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This work aims to study the ability of locally isolated microalgae to reduce organic 
substances in Palm Oil Mill Effluent (POME) which was carried out on a laboratory 
scale. Inoculum with a concentration of 20% was cultivated into POME media with 
various concentration of LP100 (without dilution), LP75 (25% dilution), and LP50 (50% 
dilution) using aeration and continuous lighting for 15 days in vessels with a lighting 
intensity of 1300 lux. Biomass of microalgae were observed daily and analyzed in dry 
weight by means of spectrophotometry using 624 nm wavelength to get their growth 
by determining the content of algae biomass. The reduction of organic substances in 
POME was observed by measuring the COD, BOD phosphate, ammonium, nitrate, and 
fatty oil parameters every 3 hours with the standard method. Results show that the 
growth of microalgae occurred well in POME media at LP75 and LP50 concentrations 
with inoculum concentration of 20% under 1300 lux lighting intensity conditions with 
a continuous 24-hour lighting and aeration cycle that obtained biomass content of  
0.92 and 1.08 g-DW/L, respectively. The presence of microalgae in POME at 
concentration of LP75 for 12 days reduced organic substances and nutrients reaching 
80.74% - 99.70%. Some parameters that were reduced include BOD (99.35%), COD 
(89.57%), TSS (89.68%), Phosphate (97.70%), Ammonium (95.08%), Fatty Oil (99.70%), 
and Nitrates (80.74%). This study concludes that locally isolated microalgae have ability 
to treat POME safely for environment and as a growing medium for microalgae 
followed by a decrease in organic substances. 
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1. Introduction 
 

The palm oil industry in Indonesia continues to develop and Indonesia become a developed 
country that has become the engine of palm oil development in Southeast Asia [1]. The dominance 
of palm oil in the food processing industry makes it a vegetable oil that is widely produced in the 
world. Increasing the amount of palm oil production will be followed by an increase in liquid waste 
generated, that have a negative impact on the environment. Prevention and mitigation of negative 
impacts from the activities of the palm oil industry continue to be carried out in line with efforts to 
increase their positive impacts [2]. The palm oil industry wastewater management methods carried 
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out so far need to be developed to obtain more effective methods, so that they get the right strategy 
in handling them [3]. Bakar et al., introducing a water-mixing burner system that has potential to 
reduce harmful emissions from sludge palm oil (SPO). Reduction of SPO from treatment ponds, 
wastewater could further meet Department of Energy (DOE) standards, becoming less harmful to the 
environment [4]. Islam et al., also developed enzymatic pretreatment of POME for monomers leading 
to biogas production. They reported that lipase and cellulose enzymes had a significant effect on 
POME to produce monomers to increase production of biogas under anaerobic digestion [5]. 

Palm oil industry wastewater comes from condensate, clarification stations, and hydro-cyclone 
better known as the Palm Oil Mill Effluent (POME). This POME is not toxic, but has high pollution 
because it contains organic substances with BOD values ranging from 18,000 - 48,000 mg/L and COD 
values ranging from 45,000 - 65,000 mg/L, while the total nitrogen content in the palm oil industry 
wastewater ranges from 500-800 mg/L [6]. This POME also contains a number of suspended and 
dissolved solids with high concentrations of organic substances, such as cellulose, proteins, fats which 
are removed without being processed will make deposits that are difficult to decompose, thereby 
affecting the content of dissolved oxygen. 

POME has the potential to supply microalgae nutrients because it contains Carbon, Nitrogen, 
Phosphate, so that it can reduce the need for nutrients that must be supplied from outside in carrying 
out photosynthesis. Palm oil industry wastewater with a certain concentration has a CNP ratio, 
whereas microalgae require large amounts of nutrients with CNP = 56: 9: 1 [7]. Utilization of 
microalgae for processing wastewater has several advantages, such as; cost effectiveness in reducing 
the concentration of COD, BOD, Phosphate, and Nitrogen, compared to activated sludge systems [8] 
and aquatic plants [9]. Because of the lipid content in microalgae, they can float on the surface of the 
water (phyto-plankton). The survival of microalgae in various environmental conditions from waters 
to terrestrial habitats 1000 years ago has made it the oldest microorganism that lives on Earth [10]. 
Microalgae are cultivated in various forms of containers with various configurations. Microalgae can 
be cultivated in open pond systems and in closed photo-bioreactor systems under controlled 
environments [11], but during aquaculture operations, other microorganisms can dominate this 
system [12]. 

The use of microalgae in wastewater treatment processes provides several advantages over 
traditional treatment (activated sludge system), including in terms of effectiveness in reducing the 
concentration of COD, BOD, Phosphate, and Total Nitrogen, as well as removing compounds 
pathogen. In principle, the growth of photosynthetic microalgae organisms requires a supply of 
carbon dioxide (CO2) as the main source of carbon, lighting of sunlight, and nutrients to produce 
biomass. In this study, we reported the effectiveness of organic compounds reduction in POME using 
locally isolated microalgae. 

 
2. Methodology  
2.1 Material 

 
The experimental equipment’s used in this study were glass reactors assembled in laboratory, 

spectrophotometer (UV-Vis Shimadzu 1700), Trinocular Microscope (62271-99 Zeiss Primo Star), 
Oven Dryer (ISUZU DSL-1000), Shaker (SLM-OS-250-Digital), Buchner Funnel (Pyrex), digital balance 
(ACIS, BC-500), Atman Water Pump AT-102, Lux Meter (Lutron), Low Speed Centrifuge (LC-05A), and 
Desiccator (Pyrex). Supporting tools are also used to conduct the research such as 32 Watt 
Fluorescent Lamps (Philip), Erlenmeyer 250 mL (Pyrex), thermometer (Yenaco), pH meter (Ohaus), 
and micropipettes (eppendorf). 
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2.2 POME and Microalgae 
 
POME was taken from the cooling pond of palm oil wastewater treatment of PT. Fajar Baizury & 

Brothers Nagan Raya Regency, Aceh Province. Microalgae was isolated from open ponds around 
Banda Aceh City and was cultivated continuously in laboratory using BG-11 (Basic Guillerd-11) media. 
Chemicals were obtained commercially from Sigma-Aldrich LTD. 

 
2.3 General Procedure 

 
Research conducted was experimental with sample treatment (POME) as a medium for 

microalgae growth and its characteristics were analyzed against the parameters of pH, TSS, COD, 
BOD, NH4, NO3, and Phosphate which carried out using the standard method [13] before being 
inoculated with isolates and after reaching the growth phase stationary. The research was carried 
out at a laboratory scale by cultivating locally isolated microalgae in POME using a 3 (three) liter 
vessel with continuous lighting and aeration intensity. Furthermore, inoculum with a concentration 
of 20% was cultivated into POME media with variations concentration of LP100 (without dilution), LP75 
(25% dilution), and LP50 (50% dilution) using aeration and continuous lighting for 15 days in vessels 
with a lighting intensity of 1300 lux. Cultivation of locally isolated microalgae occurred at room 
temperature with continuous lighting and aeration cycles for 24 hours, and every day OD samples 
were measured using a spectrophotometer with a wavelength of 624 nm to determine the growth 
of microalgae biomass. At the end of cultivation, media was separated by a centrifuge at a speed of 
3000 rpm for 30 minutes to obtain biomass, while the POME media was analyzed for its 
characteristics. 
 
3. Results  
3.1 Locally Isolated Microalgae 

 
Microalgae was isolated from open ponds around Banda Aceh City and cultivated continuously in 

a bioreactor using BG-11 (Basic Guillerd-11) media. The isolates obtained were round in size with 
green physical pigmented characteristics and cellulose as cell wall forming as shown in Figure 1. 
 

 
Fig. 1. Locally isolated microalgae applied to this study (on 400 magnification POME media) 

 
Based on its characteristics, these green microalgae classified to the Chlorophyta division and 

class of Chlorophyceae. Green microalgae belong to a group of microalgae that have higher plant 
properties which are prokaryotic organisms that have special cell structures, chloroplasts, DNA in a 
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nucleus, and some types have flagella. Most of the cell walls are cellulose, although some do not have 
cell walls. The microalgae has chlorophyll and some carotenoids which are usually green grass. When 
the cultivation conditions become solid and the supply of light is limited, the cell will produce more 
chlorophyll and become dark green. Locally isolated microalgae which were applied in this study 
serves to reduce the organic content of POME to be safe with the environment. In addition, this 
POME contains high BOD and COD values which cause contamination. Some microalgae can use 
autotrophic or heterotrophic carbon, such as Chlorella protothecoides which influenced by culture 
conditions. Furthermore, under environmental flux, microalgae can shift this mechanism, mainly due 
to carbon and light flux [14]. 
 
3.2 Characteristics of POME 
 

POME was obtained from condensation process at the clarification station and hydro-cyclone 
(before entering into the Cooling Pond) in palm oil mill. These wastewater has a brownish color and 
a fairly high temperature of 65 °C. The pH of POME was measured shortly after sampling, followed 
by analysis of concentrations of COD, BOD, suspended solids (TSS), fatty oils and analysis of the 
nutrient content of Ammonium (NH4), Nitrate (NO3-N), Phosphate (PO4). Table 1 shows the average 
POME content from various palm oil processing. Analysis results showed that the POME used in this 
study contained organic substances with a pH of 4.07, COD concentration of 60395.52 mg/L, BOD 
concentration of 26818.30 mg/L, suspended solids (TSS) concentration of 47375 mg/L, fatty oil 
concentration of 1854.7 mg/L, Ammonium (NH4) concentration of 506.97 mg/L, Nitrate (NO3-N) 
concentration of 190 mg/L and Phosphate (PO4) concentration of 310 mg/L. High organic substances 
contained in POME caused odors due to high concentrations of ammonia, which can reduce the 
quality of environment [15].  
 

Table 1 
Comparison of POME characteristics from various sources 

pH 
BOD  
(mg/L) 

COD  
(mg/L) 

Fatty Oils 
(mg/L) 

TSS  
(mg/L) 

N-Total 
(mg/L) 

Ref. 

4.7 25,000 50,000 4,000 18,000 750 [15] 
3.5-4.2 10,000-44,000 16,000-100,000 - 5,000-54,000 - [16] 
4.15-4.45 21,500-28,500 45,500-65,000 1,077-7,582 15,600-23,500 300-410 [17] 
5.6 - 46,000 - 42,800 - [18] 
3.8-4.5 25,000 53,630 - 43,645 770 [19] 
4.07 26,818 60,396 1855 47,375 700 this study 

 
Analysis results of the POME characteristics showed that the content of suspended and dissolved 

solids was found with very high concentrations of organic substances, such as cellulose, proteins, fats 
so that if they are discharged directly without being processed it will become difficult to decompose 
and can pollute the environment. The results of this POME characteristic indicated that the content 
of suspended and dissolved solids was found with very high concentrations of organic substances 
because they contained such as cellulose, proteins, fats, and other components which if disposed of 
directly without treatment it will be difficult to decompose and will pollute the environment. Based 
on this result, an effective and efficient treatment process for POME waste is needed to be safely 
disposed of to the environment. Some researchers have also analyzed the contents of POME from 
various types of the palm oil industry. Table 1 emphasizes the characteristics of POME reported by 
several researchers. High concentrations of suspended solids and fatty oils could be a source of 
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organic compounds in POME. The POME concentration used in this study was still in the range of 
POME concentrations reported by several previous researchers. 

 
3.3 Effect of POME Concentration on the Biomass Growth 
 

The effect of POME concentration on microalgae growth was investigated by growing a number 
of microalgae in various concentrations of POME media (without dilution, LP100; 25% dilution, LP75; 
and 50% dilution, LP50). This cultivation was carried out by culturing a locally isolated microalgae 
inoculum with a concentration of 20% (Vinnoculum/Vmedia) into POME media under 1300 lux lighting 
intensity conditions with a continuous 24-hour lighting and aeration cycle. Liquid samples were taken 
daily for 15 days to measure their absorbance using a spectrophotometer (UV-Vis, Shimadzu 1700) 
and analyzed using a calibration curve to determine the biomass content of locally isolated 
microalgae (g-DW/L) and the results are shown in Figure 2. 
 

 
Fig. 2. Effect of media concentration on biomass growth (Condition: 
Inoculum concentration 20% under 1300 lux lighting intensity conditions 
with a continuous 24-hour lighting and aeration cycle) 

 
Results showed that the growth of locally isolated microalgae was strongly influenced by the 

POME media concentration, where growth of microalgae at the concentration of LP75 and LP50 were 
different from the growth at a concentration of POME LP100 (without dilution). Growth of microalgae 
in LP50 was better than in LP75 and POME LP100. These results indicated that the growth of microalgae 
was inhibited on concentrated media (LP100). The high concentration of POME which contains high 
organic substances makes microalgae difficult to adapt. With a dilution of up to 50% (LP50), number 
of microalgae cells has doubled from those without dilution, and cells grew faster to adapt to their 
environment and increase the amount of biomass. Figure 2 shows that the growth of logarithmic 
phase started on day 4 to day 8, while the stationary phase occurred from day 8 to day 9 and on the 
following day the growth of microalgae continues to decline until the 15th day. Concentration of 
organic substances in the growing media was very high, causing microalgae need a long time to adapt 
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to reach the logarithmic phase in a very concentrated media. Results showed that highest microalgae 
growth was found in the concentration of POME LP50 on day 8 growth which reached 1.04 g-DW/L. 
 
3.4 Organic Substances Reduction in POME after Exposure to Locally Isolated Microalgae 
 

Media that have higher nutrients will inhibit the growth of microalgae because they require more 
time to adapt [20]. POME with certain nutrient concentrations could be a potential growth medium 
as an alternative medium for microalgae growth [7]. Industrial and agricultural wastewater has been 
evaluated as an alternative nutrient-rich culture medium for the cultivation of microalgae. 
Alternative culture media that have been evaluated for the cultivation of microalgae include 
industrial wastewater such as POME which contains residues rich in nutrients for the growth of 
aquaculture biomass [21, 22]. 

Figure 3 and Figure 4 show that POME with a high organic substance begins to degrade well by 
microalgae after 1-day cultivation followed by microalgae growth. In this adaptation phase, 
microalgae could survive, followed by the logarithmic phase until the 9th day of cultivation, nutrients 
as a food source in POME continue to decrease. Reduction of nutrients was in line with the decrease 
in organic substances in POME. Results showed that the presence of microalgae in POME at the 
concentrations of LP75 for 12 days decreased organic substances and nutrients reaching 80.74%-
99.70%. Some parameters that were reduced include BOD (99.35%), COD (89.57%), TSS (89.68%), 
Phosphate (97.70%), Ammonium (95.08%), Fatty Oil (99.70%), and Nitrates (80.74%). 

 

 
Fig. 3. Effect of cultivation of locally isolated microalgae in POME 
on the reduction of COD, BOD, TSS, and fatty oil 
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Fig. 4. Effect of cultivation of locally isolated microalgae in POME 
on the reduction of phosphate, ammonium, and nitrate 

 
4. Conclusions 
 

Research showed that locally isolated microalgae grew well in POME at LP75 and LP50 
concentrations with the inoculum concentration of 20% under 1300 lux lighting intensity conditions 
with a continuous 24-hour lighting and aeration cycle that produces biomass content of 0.92 and 1.08 
g-DW/L, respectively. The presence of microalgae in POME at concentration of LP75 for 12 days 
reduced organic substances and nutrients reaching 80.74%-99.70%. Parameters that were reduced 
include BOD (99.35%), COD (89.57%), TSS (89.68%), Phosphate (97.70%), Ammonium (95.08%), Fatty 
Oil (99.70%), and Nitrates (80.74%). This research concluded that locally isolated microalgae have the 
ability to treat POME safely for the environment and as a growing medium for microalgae followed 
by a decrease in organic substances. 
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