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ABSTRACT
Anaerobic fungal degradation of maize cob by cellulolytic fungus (yeast) was carried
out at optimum operational conditions of temperature (330C), pH (7.3) and slurry
concentration (4g/25cm3) for 10 consecutive days. The daily and total volumes of the
biogas generated from the maize cob were collected and measured at daily fixed
interval. The CO2 content of the biogas was evaluated by passing the biogas into 1.0M
solution of NaOH while the H2S content of the biogas was evaluated by passing the
biogas into 30% (CH3COO)2Pb in 3M solution of CH3COOH. The combustible component
of the biogas (CH4) was also evaluated by gas – liquid chromatography (glc) coupled
with flame ionization detector (FID). The work revealed that: appreciable quantity
of biogas was generated; the biogas generated was composed of CH4 (67.04%), CO2
(32.66%) and H2S (0.32%); the percentage molar combustibility of the organic gas (CH4)
in the biogas was 99.897% and; the retention time (RT) of the organic gas in the glc
column was 2.240. The work also revealed that the RT of the organic gas identified in
the biogas was found to be very close to the RT (2.246) of the liquefied petroleum gas
(LPG); the biogas has good fuel value due to its appreciable CH4 content and high
percentage molar combustibility of the CH4 and; the biogas is of low environmental
hazards due to its low CO2 and H2S contents
Keywords: Maize cob; anaerobic fungal degradation; biogas; liquefied petroleum gas;
flame ionization detector
INTRODUCTION
Nearly 15% of the world’s annual fuel
supplies are from biomass, which are mainly
fuel–wood while the balance of 85% is being
supplied by energy resources such as oil,
coal, natural gas and nuclear energy
( Abubakar and Zuru, 1996). The total
annual consumption of wood in Nigeria is
estimated at about 50-55% million cubic
metre of which about 90% is for firewood,
the annual deficit of fuel-wood in northern
Nigeria has been pegged at about 5-8 million
cubic metre and the annual deforestation of
the wood lands in the northern Nigeria is to
the tune of 92,000 hectares as reported by
Gumel and Yaro (2013). The extraction rate
of fuel–wood in Nigeria has been estimated
at about 3.85times the rate of re-growth
and almost 10 times the rate of
afforestation (Abubakar and Zuru ,1996).
More than 70% of the people in developing
countries (Nigeria inclusive) live in rural
areas and, do not have access to electricity

and fossil fuels and their main sources of
energy is fire wood, which is exhaustable
(Tambuwal et al, 1997). Additionally, the
use of fire-wood for fuel is associated with
so many problems such as desert
encroachment and erosion due to
indiscriminate felling of trees for firewood
(Yerima and Abubakar, 2005). Serious
adverse health problems such as respiratory
diseases, chronic lung diseases and cancer
are due to inefficient use of firewood (ie
direct burning of firewood for energy
generation) (Smith, 1991).There is also the
problems of emission of excess CO2 into
the atmosphere, when wood are burnt
which contributes to “green house effect”
and subsequently lead to global warming
(Yaro, 2011). Moreover, the inefficient use
of firewood for energy is a wasteful practice,
as hardly 9-12% of the fuel value of the
firewood is harnessed (Khandelwal and
Mahdi,1996).
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On the other hand, the significant portion of
world’s electricity used in the urban areas
comes from nuclear power, but accidents
encountered in commercial nuclear power
plants have persuaded the majority of the
people not to pursue the nuclear option
vigorously, the burning of fossil fuels
(improved petroleum products) in internal
combustion engines releases a lot of CO2

and SO2 in the atmosphere, which
respectively leads to global warming and
acid rain , the solar energy technology is
exiting, however, the technicalities and
economics of the system is yet to go a long
way and; hydroelectric power is seasonal
and restricted to few areas (Yerima and
Abubakar, 2005).
In contrast with other energy resources,
biogas (an environmentally – friendly energy
resource) is smoke – free with good heat
content. For instance, 1m3 of biogas can
cook 3 meals for a family of 5-6; can keep a
1hp internal combustion engine working for
2hours (roughly equivalent to 0.6 – 0.7 kg
of petrol); can drive a 3 tone lorry for 2.8
km and ; can generate 1.25 kwh of
electricity ( Ariene ,1985). In addition, since
the fuel value of biogas depends on its CH4

content, a biogas containing 65% CH4 and
35% CO2 has a fuel value of 24MJ/m3, while
pure CH4 has a fuel value of 37mJ/m3,
which is half the heating value per volume
of C2H6 gas, a third of C3H8 and 50% more
than coal gas and ; 1m3 of biogas is
equivalent to 2.0 kg of firewood, 0.6 dm3

of kerosene, 0.5dm3 of petrol and 0.4 dm3 of
diesel as reported by Dangoggo (1984). In
hjhjoioo-0y97dtxsrzxrdtfgaddition to fuel
value, developing a biogas program servers
as: an effective way to deal with wastes in
our environment and , improve hygiene
and standard of health through conversion
of biodegradable wastes into useful
products; a way of promoting agricultural
production because digested manure
(digested slurry) has a comparative
advantage over ordinary manure
(undigested slurry) in terms of fertility and;
protecting environment from
deforestation, desert encroachment and
erosion because by adapting biogas
technology of biogas, the practice of
indiscriminate felling of trees for firewood

would drastically be reduced (Khandelwal
and Mahdi, 1986).
In view of the problems associated with the
inefficient use of firewood in rural areas,
the use of fossil fuels and nuclear power in
urban areas and, the expensive nature of
solar energy. and, on the other hand, the
advantages of biogas resource for domestic
and industrial energy supply, there is the
need to develop ways of generating biogas
of high fuel value that are
environmentally-friendly. This paper reports
the possibility of generating biogas of good
fuel value and low environmental hazards
from maize cob through anaerobic
digestion . The paper also compares the
biogas generated from maize cob and LPG
from crude oil distillation in terms of
n-alkanes content and percentage molar
combustibility using flame ionization
detector (FID).

MATERIALS AND METHODS
Chemicals / Reagents
The chemicals / reagents used for this work
were ethanoic acid (CH3COOH), lead
ethanoate
[(CH3COO)2 Pb] and sodium hydroxide
(NaOH). The chemicals were of analytical
grade, obtained from British Drug House
( BDH) and are of good purity ( i e the
chemicals were used without any
purification).

Materials
The materials used were maize cob and LPG
obtained from the distillation of crude oil
Apparatus
The apparatus used were the common
laboratory glass wares, electric beam
balance, gas – liquid chromatography (glc),
coupled with the FID, mesh, oven, pestle
and mortar, pH metre, PVC tubes, stirrer
and water bath.
Sample Collection and Processing
The maize cob was collected from Watari
irrigation site at Dawakin – Tofa L.G.A of
Kano State - Nigeria. The maize cob was dry
and matures at the time of collection. The
sample (maize cobs) were oven – dried at
105OC for 4hours, ground using pestle and
mortar and subsequently sieved through a
mesh size of 250µm.
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Preparation of Slurry
The slurry was prepared by mixing 4.0g of
processed maize cob in 25.0cm3 distilled
water containing 0.18g yeast.
Generation and Collection of Biogas by
Direct Collection Technique
The reactors for the degradation of the
prepared slurry was made air – tight and
connected to a gas collecting device. The
reactors were immersed about 1/3 in water
bath operated at 33oC and, the degradation
process was allowed to continue for 10
consecutive days. The collection of the
gaseous degradation product (biogas) was
carried out according to the procedure
adopted by Yaro (2011).
Compositional Analysis of Biogas by
Absorption Technique
In order to evaluate the amounts of CH4, CO2

and H2S in the biogas collected in the direct
collection technique, two (2) different
parallel set ups were made: Set A and Set
B.
Removal of CO2 from Biogas
In Set A, CO2 was removed from the biogas
(CH4 + CO2 + H2S) by passing the biogas into
1M solution of NaOH according to the
following equation:

CO2 (g) + 2NaOH (aq)

Na2CO3 (aq) + H2O (l)

Removal of H2S from Biogas
In Set B, H2S was removed from the biogas
(CH4 + CO2 + H2S) by passing the biogas into
30% (CH3COO)2 Pb solution in 3M solution of
CH3COOH. The equation for the reaction is

(CH3COO)2 Pb(aq) + H2S(g)
2CH3COOH(aq) + PbS (s)

The Volume of CH4 (VCH4) from the direct
collection technique was evaluated as
follows:

Vbiogas = VCH4 + VCO2 + VH2S
VCH4 = Vbiogas – (VCO2 + VH2S)

The volume of CO2 (VCO2) was
evaluated from direct Collection technique
and Set A, as follows:VCO2 = Vbiogas in the
direct collection technique – Vbiogas in Set
A,
The Volume of H2S (VH2S) was evaluated
from direct collection technique and set B,
was
The percentages of CH4, CO2 and H2S in the
biogas were evaluated as follows:

% CO2 = VCO2

Vbiogas in DCT x 100

v H2S
% H2S =

Vbiogas in DCT x 100

% CH4 = VCH4 x 100
Vbiogas in DCT

Where DCT = Direct Collection Technique.
as – Liquid Chromatographic Identification
of the n – alkane in the Biogas Using Flame
Ionization Detector (FID)

In order to identify the exact n – alkanes
present in the biogas, a gas – liquid
chromatography (glc) fitted with the pora
park V27 (dimension 8m x 3mm) column
made of stainless steel coupled with the
flame ionization detector (FID) was used.
The column was kept at 150oC and, the FID
was operated at 220oC. Helium was used as
the carrier gas (flow rate 50m3/min and
pressure 5kg/cm3). The quantity of the
sample size introduced into the column at
100oC was 8µL. The output of the detector
was amplified and recorded from which the
n-alkane in the biogas was identified by
comparing the glc retention time of the
organic gas obtained from the spectral
peaks of the biogas with the glc retention
time of the n-alkanes obtained from the
spectral peaks of the LPG.

RESULTS
The results of all the analysis carried out in
this work are shown in Tables 1 – 3 below:
Table 1 shows the daily and total volumes of
biogas collected over a period of 10 days.
Table 2 gives the percentage composition of
the biogas generated. Table 3 gives the
component (n – alkane) and spectral
information of the biogas and LPG analysed
using FID.
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Table 1: Daily and Total Volumes of Biogas Collected in the Direct Collection Technique.
Time
(day) 01 02 03 04 05 06 07 08 09 10 Total
Volume
(Cm3) 110.00 59.00 48.00 49.00 47.00 35.00 22.50 0.00 0.00 0.00 370.50

Table 2: Volumes and percentage of the Constituent Gases of the Biogas Collected in
Absorption Techniques

Constituent Volume (cm3) Percentage (%)
CH4 248.40 67.04
CO2 121.00 32.66
H2S 1.10 0.32

Table 3: Identification of the n – alkane in the Biogas and LPG Using FID

n – alkane RT Area Height Moles(%) Factor

CH4
* 2.240 3253235 438186 99.897 1.00

CH4 2.246 56534 8618 1.145 1.00
C2H6 2.423 257741 37917 5.222 1.00
C3H8 2.730 878316 109297 17.796 1.00
C4H10 3.193 625767 69407 12.679 1.00
C5H12 3.530 1515640 128395 30.710 1.00
C6H14 4.833 945645 66118 19.161 1.00
C7H16 5.480 654173 39516 13.255 1.00
C8H18 6.736 1541 143 0.031 1.00

Key: * Obtained from biogas
RT Retention time

Discussion
The result of daily and total volumes of
biogas collected in the direct collection
technique is shown in Table 1. From the, it
could be seen that, appreciable quantity of
biogas was generated from maize cob when
compared with the quantity of the maize
cob used as feedstock. The appreciable
quantity of biogas observed may be
associated with the microbial degradation
of the complex sugar (usually starch and
cellulose) in the substrate material (maize
cob) into biogas (chiefly composed of CH4

and CO2) by the actions of different groups
of microbes in different degradation stages
(Khandelwal and Mahdi, 1986).
The volumes and percentages of CH4, CO2

and H2S in the biogas collected in the
absorption techniques are shown in Table 2.
From the result , it could be seen that, the
biogas generated was composed of CH4

(67.04%),CO2 (32.66%) and H2S (0.32%).The
percentages of CH4 and CO2 in the biogas
indicated that maize cob could be used to
generate biogas of good fuel value and low
environmental hazards ,because for a biogas
to be of good fuel value and low
environmental hazard, its CH4 content must
exceed 60% and CO2 content below 40% as
reported by Ekwanchi and Yaro (2010).
The components (n-alkanes contents) of
both the biogas and LPG are shown in Table
3.The comparison of the result (Table3) has
shown that, the n-alkane in the biogas was
only CH4

* while the LPG was composed of
C1-C8 n-alkanes. Comparative analysis of
the spectral peaks for the CH4

* and CH4

showed that the peak for CH4
* in the biogas

shown in Fig1 corresponded to the peak for
CH4 in the LPG shown on Fig 2 and, the RT
(2.240) of CH4 in the biogas was very close
to the RT (2.246) of CH4 in the LPG .

*
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This implied that, the biogas generated in
this work is almost the same with the LPG
from crude oil distillation in terms of
combustibility. This is in accordance with
the findings of Yaro (2011). The percentage
molar combustibility (mole%) of the CH4

* in
the biogas (99.897%) also implied to a high
calorific value and combustibility of the
biogas generated. This is in line with the
findings of Ekwenchi and Yaro (2010).

Conclusion
From the composition of the biogas and the
percentage molar combustibility of the
CH4, it could be concluded that maize
cob (a crop residue) can be used for
generating a renewable and
environmentally-friendly gaseous fuel
(biogas) of low environmental hazards
with high colorific value and appreciable
percentage molar combustibility similar to
that of LPG through anaerobic fungal
degradation.
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2.240

Fig

Fig 1: Glc Analysis of Biogas

Fig 2: Glc Analysis of LPG from Crude oil Distillation.
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