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ABSTRACT
Easily biodegradable agricultural wastes and crops residues (maize cob, maize stalk and
banana leaves) were anaerobically degraded into greenhouse gases (CH4 and CO2) under
controlled conditions for 10 days. The cumulative volumes of the greenhouse gases
generated were subjected to compositional analysis, and the percentages of CH4 and CO2

were determined. The concentrations of CH4 and CO2 produced were estimated using ideal
gas equation of state (PV= nRT). The work showed that the volumes of greenhouse gases
produced from 4.00 g each of maize cob, maize stalk and banana leaves were 370.50
cm3,135.50 cm3 and 81.00 cm3, respectively; the percentages of the greenhouse gases in
the biogas produced were 68.75% CH4 and 31.15% CO2 (for maize cob), 68.75% CH4 and
31.14% CO2 (for maize stalk) and 68.73% CH4 and 31.15% CO2 (for banana leaves); the
percentages of associated H2S in the gaseous degradation product from all the substrates
used were 0.10%, 0.11 and 0.10% and; the concentrations (in g/dm3) of the greenhouse
gases evaluated were 16.25x10-2 CH4 and 20.20 x 10-2 CO2 (for maize cob), 5.94 x 10-2 CH4

and 7.40 x 10-2 CO2 (for maize stalk) and 3.55 x 10-2 CH4 and 4.42 CO2 (for banana leaves).
Keywords: anaerobic degradation; greenhouse gases; agricultural wastes and crops residues;
renewable energy; environmental protection.

Introduction
Maize cob, maize stalk and banana leaves are
among the most abundant crops
residues/agricultural wastes generated and
dump inappropriately on farm lands by most
farmers. This unwanted practice leads to the
injection of large amount CO2 gas in the
atmosphere when agricultural wastes/crops
residues fermented under uncontrolled
favourable aerobic fermentation conditions
(Ariane, 1985), which in turn causes
environmental pollution like “greenhouse
effect” and ozone layer depletion (Yaro,
2011).
The equations below illustrate the aerobic
fermentation of organic substrate of any kind:

(C6H10O5)n + H2O nC6

H12O6

C6H12O6 + 6O2 6H2O + 6CO2

On the other hand, dumping of organic
biodegradable substrates (maize cob, maize
stalk and banana leaves inclusive) under
uncontrolled favorable anaerobic
fermentation conditions also leads to the
injection of CH4 and CO2 gases into the
atmosphere without control, which also
causes serious environmental hazards. This is
because CH4 and CO2 are greenhouse gases
that remain in the atmosphere for
considerable length of time (EPA, 1986; EPA,
2005). Ayodele and Emmanuel (2007), also
reported that CH4 gas is more effective in
trapping heat than CO2 gas. This means that,
high concentration of CH4, gas in the
atmosphere could drastically lead to a serious
increase in the atmospheric temperature.
Greenhouse gases production involves the
combined action of four (4) different groups
of bacteria in four (4) different stages
(Khandelwal and Mahdi, 1986). The stages are
illustrated below:

hydrolysis
(s) (l) (aq)

oxidation

(aq) (g) (l) (g)
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The First Stage is the degradation of higher
molecular weight substances like cellulose,
starch, fast, proteins etc present in organic
materials into low molecular weight
compounds like fructose, glucose etc that are
able to pass through bacterial membrane by a
group of hydrolytic bacteria. Thus polymers
are transformed into monomers by enzymatic
hydrolysis (Airehrour, 1994).
n (C6H10O5) + nH2O
n(C6H12O6)

In the Second Stage, the product from the
first stage is converted into organic acid and
by-products like CO2, H2O, H2, NH3 etc by a
group of bacteria known as acetogens, which
are collectively called “acid former”.
n (C6H12O6) + nH2O
3nCH3COOH

The Third Stage is the conversion of hydrogen
and simple carbon compounds produced in the
second stage into ethanoic acid by a group of
bacteria called homoacetogens.
4H2 + 2CO2 CH3COOH +
2H2O

The Fourth Stage is the conversion of
ethanoic acid and some other compounds like
CO2 and H2 into CH4 by a group of bacteria
known as methanogens.
CH3COOH (aq) CH4(g) +
CO2(g)

CO2 (g) + 4H 2 (g) CH4(g) +
2H2O(l)

In order to highlight the general public
(particular farmers) about the environmental
problems associated with the inappropriate
dumping of biodegradable agricultural wastes
and crops residues on farm lands (especially in
swampy places), this work reports the
possibilities of generating greenhouse gases
from maize cob, maize stalk and banana
leaves under controlled conditions, which
could be used for energy supply. The work
also reports the concentrations of the
greenhouse gases that were harnessed from
4.00 g of each of the substrates used, which
could be very dangerous to the environment
(atmosphere) if uncontrolled aerobic and

anaerobic degradation is allowed due to
inappropriate dumping of such substrates on
farmlands.
Materials and Methods
Sampling
The samples (maize cob, maize stalk and
banana leaves) were collected from the farms
located at Watari-river site in Dawakin- Tofa
L.G.A, Kano State Nigeria.
The sample were oven-dried at 37OC for four
(4) hours. The oven-dried samples were
ground using wooden pestle and mortar and
subsequently sieved to a mesh size of less
than 1x10-6m.
Experimental Set Up
A 250 cm3Buchner filter flask of 250cm3

capacity was used as a reactor. The outlet of
the flask was connected to a PVC tube of
50cm length and 0.8cm internal diameter,
which was used to convey the gas produced in
the reactor to the delivery tube. The gas
collection arrangement was set up as
described by Yaro (2011).
For the compositional analysis of the
greenhouse gases, similar reactors of the
same capacities were used, but in this case,
two different set ups were made and labeled
A and B in which the PVC tubes connected to
the outlet of the reactor for each set up was
used as passing tube, which passed the gas
produced in the reactor into another Buchner
filter flask, which contained the appropriate
absorbent. For the absorption of CO2, 1.0M
NaOH was used (set A) while 30% of (CH3

COOH)2 Pb in 3M CH3COOH was used for the
absorption of H2S (set B). The gas collection
arrangement for each set was made
according to the procedure described by Yaro
(2011).
Preparation of Slurry
The slurries were prepared by dissolving
4.00g of the sample in 25.0 cm3 distilled
water containing 0.18g yeast and vigorously
stirred for homogeneity.
Biodegradation of the Slurry for Greenhouse
Gases (CH4 and CO2) Production
The slurries (4.0 g/25.0 cm3 each) of the
substrates were placed in reactors and made
airtight. The degradation of the slurries was
carried out at 33oC for 10 consecutive days
with periodic shacking of the reactors. The
greenhouse gases generated where collected
and analysed according to the method
describe by Ekwenchi et al (2013).
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Compositional Evaluation of the Gaseous
Degradation Product
The compositions of the gaseous product were
evaluated as fellows:

VCO2 = A-B
VH2S = A-C
VCH4 =A- (VCO2 + VH2S)

Where VCO2 = volume of CO2 produced
VH2S = volume of H2S produced
VCH4 = volume of CH4 produced

A = gaseous degradation product (VCO2 + VH2S
+VCH4)
B = VCH4 + VH2S
C = VCH4 +VCO2

Evaluation of the percentages of the
gaseous product
The percentages of CH4,CO2 and H2S were
evaluated as follows:
% CH4 = VCH4 X 100

A
% CO2 = A-B X 100

A
% H2S = A-C X 100

Estimation of the Concentrations of
Gaseous Product
The Concentrations of CH4, CO2 and H2S in the
gaseous degradation product were evaluated

using the universal gas equation of state,
(PV=nRT) as follows:
Number of moles (n) = PV

RT
where P = atmospheric pressure =760mmHg

V = volume of gas produced
R = universal gas constant = 0.08206
T = temperature at which the

biodegradation occurred = 33OC
The concentrations of the greenhouse gases
were obtained using their respective number
of moles (n) evaluated earlier and molar
masses using the following relation:
Concentration. (g/dm3) = number of moles X
molar mass
Result and discussions
Results
The results of all the experiments and
evaluations carried out are shown in Table 1-3.
Table 1 gives the daily and total average
volumes of the greenhouse gases generated
from the substrates. Table 2 gives the
percentage compositions of the gaseous
degradation product collected from substrate.
Table 3 shows the concentrations (in g/dm3)
of the green- house gases in the gaseous
degradation products.

Table 1: Daily and Total Average Volumes (cm3) of Greenhouse Gases from Maize cob, Maize
stalk and Banana leaves

Time (day) Maize cob Maize stalk Banana leaves

1 110.00 70.00 45.00
2 59.00 20.00 22.00
3 48.00 0.00 14.00
4 49.00 10.00 0.00
5 47.00 15.00 0.00
6 35.00 10.00 0.00
7 22.50 10.00 0.00
8 0.00 0.00 0.00
9 0.00 0.00 0.00
10 0.00 0.00 0.00
TOTAL 370.50 135.50 81.00

Table 2: Percentage Composition of the Gaseous Degradation Product from Maize cob,
Maize stalk and Banana leaves

Substrate CH4 (%) CO2 (%) H2S (%)

Maize cob 68.75 31.15 0.10
Maize Stalk 68.75 31.14 0.11
Banana Leaves 68.73 31.15 0.10
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Table 3: Concentrations of and CH4 and CO2 in the Gaseous Degradation Products Concentration
(g/dm3)x 10-2

Subtract CH4 CO2

Maize cob 16.25 20.20
Maize Stalk 5.94 7.40

Banana Leaves 3.55 4.42

Discussions
From the results shown in Table 1, it could be
seen that small amounts (4.00 g) each of
maize cob, maize stalk and banana leaves
generated 370.50cm3, 135.50cm3 and
81.00cm3 of greenhouse gases, respectively.
This indicated that large quantities of
greenhouse gases could be generated and
injected into atmosphere if large amounts of
maize cob, maize stalk and banana leaves are
subjected to biodegradation under
uncontrolled favourable biodegradation
conditions via aerobic or anaerobic process
due to inappropriate dumping of agricultural
by- products on farmlands (especially in
swampy areas). If the process (biodegrading of
substrate) is through aerobic, the gaseous
product will solely be CO2 and, if the process
is anaerobic, the products will mainly be CH4

and CO2 .This also indicated that uncontrolled
biodegration of biodegradable substrates
(agricultural wastes and crops residues
inclusive) may lead to injection of large
amounts of CH4 and CO2 into atmosphere,
which may in turn lead to increase in ambian
temperature because CH4 and CO2 are good in
trapping heat (Ayodele and Emanuel, 2007;
Ikeh, 2000) the percentages of the CH4 and
CO2 in the gaseous products are shown in
Table2. The result (Table 2) shows that the
gaseous degradation product obtained were
very rich in CH4 and CO2. This meant that, if
uncontrolled biodegradation is allowed, the
percentages of CH4 and CO2 in the atmosphere
will be very high, thereby causing serious
environmental problems such as greenhouse
effect and depletion of ozone layer (Ikeh,
2000). There could also be the problem of
increased ambian temperature as earlier
mentioned, due to the fact that, the chief
component of the greenhouse gases generated
was CH4, which is very effective in trapping
heat (Ayodele and Emanuel 2007).

The concentrations of CH4 and CO2 evaluated
from the gaseous product obtained are shown
in Table 3. The result (Table 3) indicated that,
all the substrates have good potentials for
generating gaseous product, which are very
rich in CH4 and CO2 of appreciable
contractions. The relative high concentrations
of CH4 and CO2 in the gaseous product when
compared with the quantity of each of the
substrates (4.00 g) used. This implied to very
high concentrations of CH4 and CO2, if
uncontrolled biodegration occur due to
inappropriate dumping of maize cob, maize
stalk and banana leaves on farm lands
(especially in swampy areas). This may also
cause an increase in the ambian temperature
which may in turn cause ice caps (snow) to
melts thereby making rivers to over flood and
destroy crops on the farm lands, as well, as
killing many aquatic life (Ikeh, 2000). Because
CH4 and CH2 are among the greenhouse gases
that remain in the atmosphere for
considerable length of time (EPA, 1986; EPA
(2005). In addition, the increase in ambian
temperature may cause rivers and wells to dry
due rapid dehydration through evaporation,
thereby causing shortage of water needed for
domestic and irrigation purposes especially in
rural areas where the sources of water are
mostly rivers and wells. It could also cause
plants growing in such environment to be less
productive due to insufficient water needed
for dissolving important nutrients in the soils
required by the (Akinyosoye, 1999).
Conclusion
Based on the percentage composition of the
greenhouse gases produced, it could be
concluded that, if controlled production of
greenhouse gases from agricultural wastes and
crops residues will be adopted by farmers and
governments at all levels, there would be
massive production of renewable energy and
effective environmental protections..

Yaro, M.N

Dutse Journal of Pure and Applied Sciences 1(2) December 2015 pp 70 - 74



74

REFERENCES
Airehrour, T.A (1994): Anaerobic biodegradation

of lignocellular from waterhycinth
usingcurvalaria spp. Unpublished M.Sc
thesis. in the Department of Chemistry,
University of Jos. Pp21-23.

Akinyosoye, V.O. (1999): Senior tropical
agriculture. P,T.F low price edition. First

Edition, Macmillan Nigeria
publishers Limited, Ibadan-Nigeria Pp 73-74
Arine, V. B. (1985): A Chinese biogas manual:

popularizing technology in the country
side, Intermediate Technology
Publication London. Pp 16-18.

Ayodele, J. T. and Emmanuel, B. (2007):
Methane in Kano. Caspian Journal of
Environmental Sciences (CJES), 3(2):
133- 141.

Ekwenchi, M. M., Gumel, S. M. and Yaro M. N.
(2013): Production of biogas by
microbial digestion of banana leaves
and adduction of paraffins from
saturate using urea and thourea
solutions. Techno Science Africana
Journal, 8(1):85-96.

EPA (Environmental Protection Agency) (1986):
National air quality and emission.
Trends report, 1984, Research triangle
park, North Carolina. US
Environmental Protection Agency,
450/4. 86-001

EPA (environmental protection agency) (2005):
25-05/us EPA-home global warming home:

assessed 17/12/2005
http.epa.gov/methane.
Ikeh, P. O. (2000): CHE 706 (Environment

Chemistry). A lecture delivered to
postgraduate students on the source,
effects and spread of pollutants and

contaminants in the
Department of Pure and Applied
Chemistry, UDUS-Nigeria.

Khandlewal, K.C. and Mahdi, S. S. (1986).
Biogas technology. A practical
handbook, Mchill Publishing
Company Ltd, New Delhi-India, Pp32-
34.

Yaro, M. N (2011); studies on biogas and
bioliquid production by fungal
degradation of banana (Musa
sapientum) leaves. Unpublished Ph.D.
these in the department of pure
and industrial chemistry, University of
Jos-Nig. Pp. 96-101

Yaro, M.N

Dutse Journal of Pure and Applied Sciences 1(2) December 2015 pp 70 - 74


