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ABSTRACT
Bioconversion of lignocellulose biomass to ethanol is significantly hindered by the structural and chemical
complexity of biomass, which makes these materials a challenge to be used as feedstocks for cellulosic ethanol
production. Cellulose and hemicellulose, when hydrolysed into their component sugars, can be converted into
ethanol through well established fermentation technologies. However, sugars necessary for fermentation are
trapped inside the crosslinking structure of the lignocellulose. Hence, pre-treatment of biomass is always
necessary to remove and/or modify the surrounding matrix of lignin and hemicellulose prior to the enzymatic
hydrolysis of the polysaccharides (cellulose and hemicellulose) in the biomass. Pre-treatment refers to a process
that converts lignocellulose biomass from its native form, in which it is recalcitrant to cellulose enzyme
systems, into a form for which cellulose hydrolysis is much more effective. In general, pre-treatment methods
can be classified into three categories, including physical, chemical, and biological pre-treatment. The subject of
this paper emphasizes the biomass pre-treatment in preparation for enzymatic hydrolysis for cellulosic ethanol
production. It primarily covers the impact of biomass structural and compositional features on the pre-treatment,
the characteristics of different pre-treatment methods, the pre-treatment study status, challenges, and future
research targets.
Key Words: Lignocellulose, ethanol, hemicellulose, pre-treatment, hydrolysis.

INTRODUCTION
Bio-fuel has been a source of energy that
human beings have used since ancient times.
Increasing the use of bio-fuels for energy
generation purposes is of particular interest
nowadays because they allow mitigation of
greenhouse gases, provide means of energy
independence and may even offer new
employment possibilities.Bio-fuels are being
investigated as potential substitutes for current
high pollutant fuels obtained from conventional
sources. The quest for alternative energies has

provided many ways to produce electricity,
such as wind farms, hydropower, or solar cells.
However, about 40% of the total energy
consumption is dedicated to transports and in
practice requires liquid fuels such as gasoline,
diesel fuel, or kerosene. These fuels are all
obtained by refining petroleum. This
dependency on oil has two major drawbacks:
burning fossil fuels such as oil contributes to
global warming and importing oil creates a
dependency on oil producing countries. Also it
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has been estimated that the decline in
worldwide crude oil production will begin
before 2010. They also predicted that annual
global oil production would decline from the
current 25 billion barrels to approximately 5
billion barrels in 2050. Because the economy in
the US and many other nations depends on oil,
the consequences of inadequate oil availability
could be severe. Therefore, there is a great
interest in exploring alternative energy
sources.Unlike fossil fuels, ethanol is a
renewable energy source produced through
fermentation of sugars. Ethanol is widely used
as a partial gasoline replacement in the US.
Fuel ethanol that is produced from corn has
been used in gasohol or oxygenated fuels since
the 1980s. These gasoline fuels contain up to
10% ethanol by volumehaveannounced plans to
produce significant numbers of flexible-fuelled
vehicles that can use an ethanol blend – E85
(85% ethanol and 15% gasoline by volume) –
alone or in combination with gasoline. Using
ethanol-blended fuel for automobiles can
significantly reduce petroleum use and exhaust
greenhouse gas emission. However the cost of
ethanol as an energy source is relatively high
compared to fossil fuels. The aim of the present
work is to study different treatment methods on
sugarcane bagasse.
1.1 Bioethanol
1.1.1 First generation ethanol
First generation ethanol has been produced
primarily from starch based feedstock or sugar
based feedstock including sugarcane juice and
molasses .Both starch and sucrose are readily
hydrolyzed into simple hexose sugar that can
be fermented at high efficiency using
conventional fermentation organisms.[02]
1.1.2 Second generation ethanol
Second generation bio-fuel utilizes lower value
ligno-cellulosic materials from forestry,
agricultural residues or dedicated energy
cropsfor
ethanol production. Materials
considered for second generation bio-fuel
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production are generally low value feedstock
that is often excess to that required in the
farming system.
Ligno-cellulosic biomass consist principally of
the bio-polymers cellulose, hemi-cellulose and
lignin. Both the cellulose and hemi-cellulose
can be pretreated,hydrolyzed and fermented
with varying efficiencies in to ethanol.[2,3]
1.2 The composition and structure of
sugarcane bagasse.
Bagasse from the sugarcane diffusion and
milling processes generally contain 44-53%
moisture, 1-2%soluble solid,1-5%insoluble
solids and the remainder lingo-cellulosic fiber
[4]
. Ligno-cellulosic materials such as sugarcane
bagasse are complex mixture of cellulose,hemicellulose and lignin with minor amount of
ash,protein,lipids and extractives. The actual
composition of the lingo-cellulosic material
depends upon growth condition of plant, the
plant tissue and age at harvesting [1].
Reports of bagasse fiber composition in the
literature vary with cellulose typically 3447%,hemi-cellulose 24-29%and lignin 18-28%
on a dry basis.[4,5,6,7]
Content
Weight percent
Cellulose
43
Hemicelluloses
32
Lignin
23
Extractives
1
Ash
2
Table 1.1-Composition of sugarcane bagasse.

Review of literature
2.1 Composition of bagasse [1]
Cellulosic feedstock
Cellulosic resources are in general very
widespread and abundant. For example, forests
comprise about 80% of the world’s biomass.
Being abundant and outside the human food
chain makes cellulosic materials relatively
inexpensive feedstocks for ethanol production.
Cellulose is a remarkable organic polymer
consisting of solely of units of glucose held
together
in a
giant straight chain
molecule;Cellulosic materials are composedof
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lignin, hemi cellulose and cellulose and are
thus
sometimes
called
lignocelluloses
materials. One of the primary functions of
lignin is to provide structural support for the
plant. Thus, in general, trees have higher lignin
contents then grasses. Unfortunately, lignin
which contains no sugars encloses the cellulose
and hemi-cellulose molecules, making them
difficult to reach. Cellulose molecules consist
of long chains of glucose molecules as do
starch molecules, but have a different structural
configuration. These structural characteristics
plus the encapsulation by lignin makes
cellulosic materials more difficult to hydrolyse
than starchy materials. Hemi cellulose is also
comprised of long chains of sugar molecules;
but contains, in addition to glucose (a 6-carbon
or hexose sugar), contains pentose (5-carbon
sugars). To complicate matters, the exact sugar
composition of hemi cellulose can vary
depending on the type of plant. Since 5-carbon
sugars comprise a high percentage of the
available sugars, the ability torecover and
ferment them into ethanol is important for the
efficiency and economics ofthe process.
2.2 Sugarcane bagasse:
Sugarcane (saccharum officinarum) is a grass
that is harvested for its sucrose content.
Sugarcane is any of six to thirty-seven species
(depending on taxonomic system) of tall
perennial grasses of the genus saccharum
(family poaceae, tribe andropogoneae). Native
to warm temperate to tropical regions of Asia,
they have stout, jointed and fibrous stalks that
are rich in sugar and measure two to six meters
(six to nineteen feet) tall. All sugar cane
species interbreed and the major commercial
cultivars are complex hybrids. Brazil produces
about one-third of the world's sugarcane. After
extraction of sugar from the sugarcane, the
plant material that remains is termed bagasse.
Sugarcane bagasse found at sugar mills contain
both. As a result, the US transportation sector
now consumes about 4540 million litres of
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ethanol annually, about 1% of the total
consumption of gasoline. Recently, US
automobile manufacturers relatively easy and
hard to degrade materials. The easily degraded
materials appear to be from the leaf matter and
the hard to degrade from therind [2]. Bagasse is
cheap, readily available and has high carbon
content.Sugarcane bagasse is composed
approximately of 40% cellulose, 24%
hemicelluloses and 25% lignin. In plant cells,
including sugarcane plants, a secondary wall,
consisting of three layers (S1, S2 and S3) is
surrounded by a thin primary wall. The
secondary wall is surrounded by lignin. The S1
and S3 layers contain mainly amorphous
cellulose and hemi-cellulose. The S2 layer
contains crystalline cellulose. However,
amorphous regions also exist in the cellulose.
Amorphous cellulose, hemicelluloses andlignin
are present between the layers (S1, S2 and S3)
(Fox, 1987). An illustration of the structure of
the cell wall with its component organization is
shown in Figure 2.1. At the sugarcane bagasse,
the basic composition is 40% cellulose, 24%
hemicelluloses and 25% lignin. S1 and S3
layers have more amorphous cellulose and
hemi-cellulose contents. S2 layer has more
crystalline cellulose regions [3].

Fig 2.1: Secondary Cell-Wall (CW) Structure of
cellulose, hemicellulose and ligninin lignocellulosic
materials.

Bagasse is a rich source of not only cellulose,
but also hemi-cellulose, represented by L-
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arabino-(4-O-methyl-D-glucurono)-D-xylan.
The two polysaccharides represent about 70%
of bagasse. Nowadays about 50% of generated
sugarcane bagasse is used to generate heat and
power to run the sugar mills and ethanol plants.
[4]
The remaining portion is usually stockpiled.
However, because the heating value of
carbohydrates is approximately half of that of
lignin, it would be beneficial to develop a more
economical use of carbohydrates. Bagasse
contains about 50% α- cellulose, 20% pentose
and 2.4% ash. Because of its low ash content,
bagasse offers numerous advantages in
comparison to other crop residues such as rice
straw and wheat straw, which have 17.5% and
11% respectively [11]. About 70% of the dry
mass in lingo-cellulosic biomass consists of
cellulose and hemi-cellulose. If these two
carbohydrates were utilized in an efficient
hydrolysis process, the hemi-cellulose would
be completely hydrolyzed to D-xylose (50-70%
w/w) and L-arabinose (5-15% w/w),while the
cellulose would be converted to glucose [5].
2.3 Hemi-cellulose
Hemicelluloses are known as valuable in pulp
additives, natural barrier for packaging films
and as components of skin substitutes in case of
damage of superficial epidermal layers. As
hemicelluloses are relatively tightly bound in
the plant cell wall network to lignin and
cellulose, it is difficult to separate them without
significant modification of their structure.
Different treatments have been applied to hemicellulose extraction. Acid hydrolysis and
hydrothermal methods are usually much
preferable [4]. In addition, wood-based hemicellulosehydrolyzates contain lignosulfonates
and inorganic ions [6]. There are several xylose
purification operations from hemi-cellulose
hydrolyzed, acid hydrolysis, enzymatic
hydrolysis to produce xylose which could
partially improve purity and yield in
commercial xylose production. In several
plants the majority of hemi-celluloses are xylan
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which can be hydrolyzed into xylose.
Particularly the hemi-cellulose of hardwood is
rich in xylan. Consequently it is possible to
obtain xylan and xylose as by-products from
cellulose industry using hardwood. The term
hemi-cellulose refers to a group of homo- and
heteropolymers consisting largely of unhydroβ-(1,4)-D-xylopyranose,mannopyranose,
glucopyranose, and galactopyranose main
chains with a number of substituent. Hemicellulose is present in plant cell walls and is
associated with the cellulose. It is a complex
polysaccharide that is soluble in both alkali and
acid solutions. Its chemical formula is
(C5H8O4) n and in some cases is (C6H10O5)n.
Hemi-cellulose is a heterogeneous polymer,
unlike cellulose and is usually composed of 50
to 200 monomeric units of a few simple sugars.
Xylose, a C5 sugar is the most abundant
component in hemi-cellulose. Xylan contains
D-xylose units and is linked from the number
one to the number four carbon of such residue.
Arabinose is normally the next most plentiful
component
in
hemi-cellulose.
Minor
components, including mannose, galactose and
uronic acids may also be present [12].
Hemicelluloses are generally found in
association with cellulose in the secondary
walls of plants, but they are also present in the
primary walls. The principal component of
hardwood hemi-cellulose is glucuronoxylan
and glucomannan in the softwoods. Some
hemicelluloses contain both glucomannans and
galactoglucomannans. The glucomannans
contain D-glucose and D-mannose units in a
ratio of 30:70. The galactoglucomannans
contain D-galactose, D-glucose and D-mannose
units in a ratio of 2:10:30 [9]. Hemi-cellulose
utilization is considered difficult because the
branched structure of hemi-cellulose slows
enzymatic hydrolysis. Among biomass
components, hemicelluloses which are mainly
composed of xylans provide an important
source of interesting molecules such as xylose
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and xylo-oligosaccharides which have potential
applications in different areas, notably in
chemical, food and pharmaceutical industries
[6]
.
Different treatments have been applied to hemicellulose extraction and heat treatment is often
combined with addition of chemicals such as
alkali, acid or hydrogen peroxide. In order to
obtain fast enzymatic hydrolysis of biomass
with a high sugar yield (for both hexoses and
pentoses), the two main protective coats around
cellulose, hemi-cellulose and lignin need to be
removed or altered without degrading the hemicellulose sugars. Hemi-cellulose forms a
physical barrier around the cellulose [14]. Acid
hydrolysis is an effective agent for both
delignification
and
solubilization
of
hemicelluloses.
In
these
conditions
carbohydrates are less damaged and
delignification is more efficient. However, the
use of acid treatment of bagasse requires prior
removal of heavy metals with chelating agents.
The metals catalyze decomposition of the
peroxide anion in the alkaline medium leading
to the formation of hydroxyl radicals which
cause hemi-cellulose depolymerization and
diminish its recovery. However, chelation not
only removes heavy metals, but also alkali
earth metals which act as natural stabilizers of
the peroxide during the treatment. [14]
2.4 Cellulose
Cellulose is the most abundantly available
carbohydrate polymer in nature [10] and has
therefore long been pursued as a source of
providing plentiful foodand energy resources.
Cellulose is a complex carbohydrate polymer
comprising of d-glucose units linked together
by β-1, 4 bonds. It comprises approximately
45% of dry wood weight. Cellulose can be
hydrolyzed enzymatically or with acid.
Cellulose, the major fraction of lingo-cellulosic
biomass, can be hydrolyzed to glucose by
cellulaseenzymes [9].
Cellulose in the primary walls of dividing and
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elongating cells fulfills several functions, the
most obvious being to provide strength. In most
primary walls, cellulose exists as elementary
fibrils that form a complex with xyloglucan.[10].

Fig: 2.2 The Scanning Electron Micrograph (SEM)
of cellulose in wood cell wall.

2.5 Lignin
Lignin are a highly branched polymers formed
in plant cell walls [20]. Lignin resists the growth
of microorganisms and stores more solar
energy than either cellulose or hemicelluloses
[7]
. The structure of lignin is complex,
disordered, and random and consists mainly of
ether linked aromatic ring structures, which
adds elasticity to the cellulose and hemicellulose matrices [9].In pulp industries, the
emphasis is removal not utilization of lignin.
However, lignin is in the spotlight as a useful
source for phenolic compounds for plastics and
other materials [9].Lignin is mainly composed
of phenyl propane or C9 units. Three different
types of C9 units are present in lignin (Figure).
These
are
p-hydroxyphenylpropane,
guaiacylpropane and syringylpropane units [2].
In hard wood, lignin consists mainly of
guaiacylpropane and syringylpropane units
with
a
small
amount
of
phydroxyphenylpropane units. Lignin is
composed principally of guaiacylpropane units
with traces of p-hydroxyphenylpropane units in
soft wood [3].
In grasses, lignin is composed of both
guaiacylpropane and syringylpropane units. Phydroxyphenylpropane units exist as a minor
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component of lignin in grasses [7].

Figure 2.3: Three different types of C9 units are
present in lignin

Pre-treatment methods [23]
Pre-treatment of lingo-cellulosic materials
The effect of pre-treatment of lingo-cellulosic
materials has been recognized for a long time.
The purpose of the pre-treatment is to remove
lignin and hemi-cellulose, reduce cellulose
crystallinity, and increase the porosity of the
materials. Pre-treatment must meet the
following requirements:
(1) improve the formation of sugars or the
ability to subsequently form sugars by
enzymatic hydrolysis;
(2) avoid the degradation or loss of
carbohydrate;
(3) avoid the formation of by-products
inhibitory to the subsequent hydrolysis and
fermentation processes; and
(4)
be
cost-effective.
Physical,
physicochemical, chemical, and biological
processes have been used for pre-treatment of
lingo-cellulosic materials.
Response Surface Methodology [21]
Response surface methodology (RSM) is a
collection of statistical and mathematical
techniques useful in developing, improving and
optimization processes.
The most extensive applications of RSM are in
the particular situations where several input
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variables
potentially
influence
some
performance measure or quality characteristic
of the process. Central composite design is a
type of response surface methodology. It is a
general linear model in which attention is
focused on characteristics of the fit response
function, in particular, where optimum
response value occurs. The yield data were
analyzed for model fit using the RSM software
[2]
(Design
Expert)
.Response
surface
methodology (RSM) uses quantitative data
from appropriate experiments to determine and
simultaneously solve multivariate equations. It
is a collection of statistical techniques for
designing experiments, building models,
evaluating the effects of factors and analyzing
optimum conditions of factors for desirable
responses. It has been successfully utilized to
optimize compositions of fermentation
medium, conditions of enzymatic hydrolysis,
and synthesis parameters for polymers and
parameters for foodprocesses [3].
This RSM method has been widely used to
evaluate and understand the interaction
between different physiological and nutritional
parameters [4].
AIM AND OBJECTIVES
To study effect of different treatments on
sugarcane bagasse for use in ethanol
production.
Objectives
1.Study the decomposition of sugarcane
bagasse by various chemical &biological
methods
2. Comparative study of different treatment
results.
3. Analysis and estimation of required sugar
concentration for ethanol production.
MATERIALS AND METHODS
4.1 Materials
4.1.1 Material collection
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4.3 Methodology
4.3.1Collection of sugarcane bagasse .
1. Sugarcane bagasse -was collected from
Tatyasahebkore sugar factory which is in
the form of belt bagasse.
4.3.2Sievingof bagasse:
Uniformsize of the bagasse is obtained with the
sieving. Following figure shows the sieve
analysis equipment. Screening can give the
bagasse in the appropriate size. This analysis
can separate the material into the undersize and
the oversize.

Figure: 4.1. Collection of bagasse

4.1.2 Equipment’s required.
1.Hot air oven
2.Autoclave
3.Colorimeter
4.1.3 Chemicals used
1.DNSA
2.Dilutesulphuric acid
3.Nutrient broth
4.2.1 Process layout
Block Diagram:
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Fig4.2- sieving of sugarcane bagasse

746

To study effect of different treatments on sugarcane bagasse in ethanol production

4.3.3Pre-treatment of lingo-cellulose
materials
The effect of pre-treatment of lingo-cellulose
materials has been recognized for a long time.
The purpose of the pre-treatment is to remove
lignin and hemi-cellulose, reduce cellulose
crystallinity, and increase the porosity of the
materials. Pre-treatment must meet the
following requirements: (1) improve the
formation of sugars or the ability to
subsequently form sugars by enzymatic
hydrolysis; (2) avoid the degradation or loss of
carbohydrate; (3) avoid the formation of byproducts inhibitory to the subsequent
hydrolysis and fermentation processes; and (4)
be cost-effective. Physical, physicochemical,
chemical, and biological processes have been
used for pre-treatment of lingo-cellulose
materials.
4.3.4Physicalpre-treatment
1. Mechanical Comminution
Bagasse sample was comminute by a
combination of chipping, grinding and milling
to reduce cellulose crystallinity. The size of the
materials is usually 10–30 mm afterchipping
and 0.2–2 mm after milling or grinding. The
power requirement of mechanical comminution
of agricultural materials depends on the final
particle size and the waste biomass
characteristics.
4.3.5Physico-chemical pre-treatment
1. Steam explosion (auto hydrolysis):
Steam explosion is the most commonly used
method for pre-treatment of lingo-celluloses
materials. In this method, chipped biomass is
treated with high-pressure saturated steam and
then the pressure is swiftly reduced, which
makes the materials undergo an explosive
decompression. Steam explosion is typically
initiated at a temperature of 120-140°C for
several seconds to a 10 minutes before the
material is exposed to atmospheric pressure.
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The process causes hemi-cellulose degradation
and lignin transformation due to high
temperature, thus increasing the potential of
cellulose hydrolysis.

Fig 4.3 –autoclaving

4.3.6 Hydrolysis of lingo-cellulose materials
The cellulose molecules are composed of long
chains of glucose molecules. In the hydrolysis
process, these chains are broken down to "free"
the sugar, before it is fermented for alcohol
production. There are two major hydrolysis
processes: a chemical reaction using acids, or
an enzymatic reaction.
4.3.6.1Acid hydrolysis
Sugarcane bagasse was treated with sulphuric
acid for different time interval between 10
minutes to 100 minutes. Solid to liquid ratio
was chosen between the limit 1:5 to 1:20 .the
acid concentration was 0.5 N .After completion
of the acid treatment the reducing sugar was
measured.
Treatment with dilute sulphuric acid at
moderate temperatures (the first stage of acid
hydrolysis) has proven to be an efficient means
of producing xylose from hemicellulose. In
general, acid treatment is effective in
solubilizing the hemi-cellulose component of
biomass.
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Fig-4.4Sample treated with dilute sulphuric acid

1

Factor 1
A:Temp
0
C
67.5

Factor 2
B:Acid conc
V/V %
2.12

Factor 3
C:Reaction
Time Min
55

Factor 4
D:S:L
Ratio gm/ml
12.5

2

67.5

2.65

55

27.5

43.0

3

3

90

5.0

10

20

31.9

4

4

22.5

2.625

55

12.5

42.5

5

5

112.5

2.625

55

12.5

42.5

6

6

67.5

2.625

145

12.5

43.3

Sr. No

Run No

1
2

Response
brix of solution
29.5

Table no 4.1- RSM independent, dependent and response value.

4.3.6.2 Enzymatic hydrolysis
Cellulosomes are naturally occurring elaborate
enzyme
complexes
found
in
many
microorganisms that can efficiently hydrolyze
cellulose based on the high level of enzymesubstrate synergy. An ideal microorganism
should possess the capability of efficient
enzyme production and simultaneous cellulose
saccharification and ethanol fermentation
(SSF).Among mold species, AspergillusNigeris
well known for itscellulolytic and amylolytic
activities and its ability to produce fermentable
sugars from cellulosic waste.
Pure cultures of AspergillusNigerwas
maintained on nutrient agarslants, grown at
30◦c for 5 days and stored.
4.3.6.3. Pre-treatment of substrates
Agro residues sugarcane bagasse was finely
grinded and treated with 0.5N acid (dil. acid) to
delignify and autoclaved for 10 minutes
at121oC.
4.3.6.4.Inoculum Preparation
The young colonies of AspergillusNigerwere
aseptically picked up and transferred to PDA
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slants and incubated at 30◦C for 72 h for
maximum growth. The colonies were
inoculated into nutrient broth and kept for
incubation 4 days at 25 ◦C.
As shown in fig the growth of
AspergillusNigera was seen in broth, the spores
were taken out aseptically and subjected to
hydrolysis of pre-treated bagasse sample.

Fig 4.5- Growth of ANiger on nutrient broth

After 4-7 days of incubation the sugar conc. of
sample was measured by DNSA frequently
after consecutive days .
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Fig 4.6 – bagasse sample treated with A.Niger

4.3.7Response surface methodology
Is a collection of statistical and mathematical
techniques useful developing , improving and
optimisation process.
We have referred the table and performed the
treatments according to table .We have chosen
parameter to keep changing and to keep
constant from the table having best four results
4.3.8Measurement of reducing sugar by DNSA method
Sr. No.

Standard Glucose
(ml)

Distilled water
(ml)

DNSA Reagent

Absorbance
(Optical Density) at 530nm

1.

0.0

1.0

2.5

0

2.
3.
4.
5.
6.

0.2
0.4
0.6
0.8
1.0

0.8
0.6
0.4
0.2
0.0

2.5
2.5
2.5
2.5
2.5

0.14
0.28
0.46
0.58
0.74

Standard glucose concentration= 500 µg/ml
Table 4.2- Standard calibration curve for Glucose estimation.

0.2 ml Glucose sample whose Glucose content
is to be measured in a test tube. 2.5 ml DNSA
Reagent with 0.8 ml distilled water was added
in test tube. Test tubes were kept in boiling
water bath for 10 min and cool it. Absorbance
of sample wasmeasured by calorimeter at 530
nm with reference of DNSA Reagent. Then
find concentration by using Standard
calibration curve.
Fig 4.8- filtered samples taken for DNSA method.

Fig4.7 – filtration unit

Sanket Chougule, et al.

Fig 4.9 – test tubes kept in boiling water bath.
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Fig: 4.10 – measurement of absorbance by
calorimeter.

RESULT AND DISCUSSION
The graph plotted below is conc. VsO.D at 530 nm taken as standard and the sugar conc. of the
samples was calculated with respect to the graph.
Calibration curve

O.D at 530nm

1
0.8
0.6
0.4
0.2
0
-0.2

0

100

200

300

400

500

Concentration (µg /ml)

Fig:5.1 : Standard calibration curve
5.2. Readingsof DNSA method for untreated bagasse.

1.

Standard Glucose
(ml)
0.0

Distilled water
(ml)
1.0

DNSA
Reagent
2.5

Absorbance
(Optical Density) at 530nm
0

2.
3.
4.
5.
6.

0.2
0.4
0.6
0.8
Sample (0.2)

0.8
0.6
0.4
0.2
0.8

2.5
2.5
2.5
2.5
2.5

0.14
0.28
0.46
0.58
0.14

Sr. No.

Table no 7.1 –Readingsof DNSA method for untreated bagasse.
Calculations (standard calibration graph)
0.14(O.D) - 100 µg (conc.) for 0.2 ml sample
For 1 ml – 100 x 5=500 µg/ml
Conc. x dilution factor=500 x 9
=4500 µg/ml
=0.45%
5.3. Readingsof DNSA method for bagasse sample after steam explosion
Sr. No.
1.
2.
3.
4.

Standard Glucose
(ml)
0.0
0.2
0.4
0.6
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Distilled water
(ml)
1.0
0.8
0.6
0.4

DNSA
Reagent
2.5
2.5
2.5
2.5

Absorbance
(Optical Density) at 530nm
0
0.14
0.28
0.46
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5.
0.8
0.2
2.5
6.
Sample (0.2)
0.8
2.5
Table no 7.2 –Readingsof DNSA method for bagasse sample after steam explosion.

0.58
0.45

Calculations (standard calibration graph)
0.45(O.D) -325 µg (conc.) for 0.2 ml sample
For 1 ml – 325 x 5=1625µg/ml
Conc. x dilution factor =1625 x 9
=14625
=1.46%
5.4. Readingsof DNSA method for bagasse sample after acid hydrolysis

1.
2.

Standard Glucose
(ml)
0.0
0.2

Distilled water
(ml)
1.0
0.8

3.
4.
5.

0.4
0.6
0.8

6.
7
8

Sr. No.

2.5
2.5

Absorbance
(Optical Density) at 530nm
0
0.14

0.6
0.4
0.2

2.5
2.5
2.5

0.28
0.46
0.58

Sample 1(0.2)

0.8

2.5

0.54

Sample 2(0.2)
Sample 3(0.2)

0.8
0.8

2.5
2.5

0.60
0.52

DNSA Reagent

Table no 7.3 Readingsof DNSA method for bagasse sample after acid hydrolysis.
Calculations (standard calibration graph) :
1. Sample one
0.54(O.D) -390 µg(conc) for 0.2 ml
For 1 ml -390 x 5=1950µg/ml
Conc. x dilution factor =1950 x 9
=17550
=1.755%
2. Sample 2
0.60(O.D) -430 µg (conc.) for 0.2 ml sample
For 1 ml – 430 x 5=2150µg/ml
Conc. x dilution factor =2150 x 9
=19320
=1.932%
3.Sample3
0.52(O.D) -385 µg (conc.) for 0.2 ml sample
For 1 ml – 385x5=1925µg/ml
Conc. x dilution factor =1925x9
=17325
=1.732%
5.5. Readingsof DNSA method for bagasse sample after enzymatic hydrolysis
Sr. No.
1.
2.
3.

Standard Glucose
(ml)
0.0
0.2
0.4

Sanket Chougule, et al.

Distilled water (ml)

DNSA Reagent

1.0
0.8
0.6

2.5
2.5
2.5

Absorbance
(Optical Density) at 530nm
0
0.14
0.28

751

To study effect of different treatments on sugarcane bagasse in ethanol production

4.
5.
6.

0.6
0.8
Sample (0.2)

0.4
0.2
0.8

2.5
2.5
2.5

0.46
0.58
0.74

Table no 7.4 Readingsof DNSA method for bagasse sample after enzymatic hydrolysis.

Calculations (standard calibration graph)
0.74(O.D) -535µg (conc.) for 0.2 ml sample
For 1 ml – 535 x 5=2675µg/ml
Conc. x dilution factor =2675x 9
=24075
=2.4075 %
Comparison of sugar conversion and ethanol production
Analyzing all the data from the references and experimental results ethanol production by s
.cerevisiae,initial reducing sugar conc.was5.5 %and at this condition 12.2% (97.17gm. /l) ethanol
produced.

Fig5.2 - Effect of reducing sugar conc. ethanol production by s. cerevisiae.

Reducing sugar analysis report

Sanket Chougule, et al.
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CONCLUSION
Different methods performed on bagasse
sample have contributed to de-lignify the
complex structure of bagasse. Acid hydrolysis
breaks the intermolecular linkages in complex
structure and helps us to get fermentable sugar
up to 1.5- 2.0 % .the subsequent treatment with
A. Niger could give us the fermentable sugar up
to 2.2-2.5%.

6.

7.
8.

Appendix
7.1 0.5 N H2S04– 24.5 gm in 1000 ml water
7.2 Nutrient broth -13.7 gm. of nutrient broth
powder in 1000 ml D/W
7.3 DNSA: Adding 1 gm. of 3,5-dinitosalicylic
acid in 20 ml of 0.2N NaOH. And after adding
30gm of Na-K-Tartarate and diluted it to 100
ml by 0.2N NaOH.
7.3.1 Standardglucose:Prepared by dissolving
50 mg of glucose in 100 ml distilled water.

9.
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