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Abstract:

First generation of biofuel like ethanol obtained from sources like sugarcane and corn were replaced by second
generation of fuel from cellulose, hemicellulose and lignin which are chiefly based on non-food-based sources.
Countries generating vast amount of agricultural and animal-based waste products started using these as
sources for biofuel production. This study mainly focuses on utilizing tapioca-based material as source of
generation of biofuel. Studies were conducted to devise methods for efficient, high yielding and cost-effective
process for biogas generation by varying different process parameters. This study devises methods for effective
management of waste generated in tapioca cultivation and processing industries as well as investigates ways for
value addition of different by-products which when discarded unscientifically could attract environment
pollution and associated hazards.

Background: India being a chief producer of vegetables, the volume of waste generated from this field will also
be higher. Waste materials, especially those containing starch, mainly from corn, potato and tapioca processing
industries, when subjected to appropriate hydrolytic enzymes for the cleavage of a-1,4 linkage of the starch
molecule coverts it into corresponding monomers, which can easily be subjected to fermentation employing
methanogenic microbial consortia, which would ultimately result in the generation of biogas. The generated
biogas can be used as a source of biofuel, to power electricity and the slurry formed as the end-product also
finds application as manure in farming and agricultural sector benefiting a large proportion of the population.
Effect of variations in process parameters as well incorporation of different additives to the fermentation
mixture had been tested to check for method for high yield of the end product. This study also focusses on value-
addition to materials that are otherwise discarded as waste material, which when unscientifically disposed
could result in major environmental pollution and likely result in health issues.

Materials and Methods: In this study, starch from tapioca was used as the substrate for the production biogas.
The process parameters were varied to check for maximum vyield. The raw material was subjected to
pretreatment like aeration, soaking, acid hydrolysis (using HCI), incubation and cooking to check for variations
in gas production. Additives like ferric chloride and EDTA were also incorporated to investigate effect on
biogas production.

Results: There was a 125 % increase in biogas production in fermentation mixture containing tapioca starch on
comparison with the mixture devoid of it. Aerated samples produced lesser biogas than control samples.
However, there was 25 % increment in biogas production in samples subjected to 24 h incubation. Pre-soaking
resulted in 22 % increase in biogas production compared to controls. Pre-cooking resulted in considerable
improvement in biogas production (50 % increase). There was 122 % and 50 % increment in biogas production
respectively in samples upon addition of ferric chloride and ferric chloride and EDTA combined. Acid
hydrolyzed samples showed 88 % increment in biogas production. Synergistic effect of acid hydrolysis and pre-
cooking showed 122 % increase in biogas generation.

Conclusion: Aeration had limited beneficial impact on biogas production, while pre-incubation, pre-cooking
and pre-soaking of the tapioca starch could result in an increase in biogas production. Addition of ferric
chloride, EDTA and acid hydrolysis showed beneficial roles in biogas production.
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. Introduction
Bio methanation or methanogenesis is a process coordinated by a group microorganisms known as
methanogens, which results in the production of chiefly methane (biogas) along with other subsidiary products
as a result of the anaerobic microbial metabolism resulting in the decomposition of biomass. Unlike in
fermentation, which facilitates the anaerobic breakdown of larger organic compounds, methanogenesis involves
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the removal of semi-final products like hydrogen, smaller organic fractions and carbon dioxide formed during
the biomass decay. In methanogenesis which can also occur in ruminant gut, the anaerobic organisms digest
cellulose to other easily usable forms which is absorbed in the intestine and the methane is released during
eructation of the animal. Anaerobic respiration plays a major role in global nitrogen, sulfur and carbon cycles
upon reduction of oxyanions of nitrogen, sulfur and carbon respectively.

Methanogenesis is a form of carbon-mediated respiration wherein methane gas with high calorific
value is produced that could be used as a sustainable alternative to fossil fuels which could otherwise contribute
to environmental pollution. However, a downside of uncontrolled methanogenesis which is likely to occur in
huge land-fills is the massive release of methane gas which in turn is a green-house gas, the buildup of which
can lead to problems like global warming.

The three-stage degradation of organic material follows-1) Liquefaction (hydrolysis), 2) Acidogenesis

followed by 3) Methanogenesis. Hydrolysis involves the activity of hydrolytic bacteria (degraders) which results
in the breakdown of polymers like polysaccharides, lipids and proteins into smaller units like monosaccharides,
formate, acetate, ethanol, hydrogen, carbon dioxide using exoenzymes like proteases, amylases, cellulases,
lipase or pectinase. This process is followed by acidogenesis involving acetogenic bacteria which ferments
monomers like glucose, amino acids to form ethyl alcohol, butyrate, hydrogen and carbon dioxide. The
formation of these end-products has a great potential to affect the pH and redox potential of the working media.
In methanogenesis, methane is formed by the acetoclastic methanogenic process from carbon dioxide and
hydrogen by hydrogenoclastic mechanisms. In the degradative process, the hydrolysis and methanogenesis are
the rate limiting processes. The multiplication rate of methanogens is slow and are dependent on the pH of the
media, where the build-up of an acidic environment can result in destruction of methanogens.
The major players of bio methanation are a consortium of bacteria which helps in the conversion of biomaterial
into methane and the terminal step is carried out by a class of ancient, unusual group of bacteria called archaea,
which are similar to prokaryotes in most aspects of cell structure and metabolism but similar to eukaryotes in
terms of genetic transcription and translation. They are also extremophiles which survive in temperatures above
100°C like rocks near hydrothermal vents, geysers and black smokers. They are also mesophiles and are
common inhabitants of marshlands, sewage, highly saline, acidic or alkaline waters and in the digestive tracts of
ruminants, termites and in humans.

Methanogenic archaea have unusual type of metabolism where they use hydrogen, carbon dioxide formate,
methylated chloride compounds or acetate as energy source and uses carbon sources for growth resulting in the
production of methane as the chief end-product of their metabolism in a unique energy-generating process under
sulfate-limiting conditions. They are also important for both recycling of carbon compounds and for the
maintenance of global carbon flux on earth. This study focusses on optimization of process for enhanced
production of biogas from agricultural waste products which are high in starch content. This could add to the
economic value of such products as well as generation of additional revenue with the generation of biogas which
could be used for various applications as cooking fuel or for electrification owing to its high calorific value.

I1.  Material And Methods
Materials: Tapioca starch, cow dung, tap water, 1L conical flask, rubber stoppers with 1 and 2 holes, 5mm
diameter rubber tube, wooden stand for gas collection, ferric chloride, ethylene diamine tetra acetate (EDTA),
hydrochloric acid (HCI).

Methods:
Determination of biogas production with raw tapioca starch as substrate

3509 fresh cow dung was mixed with water so as to make 700mL final volume. To this slurry 5g
tapioca starch was added and mixed well. The slurry was then poured into 1L conical flask and closed with
single holed rubber stopper connected with tubing to an inverted conical flask filled with water and closed with
double holed rubber stopper. The outlet tubing of the inverted conical flask was placed in a conical flask
containing 100mL of water. Fermentation gases produced were collected in the bottle by water displacement
method and daily displaced volume was measured using a measuring cylinder which was equal to the daily
biogas produced from the particular set up. This set up was used throughout the study to assess the cumulative
biogas production over a period of 10 days.

Determination of biogas production from pre-aerated tapioca starch containing slurry

350g cow dung was mixed with water and made up to 700mL. 5g tapioca starch was added to the
slurry and mixed well. This slurry was aerated using aerator (air blower) for 24 hours. After aeration, the slurry
was poured into 1-liter conical flask and the gas production was measured using water displacement method as
explained above. The slurry without aeration was used as control in this experiment.
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Determination of biogas production with limited pre-aerated starch containing slurry

350g cow dung was mixed with water so that final volume was 700mL. To this slurry 5g tapioca starch
was added and mixed well. This slurry was aerated using aerator (air blower) for 6 hours. After aeration, the
slurry was poured into 1-liter glass bottle, wherein the gas production was measured using water displacement
method. The slurry without aeration was used as control in this experiment.

Determination of biogas production from pre-incubated tapioca starch containing slurry

3509 cow dung along with this 5g tapioca starch were mixed with water so that final volume was 700
mL. This mixture was pre-incubated for 24h before setting up the experiment. After pre-incubation, the slurry
was poured into 1-liter glass bottle and gas production measured using water displacement method. The slurry
not subjected to pre-incubation was used as control in this experiment.

Determination of biogas production from pre-soaked tapioca starch containing slurry

350g cow dung was mixed with water so that final volume was 700mL. This mixture was pre-
incubated for 24 hours. To this 5g pre-soaked (for 24 hours) tapioca starch was added and mixed well just
before setting up the experiment, after which the slurry was poured into 1L conical flask and gas production
measured using water displacement method. Control for this experiment was the same slurry with unsoaked
tapioca starch.

Determination of biogas production from pre-cooked starch containing slurry

350g cow dung was mixed with water so that final volume was 700ml and this mixture was kept for 24
hours, to which 5g pre-cooked (for 24 hours) tapioca starch was added and mixed well just before setting up the
experiment. After that, the slurry was poured into 1-liter conical flask and gas production measured as in above
section. Control employed for this experiment was the same slurry containing 5g tapioca starch but without pre-
cooking.

Effect of ferric chloride on bio methanation of tapioca starch containing slurry

350g cow dung was mixed with water so that final volume was 700mL. To this mixture 5g tapioca
starch was added and pre-incubated for 24 hours. To this slurry, 17.5mg ferric chloride was added and mixed
well just before setting up the experiment, after which it was poured into 1-liter conical flask and gas production
assessed as above. Slurry containing 5g tapioca starch without ferric chloride was used as control for this
experiment.

Synergistic effect of ferric chloride and EDTA on bio methanation of tapioca starch containing slurry

3509 cow dung was mixed with water so that final volume was 700mL. To this, 5g tapioca starch was
added and pre-incubated for 24h. 17.5mg ferric chloride and 17.5mg EDTA was added to this mixture and
mixed well just before setting up the experiment. The slurry was then poured into 1-liter conical flask and the
gas production was measured using water displacement method. Slurry containing 5g tapioca starch and ferric
chloride was used as control for this experiment.

Effect of hydrolysis (HCI) on bio methanation of tapioca starch containing slurry

350g cow dung was mixed with water so that final volume was 700mL. This mixture was kept for 24
hours and to this 5g hydrolyzed (for 30 min using 1N HCI) starch was added and mixed well just before setting
up the experiment. The slurry was then poured into 1-liter conical flask and gas production was measured.
Slurry containing unhydrolyzed tapioca starch was used as control in the experiment.

Synergistic effect of acid hydrolysis (HCI) and boiling on bio methanation of tapioca starch containing
slurry

3509 cow dung was mixed with water so that final volume was 700mL. This mixture was kept for 24 hours
and to this 5g hydrolyzed (for 30 min using 0.2N HCI) starch which was boiled for 15 min was added and mixed
well just before setting up the experiment, after which the slurry was poured into 1-liter conical flask and gas
production measured. Slurry containing unhydrolyzed tapioca starch was used as control for this experiment.
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1. Results

Figure 3.1 Effect of tapioca starch
on bio-methanation
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Table 3.1 Effect of tapioca starch on bio-methanation

Sample Fermentation mixture Cumulative biogas production in 10 days (in
mL)
A (without tapioca starch) 350mL water+ 350g cow dung 400mL
B (with tapioca starch) 350mL water+ 350g cow dung+ 5g tapioca 900mL
starch

*Percentage increase in biogas production is 125%

Figure 3.2 Effect of aeration on
bio-methanation of tapioca starch
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Table 3.2 Effect of aeration on bio-methanation of tapioca starch

Sample Fermentation mixture Cumulative biogas production in 10 days (in
mL)
A (without aeration) 350mL water+ 350g cow dung+ 5g tapioca 900mL
starch
B (with 24h aeration) 350mL water+ 350g cow dung+ 5g tapioca 700mL
starch
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Figure 3.3 Effect of limited
aeration on bio-methanation of
tapioca starch
920
900
880
860
840
820
800
780
760
740

900

{(in mL)

800

Cumulative biogas production in 10 days

m A (without aeration) mB (with 6h aeration)

Table 3.3 Effect of limited aeration on bio-methanation of tapioca starch

Sample Fermentation mixture Cumulative biogas production in 10 days (in
mL)
A (without aeration) 350mL water+ 350g cow dung+ 5g tapioca 900mL
starch
B (with 6h aeration) 350mL water+ 350g cow dung+ 5g tapioca 800mL
starch

Figure 3.4 Effect of pre-incubated
slurry on bio-methanation of
tapioca starch
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Table 3.4 Effect of pre-incubated slurry on bio-methanation of tapioca starch

Sample Fermentation mixture Cumulative biogas production in 10 days (in
mL)
A (without incubation) 350mL water+ 350g cow dung+ 5g tapioca 800mL
starch
B (with 24h incubation) 350mL water+ 350g cow dung+ 5g tapioca 1000mL
starch

*Percentage increase in biogas production is 25%
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Figure 3.5 Effect of pre-soaking on
bio-methanation of tapioca starch
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Table 3.5 Effect of pre-soaking on bio-methanation of tapioca starch

Sample Fermentation mixture Cumulative biogas production in 10 days (in
mL)
A (without soaking) 350mL water+ 350g cow dung+ 5g tapioca 900mL
starch
B (with soaking) 350mL water+ 350g cow dung+ 5g tapioca 1100mL
starch

*Percentage increase in biogas production is 22%

Figure 3.6 Effect of pre-cooking on
bio-methanation of tapioca starch
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Table 3.6 Effect of pre-cooking on bio-methanation of tapioca starch

Sample Fermentation mixture Cumulative biogas production in 10 days (in
mL)
A (without pre-cooking) 350mL water+ 350g cow dung+ 5g tapioca 1000mL
starch
B (pre-cooked-15min boiling) 350mL water+ 350g cow dung+ 5g tapioca 1500mL
starch

*Percentage increase in biogas production is 50%
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Figure 3.7 Effect of ferric chloride
on bio-methanation of tapioca
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Table 3.7 Effect of ferric chloride on bio-methanation of tapioca starch

Sample Fermentation mixture Cumulative biogas production in 10 days (in
mL)
A (without ferric chloride) 350mL water+ 350g cow dung+ 5g tapioca 900mL
starch
B (with ferric chloride) 350mL water+ 350g cow dung+ 5g tapioca 2000mL
starch+ 17.5mg ferric chloride

*Percentage increase in biogas production is 122%

Figure 3.8 Effect of ferric chloride
and EDTA on bio-methanation of
tapioca starch
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Table 3.8 Effect of ferric chloride and EDTA on bio-methanation of tapioca starch

Sample Fermentation mixture Cumulative biogas production in 10 days (in
mL)
A (without EDTA) 350mL water+ 350g cow dung+ 5g tapioca 2000mL
starch+ 17.5mg ferric chloride
B (with EDTA) 350mL water+ 350g cow dung+ 5g tapioca 3000mL
starch+ 17.5mg ferric chloride+ EDTA

*Percentage increase in biogas production is 50%
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Figure 3.9 Effect of acid hydrolysis
on bio-methanation of tapioca
starch
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Table 3.9 Effect of acid hydrolysis on bio-methanation of tapioca starch

Sample Fermentation mixture Cumulative biogas production in 10 days (in
mL)
A (without HCI) 350mL water+ 350g cow dung+ 5g tapioca 850mL
starch
B (with 1N HCI) 350mL water+ 350g cow dung+ 5g tapioca 1600mL
starch+1N HCI

*Percentage increase in biogas production is 88%

Figure 3.10 Combined effect of
acid hydrolysis and pre-cooking on
bio-methanation of tapioca starch
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Table 3.10 Combined effect of acid hydrolysis and pre-cooking on bio-methanation of tapioca starch

Sample Fermentation mixture Cumulative biogas production in 10 days (in
mL)
A (without HCI) 350mL water+ 350g cow dung+ 5g tapioca 900mL
starch
B (with 0.2N HCl and 15min 350mL water+ 350g cow dung+ 5g tapioca 2000mL
boiling) starch+0.2N HCI

*Percentage increase in biogas production is 122%

IV.  Discussion
It is evident from the data that dry tapioca starch waste has the potential to generate more biogas than
the conventional source available in India that is cow dung. Starch is mainly available from corn processing
industry, potato processing industry, tapioca processing industry and other similar agriculture-based industries.
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Starch is a polymer of glucose connected in a-1,4 linkage through glycosidic bond. With the help of appropriate
hydrolytic enzyme this polymer can be cleaved into its oligomeric form or ultimately to its dimer or monomer.
monomers can be fermented through the methanogenic pathway with the help of microbial consortia producing
biogas which consist of mainly methane as its inflammable component.

Considering the huge availability of starch containing agricultural wastes in this country there is a great
potential to convert reduced carbon sources to methane through anaerobic pathway and is further used for power
generation. This work assumes a lot of importance considering the huge population of India which is second
largest in the world and its corresponding energy demand. At present India is importing 80% of its crude oil
mainly from gulf countries in order to feed its huge economy. Crude oil and other conventional energy sources
like coal and wood being non-renewable, is contributing not only environmental pollution, but also continuous
price hike of various products manufactured using this material. Depletion of natural resources being a reality
there is very much less we can do to solve this problem.

In this context alternate renewable source of energy has to be explored which are not seen as a
supplement to existing energy sources but has the potential to replace them in the future. Out of the various
options available, solar energy, wind energy, tidal energy and bio energy show much promise for the future. All
these energy sources are ultimately driven by the universal source of energy which is sun and from that point of
view solar radiation falling on the earth’s surface a day is equivalent to the 1/5th of all fossil reserve energy
available. The plants have the ability to trap this solar energy through photosynthesis and to lock this energy in
various biomolecules.

Unleashing energy present in biomolecules in plant can all together eliminate present world energy
crisis. Considering amount of biomass synthesized on day-to-day basis appropriate technology should be
developed to extract this cosmic energy which is hidden in the biomass and which can be made available to
serve various needs of individuals, industries and countries. Bio-methanation being an anaerobic process
efficiently converts carbon Containing substrates like starch, protein and fats to methane which is most reduced
form of carbon. When methane is burnt no smoke will be there which contribute to environmental pollution.
This is also significant in the context of global warming, the major problem of present world. Microbes taking
pan in bio-methanogenesis pathway (hydrolytic, acidogenic, acetogenic, and methanogenic), out of these
methanogens are very sensitive to temperature and pH and they are strict anaerobes. The other 3 groups of
bacteria can tolerate slightly acidic pH and fluctuations in temperature. This calls for phase separation of
biochemical processes involved leading to better efficiency in minimal time.

Fig: 3.1 — Table 3.1 show bio-methanation potential of tapioca starch. it is evident from the data that
dry tapioca starch generated 500 mL more gas compares to control.

Fig: 3.2 — Table 3.2 show bio-methanation potential of tapioca starch in aerated and non-aerated
condition. In aerated gas production was lesser than control, proving that oxygen is toxic to methanogens and
even if rate of hydrolytic enzymes secretion increased resulting in increased monomer production, ultimate gas
production will be low since methanogens are affected by oxygen.

Fig: 3.3 — Table 3.3 show bio-methanation potential of tapioca starch under limited aerated condition
(6 hours) data show that 6h aerated culture produced 400mL, lesser gas than non-aerated one which produced
900mL gas. This proves that methanogens were still affected but that the damage is less.

Fig: 3.4 — Table 3.4 show bio-methanation potential of tapioca starch which was pre-incubated for
24h without aeration. 24h pre-incubated fermentation mixture produces 1000mL gas compared to 900mL gas
production in control. This increase in gas could be attributed to the fact that glucose present as part of starch
polysaccharide is converted to monomeric acids and to acetate. The accumulation of acetate in high
concentration in fermentation broth helps to boost biogas production which is transferred to anaerobic digester
and acetate being the immediate precursor.

Fig: 3.5 — Table 3.5 show bio-methanation potential of tapioca starch which was soaked for 24h prior
to bio-methanation. Soaking helps to swell the polymer making easy for hydrolytic enzymes to cleave the
glycosidic bond and to produce corresponding monomers. This will naturally help to increase acetate
concentration in the pre digestor which will produce excess biogas when digested anaerobically.

Fig: 3.6 — Table 3.6 show bio-methanation potential of pre-cooked tapioca starch. Exposing organic
polymer to steam under high pressure will help to soften the material which enhances the rate of catalysis by
hydrolytic enzymes.

Pre-cooking not only soften the material but also reduces the pre-treatment time compared to soaking
in water, precooked starch produced 1500mL gas compared to control which produced only 1000mL biogas.

Fig: 3.7 — Table 3.7 show bio-methanation potential of tapioca starch in the presence of ferric
chloride. Various metals have important roles in bio-methanogenesis and they act as cofactors of key enzymes.
Iron will help to enhance the rate conversion of acetate to methane. 25ppm ferric chloride containing
fermentation broth produced 1500mL gas compared to control (1000mL).
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Fig: 3.8 — Table 3.8 show bio-methanation potential of tapioca starch in the presence of ferric chloride
and EDTA. Biogas mixture contains methane, carbon dioxide, hydrogen sulphide etc. In the presence of
hydrogen sulphide, ferric ions form ferric sulphate. Once the metal ion is precipitated it will not be available to
the methanogenic bacteria. In order to address this problem chelating agent EDTA was used, which will
complex with ferric ion thus avoiding precipitation. From the data it is very evident that the presence of EDTA
increased the bioavailability of metal ion leading to more biogas production.

Fig: 3.9 — Table 3.9 show bio-methanation potential of tapioca starch when hydrolyzed with 1N
hydrochloric acid. From the data it is evident that there was significant increase in biogas production due to acid
hydrolysis.

Fig: 3.10 Table 3.10 show bio-methanation potential of tapioca starch when hydrolyzed with 0.2N
hydrochloric acid and boiled for 15 minutes. Boiling and acid hydrolysis caused cleavage of the glycosidic bond
of starch which give rise to monomers and hence enhances biogas production. From the data it is evident that
there was significant increase in biogas production due to acid hydrolysis and boiling.

V.  Conclusion

Fermentation mixture when pre-incubated produced more biogas because of higher acetate
accumulation.

Since methanogens are sensitive to oxygen, the biogas production was lesser when the fermentation
mixture was aerated.

Pre-soaking increased biogas production because it makes starch prone to hydrolytic enzymes, similar
effect was also seen in the case of pre-cooking.

When tapioca starch containing fermentation mixture was supplemented with ferric chloride, biogas
production increased because these metal ions act as cofactor and as prosthetic group for functional enzymatic
action.

Acid hydrolysis leads to cleavage of starch polymer leading to high monomer production and hence
enhanced biogas production.

Acid hydrolysis along with precooking further increased biogas production. This technique minimizes
environmental pollution caused by acids.
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