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Introduction 

Palm oil (Elaeis guineensis) is vegetable oil and 

ingredient in the diet of many people. According to 

MPOC (2007), it is the world’s largest source of edible 

oil. Palm oil is a product extracted from the flesh of 

individual fruit contained on the bunch. Many people 

cultivate oil palm as a means of livelihood and a source 

of income. This is encouraged by the worldwide 

increase in the demand for palm oil. Oil palm is known 

and often referred to as a crop of multiple values, due 

to its high economic importance (Akangbe et al., 

2011). The demands for domestic and industrial 

applications of palm oil have continued to increase 

(Omereji, 2005). It is estimated that for every Nigerian 

household of five, about two liters of palm oil are 

consumed weekly for cooking (Ekine and Onu, 2008). 

However, palm oil is an essential multipurpose raw 

material for both food and non-food industries 

(Armstrong, 1998).  

Before 1965, Nigeria was the world’s leading 

producer and exporter of palm oil and has since 1974 

ceased to contribute to the export trade in the 

commodity, largely due to increased domestic demand 

that has not kept pace with the production (Omoti, 

2004). During the past decade, Nigeria has become a 

net importer of palm oil (Olagunju, 2008). In 1985, 

palm oil production in Malaysia increased from 4.1 

million tonnes to 6.1 in 1990.  This projected to 19.4 

million in 2012. Presently, Nigeria is the fifth-largest 

palm oil producer, though it ranks third in the world in 

terms of land planted with oil palm (Izah et al., 2016). 

However, there is a plan to increase the palm oil 

production from 600,000 tons a year to 5 million tons 

a year by 2027.  Indonesia is currently the world’s 

largest producer of palm oil-producing over 29 million 

tonnes, this is followed by Malaysia with over 19 

million tonnes, and Thailand and Colombia with 1.8 

and 1.1 million tonnes respectively (Izah et al., 2016). 

Palm oil is extracted from fresh fruit bunches by a 

mechanical process. An average size bunch weighs 

about 20-30 kg and contains 1500-2000 fruits. These 
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Palm oil is an edible vegetable oil derived from the fruits of the oil palm tree. 

Spillage of palm oil on soil is unavoidable in the oil industry. This contamination 

or pollution has an impact on the soil's composition.This study was therefore 

aimed at identifying the microorganisms associated with palm oil-polluted soil, 

chaff and unpolluted soil samples (which served as control); and studying the 

effect of the oil pollution on the soil microflora. Samples obtained from two 

different sites (Oda farm, Akure and Ori eeru, Iwo) were used. Experiments were 

carried out using pour plate technique. Each sample was also screened for 

physicochemical tests. The pH range of the Oda farm and Ori eeru are 4.9-6.5 

and 5.2-5.9 respectively. The moisture content of the Oda farm and Ori eeru 

samples are 33-95% and 28-39%.  Bacteria isolated from the polluted soil include 

Bacillus sp, Staphylococcus aureus, Proteus sp, Corynebacterium sp and 

Micrococcus sp; while the fungi include Aspergillus flavus, Aspergillus niger, 

Mucor sp and Rhizopus sp. The higher bacterial and fungal counts of the polluted 

soil samples were 7.25 x103 and 6.05 x 103 cfu/ml respectively. The chaff had 

the highest fungal count of 13.0 cfu/ml of all the tested samples, while the highest 

bacterial population (20.7 x103) was recorded in the unpolluted soil.  Most of the 

isolates are pathogenic species. It is essential that palm oil effluents are treated 

before disposal to avoid soil contamination and alteration of the soil 

microorganisms. Modernized methods should be employed in palm oil 

production to avoid spillage during processing. 

  

 

 

http://www.ijbst.fuotuoke.edu.ng/


 
 

International Journal of Basic Science and Technology                                                                 ISSN 2488-8648                                                                                                               

March, Volume 8, Number 1, Pages 24 - 30                                                                         http://www.ijbst.fuotuoke.edu.ng/  25 

 

                   

 

are harvested according to harvesting cycles and 

delivered to the mills on the same day. The quantity of 

crude palm oil is dependent on the care taken after 

harvesting, particularly on the handling of bunches. A 

palm oil mill produces crude palm oil and kernels as 

primary products and biomass as secondary products. 

A typical mill has many operation units which include 

sterilization, stripping, digestion and pressing, 

clarification, purification, drying and storage.  For the 

palm kernel line, there are steps such as nut/ fibre 

separation, nut conditioning and cracking, cracked 

mixture separation and kernel drying, storage. The 

dried kernels are often sold to palm kernel crushers for 

the extraction of crude palm kernel oil.  

However, palm oil production results in the generation 

of large quantities of polluted wastewater commonly 

as palm oil mill effluent. In the process of palm oil 

milling, the effluent is generated through sterilization 

of fresh oil palm fruit bunches, clarification of palm 

oil and effluent from hydrocyclone operations (Borja 

et al., 1996).  

The chaff is extracted during palm oil processing. It is 

a solid waste from the process.  It can be further 

processed into useful products and can also be used for 

burning. 

This work identified the microorganisms present in 

palm oil-polluted soil in order to determine the 

organisms that are present in palm oil-polluted soil. 

 

Materials and methods 

Sampling Sites 

Two different sites/locations were sampled; which are 

Oda farm (Akure, Ondo State) with latitude 7.16oN 

and longitude 5.25oE and Ori eeru (Iwo, Osun State) 

with latitude 7.64oN and longitude 4.20oE. On both 

sites, palm oil-polluted soil, the chaff and soil samples 

not polluted with palm oil which served as the control 

were collected.  

 

Collection of Samples 

Samples were collected in January, by removing litter 

or surface debris and at a depth of 5cm. The samples 

were poured into sterile jam bottles which were tightly 

closed, labeled appropriately with the date and 

location of sample collection. 

 

Physiochemical Analysis 

Determination of pH  

Ten grams each of the palm oil-polluted soil, shaft and 

soil samples from the two different sites were weighed 

and transferred into separate clean beakers. Fifty 

milliliters (50ml) of distilled water was added. Each 

mixture was stirred using a glass rod for 10 minutes. 

The mixture was allowed to settle and the pH was 

determined using a pH meter (R1 02895: Woon 

socket, pocket-sized pH meter HANNA instrument). 

Determination of Moisture Content 

 

 For each sample, a crucible was dried in the oven, 

allowed to cool in a desiccator and its weight recorded. 

Ten grams each were weighed into the crucible and the 

crucible was re-weighed. Each sample was dried in an 

oven at 105oC for 24 hours. The crucibles were 

transferred into a desiccator and allowed to cool. The 

crucibles and the oven-dried samples were weighed 

and the weight of the dried samples was determined by 

subtraction. The samples were dried repeatedly at 12 

hour-interval until a constant weight was obtained. 

The percentage of moisture in the samples was 

calculated using the following formula: 

Loss in weight of sample x 100 

Initial weight of sample        1  

 

Determination of Total Organic Matter 

Two grams of the oven-dried sample from the 

experiment above was weighed and transferred into a 

previously weighed crucible. The crucible was ignited 

over a Bunsen burner to bright red heat and the sample 

stirred occasionally with a steel rod. The crucible was 

heated for 15 minutes and was allowed to cool in the 

desiccator. The weight of the crucible was recorded 

thus, the loss in weight by difference was obtained. 

The percentage of total organic matter in the sample 

was calculated using the following formula:  

Loss in weight of ignited sample x 100 

Weight of dried sample                     1 

Sterilization techniques 

During this experiment, glasswares used such as 

conical flask were washed properly before the medium 

was prepared and afterward autoclaved at 121oC and 

pressure of 1.0kg/cm2 for 15 minutes. 

 

Preparation of Culture medium 

Nutrient agar was used in culturing the isolates. The 

medium was prepared according to the manufacturer’s 

specification; and was sterilized at 121oC and pressure 

of 1.0kg/cm2 for 15 minutes.  

 

Isolation Procedures 

The organisms were isolated using the pour plate 

method, allowed to solidify before incubation at 37oC 

for 24 hours. Pure cultures of isolates were obtained 

by streaking and were later used for further analysis. 

 

Identification of pure isolates 

The pure bacterial cultures were identified by the 

cultural (cell shape, colour, shape) and various and 

biochemical (MRVP, citrate, indole, starch hydrolysis, 
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sugar fermentation) tests. Fungal isolates were 

observed under the microscope at a magnification 400. 

 

Results 

Figures 2, 3, 4 and 5 show the bacteria population that 

were present in the palm oil-polluted soil, chaff and 

unpolluted soil sample from Oda farm and Ori eeru. 

For the Oda farm samples, bacterial counts in the palm 

oil-polluted soil, chaff and unpolluted soil samples are 

5.4×103cfu/ml, 8.15×103cfu/ml and 3.35×103cfu/ml 

while the fungal counts are 6.05×105cfu/ml, 

9.45×105cfu/ml and 5.15×105cfu/ml respectively. For 

the Ori eeru samples, bacterial counts in the palm oil-

polluted soil, chaff and unpolluted soil samples are 

7.25×103cfu/ml, 5.85×103cfu/ml and 20.7×103cfu/ml 

while the fungal counts are 5.0×104cfu/ml, 

13.0×104cfu/ml and 8.0×104cfu/ml respectively. 

Table 1 shows the physicochemical properties of the 

palm oil-polluted soil, chaff and unpolluted soil 

samples from Oda farm, Akure and Ori eeru, Iwo. The 

pH values of the palm oil polluted soil, chaff and 

unpolluted soil sample of Oda farm and Ori eeru are 

4.9, 5.9, 6.5 and 5.2, 5.7 and 5.9 respectively. For the 

Oda farm samples, the moisture content of the palm oil 

polluted soil, chaff and unpolluted soil samples are 93, 

33 and 45 while for the Ori eeru samples, the moisture 

content are 35, 28 and 39 respectively. For the Oda 

farm samples, the organic matter of the palm oil 

polluted soil, chaff and unpolluted soil samples are 50, 

65 and 5 while for the Ori eeru samples, the organic 

matter are 55, 75 and 15 respectively.  

Corynebacterium sp, Micrococcus sp, Bacillus cereus, 

Bacillus coagulans, Proteus sp, Staphylococcus 

aureus, Pseudomonas sp and Klebsiella pneumoniae 

were identified as bacterial isolates from Oda farm. 

 From Ori eeru site, the bacteria include 

Corynebacterium sp, Micrococcus sp, Bacillus sp, 

Bacillus pumulis, Proteus sp, S. aureus and E. coli. 

Fungi identified from from Oda farm and Ori eeru are 

Rhizopus sp, Aspergillus niger, Aspergillus flavus, 

Mucor sp. and  Rhizopus sp, Aspergillus niger, and 

Mucor sp. respectively. Plates 6-9 shows the 

identification of fungi under photomicrograph.  

 

 
Figure 1: Bacterial population of the samples from Oda farm: Error bar indicates standard deviation  

 

 
Figure 2: Bacterial population of the samples from Ori eeru: Error bar indicates standard deviation  
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Figure 3: Fungal population of the samples from Oda farm: Error bar indicates standard deviation  

 

 

                        
 

Figure 4: Fungal population of the samples from Ori eeru; Error bar indicates standard deviation  

 

Table 1: Physiochemical Properties of The Samples 

Sample Ph % Moisture content % Organic Matter 

    

 A  
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C 
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E 

F 
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5.9 
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93 
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65 
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Keys:  

ODA FARM- SITE 1; Sample A: Palm oil polluted soil; Sample B: Chaff; ;Sample C: Unpolluted soil sample (control) 

ORI EERU- SITE 2; Sample D: Palm oil polluted soil;Sample E: Chaff;Sample F: Unpolluted soil sample (control) 
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Discussion 

Results from this research have shown that the pH of 

the palm oil polluted soil from both sites were acidic 

relative to the unpolluted soil sample (control). The pH 

values of the polluted, chaff and unpolluted soils sites, 

Oda farm and Ori eeru were 4.9 and 5.2; 5.9 and 5.7; 

and 6.5 and 5.9 respectively. The observation 

correlates with the report of Lam and Lee (2011), who 

reported acidity in the palm oil polluted soil collected 

from a palm oil industry in Malaysia. Yossan and 

Prasetsan (2012) also reported an initial pH of 4.5 to 

6.5 in palm oil mill effluent which also affects the 

hydrogen production with optimum pH of 6.0. Acidity 

bacteria in the palm oil polluted soil is due to presence 

of organics and the high level of some organic acids in 

the effluents (Nmaduka, 2018). The pH range of the 

samples supported the growth of both bacteria and 

fungi. Bacteria are known to grow best around neutral 

pH values (6.5 and 7.0), but some can tolerate acidic 

conditions (even pH as low as 1.0). Fungi thrive at 

slightly acidic conditions with pH values of 5.0 and 

6.0. This therefore explains the microbes that were 

isolated in this study. 

The moisture content of the palm oil polluted soils 

were relatively high (93% and 35%), compared to the 

chaff (33% and 28%). However, the moisture content 

of the unpolluted soil (control) was higher (45% and 

39%) than that of the chaff samples for both sites. The 

moisture content of 93% of site 1 could be due to since 

that the effluent is more than what was observed on the 

other sampling site. There was also a similarity in the 

level of organic matter in the soil samples. Generally, 

the chaff had the highest percentage of organic matter 

(65% and 75%) for both sites, This could be due to the 

presence of more ions in the soil as a result of the 

continuous deposit of palm oil on such soils. This was 

followed by the polluted samples (50% and 55%). The 

least organic content was recorded in the unpolluted 

soils (5% and 15%). In comparison, Chin et al. (1996) 

have reported that palm oil mill effluent contains a 

high concentration of organic matter in relation to 

uncontaminated soils. Palm oil mill effluent contains a 

large percentage of the degradable organic matter 

probably due to the presence of uncovered palm oil. It 

is a measure of the organic carbon concentration in the 

soil and is responsible for the improvement of the 

structure and the water holding capacity of the soil 

(Nmaduka, 2018). 

The bacteria isolated from all the samples were 

Micrococcus species, Bacillus sp, Proteus sp, E. coli, 

K. pneumoniae, Corynebacterium sp, Pseudomonas 

species and S. aureus. All these except E. coli and K. 

pneumoniae were isolated from the polluted soil 

samples. This indicates that these samples are sources 

of pathogenic bacteria that are capable of 

contaminating the produce. Eze et al. (2013) isolated 

Bacillus species and Proteus species amongst other 

bacteria from palm oil polluted soils. According to 

Dominika (2015), the presence of Proteus sp in palm 

oil polluted soil is due to the ability to tolerate or 

utilize polluting compounds. Also, according to 

Mohammadreza and Soheila (2014) the isolated 

Bacillus may be as a result of the ability of the 

bacterium to tolerate or grow in oily environment. 

Bacillus, Pseudomonas, Flavobacterium, Alcaligenes, 

Proteus, and Micrococcus species were also reported 

as isolates of vegetable oil polluted soil by Popoola 

and Onilude (2017). 

The fungi encountered in the palm oil polluted soil in 

this study include A. niger, Mucor species, and 

Rhizopus species. Similar results were reported by Eze 

et al. (2013) and Mohammadreza and Soheila (2014) 

who isolated Rhizopus species; Aspergillus species 

and Mucor species respectively from the soil samples. 

The presence of Mucor sp. in the palm oil polluted soil 

shows that the fungus is can survive in a hostile 

environment (Nwuche and Ogbonna, 2011; Ohimain 

et al., 2012a; Ohimain et al., 2012b). In contrast, 

Mohammadreza and Soheila (2014) isolated A. 

fumigatus, Candida species, Fusarium species, and 

Penicillium species from palm oil mill effluent. Eze et 

al. (2013) also isolated Geotrichum species, 

Trichoderma species, Fusarium species, and 

Penicillium species from palm oil mill effluent, while 

Popoola and Onilude (2017) isolated Penicillium, 

Candida, Geotrichum, Saccharomyces, 

Kluveromyces.  

The bacterial load of the unpolluted soil sample from 

Ori eeru was the highest among all the tested samples; 

while it was the least in Oda farm samples. It is worth 

noting that the bacteria load of palm oil polluted soil 

from both sites was the intermediate, neither the 

highest nor the least. The population of the fungi 

associated with the chaff from both experimental sites 

were high and even the highest amongst other tested 

samples (9.45 x 105 and 13 x 104 cfu/ml). Bacterial 

count from the polluted soil samples were 5.4 and 7.25 

x 103 cfu/ml, while for the unpolluted soil, the count 

was relatively high (20.7 x 103 cfu/ml), for one of the 

sites and very low (3.35 x 103 cfu/ml) in the other. The 

chaff also had an appreciable count of bacteria; 8.15 

and 5.83 x 103 cfu/ml. Fungal count of the polluted soil 

was higher than that of the unpolluted soils from the 

two sites; 6.05 x105 and 5.0 x104 as compared to 5.15 

x 105 and 8.0 x104 cfu/ml. This result is an indication 

http://www.ijbst.fuotuoke.edu.ng/
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that palm oil polluted samples, especially chaff are 

good sources of fungi.  

 

Conclusion 

The waste from palm oil mills pollutes the 

environment and serves as a fertile breeding ground 

for a wide range of microorganisms. A large number 

of these bacteria can survive in an oily environment 

because they produce lipase enzyme or spores. When 

the oil is contaminated by pathogenic microbes, it 

poses a health risk for its consumers. Before effluents 

are released into the environment, proper waste 

treatment is required. The use of more modern 

methods of palm oil production will help to keep oil 

from leaking out during processing. 

 

References 

Aghalino, S.O. (2000). British Colonial Policies and 

the Oil Palm Industry in the Niger Delta Region of 

Nigeria, 1900-1960: African Study Monographs 21 

(1): 19-33. 
 

Akangbe, J.A., Adesiji, G.B., Fakayode, S.B. and 

Aderibigbe, Y.O. (2011). Towards Palm Oil self 

sufficiency in Nigeria: Constraints and Training needs 

Nexus of Palm Oil Extractors. Journal of Human 

Ecolology 33 (2): 139-145. 
 

Armstrong, R. (1998). Palm Oil. The Australian 

National University, URL: 

http://www.anu.edu.au/Forestry/wood/nwfp/palmoil.

html. 

Basiron, Y. and Weng, C.K. (2004). The Oil Palm and 

its Sustainability. Journal of Oil Palm Research 16 

(1): 1-10. 

Basiron, Y. (2007). Palm oil production through 

sustainable plantations. European Journal of Lipid 

Science Technology 109: 289–295. 
 

Borja, R., Banks, C.J., Sánchez, E. (1996) Anaerobic 

treatment of palm oil mill effluent in a two-stage up 

flow anaerobic sludge blanket (UASB) reactor. 

Journal of Biotechnology 45: 125-135. 
 

Cheng, J., Zhu, X., Ni, J. and Borthwick, A. (2010). 

“Palm oil mill effluent treatment using a two-stage 

microbial fuel cells system integrated with 

immobilized biological aerated filters. Bioresource 

Technology 101 (8): 2729-2734. 
 

Chin, K.K., Lee, S.W., Mohammad, H.H. (1996). A 

study of palm oil mill effluent treatment using a pond 

system. Water Science and Technology 34: 119-123.  
 

Dick, W.A. and Tabatabai, M.A. (1992). Significance 

and potential uses of soil enzymes. Soil microbial 

Ecology Application in Agric and Environmental 

management. Marcel Dekker, New York 4: 95-127. 

 

Dominika, D (2015). Significance and roles of Proteus 

sp bacteria in natural environments. pp 1-18.  

Ebong, P.E., Owu, D.U., Isong, E.U. (1999). Influence 

of palm oil (Elaesis guineensis) on health. Plant Foods 

for Human Nutrition (Formerly Qualitas Plantarum) 

53 (3): 209-222. 

Ekine, D. I. and Onu, M. E. (2008). Economics of 

small-scale palm oil processing in Ikwerre and Etche 

Local Government Areas of Rivers State, Nigeria. 

Journal of Agriculture and Social Research 8 (2): 1-9. 
 

Embrandiri, A., Singh, R.P., Ibrahim, H.M. and Ramli, 

A.A. (2011). Land application of biomass residue 

generated from palm oil processing: its potential 

benefits and threats. Springer Science 

Environmentalist, DOI 10.1007/s 10669-011-9367-0. 
 

Eze, V.C., Owunna, N. D., Avoaja, D.A. (2013). 

Microbiological and Physicochemical Characteristics 

of Soil receiving Palm Oil Mill Effluent in Umuahia, 

Abia State, Nigeria. Journal of Natural Sciences 

Research 3 (7): 2224-3186. 
 

FAO (2002): “Food and Agricultural Organization of 

United Nations” Publications Rome 2002. pp: 225-

255. 

Foo, K.Y. and Hameed, B.H. (2010) Insight into the 

applications of palm oil mill effluent: a renewable 

utilization of the industrial agricultural waste. 

Renewable and Sustainable Energy Reviews 14 (5): 

1445-1452.  

Izah, S. C., Angaye, T. C. N. and Ohimain, E. I. (2016)  

The opportunity oand weakness of Nigerian oil palm 

industry. Environmental Impacts of Oil Palm 

Processing in Nigeria  2(3):132-141 

Kittikun, A.G., Prasertsan, P., Srisuwan, G. and 

Krause, A. (2000) Environmental Management for 

palm oil mill material flow analysis of integrated 

biosystems  p.11. http://ias.unu.edu/proceedings/ic-

mfa/kittikun/paper.html. 
 

Kwaski, P. (2002).“Small-scale palm oil processing in 

Africa”. FAO Agricultural Services Bulletin, 148 (3). 

Lam, M.K. and Lee, K.T. (2011). Renewable and 

sustainable bioenergies production from palm oil mill 

effluent: Win-win strategies toward better 

environmental protection. Biotechnology advances 

29: 124-141. 

Logan, T.J., Lindsay, B.J., Goins, L.E., Ryan, J.A. 

(1997). Field assessment of sludge metal 

bioavailability to crops: sludge rate response. Journal 

of Environmental Quality 26: 534-550. 

Mantzavinos, D. and Kalogerakis, N. (2005). 

Treatment of olive mill effluents, Part 1. Organic 

matter degradation by chemical and biological 

http://www.ijbst.fuotuoke.edu.ng/
http://www.anu.edu.au/Forestry/wood/nwfp/palmoil.html
http://www.anu.edu.au/Forestry/wood/nwfp/palmoil.html
http://ias.unu.edu/proceedings/ic-mfa/kittikun/paper.html
http://ias.unu.edu/proceedings/ic-mfa/kittikun/paper.html


 
 

International Journal of Basic Science and Technology                                                                 ISSN 2488-8648                                                                                                               

March, Volume 8, Number 1, Pages 24 - 30                                                                         http://www.ijbst.fuotuoke.edu.ng/  30 

 

                   

 

processes-An overview. Environmental International 

31: 289-295. 

Mohammadreza, S. and Soheila, M. (2014). 

Enhancement of Biodegradation of palm oil mill 

effluents by local isolated microorganisms. 

International Scholarly Research Notices pp. 8 

MPOC (2007). World oil production. 

http://www.mpoc.org. Assessed 23 January, 2019.  

Navas, A., Bermudez, F., Macin, J. (1998). Influence 

of sewage sludge application on physical and chemical 

properties of Gypsisols. Geoderma. 87: 123-135. 

Nmaduka, N. J., Obioma, N. U., Victor, C. 

A.,Okonkwo, C. C. and Obidiegwu, C.J. (2018) 

Impact of palm oil mill effluents contamination on soil 

enzyme activities and physicochemical properties. 

Research Journal of Environmental Toxicology 12: 

34-41  

Nnorom, N. (2012). Plantation Owners Forum of 

Nigeria (POFON) raises alarm over removal of tariff 

on imported palm oil. pp. 36 

Nwoko, C.O. and Ogunyemi, S. (2010). Effect of Palm 

Oil Mill Effluent (POME) on Microbial 

Characteristics in a Humid Tropical Soil under 

Laboratory Conditions. International Journal of 

Environmental Science and Development 1 (4): 2010-

0264. 

Nwuche, C. O. and Ogbonna, J. C. (2011). “Isolation 

of lipase producing fungi from palm oil mill effluent 

(POME) dump sites at Nsukka,” Brazilian Archives of 

Biology and Technology 54 (1): 113–116. 

Ohimain, E. I., Daokoru-Olukole, C., Izah, S. C., Eke, 

R. A. and Okonkwo, A.C.  (2012a). “Microbiology of 

palm oil mill effluents,” Journal of Microbiology & 

Biotechnology Research 2 (6): 852. 

Ohimain, E. I., Seiyaboh, E. I., Izah, S. C., 

Oghenegueke, V. and Perewarebo, T. (2012b). “Some 

selected physico-chemical and heavy metal properties 

of palm oil mill effluents, “Greener Journal of 

Physical Sciences 2: 131–137. 

Okwute, O.L., Stephen, E. and Anyanwu, P.I. (2015). 

Biodegradation of Palm Oil Mill Effluent (POME) and 

Lipase Activity by Pseudomonas aeruginosa, Bacillus 

subtilis and Candida albicans. British Microbiology 

Research Journal 9 (5): 1-10. 

Olagunju, F. I. (2008). Economics of Palm Oil 

Processing in Southwestern Nigeria. International 

Journal of Agricultural Economics and Rural 

Development 1 (2): 69-77. 

Omereji, G.O. (2005) The Oil Palm Industry in 

Nigeria: cultivation, Processing and Trade. Mindex 

publishers, Benin City. pp. 131-156. 

Omoti, U. (2004). Oil Palm Research at NIFOR, 

Nigeria. BUROTROP Bulletin 19: 43- 46.  

Onyia, C.O., Uyub, A.M., Akunna, J.C., Norulaini, 

N.A., Omar, A.K.M. (2001). Increasing the fertilizer 

value of palm oil mill sludge: Bioaugumentation in 

nitrification. Water Science and technology 44 (10): 

157-162. 

Panapanaan, V., Helin, T., Kujanpää, M., Soukka, R., 

Heinimö, J.J., Linnanen, L. (2009). Sustainability of 

palm oil production and opportunities for finish 

technology and know-how transfer. Springer Science. 

pp 13-61. 

Paredes, C., Cegarra, J., Bernal, M.P., Roig, A. (2005). 

Influence of olive mill waste water in composting and 

impact of the compost on a Swiss chard and soil 

properties. Environmental International 31: 305-312. 
 

Pascual, I., Antolin, A.C., Garcia, C., Polo, A., 

Sanchez-Diaz, M. (2007). Effect of water deficit on 

microbial characteristics in soil amended with sewage 

sludge or inorganic fertilizer under laboratory 

conditions. Bioresource Technology 98: 29-37. 
 

Pleanjai, S., Gheewala, S.H. and Garivait, S. (2007). 

Environmental Evaluation of Biodiesel Production 

from Palm Oil in a Life Cycle Perspective. Asian 

journal of Energy Environment 8 (1-2): 15-32. 
 

Pogaku, R. and Sarbatly, R.H. (2013) Advances in 

Biofuels, Springer, New York, NY, USA. 
 

Poku, K. (1998). Oil Palm Small holder Development: 

Processing Technology Mission Report presented on 

FAO Project TCP/MLW/6612 p.250. 
 

Ros, M., Hernandez, M.T., Garcia, C. (2003). Soil 

microbial activity after restoration of a semi-arid soil 

by organic amendments. Soil Biology and 

Biochemistry 35: 463-469. 

Sivasothy, K., Basiron, Y., Jalani, B.S., Chan, K.W. 

(2000). Malaysian Palm Oil board, Kuala Lumpur. 

Advances in Oil Palm research 1 (747): 47-52. 

Sutapa, M. and Analava, M. (2009) Health Effects of 

Palm Oil. Journal of Human Ecology 26 (3): 197-203. 
 

Thirukkumaran, C.M. and Parkison, D. (2000). 

Microbial respiration, biomass, metabolic quotient and 

litter decomposition in a lodge pole pine forest floor 

amended with nitrogen and phosphorus fertilizer. Soil 

Biology and Biochemistry.  32: 59-66. 
 

Wang, J. and Wan, W. (2009). Factors influencing 

fermentative hydrogen production: a review. 

 

 

http://www.ijbst.fuotuoke.edu.ng/
http://www.mpoc.org/

