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Abstract: Wastes generated by both agrobased industries and domestic units have high nutrient contents to support
microbial growth but in Nigeria, these wastes are indiscriminately dumped and constitutes environmental and health hazards.
Some of these wastes can be used to grow some bacterial species in microbial fuel cell to generate bioelectricity. The waste
materials used in this work are, banana, and pineapple peels. Glucose was used for comparison. Bacterial species used were
isolated from fluids collected from dustbins and soil, all within Chukwuemeka Odumegwu Ojukwu University, Uli campus.
Microscopic characterization of the isolates by Grams reaction revealed the isolate to be Gram negative and Spore test were
negative. Biochemical tests showed that the isolate were catalase positive, oxidase negative and citrate positive. By Bergys
criteria, the isolate was shown to be Pseudomonas species. Genetic characterization confirmed the species to be Pseudomonas
aeruginosa. Four (4) MFC’s were fabricated with a liter transparent plastic for the anode and cathode poles. The electrodes
used was graphite for the production of graphite-graphite fuel cells. A 3.75% Sodium chloride, 2.2% agar salt bridge connected
the chambers. Glucose, banana and pineapple peels were used as organic substrates and pure cultures of Pseudomonas
aeruginosa were biocatalyst for the fuel cells. Result for effect of aeration with Pseudomonas aeruginosa by multimetric
monitoring gave maximum power of 3.983 X 10* W, 7.1625 X 10* W and 8.9920 X 10™* W for glucose, banana peel and
pineapple peel respectively, while non-aeration was 3.936 X 10* W, 7.059 X 10™*W and 8.909 X 10* W for glucose, banana
peel and pineapple peel. Population growth determination by spectrophotometric method at wavelength 540 nm gave these
results 1.148, 1.572, 1.714 and 1.837 with Pseudomonas aeruginosa on days 1, 4, 7 and 10 respectively.

Keywords: Banana Peel, Multimetric Monitoring, Pineapple Peel, Population Growth Determination,
Pseudomonas Aeruginosa, Spectrophotometric Method

1. Introduction

Most bacteria, in the process of metabolizing organic  into the atmosphere, leading to global environmental

carbon sources, release electrons and protons. This is
irrespective of the growth and incubation conditions
prevalent. These electrons and protons may be harnessed by
means of appropriate technologies for the production of
bioelectricity. The development of microbial fuel cell is a
right vision towards the actualization of this idea. There is
indeed the need to pursue this technology as the dependence
on fossil fuels has caused more release of greenhouse gases

pollution which is the major cause of global warming [36].
Potter [33] was the first to demonstrate that electrical
current can be generated from degradation of organic
compounds by bacteria or yeast [33]. Two decades later,
Cohen [7] confirmed Potter’s results and produced an overall
voltage of 35 V at a current of 0.2 mA using a stacked
bacterial fuel cell. These publications are generally
considered the first reported cases of MFCs, but they didn't
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generate much interest since the current density and power
output were very small [5].

Microbial fuel cells (MFCs) are devices that use bacteria
as the catalysts to oxidize organic and inorganic matter to
generate current [23]. Electrons produced by the bacteria
from these substrates are transferred to the anode (negative
terminal) and flow to the cathode (positive terminal) linked
by a conductive material containing a resistor, or operated
under a load (i.e., producing electricity that runs a device).
By convention, a positive current flow from the positive to
the negative terminal, a direction opposite to that of electron
flow. In most MFCs the electrons that reach the cathode
combine with protons that diffuse from the anode through a
separator and oxygen provided from air; the resulting product
is water [23].

In this study, the results of which are reported within, factors
that influenced generation of electric current in a fabricated
MFC that used Glucose, banana peel and pineapple peel as the
substrate was investigated and the most efficient combination
of values for the key factors were determined. The fabricated
MFCs of the system allows for air at the cathode part to
enhance degradation of the solid waste while the anode part is
anaerobic to maximize generation of current.

It is the first-time banana peel and pineapple peel, were
used respectively as substrates for MFC although cow
manure was used in another research [42]. The population
growth was determined using spectrophotometric method and
the microbial community in the anode part of the MFCs was
characterized biochemically and genetically, the effects of
key parameters like aeration and non-aeration were also
analyzed.

The aim of this work is to find out how effective the
substrates under study can be on the organisms of choice for
the production of electricity by microbial fuel cell technology

2. Materials and Methods
2.1. Sample Collection

Water samples were collected from dustbins from student’s
lodges at Chukwuemeka Odumegwu Ojukwu Universities,
Uli campus. Using well labelled sterile sample bottles and
transported to the laboratory within 30 minutes of collection.
It was transported to the microbiology laboratory of the
school were a tenfold serial dilution was carried out using
sterilized test tubes and ready for further analysis.

2.2. Sources of Organic Wastes

In this research, two (2) substrates (organic wastes) were
used for this research and they were obtained from domestic
units. They include the following: Banana peel and pineapple
peel. Industrial glucose were purchased and it served as a
positive control.

2.3. Preparation of Substrates (Wastes)

The substrates (Glucose, banana peel, and pineapple peel)
were collected aseptically using both sterile containers and

sterile nylon bags respectively. They were dried and
grounded, then 20 g of each was measured using a digital
weighing balance and placed into a well labeled1000 ml
conical flasks containing 500 ml of distilled water
respectively. Each was sterilized at 121°C and 15 PSI for 15
minutes. Phosphate buffer was also dissolved with 500 ml of
distilled water and was mixed with the sterilized substrates
respectively, then refrigerated at 4°C for future use in the
experiment.

2.4. Isolation Test Bioelectrogenic Organism

Test tube 107 of the serially diluted sample (0.1 ml) was
collected using a sterile syringe and inoculated onto already
prepared centrimide agar plates aseptically prepared using
the manufacturer’s instructions by spread plating method
using sterile hockey stick. The petri-plates were labelled
appropriately and incubated invertedly at 37°C for 24hours
for visual evidence of growth. After 24hours incubation, the
colonies were sub-cultured and re-subcultured on nutrient
agar plates by striking method to obtain pure cultures of
Pseudomonas aeruginosa. After visual evidence of growth,
the pure cultures were stored at 4°C to be used for
identification and to serve as a bioelectrogenic organism for
the microbial fuel cell.

2.5. Identification of Test Bioelectrogenic Organism

The identification of the bioelectrogenic organism was
based on morphological characteristics, biochemical tests and
genetic identification. The morphological characteristics
observed for the bacterial isolate after 24 h of growth
included colonial appearance; shape, elevation, edge, optical
characteristics, consistency, colony surface and pigmentation.
Biochemical characterizations were done according to the
method of Fawole and Oso [12]. Some of the key tests for
identification included the following:

2.5.1. Gram Staining Techniques

A thin smear of each of the pure 24 h old culture was
prepared on clean grease-free slides, fixed by passing over
gentle flame. Each heat-fixed smear was stained by addition
of 2 drops of crystal violet solution for 60 sec and rinsed with
water. The smear was again flooded with Lugol’s iodine for
30 sec and rinsed with water, decolourized with 70% alcohol
for 15 sec and were rinsed with distilled water. They were
then counter stained with 2 drops of Safranin for 60 sec and
finally rinsed with water, then allowed to air dry. The smears
were mounted on a microscope and observed under oil
immersion objective lens. Gram negative cells appeared pink
or red while gram positive organisms appeared purple
(Fawole and Oso [12]).

2.5.2. Spore Staining Technique

This test is to detect the presence of bacteria endospores.
Heat-fixed smears of the organisms were prepared on
separate slides and flooded with 5% Malachite green solution
and steamed for a minute. The stain was washed off with
water and counter stained with 2 drops of Safranin solutions
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for 20 sec. The slides were allowed to air dry and examined
under oil immersion objective (X100) lens. Endospores
stained green while vegetative cells stained pink
(Cheesbrough [6]).

2.5.3. Motility Test

A sterile needle was used to pick a loop of a 24 h old
culture and was stabbed onto triple sugar iron agar (TSI) in
glass test tubes. The test tubes were incubated at 37°C for 24-
48 h. Non-motile bacteria had growth confined to the stab
line with definite margins without spreading to surroundings
area while motile bacteria gave diffused growth extending
from the surface (modified Olutiola et al., [29]).

2.5.4. Catalase Test

A small quantity of the 24 h old cultures were transferred
into a drop of 3% Hydrogen peroxide solution on a clean
slide with the aid of sterile inoculating loop. Gas seen as
white froth indicates the presence of catalase enzyme
(Cheesbrough [6]).

2.5.5. Methyl Red Test

Five millimeters of glucose phosphate broth (1 g glucose,
0.5% KH2PO4, 0.5% peptone and 100 mL distilled water)
were dispensed in clean test tubes and sterilized. The tubes
were then inoculated with the test organisms and incubated at
37°C for 48 h. At the end of incubation, few drops of methyl
red solution were added to each test and colour change was
observed. A red colour indicates a positive reaction (Olutiola
et al., [29]).

2.5.6. Voges-Proskaeur Test

Five millimeter of glucose phosphate broth (1 g glucose,
0.5% KH2PO4, 0.5% peptone and 100 mL distilled water)
were dispensed in clean test tubes and sterilized. The tubes
were then inoculated with the test organisms and incubated at
37°C for 48 h. After incubation, 6% a-naphtol and 6%
Sodium hydroxide were added to about 1 mL of the broth
culture. A strong red colouration formed within 30 min
indicates positive reaction (Olutiola et al., [29]).

2.5.7. Indole Test

Tryptone broth (5 mL) was placed into different test tubes
after which a loopful of the bacterial isolates was inoculated
into the test tubes, leaving one of the test tubes uninoculated
to serve as control. The test tubes were then incubated at
37°C for 48 h. After incubation, 0.5 mL of Kovac’s reagent
was added and shaken gently; it was allowed to stand for 20
min to permit the reagent to rise. A red or red-violet color at
the top surface of the tube indicates a positive result while
yellow coloration indicates a negative result (Cheesbrough

)2

2.5.8. Citrate Test

This test detects the ability of an organism to use citrate as
a sole source of carbon and energy. About 2.4 g of citrate
agar was dissolve in 100 mL of distilled water. About ten
milliliter (10 mL) of citrate medium was dispensed into each
tubes and covered, then sterilized and allowed to cool in a

slanted position. The tubes were inoculated by streaking the
organisms once across the surface. A change from green to
blue indicates utilization of the citrate (Cheesbrough [6]).

2.5.9. Oxidase Test

A piece of filter paper was soaked with few drops of
oxidase reagent. Sterile inoculating loop was used to pick a
colony of the test organism and smeared on the filter paper. If
the organism is oxidase producing, the phenylenediamine in
the reagent will be oxidized to a deep purple color
(Cheesbrough [6]).

2.5.10. Sugar Fermentation

Sugar fermentation test was carried out to determine the
ability of organisms to ferment sugars with production of
acid and gas. Triple sugar iron agar slants were prepared on
sterile test tubes. About ten milliliters of TSI agar was
dispensed into each of the test tubes, which would trap the
gas if produced. The test tubes were autoclaved and
inoculated by stabbing the butt and streaking the slant with a
loopful of 24 h old cultures of the test organisms after then
incubated for 1-2 days at 36+1°C and observed for acid and
gas production. Yellow coloration indicates acid production,
red or pink coloration indicates that it is alkaline while gas
production was indicated by cracks and breakage on the
medium (modified Fawole and Oso, [12]).

2.6. Genetic Characterization

After the morphological and biochemical identification of
the isolate, pure culture of the isolate was sent for genetic
characterization at Macrogen Inc., The Netherlands to
confirm which species/Serova the isolate belongs.

2.7. MFC Construction and Fabrication

This was done using the modified methods of Adeleye,
and Okorondu; Singh, et al. ([1, 41]).

2.7.1. Electrode

Graphite rods was used as the electrode of choice and was
purchased from Onitsha main market. The electrodes were
cut to the same size and coated with brass mash to increase
its surface area thereby encouraging microbial biofilm
formation as well as to increase conductivity. The electrodes
were soaked in dilute hydrochloric acid (14.56 ml of HCI in
985.44 ml of distilled water) for 10minutes after which they
were rinsed in distilled water two times.

Figure 1. Graphite electrode.
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2.7.2. Salt Bridge Preparation

Using modified Adeleye and Okorondu [1] method, a '2
inch PVC pipe was cut 8 cm to make a salt bridge. A Y2 inch
adopter was used to construct a T- junction salt bridge. The
PVC pipe was glued to the T- junction using araldite. The
salt bridge content was prepared with 2.2 g of Agar-Agar and
3.75 g of NaCl which was dissolved in 50 ml of distilled
water. The mixture was heated until a homogenous solution
was formed. The two sides of the salt bridge were covered
properly with cotton wool before the solution was poured
into them. The salt bridges were covered properly with their
caps and allowed to gel, after which the cotton wool by the
sides was gently removed.

2.7.3. Constructing the Cathode and Anode Chambers

About eight (8) 1litre plastics was purchased that served as
cathode and anode chambers. Holes of equal diameter to the
salt bridge was made 12 cm from the base of the 1-liter
plastic base. The holes drilled serves as a point of attachment
for the salt bridge and the two chambers. After the holes were
made, they were glued using araldite glue (available in
plumbing stores). The gum was mixed with sand and then
used to seal the edges of the point of contact between the salt
bridges with the chamber to avoid leakages. Next, a hole
each was drilled into the lid of the chambers to allow the
passage of wire and an extra hole for the cathode chambers
which will allow passive aeration of the cathode chambers
respectively. The four (4) set-ups produced was allowed to
dry and solidify.

2.7.4. Coupling the Microbial Fuel Cell

The set-up was coupled with the electrode of choice
(graphite and brass mash) by joining them with low
resistance wires through the small holes made on the lid of
the covers of the chambers. The coupled microbial fuel cells
were then sterilized under a laminar flow cabinet having UV
light for lhour.

2.8. Population Growth Determination by Spectrometric
Monitoring

This was done by using the modified method of
Saravanakumari and Angel [39]. It works by measuring the
absorption of light by the cells (turbidity) where only strong
pigmented cells such as phototrophic bacteria cause a very
significant absorption of light in addition to scattering.
Nutrient broth was prepared, 0.8 g in 100 ml of distilled
water and sterilized. After cooling, it was dispensed into five
different sterilized test tubes. The tubes were later inoculated
with a loopful of the stored pure culture (a day old) and
labelled in this manner respectively. Optical density at a
wave length of 540 nm was taken 5 times at 2 days interval.

2.9. Effect of Aeration and Non-aeration in the Cathode
chamber of MFC by Multimetric Monitoring

The already prepared organic wastes was placed into the 1
litre anode compartments respectively as the carbon source
with the bioelectrogenic organism of choice and a pinch of

NaCl was added to aid the flow of ions via the salt bridge. To
create an anaerobic condition at the anode compartments,
CaO (quick lime) was added. KCI was added to the cathode
as the catholyte. The lid of the chambers was used to
passively aerate the cathode using an air pump as the
terminal electron acceptor. The digital multimeter was
connected to the cathode and the anode with the aid of the
low resistance wire connected to the graphite electrode used
in the chambers. Next the multimeter set at 2000 m for
measuring DC current in millivolts and milliamps for current.
The initial reading was taken at day 1 and subsequent
readings were taken every 24 hours for ten days. Figure 1
shows a schemata and complete microbial fuel cell set up as
explained above. The effect of non-aeration was done by
covering the cathode compartment of the MFC to prevent air
entrance, and the readings were taken using a digital
multimeter for the same time interval.

STEP UP1
Pseudomonas aeryginesa

Mzm < Banana peel
M:N v Pineapple peel

Figure 2. Schematics for the effect of aeration and non-aeration.

3. Results
3.1. Isolation of the Bacterial Isolate

The isolates were grown on Cetrimide agar and nutrient
agar. The media acts as both selective and differential for
Pseudomonas aeruginosa family because they contain an
inhibitory agent and dye that distinguishes them from other
organisms. Careful observation was made from zero hour till
when there were visual evidence of growth on the agar plates
as shown in table 1, figure 3 and 4. The morphological
characteristics included.

Table 1. Morphological characteristics of isolate.

Morphology Characteristics

Aerobic growth +VE

Gram staining -VE

Colony color Greenish

Colony morphology Smooth

Structure Rods

Motility Highly motile

Spore Non-Sporing

Probable identity Pseudomonas aeruginosa
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Figure 3. Pseudomonas aeruginosa on cetrimide agar.

Figure 4. Pseudomonas aeruginosa on nutrient agar.

3.2. Identiﬁcation of Bacterial Isolates Table 2. Biochemical tests and their result on isolate.
The isolate was tentatively identified macroscopically g;oizl;::ncal Tests fVE

base':d on morphplogy, mlcroscoplc.ally and genetically. Catalase AVE

Various bio-chemical tests were carried out such as gram Citrate +VE

staining, oxidase test, urease test, catalase test, citrate test, Urease -VE

methyl red test, voges-proskaeur test, indole test and sugar ~ Gas -VE

fermentation test. The results for the biochemical tests as in Eilile XE

Tab'le' 2 showed the organism to be oxidase, catalase, citrate Methyl red VE

positive and urease, indole, methyl red, vogers and H,S Vogers test _VE

negative. Probable identity Pscudomonas aeruginosa

Key: +VE = Positive, -VE = Negative.
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Pseudomonas monteilii strain CIP 104883
Pseudomonas guangdongensis strain SgZ-6
Pseudomonas alcaligenes strain NBRC 14159
Pseudomonas guezennei strain RA26
Pseudomonas resinovorans NBRC 106553
Pseudomonas aeruginosa strain DSM 50071

Pseudomonas aeruginosa strain SNP0614

Figure 5. Blast tree for Pseudomonas aeruginosa.

3.3. Population Growth Determination of ldentified Isolates

The results showed that there was significant growth
increase by turbidity and absorbance from day 1 up till day
10 and this can be seen in table 3 below.

Table 3. Population growth determination reading using spectrophotometer
at wavelength of 540 nm.

Day (24 hr.) Control A
Day 1

Absorbance 0.967 1.148
Day 4

Absorbance 0.967 1.572
Day 7

Absorbance 0.967 1.714
Day 10

Absorbance 0.967 1.837

KEY: A= Pseudomonas aeruginosa.

Figure 6. Turbidometric evidence of growth of Pseudomonas aeruginosa on
nutrient broth.

3.4. Effect of Aeration and Non-aeration on Current
Generation in the MFC

Below is the result for the effect of aeration and non-
aeration in the MFC, from the results it was noticed that
when the chambers were aerated there was significant
increase on the voltage produced using a digital multimeter.

Table 4. Power (Watts) produced by aeration.

DAYS (24hrs interval) CONTROL GLUCOSE BANANA PINEAPPLE
DAY 1 6.1620 x10° 3.9825 x10™ 7.1625 x10™* 8.9920 x10™
DAY 2 5.1830x 10°° 1.8901 x10°° 3.3988 x10™ 6.0060 x10™
DAY 3 4.0300x 10°° 8.5932 x10° 1.4964 x10™ 4.0472 x10™*
DAY 4 1.84500 x10°¢ 43520 x10° 6.8670 x10° 2.2522 x10™
DAY 5 8.9900x107 2.3407 x10° 4.1475 x10° 1.1360 x10™
DAY 6 4.6800 x107 9.6600 x10°° 1.3746 x10° 6.5136 x10°
DAY 7 1..6200 x1077 43120 x10° 9.3240 x10° 3.5880 x10°
DAY 8 0 1.5810 x10°¢ 3.2760 x10° 2.5542 x10°
DAY 9 0 9.5000 x107 5.0868 x10° 1.4271 x10°
DAY 10 0 5.5100 x107 6.8480 x10° 1.1020 x10°
DAY 11 0 1.280 x107 4.6280 x10°° 7.2480 x10°°
Table 5. Power (Watts) produced by non- aeration.
DAYS (24hrs interval) CONTROL GLUCOSE BANANA PINEAPPLE
DAY 1 5.6250 x10°® 3.9358 x10™ 7.0585 x10™* 8.9091 x10™
DAY 2 47570 x10°° 1.8560 x10™ 3.3524 x10™* 5.8362 x10™
DAY 3 3.4810 x10° 8.0464 x10° 1.4484 x10™* 3.9330 x10™
DAY 4 1.4800 x10° 4.0777 x10° 6.4640 x10° 2.1907 x10™*
DAY 5 6.9600 x107 2.1930 x10° 3.9330 x10° 1.0900 x10™
DAY 6 3.8400 x107 8.5120 x10°® 1.2768 x10° 6.1902 x10°
DAY 7 8.8000 x10°® 3.6800 x10°° 8.3640 x10°® 3.3584 x10°
DAY 8 0 1.2740 x10° 3.0622 x10° 2.3500 x10°
DAY 9 0 7.0000 x10° 4.8356 x107 1.3532 x10°
DAY 10 0 2.7500 x10° 5.9590 x10° 9.4640 x10°°
DAY 11 0 9.100 x10° 3.7260 x10° 6.3210 x10°
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3.5. Statistical Analysis Using Students Test for Aerated and None-Aerated Test

This is a statistical test in which the test statistics follows a student’s T. distribution. It is used to test if two sets of data are

significantly different from each other.

Table 6. Statistical representation for aerated and non-aerated chambers.

Substrates Aerated chambers (total W output) Non Aerated chambers (total W output)
Glucose 7.57301 x 10 736883 x 10

Banana 1.434089 x 107 1.399695 x 107

Pineapple 2402617 x 10° 2.344199x 10°

Paired t Test = (mean;- mean,) + standard error

Standard error = Standard deviation +vn=1.111 x 10~

n=3

(X of deviation? — (3 deviation)? = n)
J

=1.924x 1075

Standard deviation =

n—1

t Test=(7.4x107°-4.27107) = 1.111 x 10° =3.33

Table 7. T test. for aerated and non-aerated chambers.

T. Test value Standard error

Degree of freedom

3.33 1.111 x 10°

2

Critical value = 3.182

Alternate hypothesis was accepted because the critical
value is less than the t. Test value and this means that there is
significant difference between the two samples.

P <0.05

4. Discussion

Both waste disposal crisis and fossil fuel combustion
problems may no longer continue to be challenging
occurrences. Since wastes that are regularly generated
comprise about 60 % of agricultural wastes, these can be
channeled towards bioelectricity production by means of
MFCs with suitable biocatalysts as is revealed in this present
study, which demonstrated the possible application of
different organic wastes for electricity generation using
microbial fuel cell technology.

The effect of aeration and non-aeration with Pseudomonas
aeruginosa by multimetric monitoring are shown in Tables 4
- 5. Table 4 showed that when addition air was introduced in
the cathode end of the MFCs, there was increase in the
amount of power and current recorded as compared to when
no air were added. The aerated chambers gave maximum
power and current of 8.99 X 10-4W and 998 mA at day 1 of
the operation when pineapple peel was used as electron
donor, see table 4. As earlier stated, time was also a good
factor to be considered. As time increased, there was always
a fall in the amount of power produced. This was as a result
of a reduction in the available nutrients and carbon sources
present in the substrates as well as the growth pattern of each
organism. This is because the organisms tend to reduce in the
work output as they head toward the stage of decline\ death.
See tables 4 -5. Previous studies carried out on the effect of

aeration and non-aeration by some scientists like Booki et al.
[3], proposed and analysed the exoelectrogenic ability of
Pseudomonas aeruginosa and discovered its high
exoelectrogenic content and approved it as a very good
organism for the driving of a microbial fuel while using
glucose as a substrate. The study followed the same trend
reported above by Booki et al. [3] but using additional two
substrates which included pineapple waste and banana peel.
The samples used for the isolation of Pseudomonas
aeruginosa were gotten from waste water from dustbins and
soil all in Uli and was isolated on both nutrient and cetrimide
agar which yielded pigmented colonies as a result of
phenazine and pyocyacin production by the organisms. See
figure 3 and 4 respectively. This shows that this organism
Pseudomonas aeruginosa is also native of Uli, and the one
isolated from here was also proven to be a very good
organism with endoelectrogenic property which made it
useful and essential in the running of microbial fuel cells. It
is also economical as it cuts out the expenses imposed by the
use of artificial mediator which act as electron shuttle by
producing its own as proposed by Derek [8]. The inoculation
of the organism into the different anode chambers in the
MFCs was done at a pH of near neutrality (7.2 — 7.6) and the
different chambers yielded different ampere of currents and
volts of voltage which was as a result of the amount of
carbon supplied by the substrates and internal resistance. The
different statistical tools (T. test) employed indicated that
there was significant difference between the aerated and non-
aerated chambers because the critical value is less than the
test value. So therefore, the Alternate hypothesis should be
accepted (P < 0.05).

In the MFCs, the electricity was produced by the microbial



101 Okeke Ugochukwu Chibueze and Mbachu Ifeoma Adaora Chima: Application of Different Organic Wastes for
Electricity Generation by Means of Double Chambered Microbial Fuel Cell Technology

growth in the anaerobic anode compartment, while the
organic wastes (substrates) were consumed by active
microorganisms or enzymes. Four (4) double chambered
microbial fuel cells (MFC) were fabricated and graphite rods
were used as electrodes and inoculated with pure culture of
Pseudomonas aeruginosa. The electrodes were wrapped with
wire gauze to increase its surface area for bacterial
attachment and boost increase in voltage. It was tightly fixed
with the containers containing medium, culture and a buffer
which is in accordance with Wei et al. [43].

Table 3 shows an absorbance recorded by the aid of a
spectrophotometer at 540 nm for population growth
determination of isolates to be used for the investigations. At
the beginning of the experiment, absorbance was less than
1.148 and gradually increased as 1.572, 1.714, 1.837
respectively for each day interval. The result clearly showed
what happens during the growth stages of microorganisms,
where at the beginning of growth, the organisms are adapting
to their new environment but as time goes on there is
exponential increase in the microbial population size. The
investigation was carried out using modified method of
Saravanakumari and Angel [39].

The bacterial isolates used for these studies were identified
based on cultural, microscopic (table 1) and genetic
characteristics. Various biochemical tests were carried out
such as oxidase test, catalase test, indole, urease, methyl red
test and vogers test (table 2).

Table 1 showed that the bacterial isolate was aerobic,
Gram-negative, motile rods, non-sporing greenish on nutrient
plates. The biochemical tests by Bergys criteria revealed the
isolates as belonging to the Pseudomonas spp., but further
characterization genetically showed the bacterial isolates to
be Pseudomonas aeruginosa.

The results from these investigations showed that
Pseudomonas aeruginosa can be used as electrogen for
bioelectricity generation in an MFC and the organic wastes
pineapple peel, and banana peel were able to support their
growth and as such, they should not be seen as a mere waste.

5. Conclusion

This study revealed that the microbial fuel cells fabricated
has good ability to be used to house the substrates and
organisms in an anaerobic environment for -electricity
generation. Fermentation of the three different substrates
such as glucose, banana peel and pineapple peel for power
production was successfully carried out in the duel chamber
of the fabricated MFCs. An interesting point was that sources
of electron donors have important role in the efficiency of the
microbial fuel cells. Results obtained showed that the eight
(4) chambers MFC successfully produced bioelectricity from
different kinds of organic wastes without using any mediator
in the anode compartments. The maximum current and power
obtained for the effect of aeration/non-aeration were 1.17 X
10-3 A, 8.99 X 10-4W and 998mA respectively.

The electricity supply in the H shape microbial fuel cell
was unstable. Therefore, more research is needed to combat

the internal resistance and produce better electrodes and
devices that will trap the electricity for large scale purposes.

6. Recommendation

Indeed, the real potential of MFCs in electricity generation
has not been fully harnessed in developing countries.
Therefore, it is recommended that technological development
in this area be enhanced to boost commercialization of
microbial fuel cells.
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