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Introduction
Abstract Nigeria is the fifth largest
he aim of this study was to assess producer of palm oil in the
the nutrient content and | world with domestic
environmental impact of palm | production of 930,000
oil slurry (POS) disposal on soil of some | (nine hundred and thirty
thousand) metric tons
accounting for about 1.5
% of global output (Izah et
al, 2016). O0il palm

industry has positive
(NDS) in South-western Nigeria to economic impactsl as it is

selected palm oil processing locations in
South-western Nigeria. Soil samples
were collected from three different

dump sites (DS) and a non-dump site

determine the proximate, physico- | a source of employments
chemical and microbiological | to millions of people in
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characteristics. The POS was fermented at 24 hourly intervals for 72
hours to determine its nutrient content. Results revealed significant
variation for chemical composition of slurry in dry matter, crude protein
and neutral detergent fibre, (15.31 -40.12; 6.21 - 9.05 and 46.03 - 52.14
% for 0 — 72 hours fermentation respectively). Significant variations for
pH, water holding capacity, organic carbon, total nitrogen and available
phosphorus, ranged from 5.75 - 6.68; 23.01 - 36.18 %; 2.58 - 3.31 %;
13.03-14.50 % and 22.02 - 28.00 ppm in NDS and DS respectively. Same
trend was observed for the microbial count (logiocfu/g): Total
heterotrophic bacteria count, hydrocarbon utilizing bacteria count,
hydrocarbon utilizing fungi count ranging from 6.89 - 8.28; 2.53 - 6.02
and 2.73 - 3.15 respectively. However, significant differences also
occurred between the various slurry DS and NDS for total heterotrophic
fungi count and nitrifying bacteria ranging from 8.01 - 4.00 and 3.84 -
2.89 in NDS and DS respectively. The biological oxygen demand (BOD)
of the POS increased persistently over a period of five years in the range
of 255 - 5000 mg/liter. Similarly, the chemical oxygen demand (COD)
took the range of 500 - 8000 mg/liter. Slurry DS were altered; however,
proper use and safe disposal of POS on the soil could lead to improved
soil fertility. Fermentation of POS increased protein content (maggot
buildup) which could be beneficial to livestock, most especially fish

farmers.

Keywords: dump site, microbial count, nutrient content, palm oil slurry,

physico-chemical characteristics

igeria. However in Nigeria, there is paucity of information about
the environmental impact and nutritional potential of the
waste(s) from the industry. The palm oil processing emits three
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waste streams namely: gaseous (pollutant gases), liquid (palm effluent
i.e. slurry) and solid (palm press, fibre chaff, palm kernel shell and
empty fruit bunch) Hartley C.W.S. (1988). Only a small fraction of the
solid wastes are utilized as boilers fuel by the palm oil industry, while
the rest are discharged into the environment with little or no treatment
(Izah et al, 2016).

In Nigeria’s oil palm industry, most of the palm oil slurry produced by
small scale traditional operators undergo little or no treatment and are
usually discharged in the surrounding environment. This slurry could
pollute streams, rivers and surrounding land.

The assessment of the possible ecological effects of slurry from palm oil
industries on the environment through surveillance on the physico-
chemical alterations caused by these discharged wastes are therefore of
uttermost significance. Using three dump sites in southwest Nigeria: A;
Mamu dump site in Ogun State, B; Ikoyi dump site in Osun State and C;
Badeku Jako dump site in Oyo State as reference points.

From the foregoing, the study investigates the consequences of
disposing wastes emanating from palm oil processing on the biological
diversity of soils in southwest Nigeria. Specifically, the study objectives

were:

i. To examine the physicochemical properties of palm oil
effluents on soils’ biodiversity.

ii. To determine the mean count of microorganisms isolated from

different slurry dump sites and non-dump site.
iii. ~To determine the proximate composition (%) of palm oil
slurry from the three different sites

Materials and Methods

Sample Collection

Soil samples were collected using the grab method. 20 soil samples were
collected from each of the slurry dump sites and the control sample was
collected about 10 yards away from the slurry site. The soil samples
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were put in a polythene bags and the raw effluent in a sealed container
with labels, and taken to the laboratory less than 6 hours of collection,
where it was air-dried and passed through a 2 mm sieve in order to
separate the soil from the stones. Thereafter, the microbial and
physicochemical properties were determined, within 24 hours of

collection.

Fermentation of Slurry

Fresh slurry collected from each of the sites was subjected to
fermentation. The slurry was left to stand for 0, 24, 48 and 72 hours to
allow maggot built-up, after which it is taken to the laboratory for

proximate analysis.

Determination of the Physicochemical Parameters

A number of physicochemical parameters of the contaminated soil
samples were determined. The parameters included pH, water holding
capacity (WHC), total nitrogen (TN), available phosphorus (AP) and
total organic carbon (TOC). The pH was measured using Hach pH meter
(Model EC10). All analyses were in accordance with APHA, 2005.

Enumeration of Total Heterotrophic Bacteria and Fungi

Samples of the polluted soils were serially diluted in 10 folds. Total
viable heterotrophic aerobic counts were determined by plating in
duplicates using pour-plate technique. Then molten nutrient agar at 45
°C was poured into the Petri-dishes containing 1 mL of the appropriate
dilution for the isolation of the total heterotrophic bacteria and fungi
respectively. They were swirled to mix and colony counts were taken

after incubating the plates at room temperatures for 48 hour.
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Enumeration of Hydrocarbon-Utilizing Bacteria and Fungi

The hydrocarbon-utilizing bacteria and fungi were determined using
the mineral salt agar of Mills et al, (1978) as modified by Okpokwasili &
Amanchukwu (1988).

Proximate analysis

Crude protein, ether extract and total ash of samples were analyzed in
triplicates using standard procedure of A.0.A.C (2012). The crude
protein was determined with the micro kjeldahl distillation apparatus,
while the fibre fraction (NDF) was determined according to Van Soest et
al, 1994

Statistical analysis
The data generated were subjected to One Way Analysis of Variance
procedure (ANOVA) of SAS (1999). Significant means were separated

using the Duncan multiple range test of the same package.

Results and Discussion

Table 1: Proximate composition (%) of Palm oil Slurry from three

different sites

Fermentation Hours

Slurry Sites 0 24 48 72 SEM
Site A

Dry matter 41.692 40.61> 40.33¢ 40.12¢ 0.10
Crude protein 8.154  8.26c 8.66b 9.052  0.01
Ether extract 31.00¢ 31.05¢ 31.11> 31.212 0.01
Ash 3.25¢  3.31¢ 340> 3.522  0.001
W\ IR SO asil Il 46.312 1 46.23°  46.11¢  46.039 | 0.03
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Site B
Dry matter 40.362 40.31> 40.25¢ 40.00¢ 0.10
Crude protein 7.214  7.33c  747b 7642 0.01
Ether extract 33.10¢ 33.15¢ 33.18> 33.212 0.04
Ash 4114  422¢ 430b 438  0.10
W\l G ESyE nlilo Il 49.412 ° 49.30° | 49.25¢ 49.024 10.12
Site C
Dry matter 40.342 40.28> 40.21¢ 40.10¢ 0.10
Crude protein 7314 744c 7566 7.792  0.11
Ether extract 32.254 32.38¢ 32.41> 32472 0.12
Ash 4184  4.24c  427° 4,312 0.01
N eI Oy isil ) Il 51.582 |51.420 '51.37¢ | 51.244 10.10
ab= means on the same column with different superscript differed
significantly (p<0.05)

Table 1 presents the proximate composition of slurry with maggots
build at 24 hourly intervals, from 0 to 72 hours. Significant variation was
observed in all parameters measured. Dry matter was inversely related
to crude protein (Nur, 2012 and Nwoko et al, 2010). The slurry with
maggot build up at 72 hours had the highest crude protein content (7.64
to 9.05 %). This is an indication that the protein content of palm oil
slurry will increase as days of discharge increases. This further indicates
that palm oil slurry can be incorporated into farm animal feed in order
to boost the protein content at low costs and healthy conditions. Since
palm oil slurry has high microbial digestibility, incorporating it in
animal feed is also expected to bring a high nutrient conversion in

livestock.
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In a study conducted by Inaoka et a/ (2017), it was reported that the
broiler chicks fed with graded protein supplement of dried maggots

Vol. 4, No. 3

showed greater weight gain than the control group which were fed with
starter that is containing soybean as its protein source. This suggested
that the maggot-containing feed had an enhanced nutrient composition
when compared to the soybean starter feed, especially in essential
amino acids. It also has greater protein and essential amino acid
digestibility. Therefore, it is considered that maggots, which are the
secondary products of biologically processed chicken droppings using
houseflies, are an appropriate source of protein and energy to help
broiler chicks grow and gain weight. Result from the isolation and
identification of the organisms found in POS showed the bacterial
presence of Staphylococcus epidermis. While Hansenula spp.,
Debaryomyces spp. and Botrytis palmivora were the fungus present in
the POS. These microbes were actively involved in degrading and

breaking down of the POS over a particular time frame.

Table 2: Physicochemical Characteristics of Slurry from DS and NDS
Sample pH WHC (%) OC(%) TN Mg/1) AP (ppm)

Location

Site A 6.682 36.182 3.31a 14.502 28.002
Site B 6.652 35.94a 3.24a 14.482 27.91a
Site C 6.512 35.822 3.202 14.432 27.982
o) lag) I I-Ill 5.75P 23.01Pb 2.58b 13.03b 22.02b
SEM 0.43 1.50 0.20 0.53 1.20

ab=means on the same column with different superscript differed
significantly (p<0.05)
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WHC= water holding capacity; OC= Organic carbon; TN=Total
nitrogen; AP= Available phosphorus

Table 2 presents the physicochemical characteristics of the three oil-
palm slurry dump sites A, B, C, and the (control) NDS. The data
generated showed that the physicochemical characteristics of soils at
dump sites were altered. This shows that the slurry is biodegradable and
non-toxic as its disposal on the soils does not cause any noticeable
damage, but significantly increased the soil nutrient levels needed for
plant growth (Bek-Nielsen etal, 1999). It was also shown that the slurry
raises the levels of organic carbon, water holding capacity, total
nitrogen, available phosphorus and most especially the pH level of the
soils to the range of maximum nutrient availability (Ahmad et a/,2003
and Batjes, 2005). This is in agreement with the earlier report which
observed that, since no foreign chemicals were added during oil
extraction process, palm oil slurry is considered non-toxic to the soil
environment and biodiversity (Eze et al, 2013). The pH increased due
to biodegradation of the slurry by the microorganisms in the dump-sites
(Okwute and Isu, 2007). Soil acidity is one the principal factors affecting
nutrient availability to plants. Therefore, to trap essential plant
nutrients required for optimum crop yield, the soil pH needs to be
tending towards alkaline (Chin et al, 2013). The major nutrients
(Nitrogen, Potassium and Phosphorus) cannot effectively promote high
crop yields if the soil pH is too acidic. At pH values less than
approximately 5.5, toxic levels of these elements may be present in the
soil. Soils have a near-neutral pH (unless the soil is used for growing
acid-loving crops). In fact, most crops grow at a pH between 6.5 and 7.5
(Hajek et.al, 1990).
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The organic matter of a soil is usually determined and reported as a
measure of the organic carbon (OC) concentration in the soil as reported
by Nelson and Sommer (1982). Organic matter content of a soil, strongly
affects its fertility by increasing the availability of plant nutrients,
improving the soil structure and the water holding capacity (WHC) (Agi,
1980). Hence, there is always a positive correlation between OC and
WHC of a particular soil sample. However, the organic carbon
concentration can also act as an accumulation phase for toxic, heavy
metals in the soil environment (Deiana et al, 1990). For this reason, the
recycling of organic wastes through their application to the soil can be
an important promising practice for agricultural activities (Okwute and
Isu, 2007).

Table 3: Mean Count of Microorganisms Isolated from different
Slurry Dump Sites and a Non-dumpsite
Sample THBC THFC HUBC HUFC NBC
Location Logiocfu/g/ Logiocfu/mL
Site A 8.282 4.18b 6.022 3.152 2.93b
Site B 8.002 4.00b 5.982 3.002 2.89b
Site C 8.202 4.16b> 6.012 3.152 2.92b
Control Site 6.89°b 8.01a 2.53b 2.73b 3.84a
SEM 0.35 0.21 0.40 0.15 0.02
ab= means on the same column with different superscript differed
significantly (p<0.05)

THBC = Total heterotrophic bacteria count; THFC = Total heterotrophic
fungi count;  HUBC = Hydrocarbon utilizing bacteria count; HUFC =

Hydrocarbon utilizing fungi count
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NBC = Nitrifying bacteria count.

Table 3 shows the mean count of microorganisms isolated from the 3
slurry dump sites and a non-dump site. The mean counts of
microorganism for palm-oil slurry dump sites were similar. Total
heterotrophic bacterial count (THBC) ranged significantly (p < 0.05)
from 6.89 - 8.28 logiocfu/g in NDS and DS respectively. Similar trend was
observed for hydrocarbon utilizing bacteria (HUBC) and fungi counts
(HUFC), they ranged from 2.53 - 6.02 logiocfu/g and 2.73 - 3.15
logiocfu/g respectively. These values are in agreement with the report
of Eno et al, (2017). The total heterotrophic fungi count and nitrifying
bacteria count ranged from 4.00 to 8.01 logiocfu/g and 2.93 - 3.84
logiocfu/g respectively. It was observed that all the non-dump sites had
higher fungal count compared to the dump sites; the implication of this
is that, palm-oil slurry had a negative effect on the fungi growth (Eno et
al, 2017). The high concentration of slurry at dump sites together with
excess water could have suppressed the growth of microbes; meanwhile
the slurry pH could also be implicated in this case (Nwago and Okolo,
2011). The microbial bio-load of the palm-oil slurry dumpsites was
significantly higher than that of the non-dumpsite (P < 0.05) and may
also be attributable to higher organic matter in the dumpsites A, B, C and

a more favourable pH for them.

Table 4: Physicochemical Properties of Oil Palm Slurry Dumpsites over

a period of 5 years

Parameters Year1 Year2 Year3 Year4 Year5

255 550 1200 2500 5000
CcoD 500 1500 4500 6000 8000
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Total solids 500 1500 2000 3000 4000
Suspended solids 400 400 600 800 1000
Oil and grease 50 50 75 100 150
T°C 45 45 45 45 45

Table 4 shows the physicochemical properties of the slurry dumpsites
over five years. It was observed that continuous dumping of POS has
detrimental effect on soil nutrients as it increases its BOD and COD over
the five-year period. Furthermore, Malaysia, being one of the highest
producers of world palm oil and hence POS, has set BOD level of 100 g/L
as being detrimental to the soil. This has also been reported by Ahmad
et al (2003). The microbes boycott the aerobic metabolic routes to
embrace the anaerobic pathway, thereby breaking down the complex
triglycerides chain in POS in order to make oxygen available for the
metabolic activities of the microorganisms, this was corroborated in the
findings of Mohammadreza, et al, 2014 and Nwuche, C.0., Aoyagi, H,,
Ogbonna, J.C., (2014). Although, the progressively high COD values
recorded in this work is an indication that intense microbial activities
are reported and could have assisted the breakdown of the complex
fibrous particles of the POS, thereby making the nutrients in it more
available when fed to animals. Since COD is an important aspect to
estimate the organic content of POS. Large quantities of water are used
during the extraction of crude palm oil from the fresh fruit bunch, and
about 50 % of the water results in POS production. The disposal of this
very contaminating effluent is turning into a noteworthy environmental
issue and global monitoring would be recommended.

Conclusion

The effect that palm oil slurry had on soil properties would rather help
farmers, mostly in the rural areas to improve soil fertility in order to
boost crop production. Additionally, increasing the farmers’
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understanding on the importance of palm oil slurry (POS) to soil’s
physicochemical properties and proper application of required
quantities of the slurry to the soil will enhance their farming skills and
productivity (Oswal, et al.,, 2002). It is also important to let farmers
know that slurry should be properly treated before discharge into the
environment to avoid impacting negatively on the environment due to
its acidic content and a very high biochemical oxygen demand. The
proximate result also indicated that the slurry can be left to stand for 2-
3 days to enhance maggot built-up, which in turn, improve the crude
protein content before incorporating into animal feed; as it technically

and sufficiently boost the neutral detergent fibre content of the feed.
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