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FOREWORD 

Dear 

Minister for National Education, Ambassadors Thailand for Indonesia, Ambassadors of 

Indonesia for Thailand, all The Council of Rector State University 

(CRISU) and of Thailand Government of South 

Sumatra and Palembang City, and The 6th cruSU-CUPT Conference, International Seminar and 
Exhibition 

On behalf Sriwijaya University as Host University, would like to extend my 
wannest welcome to all of the participant of The 6th Conference, International 

held on October 2011 at Sriwijaya with the 
p~p'''rr'h Potentials". 

There will be many challenges and opportunities in higher education in the Asean 
Community in the next decade. considerable significant will from the The 

CRlSU-CUPT Conference, International Seminar and Exhibition. The previous 
CUPT conferences have sigficantly the relationships and come up with very fruitful! 
C1ISCUS~SlO>n in various of colIaboration and cooperation, global global 

mobility, academic and 5th was held in Mai, 
Thailand on July 2010 and appointed Sriwijaya the 6th conference. 

The 6th CRlSO-CUPT rnnTPrp'npp u)<".uuu, with not only include the 
the but also will include 

international Seminar and Exhibition. This conference, therefore, might come up with more fruitfull 
conclusion and np" ...",,~~ commitment among participants. 

With we and 
sponshorship n"",.""", any govermental as well as private 
conference. appreciation is also handed to committe of the conference for any 
voluntarily that bring to the suCces 

and 
by about 600 participants. I hope you enjoy the beauty of Pal em bang City as one of the oldest 
Indonesia which is 1318 years old, vast 

also have culture and 

Palembang, October 2011 
Chairperson, 

Dr. M.RA 
Rector of Sriwijaya University 

ofthe International Seminar! Palembang October 2011 v 
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BIODEGRADATION OF PETROLEUM HYDROCARBON BY SINGLE AND 
CONSORTIUM OF HYDROCARBONOCLASTIC BACTERIA FROM PETROELUM 

POLLUTED 

Hary Widjajanti1
, Iswandi Anas2

, Nuni Gofar\ Moh.Rasyid Ridho3 

1Student of Doctoral Program at the of the Graduate Program 

of Sriwijaya University, : haryunsri@yahoo.com 

2 Bogor Agricultural Institute; 3Sriwijaya University 


The study 	on the biodegradation of hydrocarbons by a single culture and a 
of hydrocarbonoclastic 1"\l>I''tP1"1 from mangrove areas contaminated .-'V.l..',.,,,,, 

done. The study to test bacteria isolate in aeJ;raOlTlg 
hydrocarbons, to cnalfacten potential bacterial isolate ......""uw.q 

petroleum hydrocarbon, to 	 hydrocarbonoclastic 
in biodegrading petroleum biodegradation test was 

conducted by using a Out the 
isolates of bacteria that ae~;ra'latllon ability were selected, 
isolates were further Cn~lIaj:telnz~~a identified and made into a consortium 
combination of:3 (three) 1"\l>,,'tP1"1 'LV""''''''''' biodegradation tests were conducted by 
combinations of a consortium 3 (three) replications. Observed 
number of bacteria and np1",,"prnl>(TP of TPH (Total Petroleum Hydrocarbon) 
Five of the 29 bacterial .. 'v,....,.", which have a high ability in rI""nrr,:arl 

Bacillus aminovorans Pseudomonas alcaligenes (53.04%), 
(~1 ~~4%), 8cu;illys 8c:l(;illY~1i sphqeriqus vqr 
culture ofhydro carbo no clastic consortium which is capable 
highest percentage of 91.86% ofAlcaligenes faecalis, Pseudomonas 
Bacillus aminovorans. 

Key words : blOae~;rru1at1 	 hydrocarbonoc1astic bacteria, llIa"",.u areas 

INTRODUCTION 
terms of SOC:lO"eCOinOlnlC 

including their as a barrier to coastal 
windbreaker, content in the air and pollutants in ,",vu»uou 

2006). 
The ma:ngr,ove South Sumatra and Bangka Belitung cover an area of 

of which are in damaged condition, 1 1 1 ha 
damaged, and ha (14.11%) are not damaged 2006). 
quantitatively """"'"'''u,", from to year because of the land conversion for industrial, residential, and 
transportation forest area has decreased quantitatively, 
for~!its have also environmental degradation to 
example, in the areas in South Sumatra, especially the area 
and Upang. areas are the areas of Watershed (DAS) of Musi 

shipping Jm~s for 
oil fields. Oil pollution in the 

ofdrilling, producing, refming and 
ll! the P9rt; ll!!g th~ 

mangrove ecosystem with the most severe 
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waste oil in the waters can be carried out means of physical, and 

~io!<?gi<?~l P~y~!c~! a.!1_~ chemical meth<?~s (ire u~ual more eXj)ef!sive~ T1<?~ envir0l1111 entally 
friendly, application can create new problems. Therefore, an alternative effort waste 
oil which relatively cost and does not cause any negative impact on aquatic 

is The treatment is handling waste biologically. method of 
biological treatment of waste oil is bioremediation L"',",UU"\.! 

which on degradation by means of degrading is an friendly 
way, which is effective, efficient, and environmentally acceptable (Mangkoedibardjo, 
2005 and Syakti, 2004). 

Widj aj anti et al. (2008) had found 29 hydrocarbonoclastic bacteria petroleum 
contaminated mangrove area. All isolates can grow in oil contaminated environment and can 
used oil as carbon source, but quantitatively their to degrade petroleum hydrocarbon still 
unknown. as a so must potency in hydrocarbon 

bacteria used in treating waste oil have higher if used as a 
or a mixed (Alpentri et al., Mukred ei Oil-degrading 

microbes not work as individual species but in form of consortium 
(Mangkoedihardjo, 2005). According to Sanchez (2006), the consortium is a group microbes which 
are beneficial to one and carry out by which individual can not 
do According et al. (2001) the of biodegradation of hydrocarbons to 
perfection cannot possibly be by only one type of microbe, but it is always done by a set of 

fate of is mote mixed cti!rure 
compared with single cultures. 

study aims to 1) test ability of rlP,[)TI;!rllt'.a petroleum 
2) IdentifY potential bacterial isolate petroleum 

hydrocarbon, 3) obtain a potential consortium hydrocarbonoclastic bacteria in biodegrading 
petroleum hydrocarbons. 

culture 
by filling the 
sourceofN 

with a ;t"J''''~:'.:r 
Soeminarti liquid medium. mixture was adjusted to pH 7 (Modification of Okoh & Trejo, 
2006). treatment unit is on a shaker with a speed of 120 rpm at room temperature 7 

(M1.1kred et aL, 20()8). 
Of the 29 bacterial whose potential in degrading petroleum hydrocarbons are tested, 5 

isolates with the "LI';'<''"''''' capability are five isolates highest ability will 
made into 1 0 of bacterial cultures with consortium,-_._-- -- -_... - ._ .....-. -' 

3 (three) conducted 3 (three) 

Characterization and of hydrocarbonoclastic bacteria 
The characterization identification are on five hydrocarbonoclastic 

l'\~r'T"'r1~ with high ability. Morphological characters of the bacteria being includes the growth 
plate Nutrient (NA), tilt NA medium, and straight NA medium. Cell morphology 

iIicl\ld¢~ lirldC¢ll cMiI1~, of Gram, tfIld the ap~eIi¢¢ 
encloS1Pories (Pikoli e/ aI., 2000). The characterization of physiological and biochemical properties 

fat, casein, the glucose, sucrose, 
illdole, ure~ Voges-Prosk&\ler, 

the & Sherman, 1 
isolates om:aUleo 

characterization ......,.,"''''"" (19942,
~" .. " ., _.. _. - -..... . 
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Petroleum hydrocarbons biodegradation by 10 com binations of culture consortium 
Thi~ stage ma~i~J1, a curve of bacteria which is prepared by fol 

Hadioetomo's method (1990), is then followed making of 
curves, consortium of and bacterial culture consortium standard curves. 

Experiments are prepared by using a of 
treatment of the 3 (three) of the 5 of bacteria with the 

capability, so are 10 (ten) treatments, each ofwhich is (three) times. 
The bioreactor biodegradation by is made by the same procedure in 

bacterial but . incubated for 14 days. The observations measured are 
cell number the percentage of of petroleum hydrocarbons. The C01Jntmg 

of the nnmber of the . is measured by a spectrophotometer (at wavelength 1 = 
",...l,,,,,..~.ri into the equation of mixed culture (Hadioetomo's 

percentage of of hydrocarbons is 
Nugroho (2006), the weight loss of 

the testing treatment showed of degradation occurred. 
(ANOV A) at a of 0.05 is performed on data obtained the observations. 

there is a significan Well it will (l further New Multipl~ 
(DNMRT) Statistics Program-6. 

AND DISCUSSION 

Petroleum bydrocarbon biodegradation by single culture bacteria 
The of the ability tests of the 29 bacterial in degrading petroleum hydrocarbons and 

s~lection 5 (five) species (lOd molds with the capabilities are presented in Table 1. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
iL 
12. 
13. 
14. 

50.16 

49.98 
49.78 

23. 
24. 
25. 
26. 
27. 
28. 
29. 

38.76 

35.25 

Characteristerization and identification 5 (fIVe) species of h~..'f"P1i~ 
Of of 5 species of with the highest 

capability are used to create a mixed formula, namely: B25 (Bacillus aminovorans), 
(Pseudomonas alcaligenes), B20 (Alcaligenes jaecalis), (Bacillus cereus), (Bacillus 

spba?ricus var rotans) (Table 2). is in accordance and Colwell (1990) 
200 bacteria that can degrade on the sea. important 
areAchromobacter, Acinetobacter, Arthrobac/er, 
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Petroleum hydrocarbons biodegradation by consortium culture bacteria 

of a consortium of bacterial culture significantly 
bacteria and the percentage of oil degradation. The bacterial population 

10 (ten) a combination of bacterial culture consortium is pn~sente:a 

positive, 
spore prodm;e spore produGe spore 

Motifity Motile Non motile Motile Motile Non motile 

Positive Positive Positive Negative 
Negative Negative Negative 

Positive Positive Positive Negative 
Positive Pnsitive Negative 

-Glucose Fermentation Negative Positive Negative Positive 
-Sucrose Fermentation Negative Negative Positive 
-Lactose Fennentation Negative Negative Negative 

Negative Negative Negative 
-lntloll.': Production Negative Negative Negative 
-Urease Produktion Negative Negative Negative 
-Catalase Production Positive Positive Positive Positive Negative 
-Metyl red test Positive Negative Negative Negative 

Proskauer test Negative Positive Negative 
-TSl test Negative Positive Positive 

test Positive Positive Positive Negative 
-Nitrat reduction Positive Positive Positive 

c-ereu.s: aminavorans sPhaericus", ,.",., ... , , 

of bacteria influences the number ofbacteria, due 
aw,geOly due to a synergistic interaction . 

•t+,...",.,1­ ""',..T,'''''1 are grown together in a single 
QmallUltIveJy different from the 

Q"el:nmern m~dium 

var rotans~ This is due to a 
- . -'~ - .. " "vrlPT.'Tl 

(1998), cell growth is at 
Pseudomonas causes an aS5;oCIatlOn 

I:l~ility ~C? ~ll<:: cC?~~iIll!lt~on of tll<:: 
cannot be done alone. The hydrocarbon 
source can be derived from a fraction of the breakdown 
of the breakdown of hydrocarbons by the other bacteria. 
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bacteria requires a specific substrate. Some bacteria interact beneficially with each other in the form of 
consortium. 

The percentage of biodegradation of petroleum hydrocarbons is greater by using consortia of 
bacterial culture compared to usmg a single cuiture. This is because the bacteria used in degrading 
waste oil typically have higher ability if used as a consortium culture. Consortium cultures have a 
more complete profile of enzymes than a single culture. According to Mukred et al. (2008) 
hydrocarbon compounds which are iighter and simpler can be degraded earlier at an early stage by a 

Table 3. The average bacterial population and the percentage of petroleum degradation of 
to combinations of consortium cultures. 

No. Consortium cultures Bacterial population (cfu/mL) Petroleum degradation (%) 
1. B24 + B25 + B29 1.9.107 a 91.13 cd

72. Bzl + Bz4 + B:z9 2.9.10 b 89.95 abed 
3. B20 + B21 + B24 3.7.107 e 90.04 abed 
4. B20 + B25 + B29 3.9.107 c 89.62 abc 
5. B21 + B24 + Bzj 5.1.107 d 90.59 bed 
6. B20 + B24 + B25 5.2.107 de 91.52 d 
7. B20+B21+B29 5.7.107 de 88.81 a 
8. B20+B24+B29 6.2.107 de 89.79 abc 
9. B21+ B25 +B29 6.6.107 ef 89.52 ab 
10. B20 + B2l + B25 8.1.107 f 91.86 d 

Notes: the numbers followed by the same small letters on the same column show no signIficance 

difference according DNMRT (a = 5%) 

B20: Alcaligenes jaecalis B2l : Pseudomonas alcaligenes 

824 : Bacillus cereus 825 : Bacillus aminovorans 

B29 : Bacillus sphaericus var rotans 


bacterial culture, then the compounds which have not been degraded in the early stages, are degraded 
by the second culture and so on. According Kanaly & Harayama (1995) and Nugroho (2006) the 
composition of complex compounds, such as petroleum hydrocarbons cause a single species of 
bacteria to be unable to degrade all the components of petroleum, because each species of bacteria 
require a specific substrate. Some bacteria which interact mutually beneficially with one another in the 
forin of a consortium have a highly beneficial role during the degradation process of petroleum 
hydrocarbons. 

The combination treatment of consortium culture which produces high percentage of 
degradation of petroleum hydrocarbons is a combination of : AlcaTigenes jaecalis, Pseudomonas 
alcaligenes, and Bacillus aminovorans, ; Alcaligenes faecalis, Bacillus cereus, and Bacillus 
aminovorans l ; Pseudomonas alcaligenes, Bacillus cereuss, and Bacillus aminovorans, Pseudomonas 
alcaligenes, Bacillus cereus, and Bacillus aminovorans; Alcaligenes jaecalis, Pseudomonas 
alcaligenes, ana Bacillus cereUS. SeqUentiallY the aVerage percentages of degradation of perroletiili 
hydrocarbons are as follows: 91.86%,91.52%,91.13%,90.59%, and 90.04% (Table 3). It is allegedly 
due to the fact that the genus Bacillus, Pseudomonas and Alcaligenes are able to degrade petroleum 
hydrocarbons from low molecular weight to high molecular weight resulting in a high percentage of 
degradation. According to Alexander (1977) genus Bacillus and Pseudomonas are capable of 
degrading petroleum hydrocarbons with low molecular weight such as ethane, propane and butane, 
and the petroleum hydrocarbons with high molecular weight such as aromatic hydrocarbons, phenol, 
naphthalene and antrasena. According to Atlas & Bartha (1998), the genus of Pseudomonas can grow 
and degrade petroleum hydrocarbons chain CW C36. According to Desai & Vyas (2006), the genus 
Bacillus, Pseudomonas and Alcaligenes are able to degrade saturated hydrocarbons, monoaromatic 
hydrocarbons, and polyaromatic hydrocarbons. According to Zhu et al. (2004), the genus 
Pseudomonas and Alcaligenes are bacterial consortium cultures which are able to degrade the 
components of petroleum hydrocarbons alkanes with carbon chain C20-C25 . Presumably because of the 
differences in the ability of each genus in degrading petroleum hydrocarbons so that the hydrocarbon 
components of the low, the medium and the high molecular weight can be degraded. According to 
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