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Original Research Article

BIOREMEDIATION OF INDUSTRIAL SOLID
WASTES.

ABSTRACT"

Aims: Use of Pleurotus ostreatus as a veritable tool in the bioremediation of empty fruit
bunches, pulp and paper wastes from respective industries.

Place and Duration of Study: Samples of pure culture Pleurotus ostreatus was obtained
from National Roots Crops Research Institute Laboratory Umudike, Umuahia and
transported to the laboratory of Starline Nigeria Group of Companies Aba, both in Abia state,
Nigeria where it was used to carry out experimental work from July to September, 2013.
Methodology: The two substrates (empty fruit bunch (EFB) and paper pulp wastes) were
dried in the sun for one week and further dried in Gallen Kamp hot box oven (DGH-9053A) at 50
°C for 4hours. Samples were ground, sieved and powder obtained used for proximate
composition determination. Approximately 1 cm® blocks of pure culture of Pleurotus
ostreatus mycelium previously collected and maintained on Malt extract agar (MEA) was
used to inoculate sterilized wheat grain already soaked in water for 36 h, mixed with 2.5%
calcium carbonate and1% gypsum during spawn preparation. The empty fruit bunches and
paper wastes were reduced to smaller sizes of 2-5cm. The respective substrates were mixed
with lime and soaked in water for 4h to obtain moisture level of 70%. The substrates (2kg)
was bagged in heat resistant polythene and sterilized for 3hours at 80°C. Approximately 40g
individual sterilized substrate was inoculated with 2% spawn adopting multilayered
technique. After inoculation, holes were made on the bags to ensure aeration, kept inside a
disinfected room at 25-28 °C. When Pleurotus mycelium had completely colonized the
substrates, bags were removed, colonized substrate transferred to sunlight illuminated room
at 28°C, moisture content of 75-85% and adequate watering of the mushroom for 21days.
The process was repeated in combinations of other substrates like wheat, straw and
sorghum respectively with each of the substrates (EFB and Paper Waste); all prepared at
70:30 % ratio respectively.

Results: Among the different treatments, Empty fruit bunch gave maximum yield of 201.5
g/kg of substrate on 14" day and total yield of 675.1g/kg of dry substrate. The nutritional
content of Pleurotus ostreatus grown on different substrate and substrate combination
ranges from 83.5-91.4%moisture, 18.3-23.5%protein and 6.04-6.86%ash contents. The
combination of EFB + sorghum best supported the bioremediation process of Empty fruit
bunch.

Conclusion: Pleurotus ostreatus could serve as bioremediation tool for industrial solid
wastes like EFB and paper. It can also alleviate poverty by providing greater income for most
unemployed youth at no cost.
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1. INTRODUCTION

Over the years pollution and management of vast quantities of wastes generated by various
industrial activities have been major problems experienced by developing countries. More
challenging is the unsafe disposal of these wastes into the ambient environment and
biodegradation problems associated with it. These have resulted to alternative means of
reclaiming the environment via bioremediation, phyto-remediation and air pollution control.
Bioremediation involves the use of microorganisms to breakdown complex materials into
simple end products. These micro-organisms have evolved a host of enzymes that aid in
biodegradation of natural products within the ecosystem. This microbial clean-up
(Bioremediation) method removes a number of other harmful pollutants and perhaps is the
most environmentally safe process used today (2,7,38).

Oil palm (Elaeis guineensis) tree is a valuable economic crop widely grown in Nigeria. Its
Empty fruit bunch (EFB) is a major solid waste in palm oil industries with 20-25% EFB being
generated for every tonne of oil palm fresh fruit bunch (FFB) processed in the mill (4, 37).
EFB contains lignocellulosic materials which consist of 45-50% cellulose, 25-35% of
hemicellulose and lignin (12, 14). Lignin and its derivatives can form highly toxic and
recalcitrant compounds. The industrial application of EFB have not been reported to our
knowledge, it is rather found littered everywhere in palm oil industrial areas in Nigeria hence
this research. Studies have shown that 80% EFB is used as fuel in palm oil mills thereby
generating great environmental hazard to the host communities and this practice has been
discouraged (27). Other ways of disposing EFB like composting incur additional operational
cost and technology. However, in the south east of Nigeria EFB is used locally to prepare
local delicacies like abacha (sliced boiled cassava), ugba (oil bean salad), ukwa (breadfruit)
and production of local black soap because of its high potassium content (24). The brown
colored filtrate from the ash of EFB is used as a sauce for preparing a local delicacy known
as ‘Otong’ which is used in eating meat and spicing soup in south-south region of Nigeria
(37). Many researchers have reported the use of lignocellulosic source of EFB as substrate
in cellulase production (3,30, 37) while few reports prior to this research is known to have
used EFB as a substrate for the cultivation of Pleurotus spp ( 32,31, 34).

Another source of industrial solid wastes is generated from pulp and paper manufacturing
plants. Pulp and paper are manufactured from lignocellulosic raw materials from wood,
recycled paper and agricultural residues. These wastes are usually disposed through landfill
and incineration processes (35). These methods of disposal could be harmful to ecosystem
and cause diseases to man. Many studies have been reported on the treatment of pulp and
paper mill effluents using biological method such as conventional aerobic, anaerobic
treatment and use of white-rot fungi in the treatment (36, 39, 11). Recently, mushrooms are
regarded as the most profitable and environment-friendly method for recycling of the vast
lignocellulosic waste substrates (28, 20).

Pleurotus ostreatus belong to the class of Basidiomycetes known as ‘oyster mushroom’ and
mostly cultivated in the tropics using micro molecules of cellulose and starch for their growth
(5). The life cycle starts from spores and germinates to form a mass of branched hyphae of
mycelia on a substrate under favourable conditions (13). They are edible mushroom also
used for both bioremediation and medicinal purpose. The first successful attempt to grow
Pleurotus ostreatus for human consumption was made by (15) in Germany. Pleurotus
species are rich source of vitamin C, B-complex (thiamin, riboflavin, folic acid and niacin
pantothenic acid and biotin), minerals (Ca, P, Fe, K, Cu and Na) and protein (33,22, 25,8).
Also its high content in potassium: sodium ratio makes it an ideal food for patients suffering
from hypertension and heart diseases. Pleurotus is a proficient lignin-degrading mushroom
and can grow well on different types of lignocellulolosic materials which offers one of the
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most realistic and economic method for the bioremediation of agro-industrial wastes (6,10).
This technology can equally control air pollution associated with burning of these solid
wastes and reduces environmental pollution due to unutilized agricultural wastes.

The introduction of Environmental Air Quality Regulation in Nigeria is yet be fully
implemented unlike some developing countries such as Malaysia that make use of
alternative disposal or management method for EFB and other solid wastes hence this
research on better ways of converting these industrial solid wastes to an economically viable
material which would also help to alleviate poverty in the country.

Therefore, the aim of this research to use Pleurotus ostreatus as veritable tool in the
bioremediation of empty fruit bunches, pulp and paper wastes from industries.

2. MATERIAL AND METHODS

2.1 Sample and Pure Cultures Collection:

The Industrial wastes (EFB and paper) used as substrates was generated from Starline palm
oil mill industries and Starline corrugated packaging Owerrinta respectively, both in Abia
State, Nigeria . The pure culture of Pleurotus ostreatus was obtained from National roots
Crops Research Institute Laboratory Umudike, Umuahia and was transported to the
laboratory of Starline Nigeria Group of Companies Aba, both in Abia state, Nigeria. The
cultures were maintained on 2% malt extract agar slants at 4 °C prior to use for
microbiological examination.

2.2. Preparation of Substrates for proximate analysis

The two substrates (empty fruit bunch and paper pulp wastes) used were examined, debris
removed, milled and used for proximate analysis as described by (13) with slight
modification. The substrates were dried in the sun for one week and further dried in Gallen
Kamp hot box oven (DGH-9053A) at 50 °C for 4hours. Samples were ground using National
model kitchen electric blender and sieved through a 1mm sieve to obtain a powdered
processed sample, which was used for determination of the proximate composition.

2.3.1 Spawn preparation

Clean wheat grains were commercially sourced from a Ariaria local market at Aba, Abia
State, Nigeria. Two kilograms of dry wheat grain was soaked in water for 36h to absorb
about 65% moisture. The grain was mixed with 2.5% calcium carbonate and 1% gypsum
and packaged in different clean white glass containers of about 500 ml volume (20)
modified. Each glass container was three-quarter filled with spawn substrate. The packaged
spawn substrate content was then sterilized in autoclave at 121° C for 30mins. The sterilized
spawn substrates were allowed to cool and aseptically inoculated with approximately 1 cm?
blocks of mycelium previously maintained on MEA. Thereafter, it was incubated at a
temperature of 25 + 2°C at 150 rev/min for 48h to quicken mycelia development.

2.3.2 Preparation of Substrates for Pleurotus ostreatus Cultivation

The empty fruit bunches were first reduced to smaller sizes in Hammer mill then
mechanically chopped into 2-5cm long bits as described (26) while the carton (paper) wastes
were cut to same size manually. The respective substrates were mixed with lime and soaked
in water for 4hrs; excess water was drained and maintained at optimum moisture level of 70
percent. Approximately 2kg of the substrate was transferred into a heat resistant polythene
bag of 100um thickness (60 x 35 cm size) and stoppered with a cotton plug respectively.
The substrates were sterilized for 3hours, at temperature of 80°C in an ESPEC industrial
oven (PHH-302) model. The sterilized substrates were allowed to cool overnight in
preparation for inoculation. 2% spawn was used to inoculate approximately 40g sterilized
substrate adopting multi-layered technique respectively. After inoculation, holes were made
on the bags to ensure aeration and were kept inside a disinfected room house where the
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temperature and humidity were maintained at room temperature of about 25-28 °C for quick
colonization of the substrate (EFB and paper wastes) respectively. After Pleurotus mycelium
had completely colonized the substrates, the bags were removed and colonized substrate
transferred to sunlight illuminated room where temperature and humidity of 28°C and 75-
85% were maintained through adequate watering of the mushroom for 21days. The process
was repeated with a combination of wastes from wheat straw and sorghum respectively with
each of the substrates (EFB and Paper Wastes); all prepared at 70:30 % ratio respectively.

2.4 Determination of pH

The pH of substrates was determined after milling and soaking 10g of each (EFB and paper
wastes) in 50ml distilled for 10 minutes using pH meter (Orion 410A+ Thermo Electron
Corporation model). Preparation of adjusted pH was carried out later using Citrate-
Phosphate buffer solution 5.0, 5.5, 6.0 and 6.5 as prepared by (17).

2.5 PROXIMATE ANALYSIS

2.5.1 Protein Content

The Kjeldahl method was used for determination of protein content was as described by (21,
13) and multiplying the resultant nitrogen content with factor of 6.25. About 0.2g of the
respective samples was mixed with 25 ml Conc H,S0,4 and selenium (catalyst) in a digestion
flask. The mixture was heated to clear solution in a fume cupboard. The clear solution
(digest) was diluted to 100ml and subsequently used for analysis. Distillation process was
carried out on 10mlis digest mixed with 45% (w/w) NaOH solution in Kjeldahl apparatus. The
distillate was collected into 10ml of 4% boric acid solution with 3 drops of mixture indicator
(Methyl red indicator and bromocressol green). A total of 50ml of distillate was collected and
titrated against 0.02N H,S0, solution. This process was repeated in the blank.

The N, content was calculated using the formula below:

% N, =100 x (N x 14 x V4 (T-X).

W x 100 Va
Where W = Weight of sample
N = Normality of the titrant
V,; = Digest volume
Va = Volume of digest distilled
T = Titration vol of sample
X = Titration vol.Blank
% Protein = % Nitrogen x 6.25

2.5.2 Moisture content

The moisture content was determined by measuring using 1g of each substrate into
separate previously weighed porcelain dish. It was dried in the oven at 105°C for 3hrs,
cooled in a dessicator and re-weighed. Drying, cooling and weighing were repeated at | hr
intervals until constant weight was achieved. The weight of moisture loss was determined
and expressed as percentage of the sample measured. Similar process was repeated in the
case of moisture content determination of Pleurotus ostreatus.

It was calculated using this formula;

Moisture content % = Weight of fresh sample —weight dry sample
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x 100

Weight of fresh sample
2.5.3 Determination of Total Carbohydrate

Total carbohydrate was determine using Anthrone Method as described by (16)

2.5.4 Ash content

The ash content method was carried out as described by (25, 18) using furnace incineration.
Three grammes sample (substrate/ mushroom) was ashed in a Gallenkamp furnace in
previously ignited and cooled porcelain dishes of known weight at 550°C for 6hrs. After
cooling in desiccators, it was re-weighed. The weight of the ash obtained was expressed as
a percentage of the weight of sample analyzed.

Calculation of percentage ash was based on the formula below:-

% Ash = 100 (Xo— X4)

X
Where X; = Weight of empty porcelain dish
X, =Weight of porcelain dish + ashes
X =Weight of sample

2.5.5 Crude fibre determination

Crude fibres of both substrate and mushroom samples were respectively determined
according to (13) method and calculated using the formulae below:-
% Crude fibre = W, —W;, X 100

w
Where W, = Weight of empty porcelain dish + sample after boiling, washing and drying.
W3 = Weight of porcelain dish + sample after ashing
W = Weight of sample

2.5.6 Yield and Biological efficiency

Total weight of the mushroom harvested from all the three flushes were weighed as total
yield of mushroom. The biological efficiency (yield of mushroom per kg substrate on dry wt.
basis) was calculated by the following formula Chang (9)
B.E.% = Fresh weight of mushroom

x 100

dry weight of substrate
where B.E.is Biological Efficiency.
3. RESULTS AND DISCUSSION

3.1 GROWTH SUPPORT OF PLEUROTUS OSTREATUS ON NUTRUTIONAL CONTENT
OF INDUSTRIAL SOLID WASTES

The proximate composition of unsterilized and harvested (EFB and paper wastes) substrates
are presented in Tables 1 and 2 respectively. The experiment was carried out to show
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possible use of both nutritional and chemical contents of 100% industrial solid used during
the period of this research. Paper wastes had higher moisture content reduction of 17.64%
against 7.63% in EFB (Table 2). There was no significant difference in percentage reduction
of protein content (15.1%; 15%) and carbohydrate content (1.78%; 1.71%) in both EFB and
paper wastes nutritional utilization respectively. The result shows that the cultivation of
Pleurotus ostreatus on these substrates had significant effect on the ash content. This is in
accordance with a report (13) on improved ash content of substrates like sawdust, cotton
waste, palm oil chaff and dry plantain leaf.

Table 1: Proximate composition of the unsterilized substrates used in the cultivation
of Pleurotus ostreatus

Properties EFB Paper wastes
Lignin 16.86 + 2.04 18.54 + 0.04
CHO 67.50 + 1.09 52.60 £ 2.03
MC 23.60+1.2 1.70 £ 0.08
ph 6.08 +0.07 7.60 £ 1.07
N 1.09 +0.15 0.40 £ 0.05
Dry mass 56.85 + 0.7 21.47+2.16
Protein Content 2.78 +1.08 0.20 + 0.09
Ash content 4.87 +0.09 5.60+1.3
Hemicellulose 28.50 £ 0.7 23.60 £ 1.06
cellulose 52.43 + 1.06 35.00 £ 1.08

e MC: Moisture content; CHO: Carbohydrate content, N: Nitrogen (Mean t Std. Dev)
of triplicate samples, All properties in percentage except pH.

Table 2: Proximate composition of substrates harvest of Pleurotus ostreatus

Properties EFB Paper wastes
Ligin 16.56 £ 1.04 18.2 £1.04
CHO 66.3 + 1.45 51.7 £ 3.06
% MC 21.8+1.23 14 £04
ph 4.65+0.07 5.09 + 1.07
N 0.53+0.15 0.32+0.05
Dry mass 58.25+0.72 2317 £1.16
Protein Content 2.36 £ 1.25 0.17 £ 0.88
Ash content 5.07 £0.09 48+1.3
hemicellulose 27.77 £0.70 23.32 +1.25
cellulose 52.03 + 1.06 34.6 +0.18

e MC: Moisture content; CHO: Carbohydrate content, N: Nitrogen, (Mean + Std. Dev)
of triplicate samples, All properties in percentage except pH.

3.2 Total yield of three flushes of Pleurotus ostreatus

The yield of P. Ostreatus cultivated on different substrates is represented in Table 3.
Maximum vyield of P. ostreatus was revealed on use of EFB + Sorghum straw (732g/kg
substrate) while paper wastes supported the yield of P. ostreatus minimally (446.1g/kg
substrate). The range of substrates support for the cultivation of P. Ostreatus should be
attributed to its ability to synthesize relevant hydrolytic and oxidative extracellular enzymes

(1)-

Table 3: Effect of substrates on average yield of Pleurotus ostreatus

Substrate Yield (g/kg) dry substrate Total Yield(g/Kg)
type 7" day 14" day 21% day
EFB 330.3+1.57 201.5+0.96 143.3+0.61 675.1 £+0.87
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Paper wastes 216.7 £0.69 117.9 £+ 1.08 111.5+0.75 446.1 £1.48

EFB+ wheat 375 + 1.18 221.2+1.32 99.2+1.06 695.4 +2.04
mill

Paper + 206 £+ 058 1845+ 1.86 92.0% 2.05 482.5 +1.51
wheat mill

EFB + 375+ 118 197.2+1.32 159.8+1.61 732 +0.83
Sorghum mill

Paper + 268.0+1.58 158.0+1.86 70.0+ 2.15 496 £2.58
sorghum mill

e (Mean % Std. Dev) of triplicate samples

3.3 Nutritional content of Pleurotus ostreatus

The average nutritive contents and biological efficiency of the Pleurotus ostreatus harvested
in three flushes on different substrates is shown in Table 4. Pleurotus ostreatus grown on
EFB + Sorghum straw showed the highest nutritive content of 91.4% moisture, 23.5%
protein, carbohydrates 55.8%, crude fiber 8.04% and biological efficiency of 73.2% while
minimal nutritive content of 83.5% moisture,18.3% protein, 48.4% carbohydrate, 6.25%
crude fibre and B.E 44.6% was observed on mushroom (Pleurotus ostreatus) harvested from
paper wastes. It was observed that nutritional contents of the mushroom grown on the co-
substrate sorghum was enhanced confirming previous findings (28, 23) of 90 % and 90.4%
report on moisture content of mushroom grown on Empty Fruit Bunch.

Table 4: Effect of substrates in Nutritional content of Pleurotus ostreatus

Substrates %age % age %age %Crude %age %BE
Moisture protein carbohydrat fiber ash
Content es content
EFB 89.6 20.4 53.1 7.86 6.82 67.5+1.02
Paper wastes 83.5 18.3 484 6.25 6.04 44.6+1.05
EFB + wheat 90.3 22.2 53.9 6.75 7.05 69.5+2.05
straw
Paper + 86.7 19.6 50.7 6.55 6.85 48.2+1.85
wheat straw
EFB+ 91.4 23.5 55.8 8.04 6.77 73.2+1.07
Sorghum
straw
Paper + 86.3 20.1 50.2 7.05 6.43 49.6+0.07
sorghum
straw

3.4 pH variation on yield of Pleurotus ostreatus

Effect of pH on the yield of Pleurotus ostreatus on EFB and paper for the three flushes is
demonstrated in Fig. 1 and 2. P. ostreatus yield was highest for both substrates at pH 5.0
with total yield of 793.4g/kg and 514.5g/kg on EFB and paper wastes respectively. However,
pH 6.0 shows lowest support on the yield on both substrates. This is contrary to a report by
(19) on optimal growth condition of P. ostreatus mycelium at pH=6.0 using whey permeate).
It can be inferred from this result that the many factors can affect the yield of P. ostreatus as
reported by (1).
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4. CONCLUSION

Air pollution associated with incineration of Empty Fruit Bunch and paper waste makes it
imperative to find an alternative for the control of pollution through bioremediation process.
The result from this research work reveals that these industrial wastes that pose great
danger to the larger society can turn to wealth through cultivation of Pleurotus Ostreatus on
it. Similarly this will provide an employment opportunity to the unemployed youths in the
society thereby reducing crime.
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