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Abstract—With sugarcane being one of the major crops
produced globally and with the production hitting 100
million tonnes in Indian context, there needs to be
strategies for the effective waste management. Sugar
cane bagasse being an excellent raw material for biofuel
generation, its proper utilization could be a medium for
revenue generation and stabilization. Certain waste
products otherwise discarded in poultry industry like
feathers are rich source of keratin protein, the beneficial
effects of which were investigated in this study along with
metallic cofactors for effective generation of biogas. This
in addition to generation of biofuel could also help in
value addition of otherwise discarded waste products as
well as put forth a better option for management of waste
generated in the related industries. They also act as
cheaper and easily available raw materials for
generation of biogas. The study emphasizes on the
significance of delignification as an important
pretreatment for bio methanation of bagasse which
facilitates easier availability of carbon source for the
beneficial microbial population essential for the bio
methanation process. The study also determined the
importance of metallic ions like iron, nickel, cobalt,
magnesium and zinc which can act as cofactors and
prosthetic groups for functional enzymatic reactions
possessing direct as well as indirect roles in enhancing
biogas production. Supplementation of poultry feather
along with as sources of nitrogen has improved the
production of biogas

Index Terms—Anaerobic digestion, bagasse, biogas,
poultry feather, urea, metal cofactors, renewable energy.

I. INTRODUCTION

India comes under tropical region, enriched with
plenty of sunlight, climate and terrain that is conducive
to large scale production of biomass. We have an
agrarian economy which would result in large-scale
production of agricultural by-products like rice straw,
bagasse, molasses, wheat straw and the like, which
have high energy content. Total exploitable amount to
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such waste exceeds 500 million tonnes which is
equivalent to 19500MW of energy. But maximum part
of these waste is dumped /remain unutilized rendering
it as potential environmental hazard. Energy
conservation and Energy production from cheaper
resources are the need of time. Biotechnology can
make a lot of contribution in this context, by increasing
the acceptability of biomass, biogas, and fuel alcohol
as feasible alternative. Advantages of bioenergy
generation will be ecofriendly, less polluting, cheap,
plenty etc. If bioenergy generation is coupled with the
tapping of unutilized biomass, wasteland utilization
for biomass production or treatment of solid/liquid
waste, then pollution abatement and resources
utilization will be simultaneously achieved.
Development of reactor designs, gene manipulation of
microorganisms has made the task easier and
bioenergy from waste has become a reality.

With the energy requirement of developing
countries like India increasing at a very fast rate the
burden on imports also increases. The Indian policy on
biofuel is focused exclusively on non-food crops
raised on waste land which is unsuitable for cultivation
of food crops. The policy allows 100% foreign equity
for biofuel project directed at domestic consumption.
The initial few steps towards second generation
biofuel in India have been conducted on the jatropha
plant (Jatropha curcas), which is cultivated for
biodiesel. However, the prospects soon faded due to
issues such as significantly lower vyields, low
reliability for farmers and lack of capacity across the
entire value chain. In cellulosic ethanol, the progress
has been largely at the level of pilot projects. Selected
research projects have been taken up by the industries
through joint ventures and collaborations.

Similarly, waste from marine, poultry and livestock
domestication results in waste products like chicken
feather, scales of fish, blood, skin and hides of animal.
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These are very rich source of protein and their C:N
ratio is low making it beneficial for microbial growth.
Similarly using bagasse which are generated as by-
product of sugar processing industries which are
widely distributes around the country for bio
methanation comes with benefits like near-zero fuel
costs, increased fuel efficiency leading to an increase
in the economic viability of sugar mills generating
more secure, diverse, reliable and widespread supply
of electricity for local consumers, creation of greater
employment opportunities for local populations, lower
emissions of CO. and other gases than from
conventional fossil-fuel generation.

The economic development potential of bagasse Bio
methanation should not be under-estimated. Most cane
producing countries is or extremely poor, with high
unemployment and low rate of access to electricity
supply. Many cane-producing countries are heavy
users of coal in the power generation sectors, including
India and China. The application of Clean
Development Mechanism (CDM) of Kyoto protocol,
giving a monetary value to carbon dioxide (CO2)
emission reduction, could therefore be an important
driver for bagasse Bio methanation in cane producing
country.

India is also major importer of oil, giving scope for
ethanol and compressed natural gas from cane to
alleviate a high import burden and reduce emission
from oil consumption. The amount of energy that can
be extracted from bagasse is largely dependent on two
main criteria: moisture content and the technology
used for energy production.

Bio methanation from sugarcane waste (bagasse)
provides one of the best examples of renewable-based
bio methanation yet it remains largely unexploited.
The advantages of bagasse as a fuel for bio
methanation are numerous, ranging from the
environmental to the social and economic. Biofuel like
bioethanol, biohydrogen, biodiesel, biogas and so on
is a source of energy originated from biomass-recently
living organism or their metabolic by products.
Example is bio methanation of bagasse using of cow
dung. It is renewable energy-unlike natural resources
such as petroleum, coal and nuclear fuel.

Il. MATERIALS AND METHODS

Materials:
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Fresh cow dung, tap water, 750 mL conical flask,
measuring cylinder, wooden stand for gas collection,
beakers (100/250/500mL) rubber stopper with one and
two holes, rubber tube, sieve, sodium hydroxide, urea,
poultry feather, hydrochloric acid, ferrous chloride
(FeCly), magnesium chloride (MgCly), zinc sulfate
(ZnS0.), cobalt chloride (CoCly), copper (I1)chloride
(CuCly), nickel chloride (NiCly), plastic beaker,
conical flask, bagasse, grinder, autoclave.

Method:

The fermentation mixture (containing 30g cow dung)
was poured into a 750mL conical flask 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.

A. Bio-methanation of bagasse under different pre-
treatment conditions

The bagasse was collected from different sources,
washed twice with tap water, sun dried to remove
water. The dried bagasse was cut in to size of 1-2 cm
with a sharp scissors, ground to further reduce its size,
sieved and collected in separate jars and levelled. A
batch of the sample was subjected to alkali treatment
where 10g of sieved bagasse was soaked in 100mL
NaOH (1%) for 24 hours. After 24h every batch of
bagasse was washed thoroughly with tap water to
attain near neutral pH (7-7.5). This process also
facilitates in the removal the residual lignin and excess
alkali. Another batch of bagasse was subjected to heat
treatment where it was autoclaved at 15psi at 121°C
for 15min then suddenly cooled with help of ice
bucket. Another set were subjected to boiling at 100°C
for 15min with the temperature calibrated by help of
lab thermometer. In another test, 10g raw sieved
bagasse powder was mixed with 200mL 0.1 N NaOH
solution, stirred and autoclaved at 15psi at 121°C for
15min then suddenly cooled with help of ice bucket.
The total volume was 600mL and the mentioned three
conditions were tested with control (with no
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substrate), test 1 (10g raw sieved bagasse), test 2 (8g
delignified bagasse), test 3 (10g sieved and autoclaved
bagasse), test 4 (100°C treated bagasse), and test 5
(0.IN NaOH treated and autoclaved bagasse). The
whole mixture of different samples was poured in to
750mL conical flask, closed with one-holed rubber
stopper and the biogas production analyzed using
water displacement as specified above.

B. Effect of urea supplementation on bio methanation
of bagasse

Slurry was prepared by mixing 30g of fresh cow dung
with substrate (except in control), 1g urea and tap
water to make up final volume to 600mL. The
cumulative biogas production was estimated using the
above-described technique.

C. Effect of different amounts of urea on bio
methanation of pre-steamed bagasse

Test samples were prepared by mixing 30g of fresh
cow dung with 10g of sieved, autoclaved bagasse and
mixed with urea concentrations varying from 1g (test
1), 29 (test 2), 3g (test 3), 49 (test 4) and 5¢g (test 5)
separately. The slurry was poured into 750mL conical
flask, and was closed with one-hole rubber stopper.
The fermentation gases were collected in an inverted
bottle containing water which was closed with two-
holed rubber stopper, connected to the reaction
mixture with rubber tubing. The space occupied by the
fermentation gases in the inverted bottle displaces
water of same amount with other tubing. This daily
displaced volume of water was measured accurately
using measuring cylinder which is equal to the daily
biogas production from particular experiment set up.

D. Effect of supplementation of poultry feather
nitrogen source on bio methanation of bagasse

Test samples were prepared by mixing 30g of fresh
cow dung with different substrates as in section A with
1g of poultry feather and poured into a 750mL conical
flask connected to conical flask to check for biogas
production as in the above sections.

E. Effect of supplementation of hydrolyzed poultry
feather nitrogen source on bio methanation of bagasse

Poultry feather collected from chicken slaughter house
was washed twice and sun dried. The feather was
ground to a fine powder and collected in separate jar

IJIRT 166599

and levelled them. 1g of powdered poultry feather was
hydrolyzed with 100mL of 6N HCI for 1hour.

Slurry was prepared by mixing 30g of fresh cow dung
with different substrates and 1g of hydrolyzed poultry
feather and tap water and the total amount was made
up to 600mL and poured into a 750mL conical flask to
check for biogas production.

F. Effect of FeCl, supplementation on bio methanation
of bagasse

25ppm 100mL solution of FeCl, was mixed with
500mL of fermentation mixture containing test
samples along with 1g urea and checked for the levels
of biogas produced as in above sections.

G. Effect of MgCl, supplementation on bio
methanation of bagasse

Slurry was prepared by mixing 30g of fresh cow dung
with different substrates mentioned in section A along
with 100mL 25ppm MgC1; solution, mixed well and
the total volume was made up to 600mL and poured
into a 750mL conical flask and biogas production was
estimated.

H. Effect of ZnSOs supplementation on bio
methanation of bagasse

Slurry was prepared by mixing 30g of fresh cow dung
with different substrates mentioned in section A along
with 100mL 25ppm ZnSO4 solution, mixed well and
the total volume was made up to 600mL and poured
into a 750mL conical flask and biogas production was
estimated as in previous sections.

I. Effect of CoCl, supplementation on bio methanation
of bagasse

Fermentation mixture was prepared by combining 30g
of fresh cow dung with different substrates mentioned
in section A along with 100mL 25ppm CoCl; solution,
mixed well and the total volume was made up to
600mL and poured into a 750mL conical flask and
biogas production was estimated using water
displacement method.

J. Effect of CuCl, supplementation on bio methanation
of bagasse

The mixture was prepared by combining 30g of fresh
cow dung with different substrates mentioned in
section A along with 100mL 25ppm CuCl1; solution,
mixed well and the total volume was made up to
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600mL and poured into a 750mL conical flask and the
cumulative biogas production was recorded.

K. Effect of NiCl, supplementation on bio methanation
of bagasse

Slurry was prepared by mixing 30g of fresh cow dung
with different substrates mentioned in section A along
with 100mL 25ppm NiCl;solution, mixed well and the
total volume was made up to 600mL and poured into
a 750mL conical flask and biogas production was
estimated for a period of 10 days.

L. Synergistic effect of FeCl, and ZnS04
supplementation on bio methanation of bagasse

The test samples contained 100mL 25ppm FeCl, and
100mL 25ppm ZnSO4 solution mixed with 400mL of
fermentation slurry as describe in section A and the
total volume was made up to 600mL (using tap water)
and were then poured separately into a 750mL conical
flasks and observed for biogas production as in
previous sections.

M. Synergistic effect of FeCl, and MgCl
supplementation on bio methanation of bagasse

Slurry was made by mixing 100mL 25ppm FeC1, and
100mL 25ppm MgC1, solution with 400mL of
fermentation slurry as describe in section A and the
total volume was made up to 600mL (using tap water)
and were then poured separately into a 750mL conical
flasks and observed for biogas production as described
in previous sections.

N. Synergistic effect of MgCl, and ZnSO4
supplementation on bio methanation of bagasse

Slurry was made by mixing 100mL 25ppm MgC1; and
100mL 25ppm MgCl; solution with 400mL of
fermentation slurry as describe in section A and the
total volume was made up to 600mL (using tap water)
and were then poured separately into a 750mL conical
flasks. Then the fermentation flask was connected
with an inverted conical flask filled with water. The
daily displaced water was collected and measured.

O. Synergistic effect of urea, MgCl,, FeCl, and ZnSO4
supplementation on bio methanation of bagasse

Slurry was made by mixing 100mL 25ppm MgCl,,
100mL 25ppm FeCl, and 100mL 25ppm ZnSO4
solution with 300mL of fermentation slurry and the
total volume was made up to 600mL (using tap water)
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and were then poured separately into a 750mL conical
flasks and observed for gas production.

I1l. RESULTS

Figure 3.1 Biomethanation of bagasse
under different pretreatment conditions
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M 30g cow dung (control) (1)

Cumulative biogas production in 10 days (in mL)

m 30g fresh cow dung with 10g bagasse
(Powdered raw bagasse) (2)

30g fresh cow dung with 8g bagasse
(Delignified bagasse powder with 1% NaOH) (3)

B 30g fresh cow dung with 10g bagasse (Steamed
bagasse powder at 121°C, 15psi for 15min) (4)

M 30g fresh cow dung with 10g bagasse (100°C
hot water treated bagasse powder) (5)

m 30g fresh cow dung with 10g bagasse(0.1N
NaOH and steam treated bagasse) (6)

Table 3.1 Bio-methanation of bagasse under different
pretreatment conditions

Sample Condition Fermentation Cumulative
mixture biogas
production in
10 days (in
mL)
1 Control 30g cow dung 5
2 Powdered raw 30g cow 205
bagasse dung+10g
bagasse
3 Delignified 30g cow 316
bagasse dung+8g
powder treated ~ bagasse
with 1% NaOH
4 Steamed 30g cow 403

bagasse dung+10g
powder (15psi, bagasse
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and steam  bagassetlg
treated urea
bagasse

121°C  forl5
min)
5 100°C hot 30g cow 340
water treated dung+10g
bagasse bagasse
powder
6 0.1 N NaOH 30g cow 433
and steam dung+10g

treated bagasse  bagasse

Figure 3.2 Effect of urea
supplementation on biomethanation of
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Table 3.2 Effect of urea supplementation on bio-methanation of

bagasse

Sam  Condition

Fermentation = Cumulative  Positive

Figure 3.3 Effect of different levels of

urea on biomethanation of pre-steamed
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0

bagasse
472
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5 | I

m 30g cow dung (control) (1)

m 30g fresh cow dung with 10g bagasse and 1g
urea (Steamed bagasse powder at 121°C, 15psi
for 15min) (2)

30g fresh cow dung with 10g bagasse and 2g
urea (Steamed bagasse powder at 121°C, 15psi
for 15min) (3)

M 30g fresh cow dung with 10g bagasse and 3g
urea (Steamed bagasse powder at 121°C, 15psi
for 15min) (4)

MW 30g fresh cow dung with 10g bagasse and 4g
urea (Steamed bagasse powder at 121°C, 15psi
for 15min) (5)

M 30g fresh cow dung with 10g bagasse and 5g
urea (Steamed bagasse powder at 121°C, 15psi
for 15min) (6)

ple mixture biogas control
(FM) production (FM)
in 10 days
(in mL)
1 Control 30g cow 5 5
dung
2 Powdered  30g cow 235 205
raw dung+10g
bagasse bagasse+1lg
urea
3 Steamed 30g cow 465 403
bagasse dung+10g
powder bagasse+1lg
(1 5psi, urea
121°C
forl5
min)
4 100°C 30g cow 390 340
hot dung+10g
water bagasse+lg
treated urea
bagasse
powder
5 01N 30g cow 500 433
NaOH dung+10g
IJIRT 166599

Table 3.3 Effect of different levels of urea on bio-methanation
of pre-steamed bagasse
Sample  Condition Fermentation Cumulative
mixture biogas production
in 10 days (in

mL)

1 Control 30g cow dung 5

2 Steamed 30g cow 465

bagasse dung+10g
bagasse+1g urea
3 Steamed 30g cow 472

bagasse dung+5.5g
bagasse+2g urea
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4 Steamed 30g cow 446
bagasse dung+10g
bagasse+3g urea
5 Steamed 30g cow 410
bagasse dung+10g
bagasse+4g urea
6 Steamed 30g cow 400
bagasse dung+10g

bagasse+5g urea

Figure 3.4 Effect of supplementation of
poultry feather as nitrogen source on
biomethanation of bagasse
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Table 3.4 Effect of supplementation of poultry feather as
nitrogen source on bio-methanation of bagasse

5 0.1N FM+lg 460 433
NaOH poultry
and steam  feather
treated
bagasse
Figure 3.5 Effect of supplementation of
hydrolyzed poultry feather as nitrogen
source in the presence of urea on
biomethanation of bagasse
600
’_ET 500
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&
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£
c
)
S 300
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5 225
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B Hydrolyzed poultry feather
M Poultry feather
Urea
Table 3.5 Effect of supplementation of hydrolyzed poultry

feather as nitrogen source in the presence of urea on bio-

methanation of bagasse

Samp  Conditi  Fermentat Cumulati  Positi  Positi
le on ion ve ve ve
mixture biogas contro  contro
(FM) (30g  producti 1 1
cow oninl0  (FM+ (FM+
dung+10g  days (in lg lg
bagasse) mL) PF) urea)
1 Control  30g cow 5 5 5
dung
2 Powder FM+lg 225 220 235
edraw  hydrolyze
bagasse  d poultry
powder  feather
(HPF)
3 Steame  FM+lg 440 435 465
d hydrolyze
bagasse  d poultry
powder  feather
(15psi,
121°C
forl5
min)

Sampl  Condition  Fermentation Cumulat Positive
e mixture ive control
(FM) (30g biogas (FM)
cow producti
dung+10g onin 10
bagasse) days (in
mL)
1 Control 30g cow 5 5
dung
2 Powdered FM+lg 220 205
raw poultry
bagasse feather (PF)
powder
3 Steamed FM+lg 435 403
bagasse poultry
powder feather
(15psi,
121°C
forl5
min)
4 100°C hot FM+lg 350 340
water poultry
treated feather
bagasse
powder
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bagasse
powder

5 0.1N
NaOH
and
steam
treated
bagasse

FM+25ppm 516 500
FeClz

4 100°C FM+l1g 355 350 390
hot hydrolyze
water d poultry
treated feather
bagasse
powder
5 01N FM+lg 470 460 500
NaOH hydrolyze
and d poultry
steam feather
treated (HPF)
bagasse
Figure 3.6 Effect of FeCl2 in the presence
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Figure 3.7 Effect of MgCi2 in the
presence of urea as supplements on
biomethanation of bagasse
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Table 3.7 Effect of MgCl, in the presence of urea as
supplements on bio-methanation of bagasse

m Urea Sample Condition Fermentation ~Cumulative Positive
mixture biogas control
(FM) (30g production
Table 3.6 Effect of FeCl, in the presence of urea as cow in 10 days
supplements on bio-methanation of bagasse dung+10g (in mL)
bagassetlg
Sample Condition Fermentation Cumulative Positive urea)
mixture biogas control 1 Control 30g cow 5 5
(FM) (30g production dung
cow in 10 days 2 Powdered FM+25ppm 247 235
dung+10g (in mL) raw MgCl,
bagasse+lg bagasse
urea) powder
1 Control 30g cow 5 5 3 Steamed ~ FM+25ppm 492 465
dung bagasse MgCl,
2 Powdered FM+25ppm 244 235 powder
raw FeCl, (15psi,
bagasse 121°C
powder forl5
3 Steamed FM+25ppm 490 465 min)
bagasse FeCl, 4 100°C FM+25ppm 408 390
powder hot water MgClL
(15psi, treated
121°C bagasse
forl5
min) powder
4 100°C FM+25ppm 405 390 3 1?1; é‘;{ &Mg?ppm >19 300
hot water FeCl and ghh
treated steam
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treated
bagasse Figure 3.9 Effect of CoCl2 in the presence
of urea as supplements on
Figure 3.8 Effect of ZnSO4 in the biomethanation of bagasse
presence of urea as supplements on 600
biomethanation of bagasse
=) 351G
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m Urea+ZnS04 M Urea+CoClI2
B Urea B Urea
Table 3.8 Effect of ZnSO;, in the presence of urea as Table 3.9 Effect of CoCl, in the presence of urea as
supplements on bio-methanation of bagasse supplements on bio-methanation of bagasse
Sample Condition Fermentation —Cumulative Positive Sample  Condition =~ Fermentation ~Cumulative Positive
mixture biogas control mixture biogas control
(FM) (30g production (FM) (30g production
cow in 10 days cow in 10 days
dung+10g (in mL) dung+10g (in mL)
bagassetlg bagasset1lg
urea) urea)
1 Control 30g cow 5 5 1 Control 30g cow 5 5
dung dung
2 Powdered FM+25ppm 248 235 2 Powdered  FM+25ppm 241 235
raw ZnS0, raw CoCl,
bagasse bagasse
powder powder
3 Steamed FM+25ppm 493 465 3 Steamed FM+25ppm 480 465
bagasse ZnSO, bagasse CoCl,
powder powder
(15psi, (15psi,
121°C 121°C
forl5 forl5
min) min)
4 100°C FM+25ppm 410 390 4 100°C FM+25ppm 398 390
hot water ZnSO4 hot water CoCl,
treated treated
bagasse bagasse
powder powder
5 0.1N FM-+25ppm 521 500 5 0.IN FM+25ppm 510 500
NaOH ZnS0Oy NaOH CoCl,
and and
steam steam
treated treated
bagasse bagasse
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Figure 3.10 Effect of CuCl2 in the
presence of urea as supplements on
biomethanation of bagasse
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Figure 3.11 Effect of NiCl2 in the
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Table 3.10 Effect of CuCl, in the presence of urea as

supplements on bio-methanation of bagasse

Table 3.11 Effect of NiCl, in the presence of urea as

supplements on bio-methanation of bagasse

Sample Condition Fermentation Cumulative Positive
Sample Condition Fermentation Cumulative  Positive mixture biogas control
mixture biogas control (FM) (30g production
(FM) (30g production cow in 10 days
cow in 10 days dung+10g (in mL)
dung+10g (inmL) bagasset+lg
bagasse+lg urea)
urea) 1 Control 30g cow 5 5
1 Control 30g cow 5 5 dung
dung 2 Powdered FM+25ppm 240 235

2 Powdered FM+25ppm 242 235 raw NiCl,

raw CuCl, bagasse

bagasse powder

powder 3 Steamed ~ FM+25ppm 479 465
3 Steamed ~ FM-+25ppm 483 465 bagasse NiCl,

bagasse CuCl, powder

powder (15psi,

(15psi, 121°C

121°C forl5

forl5 min)

min) 4 100°C FM+25ppm 397 390
4 100°C FM+25ppm 401 390 hot water NiCly

hot water CuCl, treated

treated bagasse

bagasse powder

powder 5 0.IN FM+25ppm 508 500
5 0.1N FM+25ppm 513 500 NaOH NiCl,

NaOH CuCl, and

and steam

steam treated

treated bagasse

bagasse
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Figure 3.12 Synergistic effect of
supplementation of FeClz and ZnS0O4in
the presence of urea on biomethanation

of biogasse
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Table 3.12 Synergistic effect of supplementation of FeCl, and
ZnSO0; in the presence of urea on bio-methanation of bagasse
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Figure 3.13 Synergistic effect of

supplementation of FeClz and MgCl2 in
the presence of urea on biomethanation
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IV. DISCUSSION

Fig: 3.1 and Table 3.1 show the levels of bio
methanation of bagasse under different condition of
physical and chemical treatment. Here, 1% NaOH was
used as delignifying agent. As we know lignin and
hemicellulose make a protecting covering around
cellulose, which is degraded by the alkali pretreatment
which also increases the surface area for accessibility
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for enzyme. Heat treatment reduces the hemicellulose
content and increases surface area for enzyme action
on cellulose.

In this experiment we found that when we combine
physical and chemical method that is, 0.1IN NaOH
treatment and steaming at 15 psi at 121°C for 15min
(Best Combination) gave best results with 433mL
biogas production over a period of 10 days, whereas
powdered raw bagasse produced only 205mL biogas.
Fig: 3.2 and Table 3.2 show the effect of urea
supplementation on bio methanation of bagasse.
Bagasse having C:N ratio 150:1, this much higher than
required C:N ratio for bio methanation that is, 25:1 to
40:1. In order to increase C:N ratio we added urea as a
nitrogen source, we added Ig of urea in 600mL
solution, which increased the biogas production.

Urea is a cheap organic source of nitrogen, the addition
of which greatly enhanced biogas production. In the
case of best combination, the biogas production
increased from 433mL to 500mL by just adding 1g of
urea.

Fig: 3.3 and table 3.3 show the effect of different levels
of urea on bio methanation of pre-steamed bagasse
condition, in order to optimize the urea concentration,
which will maximize biogas production, a series of
experiments  were conducted with  varying
concentration of urea, starting from Ig to 5g, and it was
found out that 2g urea addition was the most beneficial
for maximizing biogas production, with maximum gas
yield of 472mL in 10 days.

Fig: 3.4 and Table 3.4 show the effect of
supplementation of poultry feather as nitrogen source
on bio methanation of bagasse. Poultry feather is a
waste generated in slaughter houses, the
indiscriminate and unscientific disposal could create
problems to the environment thereby polluting it.
Poultry feather is a rich source of protein keratin, that
can supplement urea as source of nitrogen. Keratin is
rich in cysteine and methionine. Best combination
resulted in 460mL biogas with poultry feather
supplementation, whereas non-supplemented samples
only yielded 433mL biogas.

Fig: 3.5 and table 3.5 show the effect of
supplementation of hydrolyzed poultry feather as
nitrogen source in the presence of urea on bio
methanation of bagasse. The keratin protein in poultry
feather is not easily convertible in to simpler amino
acid form so that its microbial utilization becomes
difficult. To solve this problem, the poultry feather
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was pretreated using 6N HCI t to convert keratin
polymer into oligomeric form. The best combination
produced 470mL biogas, whereas samples with
poultry feather not subjected to acid pretreatment only
resulted in 460mL biogas.

Fig: 3.6 and Table 3.6 show the effect of FeCl;
supplementation in the presence of urea on bio
methanation of bagasse. Metal ions act as cofactor in
metabolic pathway, especially ferric ion acts as part of
coenzyme M, which helps in final conversion to CH..
In the case of best combination, biogas production
increased from 500mL to 516mL after adding 25ppm
FeC1l,.

Fig: 3.7 and Table 3.7 show the effect of MgC1;
supplementation in the presence of urea on bio
methanation of bagasse. Mg?* ions help in the
conversion of complex polymeric carbon to simpler
monosaccharides and are also required for adenosine
triphosphate (ATP) synthesis and other metabolic
process. Addition of 25ppm MgC1; resulted in an
increase in biogas production from 500mL to 519mL.
Fig: 3.8 and Table 3.8 show the effect of ZnSO4
supplementation in the presence of urea on bio
methanation of bagasse. Zn?* ions act as cofactor for
many enzymes like carbonic anhydrase. Zinc finger
domain is also required for almost all transcription
factors. After adding 25ppm ZnSO, resulted in an
increase in biogas production from 500mL to 521mL.
Fig: 3.9 and Table 3.9 show the effect of CoCl,
supplementation in the presence of urea on bio
methanation of bagasse. Isomerases are the largest
subfamily of Bi,- dependent enzymes found in
bacteria. Bi, requires Co%*. After adding 25ppm
CoCl1,, biogas production increased from 500mL to
510mL.

Fig: 3.10 and Table 3.10 Effect CuCl;
supplementation in the presence of urea on bio
methanation of bagasse. Cu?* ions act as cofactor for
superoxide dismutase and cytochrome oxidase. After
the addition of 25ppm CuCl, to the fermentation
mixture, the biogas production improved from 500mL
to 513mL.

Fig: 3.11 and Table 3.11 show the effect of NiCl,
supplementation in the presence of urea on bio
methanation of bagasse. Ni%* acts as prosthetic group
of methyl co-enzyme M reductase, Ni%*-Fe?*
hydrogenase, CO dehydrogenase. After adding 25ppm
of Ni?* ions, the levels of biogas produced increased
from 500mL to 508mL under best combination.
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Fig: 3.12 and Table 3.12 show the synergistic effect of
FeCl, and ZnSO, supplementation on bio
methanation of bagasse. In this test, the best suitable
combination for metal ions for maximum gas
production were checked. Biogas production
increased from 521mL to 522mL after the addition of
25ppm each of both FeC1; and ZnSO..

Fig: 3.13 and Table 3.13 show the synergistic effect of
FeC1, and MgC1, supplementation in the presence of
urea on bio methanation of bagasse. After adding
25ppm each of both FeCl, and ZnSOs, biogas
production increased from 519mL to 521mL under
best condition set up.

Fig: 3.14 and Table 3.14 show the synergistic effect of
ZnS0O4 and MgC1; in the presence of urea on bio
methanation of bagasse. After adding 25ppm of both
ZnS04, and MgC12 biogas production increases from
519mL to 523mL under best condition set up.

Fig: 3.15 and table 3.15 show the synergistic effect of
FeC1,, ZnSO4 and MgC1; in the presence of urea on
bio methanation of bagasse. After addition of 25ppm
each of FeC1,, ZnSQ,, and MgC1; the level of biogas
production recorded was 530mL in 10 days.

V. CONCLUSION

Cutting and grinding of bagasse results in increase in
surface area for enzymatic action. These can now
easily delignify and the cellulose could be used for
metabolic purposes.

Delignification is the one of essential preliminary step
for bio-methanation of bagasse. This can be done
either by chemical and biological method.

Heat pretreatment is mainly helpful for the removal of
hemicellulose component from lignocellulosic
material.

When bagasse is treated with NaOH, it breaks the ester
bond between and within the complex polymer
cellulose, hemicellulose and lignin. This results in the
formation of fermentable sugars from cellulose and
hemicellulose. Whereas lignin made up of aromatic
component is washed out after sieving during removal
of excess alkali as sodium salt of aromatic compounds.

When bagasse was pre-treated with steam, it removed
hemicellulose component thereby permitting cellulose
to be easily available to the microflora for their
utilization as carbon source.
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When pre-treated bagasse was supplemented with
metal ions, the biogas production increased, because
these metal ions could act as cofactors and as
prosthetic group for functional enzymatic action.
Some metals like iron, nickel, and cobalt have a direct
role in methanogenesis, while others like magnesium,
zinc, and copper have an indirect role.

Bagasse has a C:N ratio of 160:1 whereas the optimum
range for bio methanation is 30:1 to 40:1 which
required nitrogen supplementation. Better biogas
production was observed upon addition of urea and
poultry feather. Both urea and poultry feather are
cheap sources of nitrogen. Poultry feather being a
waste generated from poultry farm, it could be used as
a nitrogen source which could also to help control
pollution and aid in waste management.

Pre-treatment of lignocellulosic biomass for biogas
production through physical, chemical, and thermal
methods is an attractive proposal but more research
and their optimization to needs to done; it has certain
limitations such as pH regulation, void space,
delignification etc. which demands more pilot studies.

ACKNOWLEDGMENT

We greatly appreciate the support given by the
Department of Biotechnology, University of Calicut
for providing us with necessary chemicals, equipment
and accessories for the conduct of this research
project.

REFERENCES

[1] A.Asankulova and A.D. Obozov (2007). Biogas
in Kyrgyzstan, National Academy of Sciences of
the kyrgyz Republic, Vol.43, No.4, 262-265.

[2] Babu z-fathepure, (1987) factors affecting the
methanogenic  activity =~ of  methanothrix
soehngenii VNBF, Applied and Enviormental
Microbiology, Vol.53, No. 12, p.2978-2982.

[3] Baumer S., Ide T., Jacobi C., Johann A.,
Gottischalk G. And Deppenmeier U. (2000). J.
Bi01. Chem. 275, 17968-17973.

[4] Buffiere, P.; Loisel, D.; Bemet, N.; Delgenes, J.P.
Towards new indicators for the prediction of solid
waste anaerobic digestion properties. Water Sci.
Technol. 2006, 53, 233-241.

[5] Deppenmeier U.2002. The unique Biochemistry
of methanogenesis. Prog Nucleic acid Res mol
Biol. 71:223-83.

IJIRT 166599

[6] Ding Y.H.R., Zhang S.P., Tomb J.F. and Ferry
J.G. (2002). FEMS microbiol. Lett.215, 127-132.

[7] Dr.Nirmala Bardiya and A.C. Gaur, Iron
Supplementation enhances Biogas Generation,
Tata Energy Research Institute, United Nations
Development Programmes.

[8] E.P.Ryzhkova (2003). Multiple functions of
corrinoids in prokaryote biology, Applied
Biochemistry and Microbiology, Vol.39, No.2,
115-139.

[9] Ellen Oelgeschlager, Michael Rother, (2008).
Carbon monoxide-dependent energy metabolism
in anaerobic bacteria and archaea, Arch microbial.
190, 257-269.

[10]Ernst Gunter GRAF and Rudolf K. Thauver,
(1981). Hydrogenase from methanobacterium
thermoautotrophicum. A Nickel- containing
enzyme, vol.136, No.l, 165-1609.

[11]Ferry J.G. (1999). Enzymology of one-carbon
metabolism in methanogenic pathways. FEMs
Microbiol Rev. 23: 13-38.

[12] Forterre p., Brochier C., Philippe H. 2002.
Evolution of the Archaea. Theor Popul Biol.
61:409-422.

[13] G.Zayed, J.Winter (2000) inhibition of methane
production from whey by heavy metals-protective
effect of sulphide. Appl. Microbial Biotechnol
(2000), 53:726-731.

[14] Ghosh, S.; Henry, M.P.; Sajjad, A.; Mensinger,
M.C.; Arora, J.L. Pilot-scale gasification of
municipal solid wastes by high-rate and two-
phase anaerobic digestion (TPAD). Water Sci.
Technol. 2000, 41, 101-110.

[15] Graciela, Gonzalez-Gil, Robbert Kleerebezem
and Getze Lettinga (Apr. 1999) Effect of Nickel
and Cobalt on Kinetics of methanol conversion by
methanogenic sludge as assessed by on line CH4
monitoring, applied and  environmental
microbiology, p. 1789-1793.

[16] Grahame D.A. (2003). Trends Biochem. Sci-5.
221-224,

[17]1H.L. Ehrilich (1997). Microbes and metals Appl.
Microbiol. Biotechnol. 48, 687-692.

[18] Hedderich R., Klimmek 0., Kroger A., Dirmeier
R., Keller M. And Stetter K.o. (1998). FEMS
microbial Rev.22, 353-381.

[19]Hills D.J. & Roberts D.W. (1981). Anaerobic
digestion of diary manure and field crop residues.
Agric Wastes 3, 179-189.

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 1315



© July 2024| IJIRT | Volume 11 Issue 2 | ISSN: 2349-6002

[20] Leach G. (1987). Hoisehold energy in South Asia
Biomass, 12, 155-184.

[21] Lehtomaki Biogas production from energy crops
and crop residues. Department of Biological and
Environmental Sciences, University of Dyvaskyla
P.o. Box 35, F-40014 Finland, Copyright C 2006.

[22] Mohammad J. Taherzadeh and Keikhosro Karimi
(2008). Pretreatment of Lignocellulosic Wastes to
Improve Ethanol and Biogas Production: A
Review, Int. J. Mol. sci. 2008, 9, 1621-1651; DOI:
10.3390/ijms9091621.

[23]M. (Lule) Albek M.L., Yetis U., Gokcay C.F.
(1997). Effect of Ni (1) on Respiro metric oxygen
uptake. Appl. Microbiol Biotechnol. 48:636-641.

[24] M.Sai Ram, L.Singh, M.V.S. Suryanarayana And
S.I.LAlam (2000), Effect of Iron, Nickel and
Cobalt on Bacterial Activity And dynamics
during anaerobic oxidation of organic matter,
Water, Air and Soil Pollution, 1 1 7, 305-312.

[25] Marianne Lange, Peter Westermann, Birgitte
Kiaer Ahring, 2005. Archaea in Protozoa and
Metazoa, Appl. Microbiol. Biotechnol, 66:465-
474,

[26] P.Preeti Rao and G.Seenayya 1994, improvement
of methanogenesis from cow dung and poultry
litter waste digesters by addition of Iron-world
joumal of microbiology and biotechnology- 10,
211-214.

[27]Parimal Samir, 2005. Novel Techniques to
improve biogas production from agrowastes,
M.Sc. Biotechnology, Calicut University.

[28] Parkin GF, Lynch NA, Kuo W, Van. Keuren EL,
Bhattarcharya SK (1990), interaction between
sulphate reducers and methanogens fed acetate
and propionate, Res. J. Water pollut. Control fed-
62, 780-788.

[29] Pradeep Kumar Nagar, 2009. Enhancement of
Biogas production from Agrowaste using metal
ions as additives, M.Sc. Biotechnology, Calicut
University.

[30] Peter Weiland (2000). Anaerobic waste digestion
in Gennany-Status and recent developments,
Kluwer academic Publishers, Netherlands. Vol. |
I, N0.415-421.

[31]Raymond Hovey, sabine Lents, Armin
Ehrenreich, Kivsty Salmon, Karla Saba, Gerhard
Gottschalk, Robert P.Gunsalus, Uwe
Deppenmeir, DNA microarray analysis of
methanosarcina mazei Gol Reveals adaptation to

IJIRT 166599

different methanogenic substrates. Mol Gen
Genomics 2005, 273:225-239.

[32] Scherer P. And H. Sahm 1981. Effect of trace
elements and vitamins on the growth of
methanosarcina barkeri. Acta Biotechnol. | :57-
65.

[33]Scherer P. And H. Sahm 1981. Influence of
Sulfer-containing compounds on the growth of
Methanosarcina barkeri in a defined medium
Eur.J. Appl. Microbial. Biotechnol.12: 28-35.

[34] Setzke E., R.Hedderich, S. Heiden and R.K.
Thauer 1994. H2:heterodisulfide oxidoreductase
complex from methanobacterium
thermoautotrophicum- composition and
properties. Eur.J.Biochem. 220:139148.

[35] Sims, R. Biomass and resources bioeneru options
for a cleaner environment in developed and
developing countries; Elsevier Science: London,
UK, 2003.

[36] Sorgenfrei 0., Muller S., Pfeiffer M., Seiezko I.
And Klein A. (1997). Arch Microbiol -167, 189-
195.

[37]Subhash Chand Verma, 2009. Biogas Production
from Pretreated Rice Husk, M.Sc. Biotechnology,
Calicut University.

[38] Sunil Kumar, 2009. Biomethanation of Sugar
Cane Juice, M.Sc. Biotechnology, Calicut
University.

[39] Taherzadeh, M.J.; Karimi, K. Acid-based
hydrolysis  processes for ethanol from
ligrocellulosic materials: A review. BioResources
2007, 2, 472-499.

[40] Taherzadeh, M.J.; Karimi, K. Enzymatic-based
hydrolysis  processes  for  ethanol  from
lignocellulosic materials: A review.
BioResources 2007, 2, 707738.

[41]Uwe Deppenmeier 2004. The membrane- bound
electron transport system on methanosarcina
species, Journal of Bioenergetics and
Biomembranes Vol.36, No.l, Feb. 2004, 55-64.

[42] Valle BL., Ulner DD. (1972) Biochemical effects
of Mercury, Cadmium and Lead, Annu rev
Biochem. -41, 91-128.

[43]Walsh C., 1986. Acc. Chem Res. 19, 216-221.

[44]William D.Murray and L.Van den Berg (1981).
Effect of Nickel Cobalt and Molybdenum on the
performance of methanogenic fixed film reactors.
Applied and Environmental microbiology Sep.
1981, 502-505.

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 1316



© July 2024| IJIRT | Volume 11 Issue 2 | ISSN: 2349-6002

[45]Wang K. (1994) Integrated anaerobic and aerobic
treatment of sewage. Ph.D. thesis, Wageningen
Agricultural University, Wageningen,
Netherlands.

[46]Wilson F., Yu H., Tay J. and Gu G. (1998) An
empirical model for predicting the organic
concentration of anaerobic filter effluents. Water
Environ. Res. 70(3), 299-305.

[471Witt E. R., Humphrey W. J. and Roberts T. E.
(1979) Full-scale anaerobic filter treats high
strength wastes. Proc 34th Annual Ind. Waste
Conf. Purdue Univ. 229-234.

[48]Wu M., Wilson F. and Tay J. H. (2000) Influence
of media-packing ratio on performance of
anaerobic hybrid reactors. Bioresource Tech. 71,
151-157. Yilmazer G. and Yenigun O. (1999)
Two-phase anaerobic treatment of cheese whey.
Wat. Sci. Tech 40(1), 289-295.

[49]Young J. C. and McCarty P. L. (1969) The
anaerobic filter for waste treatment. Stanford
University Technical Report No. 87.

[50] Young J. C. and Stewart M. C. (1979) PBR-A new
addition to the AWT family. Water & Wastes
Engineering. 8, 20-25.

[51]Yu H., Tay Joo-Hwa and Wilson F. (1997) A
sustainable municipal wastewater treatment
process for tropical and subtropical regions in
developing countries. Wat. Sci. Tech. 35(9), 191-
198.

[52] Sjostrom, E. Wood chemistry: fundamentals and
applications; Academic Press: San Diego,USA,
1993.

IJIRT 166599 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY

1317



