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Abstract

The effects of organic hitrogen, sucrose and starch on the bio-methanation of rice bran were
investigated using digesters of 1-litre capacity operated at ambient temperature (30 - 32°C) and pH of
7 for 20 days. Rice bran and organic nitrogen supplement were varied at ratios 2:1, 3:1, 4:1 and 5:1, while
20g of sucrose and 20 g of starch were added to rice bran as supplements. Fresh strained cow rumen
liquor was used as inoculum. There was no significant difference (P<0.05) between non-supplemented and
sucrose supplemented feedstock. Starch supplemented feedstock produced more biogas than the
sucrose supplemented and the non-supplemented feedstock (P>0.05). Varying the organic nitrogen had

no significant effect on the biogas yield (P<0.05).
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Introduction

Waste generation is an unavoidable component
of our daily life. Almost all human activities
generate waste. Wastes can be grouped based on
the source into: i) domestic, ii) municipal, iii)
agricultural and iv) industrial (Kalia, 2007).
Agriculture and municipal sectors are the main
contributors to the wastes produced. Anaerobic
treatment is the use of biological processes, in
the absence of oxygen, for the breakdown of
organic matter and the stabilization of these
materials, by conversion to methane and carbon
dioxide gases and a nearly stable residue. In the
year 2003, the economic and social council of the
United Nations adopted a survey, presented in
1978 to the committee on Science and Technology
for development, listing the ongoing research and
development in unconventional sources of energy.

The use of farm wastes to produce methane has
also been identified in the United Nations World
plan of action for the application of Science and
Technology to development (Yadvica et al., 2004).
Agriculture and food industries produce high
quantities of organic residues which could be used
as raw materials for biogas production. Salminen,
Rintala, Harkonen, Hogmander and Oikari (2001),
Tani, Sakamota, Kishimoto and Umetsu (2006) and
Wang et al., 2010 found that anaerobic
decomposition of organic material contributes to
the reduction of residues and increases the energy
value of farming by producing biogas and utilizing
biodigester residues to fertilize the soil instead of
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using mineral fertilizers. Effective biodegradation
of organic wastes into methane requires the
coordinated metabolic activities of different
microbial populations (FAO, 1992).

Today, anaerobic digestion is widely accepted as
a sound technology for many waste treatment
applications. Wastes from agriculture and agro-
based industries have been a major source of
biogas especially in areas where agriculture forms
important part of the economy. These wastes if
allowed to litter the environment could pose a lot
of health problems as they are potential growth
media for pathogenic microorganisms (Uzodinma
et al, 2007). The final product of anaerobic
fermentation of biomass is a flammable gas
(biogas) which is composed of 50 - 75% methane
(CH4), 25 - 45% carbon dioxide (CO;), 2 - 7%
water (H20), frace amounts of oxygen (O),
nitrogen (Nz), ammonia (NH3) and hydrogen
sulphide (H.5S).

Nigeria is one of the major producers of food in
the world and yet the value in food products is
very low (FAO, 1992). This results in tremendous
monetary loss to the marginal farmer and the
nation. Mostly, it is the lack of energy to power
appropriate food processing industries in rural
areas that causes this loss. Cost benefit analysis
of methane generation vary widely, depending
upon the uses and actual benefits of biogas
production, public and private costs associated
with the development and utilization of methane,
and on the technology used to generate methane.
Several factors affect the economics of biogas
generation. These  factors include pH,
temperature, and carbon/nitrogen ratio of input
material, types of feedstock and retention time
(National Academy of Sciences, 1997). The
relationship between the amount of carbon and
nitrogen present in organic materials is often
expressed in terms of the Carbon/Nitrogen (C/N)
ratio. A C/N ratio ranging from 20 to 30 is
considered optimum for anaerobic digestion (FAO,
1996). If the C/N ratio is very high, nitrogen will
be used up rapidly by methanogens for meeting
their protfein requirements and will no longer
react on the left over carbon content of the
material. As a result, gas production will be low.
On the other hand, if the C/N ratio is very low,
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nitrogen would be liberated and accumulated in
form of ammonia. Ammonia will increase the pH
value of the content in the digester and pH value
higher than 8.5 will start showing toxic effect on
methanogen population (FAO, 1996).  Animal
waste, particularly cattle dung, has an average
C/N ratio of about 24. The plant materials such as
straw and sawdust contain a higher percentage of
carbon. The human excreta have a C/N ratio as
low as 8 (Karki and Dixit, 1984). Materials with
high C/N ratio could be mixed with those of low
C/N ratio to bring the average ratio of the
composite input to a desirable level. In Chinag, as a
means to balance C/N ratio, it is customary to
load rice straw at the bottom of the digester
upon which latrine waste is discharged. Similarly,
at Machan Wildlife Resort located in Chitawan
district of Nepal, feeding the digester with
elephant dung in conjunction with human waste
enabled fo balance C/N ratio for smooth
production of biogas (Karki et al., 1994).

Over the last few years, during which methane
fermentation have been used for waste treatment
and fuel production, several processes have been
developed, each having its own potential for
treatment of industrial, agricultural or municipal
wastes, with a variety of organic concentrations
and characteristics. The principal focus of this
study is to optimize conditions for anaerobic
degradation of rice bran and evaluate the process
and operational parameters for the bio-
methanation of wastes to biogas. The overall
objectives are to evaluate and monitor process
and operational parameters which influence the
depolymerization of complex polymers such as
rice bran, evaluate fermentability of some organic
wastes in mixtures in order to elucidate optimal
biomethanation and good biogas vyield and
investigate the effects of disaccharide (sucrose)
and polysaccharide (starch) on biogas yield from
rice bran.

Materials and Methods
Digester

The digesters consist of seven 1-litre
transparent glass bottles with plastic cap. The
bottles were locally sourced. The digesters were
connected by means of rubber tubings to inverted
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burettes inside a plastic bucket filled with water.
The burettes were held in place by means of
clamps and stands. The burettes were used for
measuring biogas production (Plate 1 and 2). Other
materials used are digital pH meter (Jenway
3505), hose pipes, digital weighing balance and
blender (National).

Feedstock Materials

The feedstock materials used were rice bran
collected from a rice mill in Ogbomoso and then
milled to 60-mesh particle size and stored in
plastic containers. Poultry droppings were
obtained from Best Food Farm at Ikose near
Ogbomoso. Sucrose and starch were of analytical
grade.

Organic Nitrogen Supplement

Poultry droppings were oven dried at 87°C for
16 hours. The dried droppings were then blended
using National blender and stored at room
temperature (26°-30° C) in plastic containers.
Dried poultry droppings serve as the organic
nitrogen supplement.

Inoculum

The microbial inoculum was obtained from the
rumen of a freshly slaughtered cow. It was
collected from the slaughter house at Oja tuntun
in Ogbomoso and brought to the laboratory in
sealed air-tight containers. This was strained in
cheese cloth and the liquor used as digester
inoculum.

Digester Operation

Normal digester operation was carried out with
100g of rice bran, 33.33g of poultry droppings,
500cm® of sterile pre-warmed water, all
thoroughly mixed before 50cm® of inoculums was
added according to the method of Okaka,
Ekpunobi, Ezeonu and Ofih (1997) and the
digester tightly covere. The pH of the mixture
was measured using ‘Jenway 3505 pH meter and
adjusted to 7. Temperature of the environment
was monitored twice daily using a 100 °C Mercury
in glass thermometer. Rubber tubing connected
the digester to an inverted burette filled with
water inside plastic buckets. The inverted burette
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was used to measure the amount of gas produced
daily using downward displacement of water. The
amount of biogas produced is equivalent to the
volume of water displaced in the burettes. The
burettes were refilled daily affer taking the
readings. The digesters were stirred once daily by
shaking and swirling (Okaka et al., 1997).
The following parameters were varied and gas
production was monitored for 20 days
- Organic nitrogen component were varied at
ratios 2:1, 3:1. 4:1 and 5:1 using five digesters,
with all other parameters being constant.
- Digesters were supplemented with 20g of
starch and sucrose to determine their effects
on biomethanation of rice bran.

Statistical Analysis

The student t-test was used to ascertain if
there were significant differences between the
means of gas evolved at (P < 0.05).

Results

Figure 1 shows the effect of organic nitrogen on
biodigestion of rice bran. At rice bran to organic
nitrogen ratio 2:1, there was an efficient gas
production from day 1 to day 11 but from day 12
production of gas gradually declined. For the rice
bran to organic nitrogen ratio 3:1, the volume of
gas produced from day 1 to day 8 was steady but
decreased steadily after day 8. About the same
results were obtained for rice bran to organic
nitrogen ratios 4:1 and 5:1.The total volume of gas
produced were 879.00, 800.70, 757.90 and
712.80 cm® for rice bran to organic nitrogen
ratios 2:1, 3:1, 4:1 and 5:1 respectively (Table 1).
Statistical analysis of the means showed no
significant differences in their means (P<0.05).

The effect of the addition of sucrose and
starch to the feedstock on the production of gas
is shown in Figure 2. Starch supplemented
feedstock started producing gas from day 1
(5450cm®),  while  sucrose  supplemented
feedstock and unsupplemented feedstock started
gas production from day 4 and day 3 respectively.
The total volume of gas produced were 461.70,



Fountain Journal of Natural and Applied Sciences: 2012; 1(1): 25 - 30

1 2 3 45 6 7 8 9101112131415 16 17 18 19 20
Days

egme? ratio 1 ei=3 ratio 1 4 ratio 1 a5 ratio 1

Figure 1: Effect of organic nitrogen on biodigestion of rice bran

Table 1: Cummulative biogas yield at different ratios of rice bran to organic
nitrogen for twenty days.

Ratio of rice bran to organic nitrogen 2:1 3:1 4:1 5:1
Total Vol of gas produced (cm®) 879.00 800.70 75790 712.80
Mean volume of gas produced (cm®) 43.95 40.03 37.89 35.64

No significant (P>0.05) between the means

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17 18 19 20
Days
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Figure 2: Effect of adding sucrose and starch on the yield of biogas.

442,00 and 769.80cm® from non-supplemented, feedstock and starch supplemented feedstocks.
sucrose supplemented and starch supplemented There was no significant difference (P<0.05)
feedstocks respectively (Table 2). Statistical between the means of the gas produced by the
qnqusis of the means of gas produced showed non-supplemenTed feedstock and the sucrose
significant differences (P>0.05) between the me supplemented feedstock.

ans of the gas produced by non-supplemented
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Table 2: Cumulative biogas yield from non-supplemented, sucrose supplemented and starch supplemented
feedstock for twenty days.

Nature of feedstock material Non-supplemented  Sucrose-supplemented Starch-supplemented
Total vol. of gas produced (cm®) 461.70 442.00 769.80
Mean vol. of gas produced (cm®) 23.08° 22.10° 38.49°

Means in rows with the same alphabet (a) are not significantly different (P>0.05), means in rows with
different alphabets (a,b) are significantly different (P<0.05)

Discussion (too much nitrogen).

Nitrogen is important in biodigestion of wastes The composition of the organic matter added to
to produce biogas anaerobically because nitrogen  a digestion system has an important role on the
is necessary for the growth and multiplication of ~ growth rate of the anaerobic bacteria and the
anaerobic microorganisms. Nitrogen present in  production of biogas. The use of kitchen wastes
the feedstock has two benefits: (a) it provides an  and wastes from food processing industries have
essential element for synthesis of amino acids, been suggested as good feedstock for biogas
proteins and nucleic acids; and (b) it is converted  production (Kalia, 2003). The large volume of gas
to ammonia, which as a strong base, neutralizes  (769.80cm®) produced by starch supplemented
the volatile acids produced by fermentative  feedstock compared to 442.00cm*® produced by
bacteria, and thus helps maintain neutral pH  sucrose supplemented and 461.70cm® by the non-
conditions essential for cell growth. Varying the  supplemented feedstock attest to the fact that
amount of nitrogen supplement added to the rice  starchy feedstock are better for biogas
bran did not significantly affect the amount of  production and it may be advisable to first
gas produced. The total volume of gas produced  convert cellulosic materials to starchy derivatives
are 879.0, 800.70, 757.90 and 712.80cm® from  before being used to obtain better yields because
the feedstock to organic nitrogen ratios 2:1, 3:1,  starch is an intermediate product in the
4:1 and 5:1 respectively, showing reduction in the  biomethanation of lignin and cellulose to produce
biogas yield as nitrogen level increased. At rice  biogas (Chongrak, 1988; Best, 1988). Optimum
bran to organic nitrogen ratio 2:1, there was an  period for starch-supplemented feedstock was
efficient gas production from day 1 to day 11 but  between day 1 and 9 and for sucrose-
from day 12, production of gas gradually declined,  supplemented feedstock between day 4 and 9
this may be as a result of decreasing while for the unsupplemented feedstock it was
concentration of organic nitrogen since nitroigen  between day 5 and 10.
is needed by methanogens for protoplasm
development (FAO, 1992) . FAO in 1992 also  Conclusion and recommendations
reported that too much of nitrogen can lead to The results show that though nitrogen is
accumulation of ammonia and ammonium which are  needed by Methanogens, it ratio should be minimal
toxic to methanogens and may lead to stopage of  and monitored in order fo avoid toxicity of the
methanogenesis. Although nitrogenous  biodigester which may lead to stoppage of
supplements enhanced biogas production, the  biodigestion and reduction in biogas yield. Starchy
quantity should not be in excess because of  feedstocks are better used for biogas generation
toxicity of the medium, which could stop the than cellulose, lignocellulose and sucrose
multiplication of some methanogenic bacteria. An  feedstock because they will enhance the
over abundance of nitrogen in the substrate can  generation of gas almost immediately and
lead to excessive ammonia formation, resulting in  production of more biogas over a long period of
toxic effects as observed by Fry in 1974. Thus, it  time. It is recommended that rice bran to organic
is important that the proper amount of nitrogen  nitrogen ratio 2:1 be used for charging biogas
be in the feedstock, to avoid either nutrient  plant when rice bran is to be used as feedstock
limitation (too little nitrogen) or ammonia toxicity material. Biogas is produced as a result of the
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metabolic activities of Microorganisms, regular
biogas production could be mastered when the
living conditions, operational parameters and
mechanisms of metabolism of the fermenting
Microoragnisms are recognized.
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