Journal of Advances in Biology & Biotechnology

15(2): 1-11, 2017; Article no.JABB.36775
ISSN: 2394-1081

Biomethane Potential of Some Agroresources in
Burkina Faso: Case Study of Vegetable Residues,
Pig Manure, Mango Waste and Bovine Manure

Désiré Traoré", Dayéri Dianou? and Alfred S. Traoré'

"Centre de Recherche en Sciences Biologiques Alimentaires et Nutritionnelles (CRSBAN),

Université Ouaga I, Pr Joseph KI-ZERBO, 03 BP 7131 Ouagadougou 03, Burkina Faso.

?Centre National de la Recherche Scientifique et Technologique (CNRST), 03 BP 7192 Ouagadougou
03, Burkina Faso.

Authors’ contributions

This work was carried out in collaboration between all authors. Author DT designed the study,
performed the statistical analysis, wrote the protocol and wrote the first draft of the manuscript. Author
DD managed the analyses of the study and revised the draft of the manuscript. Authors AST and DD
managed the literature searches. All authors read and approved the final manuscript.

Article Information

DOI: 10.9734/JABB/2017/36775

Editor(s):

(1) Fernando José Cebola Lidon, Universidade Nova de Lisboa, Campus da Caparica, Portugal.
Reviewers:

(1) Yans Guardia-Puebla, University of Granma, Cuba.

(2) Khalideh Albkoor Alrawashdeh, Al-Huson University College and Al-Balga’ Applied University, Jordan.
Complete Peer review History: http://www.sciencedomain.org/review-history/21410

Received 15" September 2017
Accepted 10" October 2017
Published 14" October 2017

Short Research Articles

ABSTRACT

Burkina Faso urban area is confronted to hygiene, wash and energy supply problems due to an
important demographic growth. Methanization of organic wastes has been demonstrated by several
studies as a solution to energy crisis and environmental pollution. The aim of this study is to use
anaerobic digestion process as a sustainable technology to produce biomethane from vegetable
residues (VR), mango waste (MW), pig manure (PM), bovine manure (BM) in order to diversify the
sources of renewable energy as well as to reduce environmental pollution in Burkina Faso urban
area. The physicochemical parameters of these organic wastes were determined using standard
methods (AFNOR, APHA) and the biogas produced was analyzed by gas chromatography. From
the physicochemical analysis, dry matter rates were 22.61+0.3% for PM, 15.310.3% for BM,;
11.7840.6% for VR and 8.04 + 0.02% for MW. The highest volume of CH, was obtained with PM
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(17526.43ul CH,), followed by VR (14359.19 ul CH,), BM (12460.89ul CH,) and finally mango waste
(12460.89 CHj,4 pl). The rate of CH, content in biogas produced was 61.6%; 59.1%; 57.6 and 53.3

for PM, VR, MW and BM.

Keywords: Vegetable residue; mango waste; pig manure; bovine manure; anaerobic digestion;

biogas; methane; Burkina Faso.
1. INTRODUCTION

In developing countries, the production of
urban waste has increased in recent decades
with the changing lifestyles and fast population
growth. Mechanisms and management
systems are almost nonexistent. These wastes
are often disposed of by stockpiling and land
filling because these have been found the
cheapest waste disposal methods in the world.
Unfortunately, these waste disposal methods are
often source of visual pollution, water
contamination, health hazards and greenhouse
gas emission [1,2,3]. The population of Burkina
Faso is estimated to 17.000.000 inhabitants
which is mainly concentrated in the big cities.
Due to this demographic explosion, important
wastes are generated in urban area, leading to
environmental, hygiene and sanitation problems.
In Ouagadougou city, the solid waste production
is estimated to 300 000 tons per year [4].
Unfortunately, this pile of waste undergoes an
unsuitable treatment. A large part of the waste is
disposed into gutters or burned in the street, with

a drastic consequence on environmental
pollution and living conditions (increase in
greenhouse gas emission, microbial

contamination, infestation of atmospheric air by
noxious odors, etc.) [1,2,3]. The World Health
Organization (WHO) [5] estimated that waste
deposition favors the growth of harmful insects
responsible of several diseases such as typhoid
fever, dysentery, cholera. Thus, one of the main
point targeted by the Ministry of Environment in
Burkina Faso is the efficient management of
environmental pollution and the promotion of
renewable energies.

In the framework of national sanitation policy and
strategy, Ouagadougou municipality created a
Waste Treatment and Valorization Center
(WTVC), that became in fact a waste burial
center with about 6 million m® of waste buried per
year. Unfortunately, this method of waste
treatment results in organic matter loss, soil and
underground water contamination, and
contributes up to 5% of the world global gas
emission [2,3,6].

The report of UNCCD [7] estimated the
electrification level of Burkina Faso cities to
approximately 10%. As energy is considered as
an indicator and a driving force of a country
development, researches are focusing
compensatory alternatives for an efficient
management of environment to meet the concept
of eco-citizenship promotion, along with the
promotion of renewable energy.

Methanization of organic matter has been
demonstrated by several studies as a solution to
energy crisis problems and environmental
pollution [6,7]. The process is a fermentation
carried out by a mixed population comprising
various types of bacteria that live in symbiosis
and convert organic matter to methane and
carbon dioxide. Thus, (i) the methane produced
can be used for domestic energy production
[8,9], (ii) the sludge from the anaerobic
digestion can serve as food for animal [10,11],
soil fertilizer for the improvement of agricultural
yields [12,13], and (iii) the process can also
contribute to a considerable reduction of waste
mass for a sustainable environmental depollution
[2,3,14,15,16,17].

The main objective of this research is to employ
anaerobic digestion process as a sustainable
technology for digesting agricultural wastes,
produced in large amounts during harvesting,
handling, transportation, storage, marketing
and processing, and to provide a renewable
source of energy as well as to reduce the
potential greenhouse gas emission in Burkina
Faso.

2. MATERIALS AND METHODS

2. 1. Inoculums

Pig manure sludge (PMS) and bovine manure
sludge (BMS) collected from two digesters of the
National Biodigester Program (NBP) at Nioko II
and Loumbila (peripheral districts  of
Ouagadougou city), were used for wastes
anaerobic digestion with regard to methane
production. The inoculum samples were
anaerobically collected into serum bottles,
carried to laboratory according to Trine et al. [18]



and then, stabilized during seven days without
adding a substrate to avoid biogas production
during storage. After stabilization, they were
stored at 4°C until use.

2.2 Feedstock

2.2.1 Mango waste

Mango waste (MW) was collected from two
mango transformation plants in Burkina Faso
(GEBANA AFRICA in Bobo Dioulasso and
DAFANI SA in Orodara) and from two mango
markets in Ouagadougou (“Sankara Yaar” and
“Katre Yaar”). After pulp and seed separation, a
portion of mango waste was grounded by electric
blender and passed through 2-mm mesh. The
juice obtained was then diluted with distillated
water (1/1) and stored at 4°C until use.

2.2.2 Bovine manure

Bovine manure (BM) was freshly taken from the
cattle market of “Paag layiri” district and
transported to laboratory. The bovine manure
was then mixed with distiled water, passed
through a 2-mm diameter sieve, homogenized,
distributed in 500 ml vials and stored at 4°C for
future use.

2.2.3 Pig manure

Pig manure (PM) was freshly harvested from a
farm in Nioko |IlI, a peripheral district of
Ouagadougou city. The method of preparation
and storage of loading substrate from pig manure
is the same as for bovine manure described
above.

2.2.4 Vegetable residue

Samples used in this study were collected from
the restaurants of Ouagadougou University at
Zogona and Patte d'Oie (two districts of
Ouagadougou city) and from two vegetable
markets located in the same districts. The
vegetable residues consisted of a mixture of
courgette peel, potato, eggplant and lettuce
leaves, cabbage leaves, and onion. After sun
drying for three to five days, an uniform mixture
(same weight) of all components was prepared.
This mixture was ground and then passed
through a 1-mm mesh sieve in order to obtain a
fine powder. The powder obtained was packaged
in sterile plastic bags and kept at room
temperature in the laboratory until use.
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2.3 Experimental Procedure

Batch studies were carried out in reactors of 250
and 120 ml to monitor and measure biogas and
methane produced, respectively. The
experiments were carried out at laboratory
temperature (28- 32°C). Separately, each reactor
was initially inoculated with 36 ml of inoculum
(pig manure sludge or bovine manure sludge) for
the 120 ml reactor, and 75 ml for the 250 ml one
before different organic loads of substrate were
added.

The organic loads of each substrate were chosen
based on the optimum loads determined in our
previous studies [19,20].

Vegetable residue was subjected to an aerobic
pre-incubation for 48 hours, a condition for
optimizing the biomethanization of this substrate
[19], before being transferred to the biodigesters
at an organic loading of 2%. The organic loads

for pig and bovine manures were 10%,
respectively, according to the organic load
recommended by the National Biodigester

Program. The organic load of the mango waste
was 10% [20].

After the reactors of 120 and 250 ml were diluted
respectively to 50 ml and 150 ml working volume
with a buffer solution to avoid pH dropping,
biogas production was measured daily by water
displacement method. The volume of water
displaced from the bottle was equivalent to the
volume of gas generated. Reactors were mixed
manually by means of shaking and swirling once
a day.

2.4 Analytical Methods

Mango waste, vegetable residues, pig and
bovine manure samples were analyzed for total
solids, volatile solids, ash mater, pH and total
organic carbon, using standard methods [21,22].
The pH was measured using a digital pH meter
(WTWpH340).

The methane content in biogas was determined
by taking 500 pl of the reactor headspace gas at
three days intervals using a thermal conductivity
gas  chromatograph Girdel series 30
catharometer, equipped with porapak Q 80/100
and Q 100/120 columns assembled in parallel
and connected to a thermal conductivity detector
(TCD) and a  potentiometric  recorder
(SERVOTRACE type sefram Paris 1 mV). The
temperature was set at 90°C for the injector,



60°C for the column and 100°C for the detector;
N, was used as carrier gas. Methane standard
(90% purity) supplied by Burkina Industrial Gas,
allowed to establish the following regression
equation from that the production of CH,4 during
the experiments was deduced: Volume CH,4 (uL)
=0.1094 X — 5.0911 (r*= 0,9958), with X the area
of methane peak.

2.5 Statistical Analysis

The data collected were subjected to analysis of
variance (ANOVA) using XLSTAT-Pro 7.5.2
software. Means were compared through Fisher
test to determine significant differences among
variables at a= 0.05.

3. RESULTS AND DISCUSSION

3.1 Physicochemical Characteristics of
Inoculums and Substrates

3.1.1_Physicochemical
inoculums

parameters of

The physicochemical characteristics of the pig
manure sludge and bovine manure sludge used
as inoculums in the study are shown in Table 1.
The pH values were 6.51 £ 0.01 and 7.4 + 0.14
for bovine manure sludge (BMS) and pig manure
sludge (PMS), respectively. These pH values
were comparable to those of Dhanalakshmi and
Ramanujam [23] who reported that pH of effluent
in a digester oscillates between 6.15 and 7.26.

The dry matter content of bovine manure effluent
(3.98 £ 0.12%) and that of pig manure one (6.9
0.1%) corresponded to the ones (1.5% - 45.7%)
reported by Guster et al. [24] and Svoboda et al.
[25]. The dry matter rates varied inversely to the
moisture ones, which were 96.02 + 0.3% and
93.49 1 0.09% for PMS and BMS, respectively.

The PMS and BMS total volatile matter (TVM)
rates corresponded to the range of volatile matter
(38.6 - 75.4%) reported by Moller et al. [26] and
Voca et al. [27].

3.1.2 Physicochemical
substrates

parameters of

Among the samples studied, pig manure had the
highest pH (7.24) followed by bovine manure
(7.02), vegetable residues (5.87) and finally
mango waste (4.32). Our results were consistent
with those of Charney [28] who found that the pH
of solid waste suspensions varied between 5 to 9

Traoré et al.; JABB, 15(2): 1-11, 2017; Article no.JABB.36775

and Hossain et al. [29] who reported pH values
between 4 to 6 for different varieties of mango.
The low pH values of vegetable residues (5.87 £
0.23) and mango waste (4.32 = 0.08) may be
explained by the presence of organic acids in
these substrates. The pH of pig manure was
consistent with that of Peu [30] and the one of
bovine manure is comparable to that of Lacour
[31].

The moisture levels were 77.34% for pig manure,
84.6% for bovine manure, 88.22% for vegetable
residues and 91.96% for mango waste (Table I).
The moisture levels of MW and VR were
comparable to the results of Gunaseelan [32],
who reported that the moisture content of fruits
and vegetables is over 80%, compared to those
of Parra et al. [33], Parra and Escobar [34] for pig
manure (75%) but higher than the moisture of
bovine manure reported by the same authors
(75%). The moisture content varied inversely to
that of dry matter.

Dry matter content is a criterion allowing to
classify a substrate according to its capacity to
be more or less degradable by biochemical
means. Dry matter rates were 22.61 + 0.3% for
PM, 15.3 £ 0.3% for BM, 11.78 + 0.6% for VR
and 8.04 + 0.02% for MW (Table 1). These dry
matter rates were comparable to the results
reported by Lacour [31], Parra et al. [33] and
Kirtane et al. [35] for pig manure, bovine manure
and mango waste, respectively. The dry matter
levels (8.04 £ 0.02% to 22.61 + 0.3%) of these
substrates, rather indicated a high water content
in agreement with Askar et al. [36] who
mentioned that dry matter rate increases with the
decrease in water content and vice versa.

Volatile matter (VM) is a parameter that allows
the evaluation of specific biomethane production
from substrates [37]. The highest volatile matter
content was observed for mango waste (99.7%)
(Table 1). The VM contents of mango waste
(99.7%) and vegetable residues (80.46%) were
comparable to those reported by Gunaseelan
[32], who showed that the VM of fruits and
vegetables is 95%, and with those of Nastaein
[38] who obtained 84 + 3% for household waste,
while the VM rates for pig manure (97.90%) and
bovine manure (97.3%) were relatively lower
than the data reported by Lacour et al. [31]
(82.2% for pig manure and 83.1% for bovine
manure). The concentration and nature of volatile
matter determine the ultimate methanogenic
potential of substrates [39].



Traoré et al.; JABB, 15(2): 1-11, 2017; Article no.JABB.36775

Table 1. Physicochemical characteristics of inoculums and substrates tested

Parameter Inoculum Substrate

PMS BMS MwW VR BM PM
pH 7.4+0.14 6.51+0.01 4.32+0.08 5.87+0.23 7.02+0.1 7.24+0.13
Moisture (%) 96.0240.3 93.49+0.09 91.96+0.5 88.22+0.1 84.6£0.04 77.34+0.04
Dry matter (%) 3.98+0.12 6.940.1 8.04+0.03 11.78+0.6 15.320.3 22.61+0.3
Volatile matter (%) 98.86+0.3 97.9+0.01 99.7+0.1 80.46+0.02 97.3x0.33 97.90 +£0.07
Ash (%) 1.14£0.02 2.1+0.33 0.27£0.02 1.36x0.06 2.6 £0.09 2.09+0.01
Total carbon (%) 57.34+0.1 56.43+x0.4 57.83x0.5 46.68+0.07 56.43+0,3 53.06%£0.11

PMS= pig manure sludge; BMS= bovine manure sludge; MW= mango waste; VR= vegetable residues; BM=
bovine manure; PM= pig manure

From the physicochemical parameters analysis
(Table 1), four substrates (mango waste,
vegetable residues, bovine manure and pig
manure) appeared favorable to biochemical
treatment through anaerobic digestion with
regard to their dry matter content (between 5 and
50%).These results were supported by the
findings of Djaafri et al. [40] and Traoré et al.
[19] for vegetable residues, Lacour et al. [31] for
pig manure, Trazié and Irje [41] for bovine
manure and with those of Madhukara [42] and
Kirtane et al. [35] for mango waste.

3.1.3 Kinetics of substrates biotransformation
into biogas

Biogas production was monitored daily and the
methane concentration in biogas was analyzed
at three days interval. The results of biogas and
CH, productions are presented in Figs. 1 and 2,
respectively. Significant biogas and methane
productions were observed during the first ten
days of incubation for all the substrates tested
(BM, MW, PM, VR) (Figs. 1 and 2). Then, the

productions decreased progressively  with
fluctuations over the incubation period (Figs. 1
and 2).

The biogas and methane productions from the
beginning to the end of the anaerobic digestion
depend on the nature of substrate and the mode
of digestion.

In batch mode, after substrate loading and
inoculum  addition, the digester remains
hermetically closed until biogas production
becomes almost zero [43,44]. Under these
circumstances, the substrate is widely available
during the first days of the process. Depending
on the nature of the substrate, two cases occur:
(i) if the substrate is readily biodegradable, such
as fruit and vegetable waste [45,46], biogas
production is maximum during the first 10 days
[23]; conversely, (ii) if the substrate is difficult to
biodegrade (substrates often referred as
recalcitrant) such as municipal waste, abattoir
waste, refinery waste, etc., the time for biogas
generation becomes  prolonged [47-53].
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Fig. 1. Biogas production in relation to substrate and incubation time
BM-= bovine manure; PM= pig manure; MW= mango waste; VR= vegetable residues;, PMS= pig manure sludge;
BMS= bovine manure sludge
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PMS= pig manure sludge; BMS= bovine manure sludge; PM= pig manure; BM= bovine manure; MW= mango
waste; VR= vegetable residues

900
800 -

700 -
600 -
500 -
400 -

CH, (nl/ml biogaz)
w
3

N
o
o

=
o
o

Time (days)

e PMIS+PM sl BMIS+BM| esiys PMIS+MW el PVIS+VR

18 20 24 28 32

e PMS e BMS

Fig. 3. Evolution of CH, concentration in relation to substrate and incubation period
PMS= pig manure sludge; BMS= bovine manure sludge; PM= pig manure; BM= bovine manure; MW= mango
waste; VR= vegetable residues

Contrary to the high biogas and methane
productions in the early days of experiment (Figs.
1 and 2), chromatographic analysis of biogas
revealed low concentration of methane in biogas
at the same period, which gradually increased to
a maximum at the end of the process (Fig. 3).
The same pattern was observed by Igoud et al.
[54], which reported an increase in CH,
concentration from 58.30% to 65.35% between
the 18" and 31" day of the incubation period.

The low concentration of methane in the early
days (Fig. 3) is explained by the prolonged
duration of the anaerobic digestion process
staked by a succession of four different phases

i.e. hydrolysis, acidogenesis, acetogenesis and
methanogenesis [55-58]. In addition, it should be
noted that the bacterial groups involved in
anaerobic  digestion are growing slowly.
Acetogenic bacteria have a multiplication time of
1 to 7.5 days [59,60] and the generation time of
methanogenic bacteria is 3 days [61]. Therefore,
inoculum effectiveness may influence anaerobic
digestion, as perforate inoculum considerably
shortened the time for biogas generation and
increased CH, concentration [62-64].

Variance analysis of biogas production and
methane evolution in relation to substrate and
incubation period are presented in Tables 2 and



3. It appeared that substrate, period of anaerobic
digestion and their combined actions had a very
significant effect on biogas production and CH,
content (P <0.0001).

Table 2. Variance of biogas and methane
productions in relation to substrate and
incubation period

Source ddl F Pr>F

Period 9 1057.881 < 0.0001**

substrate 5 1828.611 < 0.0001**

Period * substrate 45 46.297 < 0.0001**
F= F of Fisher; **= Significant at P= 0.01

Table 3. Variance of CH, concentration in
relation to substrate and incubation period

Source ddl F Pr>F

Period 30 273.383 <0.0001**

substrate 5 574.132 < 0.0001**

Period * substrate 150 26.658 < 0.0001**
F= F of Fisher; **= Significant at P= 0.01

3.1.4 Impact of substrate nature on __its
bioconversion into methane

Table 4 shows biogas production and its CH,
content from the anaerobic digestion of pig
manure (PM), bovine manure (BM), vegetable
residues (VR), mango waste (MW), in relation to
inoculum addition (pig manure sludge: PMS or
bovine manure sludge: BMS). It also shows
biogas production and its methane content for
the inoculums incubated alone (PMS or BMS) as
controls.

It clearly appeared a significant difference
between the production of biogas and CH,
content for the inoculums and for all the
substrates studied. A significant difference
between these substrates was also observed for
biogas production and its related methane
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content. As underlined some studies, the
molecular and macromolecular composition of a
substrate can greatly influence its
biotransformation to methane [8,44]. We recall
that our results obtained from physicochemical
analysis (Table 1) showed that the
physicochemical parameters differ from one
substrate to another.

We noted that there is no significant difference
between the volume of biogas produced from
bovine manure, mango waste and vegetable
residues (Table 4). In decreasing order, the
average volumes of biogas produced were
28452 pl for PM, 24280 pl for VR pl, 23333 pl for
BM and 21624 pl for MW. However, CH,4 values
obtained from these substrates did not follow the
same order as biogas production. The highest
volume of CH, was obtained with PM (17526.43
pl CH,), followed by VR (14359.19 pyl CH,4), BM
(12460.89 pl CH4) and finally mango waste
(12460.89 pl CH,4). The rate of CH,4 content in
biogas produced was 61.6%; 59.1%; 57.6 and
53.3% for PM, VR, MW and BM, respectively
(Table 4).

The fluctuations of the parameters, in particular
pH, dry matter, volatile matter, carbon,
phosphorus, lignin, cellulose, hemicellulose, the
particle size of a substrate etc. are significantly
determining in biomethane potential of a
substrate [65,66]. These factors may justify in our
case, the different levels of methane produced:
61.6%, 59.1%, 57.6% and 53.3% for PM, VR,
MW and BM, respectively.

Our study results are comparable to those of
Sumithra and Nand [67]. However, our data are
superior to those of Madhukara et al. [43] who
reported 58% and 48-52% respectively for MW.
The methane content obtained from pig manure
(61.6%) is comparable to that reported by
Castaing et al. [68] who founded 62% CH,, but

Table 4. Biogas production and methane content in relation to loading substrate (average of 3

replicates)
Inoculum/Substrate Biogas (ul) CH, (pl) CH,/Biogas (%)
PMS+PM 28452a 17526.43ab 61.6 ab
PMS+VR 24280b 14359.19b 59.1b
BMS+ BM 23333b 12457.25b 53.3b
PMS+MW 21624bc 12460.89b 57.6b
PMS 4109d 853c 20.7e
BMS 3452d 657.15¢ 19e

In a column, values sharing a same letter are not significantly different according to the Fisher test at 5%
threshold. PMS= pig manure sludge; BMS= bovine manure sludge; PM= pig manure; BM= bovine manure; MW=
mango waste; VR= vegetable residues



lower than the results of De la Farge et al. [69],
who reported 71 to 78% of CH,. The CH, level of
VR (59.1%) is comparable to the data reported
by Lane et al. [70] (60% CHy).

4. CONCLUSION

The study aimed to use anaerobic digestion
process as a sustainable technology for digesting
agricultural wastes, and to provide a renewable
source of energy. From the physicochemical
parameters analysis, mango waste, vegetable
residues, bovine manure and pig manure
appeared favorable to biochemical treatment
through anaerobic digestion. The highest volume
of CH, was obtained with pig manure, followed
by vegetable residues, bovine manure and
mango waste. This study showed that there is no
significant difference between the biomethane
potential of vegetable residues, mango waste
and bovine manure. It especially highlighted that,
in addition to bovine manure and swine manure,
which are the only wastes recovered for the
production of biogas in Burkina Faso, mango
waste and vegetable residues can also serve as
substrates for biogas production, along with
biomethane.
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