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Abstract
Within the overall objective of environmentally sustainable management of agricultural solid waste and
generating house-hold energy, this paper evaluate the laboratory results of proximate analyses (PA) of
selected cereal straws of Maize, Sorghum and Millet before and after anaerobic digestion (AnD) to
produce biogas. Each straw was milled to 1-2mm particle size and thermally pretreated for 1-2hours at
0
100 C. one hundred and eighty (180g) of each Straw was then mixed with 6kg of Cow. Some portion of
this mixture was taken to the laboratory for PAbefore AnD and some were mixed with right proportion of
water to obtained at least 8% dry weight of the sampleand placed in anair tight digester for digestion to
take place for 40 days and thereafter taken to the laboratory for same proximate analysis i.e. after digestion.
In the PAthose physico-chemical properties which have direct bearing on biogas production capacity
(BPC) of the biomass resources such as Moisture Content (MC), Total Solids (TS),Ash Content (AC),
Volatile Solid (VS) and Carbon to Nitrogen ration (C/N)were analysed. The parameters analysed before
AnD were used as indices for quantitative assessment of biogas production Capacity (BPC) of the
biomasses while parameter analysed after AnD shed more light on the extent of degradation of organic
matter within the digester. The results shows that the mixture of sorghum straw and cow dung (MD1) has
31.69% and 69.89% of MC, 68.31% and 39.11% TS, 62.55% and 17.77% VS, 31.55% and 5.71% C/N,
26.74% and 38.24% AC. The mixture of maize straw and cow dung (MD2) has 32.86% and 61.06% of MS,
67.14% and 38.94% TS, 62.81% and 18.97% VS, 30.61% and 5.95% C/N, 26.00% and 35.78% AC. The
mixture of millet straw and cow dung (MD2) has 32.08% and 60.28% of MS, 67.92% and 39.72% TS,
63.45% and 21.09% VS, 31.45% and 7.41% C/N, 25.41% and 34.66% AC. Cow dung only (control) has
40.00% and 65.20% of MS, 60.00% and 34.80% TS, 61.47% and 18.45% VS, 28.29% and 5.49% C/N,
25.00% and 34.50% AC, all results are before and after AnD respectively. At the end of the study it was
revealed that, MD1 is the best biomass resources for biogas production in this study because it possess the
highest BPC and highest conversion of organic matter after AnD following the final ranking intern of BPC,
thus: MD1>MD2>MD3>Control.
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1. Introduction
Energy is a vital requirement for development and is a catalyst for a country's economy. 'The lack
of access to affordable and efficient energy keeps a huge mass of people in developing world in a
poverty trap(Centre for Energy Studies,2001). Over 2 billion people lack access to clean, safe
and sustainable energy. The lack of this access is a constraint to development. Many developing
countries have insufficient generation capacity, unreliable supply, high energy prices and a poor
energy infrastructure. As a result, poor and marginalized people often use firewood and/or LPG
for cooking, kerosene for lighting, and diesel for electricity and mechanical power(Alfa, 2012).
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These are energy sources with serious negative impacts. Kerosene and diesel can be expensive
and unreliable, and are also harmful to the environment. The use of firewood causes 2 million
deaths per year due to the soot and smoke (William et al, 2011).Women and children not only
have to face respiratory and eye diseases but also often suffer burns. On the national level, the use
of firewood increases deforestation in many areas, and firewood collection is physically
intensive (Warners and Oppenoorth, 2004).
Biogas is considered to become one of the most important alternative fuels and will potentially
replace partially natural gas and oil. No negative or limited environmental side effects are
observed, because biogas can be produced from all types of “green” biomass (Weiland, 2010).
Proximate analysis is conducted in order to determine those physico-chemical properties, which
have bearing on the biomass's biogas production capacity as well as biomass's nutrient potential
or fertilizer quality. These parameters were determined both before and after anaerobic digestion
for each substrate. They encompassed the following: Moisture Content, Total Solid, Ash Content,
Volatile Matter, Carbon to Nitrogen ratio (C:N)(A.D. Tambuwal, 2005).
Primarily proximate analysis assesses the dry or total solids content, the volatile solids content
and the ash content of the substrate. Total Solid: This refers to the total mass of substrate left after
removal of moisture content. It basically consists of volatile (organic) matter and ash
(inorganic) contents of the substrate. Volatile solid or matter of a biomass is the critical factors in
biogas production since it is the volatile component of the substrate that is being digested into
biogas; it would mean that the higher the Volatile solid of the substrate, the higher it's Biogas
Production Capacity (BPC). Moreover, the BPC of biomass resources can be excellent if there is
a 100% conversion of volatile solid during anaerobic digestion (A.D. Tambuwal,
2005).Carbonto nitrogen ratio (C/N) is a major factor affecting the anaerobic process which
affects methane yield and production rates. It is often suggested that an optimum C/N ratio
should be between 20:1 and 30:1 (Braun, 1982). Generally, Substrate with an unbalanced C/N
ratio produces little methane with great deals of carbon (iv) oxide plus nitrogen and hydrogen.
Too high C/N ratio will limit the microbial process due to lack of nitrogen for cell formation and
too low C/N will increase the risk of ammonia toxicity (Akpan, 1995) because nitrogen will be
liberated and accumulated in the form of ammonia (NH3). Ammonia will increase the pH value of
digester content, and inhibit the growth of the bacteria through NH3 toxic concentration.
Ash content reflect the amount of mineral or inorganic or available plant nutrient of a substrate.
The higher the ash content the higher the nutrient contents and by implication, the better the
fertilizer quality of a substrate (A.D Tambuwal,2005 ). Moreover, It is shown that, anaerobic
digestion process uses up volatile solid, draws out carbon, hydrogen and oxygen out of a
substrate leaving behind or expose the substrate's essential plant nutrients like: Nitrogen (N),
Phosphorus (P), Potassium (P), Calcium (Ca), Magnesium (Mg), Iron (fe), Zinc (Zn),
Manganese (Mn) and Copper (Cu) in their digested slurry. Therefore, the more the volatile solid
is being digested during anaerobic digestion the more its equivalent ash content is being expose
and substrate with the highest volatile matter conversion during Anaerobic digestion would also
have the highest amount of ash content exposed or mineralized and which is readily available for
plants uptake (Abdullahiet al,2015 ).
This study seeks to conduct a proximate analysis of fresh and digested selected cereals straws
such as; Maize, Sorghum and Millet mixed with cow dung. The physico-chemical parameters to
be tested from proximate analysis (moisture content, total solid, volatile solids, carbon content,
nitrogen content and carbon to nitrogen ratio) were utilized as an indices for ranking the
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substrates in order of their biogas production capacity. The results of this work was also
compared with a similar work conducted experimentally by Abdullhi et al (2015) in order to
qualify the use of proximate analysis as an index for quantitative assessment of substrate's biogas
production capacity. The study was limited to a laboratory analysis for the determination of the
above listed physico-chemical parameters.
2.

Materials and Methods

2.1.

Description of the Study Area

The experiment was carried out at the Sanitary Chemistry and Microbiology Laboratory of the
Department of Water Resources and Environmental Engineering, Faculty of Engineering,
0 1
11
0
1
11
Ahmadu Bello University, Zaria. Located on latitude 11 9 5.94 N and longitude 7 38 5.17 E in
the North-Western part of Nigeria.

Figure 1: The Study Area(Source; Idowo and Yetunde 2012).
2.2.

Instruments/Apparatus and Chemical Used

Chemicals of analar grade were used in the preparation of solutions as well as routine laboratory
analyses using equipment such as; 6100 Spectrophotometer, Flame Photometer, OhausBrainweigh Moisture Determination equipment, Furnace (0-1200oC), 19 litre polycarbonate
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plastic water dispenser rubber as digester, Oven (0-200oC), Kjeldahl apparatus, Analytical Mill
and Hanna Pocket-Sized pH meter and glass wares.
2.3.

Raw materials

Dried Cereal straws from maize, millet, sorghum and fresh cattle manure sourced from Samaru
College of Agriculture, Division of Agricultural College, Ahmadu Bello University, Zaria.
2.5.

Optimization of Cereal Straw with Inoculums (Cow dung)

On the average plant material like cereal straw of agricultural waste have a carbon to nitrogen
(C/N) ratio of about 60:1 as against the ratio of 20:1 or 30:1 for maximum proliferation of the
bacteria in the degradation process of anaerobic digestion to produce biogas (Braun, 1982).
Therefore 30g of cereal straw was mixed with 1kg of cow dung to optimize the cereal straw.
For 1kg of cow dung, the corn straw that should be mixed was calculated below;
Recommended Carbon to Nitrogen
1[kg] 24

+ R[kg]

60[

ratio is 25
= (1+R)[kg]

25

1

Where; R is the weight of corn straw in kg, N is the nitrogen and C is the carbon
Therefore, R =

= 0.029kg= 29g and R to the nearest tenth is 30g . (Therefore, for each k g of

Cow dung 0.030kg (30g) of cereal straw should be mixed).

2.6.

Pretreatment of the raw material and experimental pattern

The straws were milled using a grinding machine until the particles size were between 1.0 - 2.0
mm range and were subjected to a thermal pretreatment by heating the mixture of biomass and
water to a temperature of 100oC for 1 hour.
2.7.

Preparation of the Samples

After pretreatment and optimization of sample, 180g of each pretreated agricultural waste i.e.
Maize, Millet and Sorghum straws was mixed with 6kg of Cow dung and 7 litre of water.The
whole mixture was then slurried in such a way to obtain 8% dry weight in all batches(Ituenet al,
2007, Akpan, 1995), and put into an air tight digester for anaerobic digestion to take place for 40
days. However, 6kg of Cow dung only (Control) was mixed with 7litre of water in ratio 1:1 by
volume that is one part of waste and one part of water. The mixture was then slurried as in the case
of cereal straws in such a way to obtain 8% dry weight which subsequently fed into the air tight
digester for anaerobic digestion to take place for 40 days. Some pretreated and mixed biomass
was taken to the laboratory for proximate analysis. The Micro-digester used in this research
consisted of four 19 litre polycarbonate plastic water dispenser rubber.
2.8.

Proximate Analysis Methods

The standard method for proximate analysis as described by Zuruet al, (2001) and briefly
highlighted below was used.
m0= mass of empty crucible;
m1 = mass of sample plus crucible before drying;
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m2 = mass of sample plus crucible after drying.
m3= Mass of dried sample and dried cruciblebefore heated in a muffle furnace;
m4 = Mass of dried sample and dried crucible after heated in a muffle furnace.
2.8.1.

Determination Moisture Content (MC)
% MC =

100

2

Where, % MC = percentage moisture content;

2.8.2.

Determination Total Solid (TS)
% TS =

2.8.3.

100

3

Determination of Ash content (AC)
% AC =

100

4

2.8.4. Determination of organic Carbon (C)
The carbon content was estimated to be 58% of the volatile solid in the sample. That is, the
percentage of carbon content (%C) was calculated using the formula:

%C = 0.58

VS

100 (Zuruet al, 2001).

5

2.8.5. Determination Nitrogen, N.
The micro kjeldahl method as described by Uriyo and Singh, (1974) was used in determination of
the total nitrogen content of organic substrates.
3.

Results and Discussions

3.1.

Results

The quantity of each parameters determined during the proximate analysis was computed in
terms of the percentage of the mass of substrates used in the analysis. The results obtained for the
substrates before digestion and after digestion are shown in Figure 1 to 5.
3.2.

Discussions

3.2.1. Moisture Content (MS)
The higher the moisture content the lower the total solid and by extension the lower the volatile
matter. Thus, high moisture content could lead to a lower biogas production. It is evident from the
figure (1) that, moisture content is higher in the digested biomass than in fresh one due to
decrease of volatile matter as a result of bacterial fermentation of this biodegradable material to
produce Biogas. Moreover, this result was in conformity with the earlier findings reported by
Zuruet al, (2001) on statistical analyses of biogas production from camel, cattle, goats, horses
and sheep dungs.
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Figure2: Moisture Content Comparison between Fresh and Digested Biomass
3.2.2. Total Solid (TS)
Total Solid: This refers to the total mass of substrate left after removal of moisture. It basically
consists of volatile (organic) matter and ash (inorganic) contents of the substrate. From Figure 2
the Total Solid in fresh biomass varied from 60.0% in cow dung to 68.31% in MD1 with an
average of 65.84% while the digested biomass varied from 34.8% in cow dung to 65.2% in MD3
with an average of 38.14%. This clearly shows that, digested biomass is higher than that of the
fresh one. This is because; volatile matter has been converted to biogas during anaerobic
digestion. Therefore, it would be expected that the total solids of the fresh biomass would be
higher than that of the digested biomass as it is being the case from Figure 2.
This research finding was not at variance with a similar study reported by Zuru, et al (2001). They
added that, the difference in total solids between fresh and digested biomass should be practically
the same as the loss in volatile matter of the fresh biomass. That is, the higher the total solid the
lower the moisture contents and by extension the higher the volatile matter. Thus, high total solid
could lead to a high volatile solid as well as good tendency for a large volume of biogas
production.

Figure 3: Total Solid Comparison between Fresh and Digested Biomass
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3.2.3. Volatile Matter (VS)
The critical factors in biogas production is the volatile matter content (VMC) and the carbon to
nitrogen (C/N) ratio of the substrates. Since it is the volatile component of the substrate that is
converted into biogas; it would mean that the higher the Volatile matter of the substrate, the
higher it's Biogas Production Capacity (BPC).
Moreover, from Figure 3 it has shown that, all the substrates on a fresh basis possess good
percentage of this organic materials with approximately 60% of the total mass of each substrate is
volatile matter. Therefore, the Biogas Production Capacity (BPC) of these biomass resources can
be excellent if there is a 100% conversion of these organic matters during anaerobic digestion and
the digested biomass would contain negligible of this vital organic material.
The extents of conversion of volatile matter after anaerobic digestion are compared in Figure
3band it was shown that, the Biogas Production Capacity(BPC) of the biomass resources based
on the proximate analysis results is in the order: MD1> MD2> Cow dung (Control)> MD3
(72%>70%>70%>67%). Therefore, it can be concluded that all the biomass resources shows
slight variation in term of Volatile Solid conversion with the mixture of Sorghum straw and Cow
dung (MD1) having a convincing 2% and 5% margin on mixture of Maize straw and Cow dung
(MD2), Control (C) and mixture of Millet straw and Cow dung (MD3) respectively.
However, the finding of this study agrees with those of Dangoggo, (1984) and Zuru et al (2001).

Figure 4a: Volatile Matter Content Comparison between Fresh and Digested

4b: The Extent of Conversion of Volatile Matter of the Biomass
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3.2.4. Ash Content
The results of the laboratory analysis as shown in Figure 1 revealed that the ash content of fresh
biomass varied from 25.0% in Control to 26.74% in MD1 with an average of 25.79% while the
digested biomass varied from 34.50% in MD1 to 38.24% in MD1 with an average of 35.80%. This
clearly shows an increase of 38%, 43%, 38% and 36% for Control, MD1, MD2, and MD3
respectively after anaerobic digestion. The order being: MD1> MD2 > Control > MD3. This order
suggests that MD1 would produce more biogas and plant nutrient because ash content increase
with a decrease in volatile solid in a digester during anaerobic digestion. low amount of volatile
solid after anaerobic digestion indicates large quantity of biogas production. Similarly, high
amount of ash content after anaerobic digestion signified the present of large quantity of mineral
element or nutrients in the digested slurry, because anaerobic digestion process uses up the
volatile matter thereby exposing the fertilizer contents of the biomasses.
Generally, the substrate with the highest volatile matter conversion will also have the highest
amount of ash content. Therefore, the mixture of Sorghum straw and Cow dung (MD1) which has
the highest volatile matter conversion would also have the highest amount of ash content while
the mixture of Millet Straw and Cow dung (Md3) which has the least conversion of volatile matter
would also have the least amount of ash content.

Figure 5a: Ash Content Comparison between Fresh and Digested Biomass Resources

Figure 5b: The Extent of Conversion of Ash Content of the Biomass Resources
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3.2.5. Carbon to nitrogen ratio (C/N)
Carbon to nitrogen ratio is a major factor affecting the anaerobic process which affects methane
yield and production rates. It is often suggested that an optimum C/N ratio should be between
20:1 and 30:1 (Braun, 1982). Generally, Substrate with an unbalanced C/N ratio produces little
methane with great deals of carbon (iv) oxide plus nitrogen and hydrogen. Too high C/N ratio will
limit the microbial process due to lack of nitrogen for cell formation and too low will increase the
risk of ammonia toxicity (Mahanta et al, 2004), because nitrogen will be liberated and
accumulated in the form of ammonia (NH3). NH3 will increase the pH value of digester content,
and inhibit the growth of the bacteria through NH3 toxic concentration (Abdullahi et al, 2015).
The results of carbon to nitrogen ratios (C/N) as obtained from the treatments are 28:1, 31:1, 31:1,
and31:1 from Control, MD1, MD2 and MD3 respectively which is fairly in agreement with the
optimum i.e. carbon to nitrogen ratio (C/N) of 20:1 to 30:1 as stated by Braun, 1982. Therefore, it
could be inferred and guess that the treatments would produce biogas at optimum level.

Experiment Units

Figure 6: Carbon to Nitrogen Ratio (C:N) Comparison between Fresh and Digested Biomas
4.

Conclusions

The results shows that the mixture of sorghum straw and cow dung (MD1) has 31.69% and
69.89% of MC before and after anaerobic digestion, 68.31% and 39.11% TS, 62.55% and
17.77% VS, 31.55% and 5.71% C/N, 26.74% and 38.24% AC. The mixture of maize straw and
cow dung (MD2) has 32.86% and 61.06% of MS, 67.14% and 38.94% TS, 62.81% and 18.97%
VS, 30.61% and 5.95% C/N, 26.00% and 35.78% AC. The mixture of millet straw and cow dung
(MD2) has 32.08% and 60.28% of MS, 67.92% and 39.72% TS, 63.45% and 21.09% VS, 31.45%
and 7.41% C/N, 25.41% and 34.66% AC. Cow dung only (control) has 40.00% and 65.20% of
MS, 60.00% and 34.80% TS, 61.47% and 18.45% VS, 28.29% and 5.49% C/N, 25.00% and
34.50% AC, all results are before and after Anaerobic Digestion respectively. At the end of the
study it was revealed that, MD1 is the best biomass resources for biogas production because it
possess the highest biogas production capacity (BPC) and highest conversion of volatile solid
after Anaerobic Digestion.
Generally the parameters determined in the proximate analysis both before and after anaerobic
digestion from this study shows that biogas production capacity (BPC) is in the otherMD1>MD2>MD3>Control. while the total biogas production (TBP) experimentally from the
similar work conducted by Abdullhiet al. (2015) is in the order MD1>MD2>Control>MD3.
When compared with the predicted trend (BPC) of this work, it shows that the control shifted
position from the least biogas production capacity to the third (3rd). Therefore, proximate analysis
can be used as an index for quantitative assessment of substrates for biogas production
capacity.Therefore, the results obtained from proximate analysis will assist in knowing the right
volume of biogas likely to be generated from a given biomass material before going in to the
production state.
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