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Abstract: - Biogas production at low temperature regimes is 
annoyingly slow and yields low biogas volumes. Most biogas 
supplements are expensive and substrate-specific. The effects of 
two bio-catalysts Saccharomyeces spp. and Acanthaceae spp. and 
an inorganic catalyst ferric oxide on biogas production using cow 
dung slurry was investigated. 1.5L batch anaerobic digester 
operating in unstirred cryo-mesophilic temperature regime of 
20.0 -24.5 0C were utilized. The substrate underwent mild 
synergistic pre-treatment by steaming with 1% sodium 
hydroxide solution. The alkalinity and volatile acids of the 
substrates were insignificantly perturbed by inclusion of the 
additives. Additives Saccharomyeces spp. and Acanthaceae spp. 
stabilized digestion temperature while ferric oxide stabilized pH 
drifts. The overall biogas yields produced in the 100-day 
retention period were in the order of 4615ml (990.34ml/g-Volatile 
solids) for ferric oxide, 2335ml (494.08ml/g-Volatile solids) for 
Saccharomyeces spp., 1750ml (328.94ml/g-Volatile solids) for 
Acanthaceae spp. and 1030ml (212.37ml/g-Volatile solids) for the 
control sample. Use of these additives would thus optimize biogas 
production in cold countries.                                                                                                                                                                                                                                                                                        

Key words: bio-catalysts, cryo-mesophilic temperature, biogas 
production 

I. BACKGROUND 

reener processes are no longer just an environmental 
option but a strategic choice in the modern economy. [1] 

By green chemistry, there is minimization of waste disposal 
and emissions are channeled to renewable energy. Green 
chemistry advocates for use of energy with reduced 
environmental emissions (clean energy). There is unsatisfied 
desire in use of green catalysts that will not only accelerate 
Anaerobic Digestion processes while simultaneously reducing 
any Polycyclic Aromatic Hydrocarbons (PAHs) emissions [2]. 
Use of biogas fuel is by itself a green chemistry application 
since the amount of gaseous emissions are reduced. Economic 
conservancy is a critical pillar of green chemistry. Anaerobic 
digestion offers excellent opportunities to convert organic 
waste streams into environmentally safe bio-solid. It also 
generates renewable energy through the bio-methane 
produced by the microbiological populations processing the 
wastes [3]. 

The anaerobic digestion process is carried out by the 
involvement of different types of microorganisms which 
possess a very close syntrophic relationship with production 
of CH4 being slow and sensitive. In the presence of water, dry 
biomass is hydrolyzed anaerobically to volatile acids which 
are then digested by micro-bacteria archea to form biogas. 

Landfill gas is however formed when the biomass has very 
little water or the C:N ratio is too little. Landfill gas can also 
be upgraded to biogas [4].  

Dry biomass + water → biogas 

C6H9O4 + 1.7 H2O → intermediate processes → 3.1CH4 + 
2.9CO2[5] 

The final result of anaerobic digestion is similar to feedstock 
digestion in the rumen of herbivores but with almost full 
biomass conversion unlike in the rumen where only about 
50% conversions are attained [6]. High temperature is 
required to break down the biomass to bio-syngas. Further 
catalytic processes are required for biomethane production 
from the bio-syngas [7]. Any biomass with a Carbon content 
of 50% and 80% volatile solids and above can produce biogas. 
Bulky and fibrous biomasses are preferred due to their ease of 
digestion. They are however associated with high levels of 
VFAs [8]. The resulting bio-syngas thus has high levels of 
carbon dioxide (around 35%), water vapor, ammonia and free 
Nitrogen due to peptides, H2S, CXHY, BTX, siloxanes 
(C4H4S), inorganic and organic contaminants [9]. 

Compared to other fuels such as charcoal and firewood, 
biogas is considered a cleaner fuel.  Biogas comprise of about 
65% methane (CH4), 30% carbon dioxide (CO2) and other 
trace gases such as ammonia and hydrogen sulphide.  
Whereas methane is fully combusted to form water and 
carbon dioxide, carbon dioxide is directly emitted into the 
atmosphere. Thus, higher levels of methane imply lower 
levels of carbon dioxide in the biogas and therefore less 
carbon dioxide emission. The molecular formulae of CH4 
implies that methane gas has the largest C:H ratio of 1:4 for 
all hydrocarbons. A higher C:H ratio implies more direct 
combustion leading to less CO2 emission. It is also worth to 
note that CH4 in the atmosphere is 4 times more potent than 
CO2. More hydrocarbon combustion thus minimizes CH4 
levels in the atmosphere. Biogas emits 80% less COX and 
60% less NOX than other hydrocarbons [10].  

Presence of carbon dioxide in biogas; lowers power output 
from engine, takes up space when biogas is compressed for 
storage in cylinders and cause freezing problems at valves and 
meter points where the compressed gas undergoes expansion 
during engine running [11]. Traces of hydrogen sulphide in 
biogas form sulphuric acid mists which corrode internal pipes 
and fittings. H2S in biogas is largely from the sulphate content 
in the water used and range between 1000 to 2400 ppm. It is 
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traditionally removed by rapid injection of air into the biogas 
whereby thiobacilli bacteria oxidize the sulphides to water, 
hydrogen and sulphur [12].  

Moisture in biogas cause corrosion as well as reduce the 
Heating Value (Calorific value) of the biogas. The amount of 
saturated water vapor in a gas depends on temperature and 
pressure; increasing with temperature. When water vapor 
condenses within a system due to pressure or temperature 
changes, it can result in clogging of the pipes. Water vapor in 
the biogas combine with CO2 or H2S forming corrosive 
carbonic or sulphuric acids which also lower the AD pH [13]. 
The simplest means of removing excess water vapor to dew 
points that preclude downstream condensate in biogas is 
through refrigeration [14].  

Radicalization of bio-catalysts in biogas production is 
expected to optimize on biogas substrate potential. This study 
aimed at exploiting some of these biocatalysts using portable 
digestors at ambient conditions. A 100-day retention period 
was chosen to completely monitor the parametric behavior of 
the biogas systems.  

II. METHODS AND MATERIALS 

2.1 Materials 

All chemicals used were lab grade and sourced from Sigma-
Aldrich. 

Sulfuric acid, sodium hydroxide pellets, potassium sulfate, 
anhydrous copper sulfate, anhydrous titanium dioxide, 
alundum boiling stones, methyl red indicator, methanol, 
ethanol tributyl citrate (for antifoam), paraffin, lysine 
monohydrochloride, hydrochloric acid, potassium dichromate, 
triple-distilled water, ferrous ammonium sulfate, magnesium 
sulfate, ammonia solution, absolute ethanol, universal 
indicator solution. 

Access to centrifuge and pH meter (Hanna G-114). 

2.2 Sample Pretreatment 

The representative samples were pretreated before further 
characterization for smooth analysis. Removal of debris such 
as pebbles and tiny woody parts was done manually. The dry 
cow dung was soaked in warm water (300C) for 1 day prior to 
feeding in the reactors. Parts of the animal dung containing 
excessive wastewater and sewerage sludge were dewatered in 
order not to take too much of the AD volume. Inorganic 
material was also separated from the organic matter by 
magnetic separation.  

2.3 Sample Characterization 

2.3.1 Solid concentration 

10.000g of sample was weighed, M1 using an Analytical 
balance. The sample were then placed in a furnace 
conditioned at 1050C for 6 hours before removing, cooling 
and reweighing. The new mass was recorded as M2. A 
different 10.000g sample, M3 was pre-weighed and placed in a 

furnace conditioned at 5400C for 1 hour before removing, 
cooling and reweighing. The new mass was again recorded as 
M4 

% TS= M2/M1 *100 

% VS= M4/M3 *100 

The moisture content of the sample was measured by 
subtracting the percentage TS from 100%. 

Moisture content = 1-TS 

2.3.2 Alkalinity and Fatty Acids 

A raw sample was hydro-distilled and the distillate titrated 
against standard 0.05N H2SO4 solution up to pH 4.0. The 
volume of sample solution used was used to determine the 
concentration of Alkalinity in the sample. Another raw sample 
was also hydro-distilled and the distillate titrated against 
standard 0.1N NaOH solution up to pH 8.3. The volume of 
sample solution used was used to determine the concentration 
of VFAs in the sample. 

2.3.3 Setting pH and temperature 

The temperature and sample pH at the onset were determined 
using a pH meter, Hanna G-114. 

2.4 Substrate Preparation 

The already pretreated samples were tightly ensilaged in a 
polythene bag for three days for fibre content reduction. The 
sample was then slowly steam reformed with 1% CaO 
followed by 1% NaOH solutions to minimize VFA 
concentration. They were then dried up for a further 2 days 
away from direct sunlight to reduce any toxicity of the sample 
due to acidity. Size reduction was further done by crushing to 
a size of about 2 inches for ease of agitation before setting in 
AD.  

2.5 Anaerobic DigesterReactor Design and Sample Setting 

1.5 litre batch digesters were prepared. Four AD reactors were 
used in this case. To all, 400.00g of fresh cow dung from 
cows fed on grass and hay was added. 400.00ml of distilled 
water was then added and the mixture vigorously agitated by a 
shaker for 1 hour. 3.25% w/v of catalytic additives 
Saccharomyeces spp., ferric oxide and 5%v/vAcanthaceae spp. 
were then added to the reactors with the fourth reactor being 
left out as the control sample. 50 ml aliquot samples of the 
substrates containing additives were again recharacterized. 
The reactors were then labelled with the above initials. The 
combustibility of the biogas produced was tested on daily 
basis. 

III. RESULTS AND DISCUSSIONS 

3.1 Variation in Solid content over the retention period 

The average TS of the samples was around 14.526±1.369% 
resulting to a water content of about 85.550±1.900% which is 
well in range with the desired standards of not less than 90% 
water content. [15] The TS of sample containing ferric oxide 
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was lower than the rest due to the hygroscopic nature of the 
additive used. The overall solid content in all samples 
declined over the retention time as they were being 
hydrolyzed down to biogas and liquid bio-slurry [16]. Use of 
the three additives was found to hasten the transformation rate 

of solids to liquids. This transformation is an effective 
measure of the viability of the biogas additives [17]. Variation 
in sample solid content for the setups is summarized in table 1 
below.

 

Table 1; Solid content of the substrate samples 

Parameter Day 
Samples 

Control Saccharomyecesspp. Ferric oxide Acanthaceae spp. 

TS (%) 

Day 1 14.413±0.008 14.389±0.012 15.890±0.011 13.413±0.014 

Day 50 12.115±0.124 10.090±0.001 9.901±0.233 11.145±1.011 

Day 100 10.245±1.107 8.071±1.223 7.456±0.023 9.111±0.324 

VS (%) 

Day 1 4.850 ±0.021 4.730 ±0.009 5.320 ±0.011 4.660 ±0.020 

Day 50 4.223±0.965 4.056±0.463 4.123±0.024 4.122±1.023 

Day 100 3.889±0.021 3.347±0.997 3.001±0.489 3.998±0.434 

Water Content (%) 

Day 1 85.587±0.070 85.611±0.060 84.110±0.070 86.587±0.030 

Day 50 87.885±0.161 89.910±0.161 90.099±0.786 88.855±0.964 

Day 100 89.755±0.132 91.929±0.333 92.544±1.045 90.889±0.789 

 

The reactor with additive Acanthaceae spp. had a higher water 
content since the additive itself was in a syrup form (watery).  
The VS values were all proportionate to their TS values and 
ranging at around 4.890±0.570% which is in accordance to 
standard values (5%) [17] Volatile solid content also declined 
over the retention time as the solid biomass was being 
converted to gas and liquid bio-slurry [16, 18]. A higher VS 
value in the sample containing additive ferric oxide is an 
indicator of more volatile matter (most of which happen to be 
acidic). Gallagos et al., 2017 [19]; showed that the volatile 
matter in biomass sequentially reduce over time as hydrolysis 

occur. This is in relation to the weak acidic nature of the 
additive.  

3.2 Variation in Alkalinity and Volatile Acids over retention 
period 

Alkalinity and volatile acids content is proportional to the 
composition of the biomass at that instant [20, 21]. Biomass 
degradation is controlled by several enzymes which are pH 
dependent and affect the total volatile acids produced [22]. 
The change in alkalinity and volatile acids across the 100-day 
retention period is summarized in table 2 below; 

Table 2; Alkalinity and volatile acids concentration of the samples 

Parameter 
 Samples 

Day Control Saccharomyeces spp. Ferric oxide Acanthaceae spp. 

ALK (g/L) 

Day 1 10.930 ±0.018 10.210 ±0.010 10.300 ±0.012 10.100 ±0.020 

Day 50 10.102±0.111 9.452±0.133 9.235±1.220 9.103±0.111 

Day 100 9.454±1.206 8.665±0.564 8.001±0.678 8.892±0.132 

VFAs (g/L) 

Day 1 2.670 ±0.020 1.990 ±0.011 1.870 ±0.010 1.950 ±0.011 

Day 50 2.990±1.033 2.221±1.334 2.002±0.000 2.102±0.986 

Day 100 3.421±0.978 2.093±0.888 2.010±0.463 2.457±0.765 

 

The Alkalinity values of the samples were in the range of 
10.500 ± 0.500g/L slightly higher than the anticipated and 
recommended value of 8.0-10.0g/L [23]. This is partly 
attributable to the pretreatment undertaken by steaming with 
1% alkali solution. The change in alkalinity values were 
highest in the samples containing additives. All the samples 
with the catalytic additives indicated reduced VFA 
concentration. It was noted that the volatile acid content of the 

ferric oxide sample was less compared to the other samples 
attaining only 2.010±0.463𝑔/𝐿 after 100 days retention 
period. Shakeri et al., 2017 [24], found out that volatile acids 
are inversely proportional to the ferric ions content in biomass 
sample. The ALK:VFA ratio of all the substrates was in the 
range of 3.6 – 5.0 as recommended. [25] 
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3.3 pH variation for 100 days Retention Period 

All samples were within the desired range of biogas 
production throughout the entire retention period. There was a 
slight decrease in the pH of the samples for the first 20 days 
across all samples attributable to increased volatile acids 
during the precursor steps of methane formation. Thereafter, 
the pH gradually rose attaining a range of 7.0 -8.5. 

The initial pH of all samples was in the range of 7-8 which is 
ideal for cow dung inoculum. The pH gradually declined then 

increased after about 20 days. pH variation depend on the 
stage of biomass to biogas conversion i.e from hydrolysis, 
acidogenesis, acetogenesis and methanogenesis [26]. During 
hydrolysis, starch is converted to glucose (cellulose and 
hemicellulose enzymes thriving at neutral pH thus pH still 
slightly alkaline i.e. 7- 8.5) Lipids and proteins are also 
broken down to smaller molecules such as peptides, fats and 
glycerol. Both lipase and peptidase enzymes thrive at weakly 
alkaline pH. [27]. Figure 1 below illustrates the changes in pH 
over time. 

 

 
Figure 1; pH variation of substrate samples over the retention period 

After the 4th day depending on the catalytic additive used, the 
pH gradually decrease. The pH decrease is largely attributable 
to the prevailing two steps; acidogenesis and acetogenesis. 
[28]. Higher temperature results to more acetic acid [28]. The 
control sample took the longest time to lower its pH indicating 
lack of process catalysis. Samples Saccharomyeces spp. and 
Acanthaceae spp. attained a lower pH quickly indicating 
enhanced process activation by their additives. During 
acetogenesis step, the acids formed react to give acetic acid as 
the major product [28]. Transition of volatile acids to acetic 
acids further lowers the pH of the samples. Acetogenetic 
enzymes also dwell in acidic media. While the control sample 
showed a longer transition period (12 days) between 
acidogenesis and acetogenesis, sample Acanthaceae spp. was 
more drastic taking only 4 days for the transition. The final 
stage of biogas production is methanogenesis whereby acetic 
acid formed during acetogenesis is slowly cleaved to form 
natural gas and carbon dioxide.  

The sample pH was between 7.5 -8.5 for all the samples set 
after Retention day 17 (ferric oxide), 20 (Saccharomyeces 

spp. & Acanthaceae spp.) and 32 for the control sample. From 
above information it is clear that additive ferric oxide is the 
quickest in accelerating the HRT for biogas production. 
Samples with additives Saccharomyeces spp. and 
Acanthaceae spp. both reduced the HRT by 12 days each. 
These data is in accordance with the number of days taken to 
produce combustible gas as discussed under section 3.5 
below. 

3.4 Temperature variation for 100-day Retention Period 

Biogas production is directly proportional to the digester 
temperature [29]. The ADs largely operated in a physophilic 
regime of between 20.0 to 24.50C. Temperature variation is 
not directly related to catalysis since the process of anaerobic 
digestion is very long and controlled by many factors, 
temperature itself being one of the factors [30]. The kinetics 
of AD are thus neither extensively endothermic nor 
exothermic and temperature is only usually taken to determine 
if the reaction is feasibly progressing. The changes in 
temperature over the retention period are shown in figure 2 
below.
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Figure 2; Temperature variation of substrate samples over the retention period 

Temperature is directly proportional to both biogas quantity 
and quality. Since the temperature variation for all the 
samples remained almost constantly in range, we can only 
discuss the temperature of the samples before attainment of 
HRT periods for each of the samples. From the above graph, it 
is clear that the temperature of samples with additives 
Saccharomyeces spp. and Acanthaceae spp. are consistent 
Retention day-26. These temperature conditions are also 
proportional to their HRT with both attaining HRT after 20 
days. The sample with additive ferric oxide indicated a lower 
temperature as compared to the other samples up to Retention 
day-33. It is however notable that this sample was the first to 
attain HRT after only 17 days. The Control sample was the 

most inconsistent sample, with its temperature largely 
influenced by external factors such as the day’s weather 
conditions. Failure to have a stabilized temperature elongated 
its HRT to 32 days and lowered its biogas yields.  

3.5 Biogas production over 100-day retention period 

The overall biogas yields produced in the 100-day Retention 
period were in the order of 4615ml (990.34ml/g-Volatile 
solids) for Ferric oxide, 2335ml (494.08ml/g-Volatile solids) 
for Saccharomyeces spp., 1750ml (328.94ml/g-Volatile 
solids) for Acanthaceae spp. and 1030ml (212.37ml/g-
Volatile solids) for the Control sample. Biogas yields were 
monitored and recorded in figure 3 below;

 

 
Figure 3; Biogas production yields of samples over the retention period 
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All the catalytic additives increased the volume of biogas 
production by 1.7, 2.3 and 4.5 for catalysts Acanthaceae spp., 
Saccharomyeces spp. and ferric oxide respectively. It is also 
worth noting that sample ferric oxide had the earliest 
Hydraulic Retention Time of 17 days. Sample ferric oxide 
maintained high biogas yields right from the onset and 
throughout the entire retention period. Biogas yields for 
sample ferric oxide were however inconsistent but largely in 
line with the sample pH expectations for each stage. Maurya 

et al., 2015; showed that use of plant extracts in a mixed-
consortia biogas setup and biomass pre-treatment increased 
biofuel yields by appreciable margins [31]. Presence of 
transition metals is known to increase reactivity of both 
organic and inorganic reactions due to their formation of low 
energy intermediate complexes hastening reactions [32]. The 
ferric oxide sample was thus able to produce more biogas 
volumes. These variations in biogas production are illustrated 
in figure 4 below.  

 

 
Figure 4; Biogas production patterns over the retention period 

An anomaly observed with sample ferric oxide is the relation 
between its biogas productions with temperature whereby the 
biogas yields were high when the temperature was below 
those of the rest. An insight into this anomaly is invited. 
Sample Saccharomyeces spp. and Acanthaceae spp. which are 
both purely bio-organic catalysts (BOCs) indicated more 
biogas yields as compared to the control sample. These 
additives regulated the temperature and their biogas yields 

were consistent immediately after HRT attainment. Routine 
biogas yields from these samples were highly predictable.  

3.6 Combustibility test 

The time taken to produce combustible gas was in direct 
relation to the sample temperature readings. Table 3 below 
shows the durations taken for combustible gas to be formed. 

 

Table 3; Comparison of duration taken to produce combustible biogas 

Sample Control Saccharomyeces spp. Ferric oxide Acanthaceae spp. 

Days taken to combust 16 10 11 9 

 

Samples Acanthaceae spp. and Saccharomyeces spp. were 
thus the first samples to produce combustible gas (equivalent 
to 60% methane levels) followed by sample ferric oxide 
whereas the Control sample was last taking 16 days. This test 
indicates that biogas quality is directly related to AD 
temperature and catalytic additives Acanthaceae spp. and 
Saccharomyeces spp. were tentatively raised and stabilized 
their AD temperature thus higher methane levels quickly 
attained.  

 

IV. CONCLUSION 

Green Bio-Organic Catalysts (BOCs) christened 
Saccharomyeces spp. and Acanthaceae spp. and an inorganic 
catalyst ferric oxide were investigated for their effects on 
biogas production from fresh cow dung. Inclusion of these 
additives had adverse effects on biogas digester parameters 
such as pH and temperature leading to increased biogas 
yields, reduction of biogas digester hydraulic retention time 
and acceleration of combustibility points (more methane 
levels). BOCs Saccharomyeces spp. and Acanthaceae spp. 
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had stabilized the digester temperature values thus attained 
combustible gas 6 and 7 days prior to the control sample and 
produced biogas yields 2.3 and 1.7 folds higher than the 
control sample. Additive ferric oxide was able to normalize 
pH drifts quickly, reinstating pH 7.5 and above on retention 
day-17 as compared to retention day-32 for control sample 
and thereafter fully stabilizing these pH values. Consequently, 
the sample with additive ferric oxide produced 4.5 folds 
biogas yields as compared to the control sample. The overall 
biogas yields produced in the 100-day retention period were in 
the order of 4615ml (990.34ml/g-Volatile solids) for ferric 
oxide, 2335ml (494.08ml/g-Volatile solids) for 
Saccharomyeces spp., 1750ml (328.94ml/g-Volatile solids) 
for Acanthaceae spp. and 1030ml (212.37ml/g-Volatile 
solids) for the control sample. 

Integration of these biocatalysts or their sources into biogas 
digester systems can thus reduce biogas production time and 
as a result minimize production costs while increasing 
production yields as well as enable efficient waste biomass 
conversion to energy.  

AUTHORS CONTRIBUTIONS 

Bakari Chaka was involved in data collection and writing up 
of the final findings as well as compiling this research article. 
Dr Aloys Mosima was involved in designing of the research 
and reviewing of the findings as well as result analysis and 
discussion. Both authors approved the work with no conflict 
of interest.  

ACKNOWLEDGEMENTS 

This study was fully supported by The Centre of Innovation, 
New and Renewable Energy (CINRE) department of Maasai 
Mara University, Kenya. 

DECLARATION OF INTEREST 

The authors declare to have no conflict of interest whatsoever. 

REFERENCES 

[1]. P. Anastas, N. Eghbali, Green Chemistry: Principles and Practice. 
Chem. Soc. Rev., 39, (2010),301–312. 

[2]. M.R. Cave, J. Wragg, I. Harrison, C.H. Vane, T.V. Wiele, E. 
Groeve, C. Nathanail, “Comparison of Batch Mode and Dynamic 
Physiologically Based Bio-accessibility Tests for PAHs in Soil 
Samples". Environmental Science & 
Technology. 44 (7),(2010),2657–2659. 

[3]. J. Kim, G. Baek, J. Kim, &C. Lee, Energy production from 
different organic wastes by anaerobic co-digestion: Maximizing 
methane yield versus maximizing synergistic effect. Renewable 
Energy, 136, (2019), 683-690. 

[4]. Q. Xu, J. Qin, &J.H. Ko, Municipal solid waste landfill 
performance with different biogas collection practices: Biogas and 
leachate generations. Journal of Cleaner Production, 222, (2019), 
446-454. 

[5]. D. Deublein,&A. Steinhauser,Biogas from Waste and Renewable 
Resources. 2ndedition ed. Weinheim: Wiley-VCH Verlag GmbH & 
Co. KGaA. 2011, ISBN: 978-3-527-32798-0. 34-35. 

[6]. Z. Li, A.D.G Wright, H. Liu, K. Bao, T. Zhang, K. Wang, X. Cui, 
G. Li, Bacterial Community Composition and Fermentation 
Patterns in the Rumen of Sika Deer (Cervus nippon) Fed Three 
Different Diets. Microbial Ecology, 69, 2, (2015),307-318. 

[7]. H. Li, E. Larsson, E. Thorin, E. Dahlquist, &X. Yu, Feasibility 
study on combining anaerobic digestion and biomass gasification 
to increase the production of biomethane. Energy Conversion and 
Management, 100, (2015), 212-219. 

[8]. D. Fernández-Gutiérrez, M. Veillette, A. Giroir-Fendler, A.A. 
Ramirez, N. Faucheux, &M. Heitz, Bio-valorization of saccharides 
derived from industrial wastes such as whey: a review. Reviews in 
Environmental Science and Bio/technology, 16, 1, (2017),147-174. 

[9]. R. Luc, Biomass Gasification and Upgrading to Biomethane, 
Energy Delta Gas Research,1, Arhnem. (2013),Pg. 10. 

[10]. J. Sjöström, Green chemistry in perspective—Models for GC 
activities and GC policy and knowledge areas. Green Chem., 8, 
(2006),108-117. 

[11]. Y. Chen, Modeling and Simulation of CO2 Absorption with Amine 
Component Solvent. Computer Aided Chemical Engineering, 
Vol.31, (2012), 519-525. 

[12]. A. Haghtalab, V.G. Papangelakis, &X. Zhu, The electrolyte NRTL 
model andspeciation approach as applied to multicomponent 
aqueous solutions of H2SO4, Fe2(SO4)3, 
MgSO4 and Al2(SO4)3 at 230-270 C. Fluid Phase 
Equilibria,220(2), (2004),190-209. 

[13]. A. Salihu, &M.Z. Alam, Upgrading strategies for effective 
utilization of biogas. Environmental Progress & Sustainable 
Energy, 34, 5, (2015),1512-1520. 

[14]. R. Crovetto, Evaluation of Solubility Data of the System CO2- 
H2O from 273 K to the Critical Point of Water. Journal of 
Physical and Chemical Reference Data, Vol.20, (1991),568-589. 

[15]. J. Bollon, R. Le-hyaric, H. Benbelkacem, &P. Buffiere, 
Development of a kineticmodel for anaerobic dry digestion 
processes: Focus on acetate degradation and moisture 
content. Biochemical Engineering Journal, 56(3), (2011),207-218. 

[16]. K. Svensson, O. Kjørlaug, M.J. Higgins, R. Linjordet, &S.J. Horn, 
Post-anaerobic digestion thermal hydrolysis of sewage sludge and 
food waste: Effect on methane yields, dewaterability and solids 
reduction. Water Research, 132, (2018), 158-166. 

[17]. Y. Zhang, Y. Zhang, &L. Tang, Effect of PEG4000 on cellulase 
catalysis in the lignocellulose saccharification processes. Journal 
of Chemical Technology & Biotechnology, 86, 1, (2011),115-120. 

[18]. I. Höfer, &M. Kaltschmitt, Effect of additives on particulate 
matter formation of solid biofuel blends from wood and 
straw. Biomass Conversion and Biorefinery: Processing of 
Biogenic Material for Energy and Chemistry,7, 1, (2017),101-116. 

[19]. D. Gallegos, H. Wedwitschka, L. Moeller, A. Zehnsdorf, &W. 
Stinner, Effect of particle size reduction and ensiling fermentation 
on biogas formation and silage quality of wheat 
straw. Bioresource Technology: Part A, 245, (2017), 216-224. 

[20]. V. Yilmaz, E. Ince-Yilmaz, Y.D. Yilmazel, &M. Duran, Is 
aceticlastic methanogen composition in full-scale anaerobic 
processes related to acetate utilization capacity? Applied 
Microbiology and Biotechnology, 98, 11, (2014),5217-5226. 

[21]. G. Capson-Tojo, M. Rouez, M. Crest, J.P. Steyer, J.P. Delgenès, 
&R. Escudié, Food waste valorization via anaerobic processes: a 
review. Reviews in Environmental Science and 
Bio/technology, 15, 3, (2016),499-547. 

[22]. Z. Cetecioglu, B. Ince, M. Gros, S. Rodriguez-Mozaz, D. Barceló, 
O. Ince, &D. Orhon, Biodegradation and reversible inhibitory 
impact of sulfamethoxazole on the utilization of volatile fatty 
acids during anaerobic treatment of pharmaceutical industry 
wastewater. Science of the Total Environment,536, (2015), 667-
674. 

[23]. H.J. Prabhu N. Stalin Performance evaluation of partial mixing 
anaerobic digester ARPN Journal of Engineering and Applied 
Sciences, Vol.2, (2007),12-16. 

[24]. Y.S. Shakeri, R.M. Ziels, A. Björn, U. Skyllberg, J. Ejlertsson, A. 
Karlsson, M. Svedlund, B.H. Svensson, Importance of sulfide 
interaction with iron as regulator of the microbial community in 
biogas reactors and its effect on methanogenesis, volatile fatty 
acids turnover, and syntrophic long-chain fatty acids 
degradation. Journal of Bioscience and Bioengineering, 123, 5, 
(2017),597-605. 



International Journal of Research and Innovation in Applied Science (IJRIAS) | Volume IV, Issue IX, September 2019|ISSN 2454-6194 

www.rsisinternational.org Page 67 
 

[25]. Y. Chen, J. Cheng, &K. Creamer, Inhibition of anaerobic 
digestion process: a review.Bioresource technology, 99(10), 
(2008), 3839–3864. 

[26]. M. Goberna, M. Gadermaier, I.H. Franke-Whittle, C. García, B. 
Wett, &H. Insam,Start-up strategies in manure-fed biogas reactors: 
Process parameters and methanogenic communities. Biomass & 
Bioenergy, 75, (2015), 46-56. 

[27]. K. Chen, Q. Mo, H. Liu, F. Yuan, H. Chai, F. Lu, &H. Zhang, 
Identification and characterization of a novel cold-tolerant 
extracellular protease from Planococcus sp. CGMCC 
8088. Extremophiles: Microbial Life Under Extreme Conditions, 
22, 3,(2018),473-484. 

[28]. E. Kim, J. Lee, G. Han, &S. Hwang, Comprehensive analysis of 
microbial communities in full-scale mesophilic and thermophilic 
anaerobic digesters treating food waste-recycling wastewater. 
Bioresource Technology, 259, (2018), 442-450. 

[29]. C.M.  Liu, A.C. Wachemo, H. Tong, S.H. Shi, L. Zhang, H.R. 
Yuan, &X.J. Li, Biogas production and microbial community 
properties during anaerobic digestion of corn stover at different 
temperatures. Bioresource Technology, 261, (2018), 93-103. 

[30]. N. Ülgüdür, &G.N. Demirer, Anaerobic treatability and residual 
biogas potential of the effluent stream of anaerobic digestion 
processes. Water Environment Research, 91, 3, (2019), 259-268. 

[31]. D. Maurya, A. Singla, &S. Negi, An overview of key pretreatment 
processes for biological conversion of lignocellulosic biomass to 
bioethanol. 3 Biotech, 5, (2015), 597-609. 

[32]. I. Ahmed, R. Tia, &E. Adei, A quantum chemical study of the 
mechanisms of olefin addition to group 9 transition metal dioxo 
compounds. Springerplus, 5,1, (2016), 1-14. 

AUTHOR’S BIOGRAPHY 

Dr. Aloys Mosima Osano 

 

Phd (biofuels); Jomo Kenyatta University of Science and 
Technology, Juja, Kenya (2015).   

He is a senior Lecturer of Chemistry in the department of 
Mathematics and Physical Sciences, School of Science and 

Information Sciences of Maasai Mara University, Kenya. He 
has worked on degradation of cellulosic and lignocellulosic 
biomass and effects of salts in water bodies on macro-
invertebrates amongst many other researches. His interests 
include Development of novel analytical methods, Catalytic 
waste biomass conversions into energy materials, Search for 
alternative food materials rich in nutrients and medicinal 
values, ethnomedicine, Renewable energy chemistry, 
Biofuels, surface catalysis and material chemistry in general. 
He is currently researching on use of indigenous additives on 
hastening biogas and bio-slurry qualities from waste biomass 
and analysis of polycyclic aromatic hydrocarbons from rural 
and urban households in several counties in Kenya. 

Dr. Osano is the director of the Centre for Innovation, New 
and Renewable Energy, CINRE of Maasai mara university. 
He is a JSPS HOPE Fellow; UNEP/UNESCO/BMUB Fellow; 
and a Erasmus+international Fellow. 

Mr. Bakari Chaka Abdallah 

 

BSc. (Chemistry); Maasai mara university, Narok, Kenya. 

He is a MSc. Chemistry student in his second year of study in 
the department of Mathematicsand Physical Sciences, School 
of Science and Information Sciences, Maasai Mara 
University, Kenya. He has previously worked on water 
purification by photocatalysis and analysis of natural products 
for food values and safety. His areas of interest include waste 
biomass catalytic conversions, catalyzing biomass using trace 
metal and indigenous botanical extracts for biofuel generation, 
ethnomedicinal chemistry, water purification by 
photocatalysis, material chemistry, and food chemistry. He is 
currently researching on use of indigenous additives on 
hastening biogas and bio-slurry qualities from waste biomass 
and optimization of biomass degradation catalytic pathways.  

 


