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Introduction 
 

Palm oil mill effluent (POME) which is also 

known as Palm oil effluent (POE), Palm oil 

slurry (POS) or Palm oil sludge (POS) is a 

perennial crop with the most common species 

“Elaeis guineensis” grown extensively in 

West Africa's humid tropical and subtropical 

region, where it originated from (Bambang et 

al., 2012; Alam et al., 2007), however the 

world's largest producers of crude palm oil are 

actually Indonesia, Malaysia, Thailand, 

Columbia and Nigeria (Ohimain and Izah, 

2014; Izah et al., 2016). Among all territorial 

name been given, Palm oil mill effluent seems 

to summarize it's content which is defined as 
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The wastewater generated from sterilization, condensation and hydrocycloning of palm oil 

fruits during milling activities is referred to as Palm oil mill effluent (POME). It shows the 

presence of residue oil and suspended solids, due to its high biological oxygen demand 

(BOD), low pH and colloidal nature, its potentials to pollute both ecological niches have 

been attributed to the most intricate environmental turmoil for the 21st century. Currently, 

the penetration of palm oil mill effluents into the waterways and ecosystems has been 

considered a meticulous concern towards the food chain interference and water 

consumption. However, by the virtue of both anaerobic and aerobic biological treatment, 

some variety of microorganisms have been investigated to be capable of POME 

biodegradation, with the sole aim of providing a solution to environmental pollution 

problems, this is rapidly growing in recent decades where POME hydrocarbons and its 

derivatives are concerned. Organisms that have been successfully reported to be capable of 

degrading these hydrocarbons include Pseudomonas aeruginosa, Bacillus subtilis, 

Alcaligenes, Acinetobacter iwoffi, Flavobacterium sp., Aspergillus sp., and Rhizopus. 

Therefore, this article presents a characteristic review of POME pollution with new and 

emerging biodegradation potentials as a panacea to global issues plaguing our ecological 

niches, major limitations together with the future expectation are summarized and 

discussed. 
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the voluminous liquid waste that originates 

from the sterilization and clarification forms 

in milling oil palm. It is a wastewater 

produced from palm oil milling exercises 

which require successful treatment before 

release into nature because of its 

exceptionally polluting properties (Wu et al., 

2009; Ismail et al., 2010). Thus, POME is 

being treated via palm oil mills before 

evacuating it into the streams and rivers. 

Figure 1 presents the schematic process of 

Palm fruits processing to product (Oil) and 

effluent waste. Palm oil mill effluent is 

termed to be a highly polluting material and 

researchers have done so much in their studies 

to find ways of removing its threat to the 

environment (Awotoye et al., 2011; Izah and 

Ohimain, 2016). The composition of the 

effluents are from different sources and are 

obtained from palm oil, water, sand and solid 

(suspended and dissolved). Water which 

composed of 93-95%, solidly composed of 3-

4% and oil composed of 0.5-2% are various 

composition as a percentage of total sludge 

(Madaki et al., 2013). 

 

Biodegradation also known as “biological 

breakdown” is the process by which organic 

substances are decomposed by micro-

organisms (mainly aerobic bacteria) into 

simpler substances such as carbon dioxide, 

water and ammonia. The use of 

biotechnological forms including 

microorganisms, with the target of taking care 

of environmental contamination issues, is 

quickly developing where POME and its side-

effects are concerned (Pala et al., 2006). The 

process by which microorganisms such as 

bacteria, fungi and other biological activity 

act on material by naturally disintegration is 

called Biodegradation. The biological 

treatment relies immensely upon a consortium 

of microorganism's activities, which operate 

the organic substances present in the POME 

as enhancements and in the end debase these 

organic issues into a simple by-product, for 

example, methane, carbon dioxide and 

hydrogen provided, and water 

(Mohammadreza and Soheila, 2014).  

 

According to Liew et al., (2015), the past few 

decades, various methods have been recorded 

for the treatment of POME. Anaerobic or 

facultative ponding method, tank digestion 

and mechanical aeration, tank digestion and 

facultative ponds, physico-chemical and 

biological care, and decanter and facultative 

ponds are the most refined treatment plans 

that have been widely applied in POME 

degradation. However, these approaches have 

some disadvantages, such as the prolonged 

period of retention, greenhouse gases output, 

large land area requirement and inconsistent 

nutrient removal (Ganapathy et al., 2019; 

Affandi et al., 2014). Biological treatment 

such as ponding system is a conventional 

treatment that involves aerobic and anaerobic 

processes which involves microorganisms 

such as bacteria, molds, algae, yeasts, and 

fungi to degrade lipids in the POME 

(Ganapathy et al., 2019; Rupani, et al., 2019; 

Chan et al., 2005).  

 

One of the unique ways through which 

microorganisms obtains energy is by 

catalyzing energy that causes chemical 

reactions involving breaking bonds and 

moving electrons away from the pollutants, 

during this process, the organic contaminant 

is oxidized in this form of reaction, while the 

chemical that acquires the electron is reduced. 

The energy obtained from this transition is 

then invested in growth and metabolism of the 

biodegrading microbe. Aerobic species 

utilized oxygen as their electron acceptor, 

while anaerobes use nitrates, sulphates, or 

even carbon dioxide as their own electron 

acceptor, and products produced here can 

include nitrogen gas, hydrogen sulphide, 

decreased metal types, and methane, 

depending on the electron acceptor which is 

in addition to new cell mass. This mechanism 
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has been used to biodegrade several POME 

polluted sites (Ramadan et al., 2012; Loretta 

et al., 2016). 

 

This article presents a narrative review of 

POME pollution with new and emerging 

biodegradation potentials as a panacea to 

global issues plaguing our ecological niches, 

advantages and major limitations together 

with the future expectation are summarized 

and discussed. 

 

Biological agent involved in 

Biodegradation of POME 

 

A variety of microorganisms have been 

investigated to be capable of biodegrading oil 

wastewater with high profits. The 

microorganisms that can perform complete 

degradation of oil-based waste water are 

bacteria, moulds, yeasts, and fungus (Dhouib 

et al., 2006). The use of microorganisms for 

biodegradation purposes is also an extremely 

efficient method for the treatment of highly 

polluted waste water and natural bodies of 

water. Anaerobic and aerobic treatments are 

the great and capable biological methods for 

POME treatment (Nwuche, Aoyagi, and 

Ogbonna, 2014).Organisms that have been 

successfully reported to be capable of 

degrading these hydrocarbons include 

Pseudomonas aeruginosa, Bacillus subtilis, 

Alcaligenes, Acinetobacter iwoffi, 

Flavobacterium sp., Aspergillus sp., and 

Rhizopus (Loretta et al., 2016). Affandi et al, 

(2014) demonstrated that through aerobic 

treatment, an indigenously isolated Bacillus 

cereus has the ability to extract oil and grease 

from POME absolutely. It was reported by 

Vijayaraghavan et al., (2007) that in 

anaerobically digested POME, the chemical 

demand for oxygen (COD) and oil and grease 

removal by aerobic oxidation was higher. One 

of the very first researchers to reports aerobic 

digestion of POME are Agamuthu et al., 

(1986), they observed a significant decrease 

in carbon and inorganic nitrogen content 

which eventually changes the pH of POME 

from acidic to alkaline range. 

 

Furthermore, Fungal and yeast species such as 

Saccharomyces cerevisiae, Yarrowia 

lipolytica, spores and mycelium of 

Trichoderma viride, Aspergillus fumigatus 

and Coilostylis clavate have been effectively 

applied in the treatment of POME in recent 

studies (Neoh et al., 2013; Oswal et al., 

2002). Aspergillus niger and Aspergillus 

flavus have been distinguished for their ability 

to endure oily wastewater such as POME, this 

explain their ability to breakdown chemical 

component found in pome and utilizes as their 

sole carbon source. The presence of 

Penicillium sp., Fusarium sp., and Mucor sp. 

in the POME shows that these fungi are able 

to survive in hostile environment (Ohimain et 

al., 2012a; Ohimain et al., 2012b; Nwuche 

and Ogbonna, 2011). These organisms have 

been proven in recent report to be an effective 

oily wastewater degrader. 

 

The characteristics properties of POME 

 

The characteristics properties of POME vary 

and differs from each other depending on the 

processing techniques, life span and specie of 

palm fruits, and the palm oil mill activities 

(Ravindra and Sarbatly, 2013; Wu et al., 

2010). It is considered to be one of the 

recalcitrant wastes containing elevated 

amounts of organic compounds with a very 

high Biochemical Oxygen Demand (BOD) 

and Chemical Oxygen Demand (COD), which 

is 100 times more than the municipal sewage 

(Wu et al., 2010: Khongkhaem et al., 2016). 

A standard palm oil mill produces 

approximately one ton of liquid waste with a 

biochemical demand for oxygen (BOD) of 27 

kg, a chemical demand for oxygen (COD) of 

62 kg, suspended solids (SS) of 35 kg and oil 

and grease of 6 kg (Kamyab et al., 

2018).POME is a non-toxic waste, since no 
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solvent is applied during the oil extraction 

process, but due to the organic and nutrient 

content, it has the ability to pose serious 

environmental problems because of its high 

oxygen depleting potential in the aquatic 

system (Khongkhaem et al., 2016). 

 

Figure 2 shows a schematic flow of different 

stages involved in biological treatment of 

palm oil mill effluent (POME) within a 

typical palm oil mill, comprising of 

anaerobic, aerobic and facultative anaerobic 

processes, including mixed raw effluent 

(MRE), mixing pond, holding tank, and final 

discharge phases. The suspended solids in the 

POME are mainly oil-bearing cellulosic 

materials from the fruits. Since the POME is 

non-toxic as no chemical is added in the oil 

extraction process, it is a good source of 

nutrients for microorganisms. POME 

constituent includes carbohydrates, proteins 

and large quantities of fatty acids and oil. 

Various phenolic and heterocyclic compounds 

from palm fruits are also released to POME 

(Unell et al., 2008; Aresta et al., 2010; 

Khongkhaem et al., 2016).  

 

Ponding system as the conventional method 

 

Biological treatment such as ponding system 

is a conventional treatment method involving 

aerobic and anaerobic processes with 

microorganisms such as bacteria, molds, 

algae, yeasts, and fungi to degrade lipids in 

the POME (Chan et al., 2010). The most 

common method adopted by more than 85 

percent of palm oil mills is the ponding 

system. Ponding usually entails lagoons 

(ponds) and oxidation artificial pools for 

waste stabilization. However, oxidation ponds 

can be categorized as aerobic, likewise 

facultative ponds when oxygen is absent, sand 

and oil traps, cooling ponds, acidification 

ponds, anaerobic ponds are usually included 

in the ponding scheme. Sand and oil traps run 

manually are pretreatment unit operations, the 

raw POME is cooled down to less than 35⁰C 

in cooling ponds prior to feeding into 

subsequent ponds (Yacob et al., 2006a; Chan 

et al., 2010; Liew et al., 2015) 

 

Aerobic ponds are normally built up to 1-1.5 

m deep, while anaerobic ponds are normally 

5-7 m deep, without lining, all within the 

earth structure, organic loading ranges may 

rate from 0.2 to 0.35 kg BOD m
-3

 per day1. It 

is worthy to know that anaerobic ponding can 

digest large amounts of solids and is 

inexpensive, but requires long retention times 

and a wide land area with regularly recorded 

accumulation of solids (Hojjat et al., 2009). 

The ponding system entails low maintenance, 

it is economical, it offers process and 

operational simplicity, and is a feasible means 

of treating high strength organic wastewater 

(Yacob et al., 2006b; Yacob et al., 2006a; 

Liew et al., 2015). 

 

Advancement in POME treatment 

 

The quality needed to reduce the 

contaminants in the POME to acceptable 

levels is not achieved by various conventional 

treatment approaches. However, to lower the 

levels of pollutants, many advanced treatment 

technologies have been developed with high 

efficiency. A feasible tactic for POME 

treatment includes the integration of both 

conventional treatment and advanced 

technologies. Advanced treatment entails 

chemical and physical treatments of POME. 

Chemical treatment act by changing the 

chemical properties, such as acid 

neutralization or alkalinity. Meanwhile, 

before any secondary treatment, physical 

procedures include screening, sedimentation, 

and oil removal are also important for 

effective biological degradation of POME 

(Yashni, et al., 2020).  
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Fig.1 From fruits processing to product (Oil) and effluent waste  

 

 
 

Fig.2 Schematic flow process for both Anaerobic and Facultative 

 biodegradation of Palm oil mil effluents (POME) 

 

 
 

Photocatalysis is an advanced oxidation 

process (AOP) that provides the treatment of 

POME with a promising green approach 

(Yashni et al., 2020). A catalyst or 

semiconductor such as titanium dioxide 

(TiO2) and zinc oxide (ZnO) are used to 

effectively convert POME contaminants into 

harmless products through the production of 

sufficient quantities of hydroxyl radicals 

(OH). By utilizing photon energy from solar 

light illumination, photocatalysis decomposes 

organic pollutants (Chin et al., 2019; Cheng et 

al., 2017). Another treatment method for 

advanced oxidation process (AOP) of POME 

is Fenton oxidation, this protocol is widely 

explored for POME treatment due to its ease 

of operation and potential to degrade harmful 

substances to form intermediates with 

enhanced biodegradability (Yashni et al., 

2020). Fenton oxidation process utilizes 

Fenton reagents such as hydrogen peroxide 

(H2O2) and ferrous ion (Fe2þ) in the presence 

of light to produce (OH) and oxidation of 

Fe2þ to ferric ions (Fe3þ) which trigger the 

degradation of organic compounds. The 

techniques appear to works faster and require 

less energy and space which makes it a cost-

effective technology (Kanakaraju et al., 2017; 

Gamaralalage et al., 2019) 
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Sia et al., (2017) defined Electro-oxidation as 

an effectual method for pollutant degradation 

by using electrochemically produced oxidants 

to perform direct and indirect oxidation. This 

technique utilizes electrical potential where 

the cathode surface is coated with ionized 

metallic species. This method requires less 

chemicals and creates less sludge, but the 

high initial cost of capital and the expensive 

source of electricity limit its effectiveness 

(Ahmad et al., 2019). Coagulation-

flocculation is an innovative pretreatment 

procedure for waste water treatment. The 

method is combined with other methods for 

treatment, such as biological treatment, 

filtration of the membrane and AOPs 

(Ohimain and Izah, 2014a). A process of 

gathering colloidal particles into large masses 

is coagulation. Colloidal particle collection 

occurs by two distinct mechanisms such as 

movement of particle to effect interparticle 

contact and Dislocation of particles to allow 

attachment as contact ensues (Ohimain and 

Izah, 2014b). 

 

Electrocoagulation is an efficient traditional 

process for the recovery of useful chemical 

substances and for the disposal of waste 

water, such as POME (Bashir et al., 2016). 

Electrocoagulation is a method in which 

electrode metal creates metal ions that are 

then hydrolyzed in the electrochemical cell to 

create metal hydroxide that binds to disrupted 

contaminants with great adsorptive properties 

and thus produces large flocks (Yashni et al., 

2020). Ultrafiltration is often preferred for 

effluent treatment between many membrane 

processing practices. Ultrafiltration is a 

membrane process powered by low pressure, 

where some solution components are isolated 

from the solvent, leaving only the 

macromolecules within 0.001-0.02 mm 

(Ohimain and Izah, 2017). 

 

Ultrasonication is the irradiation from 

ultrasound with frequency in the range of 15–

20 kHz. It is recognized as green technology 

for numerous wastewater treatments with 

higher decomposition rates compared to 

traditional methods (Wong, Isa and Bashir, 

2018). Ultrasonication degrades complex 

organic contaminants in the wastewater by the 

development and breakdown of high energy 

cavitation bubbles. Ultrasound irradiation is 

characterized with a frequency in the range of 

15-20 kHz. For common effluent treatments 

with higher decomposition rates compared to 

conventional approaches, it is recognized as 

green technology, ultrasonics degrade 

complex organic pollutants in waste water 

(Yashni et al., 2020). Adsorption is a 

physicochemical mechanism in which the 

contaminants are adsorbed as a result of 

physical forces or chemical reactions on the 

surface of the adsorbents. A promising 

technique for removing heavy metals, organic 

contaminants, residual oil, and Suspended 

solid from POME is adsorption (Parthasarathy 

et al., 2015; Azmi andYunos, 2016; Ng et al., 

2019). 

 

Major limitations and future prospects 

 

The major limitations of the biological 

treatment methods such as aerobic and 

anaerobic treatment include high retention time, 

low removal efficiency for some parameters 

such as Total Nitrogen, Total suspended Solid, 

and Total Dissolve Solid (Yashni et al., 2020). 

The requirement of large land area and proper 

monitoring as the processes rely on 

microorganisms to break down the pollutants 

has also been reported to be a limiting factor. 

The disadvantages of these advanced treatments 

methods include generation of hazardous 

sludge, high dosages of chemicals, high cost, 

high requirement for electricity, as well as the 

formation of oxide or passive film on the 

surface of the electrodes, which reduce the 

efficiency of the process (Abdurahman et al., 

2013; Abdelgadir et al., 2014; Ohimain and 

Izah, 2017). 
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According to Yashni et al., (2020), current 

studies reveal that, the palm oil industries 

have shown interest in incorporating more 

sustainable and emerging technologies in their 

mills to achieve a zero-waste solution, 

including biogas extraction and/or 

composting technology. Besides biogas 

trapping and composting technology, another 

groundbreaking concept of combining oil – 

oil extraction and continuous filtration by 

super hydrophobic membrane has been 

anticipated recently to achieve zero-sludge 

palm oil mill (Zainal et al., 2018). Liew et al., 

(2015) opine that there are still ongoing 

treatment technologies being researched and 

the outcomes maybe available in a while. 

However, the most feasible technology could 

be the combination of advanced biological 

processes (bioreactor systems) with extended 

aeration, followed by solids separation prior 

to discharge (Ng et al., 2011).  

 

In conclusion the more problems are expected 

as the oil palm industry continues to move 

into a new age, discharging the effluents or 

by-products on the lands may lead to 

pollution and might cause deterioration of the 

environment. The treatment of these by-

products requires a productive and efficient 

management system that will preserve the 

environment and check the deterioration of 

run water and air quality. Treatment of POME 

is highly important and environmental 

pollution must be avoided. Among several 

convectional treatment of POME, 

“Biodegradation” which is the biological 

treatment of POME with some varieties of 

microorganism appears to be a panacea for 

Ecological pollution. In other to lower the 

levels of pollutants, many advanced treatment 

technologies have been developed with high 

efficiency. A feasible tactic for POME 

treatment includes the integration of both 

conventional treatment and advanced 

technologies. Therefore, as the industry 

progress vigorously over the years, many 

factors should be investigated in order to get 

further insights of POME management. The 

emergence of hybrid palm fruits and many 

other new varieties, the development of 

milling processes as a result of technical 

developments, as well as the water supplies 

used in palm oil mills may be an indicator of 

new evidence of discovery and innovation for 

a breakthrough in the research of palm oil 

waste water. 
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