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Abstract

The aim of this research is utilization of lignocellulosic waste feedstock in biofuel generation
and waste water treatment. Isolating the two important macromolecules of plant cell wall,
lignin and cellulose microcrystal (CMC) from agro waste (peanut shell) and then evaluating
their potential application in biofuel production and waste water treatment was investigated.
In comparison different pre-treatments were also done on the shell waste then hydrolyzed
and fermented for bioethanol production. From the pre-treated peanut shell waste the ethanol
produced was 50%, whereas by direct cellulose extraction biofuel generated maximum was
19.13%. The results shows that about 36.5 g of cellulose were extracted from 100 gram of
groundnut shell waste powder. Scanning electron microscopy (SEM), Fourier transform
infrared (FTIR) spectroscopy and X-ray diffraction (XRD) were considered for the
characterization of cellulose and lignin. Further the effect of different factors (dose,
temperature, pH and substrate concentration) on the reducing sugar production was also
estimated. In this research two microbial strains (Zymomonas mobilis and Sacchromyces

cerevisiae) are taken for fermentation process in both aerobical and aerobical conditions..

In the second part of the study the cellulose left after hydrolysis, and the value-added products
such as lignin and cellulose were investigated for their potential in dye removal from waste
water. The study shows that the maximum amount of crystal violet dye was removed by the

LCS in all the different parameters applied with about 99% removal.
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CHAPTER 1

Bioethanol Production from Agricultural Waste:-Groundnut shell waste
By Traditional Method

1 INTRODUCTION:-
1.1 Scenario of Sustainability, global energy

Depletion of present hydrocarbon deposits has become the main point for concerned from
both fuel and the substantial point of view. United state Energy Information Administration
submitted a report in 2006 stating that annual crude oil consumption all over the world will
increase to 98.3 million barrel per day in 2015 and 118 million barrel per day in 2030. Rapid
industrialization all over the world is increasing the demand of fuel. This industrial revolution
is causing fuel crises and in turn affecting our environment. In order to meet the energy
demands for such growing economy has been marked as one of the major challenges faced
by the worldwide humanity (Smalley et al 2003).Moreover, plastics which are extensively
used today are also products which are derivative products from the resources of petroleum
(Mosier et al., 2005). Therefore an alternative to fossil fuel is needed to be investigated by

the researchers.

The combustions of the fossil fuels like natural gases, coal, crude oil is the resource of most
of the world energy. World Energy Council in year 2016 reported that “the world wide
consumption of these fuel by 2015 have reached about 86%”. If this current rate of
consumption continues than the world will be deprived of nonrenewable resources within
120 years (International Energy Agency 2013). Furthermore, one of the major sources of
greenhouse gases is the combustion of the fossil fuels whose negative impact on global
warming and on climate changes are well reported and forecast . In order to reduce the GHG
emission, and also to supplement the non-renewable resources of energy, clean fuel and low

carbon alternative are being developed and utilized.

The uncertainty in supply of the fossil fuel , the excessive growing demand of energy , along

with suitable policy predilection, federal authorization and associated allowances (Guo,
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Song, and Buhain 2015; International Energy Agency 2015) are the main key drivers in the
variegation of energy resources and gradual shift towards the recyclable energy . These
renewable energy includes from wind, solar, biomass, nuclear, hydrothermal and geothermal
which have unexpectedly grown over the last 15 years reported by World Energy Council
2016 and continuously appealing towards the investors, facilitating advancements in terms
of infrastructure and technology.

1.1.2 Biomass Economy:-

Biomass economy, on the other hand, is characterized based on converting lignocellulosic
biomass in biorefineries to various important products such as chemicals, bio-fuels, and
substances, which have gained immense importance due to their dependence on the reusable
resources of energy and also because it is an alternative to the crude oil. The energy which is
derived from the conversion of recyclable organic matter from plant or animal sources to
energy is referred as ‘bioenergy’. It was reported in the year 2014, that worldwide total
primary energy supply (TPES) was about 5.7 x 1020 J, 10 % out of which was accounted to
be the bioenergy (International Energy Agency 2016; World Energy Council 2016). At the
center of the biomass economy concept is the Biorefinery, and it can be defined as
combining various biomass conversion processes, where a range of value added products are
produced such as bio-fuels, energy, new chemicals and materials through combining various
different technologies (FitzPatrick et al., 2010). Biorefineries are considered as eco-friendly
comparable to the oil refineries. The various value added byproducts generated can be
utilized to reduce biofuel generation price and also to improve industrial profitability.

Biofuels can be liquid or gaseous derived from the lignocellulosic biomass. Major Liquid
biofuel energy includes biobutanol, biodiesel, bioethanol and biopropanol, whereas
biohydrogen and biomethane are some common forms of gaseous biofuels. By 2050 the
contribution of biofuel is expected to 3 times critical especially in sector of transportation
(Eisentraut et al. 2011).Bioethanol production is one of the good examples of biofuel
concept, which has been utilized as a gasoline additive for three decades. In this approach,

ethanol generation is dependable upon the sugar derived grains having starch such as corn

14



starch, sugarcane and sugar beet by the scarrification process. Hydrolyzation of sugar into its
monomeric (glucose) units is done, which are then later fermented to bioethanol. However,
in the first generation of bioethanol production the feedstocks used were food materials, and
using food materials as source of raw materials for ethanol generation was ultimately creating
a debate over fuel vs. food competition (Mabee et al., 2011; Agbor et al., 2011; Vancov et
al., 2012).

Therefore, another biorefinery concept was developed and processed. In this study,
fermentable sugar was obtained from the cellulose in lignocellulosic feedstock, which
includes rice husk, cotton stalk, sugarcane bagasse, wood chips, saw dust, corn Stover, paper
waste, switch grass etc., as cellulose is one of the most abundant polymer on this earth.
However, this approach is still under expansion, because the extraction of cellulose part and
then hydrolyzing into glucose unit is expensive with today’s technology. In this theory, the
lignocellulosic feedstock is firstly pretreated through chemical, physical and biological
methods in order to bifurcate and extract cellulose. After the isolation of cellulosic part from
lignocellulosic biomass it is further exposed to either chemical, enzymatic or biological
scharrification to break the cellulose and to generate glucose monomers. Fermentable sugar
produced finally is converted into biofuel via fermentation process. Ethanol from
lignocellulosic biomass has gained immense importance because the feedstock is recyclable
and cheap, adding to this in a report it has been estimated that over one billion tons of
feedstock is available as a fuel raw material (Li et al., 2010).

One of the main problem related with the use of lignocellulosic raw feedstock for ethanol
generation are the tedious and time taking hydrolysis step and also costly pretreatment.
Usually, lignocellulose raw feedstock has an intractable composition. This complex structure
Is impervious to biological and chemical attacks. The Pretreatment process is a important
with the objective to break the main components (cellulose, hemicellulose and lignin) of the
biomass, extract the cellulosic component, eliminate hemicellulose and lignin, and also to
make modification in the cellulosic structure to make it be more prone to enzymatic action
or biological hydrolysis step, in which enzymes digest and degrade the cellulosic structure to
release the cellulose.

15



One of the other advantage of utilizing lignocellulosic biomass is that in cellulosic ethanol

production a large amounts of residual lignin is produced. Hence, a value — added lignin

product along with the fermentable sugars, from the same biomass conversion process, will

improve the feasibility and economy of the biomass conversion refineries and processes and

lessen the disposal rate of a refinery (Doherty et al., 2011).
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The Figure 1.1:- represents the biorefinery flowchart process showing that the

lignocellulosic feedstock is finally converted into fuel
1.1.3 Bioethanol:-

Bioethanol, is a renewable resource of fuel and is a solution various problem related to
conventional fossil resources. The largest generated liquid biofuel in the global market is the
bioethanol. Bioethanol can used as a transport fuel because of its various advantages such as
its lower cost, and green fuel. 35% oxygen content is found in bioethanol which help in its
complete combustion and it also reduces the matter emissions that can cause hazard to the
human health. Fermentation of bioethanol is one of the most established and mature
bioprocesses technique (Swana et al. 2011).The octane number of bioethanol is (99) which
is quite higher than petrol (80-100). Blending of a small quantity of bioethanol in petrol boost
the octane number, it acts as a replacer to the conventional additives (Meta tertiary butyl
ether, which can cause bad effects human health).Due to this advantage ethanol is widely
used as a fuel (Chandra et al., 2007).

BIOETHANOL
GENERATION
LIGNOCELLULOSIC
BIOMASS BIOFUEL
PRODUCTION COCYCLE DISTRIBUTION
FOR
R BIOETHANOL /

Carbon di oxide
(CO3 yapsorbs by IGNITION OF FUEL

plants =

Figure 1.2: CO2 cycle for bioethanol
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This biofuel can also be used as a petroleum replacement to the vehicles for road transport.
Ethyl alcohol (C2HsOH) or Bioethanol is a colorless clear liquid fuel having very low toxicity
and on combustion produces little environmental pollution. Burning of this fuel produces
carbon dioxide (COz) and water. The combustion of fossil fuel results into the emission of
CO2 which causes the greenhouse effects but by the use of ethanol, this emissions rate is
reduced as the plants absorb the COo.

Microbial degradation of substrates rich in carbohydrate by yeast, bacteria and fungi results
in the production of Bioethanol. Saccharomyces cerevisiae is one of the most commonly used
yeast strain in industrial as well as pilot scale bioethanol production. The recombinant yeast
strain can be operated in a wide range of pH, temperature, and substrate and can also resist

high levels of ethanol and other inhibitory substances.
1.1.4 Types of Bioethanol:-

The three kinds of biofuels are: 1% generation, 2" generation and 3" generation biofuels
based on the biomass source used for the generation of energy.

First generation bioethanol are produced by utilizing food crops such as, sugarcane,
groundnut, corn, wheat, barley, rice and sorghum as raw material. Majority of the biofuel
production all across the globe was first generation over a few years ago. Major problem
regarding the generation of these bioethanol was fuel vs. food competition. As these
bioethanol were produced directly from the edible crop these was causing decrease in the
volumes of crops from the global food market. Therefore this is one of the major reasons for

the increase in world food prices over the last few decades (Carere et al., 2008).

The Second Generation biofuel were generated from non-edible crops commonly known as
lignocellulosic feedstock. These crops includes agriculture residue, domestic waste,
industrial residue, wood, food crop waste, organic waste, and specific biomass crops. The
second Generation bioethanol was produced to have overcome the disadvantage of first
generation biofuels and also to discard the ‘food vs. fuel’ competition. As the second
generation biofuel is considered as green fuel it also helps in decreasing the environment

pollution caused by the combustion of domestic, agricultural and industrial residue.
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Algae biomass is used for the production of third Generation of biofuels. The algae are sub

cultured in special ponds to act as a low-price, high-power and totally renewable raw material

in biofuel generation.. The growth of algae is suitable on both the land and water comparable

to food production which is only suitable on land, therefore the algae to biofuel generation is

decreasing the stress on already depleted water resources (Chandra et al., 2007; Carere et

al., 2008).
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Figure 1.3:-Types Of Bioethanol and there source of production.
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1.1.5 Groundnut:-

Groundnut (scientifically known as Arachis hypogaea) is an agricultural crop, whose
seeds/fruit are used in the food industry as one of the most necessary raw materials. The
annual global production of groundnut (fruit) reported in the year 2009/2010 was estimated
to be 33.36 metric million tons (report given by U.S. Department of Agriculture,
fas.usda.gov). The peanut seeds are generally used as industrial raw matter or independently
as food. Industrial use of peanut includes the production of peanut oil, peanut flour, snacks
and peanut butter. The shells or the pods of the groundnut are cellulose rich substrate

considered as industrial or agricultural residue.

One of the largest producer of peanut is India after china with the production of about was
33000 tons in 2010 (Department of Agriculture) and with an amount of 60% of this
production is done entirely by Gujrat and Andhra Pradesh region. About one third mass of
the peanut fruits is the shell, as around 25000 tons of the groundnut shell waste is produced
annually which can be processed according to the data represented by the Department of

Agriculture.

Groundnut shell waste is a useful industrial and agricultural residue raw material which have
not only high cellulose content but also higher content of lignin. Zhang et al in the year 2006
reported that the groundnut shell contains approximately 30% lignin, 19% hemicellulose and
36% cellulose. Therefore if we calculate there is an opportunity of processing about 9000

tons of cellulose, 4800 tons of hemicellulose and 7500 tons of lignin annually.

Figure 1.4:-Groundnut and Groundnut shell
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1.2 REVIEW OF LITERATURE
1.2.1 Bioethanol Renewable resource of energy:

Bioethanol is a liquid clear colorless biofuel produced from lignocellulosic feedstock through
fermentation procedure. Bioethanol show complete combustion unlike the gasoline fuel and
therefore the ethanol is considered as cleaner fuel. Bioethanol can be utilized either as a fuel
additive or independent fuel (Sanchez and Cardona 2008). Kuhad and Singh 1993 studied
that the world wide generation of plant feedstock is about 200 X10° tons/year, of which the
major part was estimated to be lignocellulose approximately over 90 %, 8—20 X10° tons of

the biomass remains accessible potentially for different purposes.

The emissions of coz, material compatibility and engine performance has been studied for
various ethanol-diesel and ethanol-gasoline blends. Bioethanol is an oxygen containing
biofuel, meaning it provides better oxidation to the hydrocarbons, resulting into lesser release
of aromatics and carbon monoxide (Sanchez and Cardona 2008). Though the energy density
bioethanol is relatively low, but it has higher octane number (113) than petrol (80-90) and
gasoline (87-93) (Renewable Fuels Association 2017). Bioethanol has other various desirable
properties, such as, broader flammability range speed of the flame is higher, and heat of
vaporization is also higher (Balat, Balat, and Oz 2008) when gasoline is compared, therefore
can improve the efficiency of the engine (Balat et al. 2008; Renewable Fuels Association
2017), and therefore enhance its use as a suitable blend modern engines increases (Balat et
al. 2008; Masum et al. 2013).

In lesser blended form, bioethanol from lignocellulosic biomass can decrease the GHG
release by 4-4% in comparison to the pure gasoline. Ethanol gasoline blend can be prepared
by mixing 10-15% of ethanol in gasoline (E10 or E15) (Moriarty and Yanowitz 2015) without
any modifications to conventional engines. Besides the environmental advantages of the use
of bioethanol it has other desirable benefits like low-price octane raising additive for
gasoline, bioethanol can also create new jobs, support agriculture based economy.
Lignocellulosic biomass represents as a promising alternative in ethanol generation because

of its abundant availability, lower cost, high yield of ethanol and output/input energy ratio.
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Tablel.1:- Global availability of agricultural wastes and their utilization in bioethanol

production (Sarkar et al.,2012)

Estimated bioethanol
Agricultural waste Availability (million tons) potential (Gl)
Corn straw 128.02 58.6
Sugarcane bagasse 180.73 51.3
Wheat straw 354.34 104
Rice straw 731.3 205

1.2.2 Ethanol production technology
1.2.2.1 Basic Concept

Cellulose, hemicelluloses, and lignin are the major three components of the lignocellulosic
raw materials .The conversion of these lignocellulosic feedstock to the biofuel is done
majorly by two technologies developed on two platforms. (i) Synthesis gas (or syngas)

platform (2) and the sugar platforms.
.2.3 Pretreatment:-

Plant cell wall is a complex structure as mentioned before. The crystallinity of the cellulose,
lignin’s and hemicelluloses’ being physical barriers to the cellulose, and accessible surface
area of the cellulose related to the former and latter, makes the cellulosic biomass resistant
to hydrolysis (Mosier et al., 2005). Therefore pretreatment processes should be performed to
remove the lignin, decrease the crystallinity of the cellulose; meanwhile not harming the
cellulosic structure; in order to make the biomass susceptible for the further hydrolysis of the
cellulose and hemicellulose contents (Liu et al.,, 2012; Vancov et al., 2012). In this
framework, pretreatment has come up as the most important step, determining the total cost
of the lignocellulose to fuel/chemicals process. Most of the research has been conducted on
developing both effective and inexpensive pretreatment methods. Many of the pretreatment
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methods focus on disrupting the complex structure of the cellulose-hemicellulose-lignin

network, decreasing the crystallinity of the cellulose and removing the lignin and

hemicellulose parts in the cell wall (Wyman et al., 2005; FitzPatrick et al., 2010).

Lignocellulose Milling (Grinding) Pretreatment
(physical, chemical,
biological)

Saccharification

Fermentation Bioethanol

¥

A

Catalytic Conversion

Figure 1.5:-Bioethanol Production Process
1.2.3.1 Physical Pretreatment:

The physical pretreatment of the substrate includes various benefits like it mainly decreases
the crystal structure of cellulose, increase the accessible surface area and size of pores, and
decrease the crystallinity and degrees of polymerization of cellulose. Commonly used

physical treatments are steaming, grinding and milling, irradiation, temperature and pressure.
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The particle size of the lignocellulosic feedstock is done by the milling and grinding methods.
Thus we can state that the initial steps of the pretreatments are milling and grinding. Jin et
al., 2006 in report stated that the crystallinity of the lignocellulosic feedstock can be reduced
with the combination of grinding with other pretreatment process. Hideno et al., 2009 in his
journal reported that ball milling is a better technique then wet disk milling in terms of
grinding of the rice straw feedstock. The mall milling process save energy and also increases
the glucose recovery. For enzymatic saccharification process different types of grinding
techniques have been developed over the last few years like wet disk milling, ball milling

and roll milling
1.2.3.2 Chemical Pretreatment:-

The main objective of the pretreatment process applied to the lignocellulosic raw biomass is
to reduce the recalcitrance of hemicellulose and lignin parts of the cell wall and also to
increase the production of fermentable sugar by the enzymatic saccharification process

reported by Himmel et al., 2007.

Enzymatic hydrolysis cannot work effectively in the conversion of lignocellulosic raw
material to the total reducing sugar without prior chemical treatment process. Ammonia and
alkali chemical pretreatment have been proved to be effective in case of rice straw feedstock.

The main aim of the alkali pretreatment is to remove the lignin part of the cell wall and also
some part of the hemicellulose which subsequently increases the total accessible surface area
of the cellulose. The major types of alkali for the pretreatments available are the NaOH, KOH
and Ammonia. There is a Sharpe increase in the yield of reducing sugar by the alkali
pretreatment. There are different types in which the alkali pretreatment that can be done
firstly at lower temperature with prolong time and very high alkali concentration. In the report
submitted by Gaspar et al., 2007 stated that comparing the acidic or oxidative pretreatment
the alkali pretreatment is much more effective one. The alkali pretreatment effectively breaks
the ester bonds found between the hemicellulose, cellulose and lignin without fragmenting
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the polymers of hemicellulose and also does not distort the cellulosic structure of the
lignocellulosic feedstock.

When the acid is used in the diluted form it dominantly effect or solubilize the hemicellulose
component present in the lignocellulosic feedstock with a very little or no impact on the
lignin component and turn increases the accessibility to the cellulose component. Acidic
pretreatment is carried by utilizing different kinds of acids such as H.SO4 and HCI . Jackson
et al., 1977 reported that the base pretreatment was mainly done to digest the raw feedstock
for animal feeding. The report given Jackson et al., 1977 also stated that the alkali
pretreatment solution leads to the distortion of the plant cell wall in turn reducing the
hemicellulose, silica and lignin components of the cell wall and also solubilizing the acetic

acid esters and uronic substitutes.

Rodriguez-Vazquez et al. reported that the alkali pretreatment done by NaOH is much
more effective when compared to other types of alkali pretreatment likes ammonium
hydroxide, calcium hydroxide, sodium carbonate and hydrogen peroxide. The sodium
hydroxide pretreatment show better degradation of lignocellulosic feedstock and
consequently increases the fermentable sugar yield. Rodriguez-Vazquez et al. used alkali (
NaOH )solution for the pretreatment of the pith component found in the sugarcane bagasse
and concluded that a maximum digestion of 72% at 92C was found. (0.2 g of NaOH per pith
gram).

The acidic chemical pretreatment is much more effective and economically feasible as it can
increase the anaerobic digestion of the lignocellulosic feedstock reported by Pandey et al.,
2000. Lavarack et al., 2002 reported that solubilization of the hemicellulose is done by
diluted acids and this produces a liquid phase which is generally considered as rich in xylose
sugar, with very less amounts of lignin derived components therefore this can be considered
as an extravagant technique for the recovery of hemicellulose and it can be successfully
applied groundnut shell waste. Geddes et al 2011 in his report suggested that by comparing
phosphoric acid and sulphuric acid for the efficiency of hydrolyzing the hemicellulose from

lignocellulosic biomass. .

1.2.3.3 Biological pretreatment:
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Wyman et al., 1999 in his reported suggested that fungal strain are used to hydrolyze the
lignin in the biological pretreatment process. This biological pretreatment technique is simple

and economically feasible but the yield is in very low concentration and the rate is also less.

Other advantages of the biological pretreatment process are its energy and chemical input is
very low but it require suitable microbial strain for the technique.. Taniguchi et al., 2005
reported that biological treatment technique is eco-friendly and safe process for the removal
or elimination of lignin from the lignocelluloses raw feedstock and it is also cost effective
because requires very less investment. The white —rot fungi are found to be the most

promising microbial strains for the biological pretreatment technique.
1.2.3.4 Combined pretreatment:

Kumar et al. in his report suggested that single pretreatment singular action on
lignocellulosic biomass. They generally reduces degree of polymerization or crystallinity of
cellulose. To increase the accessible total surface area there is a need to eliminate the lignin
and hemicellulose.. Rezende et al., 2011 first reported the combination study in which the
feedstock was first treated with 1% H2SO4 and Then with 1%NaOH(m/v) for higher yield.

Main Objective of
Pretreatments

Increase the accessible Remove the

Remove the lignin surface area & decrease the Hemicellulose parts
in the cell wall

crystallinity of the cellulose

Figure 1.6:- The main objective of pretreatment
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1.2.4 Hydrolysis & Fermentation Process:-. The lignocellulosic feedstock is hydrolyzed
by the biological enzymes (cellulose and xylase) into fermentable reducing sugars. For the
commercialization of the ethanol the following points should be kept into consideration.1)
microorganism must utilize a wide range of feedstock,2) reducing sugar yield must be high,
3)microbial strain should be tolerant to high ethanol, pH, temperature and inhibitors present
in media. The figure below represent the fermentation pathway by the Sacchromyces

cerevisiae.
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Y l Acetaldehyde l
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Figure 1.7 Represent the Fermentation process by Saccromyces cerevisiae
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1.3 AIM & OBJECTIVE

Aim:
Aim of these research is to evaluate the best pretreatment technique for the lignocellulosic
raw feedstock to yield higher amount of reducing sugar at the time of biological

sccharification process which in turn increases the bioethanol production. And also to find

the best optimum way to use this technique at commercial level with economically feasibility.
Objective:

(@) The groundnut shell waste was used as a raw feedstock for bioethanol generation.

(b) Study various pretreatment processes like physical (milling), chemical (alkali and
acid) steaming, and biological treatments effect on structure of groundnut shell
waste.

(c) Pre-treatment technique is optimized on the basis cellulose content obtained after the
process.

(d) Bioethanol generation by Sacchromyces cerevisiae & Zymomonas mobilis

(e) Compare both aerobic and anaerobic fermentation process.

(f) Extraction of bioethanol by rotary evaporator.

(g) Analyse the bioethanol extracted by both potassium dichromate test and Gas
chromatography.

(h) Compare the qualities of the ethanol generated utilizing different pre-treatment

techniques on groundnut shell.
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1.4 Method and Methodology:-

1.4.1 Collection of raw feedstock:-

The groundnut shell were collected from the local retailer in Behala , Kolkata.
1.4.1.1 Chemical Reagents:-

Sodium hydroxide ( Merk, India), Concentrated Sulphuric Acid ( Merk, India), Hydrochloric
Acid ( Merk, India), Agar-Agar ( Merk, India), Yeast Extract ( Merk, India), Anthrone
Reagent ( Merk, India), Dinitrosalicylic Acid ( Merk, India), Glucose ( Merk, India),
Magnesium Chloride ( Merk, India), Ammonium sulphate ( Merk, India), Potassium
Dihydrogen Phosphate ( Merk, India), Peptone ( Merk, India), Dextrose( Merk, India),
Czapex dox ( Merk, India) , Ethanol , Sodium Nitrate ( Merk, India), Magnesium Sulphate
Heptahydrate ( Merk, India), Ferrous SulpHate ( Merk, India) , Potassium Chloride ( Merk,
India), Dipotassium Hydrogen Phosphate ( Merk, India).

1.4.1.2 Microorganism:-

Zymomonas mobilis and Sacchromyces cerevisiae strains were obtained from MTCC, pune
and Chandigarh respectively. Aspergillus strain was isolated from the water sample from

sunderban west Bengal.
1.4.2 Pretreatments:-

The plant cell wall is very complicated in the structure. The lignin and hemicellulose
crystalline structure is one of the main physical barrier to the accessible total surface area of
the cellulose (Mosier et al., 2005). Therefore the main objective of pretreatment processes is
to remove or reduce the hemicellulose and lignin content in the cell wall , also to reduce the
crystalline structure of cellulose ,reduce the degree of polymerization of cellulose ;

meanwhile not disrupting the cellulosic structure. (Liu et al., 2012; Vancov et al., 2012).

1.4.2.1 Physical treatment Technique:-
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The main objective of a effective the physical treatment process is to reduce the size of the
feedstock, increase the surface availability and size of the pores of cellulose, reduce the
crystallinity of cellulose and polymerization degree of cellulose. The physical pretreatment
process is executed prior to other pretreatment processes like chemical and biological

pretreatments (Taherzadeh et al.,2008).
1.4.2.1.1 Pulverization:-

The physical pretreatment starts with the milling or grinding of the raw feedstock with the
main aim of decreasing the size of the lignocellulosic biomass. Crystallinity of Cellulose is
also decreased by the Milling process (Taherzadeh et al., 2008). The grinding process is done
before the other chemical treatment processes. However, with the milling process, only size
reduction of the lignocellulosic feedstock takes place without any change or elimination of
lignin and hemicellulose. In this process the sun dried groundnut shells were powdered and
then sieved with 100 um mesh to get fine powder

1.4.2.2 Chemical treatment technique:-

An effective chemical pretreatment process is done in order to disrupt the lignocellulosic raw
material by utilizing a range of different types of chemical agents. This chemical pretreatment

technique either decrease or removal the lignin or the hemicellulose.
1.4.2.2.1 Alkali treatment:-

Among the various pretreatment techniques the alkali pretreatment is one of the most
effective technique. In this process different concentration of alkali (1%-5%)were used to
treat 3 gram of shell powder at a constant temperature and pressure .The alkali pretreated
feedstock was kept for 30 minutes and then ware further washed with distill water until the
pH reached near 7.Then finally the groundnut shell powder was oven dried at 50°C overnight
to have a constant weight . The main purpose of alkaline treatment is to eliminate the lignin
part of the cell wall and also to remove substitutes of acetyl and uronic acid from the
hemicellulose. The alkali treatment can also help in breaking the ester bonds found in
hemicellulose and lignin (Mosier et al., 2005; Taherzadeh et al., 2008).
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1.4.2.2.2 Acid treatment:-

One of the leading effective chemical pretreatment technique are the acid pretreatment (L.i et
al., 2010). By the Acidic pretreatment process, hemicellulose can be solubilized and
furthermore the hydrogen bond found in lignocellulosic biomass is also disrupted. The acidic
pretreatment method was approached by 2 different acids (sulphuric acid and hydrochloric
acid). The groundnut shell powder was first treated with different concentrations of
hydrochloric acid ranging from (0.5% to 2.5%) H2SO4 solutions. In the second method the
feedstock powder was pretreated with sulphuric acid from (0.5%-2%) range. Both the pre-
treated groundnut powder were kept at room temperature for 30 minutes and then washed
and dried overnight to have a constant weight. One of the major disadvantage of using of
acidic pretreatment can be that lignin part of the cell wall can be condensed which might
affect or restrict the further hydrolysis process (Li et al., 2010).

1.4.2.2.3Alkali and Acid:-

In this process integration of alkali (NaOH) and Acid (HCI, H2SO4) were used in a single
pretreatment process and there effect on the raw feedstock was studied. In this method
different alkali (1%-5%) pretreated groundnut shell samples were retreated with 1% H2SO4
and 1%HCI solutions separately. Both the pre-treated groundnut powder were kept at room
temperature for 30 minutes and then washed until the pH reached approximately 7 and then
dried overnight at 50°C to have a constant weight and then the pretreated powder was stored

in air tight container for further analysis.

1.4.2.2.4 Alkali (steamed) treatment:-

Pretreatment by alkali steamed is one of the most effective pretreatments among all the
discussed above ones. In this process different concentration of alkali (1%-5%) were used to
treat shell powder at 121°C and 15 psi pressure in the autoclave. The autoclaved feedstock
was then cooled ,filtered and washed several times to get the pH near 7.Finally dried
overnight at 50°C to have a constant weight and then the pretreated powder was stored in air

tight container for further analysis.
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1.4.2.2.5 Alkali (steamed) and acidic treatment:-

In this process the alkali (steamed) feedstock were further treated with both sulphuric acid or
hydrochloric acid one at a time. Feedstock was then, filtered and washed several times to get
the pH near 7.Finally dried overnight at 50°C to have a constant weight and then the
pretreated powder was stored in air tight container for further analysis. The results observed

after this treatment were also very promising.
1.4.3 Determination of Cellulose & Hemicellulose content in Groundnut shell waste:-
1.4.3.1 Cellulose Estimation:-

Anthrone test is done for the estimation of cellulose content. In this test the carbohydrate gets
dehydrated when reacted with concentrated sulphuric acid (H2SO4) forms furfural. This
furfural which is formed in the previous step reacts with anthrone reagent to give bluish green
coloured complex. This coloured complex intensity is measured by spectrophotometer at

630nm (Perkin Elmer, Germany).

CHO CHO
| 1 |1 0
H—C—OH C —

| I =
HO—C—H H—C
| H,50, | O . Bluish-green

Y o - 1
H (I: OH i T Anthrone Reagent compeR

H=—C—0H H—C—
| |
ctfon CH,OH 6
Glucose Furfural

Figure 1.8:- Anthrone test principle
1.4.3.1.1Chemical Reagents:-

1 Pretreated (acid, alkaline, acid+ alkaline ) groundnut shell waste
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2 Anthrone Reagents: 100ml of ice cold H2SO4(95% conc.) was take in which 200mg of
anthrone was dissolved to prepare the anthrone reagent solution. The solution was prepared

fresh and refrigerated for 2hrs before use.
3. 67% sulphuric acid (H2SO4).
1.4.3.1.2 Standard curve preparation:-

For the standard curve preparation cellulose (10 mg) was dissolved in 100 ml of double
distilled water. From the stock solution aliquots of 0.25, 0.5, 0.75 and 1 ml were taken.
Further 10 ml of anthrone reagent was added and the solution was heated in water bath for
15 minutes. Finally the absorbance was measured at 630nm and the standard graph was
plotted.

4.3.1.3 Experiment:-
e 0.5 gram of each pretreated samples were taken in different test tubes.

e 10ml of 67% H>SO4 was added to each test tubes and was kept for lhr at room

temperature.

e 1ml from the previously prepared solution was taken and was further diluted to 100ml
by adding distil water.

e 1ml from the above stock solution was taken to which 10ml of Anthrone reagent was
added and thoroughly mixed.

e The test tubes were heated in the water bath at boiling for 15 minutes.

e The above solutions in the test tubes were cooled and finally the absorbance was

measured at 630nm.
1.4.3.2 Determination of Hemicellulose content:-

For the determination of the hemicellulose content in the lignocellulosic raw material firstly
the Acid Detergent Fibre(ADF) and Neutral Detergent Fibre(NDF) are calculated.

Hemicellulose=%NDF-%ADF

Determination of %Neutral Detergent Fibre(NDF):-

33



Neutral detergent solution preparation:-6.81 gram of sodium borate decahydrate and 18.61
gram of Disodiumethylene diaminetetraacetate were added to 200ml of distill water by
continuous stirring and heating. 100ml of sodium lauryl sulphate (30g) solution and ethoxy
ethanol (10ml) were added to the above prepared solution. Furthermore 100ml (4.5%)sodium
hydrogen phosphate was added and finally the volume was made upto 1 liter and the pH was
adjusted to 7.

1.4.3.2.1 Procedure:-

10 ml of neutral reagent solution was added to each pretreated substrate and further the

following reagents were added:-

Sodium sulphite (0.5g) and Decahydronapthalene (2ml) and was added to the above solution
and then was heated in water bath at boiling 1 hour. The above solution was cooled and
further filtered by sintered glass crucible (G-2). The filtrate was washed several times by hot
water and then washed with acetone twice to thrice. The residue obtained after the treatment
was dried at 100°C until the residue obtain a constant weight .The residue was cooled in the
desiccator and the weight of the residue was measured and recorded. The residue obtained

was designated as neutral detergent fibre (NDF).
Determine the % Acid Detergent Fibre(ADF):-

Acid Detergent reagent preparation: - The reagent solution was prepared by adding (2%)
cetyl trimethyl ammonium bromide in sulphuric acid(1N).

1.4.3.2.2 Procedure:-

100ml of Acid detergent reagent solution was added to 1 gram each of the pretreated
substrate. The above solution was heated at 100C for 1 hour. The above solution was then
cooled and further filtered by sintered glass cruicible (G-2) and was washed thrice with hot
water to remove the reagent and to get a constant pH. The residue was further washed with

acetone to make it colourless and finally dried overnight to get a constant weight.
1.4.2.3 Biological Treatment Process:-

Cellulase enzyme Production by simultaneous saccharification and fermentation (SSF):-
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1.4.2.3.1 Inoculum preparation:-

Aspergillus species ( Genbank: MH119104 )was isolated from the soil sample collected from
the sunderban area of West Bengal. The identified and isolated fungal strain was further
subcultured on the potato dextrose agar media as well as modified czapekdox medium. The
Aspergillus strain was streaked on the agar plates and were incubated at 35°C for 7 days.
After 7 days fully sporulated plates were obtained which were further treated with 0.1%
Tween 80 to collect the spores. Due to the detergent properties of tween 80, spores were
dislocated and were gently collected from the plate using pipet. This spore suspension was
then centrifuged and washed several times to remove the tween and finally refrigerated to be

used as inoculum.
1.4.2.3.2 Media Preparation for Enzyme Production:-

Basal Media was prepared by adding salts of (0.2%) Sodium Nitrate ( NaNOs,) , (0.05% )
Potassium chloride (KCI), (0.05%) magnesium sulphate (MgSOa), (0.001%) Ferrous sulphate
( FeS0s4),(0.1%) Dipotassium hydrogen phosphate ( K:HPOg4) and Peptone. The nitrogen

source used in this media was the Peptone.
1.4.2.3.3 Experiment:-

Three grams each of the pretreated groundnut shell were taken into 250ml Erlenmeyer flasks
and were then humidified with freshly prepared basal media. The media containing the
pretreated substrate was sterilized by autoclaving at 121°C and 15psi pressure. The media
containing the flask were then inoculated with 3ml of the spore suspension. The flask was

incubated at 35°C in the incubator for 6 days.

In the current research the effect of different important factors on the hydrolysis process
(amount of reducing sugar produced) has been studied. The Aspergillus sp. used in the
process breakdown the long chains of polysaccharides into simpler components such as —

glucose, fructose, galactose and maltose etc.

1.4.2.3.3.1 Temperature:-The optimum temperature of the Aspergillus sp. is 35-37°C. To
determine whether Aspergillus sp. can vyield the reducing sugar better in any other
temperature or not, different ranges of temperature are studied (26-46°C).
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1.4.2.3.3.2 Substrate:-

The standard substrate concentration used in this experiment was about 3 grams. To find the

better sugar yield the substrate concentration was varied from 1gram to 5 gram.
1.4.2.3.3.3 Dose:-

The dose concentration for the groundnut shell powder used in the standard process was 3mi
of (1.25x106 spore/ml). So, dose concentration was varied to study more detail effect of dose
on the yield of reducing sugar by the Aspergillus sp. The dose was varied in a range of 1mi

to 5ml.
1.4.2.3.3.4 pH:-
The effect of pH on the sugar yield was observed by varying the pH from 4 to 10.

1.4.3 Estimation of the total reducing sugar by DNS:-

3,5-Dinitosalicylic acid(DNSA) is extremely used in biochemistry for the determination of
reducing sugar. DNSA can detect the presence of free carbonyl group present in the reducing
sugars. In this experiment the oxidation of the ketone functional group (in fructose) and
aldehyde functional group (in glucose) involves. During this reaction the DNSA is generally
reduced to 3-amino-5-nitroslicylic acid (ANSA) which in turn shows reddish brown colored

complex which has maximum absorbance at a wavelength of 540nm.

OH OH
HDDCT_ #,-L:_H MO, HOOC. _,-J_:H_ ,3"”":
U # 5 +  reducing sugar ———= 1 J
o ;Z-' H.H-'j;'
[5 [5
NO, NO,
3, 5-dinitrozalicylic acidiDNS) J=amino-5-nitro salicylic acid

Figure 1.9:-DNS result
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1.4.3.1 Dinitrosalicylic acid (DNS) reagent preparation:-

1.4.3.1.1 The DNS reagent was prepared by adding dinitrosalicylic acid (DNS) (1gram),
crystalline phenol (200mg), sodium sulphite (50mg) in 100ml of 1%NaOH solution by
continuous stirring.

Sodium-potassium tartrate solution was prepared by adding 40 gram of Rochelle salt in
100ml of distill water.

1.4.3.1.2 Standard stock and curve preparation:-

The standard stock solution was prepared in 100ml of distill water by adding 100mg of
commercial glucose powder. The working solution was prepared by taking 10 ml aliquot
from the stock solution and making the volume to 100 ml by adding distill water. Further
different concentration of the working solution were taken (0.2,0.4,0.6,0.8 and1 ml) and the
final volume was made to 3 ml by adding water. 3ml of the DNS reagent was added to each
test tube and then heated for about 10 minutes. After cooling and appearance of reddish
brown colour 1 ml of 40% Rochelle salt was added and thoroughly mixed. Finally the

absorbance was recorded at 540nm using Spectrophotometer (Perkin Elmer, Germany).
1.4.3.1.2 Experiment:-

1ml filtrate each of the hydrolysed media(which was previously inoculated by aspergillus
sp.) was taken and 2 ml of distil water was added to it to make up the volume to 3ml. 3ml of
the DNS reagent was added to each test tube and then heated for about 10 minutes. After
cooling and appearance of reddish brown colour 1 ml of 40% Rochelle salt was added and

thoroughly mixed. Finally the absorbance was recorded at 540nm using Spectrophotometer

(Perkin Elmer, Germany).

1.4.4 Fermentation

1.4.4.1 Microbial Species:-
Saccharomyces cerevisiae (MTCC 170)

Saccharomyces cerevisiae is a very common species of yeast. It is universally used
microorganism for the purpose of fermentation. Saccharomyces cerevisiae is capable of

fermenting polysaccharide majorly the hexose sugars like the glucose.
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The growth medium (YEPD) for Saccharomyces cerevisiae is

Working Solution:-
Yeast extract — 0.3gm
Agar — 1.5gm

Distilled water — 100ml
Stock solutions :

Peptone - 5.00g / 50mL
Dextrose - 10.00g / 50mL

The stock solution were then sterilized by autoclaving at 121°C and 15psi pressure 10ml of
the stock solutions were simultaneously added to the working solution. The solution were
poured in the petri plate and allowed to cool until gel formation takes place. The identified
and isolated Saccharomyces cerevisiae was subcultured on the petri plate by streaking and

incubated 37°C. Growth was observed between 2-3 days.
Zymomonas mobilis

Zymomonas mobilis is a gram negative, non sporulating, polarly flagellated, rod shaped
facultative anaerobic. Zymomonas mobilis have notable bioethanol generating properties
which can some time surpass the capability of yeast. This microorganism can ferment more
sugar than Saccromyces cerevisiae such as arabinose and xylose which cannot be fermented

by yeast.
1.4.4.2 Growth Media:-
The growth medium for this anaerobic bacteria is :

Working solution:-

Yeast extract — 1.0gm

Agar — 1.5gm

Distilled water — 100 ml

Stock solutions:

Glucose - 2gm / 10mL

Magnesium chloride - 1gm / 10mL
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Ammonium sulphate - 1gm / 10mL
Potassium di-hydrogen phosphate - 1gm / 10mL

The stock and the working solutions were autoclaved and then 10mL of glucose solution was
added to the working solution and 1ml each of the other stock solutions were simultaneously
added to the working solution. The Zymomonas mobilis was subcultured on the previously
mentioned growth media. The media plates were incubated at 35°C and growth was observed

within 3 days.

1.4.4.3 Experimental procedure:-

Two Fermentation condition, two organisms

The media containing the substrates were further treated with both microbial strains, to
identify the amount difference in the product by fermentation in both the cases.

1.4.4.3.1 Aerobic Fermentation-

3gm of pretreated groundnut shell powder which was previously pretreated with Aspergillus
strain was further autoclaved at 121°C and 15psi pressure to kill the fungal strain. The same
media containing substrate was filtered and the filtrate media was divided into 2 equal parts
and one was treated with Saccharomyces cerevisiae and another was treated with Zymomonas
mobilis. Fermentation showed by Zymomonas mobilis was observed within 3 days at 35.5°C
whereas Saccharomyces cerevisiae showed it after 4 days at 37°C.

1.4.4.3.2 Anaerobic fermentation —

3gm of pretreated groundnut shell powder which was previously pretreated with Aspergillus
strain was further autoclaved at 121°C and 15psi pressure to kill the fungal strain. The same
media containing substrate was filtered and the filtrate media was divided into 2 equal parts
and one was treated with Saccharomyces cerevisiae and another was treated with Zymomonas
mobilis. Both the media was sparged by nitrogen to remove the oxygen as well as to maintain
the anaerobic condition. The flask containing the media were sealed with Para film and were
kept in anaerobic bioreactor for 3 days after that bioethanol was recovered and analyzed.

1.4.5 Extraction of bioethanol:-
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The fermented samples obtained after 3-4 days, of pretreated groundnut shell both by
Zymomonas mobilis and Saccharomyces cerevisiae and were taken for the extraction of
bioethanol by the Rotary Evaporator. The water-ethanol mix was obtained by evaporator was
further analyzed for the estimation of ethanol in each pretreated samples..

1.4.5.1 Estimation of ethanol by Dichromate test:-

The ethanol water mix obtained after the fermentation process was further used to estimate

the amount of ethanol in it.

1.4.5.1.1 Potassium dichromate reagent preparation:-

In I liter volumetric flask 400 ml of distill water was added, then carefully 325 ml of
concentrated sulphuric acid was added to the volumetric flask. After through mixing the
solution was allowed to cool down to (70-90°C).Potassium dichromate powder 33.768 gram
was added to the previously prepared solution and finally the volume was made upto 1 liter
by adding double distill water.

1.4.5.1.2 Preparation of standard solution:

The standard solution of Ethanol was prepared by mixing pure ethanol into water in a range
of 0-20% (v/v).

1.4.5.1.3 Standard curve for ethanol preparation:

Standard plot was obtained by taking 1mL aliquot of the standard solutions(0-20%) in a
volumetric flask of 50 ml .The beaker was already containing 25 ml of freshly prepared
potassium dichromate solution( K2Cr207.9ml distill water was added to make the volume
35ml each and then this samples were heated in water bath at 65°C for 25 minutes. Finally
after cooling of the above solution 15 ml of water is added so that the final volume becomes
50ml. Absorbance was measured at a wavelength of 600nm by UV-VIS spectrophotometer.
1.4.5.1.4 Estimation of Bioethanol in the fermented sample:-

Iml of the extracted ethanol-water mix was taken in 50 ml volumetric flask previously
containing 25 ml of freshly prepared potassium dichromate solution( K2Cr2O7) .9ml distill
water was added to make the volume 35ml each and then this samples were heated in water

bath at 65°C for 25 minutes. Finally after cooling 15 ml of water is added to the above
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solution so that the final volume becomes 50ml. Absorbance was measured at a wavelength
of 600nm by uv-vis spectrophotometer.
1.4.6 Characterization:-

1.4.6.1 Fourier Transform Infrared (FTIR) Spectroscopy:

The infrared spectra images of the cellulose and lignin (wave numbers in cm-1) were
produced on a Perkin Elmer spectrophotometer ( Magma - IR 560 E.S.P) utilizing KBr disk

containing the finely grounded samples in 3%.

1.4.6.2 HPLC ( high-performance liquid chromatography):-

COLUMN

PUMP INJECTOR DETECTOR

SOLVENT RESERVIOUR WASTE
Figure 2.0:-HPLC Principle

High-performance liquid chromatography is a process which is used to separate identify or
quantify each component of a mixture. HPLC work on principle that some
components/molecules of the mixture takes longer time than other components to pass the
chromatography column. This retention time depends upon the affinity of the molecule
towards the mobile phase (gas or liquid) and also the stationary phase (solid or liquid). The
one which have greater affinity towards the stationary phase have higher retentio