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ABSTRACT
The screening of the petroteum hydrocarbons degrading bacteria as a

bioremediating agent from rnangrove areas of Sungsang in Banyuasin Regency of
South Sumatra has been carried out. The aims of this research is to obtain the
petroteum hydrocarbons degrading bacteria which can be turned into a
bioremediating agent for the petroteum-pottuted environment. The samples are
taken from the mangrove area which is pottuted by petroteum and the area which is
not pottuted by petroleum. The screening is carried out through the stages of
isolation, first selection , second setection, characterization and identification. The
isolation is carried out by using the Bushnell Hass llinera{ Saft (BHlvlSl medium. The
first setection is done by using Zobett sotid medium to obtain the bacteria which can
tive in the environment which contains petroleum. The second setection is carried
out to obtain the bacteria which can use petroteum as a sote the carbon source. The
characterization covers the morphotogy of the colony, the morphotogy of the cet[,
and biochemical testing. From the mangrove area of Sungsang t6 species of bacteria
are capabte of degrading the petroleum hydrocarbons. Those six teen species are
Alcaligenes eutropus, Baciltus cereus, Bacitlus firmus, Eacillus licheniformis, Bacillus

Wfy yxa, Enterobacter agglomerens, Flavobacterium thatpophilum, Pseudomonas
alcaligenes, Pseudomonas aureofaciens, Pseudomonas cepacia, Pseudomonas
diminuta, Pseudamonos mendocina, Pseudomonas pseudaalcaligenes, Pseudomonas
pseudomaltei, Pseudomonas saccharophfla, and Pseudamonas syringae.

Keywords: screening, isolation, selection, characterization, petroleum
hydrocarbon degrading bacteria

INTRODUCTION

The mangrove area has muttipte benefits viewed from the aspects of sociat-
economy and ecotogy, among others, it has physicat fuction to protect beaches and
river banks from erosion; biotogical function as a nursery ground and spawning
grounds for fish, shrimp and lobster, and other aquatic organism; economic function
to be made as a ptace for fish embankment, wood producing region, and as a place
for recreation.

The width of mangrove forest in lndonesia is decreasing from time to time. ln
1980 lndonesia stilt had the largest mangrove forest in the wortd with 4.13 mitlion
hectares of mangrove forest, but in 1990 the width of mangrove forest in lndonesia
decreased about 60?6 to become 2.5 mittion hectares. The decrease of mangrove
forest was caused by various factors, among others are land convertion for industry,
housing, and transportation (Noor, 19941. ln addition to decreasing quantitatively in
width, lndonesian mangrove forest also decreases qualitatively in terms of
environmental quatity due to the pottution. This atso happens to the mangrove areas
in South Sumatra especiatty the areas of Tanjung Api-api, Sungsang and Upang. The
three areas are the areas of River Basin of Musi River and that of Dawas which are
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rnade into the primary shippi*g route of petroleum transportation'f,cm the oil
of Sekayu (MUBA Regency) and the oit fietd of Patembang. Petroleum paltution frl
this area can be caused by oit spills and scattered oil during the activities of dril.tirg,
production, refinery and transportation, oozing from the oil reservoir; the activitb
of loading and untoading at the harbor; and tanker's/ship's waste {Ridho et aI-,
2005). Sungsang region is a region of rnangrove ecosystem with the worst degree d
destruction. This is mainty due to the fact that this region is the busiest route of sea
transportation especially the transportation of ships supptying the oit tankers {Ridho
et at.,2006).

Bioremediation is management which reties on degradation by utitizirg
degrader microorganfsm af hydrocarbons which is an environmentatty friendty,
effective, efficient, economicat, and acceptabte wa!, to the environmert
{Mangkoedihardjo, 2005 Bioremediation is the development of the fiel.d of
biotecnology of environment and is petroteum yraste processing by rneans of
degradation by microorganism which results in an end resutt which is a stabte arxC

non-toxic compound {Zam, 2006}.
The existence of hydrocarbons degrading microorganism (bacteria, fungi, arxC

yeast) is widety spread in nature. Bacterial group is a bioremediation agent which is
more commonly used in comparison with the other bioremediation agen8 because
bacteria have faster reproduction rate (Koswara, 2003). Desai and Vyas {2006}
reported that the bacterial groups which were capabte of degrading hydrocarbons
were Arthrabacter sp., Acinetofucter sp., Pseudomoncs sp., Rhodacoccus sp.,
Bacillus sp., Vibria sp., Nocardia sp., ConJnebecterium sP., A{caliEenes, and
llycobacterium. Whereas the resutt of the isotation of Souza et.al., (20t)6) showed
that the bacteria which were capable of degrading petroteum hydrocarbons from
mangrove areas were from the genus Bacillus, Pseudomoncs, and Acinetobacter.

The bacteria which are capabte of degrading hydrocarbons from petroleum
processing are obtained by means of isotating them from petroteum waste which
contains hydrocarbons or an ecosystem receiving hydrocarbon waste whose spread is
very wide especiatty in a petroteum-pollr.Ited environment {Atlas & Bartha, 1998). ln
the waters which is not petroteum-pottuted, the poputation of microbes which are
potentiatly capabte of degrading petroleum is onty about 1 %, but in the waters which
is pottuted by petroteurn the population of microbes witt increase to become 10 % of
the tota[ poputation of heterotrophic rnicroorganisms (Venosa et a!-,1992].

The mangrove region is considered as a life-supporting region which has

economic and ecological function, therefore it is necessary to make an effort to
protect the mangrcve region, such as specified in the lndonesian Act No. 5 of the
year 1990 which states that mangrove is inctuded as a life-supporting region which
has economic and ecological function, therefore the preservation of mangrove
forests shoutd be taken care of both which regards the width and the quatity. As an
effort to recover the quatity of mangrove forests from the existing poltution, it is
necessary to appty the bioremediation technology which utitizes indigenous degrader
bacteria for petroleum hydrocarbons. As an initiat step for apptying the
bioremediation technology, the screening of the bacteria which are capabte of
degrading hydrocarbons originating from the mangrove region which is pottuted by
petroleum is carried out.

The airns of this research is to obtain the species of petroleum hydrocarbons
degrading bacteria which are indigeneous to the mangrove region as a bioremediating
agent for the mangrove region which is pottuted by petroteum hydrocarbons.
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,NATERIALS AND IAETHODS

l#jt"t 
of the sedirnent from around the roets and the water of mangrove

The samples are taken bv mqls of mattipre sampr.ing method from 6 (six)different stations--stations t, 2, and 3 are tte-itations in the petroleum-pogutedregion' white stations 4, 5, and 6 are the statirx-in the non petroteum-pol.tutedregion' ln each station 3 points of sampting are deterrnined and rio* itor. points ofsampling the sampl'es are taken randomly.-ft," ri*Ji" 
"r 

*it ir t"["n ur"*u.h as t 2kg and that of the water is as much as t z tii;, Aelr they are iolr'uin"o eventy{Greene et cf., 2000}.

lsolation and purification of the bacteria
The isolation and purification of the bacteria is initiated with enrichr€ntprocess by putting thesoit sampte taken from rhe "r* ;;;;; *uigio.lr*['i*."Bushnell Hass tvlinerat sartsr Bilrns fiquid T:gjyr a,i* of fr,tgsoa.7t-tro, 0,fi=g';;"cac[2, 1 gof KH2po{, 1 gof K2Hpoa, i gofNH4No],'zo*prof-Fect3, i ioiaquades},then they are incubated on the shaker 1120 rpm)-rorli"" days at raom temperature-The bacterial suspension ! lhen gro\#n on sofid BHMS medium {the composition ofwhich is the same as tiquid BFrr4s-und is addJGtn is c of agarll). The growingbacteria are then guri{ed by separaring 

"iih kinJoiiiaurium which has differentcharacteristics and make it grow on a niw medium tucitrarto, 19%i. 
- --

selection 9f the petrareum hydrocarbons degrading bacteria
The first setection, each isolate which rris ueei purified is inocutated onZobett mediurn {5 g of fp}on; 1 g of yeasr 

"111i.C {b 1 g of FeSOa; 0,012 g of
I,HPo4i 15 g 9f agar; 1.L of aquadki on petridish, petroleum residue is dabbed onthe surface of the mediu.ry- The gto*tir of the lu*"*iiitolate cotony on the surfaceof the Zobett medium whfch is clonec with oit rotcuu incicates that the bacteriatisolate can survive and grow in the environment which contains oil residue. ln thesecond setection, the isoiate which is ab{e to g.o* in irre rirst setection is inoculatedinto soeminarti Liqrrid medium {0"01 g of yeast"eit.act,'il,or g cf K2Hpoa, 0,01 g of
fNor' 1 L of-aguades) and added'with petroteum as u iour.* of carbon, Theformation of a white rayer between the phTs 

"f 
tiqriJ,.cium and the phase ofresidue indicates that the isolate grows and has th* *pucty to use oil residue as asource ofcarbon and energy (Ruyiino, 1991). --r-

characterization and identification of the bacteria
The morphotogicat characterization inctudinirnorphotogy of the colony {form,etevation, edge, and the cotor of the col.ony) unc iloip'riology of the cett {form, celtarrangement, Gram stain, and the presence/absencl of Incospoia Fklru et aI.,2000)' The physioLogicat and biochemical characterization covers: ltiict, tipid,casein, and gelatin hydrotysis ; glucose, ruiroi",-'unc lactose fermentation ;production of H2S, indol, urese, and=catalase ; tests or metrryr red, voges proskauer,

TSl, Simmon's citrate, and nitrate reductio. rientinciii"n ."h then be?ore by usingthe reference book entitted Bergey's lrlannuql of D"i;r*inative Bacterialogy gu and9th editions

THE RESULT AND DISCUSSION

The result ef isolation and selectio*
. .l*T the process of isalation and setecticn of petroteum hydrocarbondegrading bacteria is obtained bacterial isolates as strown in Tabte 1.
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Table 1. The nurnber of bacterial. isol.ates obtained and the result of first and second
setection

The origin
of isolate

The number bacterial
isolate

First
Selection

Second
Selection

lsolate Code

Station 1 17 15 6 lr-1.
Station 2 18 14 3 lll-ll3
Station 3 17 17 3 I ll1 -l l13
Station 4 12 7 1 lVr
Station 5 10 I 2 Vr-Vz
Station 6 I 8 1 Vlr
TotaI 83 70 16

From Tabte 1 it is known that from station 1, 2 and 3 are obtained more
indigenous bacterial isotates than from station 4, 5 and 6. Station 1,2, and 3 is the
area of cross section of the route of transportation, in which the busieit activities of
passing ships occur, both tankers and tocatty owned ships and boats, in comparison
with the station 4,5, and 6 in which transportation activities are not too busy, The
frequency of transportation activities causes differences of quantity and quatiiy of oil
potlution in station 1-3 from that in station 4-6.

From first selection 70 isolates are obtained and this means that the bacterial
isolates are abte to grow in the environment which contains petroteum. From secord
selection 16 isolates which are abte to survive and grov in the environment pottuted
by crude oil are obtained. These isotates are atso abte to make use of the crude oit
as a source of carbon and energy. lt happens because the bacteria can adapt
themsetves to the crude-oil pottuted environment. According to Harayama et ai.,
(1999r, by producing oxygenase enzyme bacteria can adapt to the 

-hydrocarbon

environment and use of the hydrocarbons as the source of carbon and their energy.
The bacteria which are abte to grow in the environment which coniairs

hydrocarbons are the bacteria which are abte to tolerate the existence of the
hydrocarbon compoun!, by converting toxic compound into non-toxic compound. This
is in accordance with the finding of Juhazs & Naidu (2000) that co-metabotite
hydrocarbon bacteria are the bacteria which are abte to survive and grow in the
environment of hydrocarbons by transforming toxic compound into n6n-todc by
g9ary o{ secreting enzyme which transforms the compounds as an effort to survive-
This kind of bacteria! g-t*p grows and reproduce themsetves by using the fractim
which is the resutt 9f the breaking of hydrocarbon compound which ii done by the
other hydrocarbon degrader bacteria. According to Fritiche and Hofritchter (2g6p1,
the process of breaking of the hydrocarbon chain by the bacteria can happen due to
the existence of enzymatic reaction. rtrtost bacteria produce oxygenase enzyme so
that they can degrade the hydrocarbons. This is due to the abitity of the bacteria to
gxidize the hydrocarbons and turn the hydrocarbons into their etectron donor. Tlrc
bacteria witt degrade the hydrocarbons to become water (HrO) and carbon dioxide(COr)- ln addition to that, the petroteum hydrocarbon-degrading bacteria wig,
produce bioproducts such as fatty acid, gas, surfactant.

The result of the characterization and identification of the bacteria
The process of morphotogicat characterization of the cotony and the cett and

physiotogicat characterization through biochemicat test and the identification proces
resutt in the bacterial isolates originating from the genus pseudomonas,
Enterobacter, Bacillus, Atceligenes, and Florrobacterium (Appindix i and z). The
research by Ramsay et at., {2000} and lbrahim et aI., (2008) also resutted in the
bacterial. isolates which were able to degrade petroteum hydrocarbons in tfie
margrove region which were atso from the genus Baci|Ius, Pseudomanos, A|caligenes,
Klebsiella arrld Enterobacte r.
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The bacterial isolates obtained, the most species belong to the genus
Pseudomoncs- Pssudornoncs is reported to have the highest degrading potentiat ifi
comparison with other genus. According to Desay and Vyas {24S6} genus Pseudamonas
has been widety known as one of the microbiat gr*ups which has high capacity in
degrading petroleum. These bacteria have high capacity in degrading atiphatic,
aromatic, and resin fraction. Eacittus has high capacity in degrading atiphatic,
monocyctic and potyciclic arornatic. According tc Fritsche and Hofritchter {2009},
Pseudomanas has the characteristics of aerobic, Gram-negative, baciltus which never
shows fermentation activities. Sacf{ftrs is the onty genus from Gram-positive which is
aerobic and sometimes facultative anaerobic and has erdospores which enabtes
Bacilius to survive even in the most extreme environment, atthough it is a
vegetative cett. According to Foght {2008i in comparison wittt anaerobic bacteria,
aeiobic bacteria have greater potential in degrading hydrocarbons.

Alcaligenes is a potycyclic aromatic hydrocarbon degrader, Enterabacfer is a

resins degrader, and Flavobacterium is an aromatic hydrocarbon degrader.
Alcatigenes with specific characteristic occur in marine environments and do not
have endospores and are pure aerobic and show sugar fermentation {gtucose,
lactose, and sucrosel. Enterobacfer in gtucose fermentation produces acid and gas,
and production test of indol positive {Buchanan and Gibbons, 1974}. Flanabacterium
is a bacteriat group of Gram-negative, do not produce endospores, facuttative
anaerobic in nature, non motite, catatase and oxidase positive (Hott et at .,19941.

€oNcLUStONS

There were 16 species petroleum degrading bacteria as a bioremediating
agents- Those 15 species were Afea{igenes eutrapus, Baci|Ius cereus, Bacil{us firrnus,
Baciftus licheniformis, Bacittus polymyxa, Enterabacter aggtomerans, Ftavobacterium
thalpophitum, Pseudunonas alcaligenes, Pseudamanes aureafaciens, Pseudomonas
cepacia, Pseudomonas diminuto, Pseudamanas mendacina, Pseudomonas
pseudwtcatigenes, Pseudqnonas pseudamallei, Beirdomonos saccharaphila, and
Pseudomonas sJringae.
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