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P
ABSTRACT

alm oil mills generate about 3 t of efflu-
ent  for every tonne of crude palm oil 

(CPO) produced or about 0.6 t of palm oil mill 
effluent (POME) for every tonne of fresh fruit 
bunch (FFB) processed. This effluent has to be 
treated to reduce its biological oxygen demand 
(BOD) before being discharged into the water 
course. Effluent pond digestion method is the 
most common treatment practice in almost all 
mills where the POME is digested by the micro-
organisms producing unpleasant odour, meth-
ane and other greenhouse gases. The objective of 
this study is to review the important metabolic 
pathways of  microorganisms in order to predict 
the  POME degradation under anaerobic and 
aerobic conditions.

INTRODUCTION

Palm oil mills produce effluent at the rate 
of about 60% w/w of the fresh fruit bunch 
(FFB) processed. About 1.5 t of water is 

added to process 1 t of FFB including about 
0.5 t of water used as boiler feed water. The 
volume of palm oil mill effluent (POME) 
discharged depends on the way the mill is 
operated. The national average is about 3 
t of POME   generated for every tonne of 
crude palm oil (CPO) produced. 

POME is usually treated in the open 
pond system until its biological oxygen de-
mand (BOD) meets the limit set by the De-
partment of Environment (DOE), for land 
application, as well as for discharge into the 
water course. The common hydraulic reten-
tion time (HRT) is one day in the cooling 
ponds, four days in the acidification ponds, 
45 days in the anaerobic ponds and finally 
16 days in the facultative ponds (Gurmit  et 
al., 1999). Thus, the total hydraulic retention 
time needed is 66 days. One cubic metre of 
POME would generate 28 normal cubic me-
tres of methane gas on the average.  When 
POME is vacuum dried, it was found to 
contain high percentage of ash, protein and 
oil (Table 1).   

This study is a review of the important 
metabolic pathways in microorganisms to 
predict POME degradation under anaerobic 
and aerobic conditions. 
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METABOlISM

Metabolism consists of catabolism and 
anabolism. Catabolism involves the break-
down of high energy complex molecules 
into smaller and  lower energy molecules 
coupled with the synthesis of adenosine 
triphosphate (ATP) from adenosine diphos-
phate (ADP), whereas anabolism involves 
the synthesis of complex molecules from 
simpler molecules with the input of energy 
from the conversion of ATP to ADP. Figure 1 
shows the summary of metabolism.

Anaerobic Fermentation

Anaerobic digestion is a complex bio-
chemical process that takes place in the ab-
sence of oxygen involving a myriad number 
of microorganisms to convert organic com-
pounds into methane and carbon dioxide in 
four stages which are hydrolysis, acidogen-
esis, acetogenesis and methanogenesis as 
shown in Figure 2.

During the hydrolysis stage, micro-
organisms secrete enzymes to hydrolyse 
polymeric materials to monomers such as 

TABLE 1.  DRIED PALM OIL MILL EFFLUENT (POME) POWDER COMPOSITION

Element Composition (%w/w)
Moisture 4.500
Ash 14.000
Protein 12.000
Oil 13.000
Nitrogen, N 1.850
Phosphorus, P2O5 0.620
Potassium oxide, K2O 3.550
Magnesium oxide, MgO 1.170
Calcium oxide, CaO 1.250
Manganese, Mn 0.010
Copper, Cu 0.010
Zinc, Zn 0.010
Molybdenum, Mo 0.002
Selenium, Se 0.003

glucose, fatty acids and amino acids so that 
the substrate can be absorbed into the mi-
croorganism cells for further metabolism. 
Hydrolysis reaction for POME is shown in 
Equation (1).

Palm oil lipase  3 Palm fatty acids + Glycerol

Protein lipase  Amino acids (1)
 

During the acidogenesis stage, simple 
monomers produced from the hydrolysis 
stage above are converted into volatile fat-
ty acids (acetate, propionate, butyrate, and 
lactate), neutral compounds (methanol and 
ethanol), ammonia, hydrogen and carbon 
dioxide via biological reactions (Dinopolou 
et al., 1987).

Amino acids are grouped into gluco-
genic and ketogenic division based on the 
carbon skeletons that are convertible to 
glucose. The amino acid products after 
transamination are fed into different stages 
of the glycolytic pathway or Kreb’s Cycle. 
Carbon skeletons of glucogenic amino acids 
after degrading to pyruvate enter the gly-
colysis pathway, whereas carbon skeletons 
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Figure 1.  Metabolism summary.

Figure 2.  Anaerobic digestion stages.

of ketogenic amino acids after degrading to 
acetyl-CoA or acetoacetate enter the Kreb’s 
Cycle as shown in Figure 3.

Cells take up fatty acid molecules and 
transport into the mitochondria to produce 

acetyl-CoA via the β-oxidation pathway as 
shown in Figure 4. 

The number of acetyl-CoA produced de-
pends upon the fatty acid carbon length and 
the odd numbered fatty acids that produce 
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propionyl-CoA is metabolised through 
alternative pathways to succinyl-CoA as 
shown in Appendix 1 (Schulz, 2008).

Some microorganisms convert glycerol 
produced from hydrolysis of the oil into 
glyceraldehyde 3-phosphate as shown in 
Figure 5 and enter the glycolysis pathway 
or gluconeogenesis pathway depending on 
the physiological conditions illustrated  in 

Figure 6 to provide energy for cellular me-
tabolism. 

Pyruvate produced from this pathway 
plays a central role in the intermediary 
metabolism of microorganisms and can 
lead to the formation of many synthesised  
products. In most organisms, the vast 
amount of pyruvate generated during 
cellular catabolic activities is oxidised to 

Figure 3. Metabolic degradation of protein.

Figure 4. The β-oxidation of fatty acids.
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Source: George Nemecz, Campbell University.

Figure 5. Glyceraldehyde 3-phosphate formation from glycerol. 

Source:  R  Paselk (2008),  Humboldt State University.

Figure 6.  Glycolysis and gluconeogenesis overview.

*  Heavy arrows indicate 
biologically irreversible 
reactions.

* Number of arrow 
indicates relative flux of 
reactions.

HO



PALM OIL ENGINEERING BULLETIN NO. 10918

Feature Article

the highly energised acetyl-CoA. Four major chemical reaction routes in the conversion of 
pyruvate into acetyl-CoA in eukaryotic organisms cells are  shown in the reaction Equation 
(2).

Source: E Schmid (2006), San Diego Mesa College. 

Figure 7. Various anaerobic fermentation pathways.

Pyruvate + CoA + NAD+ Pyruvate-dehydrogenase  Acetyl-CoA + NADH + CO2

Pyruvate + CoA +Fd+  Pyruvate-ferredoxin-oxidoreductase   Acetyl-CoA + FdH + CO2

Pyruvate + CoA  Pyruvate-formate-lyase   Acetyl-CoA + HC-OOH

Pyruvate Pyruvate-decarboxylase  Acetaldehyde + CO2
(2)

The pyruvate and acetyl-CoA produced 
at the end of acidogenesis are further de-
graded via different types of fermentation 
pathways depending on the nature of the 
microorganisms. The common end prod-
ucts of anaerobic fermentation are alcohol, 
lactic acid, propionic acid, formate, butyric 
acid and acetic acid as shown in Figure 7.

Since the propioni bacteria are not found 
in soil and water, anaerobic POME degra-
dation will never produce propionic acid 
via methyl-malonyl-CoA pathway. 

The acetogenesis converts the volatile 
fatty acids produced from previous stages 
to acetic acid, carbon dioxide and hydrogen 

by anaerobic bacteria known as acetogens 
via Wood-Ljungdahl pathway as shown in 
Figure 8 (Stephen, 2006). The pathway key 
aspects are several reactions including car-
bon dioxide reduction to carbon monoxide 
and the attachment of the carbon monoxide 
to a methyl group as shown in Equation (3).

2 CO2 + 4 H2 ➞ CH3COOH + 2H2O (3)

The reductive acetyl-CoA pathway oc-
curs in archaea and bacteria such as ho-
moacetogens, syntrophes and sulphore-
ductors group (Paul, 2009). Three kinds of 
bacteria are considered for the acetic acid 
production, these being Clostridium aceti-
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Source: Stephen (2006).

Figure 8.  The Wood-ljungdahl pathway.

cum, Clostridium termoautotrophicum and 
Acetobacter woodii.

Methanogenesis also known as biometh-
anation, is the final step in the organic mat-
ter decay that converts hydrogen, carbon 
dioxide and acetate to methane by anaero-
bic bacteria known as methanogens from 
the domain Archaea via cleavage of acetic 
acid molecules to generate carbon dioxide 
and methane, or by the reduction of carbon 
dioxide with hydrogen as prescribed in the 
methanogenesis reactions below involv-
ing cofactors F420, coenzyme B, coenzyme 
M, methanofuran and methanopterin as 
shown in  Figure 9 (Thauer, 1998).

CH3COOH ➞ CO2 + CH4

CO2 + 4H2 ➞ 2H2O + CH4
(4)

Aerobic Fermentation

The POME from the anaerobic pond is 
fed into aerobic pond to further reduce the 
BOD by aerobes and facultative anaerobic 
organisms until the preventing 100 ppm 
limit. The pyruvate and acetyl-CoA pro-

duced in the transamination, β-oxidation 
and glycolysis of remaining organic sources 
are further oxidised completely in the cit-
ric acid cycle also known as Kreb’s Cycle 
as shown in Figure 10 (Anestis and Mark, 
2006).

DISCUSSION AND CONClUSION

Fresh POME is acidic and contains  water, 
oil and protein without sugar, with BOD 
ranging from  25 000 ppm to 30 000 ppm. 
The treatment ponds with a multitude 
of microorganisms which are commonly 
found in the soil and air have been used to 
treat the POME since the beginning of the 
industry.  This is  due to the low capital ex-
penditure, CAPEX and operational expend-
iture, OPEX.

Aquatic aerobic microorganisms use dis-
solved oxygen to metabolise the organic 
compounds in the water thus creating an 
oxygen demand proportional to the amount 
of residual organic compounds in the efflu-
ent stream.  As the fresh POME is rich in 
nutrients, intensive microbial metabolism 
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Source: Thauer (1998).

Figure 9. Methanogenesis pathway.

can consume dissolved oxygen faster than 
the oxygen that can be dissolved into the 
water from the atmosphere. Hence, aerobic 
microbes cannot survive but anaerobic and 
facultative microbes metabolise the avail-
able nutrient via anaerobic digestion path-
ways. When  the nutrients deplete, the BOD 
reduces but the metabolic by-products, 
which are toxic to the cells, accumulate and 
inhibit the anaerobic and facultative metab-
olisms. Further treatment needs to be car-

ried out in the aerobic ponds where in some 
mills air is pumped into the POME for ox-
ygen transfer so that aerobic microbes can  
metabolise remaining organic compounds 
completely via the Kreb’s Cycle pathway 
yielding water and carbon dioxide.

The mixed  acid fermentation in the 
anaerobic pond emits methane, hydrogen, 
carbon dioxide and foul smell. The 
greenhouse gases emitted to the atmosphere 
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poses a negative effect in the life cycle 
analysis (LCA) related to the sustainability 
of the industry.

The emerging biochemical engineering 
technology offers an alternative remedy by 
utilising POME to produce methane and 
hydrogen for renewable energy. The meta-
bolic pathways provide crucial information 
in the system feasibility, design and opera-
tion.

Environmental concerns demand lower 
BOD limits in the waste water treatment 
triggering an intensive study on aerobic 
POME digestion known  as tertiary treat-
ment     introduced recently. 

Source: Anestis and Mark (2006).

Figure 10. The Kreb’s Cycle pathway showing the citric acid cycle releasing the carbon dioxide 
and water to the environment. 
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Appendix 1 

ElECTRON TRANSPORT ChAIN (ETC) PAThwAy

The electron transport chain in the mitochondria is a group of four large multi protein com-
plexes:  NADH-CoQ reductase, succinate-CoQ reductase, CoQh-cyt c reductase and cyt C oxi-
dase that span the inner mitochondria membrane to transport electrons from either NADH or 
FADH2 to water molecules. 

Each of the exergonic reactions releases free energy to translocate protons across the inner 
mitochondria membrane and finally ends up in water. During the coupled oxidation reduction 
reactions, iron ions complex with proteins become oxidised and reduced. 
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Source: http://academic.brooklyn.cuny.edu/biology/bio4fv/page/mito_ox.htm 

Figure A1.  Electron transport chain in mitochondria.
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Source: Glenn Croston (2001). Oxidation of odd-numbered chain fatty acid 
from propionyl-CoA to succinyl-CoA. BioCarta.  

Figure A2.  ETC and propionyl-CoA metabolism pathways.

Source:  http://academic.brooklyn.cuny.edu/biology/bio4fv/page/mito_ox.htm
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