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Abstract

A unique location with a unique environment atteaictnany researchers to explore bacteria as arntasoddlection especially for
actinomycetes group because of the potential ofr thatimicrobial metabolites. Information on antamobial activity by
Streptomyces from the Sidoarjo mud area is limitBthsurfactant was also one of the metabolites preduby the group of
actinomycetes. Biosurfactant screening was carrigdbyg growing isolates in a series of tests in fieenolytic, tributyrin agar,
surface tension, and emulsification activity. Thiggymented on glycerol, n-hexane and molasses substfor 7 days. The
antimicrobial activity of organic extract evaluatasing a paper disc diffusion method against B. AOICC 25922 and S. aureus
ATCC 6538P. The results of biosurfactant screeniatp tshowed differences in surface tension and ngrgmulsification activities
in the isolates obtained. Supernatants producebidsurfactants have been shown to be able to shuimiarobial activity as
indicated by the formation of inhibitory zones asated with pathogenic growth. AF1 as a selectadaiss identified as
Streptomycesp. MN394821 using 16S rDNA gene analysis. It b@8% similarity with accession-coded strain KY236dland
98% with accession coded Streptomyces rochei ABINsGU434672.1.

Keywords:Antibiotic; Active compound; Biosurfactant; Streptyes

1. Introduction

Microbes are found to live freely or stick to therface of soil particles, but most soil bacteriteract with plant
roots known as the rhizosphere. The main reasorthwaisicreasing rate of availability of dissolvegi@anic compounds
derived from exudation of plant roots [1]. The lbea around Sidoarjo mudflow was once a fertileiagtural land, the
environmental conditions at that location are alsteresting to be investigated further about thdepiial of
microorganisms in these habitats. A number of stdsing the microflora of these habitats have bédaly reported.
Poernomo [2] interested in proteolytic enzymes,levilabibie [3] examined the potential of xylanaBeacahyo [4]

*Corresponding author.
E-mail addressachmad.arifiyanto@fmipa.unila.ac.id
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identified potential bacteria to inhibit pathogemiolds in rice, and overall informs the thermophdbility of bacteria
isolated, as the research focus by Dagdag [5].

Actinomycetes or Order Actinomycetales are memioérghe Actinobacteria group. Actinomycetes beloagthe
group of Gram positive bacteria, with filaments rettderistic. He plays an important role in varidndustries because
of his ability produced a number of metabolite compds that vary in structure and function. Many ahetites by
actinomycetes are reported to have antagonistilitiebiagainst bacteria, yeast, and mold. For teigson, many
actinomycetes are developed and used as medicigaddients in the prevention of various diseasé® Jearch for
actinomycetes metabolites develops from exploratibaertain regions, unique environments, variaiam isolation
methods, innovation to manipulation of genetic matg6]. Most microorganisms, including actinomyeg, are known
to produce active metabolites which can reduceasarfension. This compound itself is better knowrsafactant. A
number of biosurfactant groups are known to havéméggrobial activity, including glycolipids, lipogsides &
lipoproteins [7]. On the other hand, actinomycdiasteria are spread over a wide habitat. It cafobrd in various
types of soil samples, fresh and marine waters,gnuwe ecosystems [8], thermofilic and alkaliphii$d, acidophilic
[10] and halophilic [11] or even though at Antartegion [12]. Therefore it is also called the extophilic group.
Different ecological environments, with the surrding physical, chemical and biological conditiorften play a role
in the discovery of new types of bacteria and natts.

The actinomycetes study in Indonesia itself is gaiarried out. Susilowati [13] collected actinomigsein various
agricultural and plantation areas on the islanddasfh, Sumatra, Sulawesi, and NTT by focusing tigmlan the soil's
rhizosphere. Nurkanto [14] explored land actinongsein Ternate. Meanwhile there is no informatidmouwd
actinomycetes isolated from Sidoarjo mud.

2. Materialsand M ethods
2.1.Sampling and isolation of actinomycetes

Soil samples taken using soil borers at a deptfB®fcm through line transect method around six burst
embankments (112.70487,-7.52393) (112.70325,-7529112.70326,-7.53282) (112.70355,-7.53272) (10234,-
7.51744) (112.71107,-7.51237). Isolation of actigoetes was carried out using the dry-heating methbd soil dried
in the oven for approximately 8 days af@0Soil samples crushed and filtered with a 3-5 smwe. Then 1 g of soil
was taken, suspended in 9 mL of sterile water, eshatk 2 minutes, and left for 1 minute. They ditufelly for 10-8
dilutions. The last 3 series of dilutions are 16,7, and 10-8 also the first dilution is takennasch as 0.1 mL and
spread on a Petri dish containing Starch Caseim &ig&CA (Himedia®) medium which is added with gogulvin and
chloramphenicol 0.05 ppm. The surface of the medmffattened using a spatula. The Petri dish vkas tincubated
for 1-3 weeks at AT.

Isolates were observed microscopically and accormadahy Gram staining to determine whether or na th
actinomycetes group was present. Storage of isolates carried out on sloping SCA media and as stattkre and
work culture. Long-term storage of o them storethgidiquid drying method with cryoprotective medighose
composition consisted of ribitol or adenitol 1.54psphate buffer pH 7.2 100 mL, and monosodiurtagtate 3 g.

2.2.Hemolytic test

Isolate is grown on Blood agar medium. A total o InL of fresh sterile lamb blood was pipetted iato
Erlenmeyer flask containing 100 ml of mineral-agesdia and then homogenized. The blood medium poamddkept
sterile until it got frozen and solid. Biosurfactquotential bacterial strains were scratched oshftdood media. It was
incubated for 1-2 days at %7. It was checked for the zone of hemolysis androchanges formed from the activity of
the test bacteria

2.3.Lipase test

Lipase activity was measured by growing bactegalates on agar tributyrin medium. This medium a&de by
adding 10 mL of tributyrin (Himedia®) to 990 ml afjar solution (5 g of peptone, 3 g of yeast extract 15 g of
agar) and then heated and sterilized in an autec@i22C. This medium should not be poured on disposabtd P
dishes or other tools made of plastic. It affedtezlobjectivity in assessing the ability of baaen lipase activity tests,
because plastic included as a hydrocarbon groupuwhs sensitive to the lipase enzyme.
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2.4.Surface tension test

Surface tension measurement conducted using theskf@00 tensiometer (Kruss GmbH, Hamburg, Germany)
using the Du Nouy ring method. Measurements wergenaing crude surfactant previously obtainecedted at room
temperature (3x replication used to improve measarg accuracy and take an average). The formutanbedferred to
[15],

nipl

Y2 =Yl

n2p2

1)

v 1 = water surface tension, 72 dyne / ¢r,= biosurfactant surface tensign]. = water densityp 2 = biosurfactant
density, n1 = number of drops of water, and n2 miper of drops of bsiosurfactant solution.

! Chakrabortyet al, 2015.

2.5.Index of Emulsification

The ability of biosurfactant emulsifies liquid oydrocarbons determined using kerosene. Bacterlaires were
inoculated on a liquid production medium and indadafor 24 hours. Bacterial cell-free supernataand lobtained
through centrifugation at 20.000 G for 10 minuted daomogenized with hydrocarbons on the vortex mmacht high
speed for 2 minutes. Index of emulsification codrfir®mm height of fluid layer emulsion divided byetlentire system
height multiplied by 100. The stability measuredenfone hour. The emulsification activity of biofatant was
determined by measuring the emulsification indeX4(Br El). It can be calculated using the followfogmula:

__ Total height of the emulsion layer

El

X100 (2

Total height of the system

2 Chakrabortyet al, 2015.

2.6. Antimicrobial activity test

Antimicrobial activity tested using agar disc difan test at Mueller-Hinton agar (MHA; Himedia®. Coli
ATTCC (-), andStaphylococcus aureusTTCC (+) cultured overnight in Mueller-Hinton ktoat 37 C. Optical
Density broth cultures were adjusted to 0.1 orejant to 108 CFU mL-1 inoculum (according to Md&ad turbidity
standards). About 500 uL inoculated on Petri digmtthe MHA medium (10mL) was poured on the surfamt spread
uniformly. It air dried for 10 minutes under lamirsterile air flow. Biosurfactant extracted usifgaroform: methanol
(3:1/v:v). Sterile Whatman disc filter (5 mm in diater) dripped with 10 pL of a different solutiohldosurfactant in
methanol aseptically on the surface of the MHA agadisc dipped by methanol used as a negativeraloithe dish is
incubated in 37C for 24 hours. The inhibition zone (mm) around Well and discs measured triplicate reegarding the
antibiotic zone scale (Himedia®).

2.7.Fourier Transform Infrared Spectroscopy (FTIR)

FTIR spectroscopy (8201PC Shimadzu, Japams carried out using crude biosurfactant (extchctesing
chloroform: methanol (3:1/v:v)). The FTIR spectrumith a resolution of 4m™, was collected from 500 to 400661™.
The basic functional groups of the biosurfactantersnalyzed

2.8.Isolate identification

Suspected isolates of actinomycetes were identifigdmorphological, physiological, biochemical [1&hd
molecular approaches. Molecular identification @fcteria suspected of actinomycetes tested usingepsi 27F-
5'’AGAGTTTGATCCTGGCTCAG-3 'and 149R-5'GGTTACCTTGTTEACTT3. PCR was carried out by mixing
2.5 uL 10X PCR buffer, 0.5 pL mixtures of dNTP, D of each PCR primer, 0.5 puL of Taqg DNA polymeraand
1.0 pL of each template DNA. Initial denaturatian9d°C for 25 seconds, followed by denaturatio®4tC for 10
seconds for 35 cycles, annealing at 46°C for 3@rs#x; elongation at 72°C for 1.5 minutes, thenlfexdension at
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72°C for 10 minute. The PCR results were then &rrdequenced and the results were compared wiér btcterial
sequences at Genbank.

3. Resultsand Discussion
3.1.Biosurfactant screening

Biosurfactant is a variety of groups of active cempds produced by various types of microorganidtas. a polar
and non-polar group that is able to separate waden oil or air surface with water so that it caaduce interface
tension or surface tension. Because of this abbitysurfactants are widely offered as a solutmonyercome waste oil
pollution [17]. A number of biosurfactants are knmowas antibacterial, antifungal and antiviral ageAitinomycetes
are a large group of actinobacteria members knasriheir ability in antibiotic activity and manyereported to be
able to produce biosurfactants.

3.1.1.Hemolytic activity

Hemolytic reaction on the Blood agar plate was olesk by lifting Petri to the light source, the riiswof hemolytic
activity can be seen in table 1. There are 3 tygfesemolysis namely beta hemolyspy,(alpha hemolysisaj, and
gamma hemolysisy)]. Beta hemolysisf) or commonly called total hemolysis is definedtls lysis of all red blood
cells. A clear zone, close to the color of the sparency of the base media and surround the colMagy species of
bacteria produce toxins or poisons that can destealyblood cells. Some species display variousldewé beta
hemolysis. The hemolysis alpha) (also called partial hemolysis is a decrease th slwod cell hemoglobin for
methemoglobin in the medium around the coloniess Thuses changes in green or brown in the meddator can be
likened to "bruising" cells. Microscopic examinatiof alpha-hemolyzed red blood cells shows thatc#lemembrane
is intact, so the cell is not really lysis. Gammanlysis {) is also called non hemolysis. Gamma shows a tdck
hemolysis, because there is no reaction in th@snding medium.

Table 1: Hydrolysis results for actinomycetes growblood agar medium

No Isolate Hydrolysis results
1 AA1l + a
2 AA2 - v
3 AB1 + a
4 AB8 + a
5 AF1 + B
6 AF2 + B
7 AF3 + a
8 AF4 + a
9 AF5 - Y

10 AF6 + a

11 AG1 - Y

12 AG2 + a

From the results of the study as presented in Thlidleere are 4 isolates that are negative for hgimactivity, namely
AA2, AF3, AF5, and AG1. While 8 other isolates werategorized positively hydrolyzing the blood agaedium
namely AA1, AB1, AB8, AF1, AF2, AF4, AF6, and AGZhere are only two isolates namely AF1 and AF2 Wwhic
show the results d§ hemolysis. Suthindhiran [18] suspected that thbtalf actinomycetes in hemolytic activity is
likely to be used as an anticancer agent because @ftotoxic properties in human and mouse bloeits.

3.1.2.Lipolytic activity

The tributyrin medium is widely used to test theabe enzyme, which is exoenzyme, which is ableytivdtyze the
medium containing tributyrin oil. Lipase plays derin breaking the lipid complex into simple fragme Tributyrin oil
is a type of lipid group called triglycerides. Tlsigerides are composed of glycerol and fatty acids tributyrin oil
suspension will make the medium become opaqueal thick. Lipase enzymes produced by microorganisvitis
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break down tributyrins, so that a halo zone (cldéarined around the area of microbial growth. Mi@shncluding
actinomycetes will break the bonds of glycerol &aitly acids so that they can be converted intd finaducts that will
be used to produce energy and other metabolic gsese According Fig.1 AF3 and AF1 was top prudofdipase.

Lipolytic activity
70.00
60.00 =
50.00
40.00

30.00 m Coloni
20.00

10.00

0.00
o WL L L

Clear Zone

Diameter (mm)

Isolate

Fig. 1. Comparison of colony growth and formatidrtlear zones in actinomycetes isolates throughlyir test

3.1.3.Surface tension test and Emulsification index

The resulting free cell supernatant is measureitiskgurface tension value using a Du Nouy tensiemgt room
temperature. The results of surface tension meamnes and a decrease in the value of the surfarsoteto the
control can be seen in Fig 2. The value of theagerftension measured at day 0 (control) and dayh#.decrease in
surface tension is caused by the presence of ligm$ants in the supernatant produced by bactesddtes during the
growth process.

Surface Tension Activity
125.00

105.00

85.00

65.00 m Glycerol
mHexane

= Molase
45.00

Decrease In Surface Tension (mN/m)

25.00

AA1 AA2 AB8 AF1 AF2 AF3 AF4 AF6 Control
Isolate

Fig. 2 Surface tension on actinomycetes isolates growmglycerol, n-hexane and molase substrate media

Based on the results of surface tension measursr{ieigt 2), it was found that most of the isolatese able to reduce
surface tension except AF2, AF3 and AF4 isolateglgnerol fermentation medium, AA2 and AF4 isolat@s n-
hexane medium and AA2, AF3, and AF4 isolates onassds medium. Three isolates that were charaaesagze
actinomycetes had surface tension values rangomg & 56.22 mN / m for AF6A 57.27 mN / m for AB8, and 57.33
mN / m for AAL.
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6
AF3 isolates ranked first in reducing surface str@s fermentation using n-hexane substrate (Figuit®) a value ofA

41.28 mN / m followed by AA1 with a reduced surfaeasion ofA 41.28 mN / m. On molasses substrate (Fig 2) AA1l
isolate reduced the surface tensiomb§0.39 mN / m, at once being the highest among dasbéates.

Emulsification activity

0.80
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'gO.GO i 1
g 0.50 I I mAE1G
.% mAE1H
< 040
c - =AE1M
(=]
» 0.30 - AE2G
=
£ mAE2H
w 0.20

& == mAE2M
0.10
0.00 - i |
AA2 AB8 AF1 AF2 AF3 AF4 AF6

AA1

Isolate

Fig. 3.  Emulsification activity conducted in the glycerol;hexane and molasses fermentation medium. AELG:
Emulsification activity of I hour at glycerol media, AE2G: Emulsification atijvafter a day at glycerol
media, AE1H: Emulsification activity of*lhour at n-hexane media, AE2H: Emulsification attiafter a
day at n-hexane media, AE1M: Emulsification acyivaf 1% hour at molase media, AE2M: Emulsification
activity after a day at molase media.

The emulsification activity (AE) of biosurfactardetermined by measuring the emulsification indeodpced (Fig. 3).
The presence of emulsification activity in the nzedan be an indicator that biosurfactant compouralse been
produced by microorganisms. AE data indicate thate was an emulsion forming which appeared to pasabubble
enveloping the fermentation medium. Bacteria useraalsion as a mechanism of interaction with tHessate and it
is one of the biosurfactant characters producethioyoorganisms. Bacteria expand surface contadt thi¢ substrate
by producing biosurfactants, as well as faciliigtaubstrate transport into the cell. AE was obskimahe first hour of
contact of the supernatant and hydrocarbons nakeetsene and it subsequently observed again afteoars.

3.2. Antimicrobial activity test

Media fermented untill "7 day was continued by testing the antimicrobiaivitgt The results of the antimicrobial
activity test (figure 4) was show that AF1 isolates/e the largest average inhibition zone diameténhibiting the
growth ofS. aureusATCC 6538P which around 12 mm + 3.75 mm especiallyhe molasses medium. AA1 isolates as
isolates with the highest inhibitory zone in thelasses medium were 7.7 mm + 2.15 mm. AB8 with iitioib zone of
6.65 mm = 2.28 mm in the glycerol medium. Molasseslium contributes positively compared to other imé@uterms
of producing antimicrobial biosurfactants. Isolat&l, AA2, AB8, AF1, AF2 and AF6 produced biosurfaats that are
more antagonistic t8. aureusATCC 6538P when they had grown on molasses mediB8, AAl and AF2 isolates
are able to produce biosurfactants which inhib& growth of pathogens bo®. aureusATCC 6538P ancE. coli
ATCC 25922 (see Fig. 4).

Streptomyce¥ITSDK1 spp., [18] are more antagonistic to Graagative bacteria, with a inhibition zone of 10.3 mm
in Klebsiella pneumoniaé&treptomyce¥ITSDK1 spp., inhibitsStaphylococcus aurelsy 5.3 mm. This shows that the
antimicrobial activity obtained in this study wasach above it in terms of inhibition zones in Grawsitive or negative
Gram bacteria.

Antimicrobial mechanisms might be occur due tougision of cell wall synthesis, damage to membragengability,
inhibition of protein synthesis, DNA / RNA synthesand metabolism. The ability to reduce surfacesitenin
actinomycetes isolates was thought to play a moldamaging cell walls and permeability of pathogenmembranes.
The integrity of the disturbed wall and membran# wvhibit various target cell metabolisms. Biosarfants also acted
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as fungicidal, bactericidal, insecticidal and antal ingredients because of their anti-adhesivenégy and enzyme
inhibitors [19]. Rhamnolipid was one of the biosatint groups which has antibacterial activity [20]d anticapacity
produced fronP. aeruginosaAT10 [21]. Shoforolipids fronC. bombicolayeast are broad-spectrum as antibacterial in
Gram positive or negative [22]Lipopeptide was also exploited and gave positiveulteagainst methicillin-
resistantStaphylococcus aure(ig3].

Antimicrobial activity

uSG
mSH

(
—
o
o
o
—

6.00
4.00

ﬁ%%@uﬂLk% il

AB8 AF1 AF2 AF6

Inhibition Zone

-2.00
Isolate

Fig. 4.  The clear zone formation (mm) indicatess itthibition of bacterial growth due to exposurela fermented
supernatant after 7 days on the glycerol, n-hexamgemolasses substrate media; SGaureusATCC 6538P
as pathogen in medium glycerol, SH: aureusATCC 6538P as pathogen in medium n-hexane, SM:
aureusATCC 6538P as pathogen in medium molase, EGcoli ATCC 25922 as pathogen in medium
glycerol, EH:E. coliATCC 25922 as pathogen in medium n-hexane, EMcoli ATCC 25922 as pathogen
in medium molase.

3.3.Fourier Transform Infrared Spectroscopy (FTIR)

Result of IR spectral analysis shown different pagKig. 5, the sharp at 3410.15 tmas expressed as O-H group.
The appearance of this peak was confirmed thasdngple contains phenol or alcohol group. Wave nusnianging
from 3600cm* to 3100cm* was observed. This corresponded to compound trggins amine (N-H) group. Sharp
absorbance peaks are observed at 2924.09 th57.29 cil, and 1026.13 cthThey were indicated aliphatic chains
with ether and amines. The peak 1651.07" amas double bonds (alkenes). Spectrum 1419.61 that is a bending
vibration of C-H from CH while 1373.32 c is contains nitro compounds. Amine group based6tR spectrum
with positive lipolytic activity regarding halo zenat tributyrin media was allegedly the presence dipopeptide
biosurfactant.
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Fig. 5.  FTIR spectrum of the biosurfactant.
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3.4.|dentification selected isolate

According to Fig. 4, AF1 was the highest isolatat thas ability inhibit pathogen proven by clearedormation.
It sequenced using 16S rRNA and tabulation data BBLAST® results indicated that isolate AF1 belotgshe genus
Streptomycespp., and it deposited at GenBank under MN3948&kssion number. The percentage of identity
reached 100% similarity with thBtreptomycesp. strain of actinomycetes 16S ribosomal RNA witicession code
KY236015.1. (Fig 6)

Fig.6. (a)Streptomycesp. strain AF1 (left, Author collection) and ®)reptomyces rochstrain AB1 (right, compared
to [24])

4, Conclusions

Lapindo mud volcanoe in Sidoarjo proven as a unigmé@ronment that nov@treptomycesp., collected from there.
Streptomycesp. strain AF1 has a unique character. It's ablgrow in high temperature around°70 and produce
biosurfactant with antimicrobial activity. It potiéally developed as candidate for enzymatic andbantic producer for

further research.

5. References

1 Soderberg K.H. and Baath E. 1998. Bacterial Agtivhlong a Youngbarley Root Measured by The
Thymidine and Leucine Incorporationtechniqusil Biology and Biochemistrywol.30, no.10-11 pp.1259—
1268.

2 Poernomo A.T, Suryagama D, and Purwabté. 2008. The Influence of pH on The Proteolyinzyme
Activity Thermophiles Bacteria from Lapindo Mudlajalah farmasi airlanggavol.6, no.2, pp.51-52.

3 Habibie F.M, Sigres D.P, and Isilami S.L.N. 201gblasi dan Karakterisasi Mikroba Termofilik Pengiha

Xilanase Dari Lumpur Panas Lapindo Sebagai AltéreaPengganti Klorin Pada Industry Kertaksirnal
pangan dan agroindustryol.2, no.4.

4 Pracahyo R, Khalimi K, and Wijana, G. 2015. KajRatensi Bakteri Lumpur Lapindo Sebagai Agen Hayati
Terhadap Pyricularia Oryzae Dan Agen BiostimuladaP&anaman Padt-jurnal agroekoteknologi tropika
vol.4, no.1.

5 Dagdag E.E.A, and Sukoso. 2015. Isolation and&gierization of A3 and S3 Isolate Thermophilic @&aia
from Lapindo Sidoarjo Mud, East Javaternational journal of ChemTech researeiol.8, no.2, pp.541-548.

6 Nurkanto A, Listyaningsih F, Julistiono H and Agudt. 2010. Eksplorasi Keanekaragaman Aktinomisetes
Tanah Ternate Sebagai Sumber Antibialikinal Biologi Indonesiavol.6, no.3, pp. 325-339.

7 Kiran G.S, Thomas T.A, Selvin J.B, Sabarathnamlaptbn A.P. 2010. Optimization and Characterizataf

New Lipopeptide Biosurfactant Produced by MarBrevibacterium aureunMSA13 in Soilid State Culture.
Bioresources Thechnologyol.101, pp.2389-2396.

8 SenguptaS, PramanikS, GhoshA, and Bhattacharyy®dl. 2015. Antimicrobial activities of actinomycetes
isolated from unexplored regions of Sundarbans mwmg ecosystemBMC Microbiol, vol.15, no.170,
https://doi.org/10.1186/s12866-015-0495-4.

9 Shivlata L and Satyanarayafa 2015. Thermophilic and alkaliphil&ctinobacteria biology and potential
applicationsFront Microbiol. vol.6, no.1014. https://doi.org/ 10.3389/fmickl201014.

10 Poomthongdee N, Duangmal K, and Wasu P.A. 2015ddftiilic actinomycetes from rhizosphere soil:
diversity and properties beneficial to plarfthe Journal of Antibioticsiol.68, pp.106-114.

11 Ballav S, Kerkar S, Thomas S, and Augustine N. 20&ophilic and Halotolerant Actinomycete from A

Marine Saltern Of Goa, India Producing Anti-BactériMetabolites. Journal of Bioscience and
Bioengineeringvol.119, no.3.pp. 323-330.



305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336

12

13

14

15

16

17

18

19

20

21

22

23

24

9

Montero K.N, Lamilla C, Abanto M, Maruyama F et 2019. AntarcticStreptomyces fldesen$®€13.3 strain
as a promising source for antimicrobials discovelNature Scientific Reportsvol.9, pp.7488,
https://doi.org/10.1038/s41598-019-43960-7.

Susilowati D.N, Hastuti R.D, Yuniarti E. 2007. lasl dan Karakterisasi Aktinomisetes Penghasil Askdiéri
Enteropatogerk.coli k1.1, P.pseudomodalled2 05 danL. monocitogene$407.Jurnal AgroBiogenvol.3,
no.l, pp.15-23.

Nurkanto A and Julistiono H. 2014. Screening anadd$tof Antifungal Activity of leaf litter Actinomyetes
Isolated from Ternate Island, Indoned\sian Pacific Journal of Tropical Medicingol.7, pp.S5238-S243.
Chakraborty S, Ghosh M, Chakraborti S, Jana S .eR@l5. Biosurfactant Produced from Actinomycete
Nocardiopsis Al7: Characterization and Its BiolafjiEvaluation. International Journal of Biological
Macromoleculesvol.79, pp.405-12. ¢

Sharma M, Dangi P and Choudhary M. 2014. ActinortggeSource, Identification, and Their Applicatipns
International Journal of Current Microbiology andpplied Sciencevol.3, no.2, pp.801-832.

Ward P and Owen. 201Microbial Biosurfactant and Biodegradation : Bio$actants Lands Bioscience and
Springer Science Business Media.

Suthindhiran K and Kannabiran K. 2009. Hemolytictidity of Streptomyce®/ITSDK1 spp. Isolated from
Marine Sediments in Southern Indi®urnal de Mycologie Médicaleol. 19, pp.77-86.

Rangarajan V and Sem R. 2013. An inexpensive glydia facilitated recovery of metals and fermeiotat
products by foam fractionation proce€sll. Surf. B Biointerfaces/ol.104, pp.99-106.

Santos D.K.F, Rufino R.D, Luna J.M, Santos V.A, ubfio L.A. 2016. Biosurfactants: Multifunctional
Biomolecules of the 21st Centuinternational Journal of Molecular Sciencesl. 17, no.3, pp.401.

Abalos A, Pinazo A, Infante M.R, Casals M, Garcjdvlanresa A. 2001. Physicochemical and antimiciobia
properties of new rhamnolipids produced®seudomonas aeruginogd 10 from soybean oil refinery wastes.
Langmuir vol.17, pp.1367-1371.

Joshi K. N, Prabhune A. 2013. A biosurfactant sepliyoid acts in synergy with antibiotics to enharibeir
efficiency.BioMed. Respp.1-8.

Sharma D, Mandal S.M, Manhas R.K. 2014. Purificati;md characterization of a novel lipopeptide from
Streptomyces amritsarensp. nov. active against methicillin-resist&taphylococcus aureldMB Express
vol.4:50. -y

Aouar L, Lerat S, Ouffroukh A, Boulahrouf A, and &sieu C. 2012. Taxonomic identification of
rhizospheric actinobacteria isolated from Algers&mi-arid soil exhibiting antagonistic activitiega@nst plant
fungal pathogensCAN J PLANT PATHOLvol.34, pp.1-12.



