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Abstract: The study is to investigate the viability of corncob and rice chaff co-digested with goat and dog
dungs in the production of biogas and the PCR detection of the methanogenic bacteria involved. The study was
carried out at mesophillic condition between (29.5 —33°C) in a mini laboratory digester fabricated using guage
16 metal sheets with 80L capacity for a 90 days retention time. Corn cob and rice chaff were shredded and
mixed with water with ratio 4:1 and 3:1 (waste to water) respectively and mixed with goat and dog dungs with
ratio 2:1 (waste to water) and digested anaerobically. The proximate analysis of all the substratesused were
carried out and the result shows a C:N (carbon, nitrogen ratio) that is appropriate for the biogas production.
The result shows a yield of 15L after 20days at temperature 31°C and pH 6.2, there was a drop in the yield and
then an increase from the 40th day of digestion. The cumulative production was 37L at temperature 31°C and
pH 5.9. The bacteria isolated from the samples includes; E. coli, Proteusspp, Klebsiellapneumoniae,Serratia.
spp, Flavimonas spp. The result revealed that this combination of substrates can yield significantly biogas.
Keywords: Viability, Corncob, rice chaff, dog dung, goat dung, co-digested, methanogenic, digester,
anaerobically and substrates

I.  Introduction

Biogas typically refers to a mixture of different gases produced by the breakdown of organic matter in
the absence of oxygen. Biogas can be produced from raw materials such as agricultural waste, manure,
municipal waste, plant material, sewage, green waste or food waste. Biogas is a renewable energy source and in
many cases exerts a very small carbon footprint (Weilan, 2010).It is now widely accepted that it is caused by the
rapidly increasing concentrations of greenhouse gas in the atmosphere, which is emitted mainly by the
combustion of fossil fuels containing carbon like coal, oil, and natural gas. The rising greenhouse gas emissions,
decreasing fossil fuel supplies and energy security have led to the introduction of renewable energy targets at
national level (Smyth et al., 2011).

Biogas can be produced by anaerobic digestion with anaerobic organisms, which digest material inside
a closed system, or fermentation of biodegradable materials. Biogas is primarily methane (CH,) and carbon
dioxide (CO,) and may have small amounts of hydrogen sulfide, moisture and siloxanes. The gases methane,
hydrogen, and carbon monoxide (CO) can be combusted or oxidized with oxygen. This energy release allows
biogas to be used as a fuel; it can be used for any heating purpose, such as cooking. It can also be used in a gas
engine to convert the energy in the gas into electricity and heat. Biogas can be compressed, the same way
natural gas is compressed to CNG, and used to power motor vehicles. In the UK, for example, biogas is
estimated to have the potential to replace around 17% of vehicle fuel. It qualifies for renewable energy subsidies
in some parts of the world. Biogas can be cleaned and upgraded to natural gas standards, when it becomes bio
methane (Huertaset al., 2011).

Il. Materials And Methods

The study was conducted using 80 liter metallic digester of height 60cm. The digester was designed
and constructed with guage 16 metal sheets in a metal workshopin Lagos. Corn cob was procured from local
roasted corn sellers in Lagos and the rice chaff was from a local rice milling industry in Ekiti State. The Corn
cobs used for this study were milled using the dry attrition mill. This was to reduce their sizes and increase the
surface area of the wastes for faster degradation. The rice chaff was boiled to reduce the lignin content which
tends to prevent enzymatic breakdown of the chaff. The cobs and chaff were charged at the ratio of 4:1 (that is,
water to wastes) and 3:1 for the chaffs, respectively. Goat dung was collected freshly (i.e. in the morning as first
waste at dawn) from a local abattoir (Odoeran) inCele area of Lagos.The dog dung was collected at a veterinary
outlet in Surulere Lagos. The goat and dog dungs was blended at ratio 2:1 and a slurry was formed which was
mixed with the slurry from the feed stock. The slurries formed were closed air-tight and stirred intermittently
and was then fed into the bioreactor. The moisture, crude protein, ash, fat, crude fiber and carbohydrate contents
of the corncob, rice chaff, goat and dog dung were determined as described by AOAC (2005), The microbial
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load and types were determined following the method of Buchanan and Gibbons (1994). The digital pH meter
(Model Eco testerpH2) was used to take the measurement of the pH in the bioreactor. The temperature of the
bioreactor was measured by inserting the thermometer through the gas collection outlet at the top of the
bioreactor and temperature was read off the thermometer. The quantity of gas produced was measured with a
meter rule as follows: The total height of the bioreactor was measured and also the head space for the gas
collection was also measured. Since there is a decomposition of the feedstock in the bioreactor during the
fermentation, the air space increases and the increase in the airspace was measured and recorded as the
equivalent volume occupied by the gas produced.
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Figure 1: Diagram of the bioreactor

I11. Results And Discussion

Plate 1: Showing photograph of constructed bioreactor

TABLE 1: Bacterial population

Sample Total count cfulg

RICE 3.8 x 10

DOG dung 35x 107

CORN Cob 6.5 x 10

GOAT dung 68 x 107

REACTOR 76 x 10°
Dilution factor used = 10> Inoculum size = 50l
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TABLE 2: Isolated organisms from the samples

SAMPLE ORGANISMS

RICE Escherichia coli

DOG dung Proteus sp, E. coli, Klebsiellapneumonia

CORN Cob Escherichia coli, Klebsiellapneumonia

GOAT dung Escherichia coli, K.pneumoniae, Serratiamarcescens
REACTOR Escherichia Coli Flavimonasoryzihabitans

Table 3:Proximate composition (%) of corncoband rice chaff (Substrate)

SAMPLE MOISTURE PROTEIN ASH CRUDE FIBRE FAT CARBOHYDRATE
Corn cob 11.28+0.45 11.04+5.05 3.61+0.60 26.21+6.49 3.19+3.15 43.65+9.68
Rice chaff 11.52+0.42 11.26+5.04 3.68+0.60 26.75+6.55 3.26+3.05 44.55+9.67

Data were presented as mean+SE. Values with different alphabet letters along the same column (lower case)
were significantly different (P<0.05).

Table 4:Proximate composition (%) of goatand dog (Substrate)

SAMPLE MOISTURE PROTEIN ASH CRUDE FIBRE FAT CARBOHYDRATE
Goat dung 83.9+0.99 2.02+0.01 0.38+0.08 0.38+0.04 6.67+0.07 6.02+0.02
Dog dung 62.46+1.85 8.22+0.11 1.01+0.02 12.68+0.14 0.34+0.03 13.67+0.18

Data were presented as mean+SE. Values with different alphabet letters along the same column (lower case)
were significantly different (P<0.05).

TABLE 5: Biogas daily yield

Day Temperature (°C) pH Yield (L)
1 30 6.9 -
2 31 6.9 -
4 29 6.8 -
5 33 6.9 -
10 30.5 6.7 -
20 31 6.2 15
21 29.5 5.9 15
22 29.5 5.9 15
25 35 5.8 18
30 33 6.0 20
31 33 6.0 -
32 30 6.0 -
33 36 6.0 -
35 29.8 6.1 -
40 32 6.2 30
41 31 5.8 33
42 30 6.1 30
50 31 6.2 35
51 28 6.1 35
52 29.5 59 35
55 30 6.0 37
60 31 5.9 37

IV. Discussion

The study was conducted using 80 litre metallic digester of height 60cm. The digesters was designed
and constructed with gauge 16 metal sheets in the metal workshop of the Yaba College of
Technology,Yaba,Lagos. This design was similar to that of Eze and Ojike (2012) with slight modification.The
bioreactor is composed of a stirrer at the top to stir the slurry from time to time to aid even fermentation and to
ensure proper yield of gas. This was recommended by Baker (2001). He stated that the digester content should
be continuously or intermittently mixed to prevent separation; hence the need to inculcate a mixing device. Two
arms are attached to the bioreactor, one on both sides with covers to fit. Theseservesas the feeding point where
the feedstock and water were feedinto the bioreactor. It also has a gas outlet at the top where the gas yield would
be collected.A burner was connected to this outlet to test the gas yield. Two outlets were also provided (one on
the side and the other at the base) for collection of slurry sample and to empty the content of the bioreactor after
use. A tripod stand was attached to the reactor to keep the base off the ground preventing damage to the
bioreactor. All the components agree with the EPA (2010) description of the components of a typical domestic
bioreactor system.
BIOREACTOR CAPACITY =80Litre
BIOREACTOR HEIGHT =60cm
FEED WEIGHT
CORN COB =0.2kg
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RICE CHAFF =0.1kg

GOAT DUNG =15kg

DOG DUNG =10kg

WATER =60 Litre

FEED UP TO 85% of bioreactor reactor volume i.e. slurry volume 68 Litre
HEIGHT OF SLURRRY =51cm

GAS COLLECTION SPACE= 12L/9cm

This gas tight bioreactor design is suitable for various types of anaerobic culture work and has been
operated continuously for about 50 days without encountering a material failure. The completely closed system
ensures that it is odor free and an outlet is created at the base of the reactor for easy discharges of effluent.

A study using this type of bioreactor design resulted in enhanced catabolism of organic acids and a 40%
increase in the methane production (Smithet al., 1992).

The advantages of this design as observed over the operation periods includes the provision of proper
sanitation by reducing the pathogenic content of substrate materials, hence its installation can dramatically
improve the health of users. This is particularly the case where biogas plants are linked to public toilets and or
where waste is no longer stored openly.Rapid public health improvements following biogas implement have
been observed in rural China, with reduction in Stosomiasis and tapeworm of 90-99% and 13% respectively
(Remaiset al., 2013).Solid retention time of 3weeks at mesophilic condition are enough to kill pathogens leading
to typhoid cholerawhile the benefits of this design includes low cost energy source, low cost fertilizer, reduced
greenhouses emission,reduced nitrous oxide emission and less demand for alternative fuels.

This design is the batch flow digester design where the digester is loaded at once, maintained closed for

a convenient period and the organic matter is fermented and then unloaded at a later time. It is quite a simple
system.Biogas is collected in the upper chamber and the wastesin the lower chamber.
Land fill bioreactors are the most popular methods to produce biogas in the world due to the easiness of the
operators and maintenance (Warithet al., 2005). Other anaerobic digester systems are expensive to construct and
difficult to maintain compared to land fill bioreactors. The landfill bioreactors show long term biogas production
due to the natural balance occurring in the reactor. In addition, there is no unfavorable odour released in this
bioreactor due to proper covering of it.

The volume of gas generated during the digestion period is as shown in Table 5.There was no gas yield
within the first 19days of digestion.This may be due to slow fermentation rate, similar to the study conducted by
Eze and Ojike(2012) using maize wastefor biogas generation whereno gas yield was experienced within the first
9days of digestion; the gas only became flammable on the 10" day. Vivekanandan and Kamaraj(2011) also
carried out a study using cow dung as co-substrate with rice chaff at different substrate ratio and the first yield
was noticed on the 3" day of digestion. The production day as recorded in this work may be due to slow rate of
organic matter breakdown which may be as a result of the temperature and pH adjustment, however maintaining
optimum temperature and pH makes the yield faster (Benson et al., 2007).The slow yield at the initial period
may also be due to the time it takes for the microorganismsto acclimatize within the bioreactor. The gas
becomes flammable on the 20th day with a yield of 15L. This is attributed to the better anaerobic environmental
condition provided by the biogas with temperature and pH optimum for the activities of the microorganism in
the digester. The yield could also be attributed to the high protein content in the feedstock which was degraded
to cellulotic materials during fermentation to yield biogas by microorganism secreting some extra cellular
enzymes (Oseni and Ekperigin, 2007). The volume of the yield remains the same from the 20" day to the
22"%and then increased to 18L on the 25" day.The increase is due to the catabolic and metabolic activities of the
organism resulting in the breakdown of the organic matter in the digester to produce biogas.

The yield increased to 20L on the 30" day of the digestion and there was significant inactivity until the
40™ day when a yield of 30L was observed. The same was observed for 31%days in the work done by
Vivekanandan and Kamaraj(2011) using rice chaff as a co-substrate with cow dung.They attributed the
inactivity to the methanogens undergoing a metamorphic growth process which is in agreement with the
findings of Dhaghat(2001) and Elijah et al. (2009). It is generally agreed that at the initial stages of the overall
process of biogas production, acid forming bacteria produce volatile fatty acids (VFA) resulting in decline of pH
and diminishing growth of methanogenic bacteria (Cuzinet al., 1992). The low pH value inactivated
microorganismsresponsible for biogas production.

Ossai (2013)studied the comparative evaluation of qualitative and quantitative biogas production
potential of oil palm frondsand co-digested with cow dung and reported a yield after 48hours of digestion
although there was variation in the determined parameters.The palm fronds as single substrate was flammable in
2 days although gas production witnessed a slow progression at the start of the digestion between the 8" and 11"
day after which an increased production was observed between the 12" and the 18" day of the 27 day digestion
period.
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This report is similar to the yield observed in this work after the first 30days and then production of
30L in the 40th day. In addition, the pH and temperature of the digester could contribute to the yield.It was
observed that the temperature of the system was fluctuating between 29°C and 33°C and the pH was
decreasing.Benson et al. (2007) reported that methane production increases with increase in temperature and
most anaerobic temperature performed well at pH range of 6.8 — 7.2.Therefore a fluctuation in this
environmental condition also is responsible for the fluctuation in the yield. However, the temperature and pH of
the digester was kept within the optimum level by proper monitoring throughout the digestion period.

This inactivity period was followed by a steady increase in yield from the 40" day to the 60" day with a
cumulative yield of 37L. The high yield observed was due to the co-digestion of goat and dog dung with the
feed stock (rice chaff and corncob),

Vivekanandan and Kamaraj (2011) used rice chaff and cow dung as co-substrate at two different ratios
and the report showed that the digester case with the highest dung ratio produces the highest yield. Uzodinma
and Ofoefile(2009) observed that the combination of dog and cow dung generated methane after 6days of
digestion whereas dog dung alone generated methane after 20 days. They attributed this to the high ash and
protein content of the dog dung, which is similar to high content recorded in this work (Table 4). This suggested
why dog dung should not be used without blending with cow or goat dung as used in this work

Okoroigwe(2005) reported that the gas production rate obtained by blending cow dung with dog waste
is an improvement over the sole digestion of dog wasteswith the blends producing higher biogas volume, and
the cumulative yield of 37L over 60days in this work validated this. Vivekanandan and Kamaraj(2011) recorded
no significant yield of gas when rice chaff alone was used as a feedstock for biogas production this was not the
case in this work because the rice chaff used was pretreated by boiling which reduces the lignin content that was
reported to be responsible for no yield experienced in the work of Vivekanadan and Kamaraj (2011).

Ossai(2013) attributed a low/decreased yield to decrease in pH.The pH change was responsible for the
high volatile solids, such as protein, lipids etc in the mixture which were converted more intensely into volatile
fatty acid, and other acidic metabolites by the activities of aerobes and facultative aerobes which are
subsequently metabolized by methanogenic bacteria to generate methane (Dennis and Burke, 2001;lyagbaet al.,
2009).

This follows the observation made earlier about the drop in the production of gas in this experiment.
Low pH has been reported in previous studies by Chynoweth et al.(1993) andMohantyet al. (2004) to inhibit
methanogenic bacteria that are responsible for biogas production.pH values less than 5 or greater than 8 has
been reported in previous studies to rapidly inhibit methanogenesis (Garba and Sambo, 1992). In this study the
pH range of 5.9 and 6.2 were observed and the highest yield was at pH 6.2.0ssai(2013) also reported that the
yield from the blend of palm fond waste and cow dung generated a significantly higher quantity of flammable
biogas of 170.4L than that of the palm frond alone (98.5L) buttering further gas compared to using single
feedstock or substrate. The improvement in cumulative gas production may be ascribed to synergy of the
resulting mixture which favored gas production as well as optimizing the feed stock properties that apparently
ensures adequate gas production like the volatile solids (which is the biodegradable portion of the waste)
nutrient (crude fat and protein) and carbon nitrogen ration (C/N) (Agunwamba, 2001).

From Table 1 above, the corncob has a higher microbial load 6.5 x 10“cfu/g compared to ricechaff with
3.8 x 10%cfu/g.Eze and Ojike (2012)who worked on the anaerobic production of biogas from maize waste, also
recorded a higher concentration of microorganism in the corncob which makes itto bemore nutritious than the
rice chaff as a feedstock in the bioreactor. The bioreactor has the highest concentration of microorganisms and
this is due to the combination of the feedstock and the manure blended together in the bioreactor. Ezekoye
(2013) worked on the characterization and storage of biogas production from the anaerobic digestion of cow
dung, spent grain/cowdung and cassava peels/rice husk, recorded a higher microbial concentration in the blend
of cassava peels/rice chaff and spentgrain/cow dung compared to using the cowdung alone.

The goat dung has a higher microbial load of 6.8 x 10"cfu/g compared to the dog dung which portrays
the goat dung being more nutritious than the dogdung; however a blend of all the material that constituted the
feedstock produces a higher concentration of microorganism than is obtained singly in each feedstock.

The bacteria isolated from the Rice chaff isE. coli, Proteus spp, Proteus spp is a genus of gram negative
proteobacteria, Proteus bacilli are widely distributed in nature as saprophytes, being found in decomposing
animal matter sewage and in human and animal feaces. They do not ferment lactose but have shown to be
capable of lactose fermenters depending on the species in a triple sugar iron (TSI) test. It is oxidase negative but
catalase and nitrate positive. Specific tests include: positive urease (which is the fundamental test to
differentiate proteus from salmonella) (Matsuyama et al., 2000).

E. coli and Klebsiellapneumoniae were isolated from the dog dung, K.pneumoniae is a gram negative non
motile, encapsulated lactose fermenting facultative anaerobic rod shaped bacterium, it occurs naturally in the
soil and members of the Klebsiella genus typically express two types of antigens on their cell surface (Ryan and
Ray, 2004).
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E. coli and K. pneumoniae were isolated from the Corncob, Serratia. Spp, Serratia is a genus of gram
negative, facultative anaerobic rod shaped bacteria of the enterobacteriaceae family. E. coli and K. pneumoniae
were isolated from the goat dung. Flavimonasspp and E. coli were isolated from the bioreactor.
Flavimonasoryzihabitans, known previously as Pseudomonas oryzihabitans, and a member of the Centers for
Disease Control group which is gram negative; that has rarely been implicated as human pathogens. It appears
to be a soil and saprophytic organism that survives in moist environment and is indigenous to rice paddles (Kim
et al.,2000).

The result for the microbial count obtained in this work is higher than that obtained by Ifeanyi and
Ossai (2014).This is due to the combination of goat and dog dungs in this work as opposed to the cow dung used
by Ifeanyi and Ossai. However, these values are lower compared to those obtained in this work as the higher
blend ratios produces higher microbial concentration suggesting that using animal manure from different
animals in combination increases the microbial concentration in a bioreactor. Goat dung has a higher microbial
load compared to dog dung which portrays the goat dung as being more nutritious than the dog dung.
However,ablend of all the material that constitutes the feedstock produces higher concentration of
microorganism compared to the control which contains feedstock with no manure.

Table 3 shows the proximate composition of corn and rice chaff used in this experiment. The analysis
shows varying difference in the composition of the two substrates. Rice chaff has a higher moisture content of
11.52% compared to 11.28% for Corncob this may be due to the fact that the corn cob used for this experiment
was from a roasted corn which reduces the moisture content significantly [prior to sun drying] before it was
further dried in the sun. Eze and Ojike(2012) recorded higher moisture content for corn cob which did nothave
any negative effect on the yield of the biogas. However it must be ensured that the moisture content is not too
high because the wetter the material used, the more volume and area it takes up relative to the levels of gas
produced (Richard et al., 1994).

In addition, Cavalieri and Smith(1985) observed that the moisture content for Corncob can pose a
challenge in the use for energy conversion and that cobs with moisture content between 10 and 30% is ideal for
energy production which means the moisture content of the cob and chaff used in this experiment is ideal for
energy production.The high protein and fat content of both Corn cob and Rice chaff used in thisstudymakes for
high nutrient availability for the microorganism in the digester to use up making the degradation rate faster and
enhancing the production of gas this was supported by the report of Ezekoye(2013) in the comparative study of
biogas production using plantain / almond leaves and pig dung.He stated that the growth and catabolism of
microbes needs various kinds of nutrient especially elements of carbon nitrogen and phosphorus, for high
quality of methane.Carbon is required for building of the cell structure of the methanogenic bacteria.From the
results presented in his work it was discovered that the value of protein / nitrogen, volatile solids, total solids
and carbon in the samples decreased in percentage after digestion. Some of them were used up by the bacteria.
Thissuggests that the high yield recorded in this work is enhanced by the combined nutrient content of the
substrate mix. The ash and fibre content also reduced significantly after the digestion suggesting they are also
used up during the digestion process by the microorganism. The same was observed for the pig dung used in the
experiment by Ezekoye(2013) thereby suggesting that the protein content of the goat and dog dungs used in this
experiment make for a high yield of biogas. This enhances the catabolism and the metabolism of the methane
producing microbes (Methanogenes).Damisaet al. (2008) who compared the proximate composition of cellulose
residues of corn straw and corncob as biomass materials observed a high crude protein content in corn cob
compared to corn straw. The high protein content served as nitrogen source required for growth and efficient
enzyme expression by the organism, the relatively high crude fibre in the corn cob and corn straw correlated
with increase in xylose content (common sugar in hemicelluloses).Vaughan and Judd(2003), gave the variation
of rice chaff proximate composition as protein (20-40%), fat (0-0.4%) crude fibre (30-50%), ash (15-20%)
which falls in line with the result obtained in this study.The rice chaff contain high lignocelluloses material
which could reduce the yield, therefore it was pretreated by boiling before use.

The carbohydrate content of both substrates shown in Table 3 is also high with Rice chaff having the
highest 44.55% compared to 43.65% in corncob.Combination of the two substrates in co-digestion increases the
carbohydrate content of the feedstock which amount to increased yield of biogas. High carbohydrate feedstock
was recorded in the work of Eze and Ojike(2012) and this resultsinhigh yield of biogas. The energy content
conversion of biomass such as Corncob used in this work is also connected to their carbohydrate
content.Foley(1978) found that corn cob contains 32.3-45.6% cellulose, 39.8% hemicelluloses mostly composed
of pentosan and 6.7-13.9% ligin. Cellulose is a polysaccharide of glucose units that serve as the main structural
component of the cob’s cell wall. Hemicelluloses are lesser complex polysaccharides that can more easily be
broken down to simpler monosaccharaidessimple sugars.These materials are being broken down biologically to
produce energy (gas).

The feed stock in this experiment is also co-digested with animal dungs (manure). Goat and Dog dung
were used with the proximate composition as shown in Table 4. Okoroigwe (2005) and Maishanu and Maishanu
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(1998) generated biogas by combining Cow and Dog dung and reported a high yield due to the increased
nutrient provided by the combined manure which makes for catabolism and metabolism of the methanogenic
bacteria. The bacteria in the digester must have suitable food in order to grow and develop and this was supplied
adequately by the goat and dog dung co-digested with the corncob and rice chaff.

The cumulative biogas yield of the palm fond was lower than the blend, palm frond contains high

percentage of cellulose, hemi-cellulose pectin which are difficult to degrade and convert to biogas (Eze and
Agbo, 2010).This is evident from the result obtained from the proximate analysis carried out on the wastes, the
yield was enhanced by co-digestion of oil palm frond and Cow dung which re affirm previous findings that
blending animal wastes and crop residues improves the blend digestibility and gas production arising from
additional nutrients and gas improved carbon to nitrogen ration (Ezeet al., 2007;lyagbaet al., 2009).
It was reported that animal manure alone actually provides a relatively small amount of biogas when compared
to other feed stock, however combing animal waste with other feed stock as it is in this work would greatly
increase biogas production With the right combination of animal waste and organic feed stock used in this
experiment, the yield of biogas increases.

V. Conclusion

Different biomass materials have different biomass generation potential, this study investigated the
biogas generation potential of corncob and rice chaff and co-digested with goat and dog dung in portable air
tight bioreactor designed for anaerobic digestion of the substrate mix. The yield (biogas) produced shows that
the feed stock used in the work has high biogas generating potential which shows that anaerobic digestion
technique is aviableoption for generating energy at low cost while also combating environmental and health
hazards that could result from indiscriminate disposal of the waste which serves as the material for the
generation of utilizable energy. This low-cost bioreactor used in the experiment was found to be very reliable
based on the reproducibility of the reactor conditions and minimal maintenance requirement. It offers a useful
laboratory tool and represents a valuable contribution to the basic research in anaerobic digestion. Biogas
technology offers a unique set of benefits. It can improve the health of users, is a sustainable source of energy,
benefits the environment and provides a way to treat and reuse various wastes— human, animal, agricultural,
industrial and municipal.
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