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ABSTRACT

Aims: The aim of this study was to investigate the biodegradation capacity of selected
indigenous fungal isolates and optimization of their degradation ability using various
environmental factors such as pH, incubation temperature, nutrient concentration and
inoculums size in reducing pollution effect of palm oil mill effluent (POME) in the
environment.
Place and Duration of Study: Two fungal isolates Candida rugosa and Geotrichum
candidum used in this work were previously isolated from POME sample collected from
Starline palm oil mill industries, Umukalika, Obingwa LGA, Abia state Nigeria in previous
work of authors. The study was carried out from March to August, 2013.
Methodology: Spore suspension was prepared by adding 10 ml of 0.1% Tween 80 onto
PDA slant of 5 days old culture of Candida rugosa and Geotrichum candidum respectively.
Biodegradation of POME was carried out by inoculating 0.1ml (106spores/ml) of respective
fungal isolates into different 500 ml Erlenmeyer flasks containing 100ml each of raw
POME. They were incubated at 30ºC on a rotary shaker (200rpm). Samples were taken
every 24hrs for 144hrs to determine BOD, COD, oil & grease. Similarly, optimization of
biodegradation was carried out by studying the effect of different environmental conditions
such as different initial pH levels (4.0-8.0), incubation temperature (25-50ºC),
concentrations of soy bean (1.5-4.5% w/v) and inoculum size (0.1-0.5 v/v). The
experiments were done in triplicates.
Results: Biodegradation studies with selected indigenous fungi showed that C. rugosa
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was able to remove (44.6%) BOD, (13.9%) COD , (50.7%) oil and grease (O&G) while G.
candidum reduced BOD, COD, O&G by 46.9%,16.9% and 64,9% respectively after
144hrs. Optimization of degradation in POME using various environmental and nutrients
conditions revealed that at pH 8, C. rugosa showed best degradation of COD (48.6%),
BOD (74.5%), O&G (41.8%) removal while COD (59.1%),  BOD (75.7%) , O&G (59.1%)
removal  was observed with G. candidum treatment. The optimal incubation temperature
for degradation using each of  fugal isolates was  at 35ºC with 85.2% BOD , 71.8% COD
and 67.3% O&G removal for C. rugosa , 87.3% BOD and 63.4% COD for G. candidum
.The best degradation ability for C. rugosa and G. candidum were demonstrated at 3.5w/v
and 2.5w/v soybean concentrations respectively.  The result also showed that increase in
inoculum size could not completely reduce oil and grease during degradation process
possibly because no single culture supports degradation optimally due to presence of
complex sugars
Conclusion: The selected fungal isolates exhibited high efficiency for removal of oil and
grease as well as organic matter from POME but required control of environmental
conditions and nutrient expansion for the effective biodegradation of POME.

Keywords: Biodegradation; BOD; COD; oil and grease; Palm oil mill effluent.

1. INTRODUCTION

In recent years, attention has been drawn to environmental hazards caused due to
discharge of industrial effluent. Some technologies have been developed to treat these
industrial effluents so as to meet the Department of Environmental (DOE) discharge
standard [1]. Establishment of  palm oil industries by individual or cooperative societies in
rural areas of southern Nigeria have provided  source of livelihood to many families and
employment opportunities to teaming youths in such local government areas. The rapid
development of these industries, have also generated high level of wastewater known as
palm oil mill effluent (POME) from palm oil milling activities.

POME is the largest by-product during the palm oil extraction with about 1.5 tones of POME
being generated for a tone of fresh fruit bunch (FFB) processed [2]. It consists of high
amount of solid and liquid wastes. POME is a thick brownish color liquid that contains high
level of chemical oxygen demand (COD), biochemical oxygen demand (BOD), total solids,
fairly acidic pH , oil and grease  [1,3].

In most cases, the untreated effluent is discharged either to nearby local palm plantation or
surface water body around the area due to the cost of conventional wastewater treatment.
It encourages coloration of water (black), eutrophication thereby supporting growth of water
hyacinths also destabilizing the overall quality of drinking water to the inhabitants of such
areas [4,5]. The highly polluting effect is becoming a serious problem to environment when
discharged untreated into the environment based on  WHO standard limit imposed
.Considering this fact,  biodegradation is preferred to most chemical treatments due to lower
costs and the complete mineralization. However, controversy over whether to use natural or
genetically engineered micro-organisms (GEM) in biodegradation is lingering in recent times.
Government agencies are not willing to release GEMs into the environment due to its
potential unpredicted ecological impact [6].
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The biodegradation processes in POME are of great interest to many researchers [7-9] due
to high level of organic matter which indicates high BOD and COD values as well as oil and
grease which serve as substrates for microorganisms [8]. Oil in POME is an excellent source
of carbon showing about twice the energy value of glucose during microbial growth [9].

Therefore, the use of fungi in biodegradation process provides an alternative to clean up
environmental pollutants and have drawn interest in researches in the past two decades
since most biodegradation researches focused mainly on the use of bacteria. The major
interest in the use fungi is associated to their bioremediation potential due to the enzymes
they produced that are mainly used in lignin breakdown and degrade various ranges of
recalcitrant pollutants [10].

Various fungi have the ability to produce extracellular lipase enzymes that hydrolyze
triglycerides to fatty acids and glycerol [11,12]. The production of   lipases in fungi have been
well studied such as Rhizopus, Mucor, C. rugosa, G. candidum and Aspergillus [13-16] as
most of these fungal isolates can grow on vegetable oil sources, this trait makes it possible
for  their usage in biodegradation of POME hence this work is taken up.

The  aim of this study was to investigate biodegradation capacity of selected indigenous
fungal isolated  and optimization of degradation ability using various the environmental
factors (pH, incubation temperature, organic concentration and inoculums size) in reducing
pollution effect of POME in the environment .

2. MATERIALS AND METHODS

2.1 Sample and Pure Cultures Collection

Two fungal isolates C. rugosa and G. candidum used in this work were previously isolated
from POME sample collected from Starline palm oil mill industries Umukalika Obingwa Abia
state Nigeria in previously work of author [17].

2.2 Sampling and Characterization of POME

Characterization of the POME was carried out before and after the treatment to determine
the efficiency of the treatment. The samples were collected and analyzed using
standard methods [18] in order to monitor the biodegradation process. The Biochemical
Oxygen Demand (BOD) of the raw POME was determined using HACH model 2173 BOD
measurement apparatus) while Chemical oxygen Demand (COD) was determined by
titrimetic method as described in standard method for the Examination of water and
wastewater [17]  using Ferrous ammonium sulphate (NH4)2SO4. FeSO4.6H2O. Oil and
grease (O&G)   determination   was equally carried out   using   gravimetric method   after
soxhlet   extraction [19].

2.2.1 Biodegradation of raw POME using fungal isolates

2.2.1.1 Spore suspension preparation

The method is as described by [20] with slight modification. Spore suspension was prepared
by adding 10ml of 0.1% Tween 80 onto PDA slant of 5 days old culture of C. rugosa and G.
candidum respectively.
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2.2.2 Biodegradation

Each fungal isolate, C. rugosa and G. candidum of innoculum size of  0.1ml (106spores/ml)
was introduced into 500ml Erlenmeyer flasks containing 100 ml each of raw POME. They
were incubated at 30ºC on a rotary shaker (200rpm). Samples were taken every 24hrs for
144hrs to determine BOD, COD, O&G.

2.2.3 Optimization of biodegradation of POME

Different environmental conditions were used to study optimization of biodegradation of
POME using the respective fungal isolates .At different initial pH levels (4.0-8.0) using
method described by [21], effect of incubation temperature (25-50ºC) as described by [11]
and effect of different concentrations of soy bean (1.5 - 4.5w/v) as described [22].

The respective fungal isolates innoculum size of 0.1ml (106spores/ml) was introduced into
100ml of POME for each of the specific parameters checked and appropriately adjusted .It
was incubated for 144hrs at 30ºC. The biodegraded palm oil mill effluent samples were
drawn and determined for growth as BOD, COD, O&G. Statistical analysis was conducted
with SPSS program by Duncan's model at 0.05 levels.

2.2.4 Effect of inoculum size on biodegradation of POME

The method used was described by [23]. The effect of inoculum size on biodegradation of
palm oil mill effluent was studied in the range of 0.1-0.5 v/v of the isolated fungi and
incubated at 30ºC for 144hrs. Samples were drawn and tested for growth at BOD, COD and
O&G.

The efficiency for organic load (BOD or COD) reduction was calculated as described by [11]
Initial (BOD or COD) of the raw POME - final (BOD or COD) after treatment
_______________________________________________________________ X   100
Initial (BOD or COD) of the raw POME

3. RESULTS AND DISCUSSION

3.1 Biodegradation of Raw POME using Isolated Fungi

The effluent used in this study was obtained from the sterilizer, separator during oil
extraction and washing of the palm kernel. These processes result in the loss of oil and
contribute a large percentage of the polluting organic load in the effluent [9]. Table 1 shows
biodegradation of POME using isolated fungi with the control showing  characteristics of raw
POME with high organic matter of BOD 16280±25mg/L, COD values of 78750±41mg/L, oil &
grease (5,165±08mg/L). After treatment of the POME with respective fungal isolates over a
period of 144hrs, C. rugosa degraded the organic matter in the effluent with BOD reduction
of 44.6%, COD 13.9%, O&G removal 50.7%. Similarly G. candidum degraded the POME
with BOD of 46.9%, COD 16.9%, O&G 64.9% reduction. The reduction in the organic matter
was synonymous with the O&G removal from the effluent. Since oil and grease contain
triacylglycerols that are hydrolyzed by fungal lipases to yield diacylglycerol,
monoacylglycerols, free fatty acids and glycerol the use of the selected fungi was very useful
[9]. The high organic matter is usually associated with the presence of different sugars such
as arabinose, xylose, glucose, galactose and mannose respectively [24]. However, since the
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POME is said to be non-toxic as no chemical is added in the oil extraction process, it
become good source of nutrients for microbial growth thereby reducing the COD and
BOD)and increase organic nitrogen availability to plants within the surrounding where
treated effluent is discharged [20,24]. Therefore, the results obtained indicated that
treatment of POME before discharge would reduce the risk of waterway pollution.

3.2 Effect of pH on Biodegradation of POME Using Isolated Fungi

Five pH values from 4.0 to 8.0 were investigated (Table 2). POME was degraded rapidly at
pH 8.0 when inoculated with the respective fungal isolates used in this study. The highest
COD (48.6%), BOD (74.5%) with O&G (41.8%) was observed at pH 8 using C. rugosa in the
biodegradation of POME while G. candidum also showed best degradation ability with
COD(59.1%), BOD (75.7%), O&G (59.1%) removal also at pH 8.  At pH 7 and 8, there was
improvement on the organic load removal using the respective isolates. Similarly, the
increase in pH improved removal of oil and grease. Previous studies have shown that
microorganisms have Optimal pH of 6.8 to 7.2 for growth while both acidic pH of 4 and
alkaline pH higher than 9.5 are not tolerable by most organisms [25]. The result improved pH
of the POME for plant reutilize and discharge into river streams. It confirms previous report
on the importance of treatment of acidic raw POME, since it affects nutrient availability of the
nearby plants when discharged into the soil or stream [26]. Similarly, reports of accumulation
of high volatile fatty acid concentration during effluent treatments and drop in pH have been
said to inhibit methanogenesis especially during anaerobic degradation of oil related
effluents [27-29]. However, other studies have improved this system (control of volatile fatty
acid) by increasing the pH slightly using many factors such as addition of lime and
bicarbonate salts [25,30].

3.3 Effect of Incubation Temperature on Biodegradation of POME using
Isolated Fungi

The biodegradation performance of each of the selected fungal isolates was investigated
considering various incubation temperature (25 to 50ºC) for 144hrs to determine the
optimum incubation temperature for biodegradation of POME. The study was carried out
using C. rugosa and G. candidum respectively. Table 3 revealed that the  optimal incubation
temperature of biodegradation  for C. rugosa was  at 35ºC with 85.2% BOD , 71.8% COD
and 67.3% O&G removal , similarly G. candidum degraded POME at optimum incubation
temperature of  35ºC  with BOD (87.3%), COD (63.4%) and O&G removal of 58.8%. The
Increase in temperature improved the rate of oil removal.  The study supported the report of
Zekri and Chaalal [31] who reported that increase in temperature encouraged
biodegradation of crude oil by bacteria similarly Khleifat [32] also reported biodegradation of
phenol by Ewingella americana at optimal temperature of 35-37ºC. However, Rekha et al.
[33] found that the optimum lipase production in C. rugosa at 32ºC was (50.25U/ml) and
suggested that increase in temperature affected lipase production in C. rugosa.
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3.4 Effect of Soy Bean Concentration on Biodegradation of POME using
Isolated Fungi

The effect of soybean concentration on the degradation of POME was demonstrated in
Table 4 using different concentrations (1.5 to 4.5w/v). The organic nitrogen (soybean)
showed good degradation capacity at 2.5-3.5w/v for using the selected fungal isolates. C.
rugosa showed best biodegradation at concentration 3.5w/v with BOD and COD removal of
85 and 64.5% respectively while G. candidum showed highest degradation of 81% BOD and
46.2% COD removal at 2.5w/v of soybean. Previous studies on the use of organic nitrogen
in the presence of olive oil for lipase production by C. rugosa revealed that nitrogen sources
alone encouraged very high lipase activities [34].

3.2 Effect of Inoculum Size on Biodegradation of POME using Isolated Fungi

The study on the effect of inoculum size on biodegradation of POME using respective fungal
isolates was carried out using 0.1 to 0.5v/v. The highest efficiency of oil and grease removal
was observed as 43.6% with C. rugosa and 40% with G. candidum treatment. The BOD and
COD reductions were best at 69.4% and 37.3% using inoculums size of 0.2v/v C. rugosa
(Fig. 1) while G. candidum also showed best degradation activity at 0.2v/v inoculum size with
77.8% BOD and 39.9% COD reduction (Fig. 2). These results showed that increasing
inoculum size could not reduce oil and grease during degradation process possibly because
of succession process involved in biodegradation process as no single culture is expected to
breakdown complex sugars associated with high organic matter. Bhumibhamon et al. [35]
studied the effect of inoculum size with single culture and mixed cultures were it was
discovered that increasing inoculum size could not improve fat degradation.

Fig. 1. Effect of inoculum size on biodegradation of POME using C. rugosa
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Table 1. Biodegradation of POME using isolated fungi

Organism Time (hrs) BOD5 (mg/L) % Reduction COD (mg/L) % Reduction O&G (mg/L) % Reduction
Control - 16280±25 - 78750±41 - 5165±08 -
C. rugosa 24 15840±17 2.7 77480±33 1.6 4963±04 3.9

48 14140±08 13.1 75680±02 3.9 4160±41 19.5
72 13004±15 20.1 72750±17 7.6 3657±13 29.2
96 11980±42 26.4 70637±04 10.3 3005±16 41.8
120 9634±04 40.8 69491±07 11.8 2948±15 42.9
144 9024±12 44.6 67842 ±16 13.9 2548±04 50.7

G. candidum 24 15304±05 6.0 76480±31 2.9 5062±11 1.9
48 14080±12 13.5 75240±09 4.5 4058±02 21.4
72 12606±05 22.6 72586±23 7.8 3255±11 37
96 11780±12 27.6 70075±14 11.0 2854±17 44.7
120 9560±09 41.3 67290±12 14.6 2017±09 60.9
144 8645±16 46.9 65428±02 16.9 1814±19 64.9

*Values are the means of replicate determinations ± SD

Table 2. Effect of pH on biodegradation of POME using isolated fungi

Organism Initial pH BOD5 (mg/L) % Reduction COD (mg/L) % Reduction O&G (mg/L) % Reduction
Control 4.0 16280±25 - 78750±11 - 165±12
C. rugosa 4.0 7934±67 51.2 50130±73 36.3 104±27 36.9

5.0 6870±38 57.8 60500±72 23.2 121±31 26.7
6.0 8840±55 45.7 67980±87 13.6 154±37 6.7
7.0 5340±39 67.2 42807±47 45.6 84±14 49.1
8.0 4150±13 74.5 405071±67 48.6 96±35 41.8

G. candidum 4.0 9950±37 38.8 65230±48 17.2 160±18 3.0
5.0 5980±27 63.3 40720±72 48.3 78 ±17 52.7
6.0 6206±25 61.8 46690±32 40.7 130±17 21.2
7.0 4204±15 74.2 37150±47 52.8 147±19 10.9
8.0 3960±39 75.7 32220±32 59.1 103±10 37.6

*Values are the means of replicate determinations ± SD
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Table 3. Effect of incubation temperature on biodegradation of POME using isolated fungi

Organism Temp℃ BOD (mg/L) %  Reduction COD (mg/L) % Reduction O&G (mg/L) % Reduction
Control 28 16280±25 - 78750±11 - 165 ±12 -
C. rugosa 25 8479±55 47 26306±65 66.6 155±31 6.1

30 3140±28 80.7 25380±75 67.8 65±39 60.6
35 2409±49 85.2 22170±76 71.8 54±25 67.3
40 5427±33 66.7 27540±77 65 86±25 47.9
45 7560±57 53.6 43480±98 44.8 115±36 30.3
50 7650±27 53.0 47590±65 39.6 118±22 28.5

G. candidum 25 7354±55 54.8 33900±63 57 123±16 25.5
30 3632±32 77.7 29651±75 62.3 73±15 55.8
35 2070±30 87.3 28800±63 63.4 68 ±15 58.8
40 6592±28 59.5 37560±78 52.3 96±25 41.8
45 7459±45 54.2 35200±77 55.3 105±27 36.4
50 7870±45 51.7 39199±72 50.2 135±18 18.2

*Values are the means of replicate determinations ± SD

Table 4. Effect of soy bean concentration on biodegradation of POME using isolated fungi

Organism Soy  bean
Conc. (w/v)

BOD (mg/L) %  Reduction COD (mg/L) % Reduction O&G (mg/L) % Reduction

Control - 16280±25 - 78750±11 - 165 ±12 -
C.  rugosa 1.5 10300±16 36.7 58300±47 26 145±13 12.1

2.5 5300±12 67.4 46320±38 41.2 126±21 23.6
3.5 2450±12 85 28000±35 64.5 77±14 53.3
4.5 7704±16 52.7 65250±18 17.1 149±11 9.7

G. candidum 1.5 10200±51 37.3 68400±36 13.1 137±15 17
2.5 3100±16 81 42300±18 46.2 64±13 61.2
3.5 4650±19 71.4 59320±27 24.7 101±14 38.8
4.5 8300±13 49 65030±25 17.4 124±11 24.9

*Values are the means of replicate determinations ± SD



British Microbiology Research Journal, 4(12): 1440-1450, 2014

1448

Fig. 2.  Effect of inoculum size on biodegradation of POME using G. candidum
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