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Abstract

Introduction Palm oil mill effluent (POME) contains

large quantities of organic matter in the form of total sus-

pended solids (TSS), volatile suspended solids (VSS), total

solids (TS), oil and grease (O & G) that increase bio-

chemical oxygen demand (BOD) and chemical oxygen

demand (COD) of POME if left untreated. The main aim of

the present study was to investigate the ability of bacterial

strains either pure (individually) or mixed (combinations),

to degrade and metabolize organic load from palm oil mill

effluent.

Results Sequencing of the 16S rRNA of the isolates

suggests that they were identified as Micrococcus luteus

101 PB, Stenotrophomonas maltophilia 102 PB, Bacillus

cereus 103 PB, Providencia vermicola 104 PB, Klebsiella

pneumoniae 105 PB and Bacillus subtilis 106 PB. The use

of mixed cultures in the present study showed more

extensive removal of organic load (COD and BOD) than

pure single cultures. Mixed cultures were found to reduce

the pollutant dynamically. Thus, the mixed cultures C1

(Bacillus cereus 103 PB and Bacillus subtilis 106 PB)

were the most effective bacterial combination for use in

biological treatment technology of POME having the

highest COD and BOD reduction rate. C1 produced the

highest degradative activity in reducing COD (90.64 %)

and BOD (93.11 %).

Conclusion The indigenous microbial isolates from

POME were observed to possess potential to degrade

organic components whereas the use of mixed cultures

resulted in more extensive degradation of COD and BOD

than pure single cultures. This suggests that mixed culture

of bacteria in the present study can be used for bioreme-

diation of environment contaminated with polluted waste-

waters. This study, however, indicates the prospect of

isolating indigenous microorganisms in the POME for

effective biotreatment of POME.

Keywords Bacteria � BOD � COD � Organic load �
POME � Reduction � Treatment � Wastewater

Introduction

Palm oil industry is one of the leading agricultural indus-

tries in Malaysia with average crude palm oil production of

more than 13 million tonne per year. However, production

of such huge amount of crude palm oil has consequently

resulted to even larger amount of palm oil mill effluent

(POME). POME is a highly polluting wastewater with high

chemical oxygen demand (COD) and biochemical oxygen

demand (BOD) which can cause severe pollution to the

environment, typically pollution to water resources (Lam

and Lee 2011). The palm oil industry is identified as one of

the agricultural industries in Malaysia that generates the

highest pollution load into rivers throughout the country

(Wu et al. 2007). Although POME is a non-toxic liquid

waste with unpleasant smell, its COD and BOD values are

high enough to cause serious pollution and environmental

problem to the rivers. Chin et al. (1996) have reported that
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POME contains a high concentration of organic matter,

COD concentration in the range of 45,000–65,000 mg/L

and BOD of 18,000–48,000 mg/L. COD in the range of

80,100–95,000 mg/L and BOD of 23,400–52,100 mg/L

has also been encountered (Soleimaninanadegani and

Manshad 2014).

The high COD value is responsible for distraction of

aquatic life (Maygaonkar et al. 2012). Generally, COD and

BOD are essential parameters used as indicators of com-

position and environmental impact of wastewaters (Jameel

et al. 2011). Oil and grease are considered as hazardous

pollutants particularly in the aquatic environments, since

they are highly toxic to the aquatic organisms and can

completely damage the ecology of the aquatic ecosystem.

When discharged into the environment, it may have

objectionable odour, cause undesirable appearance, burn

on the surface of receiving water creating potential hazards

and consume dissolved oxygen necessary to forms of life in

water (Jameel and Olanrewaju 2011). Suspended solids can

clog fish gills, either killing them or reducing their growth

rate. They also reduce light penetration. This reduces the

ability of algae to produce food and oxygen. POME con-

tains higher concentrations of various pollutants and such

may be categorized as a high strength wastewater which

required effective treatment before being discharged into

the environment.

Very few investigations have been conducted on aerobic

digestion process for the treatment of organic pollutants

present in POME (Wu et al. 2010). Therefore, this work

represents one of the few studies on the aerobic biotreat-

ment technology of POME-contaminated wastewater in

Malaysia.

Biological treatment of POME by Yarrowia lipolytica

NCIM 3589 has been studied (Oswal et al. 2002). Abass

et al. (2012) and Soleimaninanadegani and Manshad

(2014) have also reported aerobic digestion of POME by

selected microorganisms. Treatment of POME has been

variously reported by other workers (Sinnappa 1978; Ag-

amuthu et al. 1986; Chin et al. 1996; Mohammed et al.

2014).

The anaerobic digestion treatment of POME using var-

ious types of bioreactors by researchers and the ponding

systems in the mills uses unknown microbial populations

(McHugh et al. 2003) to reduce the polluting power of

wastes and wastewaters. This involves a consortium of

unknown microorganisms catalyzing a complex series of

biochemical reactions that mineralize organic matter pro-

ducing methane and carbon dioxide. These microorganisms

are not established and hence the substrate they degrade

and utilize is not ascertained.

In the present study, known microorganisms were iso-

lated from POME, which were further used to inoculate the

POME. The efficiency for organic load reduction and the

percent reduction was monitored. Therefore, so far to the

best of our knowledge no work has been done on the iso-

lation of different aerobic microorganisms in POME. This

emphasizes the originality of the study.

The application of microorganisms such as Trichoderma

viride spores, T. viride mycelium, Yarrowia lipolytica and

Saccharomyces cerevisiae for the treatment of POME was

not that effective in organic load reduction (Jameel and

Olanrewaju 2011). This may be due to the fact that these

microorganisms are not indigenous to POME (Jameel and

Olanrewaju 2011). This gap offered researchers a greater

opportunity to explore the organic load reduction of POME

by their indigenous (autochthonous) isolates. These are

organisms that exist/occur naturally in a particular bio-

physical environment.

Hence, serious measures have to be taken to prevent the

growing pollution and ecological degradation related to

POME. The aim of the present study was to investigate the

ability of bacterial strains either pure (individually) or

mixed (combinations), isolated from POME to degrade and

metabolize organic load from POME.

Materials and methods

Sample collection

Raw palm oil mill effluent was collected from the site of a

palm oil mill industry in a sterile container and brought back

to the laboratory. The sample was transported to the labo-

ratory in an ice box and analyzed for microbiological and

physicochemical properties within 4 h of collection. The

physicochemical characteristics of the sample were deter-

mined in accordance with the standard methods published by

American Public Health Association (APHA 2005).

Sample preservation

The POME was preserved at a temperature less than 4 �C,

to prevent the wastewater from undergoing biodegradation

due to microbial action (APHA 2005).

Microorganisms

Four isolates (Micrococcus luteus 101 PB, Stenotropho-

monas maltophilia 102 PB, Bacillus cereus 103 PB, and

Bacillus subtilis 106 PB) were selected for POME inocu-

lation and treatment based on the criteria that they were

able to display good growth and degradation of oil and

cellulose as sole source of carbon and energy in MSM from

our previous work (Bala et al. 2014). The isolates were

identified by sequence analysis of 16S rRNA genes.

Sequences of primers used are:
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27F: 50-AGAGTTTGATCMTGGCTCAG-30

1492R: 50-GGGTTACCTTGTTACGACTT-30

Plates 1 and 2 show genomic DNA and purified PCR

product of bacteria isolated from POME inclusive of two

others isolates which did not fulfil the criteria of the present

study.

Analytical methods and characterization of POME

The following parameters BOD, COD, TSS, oil and grease

were analyzed by standard methods (APHA 2005) for

5 days. These analyses were carried out according to the

standard procedures (APHA 2005). Characterization of the

POME was carried out before and after the treatment to

determine the efficiency of the treatment. All the experi-

ments were performed in triplicates.

Experimental procedure

Inoculation of POME with bacterial isolates

Using combination of bacterial strains The following

bacterial combinations were investigated (in four labora-

tory batch-scale reactors inclusive of one control reactor) to

determine which combination could produce the maximum

organic load reduction. These include C1 combination

(consisting of Bacillus cereus 103 PB and Bacillus subtilis

106 PB) and C2 combination (consisting of Micrococcus

luteus 101 PB and Stenotrophomonas maltophilia 102 PB).

Four percent inoculum containing 106 cells/mL with an

optical density (OD) of 1.2 at 600 nm of each bacterial

isolates was added into 250 mL of POME sample without

addition of nutrients. They were incubated at 37 �C and at

150 rpm shaking speed. Bacterial cultures were incubated

under aerobic conditions at 37 �C and agitated at 150 rev/

min. Samples were then aseptically drawn from mixtures

every 24 h for 5 days and analyzed for BOD, COD, TSS,

oil and grease and pH from each combinations. Cell count

was determined by serial dilution method of samples on

nutrient agar plates and incubated at 37 �C for 24 h.

Control reactor was not inoculated. Eight percent (8 %) of

each inoculum containing 106 cells/mL with an optical

density (OD) of 1.2 at 600 nm was used for pure/single

bacterial strains. All the experiments were performed in

triplicates. The efficiency for organic load reduction and

the percent reduction was measured using the following

equation (Piro et al. 2011). COD, BOD, TSS, oil and grease

contents were analyzed with standard method (APHA

2005) and presented as percent reduction.

Reduction %ð Þ ¼ 100 � Craw POME � Cf

Craw POME

� 100

� �

where Craw POME is the concentration of COD, BOD5, TSS

and oil & grease of raw POME and Cf the concentration of

these parameters after treatment. Each set of these exper-

iments was done in triplicates.

Results and discussion

Palm oil mill effluent (POME) characteristics

Raw POME collected from the palm oil mill was thick,

brownish in colour, colloidal suspension, dark, oily and vis-

cous with an obnoxious odour. The raw sample consists of

high COD concentration up to 75,900 mg/L, BOD

34,393 mg/L, TSS 14,467 mg/L, oil & grease 191 mg/L and

pH 4.74 as depicted in Table 1. In comparison, other inves-

tigators have also reported values similar to the present study

(Chin et al. 1996; Ahmad et al. 2003; Ahmad et al. 2005;

Najafpour et al. 2006; Vijayaraghavan et al. 2007; Wanna and

Pompan 2007; AbdulKarim et al. 2011; Lam and lee 2011).

Reduction efficiency (RE %) of COD using individual

bacterial strains

Percent reduction efficiency of COD for all the isolates is

presented in Fig. 1. Results revealed that reduction effi-

ciency of COD for all the isolates is as follows: Micro-

coccus luteus 101 PB (67.19 %), Stenotrophomonas

maltophilia 102 PB (61.92 %), Bacillus cereus 103 PB

(78.60 %), Bacillus subtilis 106 PB (64.08 %) and control

(15.63 %). The strain 103 PB with COD reduction rate of

78.60 % was the most effective followed by 101 PB

Table 1 Characteristics of raw palm oil mill effluent (POME) and

discharge standard limits

Parameters Raw POME

(mg/L)

Discharge Effluent

standard

Malaysia Thailand

Chemical oxygen demand

(COD)

75,900 – \1,000

Biochemical oxygen

demand (BOD)

34,393 100 \100

Total suspended solids

(TSS)

14,467 400 \150

Volatile suspended solids

(VSS)

13,033 – –

Oil & grease (O&G) 191 50 \25

pH 4.74 5–9 5–9

All parameters are in mg/L except pH

Source: Malaysia: Pierzynski (2005), Thailand : Environmental

Management Guideline (1997)
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(67.19 %), [106 PB (64.08 %) and [102 PB (61.92 %).

Control reactor showed the lowest reduction efficiency

compared to treatment reactors.

This suggests that our isolated strains from POME are

effective for COD reduction. This study would help in

understanding the role of bacteria in biological treatment of

wastewaters such as those of oil processing from POME.

Comparisons of COD reduction efficiencies by bacteria

isolated from POME revealed that percent reduction was

similar with those results in previous publications (De

Felice et al. 1997; Bhumibhamon et al. 2002; Oswal et al.

2002; Azbar and Yonar 2004; El-Bestawy et al. 2005;

Takeno et al. 2005; Lan et al. 2009; AbdulKarim et al.

2011; Abass et al. 2012; Mohammed et al. 2014; Solei-

maninanadegani and Manshad 2014) from oily industrial

wastewaters. Thus, the findings of COD reduction appear

useful for practical wastewater treatment as a compact

treatment system for POME.

Reduction efficiency (RE %) of COD using

combination of bacterial strains

Percent reduction efficiency of COD for bacteria combi-

nation is presented in Fig. 2. Results revealed that reduc-

tion efficiency of COD for the bacteria combination is as

follows: C1(Bacillus cereus 103 PB and Bacillus subtilis

106 PB) (90.64 %), [C2 (Micrococcus luteus 101 PB and

Stenotrophomonas maltophilia 102 PB)(71.84 %) and

[control (14.35 %). The bacteria combination in reactor

C1 with COD reduction rate of 90.64 % was the most

effective while reactor C2 recorded COD reduction of

71.84 % Fig. 2. This study would help in understanding the

role of mixed cultures in biological treatment of waste-

waters such as those of oil processing like POME.

Comparison of the present study on bacteria combina-

tion with our pure individual bacterial culture in the

previous study showed that bacteria combination recorded

higher COD reduction as compare to single pure culture.

This suggests that bacteria combination can be used for

bioremediation of environment contaminated with polluted

wastewaters. El-Masry et al. (2004) have reported biore-

mediation of oily polluted industrial wastewater with

combination of bacterial isolates.

Results revealed that using bacteria as mixed cultures

produce higher reduction of parameters than pure culture.

Therefore, the mixed cultures of Bacillus cereus 103PB and

Bacillus subtilis 106 PB can be considered as the best bac-

terial mixture that exhibited the best degradation compared

to the other combination mixtures. This is in good agreement

with previous workers who used mixed/consortium of

organisms to achieve better results (Chigusa et al. 1996;

Wakelin and Forster 1997; AbdulKarim et al. 2011). Oswal

et al. (2002) reported that treatment of POME with Yarrowia

and then with a consortium of mixed culture of bacteria

developed from garden soil produced high degradative

activity. The sequential treatments brought about a signifi-

cant reduction in COD. El-Bestawy et al. (2005) also

reported the combination of Pseudomonas sp. and P. di-

minuta as mixed cultures which produced the highest activity

in reducing COD from contaminated industrial effluents.

Other investigators have reported higher COD reduction

with mixed cultures than single cultures of microorganisms.

Acinetobacter sp. (KUL8), Bacillus sp. (KUL39), and

Pseudomonas sp. (Bhumibhamon et al. 2002) and Tricho-

derma harzianum and Penicillium (AbdulKarim et al. 2011).

In consistence with the present study, biological treat-

ment of oil-containing wastes significantly reduced organic

load (COD) (EL-Gohary et al. 1987; Martine 1991;
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Martirani et al. 1996; Odegaar et al. 1998; Raj and Murthy

1999; El-masry et al. 2004 and El-Bestawy et al. 2005).

This biological treatment depends greatly on active

microorganisms, which utilizes the organic substances

present in the POME as nutrients and eventually degrades

these organic matters into simple by-products such as

methane, carbon dioxide, hydrogen sulphide and water

(Jameel and Olanrewaju 2011; Jameel et al. 2011). Thus,

the exploitation of these microorganisms isolated from

POME for biodegradation and bioremediation purposes

will offer a very efficient tool for purifying contaminated

effluents water. Figures 3, 4, 5, 6 showed phylogenetic

trees of the identified bacterial isolates (four bacterial

isolates used for POME inoculation) from POME.

Reduction efficiency (RE %) of BOD using individual

bacterial strains

Percent reduction efficiency of BOD for all the isolates is

presented in Fig. 7. Results revealed that reduction effi-

ciency of BOD for all the isolates are as follows: Micro-

coccus luteus 101 PB (55.21 %), Stenotrophomonas

maltophilia 102 PB (64.73 %), Bacillus cereus 103 PB

(90.98 %), Bacillus subtilis 106 PB (77.51 %) and control

(28.95 %). The strain 103 PB with BOD removal rate of

90.98 % was the most effective followed by 106 PB

(77.51 %), [102 PB (64.73 %) and [101 PB (55.21 %)

compared to control reactor as illustrated in Fig. 7.

Results of BOD removal efficiencies by bacteria isolated

from POME revealed that percent reduction was similar with

those results in previous publications as reported by (Chin

et al. 1996; El-Masry et al. 2004; El-Bestawy et al. 2005).

Reduction efficiency (RE %) of BOD using

combination of bacterial strains

Percent reduction efficiency of BOD for bacteria combi-

nation was presented in Fig. 8. Results revealed that

reduction efficiency of BOD for the bacteria combination is

as follows: C1 (Bacillus cereus 103 PB and Bacillus sub-

tilis 106 PB) (93.11),[C2 (Micrococcus luteus 101 PB and

Stenotrophomonas maltophilia 102 PB) (67.33 %) and

[control (20.81 %). The bacteria combination C1 reactor

that showed BOD removal rate of 93.11 % was the most

effective while reactor C2 recorded low BOD removal of

67.33 % (Fig. 8). The finding was in agreement with

Fig. 3 Phylogenetic tree of

Micrococcus luteus 101 PB

based on 16S rRNA gene

sequence comparisons

Fig. 4 Phylogenetic tree of

Stenotrophomonas maltophilia

102 PB based on 16S rRNA

gene sequence comparisons
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Qingwei et al. (1998) in their work for BOD reduction.

Results of both studies revealed the effect of inoculation on

organic matter biodegradation (Qingwei et al. 1998).

The synergistic effect of bacteria combination, for POME

treatment brings about enhanced performance for effective

biodegradation. However, synergism has been reported

among mixed cultures of organisms which is attributed to

the synergistic activities of the organisms Chigusa et al.

(1996) and Benka-coker and Ekundayo (1997).

The composition of POME is mainly water, oil as well as

cellulose wastes (Rashid et al. 2009; Ibrahim et al. 2012).

This, therefore, necessitates the degradation of oil and cel-

lulose in POME by lipase and cellulase producing bacterial.

The strains (Bacillus cereus 103 PB and Bacillus subtilis

106 PB) possess the ability to produce extracellular lipase

and cellulase which stimulates better waste treatment.

During degradation, oil and cellulose in the POME are

broken down and mineralized (Singh et al. 2010). Generally,

microbial oil degradation in POME is considered to occur as

a result of hydrolysis of oil by secretion of lipase (oil deg-

radation enzyme), which degrades the oil to organic acids

and volatile fatty acids (VFAs) or reduces it to a low mole-

cule via beta oxidation (fatty acid degradation pathway).

Fig. 5 Phylogenetic tree of

Bacillus cereus 103 PB based

on 16S rRNA gene sequence

comparisons

Fig. 6 Phylogenetic tree of

Bacillus subtilis 106 PB based

on 16S rRNA gene sequence

comparisons

Fig. 7 Percentage reduction of BOD in POME sample (pure culture)
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And finally, the oil is decomposed to CO2 and H2O (Koshi-

mizu et al. 1997). Whereas cellulose degradation in POME is

initiated primarily by microorganisms (fungi and bacteria)

with the aid of extracellular enzymes. Cellulases are the

enzymes that degraded cellulose. The enzymatic hydrolysis

of cellulose requires the use of cellulase [1,4-(1,3:1,4)-b-D-

glucan glucanohydrolase, EC 3.2.1.4], a multiple enzyme

system consisting of endo-1,4,-b-D-glucanases [1,4-b-D-

glucanases (CMCase, EC 3.2.1.4)] also known as endoglu-

canases, exo-1,4,-b-D-glucanases [1,4-b-D-glucan cello-

biohydrolase, FPA, EC 3.2.1.91] also known as

exoglucanases and b-glucosidase (cellobiase) (b-D-gluco-

side glucanohydrolase, EC 3.2.1.21); this act synergistically

to convert cellulose into glucose (Lynd et al. 2002; Ray

2011). Endoglucanases hydrolyze the cellulose polymer

internally at random in the amorphous site of cellulose

polysaccharide chain, resulting in the formation of oligo-

saccharide of various lengths with a new chain ends. While

exoglucanases act by removing cellobiose or glucose from

both the reducing and non-reducing ends of the broken cel-

lulose polymer, and on the other hand, b-glucosidase

hydrolyses cellobiose and other cellodextrin into glucose

(Lynd et al. 2002; Prado et al. 2011). Lynd et al. (2002)

reported that cellulose hydrolytic enzymes are also active on

hemicelluloses and hemicelluloses hydrolytic enzymes are

commonly produced by cellulolytic microorganisms.

Degradation was more pronounced with mixed cultures

of bacteria than with single cultures. The same findings
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Plate 1 Gel Picture of genomic DNA: Lane 1: 101 PB; 2: 102 PB; 3: 103 PB; 4: 104 PB; 5: 105 PB; 6: 106 PB; M: Lambda/HindIII marker

Plate 2 Gel Picture of purified

PCR product: Lane 1: 101 PB;

2: 102 PB; 3: 103 PB; 4:

104 PB; 5:105 PB; 6: 106 PB;

M: 1 kb marker (Fermentas)
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were confirmed by previous studies with mixed culture of

organisms which revealed high degradative activity than

with single cultures of microorganisms (Chigusa et al.

1996; Benka-coker and Ekundayo 1997 and Wakelin and

Forster 1997).

In a similar study, characterization of the wastewater

from food-processing plants indicated that the waste was

highly contaminated with organic compounds as indicated

by the high values of BOD5 (EL-Gohary et al. 1987).

However, the biological treatment of oil-containing wastes

significantly removed the organic load (BOD5) in the

polluted wastewater as shown also by other authors

(Martine 1991; Martirani et al. 1996; Raj and Murthy

1999). In the present study, using mixed culture was more

effective in reducing BOD5, which was previously indi-

cated by Odegaar et al. (1998).

The indigenous microbial isolates from POME were

observed to possess metabolic potential to degrade organic

components whereas the use of mixed cultures resulted in

more extensive degradation of COD and BOD than pure

single cultures via one-step process under aerobic

conditions.

The aerobic condition requires less hassle compared to

anaerobic conditions in terms of microbial strains’ sus-

tainability (Fiestas 1984; Martine 1991). Degradation of

organic load in the present study required no primary

treatment (Valenzuela 1986; Tsonis 1993) and it is a one-

step process. The present treatment proposal showed more

advantages since no additional physical or chemical treat-

ment was required and low energy was used. El-Bestawy

et al.(2005) have reported that treatment of contaminated

industrial effluents by mixed cultures of bacteria required

no additional physical or chemical treatment.

Conclusion

It has been shown that the bacterial isolates from POME

possess the ability to remove organic load (COD and

BOD). This study would help in understanding the role of

mixed culture in biological treatment of wastewaters such

as those of oil processing like POME. However, a major

finding of this study was that the performance of the mixed

cultures could, therefore, be attributed to synergistic

activities of the organisms. The mixed culture C1 (Bacillus

cereus 103 PB and Bacillus subtilis 106 PB) is the most

effective bacteria and the best candidate to use in biolog-

ical treatment technology of POME having the highest

COD and BOD reduction rate thereby rendering the

wastewater safe for effective reuse in the oil palm mills and

eventual safe discharge and ultimately rendering the

effluents more eco-friendly.
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