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Abstract— Study of lipolytic, proteolytic and cellulolytic bacteria in variety, especially the study of isolation technique to identify,
cultivation technique to produce many researchers have done enzyme and activity test. While the study on lipolytic, proteolytic and
cellulolytic that support the consortium bacteria having the capability of degrading fats, protein and cellulose being the wastewater
components have not been conducted yet. This is a novelty of this study. This study aims to obtain consortium of bacteria having
lipolytic, proteolytic and cellulolytic capability from the palm oil mill effluent. The lipolytic, proteolytic and cellulolytic bacteria were
isolated from the wastewater using medium mineral (MM), and each of the bacteria was enriched by vegetable oil, casein and
Carboxy Methyl Cellulose (CMC). Each of the isolates of bacteria that had been selected was conducted oxygen requirement and
synergism tests, and then the consortium of bacteria was wade. Two types of consortium of the bacteria were obtained, that is a
facultative anaerobic consortium that consists of two bacteriBacillus toyonensis strain BCT — 7112 andStenotrophomonas rhizophila
strain e-p10, and the aerobic consortium that consists of three bacteria, namelfgacillus cereus ATCC 14579, Pseudomonas
azotoformans strain NBRC 12693 and Burkholderia cepacia ATCC 25416.
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|. INTRODUCTION enzyme from the lipolytic bacteridBseudomonas and group
of gram-positive bacteria.

Study concerning with lipolytic, proteolytic and : ; . -
y g poiyt P y Bestari and Suharjono [3] carried out the activity test of

cellulolytic bacteria had been conducted. The study was . . i : i .
conducted in variety, especially the study of isolation &N €nzyme ofl|pase and |den§|f|ed the lipolytic bacteria f_rom
technique to identify, cultivation technique to produce wastewater of fish treatment industry and found bacteria of

enzyme and activity test. The characteristic study of @phylococcus aureus B3 that possessed the enzyme
lipolytic, proteolytic and cellulolytic that support the activity of lipase 4,05 of 4.05/ml for 34 hours of incubation

consortium bacteria having the capability of degrading fats, ime. Gludice et al. [4] conducted isolation of lipolytic
protein, and cellulose being the wastewater componentsbaCte”a and the activity test from Antartic sea. They found
have not been conducted, so the study was a new thing t4'€€ genera of bacteria, namel{seudoalteromonas,
make the consortium of bacteria becoming potential to treatPSyChrObaCtoer’ andVibrio. Lipolytic activity was tolerant of
the organic waste containing fat residue, protein, andNaCl (1-11%) and low temperature (4-1G). Lee et al. [5]
cellulose. The study of lipolytic bacteria was conducted found genus of that showed proteolytic and lipolytic activity.
starting form isolation, characterization identification, and 1h€ bacteria were isolated from the contaminated soil in the
lipolytic activity test. Ali et.al.[1] isolated the bacteria for Mmarket area. Lodha et al. [6] found fungi Bhizopus

degradation of fats from the oily contaminated soil obtained Nigricans having lipolytic property and produced
nine genera, namelPseudomonas, Bacillus, Aeromonas, biosurfactant indicated from bioemulsification activity test.

Saphylococcus,  Sreptococcus,  Enterococcus,  Serratia Mandeputi et al. [7] conducted fermentation of vegetable
Yersinia. dan. Lactobacillus. ’Arpigny and ’Jaeger EZ] oils using lipase enzyme resulted by four isolates of bacteria

conducted the characterization and classification of thefrom the soil sample. The vegetable oil used included
coconut oil, bean oil mustard oil, olive oil, sunflower oil and
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soybean oil that had various types of the fatty acid ester. Thesubtilis 333 (27.1 U),Tatumella ptyseos (27.0 U) andB.
results showed conformity among the lipase enzyme of eachmegaterium 817 (26.2 U). Three bacteria that Bacillus
bacteria with lipase activity for each vegetable oil. subtilis, Bacillus thuringiensis, and Lysinibacillus fusiformis
Odeyemi et al. [8] found isolate ¢fseudomonas from were obtained from wastewater of chicken farms having
restaurant having the capability to produce three enzymesgcharacteristics of lipolytic-proteolytic and producing
that is lipase, protease, and amylase. Activity of each biosurfactant.
enzyme is lipase 0.073 mM/min/ml, protease 50 -  Study of cellulolytic bacteria carried out by the previous
117mM/min/ml and amylase 7.7 - 117mM/min/ml after 12 researchers concerned with isolation and examination of the
hour incubation. Pallavi [9] succeeded to produce lipase activity of cellulase enzyme. Balamurugan, et al. [15] found
from an isolate of Bacillus subtilis P-1V1 from the oil- five isolates of bacteria having cellulolytic characteristics
contaminated soil. The highest concentration of lipase foundwith maximum cellulosic activity at pH 7 and a temperature
at 48 hours was 8.8 u/ml. Phong [10] succeeded to isolaterange of 30 — 46C. The five isolated bacteria were obtained
Acinetobacter soli strain AL3 from wastewater of the food from soil of tea gardens. Dubey et .al. [16] isolaBadillus
industry and restaurant being capable of degrading lipids.subtilis having cellulolytic characteristics from biogas mud.
Assessment of proteolytic bacteria that had been conducted’he maximum cellulolytic activity was found at a salt
by Donkor et al. [11] obtained for genera of bacteria, concentration of 1%, pH 7 and incubation temperature of 35
namely: Lactobacillus, Bifidobacterium, Lactobacillus and °C. Hatami et al. [17] isolated cellulolytic bacteria from soil
Streptococcus that had proteolytic activity being bacteria of forest and soil of farming and found bacteria with coccus
lactic acid and probiotic bacteria from fermented milk. and small bar form. The average index of bacteria from the
Rodarte et al. [12] examined protease activity of bacteria, forest soil was found 1.60 smaller than the cellulolytic index
namely: Bacillus megaterium, B. subtilis, Enterobacter of the agricultural soil 2.10. Huang et. Al. [18] found 17
agglomerans, Kurthia sp, Pseudomonas paucimobilis and genera of bacteria from larva digestion channel of
Tatumella ptyseos isolated from the coffee bearCdffea Holotrichia parallela with cellulolytic characteristics. The
arabica L.). The maximum activity average of protease genera of bacteria ard’seudomonas, Ochrobactrum,
enzyme resulted in pH 9. Megha, S.V., and B. Annadurai Rhizobium, Cellulosimicrobium, Microbacterium, Bacillus,
[13] found seven isolates of bacteria from fresh milk and Dyadobacter, Sphonobacter, Paracoccus, Kaistia, Devosia,

after identification, namely&taphylococcus aureus, Bacillus Labrys, Ensifer, Variovorax, Shinella, Citrobacter, and
cereus, Pseudomonas aeruginosa, Proteus mirabilis, Senotrophomonas. Irfan et al. [19] succeeded in isolating
Escherichia coli, Micrococcus luteus and Serratia Cellulomonas sp. ASN2 with the cellulolytic property of the
marcescens and five of them had proteolytic activity, soil. The optimum condition for the activity of cellulose
namely:Bacillus cereus, Pseudomonas aeruginosa, Proteus enzyme was achieved at pH 7.5 and incubation temperature
mirabilis, Micrococcus luteus and Serratia marcescens. of 60 °C. Wenzel et al. [20] obtained two order bacteria of

Assessment of proteolytic bacterial had been conducteddigestion channel of insect afootermopsis angusticollis,
by previous researchers starting from isolation to the that is: actinomycetes consisting of three genera, namely:
examination of protease enzyme activity. The following Cellulomonas/ Oerskovia, Microbacterium andKocuria and
researchers had isolated proteolytic bacteria from variousBacillales consisting of three genera, nameBacillus,
sources. Donkor et al. [11] conducted the lipolytic test from Brevibacillus and Paenibacillus. Each of the genera had
lactic acid bacteria and probiotic bacteria resulting from cellulolytic characteristics in aerobic condition, as well as,
fermented milk and found for general bacteria, that is facultative anaerobic. This research aims to obtain

Lactobacillus,  Bifidobacterium,  Lactobacillus, and consortium of bacteria having lipolytic, proteolytic and

Sreptococcus possessing proteolytic activity. cellulolytic capability from the palm oil mill effluent.
Rodarte et al. [12] examined activity of protease from

bacteria ofBacillus megaterium, B. subtilis, Enterobacter Il. MATERIAL AND METHOD

agglomerans, Kurthia sp, Pseudomonas paucimobilis and
Tatumella ptyseos isolated from the coffee bearCdffea

arabica L.). The average of maximum activity of protease  \yagtewater was taken from two parts, that is: bottom part
enzyme was obtained at pH 9'_ Megha, SV, and _B' (substrate/sediment) as a source of anaerobic bacteria isolate
Annadurai [13] found seven bacteria isolates from fresh milk 5y rface part as a source of aerobic bacteria isolated. The
andl after identification, they werﬁaphyl_ococcus aureus, sample for each part was taken using a random sampling
B"."C'”.U.S CEreus, .Pseu.dorr}onas aeruginosa, Protegs method by determining three sample stations (cooling pond
mirabilis, Escher|_ch|acol|, Mlcroqoccusluteus anngrrat|a 1, anaerobic pond and cooling pond 2). The sediment was
marcescens and five of them having proteolytic activity, that taken 1 — 2 kg and a sample of the surface part 1 — 2 liter at

IS: a?)ﬁq”ulf/l' Cereus, Psleudomonag Sae?r uginosa, Proteus each station aseptically and all of the samples were stored in
mirabilis, Micrococcus luteus an rafia marcescens. coolbox and taken to the microbiology laboratory for

Rupali [14] succeeded in isolatii@acillus sp from soil that bacterial isolation

had proteolytic characteristics. The maximum activity of )

protease was 0,0233 U/ml/ achieved at pH 7,4 andB. Isolation of Bacteria from Samples of Wastewater from
temperature of 60C. Rodarte et al. [12] found 52.5% of Palm Oil Mill and Oxygen Requirement

bacteria isolated from coffee bean with proteolytic  gample of sediment was taken 5 g and that of surface part
characteristics at pH 9, but only three of the bacteria isolatesg | was inoculated in 45 ml mineral medium in Erlenmeyer
possessing the highest proteolytic activity, namBagillus — yith a volume of 250 ml. Culture was incubated at room

A. The sampling of Wastewater from Palm Oil Mill as
Bacteria | solate Source
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temperature for 2 x 24 hours and then it was diluted startinginto the liquid medium (Nutrient brothdnd it was incubated
from 10" to 10°, and each dilution was cultured at medium at a temperature of 3Z for 24 hours Solid medium
Plate Count Agar (PCA) in Petri disk. The culture in Petri (Nutrient agar)was prepared to examine the bacteria isolate
disk was inoculated for 2 x 24 hours at room temperature.in Petri disk by applying spread plate methofd0.1 ml
Each colony was purified to obtain pure indigenous bacteriainoculum of bacteria isolate 1 using drygal skyhe surface
isolate. Each of the pure isolates was tested for oxygenmedia of NA, while other bacteria isolate inoculum (isolate
requirement by inoculating one ose to the medium of of bacteria 2 — 11) was placed at the surface of agar using
Nutrient broth (NB) and incubated at a temperature diC37  disc papethaving been immersed in the inoculum. Each of
for 2 x 24 hours. The growth of each bacteria isolate at thethe isolate was conducted similarly to bacteria isolate one so
NB medium was observed cell distribution vertically. If the that the bacteria characteristics of synergism and antagonism
increase was concentrated at the surface of NB medium, itcould be known and then it was incubated, and the growth of
indicated the aerobic characteristics, but if the growth each isolate was observed. Isolate of bacteria having the
distributed vertically from subsurface to bottom of NB potency of synergism was indicated by not forming resistant
medium, it indicated the facultative anaerobe. zone being a clear area around the disc paper.

C. Sdection of Lipolytic Bacteria I solate G. Bacteria Identification

Each of indigenous bacteria isolates selected having the Each bacterial isolate was extracted using a bacterial
potency to degrade oil/fat. The selection was carried out byDNA extraction kit (Promega). The obtained DNA was
using the mineral medium (MM) with composition per liter, stored at 4 ° C overnight to dissolve completely in TE 1x
that is MgSQ.7H,0O of 0.02 g; KNQ of 0.075 g; kHP O, of buffer and then stored at -20 ° C for long-term storage. The
0.05 g; FeSQ7H,0 of 0,002 g; CaGl2H,0 of 0,004 g and purity and concentration of DNA are done quantitatively and
bacto agar of 15 g (Atlas, 2010). The medium was added qualitatively. The quantitative calculation was determined by
with vegetable oil of 1 ml and pH indicat&romo-Thimol spectrophotometer at 260 nm and 280 nm wavelength, then
Blue (BTB) of 0,002 g/l. Each of the isolates was made into calculated the absorbance ratio. DNA quality test was done
suspension in sterilized aquadest, disc paper with a diameteby electrophoresis method using agarose gel with
of 6 mm was immersed into the bacteria isolate suspensiorconcentration 0.8%. DNA quality is good when the DNA
that would be examined, and it was inoculated in the surfacebands look clear, thick, there is only one band and no
of MM agar having been added by vegetable oil and BTB. shadow under the band (smear) and compared with the

The culture was incubated for a temperature ofG7or 2 x marker (DNA marker). The obtained 16S-rRNA gene was
24 hours. Colour changed from blue to yellow showed the amplified using a Polymerase Chain Reaction (PCR) device.
bacteria isolate examined was lipolytic. The primer used in amplification consists of forwarding Bact

) i ) ) 27F: 5'- AGA GTT TGA TCA TGG CTC AG -3 ') and
D. Selection of Indigenous Bacteria Isolate having the  teyerse primary (Union 1492R: 5-GGT TAC CTT GTT
capability of degrading Cellulose (cellulitis) ACG ACT T-3'). The stages of PCR conditions used for
Each of indigenous bacteria isolate was selected amplification were predenaturation (@5 3 minutes one
cellulolytic characteristics. The selection was conducted by time), denaturation (98C 0.5 minutes 30 times), annealing
using MM Agar plate having been added wiffarboxy (55°C 1 minute), elongation (72C 1.5 minutes), post-
Methyl Cellulose (CMC) of 0.1%. Each of isolate was made Elongation (72C 5 minutes one time).
a suspension in sterilized aquadest, disc paper with diameter The amplified DNA, separated with 1% agarose gel
of 6 mm was immersed into the bacteria isolate suspensiorelectrophoresis, was further visualized using ethidium
being examined and inoculated in the surface of MM Agar bromide dye and detected by UV light on UV-
having been added with CMC. The culture was incubated attransilluminators. The detection results were documented.
37°C for 2 x 24 hours. Clear zone appeared around the discAnalysis of DNA sequencing data encoded 16S rRNA
paper if the growth bacteria was able to degrade cellulose. BLAST NCBI. Determination of pure DNA sequence
. . . ) (sequencing) was done by sending DNA of purification
E Selectl_o_n of Indlge_nous BaCte”a ISOlate having the result of MACROGEN; then sequencing result was analyzed
capability of degrading Protein (proteolytic) with Bioedit software and data which had been processed
Each of indigenous bacteria isolates selected for was matched with data at gene bank
proteolytic characteristics. Selection was conducted usinghttp://blast.ncbi.nlm.nih.gov/ which would show the genetic
MM Agar added with casein of 1 g/l. Each of isolate was kinship of the species (Phylogenetic Tree).
made a suspension in sterilized request. Paper disk with a
diameter of 6 mm was immersed into the suspension of the I1l. RESULTS ANDDISCUSSION
bacteria isolate that would be examined and inoculated into
the surface of MM Agar that has been added with casein.A. Isolation and Selection of cellulolytic, proteolytic, and
Clear zone formed around the disc paper if the growth  lipolytic bacteria

bacteria in the medium was able to degrade casein. Eleven bacteria were obtained from three ponds of the
wastewater treatment system of palm oil mill in which five
o ) ) bacterial isolates were obtained from cooling-1 pond, and
Eleven of bacteria isolates was carried out synergism testthree bacterial isolates were obtained in the anaerobic pond,
Each of bacteria isolate was made inoculum by taking theas well as, in the cooling-2 pond. Oxygen requirement test
bacterial culture using ose needle and then it was inserteshowed that there were five isolates of facultative anaerobic

F. Synergismtest among the bacteria isolates
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bacteria and six isolates of aerobic bacteria. Selection of the
ability to degrade cellulose, protein, and fat was conducted gg
to all bacterial isolates either aerobic or facultative
anaerobes. The medium contained cellulose substrate for
ability test to degrade cellulose (cellulolytic) if the bacteria
grown in the medium was able to degrade cellulose, clear }&
zone formed due to the conversion of insoluble cellulose in [
the medium into simple sugar substance such as glucose / =
being highly dissolved in the medium. Dissolve glucose
changed medium become clear. The ability test to degrad
protein was conducted in medium containing milk protein
(casein). Bacteria have the capability to degrade casein (less The bacteria selected with characteristics of anaerobic,
dissolved so that the medium being white) to produce aminocellulolytic, proteolytic, and lipolytic was tested its
acids that dissolved in the medium, so that clear zone wascapability to produce gas The bacteria were able to produce
formed. gas in medium, and the produced gas was stored in Durham
The medium containing vegetable oil was used for tube while the bacteria did not produced gas, no gas was
degrading fat (lipolytic), and glycerol and fatty acid was stored in Durham tube. Gas was produced as methang (CH
produced if the grown bacteria degraded the fat in thein an anaerobic condition, and it was produced as carbon
medium. Fatty acid produced would reduce medium pH to dioxide (CQ) in aerobic condition. Results of selection to
be more acid and change color of pH indicator of characteristics or ability of bacteria to degrade the
Bromothymol Blue from blue to yellow. Results of wastewater component of palm oil mill are shown in Table
degradation tests of cellulose, milk protein and vegetable oil 1.
with bacterial isolates either aerobic or facultative anaerobes
are shown in Figure 1.

Fig. 1 Test results of cellulolytic (SEL), proteolytic (PRO) and lipolytic
e(LIP) of bacterial isolates

TABLE |
SELECTION RESULTS OFCHARACTERISTICS ANDABILITY OF BACTERIA
REQUIRED INWASTEWATER TREATMENT OFPALM OIL MILL

No Isolate Gas_ - CTargcteristics Ability of Degradation
Code | Production | Facultative | .. Cellulolytic | Proteolytic | Lipolytic
anaerobe
1 K.An 1 v v v v
2 K.An 2 v v
3 K.An 3 v v
4 K.P1.1 v v v
5 K.P1.2 v v v
6 K.P1.3 v v v
7 K.P14 v v
8 K.P15 v v v
9 K.P21 v v
10 K.P 22 v v v
11 K.P23 v v
Remark :
v : able or positive test result

K.An: Anaerobic Pond
K.P.1: Cooling Pond 1
K.P.2: Cooling Pond 2

Results of selection show two bacteria having potency in other or antagonistic). The complete synergism test results
anaerobic treatment, that is: K.An 1 and K.P 1.2 code while are presented in Table 2. Based on Table 2, the isolates of
three bacteria having potency in aerobic treatment, that is:the synergistic bacteria are KAn-1 & KP-1-2; Kan-2 & KP-
K.P1.1, K.P1.3, and K.P2.2 code as shown in Table 1. 1.2. & KP-1-1; KP-1.1 & KP-2-2 & KP-1-3These results

_ indicate that three groups of bacteria are mutually
B. Synergism Test Results synergistic. The first group consists of two bacteria, namely:

The results of the synergism test are indicated by not KAn-1 & KP-1-2, the second and third groups consist of
forming of inhibition zone around the disc paper that three bacteria, namely Kan-2 & KP-1.2. & KP-1-1 and KP-
contains the bacterial isolates, otherwise, if the inhibition 1.1. & KP-2-2 & KP-1-3, respectively.
zone is formed between the bacteria (the bacteria on the agar
surface and bacteria on the disc paper are inhibited each

393



TABLE Il
SYNERGISM TESTRESULTS OFELEVEN BACTERIAL ISOLATES

Code of Isolate code at agar surface

isolate atdisc [ KPp TKP | KP | KP | KP | KP | KP | KP | KAn | KAn | KAn
paper 23 | 22 | 21| 15 | 14 | 123 | 12 | 11 3 2

K.An 1 - - - - - - + - - -
K.An 2
K.An 3
KP1.1
K.P 1.2
K.P 1.3
K.P14
K.P 1.5
K.P2.1
K.P 2.2

K.P 2.3
Remark: + : sinergism characteristics; - : antagonism characteristics

P
o

© (0 (N [ |0 (&~ (W N |-

[Eny
o

=
[N

N . phylogenetic tree as shown in Figure 2 to Figure 6, each of

C. ldentification Results of Bacteria Isolate bacterial isolate identified, that is KAn.1Bacillus
Identification of bacteria results in two groups, which is toyonensis strain BCT-7112, KP.1.2:Senotrophomonas

anaerobic and aerobic bacteria group which has the potencyhizophila strain e-p10, KP1.1:Bacillus cereus ATCC

of degrading wastewater component of the palm oil mill. 14579, KP1.3:Pseudomonas azotoformans strain NBRC

Group of anaerobic bacteria consists of bacterial code12693, and KP2.2Burkholderia cepacia ATCC 25416.
KP.1.2 and KAn.1, while that of aerobic bacteria consists of

bacterial code KP.1.1, KP.1.3, and KP.2.2. Based on the

Contlg MU-13

NF_114491.1 Bukholdena cepacla Sirain ATCC 25416 165 Mo0Somal RNA gene panial sequence
MR_042635 1 Bukholdera seminals st@in R-2419 165 ribosomal RMA gene pall saguance
NF_136496.1 BuKholdana e mionl S5rain LIWMG 25158 165 mosomal RNA paniel seguanca
MF_113545 1 Bukholdera cepacta straln MERC 14074 165 Abosomal RNA gene partial saguence

NR_04 17201 Bukholdeta vietiramiensls stialn LMG 10929 165 ribosomal RNA gene paillal sequence
4'; NR_04 2632 1 Bukholdeta latens straln RE5630 165 ribosomal RNA gene patial sequence
NR_118572.1 Bukholdena vistramiensis sTEin TV TS 165 rbosomal RMA gens panial sequencs

NF_042536.1 Bukholdena messiica SUEin 16017 165 Mo0somal RNA gene parttal s equanca
—| E NF_104978.1 BuKholdana CONREM NGNS Sirain J2956 165 Mosomal NG gens pamtal Sequencs
NF_102300 1 Bukholdena 13t SU@h 383 165 No05omal RNA gene comples sequence

[—— MR_042533.1 Bukholdeta difusa staln 15350 165 Mosomal RNA gens panlal sequence

L nm 074857 1 Bukhoiceda ambitark stain AMME 165 dbcsomal R gene complete sequence

[—— MR_104575 1 Buskholkieia anihia stk W25 165 foosomal RNA gene pail sequence

L nF_042634 1 Buknoloana SMDOrs StEIn 24201 165 MOoS0mal RNA gEne pamial sequence

[—— MR_O41719.1 Bukholkieta stabills stak LG 14294 165 foosomal R gene parialsequence

L nF_114522.1 Bukholoana stanilis St 00 LG 14294 165 Mosomal RMA gense pantal sequencs
ME_112058 1 Bukholdera phenaz hium straln ATCC 33665 165 Abosomal RNA gene complete sequence

Fig. 2 Phylogenetic tree of the bacterial isolate identification result of KP.2.2 (identification code MU-13)

WF_121761 1 Baclius toyonersts stein BCTT 112 165 ribosomal RNA gene complete sequence
{ MR_114581 1 Bacllus thurhglensks si@in ATOC 10792 165 rbosomal R gene partial sequence

MF_113900 1 Eaciius mycobes sialn MERC 101223 165 rbosomal RMA gene parial sequence
{ NR_(2 4657 1 Baciius welensiephanensts sirain DSM 11821 165 foosomal RNA gene paflal sequence

l—D:-rIIg_ M-8
L WR 0745401 Bacllus cemus ATCC 14579 165 dbos omal RNA {mA ) gene complele sequence

MF_113901 1 Eacilus pseutomy cokdes Stmh NERC 101232 165 mosomal RNA gene panil saquence
MR_112725 1 Bacilus mojsensks sirain NERC 15718 165 roosomal RN gene parial sequence

Fig. 3 Phylogenetic tree of the bacterial isolate identification result of KP.1.1 (identification code MU-19)
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WR_113583.1 Paeudomonas symx antha straln NBR:G 3913 165 focsomal RNA gene panlal sequendce
WR_114225.1 Pseudomonas muckdolens stah MIBRC 103159 165 Moosomal RNA gene parial seguence

—L

WR_024901 1 Pseudomonas Boanensls siain CF 105460 165 doosomal R gene complete sequence
WR_024925.1 Pseudomonas gessadl siraln CF 1054569 165 rbosomal RivA gene parnilal sequence
NR_024912.1 Pseudomonas cadring straln OFML 95-198 165 roosomal RNA gene parilal saquence

—L

NF_113600.1 PEeudomonas azotcfonmans strain MBRC 12693 165 foosomal A gene parial sequence
Contig ML

WR_I25103.1 Pseudomonas bemmer stizin CFML 97-381 165 rbosomal RMA gens parilal sequence
WR_028586 1 Pseudomonas poee stEln P 52T M3 165 ribosomal RNA gene @il sequence
WR_I285%57 1 Pseudomonas tndalls straln P 51319 165 rbosomal RNA gene paniial saquence
NR_114431 1 Pseudomonas olaasll stain ATOC 33515 168 rbosomal RMA gene panlal seguence
MNR_042199 1 Pseudomonas Linda stin P 51318 165 rinosomal BNA gene paRlal sequence

—

L

NR_I25164 1 Pseudomonas costantinll stieln CFBP 5705 165 ribcsoma| RMA gene pafbl sequence
NR_112077 1 Pseudomonas Tagl straln FO 3458163 rbosomal RMNA gene complete saquanoe

Fig. 4 Phylogenetic tree of the bacterial isolate identification result of KP.1.3 (identification code MU-21)

NR 074936 1 Kanihomonas campestis siraln ATCC 33913 165 Abosomal RMA gens complele semence
NR 1192181 Xanhomonas campestis siraln LG 565 165 rbosomal RNA gene complete s eqence

MR 1047951 JanPOMONas garInen st DSM 19127 165 Mosomal fNA gens panial sequence
—:ﬁ-:eaﬁa 1 XarMPOMONES CYRaras SIEN CFEF 4153 165 MD0SOME| RNA gBNe COMDER sequence

NR 1131671 Xanthomonas amoncola po jugiandls straln NCPPE 411 165 Moosomal RNA gene partlal sequence
NRO26319.1 Kamthomonas oy Zae stral LMG 5047 165 doosomal RNA gene parial semuence

N 1049481 Xamthomona s dyel sirain ICMP 12167 1658 riocsomal RNA gene panil sag
NR 0263851 Xanhomonas pEl stEin LG 847 165 doosamal R gene panilal sequence

NR 0263861 Mamhomonas hoforum st@in LG 733 165 foosomal RMA gene partial s emence

NR 1047731 Kamhomonzs eweskaiona straln DSM 19128 165 Aoosomal RMNA gene panizl sequence
\11349;»-3 1 MEMPOMONEE UECENE SIEN LME 526 165 rbosomal RNA gens pERiEl seguence

'\*\13—1-‘3:!_ 1 ¥anthomonas afafee stimh LMG 435 165 rbosomal RNA gene panial seguence

usnce

NR 0263831 Kamthomonzs vasicola stEin MG T36 165 daosomal RMA gene parial sequence

NR 1042641 ¥amhomonzs ¢ strzin 3213 165 ribesomal RMA gene paniel seguence

NR 117 146.1 Xanthomonas cbi subsp. mahacsanm stral DSM 35849 165 rinosomal RMNA gene pafbl sequence
NR 1043021 Xanthomonas cbi subsp. mahacsanm straln DEM 35849 165 rinosomal RMNA gene pafbl sequence
NR 1174061 Sienotlmohomonas panac hum i stiin MKOG 165 rinosomal RMA gene paiEl sequence

NR 116366.1 Sienotmpnom onas chelatl prage stein LPMES 165 moosomal RNA gens panial sequence
NR 1217381 Sienctmphomonas MmzephiE st@n e-p10 165 riosomal RNA gene compiete sequence
Contig s

NR 028930 1 Senotmohomanas milzophile st@h e-p10 165 rivosamal RMA gene panel sequence

R
R —

Fig. 5 Phylogenetic tree of the bacterial isolate identification result of KP.1.2 (identification code MU-17)

W02 4607 1
MFR_113990.1

Eaclius wehenstephanansls straln DSM 11821 165 mMosomal RNA gene paniial saquence
Baclus mycobes siraln MBRC 101228 165 rincsomal RNA gene paflal seguence

_,—|:

NR_O74540.1 Bacllus cermus ATCC 14579 165 moosomal RNA nA ) gene complete sequence
WR_115714.1 Bacllus cerus sieln COM 2010 165 rbosomal RMA gene complele sequence

WR_112780 1 Baclluz thurh gers b Stmin KERC 101235 165 fbosomal RNA gene panial sequence
I'«'i_‘h‘l.-'ﬁ‘l 1 Bacllus i IJ:.EI'IE'IE-E sEn BCTT 112 165 rincsomal RNA gEna oMol sagueEnce
Comtig MUHER

NR_113391 1 Baclius pseudomy cokies st MERC 101232165 Moosomal RNA gene parlal sequance

WR_O7 4914 1 Bacllus o iotox kous straln NvH 33193 165 docsomal RNA gene complete sequence

WR_117383.1 Bacilus desanl siein ZL0-5 165 moosomal R gene panial sequence

Fig. 6 Phylogenetic tree of the bacterial isolate identification result of KAn.1 (identification code MU-18)

rhizophila strain e-p10 with proteolytic characteristics, while

IV. CONCLUSIONS

Two groups of consortium bacteria have the potency of
lipolytic, proteolytic and cellulolytic and each of them has
characteristics of aerobic dan facultative anaerobic. The
bacteria types in each of the consortium group are synergic.
The consortium having facultative anaerobic characteristics
consists of Bacillus toyonensis strain BCT-7112 with
cellulolytic-lipolytic characteristics andtenotrophomonas
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the consortium of aerobic consistsBHcillus cereus ATCC
14579 with cellulolytic characteristics,Pseudomonas
azotoformans strain  NBRC 12693 with proteolytic
characteristics andBurkholderia cepacia ATCC 25416 with
lipolytic characteristics.
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