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This study investigated the effects of biodegradation by the mixed culture of
fungi (Pithomyces sacchari and Pestalotiopsis maculans) on selected physical properties
of palm oil mill effluent (POME). Mixed culture innoculum (4% v/v) was added to
autoclaved and raw POME samples, which were subjected to biodegradation at 120rpm
and 35 ºC for six days. The pH, electrical conductivity, total dissolve solids and biosolids
of the digested samples were quantified at 24 h intervals. These parameters for the
autoclaved sample, at the end of the digestion period, were 6.88, 4.38mS/cm, 2.28 g/L and
25.6 g/L, respectively. These values were higher than 6.34, 4.24mS/cm, 2.22 g/L and 22.87g/
L obtained for the raw POME sample, respectively. The kinetic studies of the degradation
of POME, based on the concentration of the biosolids, were also investigated. The kinetic
studies show that the degradation of the raw POME sample best fits the zero order kinetic
model (R2 = 0.96), while the degradation of the autoclaved POME sample best fits the first
order kinetic model (R2 = 0.83). However, the digested POME may require further treatment
in order to meet standard suitable for discharge into the water body.

Key words: Biodegradation, Mixed culture, Zero order, First order,
Pithomyces sacchari, Pestalotiopsis maculans.

Palm oil mill effluent (POME) is typical
wastewater originating from the mixture of sterilizer
condensate, separator sludge and hydrocyclone
wastewater in palm oil mill industry. The rapid
expansion in the palm oil mill industry has led to
the increase in the volume of POME injected in the
environment1,2. POME has been categorized as high
strength wastewater due to its high biochemical
oxygen demand (BOD) which is about 100 times
the BOD of polluting domestic sewage3. Although
no chemical was added to the palm oil extraction
process, yet the resulting POME is
characteristically acidic (pH4.5) and this may be
attributed to the complex organic acids present in
the POME4,5,6. Fresh POME is usually a hot and

acidic brownish colloidal suspension, characterized
by high amounts of total solids, oil and grease,
chemical oxygen demand (COD) and biochemical
oxygen demand (BOD) and the concentrations
vary depending on the source2. The presence of
high percentage (50%) of particulates has
contributed to the organic loading of the POME,
thus rendering it unsafe for discharge into the
environment unless treated3.

Large volume of POME, generated from
the increasing palm oil industries in countries such
as Malaysia which produce over 53 million m3 per
year, cannot be accommodated any longer in the
host environment7,8. The discharges of untreated
or partially treated wastewater poses significant
environmental impacts on freshwater biota9. The
presence of high organic matter in POME has made
it susceptible to biological treatments based on
anaerobic, aerobic and facultative processes, since
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these organic matters are generally
biodegradable10. The biological treatment is
facilitated by the activities of the consortium of
active microorganisms, which utilize the organic
substances present in the POME as nutrients and
consequently led to loss in the pollutant load
present in the POME4,11,12. The application of
microorganisms, such as fungi, bacteria and yeast
for the treatment of POME have been reported by
various authors such as Karim and Kamil13,
Bhumibhamon et al.14, Oswal et al.15, Najafpour et
al.16, and Vijayaraghavan et al.17.  However, this
study investigates the degradation of POME with
mixed culture of fungi (Pithomycessacchari and
Pestalotiopsis maculans), isolated from sludge
palm oil mill (SPO). Basically the effect of the
biodegradation by the mixed culture on the physical
properties of the POME was analyzed and reported.

MATERIALS AND METHODS

Materials
Palm oil mill effluents and sludge palm oil

(SPO) samples were obtained at the West Palm Oil
Mill, Carey Island, Selangor, Malaysia. The
samples were later stored at 4 ºC, before use, at the
Bioenvironmental Engineering Laboratory of
International Islamic University Malaysia (IIUM)
Malaysia. Analytical grades reagents were used in
this experiment throughout. All meters and
equipment were checked and calibrated according
to the manufacturer’s specifications.
Inoculum

The two pure samples of the fungi
(Pithomyces sacchari and Pestalotiopsis
maculans) used in this study were isolated from
sludge palm oil (SPO), at Bioenvironmental
Laboratory of Biotechnology Engineering
Department, IIUM, Malaysia, and reported in
previous studies. The pure sample of each fungus
was maintained on potato dextrose agar (PDA)
plate, separately, and incubated at 22± 2ºC, for 7
days18. The mature fungi were subjected to three
transfers, at least, on PDA before being used for
inoculation18. The innoculum of 7–day culture of
each fungus in spore form (1 x 105 conidial/mL)
was obtained by washing the mature fungi with
sterile distilled water. The mixed culture was
developed by mixing the inoculum of the two fungi
in the ratio 1:1 (v/v).

Biodegradation Test
Batch biodegradation test was carried out

in 250ml Erlenmeyer flasks filled with 100ml of the
homogeneous POME sample. The POME sample
was diluted with distilled water (1:1, v/v), stirred
thoroughly for 30min and thereafter divided into
two parts. A portion was used directly without
further process and henceforth referred to as ‘Raw
POME Sample’ in this study. The other portion
was autoclaved at 121ºC for 15 min and referred to
as ‘Autoclaved POME Sample’. 100mL of each
homogenous POME samples was inoculated with
required concentrations (4% v/v,) of the mixed
culture (1:1 v/v) aseptically. Thereafter the mixture
of the POME and innoculum was agitated at 120
rpm and 30 ºC temperature for 7days 19.
Determination of Biosolids

The total mass generated after digestion
is referred to as the biosolids, which was obtained
as the residues retained on the Whatman filter paper
20. The filter paper was dried to constant weight at
105 ºC, stored in the desiccators to cool and
subsequently weight (W

1
). It was then placed on a

funnel, over which 100 mL of sample was poured
and left for 5h, after which the filter paper and the
residue were dried in the oven at 105 ºC overnight.
The final weighed (W

2
) was determined and the

mass of the biosolids was quantified according to
the expression in equation 1. The experiment was
conducted in triplicates.ݏ݈݀݅݋ݏ݋݅ܤ =  ሺ 2ܹ − 1ܹሻܸ  ...(1)

[W
1
=weight of filter paper, W

2
=weight of filter

paper and residue, V=volume of sample]
Determination of pH, TDS, and EC

The pH was measured with a glass
electrode pH Meter (senSion5 pH, Switzerland)
dipped into the digested samples. Similarly, total
dissolved solids (TDS), and electrical conductivity
(EC) of the digested samples were measured with
Microprocessor Conductivity Meter (HACH
senSion5, USA). All readings were repeated in
triplicates and the average was used for further
analysis.

RESULTS AND DISCUSSION

The physical and chemical properties of
the POME sample are expected to be affected by
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biodegradation test particularly of the POME
sample with mixed culture of fungi. The changes in
the selected physical properties of the raw and
autoclaved POME samples were observed and
compared.
Effects of Combined Factors on Total Dissolved
Solids (TDS) in POME Sample

Total dissolved solid (TDS) is one of the
important physical properties which indicate the
presence of soluble inorganic salts in the wastewater
21. Similarly, it is a convenient measure of the total
ionic concentration in water 22. Large amount of TDS
may lead to increased mineralization of the receiving
water body and consequently deplete dissolved
oxygen of such water body. McCulloch et al.,23

noted that elevated TDS concentration can cause
osmotic stress which affects the osmoregulatory
capability of the organisms, particularly, freshwater
animals. Average concentration range of TDS for
typical POME sample is given as 15.5 – 29g/L 3. In
this study, the initial TDS concentration of the POME
sample was 2.5g/L and this dropped sharply for the
first three days to 2.18g/L for the sterilized POME
sample, but increases slightly to 2.28g/L on the sixth
day (Figure 1).

The concentration of the TDS, in the raw
POME sample dropped gradually to 2.18g/L on
Day 5 and then rose to 2.22g/L on Day 6. Generally,
the decrease in the TDS concentration for raw
POME was higher than those of corresponding
sterilized POME samples at each day, except on
the Day 3. This may suggest that other indigenous
microorganism may have competed with the mixed
culture introduced into the raw POME sample
thereby causing high leaching of the dissolved
solids unlike in the case of the autoclaved POME
sample. Furthermore, the close similarity in the
decrease of TDS concentration in both POME
samples justifies that the mixed culture introduced
are effective in biodegradation of POME.
Effects of Combined Factors on Conductivity in
POME Sample

Conductivity is a measure of the total
amount of ions present in a body of water and can
be used to estimate chemical richness of a water
body. Acceptable limits of 70 µS/cm and 250 µS/cm
have been reported for the conductivity in domestic
water supply and discharged into the receiving
water bodies, respectively24. The conductivity of
the autoclaved POME sample decreased from

initial conductivity of 4.82 mS/cm to 4.20 mS/cm on
Day 3 but increased afterwards to 4.38mS/cm. The
conductivity of the raw POME sample decreased
to 4.19mS/cm on Day 5 and then increased to 4.24
mS/cm on Day 6, respectively, (Fig. 2). The
reduction in the conductivity of the autoclaved
POME sample was generally higher than those
obtained for the corresponding raw POME sample,
except on Day 3, though the conductivity
increased afterwards to 4.38 and 4.24 mS/cm for
the autoclaved and raw POME samples,
respectively, on the sixth day. The trend in the
decrease of conductivity is slightly close for the
autoclaved and raw POME samples under the
biodegradation with mixed culture of P. sacchari
and P. maculans, and this further substantiates
the effectiveness of the fungi in the biodegradation
of POME.
Effects of Combined Factors on pH in POME
Sample

The initial pH (4.48) of the POME samples
used in this study was slightly higher than the
average range (4.15 to 4.45) reported in the
literature3. The pH of the digested autoclaved
POME sample increased from the slightly acidic
region (4.48) to neutral region of 7.21 on Day 3, but
dropped slightly to 6.88 on Day 6 (Figure 3) and
this may be considered safe for discharge according
to DOE Standard25. Similarly, the pH of the raw
POME sample also increased to its peak (6.6) on
Day 2 and dropped to 6.34 on Day 6. Comparatively,
the pH of the autoclaved POME sample was higher
than those obtained for the corresponding raw
POME sample. The pH values obtained in this
study fall within the water quality ranges (pH 6.5
to 8.5) intended for full contact recreation25, but

Fig. 1. Effect of combined factors (34 ºC, 130rpm and 4
% v/v mixed culture) on the total dissolved solids of
POME sample
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slightly less than the World Health Organization
standard (pH 7.0 to 8.5) acceptable for water
drinking water26,27. Similarly, the pH values obtained
for the treated POME samples falls within the
European Union pH limits (6.0 to 9.0),  sets for
fisheries and aquatic life28 and this is considered
favorable, since the treated POME samples is
targeted for discharge into aquatic environment.
Effects of Combined Factors on Biosolids in POME
sample

POME naturally contains relatively high
solids in the range of 33,790 - 37,230mg/L as total
solids3. The term biosolid is however used in this
study to include all solids that can be retained on
filter paper after drying, thus it includes the cells

of the microorganisms and other solid particles
that might have remained in the digested POME
samples3. Figure 4 shows the reduction of biosolids
in the digested POME samples by the mixed culture
of P. sacchari and P. maculans. There was an
increase in the biosolid contents in the autoclaved
POME samples, within the first 24 h. It is suspected
that, since other indigenous microorganisms
present in the POME have been deactivated
through the sterilization process, the mixed cultures
of P. sacchariand P. maculans might have used all
the necessary nutrients in the media for growth of
the body mass thereby increasing the overall
biomass present in the POME29.

The concentration of biosolids, present
in the autoclaved POME sample, reduced from
31.4g/L to 25.6g/L as the biodegradation continued
until the sixth day. The concentration of biosolids,
present in the raw POME sample, decreased from
26.20g/L to 22.87g/L on Day 6. This development
further supports the fact that the mixed culture of
P. sacchariand P. maculans influenced the
biodegradation of the autoclaved and raw POME
samples by using all the necessary nutrients and
solids for effective metabolism. The degradation
might be used to study the kinetics of degradation
of the POME19.
Kinetic Study

The kinetic of the degradation of the
POME sample, based on the selected physical
properties, was investigated for the zero and first

Fig. 2. Effect of combined factors (34 ºC, 130rpm and 4
% v/v mixed culture) on the conductivity of POME
sample

Fig. 3. Effect of combined factors (34 ºC, 130rpm and 4
% v/v mixed culture) on the pH of raw and autoclaved
POME samples

Fig. 4. Effect of combined factors (34 ºC, 130rpm and 4
% v/v mixed culture)   on the biosolids content of POME
sample
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order kinetics. The degradation of the biomass was
selected as reference since this relates more to the
mass concentrations of the POME19. Similarly, the
biosolids contain the substrates that the mixed
culture of fungi degraded in the media. The zero
order and first order kinetic models are stated in
equations 2 and 3 respectively. The zero order was
evaluated by plotting ‘S’ against ‘t’, (Fig. 5) and
the first order was evaluated by plotting‘lnS’
against ‘t’, (Fig. 6). The constants for all the models
were evaluated.

S
f
= S

o
 - k

0
t ...(2)

InS
f
= InS

o
 - k

1
t ...(2)

where 'S'
f
 (kgmolm-3.min-1) is the

volumetric rate of reaction, 'S
0
' (kgmolm-3) is the

concentration of the substrate; 'K
0
'  is the zero-

order rate constant (molm-3.min-1); 'K
1
' is the first-

order rate constant (min-1), ‘t’ is  time (min).
The coefficient of regression (R2), 0.9586

and 0.9508, of the zero and first order kinetic
models, respectively, for the raw samples are higher

than R2 (0.8122 and 0.8341) obtained for the
corresponding autoclaved samples. This suggests
that the degradation of the raw POME sample by
the mixed culture best fits  the zero order kinetic
model (R2 = 0.9586), while the degradation of the
autoclaved POME best  fits  the first order kinetic
model (R2 = 0.8341). In comparison, the zero and
first order rate constants, k

0
= 0.7mgl-1min-1 and K

1
=

0.03 min-1, respectively, while the values obtained
for the degradation of the autoclaved POME
sample were = 0.4 mgl-1min-1 and = 0.02 min-1,
respectively.

Conclusively, the degradation of palm oil
mill effluent (POME) sample with mixed culture of
fungi (P. sacchariand P. maculans) has shown
significant effect on the physical properties of the
digested raw and autoclaved POME samples. The
selected physical properties such as pH, electrical
conductivity, total dissolve solids and biosolids
of the POME samples were reduced as the
biodegradation time increased. However, this may
be considered as pre-treatment for further POME
treatment procedure, such as anaerobic, in order
to improve the qualities of the POME to meet
standard suitable for discharge into the water body.
The kinetic studies demonstrate that the
degradation of the raw POME sample best  fits the
zero order kinetic model. Further studies would
investigate the effect of the biodegradation on the
biochemical properties of the biodegraded POME
sample.

ACKNOWLEDGEMENTS

The financial assistance under the
Research Endowment Fund (Type B) grant EDW
B11-091-0569 of the International Islamic University
Malaysia is gratefully acknowledged. AladeAbass
O. is a recipient of Robert McNamara Fellowship
(January – October, 2012).

REFERENCES

1. Borja, R., Banks, C.J. Treatment of palm oil
mill effluent by upflow anaerobic filtration. J.
Chem. Technol. Biotechnol., 1994; 61:103-9.

2. Ma, A.N. Environmental management for the
palm oil industry, Palm Oil Dev., 2000; 30:1–
10.

3. Wu, T. Y., Mohammad, A., Jahim, J. Md., Anuar,
N. Pollution control technologies for the
treatment of palm oil mill effluent (POME)

Fig. 5. Zero order kinetic model for the biodegradation
of POME samples by mixed cultures of fungus

Fig. 6. First order kinetic model for the biodegradation
of POME samples by mixed cultures of fungus



J PURE APPL MICROBIO, 8(SPL. EDN.), MAY 2014.

890 ALADE et al.:  PHYSICAL PROPERTIES OF PALM OIL MILL EFLUENT

through end-of-pipe processes. J. Environ.
Manage., 2010; 91: 1467-1490

4. Khalid R, Wan Mustafa WA External benefits of
environmental regulation: resource recovery and
the utilization of effluents. The
Environmentalist, 1992; 12: 277-285

5. Ma, A.N., Cheah, S.A., Chow, M.C. Current
status of palm oil processing waste management.
In: Yeoh, B.G. et al., (Eds) Waste Management
in Malaysia: Current Status and Prospects for
Bioremediation, 1993; pp. 111–136.

6. Md. Din, M.F., Ujang, Z., van Loosdrecht,
M.C.M., Ahmad, A., Sairan, M.F. Optimization
of nitrogen and phosphorus limitation for better
biodegradable plastic production and organic
removal using single fed-batch mixed cultures
and renewable resources. Water Sci. Technol.,
2006; 53: 15–20

7. Ma, A.N.: Treatment of palm oil mill effluent.
In: Singh, G., Lim, K.H., Leng, T., David, L.K.
(Eds) Oil palm and the environment: a Malaysian
perspective. Malaysia Oil Palm Growers’
Council, Kuala Lumpur, 1999a; pp 113–126.

8. Lorestani, A., Zinatizadeh, A. Biological
treatment of palm oil mill effluent (POME) using
an up-flow anaerobic sludge fixed film (UASFF)
bioreactor. Ph.D. thesis, School of Chemical
Engineering, UniversitiSains Malaysia, 2006.

9. Dickens, C.W.S., Graham, P.M. Biomonitoring
for effective management of wastewater
discharges and the health of the river
environment. Aquat.Ecosyst. Health Manage.,
1998; 1: 199-217.

10. Razi, F.A., Noor, M.J.M.M. Treatment of palm
oil mill effluent (POME) with the membrane
anaerobic system (MAS). Wat. Sci. Tech., 1999;
39(10):159-163.

11. Igwe, J.C., Onyegbado, C.C. A review of palm
oil mill effluent (POME) water treatment.Global
J. Environ Res., 2007; 1(2):54–62

12. Alade, A.O., Ahmad, T.J., Suleyman, A.M.,
Mohamed, I.A., and Alam, Md. Z. Application
of semifluidized bed bioreactor as novel
bioreactor system for the treatment of palm oil
mill effluent (POME).African J.Biotechnol.,
2011; 10 (81):18642-8

13. Karim, M.I.A., Kamil, A.Q.A. Biological
treatment of palm oil mill effluent using
Trichodermaviride. Biol. Wastes, 1989; 27: 143-
52.

14. Bhumibhamon, O., Koprasertsak, A., Funthong,
S. Biotreatment of high fat and oil wastewater
by lipase producing microorganisms. Kasetsart
J. Nat. Sci., 2002; 36: 261-7.

15. Oswal, N., Sarma, P.M., Zinjarde, S.S., Pant, A.
Palm oil mill effluent treatment by tropical marine

yeast. Bioresourc.Technol. 2002; 85: 35-37.
16. Najafpour, G., Yieng, H.A., Younesi, H.,

Zinatizadeh, A. Effect of organic loading on
performance of rotating biological contactors
using palm oil mill effluents. Process
Biochem.,2005; 40: 2879-2884.

17. Vijayaraghavan, K.., Ahmad, D., Abdul Aziz,
M.E. Aerobic treatment of palm oil mill effluent.
J. Environ. Manage., 2007; 82: 24-31.

18. Kapoor, A., Viraraghavan, T., Cullimore, R.D.
Removal of heavy metal using the fungus
Aspergillusniger. Bioresource Technol., 1999; 70:
95-104

19. Fadil, K., Chahlaoui, A., Ouahbi, A., Zaid, A.,
Borja, R. Aerobic biodegradation and
detoxification of wastewaters from the olive oil
industry. Int. Biodeterioration& Biodegradation,
2003; 51: 37 – 41

20. APHA. Standard methods for the examination
of water and wastewater, 16th edn. American
Public Health Association, New York: 1985.

21. Metcalf & Eddy Inc. Wastewater Engineering:
Treatment and Reuse. International Edition,
McGraw-Hill, New York, USA, 2003

22. Ekpo, I.E., Chude, L.A., Onuoha, G.C., Udoh
J.P. Studies on the physico-chemical
characteristics and nutrients of a tropical
rainforest river in southeast Nigeria. AACL
Bioflux, 2012; 5(3):142-162.

23. McCulloch, W.L., Goodfellow Jr., W.L., Black,
J. A. Characterization, identification and
confirmation of total dissolved solids as effluent
toxicants. Environ. Toxicol. Risk Assess,1993;
2: 213-227

24. DWAF. South African Water Quality
Guidelines.Domestic Uses.2nd. Ed. Department
of Water Affairs and Forestry, Pretoria, 1996; 1.

25. DOE.(Department of Environment).Industrial
Processes & the Environment (Handbook No.
3) Crude Palm Oil Industry. Malaysia: AslitaSdn
Bhd. 1999

26. WHO. Guideline for Drinking Water Quality
Recommendation.World Health Organization,
Geneva, 1984; 1: 130.

27. WHO. Health guidelines for use of wastewater
in agriculture and aquaculture.World Health
Organization.Technical Report Series 778.
Geneva, Switzerland.1989

28. Chapman, D. Water quality assessments: A guide
to the use of biota, sediments and water in
environmental monitoring 2nd. Ed. UNESCO,
World Health Organization, United Nations
Environment Programme, London.1996.

29. Singh, H., Mycoremediation: Fungal
Bioremediation. John Wiley & Sons, Inc., New
Jersey, USA, 2006;pp 1- 72.


