar to Cappuccino and
Sherman (2017) who stated that the motility test was
performed to identify the bacterial movement. Positive
motility test was marked from bacteria spreading on stand
agar media in the form of root-like, while negative motility
was marked from bacterial spreading around the colony as
former Ose needle puncture. Negative motility showed that
bacteria had no flagella as movement tool.

16SrRNA molecular identification

To support the bacterial identification from
morphological and Gram staining observations, molecular
identification was used based on the 16SrRNA encoding
gene identification. Molecular identification is required as
phenotypical identification does not provide sufficient
information to differ interspecies and intraspecies strains.
Moreover,  phenotypical identification has low
reproducibility due to bacterial characteristics that often
change along with environmental changes (Duza and
Mastan 2013).

RNA ribosomal encoding gene is conserved gene as the
gene can be used as universal primers for Polymerase
Chain Reaction (PCR) process which can be determined
the nucleotide size through sequencing (Lau et al. 2002).
The 16S rRNA region from the A and B isolates were
amplified using the PCR technique based on (Lane et al.
1985), with 27F (5’-AGAGTTGATCCTGGCTCAG-3’)
and 1492R (5’-TACCTTGTTACGATT-3") primers. Frank
et al. (2008) stated that the 27F and 1492R primers were
common primers used for 16S rRNA bacterial genes with
the amplicon of approximately 1465 base pairs.

Amplicon was obtained at 1500 base pairs from the
electrophoresis result (Figure 8). After the amplicon was
purified and sequenced, 1353 base pairs of amplicon were
obtained from the mlp-1 isolate and 1431 base pairs from
the mlp-2 B isolate The sequencing result based on
the 16S rRNA encoding gene obtained from two isolates
were used as molecular markers. The 16S rRNA encoding
gene was characterized as ubiquitous with identical
function in bacteria. The 16S rRNA gene has a region with
conservative base sequence and variation base sequence.
The ratio of conservative base sequence is useful to
construct universal phylogenetic tree, while the variation
base sequence is useful to track diversity and place strains
in one species (Baker et al. 2003).

The rDNA sequence in the genetically correlated
organism commonly has similarities, as each organism has
certain kinship distance when being aligned. From the
aligning result, determination based on the sequence that
becomes the distinct characteristic of organism will be
much easier (Lau et al. 2002).

The sequencing result was analyzed further through the
online server in www.ncbi.nlm.nih.gov using the
nucleotide Basic Local Alignment Search Tool (nucleotide
BLAST) program. Donkor et al. (2014) stated that
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BLASTn or nucleotide BLAST was used to identify
sequences obtained based on the nucleotide database
available in the GenBank. The 16S rRNA encoding gene
sequence from various organisms that can or cannot be
cultured have been formed in database. More than 4000
sequence databases of 16S rRNA were obtained from 1800
species (Botteger 1996).

By using BLAST program, the species name was
obtained from the database which had similarities with the
sequence entered. The BLAST result obtained from the
16S rRNA sequence showed that the mlp-1 isolate had
98.43% similarity to Chryseobacterium gleum.

The phylogenetic tree from the mlp-1 isolate showed
the kinship and similarity relationship of 16S rRNA to
Chryseobacterium gleum, mainly Chryseobacterium gleum
strain CIFRI-SRM4 and Chryseobacterium gleum isolate
UM-AEU276 and showing difference from Lactobacillus
plantarum as an outgroup (Figure 9).

Meanwhile, the mlp-2 isolate had 99.89% similarity to
Bacillus velezensis. Based on the phylogenetic tree of the
mlp-2 isolate, the mip-2 isolate was in a similar branch to
Bacillus velezensis strain FZB42 (Figure 10).

The phylogenetic tree showed that mlp-2 sequences had
a close relationship with Bacillus velezensis, B. siamensis,
B. amyloliquefaciens, B. Vallismortis, and B. subtilis
showing difference from Lactobacillus plantarum and
Pseudomonas flourescens as an outgroup. (Figure 10)

The identification results of 16S rRNA showed
different sequences between first and second sequences,
which indicate that the mlp-1 and mlp-2 isolates are
different species. Based on Cai et al. (2003), the 16S rRNA
can be used to determine taxonomy, phylogenics, and
estimate the diversity distance among bacterial species.

The identification result of 16S rRNA showed that the
mlp-1 isolate was C. gleum from the Chryseobacterium
genus as Gram-negative bacteria with aerobic, non-
fermentative, yellow-pigmented colony, rod shape, and
ubiquitous in nature. This genus inhabits soil environment
(Weon et al. 2008; Shen et al. 2005), water environment
(Kampfer et al. 2003), plants (Young et al. 2005; Venil et
al. 2014; Jeong et al. 2017), and fish (llardi et al. 2019).

M 1kb

10000 bp

1500 bp

+ 1465 bp
1000 bp

500bp —

Figure 8. Electropherogram of 16S rRNA amplicon: A. mip-1
Isolate, B. mlp-2 Isolate
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@ mip-1
Chryseobacterium gleum strain CIFRI-SRM4 MK770613.1
Chryseobacterium gleum partial UM-AEU276 LT009414.1
@8 Chryseobacterium gleum strain CIFRI-SRM4 16S r MK770613.1

Chryseobacterium sp. MN13.3d AM159535.1

Chryseobacterium gleum strain CIFRI-SRM4 MK770613.1

Chryseobacterium sp. strain 206027 1 MK949392.1

Chryseobacterium gleum strain 110146 MK334666.1

Lactobacillus plantarum strain NRRL B-14768 NR 042394.1

b
0.05
Figure 9. The mlp-1 isolate phylogenetic tree, using maximal likelihood method
Table 1. BLAST result of 16SrRNA sequence from the mip-1 isolate
Description Max Total Query E Per.ident  Accession
score score cover value
Chryseobacterium gleum strain CIFRI-SRM4 16S 2246 2246 94% 0.0 98.43% MK 770613. 1
ribosomal RNA gene, partial sequence
Chryseobacterium gleum partial 16S rRNA gene,isolate 2246 2246 94% 0.0 98.43% LT 009414.1
UM -AEU276
Chryseobacterium sp MN13.3d ribosomal RNA gene, 2246 2246 94% 0.0 98.43% GQ916504.1
partial sequence
Table 2. The BLAST result of 16SrRNA sequence from the mlp-2 isolate
Description Max Total Query E value Per.ldent Accession
score score cover

Bacillus velezensis strain FZB42 KX898131.1_16S 1655 1655 100% 0.0 99.89% NR 075005_2
ribosomal RNA complete sequence
Bacillus amyloliquefaciens strain KCTC 13613 16S 1650 1650 100% 0.0 99.76% NR 117946_1
ribosomal RNA partial sequence
Bacillus amyloliquefaciens strain VAL 3 1650 1650 100% 0.0 99.76% NR 116240_1

EU857428.1 16S ribosomal RNA partial sequence

The Chryseobacterium species is rarely associated with
humans as hosts, except the two closed species of
Chryseobacterium, namely, C. gleum and C. indologenes
(Lim et al. 2020). C. gleum is mainly associated with
urinary bladder and pneumoniae (Tsouvalas et al. 2020).
Based on this characteristic, the A isolate as
Chryseobacterium gleum is not potential isolate for
industrial application, therefore biochemical identification
was not performed to confirm its identification.

Meanwhile, the Bacillus velezensis are rod-shaped
Gram-positive bacteria with non-pathogenic Generally
Recognized as Safe (GRAS) characteristics that are safe for
various industrial sector applications, mainly in
agroindustry and food industry, and health industry
(Adeniji et al. 2019). Based on the application potential of

Bacillus velezensis in the industrial sector, identification
was continued by using the biochemical test to identify the
physiological and metabolism characteristics.

Biochemical identification on the B isolate (Bacillus
velezensis)

The biochemical identification results on the Bacillus
velezensis isolate can be shown below (Table 3).

The catalase test showed a positive result, which
indicates that B.velezensis is aerobically marked from the
existence of gas bubble in the culture after being dropped
with H,O, 3% solution. B.velezensis has catalase enzyme
that can degrade toxic hydrogen peroxide into oxygen
source. Botteger (1996) explained that organisms must rely
on defense mechanisms to survive, which allow them to
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repair or avoid oxidative damage to hydrogen peroxide
(H20,). Catalase neutralizes the damaging effects of
hydrogen peroxide. During respiration, microorganisms,
whether aerobes, facultative anaerobes, and
microaerophiles, produce toxic H.O, (Cappucino and
Sherman 2005). Locke et al. (2013) stated that catalase is
an enzyme that catalyzes the degradation of H,O, to H,O
and O,. Oxidase test showed a positive result observed
from the blue color formation in the culture. Positive
oxidase indicates that the B.velezensis produces oxidase
enzyme. The oxidase enzyme plays a role in oxidase and
electron reduction during the oxidative phosphorylation
process (Cappuccino and Sherman 2005).

Indole production test showed negative results as no red
layer or red ring on the media surface. B. velezensis did not
produce tryptophanase enzymes, which could not
hydrolyze tryptophan amino acid into indole or pyruvic
acid. The red ring formation on surface medium occurred
due to hydrolyzed indole as the indole in the medium was
extracted to the Kovac's reagent layer by butanol acid
component and formed p-dimethylaminobenzaldehyde
complex (Cappuccino and Sherman 2005).

The sucrose, fructose, and glucose carbohydrate
fermentation test showed positive results as the media
turned yellow, but the bubble formation on the Durham
tube was not followed. This condition indicates that
carbohydrate fermentation of B.velezensis can alter
carbohydrates to organic acids followed by gas formation.
Hans (2020) stated that microorganisms could ferment
carbohydrates to organic acids with gas formation. The
acids formation comprised lactic acid, formic acid, acetic
acid, butyric acid, butanol, and ethanol. Meanwhile, gas
formation comprised carbon dioxide and hydrogen. Acid
and gas formations produced a decrease in pH, which
altered media to yellow and bubble formation on the
Durham tube.
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Oxidative-fermentative test on B.velezensis produced
media color changing from green to yellow on opened tube
media, while color-changing was not found on closed tube
media. This condition indicates that B.velezensis are
oxidative bacteria. Tankeshwar (2016) stated that the
oxidative-fermentative test (OF) developed by Hugh and
Leifson in 1953 aimed to differentiate oxidative and
fermentative bacteria. Oxidative bacteria produce acids
from carbohydrate breakdown in aerobic conditions, while
fermentative bacteria produce acids from carbohydrate
breakdown in aerobic or anaerobic conditions.

The urease result was negative, based on the yellow
color media. B. velezensis did not produce urease enzyme
which showed no ammonia formation. However, positive
reaction was shown by the media color changing to pink.
This changing occurred due to the urease enzyme broke the
carbon and nitrogen bonds to form ammonia. Ammonia in
the media increases the pH to base, turning phenol red
color indicator to pink (Cappuccino and Sherman 2005).

Table 3. Biochemical test results of B.velezensis isolate

Test Result
Catalase +
Oxidase +
Indole production -
Sucrose fermentation +
Fructose fermentation +
Glucose fermentation +

Oksidative fermentative Oxidative reaction
Urease -

Citrate
Voges-Proskauer
Methyl red

H2S production
Starch hydrolysis
Nitrate reduction

+ 4+ 0+ +

@ mip-2

2 Bacillus velezensis FZB42 KX898131.1
31 |— Bacillus siamensis strain KCTC 13613 MN577293.1

Bacillus amyloliquefaciens strain BCRC 11601 NR 116022.1
9198 —  Bacillus subtilis strain VAL3 EU857428.1

W3 Bacillus vallismortis strain DSM 11031 NR 024696.1
Bacillus amyloliquefaciens strain NBRC NR 041455.1
Bacillus amyloliquefaciens strain MPA 1034 MH064353.1

0.05

Lactobacillus plantarum strain NRRL B-14768 NR 042394.1

Pseudomonas fluorescens strain IAM 12022 NR 043420.1

Figure 10. Phylogenetic tree of the mlp-2 isolate using maximal likelihood method
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Citrate test showed negative results as no color
changing in the media. This means that B.velezensis are not
included in Enterobacteriaceae family as not producing
citric permease enzyme. Citrate test was used to differ
bacteria from Enterobacteriaceae family based on the
citrate usage as carbon source. Bacteria that grow on the
media produce citric permease enzyme that turns citrate to
pyruvic acid, as pyruvic acid is included in Krebs cycle for
energy production (Aryal 2019). Voges Proskauer test
showed positive results marked from the formation of red
color, which indicates that B.velezensis can oxidize glucose
to acids perfectly. Red color in methyl red test showed a
positive result, as B.velezensis produced high acid
concentration which could turn the media color. Therefore,
Voges-Proskauer and Methyl Red tests are often performed
together to evaluate organism capability in glucose
oxidation by producing acids (Sunatmo 2007).

The pink color in the media on the H,S production test
showed a negative result, indicating that B. velezensis does
not have the desulfurase enzyme to break down the amino
acid cysteine into H,S. Cysteine is an amino acid that
contains sulfur as under aerobic and anaerobic conditions,
breaking down cysteine will produce different products. In
aerobic conditions, the breakdown of cysteine will produce
H,S, ammonia, acetic acid, and formic acid, while in
aerobic conditions only produce H,S (Bal et al. 2009). The
starch hydrolysis test produced a clear zone on the media,
which indicates that B.velezensis has amylase enzyme to
break down complex carbohydrates into simple sugars. The
starch hydrolysis test is one of the tests to identify bacteria
biochemically, as bacteria with the amylase enzyme will
break down starch into disaccharides and monosaccharides,
therefore the agar media will produce a clear zone around
the colony. Bacillus genera are known as one of the
amylase-producing bacteria (Sigmon 2008).

The nitrate reduction test showed pink color on the
media, which indicates that B.velezensis has nitrate
reductase enzyme to reduce nitrate to nitrite. Bal et al.
(2009) stated that positive nitrate reduction in reducing
nitrate to nitrite is indicated from the formation of red
color. Based on the biochemical test parameters obtained
after being matched with the Cowan and Steel (1961), the
isolates from oil palm processing waste are rod-shaped
bacteria from Bacillus genus. These results have been
supported by the molecular identification of 16SrRNA
which showed that the isolate B had similarities with
Bacillus velezensis.

Popoola et al. (2017) stated that there were five genera
and seven species obtained from the screening result of oil
processing company and its waste. The Bacillus,
Pseudomonas, Flavobacterium and Alcaligenes genera
were obtained with the specific species of Bacillus subtilis,
Bacillus licheniformis, Pseudomonas cepacia,
Pseudomonas fluorescens, Flavobacterium sp, Alcaligenes
sp., and Candida parapsilosis. The screening result showed
a lipolytic activity from the bacteria based on the clear zone
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formation on the media containing lipids or oil with high
potential development in various industries.

Bacillus velezensis inhibitory test

The B. velezensis antagonistic test was performed to
confirm the identification of the secondary metabolites
produced, including antimicrobial compounds. The
Bacillus genus is reported to produce more than 45
antimicrobial compounds used for clinical use, food
preservatives, biocontrol or plant biopesticides (Baruzzi et
al. 2011). Some of the distinct features of B. velezensis
compared to Bacillus in one group based on ANI (Average
Nucleotide Identity), namely, B. siamensis and B.
amyloliquefaciens, B. velezensis synthesize more
antimicrobial compounds than the two species in the same
group (Chun et al. 2019).

Bacillus velezensis are known to have inhibitory
capability with Gram-negative bacteria and other bacteria
from Bacillus genus. Inhibition test was performed on
bacterial isolates of C. gleum, B. halodurans CM1, B.
megaterium, B. stearothermophilus, B. subtilis DB104, B.
lichenifromis F11.3, Lactobacillus lactis, and E. coli
DH5a. The test results on C. gleum, B. halodurans CM1, B.
megaterium, B. licheniformis F11.3 showed the inhibitory
activity of B. velezensis with the greatest inhibitory activity
was against B. halodurans CM1, indicated from a clear
zone with more than 4 mm diameter (Figure 11). Whereas
for B. stearothermophilus, B. subtilis DB104, Lactobacillus
lactis, and E. coli DH5a showed no inhibitory activity, as
no clear zone formation around the B. velezensis colony
(Figure 11).

The inhibition test or antagonist test in B. velezensis
against several isolates produced an inhibition zone (Figure
11) and did not produce an inhibition zone (Figure 12). B.
velezensis have been widely used as pathogen control agent
in plants, because Bacillus velezensis produces various
antimicrobial compounds, including surfactin, iturin,
basilicin, fengicin, macrolactin, bacillia, difficidin,
plantazolysin, amylocyclicin, basilabactin, mersacidin,
ericin (Chen 2017).

Discussions

The identification results of lipase-producing bacteria
from screening and isolation of oil palm processing sewage
sludge in Malimping-Banten found two isolates with
lipolytic activity. Qualitative test on TBA media resulted in

a clear zone around the colony. The molecular
identification result using 16SrRNA showed that the
isolates were C. gleum and B. velezensis. The

Chryseobacterium genus members are Gram-negative,
aerobic, non-fermentative, yellow-pigmented rod-shaped
bacteria and ubiquitous in nature. This genus inhabits soil
environment (Weon et al. 2008; Shen et al. 2005), aquatic
environment (Kampfer et al. 2003), plants (Young et al.
2005; Venil et al. 2014; Jeong et al. 2017), and fish (llardi
et al. 2019).
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Figure 11. Bacillus velezensis inhibitory test; 1.B. velezensis, 2. C. gleum, 3. B. halodurans CM1, 4. B. megaterium, 5. B. licheniformis

F11.3, Arrow: inhibitory zone

-

Figure 12. B. velezensis inhibitory test: 1. B. velezensis, 2. B. stearothermophilus, 3. B. subtilis DB104, 4. Lactobacillus lactis, 5. E.

coli DH5a

Chryseobacterium species are rarely associated with
humans as hosts, except for two adjacent
Chryseobacterium species, namely, C. gleum and C.
indologenes (Lim et al. 2020). Specifically, C. gleum
association causes urinary tract infections and pneumonia
(Tsouvalas et al. 2020).

Bacillus velezensis is a member of the Bacillus subtilis
group complex. The grouping is based on the kinship
relationship among species whose members are B.
amyliliquefaciens, B. methylotrophicus, B. siamensis, B.
subtilis, B. tequilensis, B. vallismortis, B. atrophaeus, B.
mojavensis, and B. licheniformis. The Bacillus group
complex and Bacillus species are known to be safe for feed
and food product applications, and enzyme industry and
biochemical product applications (Harwood et al. 2018).
The Bacillus group complex and Bacillus species are safety
guaranteed (Qualified Presumption of Safety /QPS)
approved by the European Food Safety Authority (EFSA)
(Fan et al. 2017).

In addition, Bacillus group complex or Bacillus species
are commonly known to be safe (GRAS) stated by the
USDA (US Food and Drug Administration) (Sewalt et al.
2016). Furthermore, several species from B. subtilis group
complex produce secondary metabolites with antimicrobial
activity, namely, polyketides, lipopeptides, siderophores,
bacteriocins, bacteriocin-like inhibitory substances (BLIS),
and non-ribosomally synthesized peptides (Harwood et al.
2018). Based on the B.velezensis inhibition test against C.
gleum, B. halodurans CM1, B. megaterium, B. licheniformis
F11.3, B.velezensis showed antimicrobial activity,
indicated from the inhibition zone formation.

Among several complexes of the B. subtilis group,
B.velezensis produces more antimicrobial compounds with
greater inhibitory level than Bacillus species in one
complex group. The results of biochemical identification
indicates that the isolates are from Bacillus, and confirmed
by molecular identification from isolation and screening
tests that the isolate was B.velezensis.

In conclusion, identification of potential lipase-
producing bacterial isolates isolated from palm oil sewage
sludge processing waste in Malimping Banten was Bacillus
velezensis. Morphological and biochemical identification
showed that the isolate was bacterial and belonging to the
genus Bacillus, strengthened by molecular identification
using 16SrRNA determined that the isolated bacterial
isolate had a similarity of 99.89% with Bacillus velezensis
strain FZB42.
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