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ABSTRACT

Pretreatment is a preequisite step in bioethanol production frdignocellulosic biomassilt
required to removeemicellulose and ligninncreasng cellulose recovery and the porosity of the
substrate for saccharificationln the present study, chemical pretreatment of corncob was
performed usingnew approach techinguanary acids (HSQ; + CH3COOH) in different ratios.
Among all the investigated l@iry acids ratis, the pretreatment with X:1) ratio removed
maximum hemicellulogd2.02%)andlignin (35.8%)with the cellulose recovery of 43.5%fter
optimiang different operating conditions such as binary acids concentration, biomass loading
ratio, pretreatment temperature, and tios@ng design expert softwdia (1:1) binary acids ratio,

the removal andecovery have been increasethe attained maximum removal of lignin and
hemicellulosevere 81.41+2.3% and5.6+1.8% respectivelywith enhanced cellulose recovery

of 93.5+1.3%at theoptimum conditions of binary acids concentrat{8f0, v/v), biomass loading

ratio (0.1 g/mL) pretreatment temperatu(@20°C) and timg(60 min). The obtained prteeatment

data werestatisticallyanalyzed using oneway ANOVAand validated experimentallyrhe SEM,

FTIR and XRD analysis were useal ¢haracterize the raw corncolbjnary acids pretreated
corncob, recoveredcellulose and micreellulose (commercial gradekgt different proessing
stages.The SEM and FTIR spectra revealed the removal of hemicelluloses and lignin from the
corncobbiomassby binary acidspretreatment The XRD results also confirmadchange in the
crystallinity indexof corncob biomassSubsequently, dilute sulfuric acid hydrolysisefovered
corncob cellulose was investigated under vasiacid concentrations, temperatwandresidence
times. The maximum glucose concentrati@attainedwas 55.4 mg/mL at 120°C with an acid
concentration 08% (v/v) for45 min of hydrolysis timeEthanolic fermentation was carried att

30 °C with 200 rpm for 4 daywith the recovered glucosesing Saccharomyces cerevisidbe
maximumbioethanol concentratio®4.6 mg/mLwasattained The daracterization of produced
ethanolwas dondy FTIR whichconfirmedthe functional groups of ethanol such @sH, C-O, -

CH. and CH. This study demonstrates that binary acids pretreatment is an alternative and new
approach forthe pretreatmenbf lignocellulosichiomass The optimized process conditions could

also successfully increase the cellulose recowegrovefermentablesugarand bioethanol yield.

Keywords Corncob petreatment Binary acids; Enhanced cellulose recoveryHydrolysis

Fermentatio

Xx|Page



CHAPTER ONE

1. INTRODUCTION
1.1 Background

Energy plays a crucial role ieconomic development and humamd social improvementd].

The dilization of fossil fuels as a source of energy for economic development can cause high
emissions of greenhouse gases (GHGshe Earth's atmospherdowever, concerns about the
depletion of fossil fuels and the increasing energy consumption and industrialization have
encouraged researcherditad alternative energy sourgf2]. Due to a reliable supply of required
fuels for transportation and environmental pollution, cellulosged fuel answerthe current
issueqd3].

Onre of the potential alternatives to resolve the environmental and energetic issues is using
bioethanol made from lignocellulosic biomass. This is renewable gasoline, which avoids the

negative environmental impacts generated by using petrebesed fuel§l]. In contrast to fesil

fuels bioethanol is a renewable energy supply produced through the fermentation of sugars. It has
been diagnosed as a potential alternative renewable energy source to pedmigem

transportation fuels.

Bioethanol can be produced from unique béssalong with sugar or starchy materials in addition

to lignocellulosic biomasavhich mightbe rich in hexoses and pentdd4¢ Even aspon theone

hand using sugary and starchy biomass as-{jesteration biofuel production leadstte high

cost of bioethanol production due to the excessive price of raw mafé&jialBhe use of food

stocks like sugarcane, corand cereal grains then again would possibly cause the food crisis.
Biofuels generated from lignocellulosic biomass (second technology biofuel) constitute one of the
capacity renewablsources of powehatcan be no-polluting and are sustainaljg]. Due to its
dramatic environmental, economic, and infrastructure advantages, no other sustainable alternative
for producing transportation fuels can match bioethanol made from lignocelluloses idimas
lignocellulosic materialencludeagricultural residues, municipal solid wastes (MSW), pulp mill

refuse, switchgrass, and lawn garden wp&te

From lignocellulosic biomassagricultural waste have shown good potential to produce

bioethanol due to their accessibility, affordability (lewst), abundance, and high carbohydrate
1|Page



content. Corncob is one of the agricultural waste pradafatorn which contais a large amount

of sugarthat can be fuher utilized to produce various compourj@$ The bioconversion of
lignocellulosichiomasgo biofuel from cheap neadible materials such as corncob for renewable
erergy is imperative. Corncobs contain a sufficient amount of cellulosic material, which is the best
source of fermentable sugars and it is estimated that approximatelylis® toins of corncob
residue arggenerated every year in Ethiopia. 8@ production of bioethanol from corncob
biomass seems very attractive and sustairfablseveral reasonsh& renewable and ubiquitous
nature of biomass and its noompetitiveness with food crops are the majoesonAnother
significant factor thaadds value as wWehstheimportance to corncob bioethanol is the reduction
in greenhouse gas emisssoi he utilization of lignocellulosic biomass for ethanol production
necessitates the largeale poduction technology to be cestfective and environmentally
sustainal® [9].

Fortheproduction of bioethanol from corncob feedstock, four major steps are redqihese are
pretreatment, hydrolysisiermentation and distillation of the product mixture to separate
bioethanol[10]. However pretreatment is one of the most crucaad very impetant steps in
corncob conversion to bioethanol from the point of economic viée olverall yiedl of bioethanol

was based on iteffectiveness. Due tthe rebellious nature and the complicated hierarchical
structure of corncalpretreatment habeenpresated as the most critical step during biomass
conversion to biofuelfl1]. It should be noted that the efficiency of pretreatment is an important
issue to obtain a higher yield of bioethanol. Expanding or increasing the surface area of biomass,
dissolving hemicellulose and/or lignin, reducing the particle sizésomassand enhancing the
cellulose recovery from the biomass are the most important objectives of the pretreatment step.
This can be done by either chemical or physical modification of the corncob structure.
Subsequently, the hydrolysis of cellulosergases by increasing the accessibilities of acids or

enzymes to the surface of celluld&2].

In this regard, many studies have been conducted to incosdiséose recovery from the
lignocellulosic biomasgiegradation or separation of the three meamponents during the
pretreatment process. Therefore, the investigation of the pretreatment condition is the main goal
of scientists to produce high yield bioenergy esfé¢ctivdy. This study used the new approach

for particular biomass (corncob) predteent methd to recoveenhanced cellulose for improved

bioethanol production.
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1.2 Statement of the Problem

Currently, environmental pollution is a growisgncern due to air pollutioresulting fromthe
combustion of fossil fuels-or that reasonalternativeenergysourcesneedto be renewable,
sustainable, efficient, cosffective, convenientand safe. The use of food vegetation (like corn,
maize) for biofuels production may cause inflationh&price of these vegetation leading to food
insecurity. To alleviate such problems, alternative rmdedible agricultural products (corncob)

have tobe investigated.

The economic production of gasoliethanol in Ethiopia relies specificallgn molasses from
sugar industries. So, cawb can be a potential raw material for bioethanol production to resolve
the hassle related to energpfety Ethiopiad sorn prodiction increases from year to yeaudxo

this, a large mount of corncob iproduced This non edible part of corhas a high quantity of
cellulose better than other agricultural wastesl fruit wasteswhich can be converted into

bioethanol

Pretreatment of lignocellulosic biomass is the most predominant step, targeting to destroy the rigid
structure of the feedstock and separate major componentaswetiulose, hemicelluloseand

lignin for subsequent enzymatic or adigdrolysis and fermentation steps to maximize the
volumetric productivity of bioethanolAt the same timethe physical anghysicochemical
pretreatment haseenlimited due to their high energy demand, high cost, insufficient removal of
lignin as well ashemicelluloseand low cellulose recoveryo alleviate such problems, the new

approach binary acids pretreatment is used.

Furthermore, up to now, there is no harimed pretreatment strategy teceat all kinds of
lignocellulosic biomasand the pretreatent system depends totally on the sort of lignocellulosic
biomass and the preferred products. But, the usage of a biin@y acids pretreatment strategy
can extensively increase the performance of the system and constitutey @apisroach in this
disapline.

The researchers apaying more attention to hydslysis parameters optimizatiofhey suggest
continuously optimizing the process parameters for biomass pretreatment processes (which is
always adapted properly) for bioethanol productimmch significantly influencesbioethanol
yield. Besides, veryew studies have been achieved to produce bioethanol froredible,

lignocellulosic material, i.e., corncob, usiagid pretreatment techniques. So, this study fegus
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on treating corncob biomassg combined acisland optimizinghe procesparameters (biomass
loading ratio, acid concentration, temperatued time) for enhancing cellulose recovery for

improved bioethanol production

1.3 Objectives
1.3.1 Generalobjective

x Enhanced recovery of cellulose frooorncob biomass by binary acigsetreatments for

improved bioethanol production

1.3.2Specificobjectives

x To analyze the proximate determinations of corncob biomass

x To pretreat carcob biomass using binary aciagth different ratios and optimize the
pretreatment parameters suclbasary acids concentrationjomasdoading ratigtemperature
and teatment timausing design expert

x Tocharacterizeaw, binary acids treated corncob aaedovereaelluloseby usingSEM,FTIR,
andXRD instrumens.

x  To perform the saccharification of cellulose using auid investigate the effect of hydrolysis
conditions on the glucose concentration.

x To evaluatethe ethanol fermentation processng a specific yeast organisstudy theyeast

growth and ethanol convéos yield.

1.4 Significance of thestudy

Due to the lignocellulosic matrix's immense complexity, it is highly improbable that single acid
pretreatment will break all polysaccharilignin linkages. Thus it is expected that not all
polymericsugars can bescovered. Therefore, these studies' significance is that combined acid
pretreatment is applied and the operating conditions should be optimized to etitaimced

recovery polymerisugar.

This study can also introduce a new approach for corncob bigretssatment techniques that
enhance cellulose recovery to release improved fermentable sugar molecules like glucose. This

can improve the overall production bioethanal
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The economic benefit of using binary acids to pretreat corncob biomass hasieesigadvantage
over physical pretreatment. Which will decrease the cost of pretreatmestbgng energy

consumption.

This studywill significantly optimize bioethanol from needible agricultural waste (corncob),
which is abundantly available in Etipia. Bioethanol production from cocob is consideredsa
secondgeneration biofuel. It has no direct conflict with human food, éissiageneration biofuels

produced from @ps such as corn and sugarcane.

Furthermore, bioethanol production from cornamn reduce theost for the importatiorof

petroleumbasedfuel. The fossil fuel reserve will be entirely depleted within a short period.

Besides thisthe continuous burning of fossil fugincreases the emission of greenhouse gasses

into the atmospherand causes global warming. As a renewable andfeomsh competitive
feedstock is desirable for the production of alternative fuel oil such as bioetfdm@oefore

corncob isone of such renewable and Afmod competitive feedstock

1.5 Scope of thetudy

The scope of the thesis work within the given time and resource includes

x  Study the proximate and the chemical composition of corncob
x Selection of appropriate binary acid ratio to pretreat the corncob biomass

x Pretreatment of corncob by the selected appropriate binary acids for enhanced cellulose

recovery

x Characterizing the raw, binary acitieated corncob, corncob cellulose, and commercial
micro-cellulose by using instrumental techniques such as Scannirigoal@gsicroscope
(SEM), Fourier transforms infrared spectroscopy (FTIRgxdiffraction (XRD)

x Acid hydrolysis of recovered cellulose to produce fermentable sugar and studying the

effect of the hydrolysis conditions on the sugar concentration

x Fermentatiorof the glucose to bioethanol and characterizing the produioethanol
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CHAPTER TWO

2 LITERATURE REVIEW
2.1 Introduction

Currently, the whole worldis facing twosignificant challenges{i), to provide enough energy
sources andii), to protect the environment. The world economy depends on the usage of fossil
fuels because it is the main source of energy (about BBfe)Unrestrained usage of natural fuels

has a negative impact on nature because of environmental pollution and the emission of a huge
amount of GHGresulting in global warming. Therefore the current isaafesiel demands and
intense <c¢climate change are directing the wor
sources that can reduce our dependency on fossil[fidlsHowever, currentlyto solve such a
problem, different renewable resources, namely wind, tide, hydropower, and biareassed for

energy production. The mentioned renewable regsucan satisfy energy demandtie power

sector Still, the transportation sector mainly depends on liquid fuels, which cannot be produced
from other renewable sources except biomass. The world energy ogtfwolected to meet 5%

of world demand for amsportation fuel by biofuels in 20803].

Based on the type of feedstock used in the production process, their currentismndvatiability
Biofuels can be categorized into three major groups, namelgérstration, secorgleneration

and thirdgeneration types. Firgfeneration biofuels are currently produced in large commercial
guantities in many countries from agricultu@bps such as sugarcane, maize, soybean and
jatropha through weléstablished technologies such as hydrolysis, femtient and trans
esterificationSeconegeneratiorbiofuelscanbemadefromlignocellulosidiomassnclusive

of agricultural crop residues, forestry amudberprocessing wastesyganiccomponent®f
municipalsolid waste (MSW) anghowercropstogether with such aslischantus giganteysising
either thermochemical or biochemical processes aneh8ngration biofuels are produced from

feedstock which include micrandmacroalgae vegetable oils and biodieqéb].
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2.2 Bioethanol

Bioethanol or ethyl alcohol @EisOH) is a clean colorless liquidt is biodegradableolv in
toxicity and the principagjasoline used as a petrol alternative for avenue delivery veliitles
physical properties of bioethanol was explained in the appendixwas mainlyobtained from
numerous capability feedstock sorts along with sbg&t, wheat, corn, cassabagassebarley,
molasses, skim milk (wheypotatoes, sorghum, transfer grass and cellulose biomass which
include wooden, paper, straw and different cellulose wastes along with grasses;aithistsf

municipal solid wastes.

2.2.1 Bioethanol application andts utilization

Because of its unique combination of propertiethasolvent bioethanol has been identified as
one of the most interesting synthetic oxygemtaining organic chemicalsed in beverage
antifreeze and aachemical intermediate for other chemicals production. It is also an industrial
chemicalthat has high significant utilization. It could be used in the transportation sectors in
addition to inthe production of pharmaceutical products, dyestuffs, perfunmels raimeros
merchandiseEthanol underneath regulaituations isan unstable, flammable, clean, colorless

chemical compound.

2.2.2 Global trends of bioethanol production

Global production of bioethanol has extended from 13,123 million gallons to 27,0&mi
gallons. Figire2.1shows the global bioethanol production between 2007 and[26]L@ he USA
followed by Brazil and Europe are leading ethanol producers and have wide angkrd¢eygens
for promoting biofuels in the whole worl@he annual globabioethanol production hagightly
increased over the last 10 years and is depidibd. USA contributed to the highest ethanol
production and has been projected to be more than 508e dbtal global ethangdroduced in
2016[16]. More mainly, secongeneration lignocellulosic bioethanol manufacturing has received
a good deabf interest as a suitable manner for bioethigiroduction without elevating meals
protection concernfl7]. The annual global manufacturing of lignocellulosiomass has been
predicted at twdundred billion t/yar, fromwhich almost(8i 20) billion tonscan be used for
biofuel productior{18].
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Figure 2.1 Global ethanol production by country in the last 10 yid#is
2.2.3 Bioethanol production in Ethiopia
According tothe data of energgectorsin Ethiopig bioethanol manufacturing is specifically
associated with sugar factories. The yfulllentified irrigable land for sugarcane plantation
Ethiopiais about seven hundred thousand hectares, peedit a capacity to provide twerdggven
million liters of bioethanol[19]. Currently, the primary deliver line in the home markeis
dominated by two gyar factories (Fincha and Metehara) with a total annual production potential

of around 11.1 million liters.

Currently, in Ethiopia 13 sugar factories deliberate, under constructinmaing, with a projected

3.6 million mt of sigar, 339 million liters okthanoland 250 MW excess power to thetng-

edge production, about 4000 mt sugaand 21 million liters of ethan0]. In addition to these

in the intervening time, one of the public sugar estestagenerating ethanol from molasses, a
byproduct of sugar manufacturing, with an annual manufacturing of eight million diter®f the
personal sugar estate$ Indian organization. It has started out plantation but data couldn't be
received as to theontemporary repute of improvement. The alternative one is a subsidiagy of
America organization It has acquired 18,000 ha of land from the Awi zortaéAmhararegion

to grow sugarcane with the intention of manufacturing sugar and ethanol. Theagh&hanged

into formerly deliberate for development by way of the Tana Beles undertaksegl mainly at

the Beles River. ie organization has already obtained land and has a plan to produce 70,000 lots

of sugarcane and 30,000 tons of ethanol in liftk &2 months.
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Table2.1 Showscurrent production and projected bioethanol concentration in (million /liter)

Sugar factory Total ethanol production amount
Finchaa Sugar Factory 20 million liters( producing
Metahara Sugar Factory 12 million liters (producing
Wonji Shoa Sugar Factory 12.8 million liters (projected
Omo-Kuraz Sugar Factories |, 1l, lll and IV 140 million liters(projected)
Kessem Sugar Factory 30 million liters (projected
Tendahasugar Factory 31 million liters (projected
Arjo Diddessa 12 million liters(projected
Wolkaiyt Sugar Factory 41.6 million liters(projected
Tana Beles Sugar, 2 plants 40 million liters(projected
Total Production in 2019 21 million liters

Eventual capacity 339million liters

Source https://etsugar.com/projects/

2.3 Source for bioethanol production
Past time bioethanol production is mainly based on-djesteration raw materialbut they are
food competitive and there is an increasing interest worldwide to find out new and economical

carbohydrate sources ftite poduction of bieethanol[21]

Generally there are three main souscef feedstock for bioethanol production these are: (i)
sucrosecontaining feedstock (sugarcane, sugar beet and sweet sorghum) (ijcstaaihing
feedstock (wheat, corn and cassava) and (iii) cellulosic feedstock (straw, grasses, wood,

agricultural wasts, paperetc.[22]

2.3.1Sugar containing feedstock for bioethanol production

They use characteristically the €arbon sugars and glucose is one of the most conunen
Therefore, the biomass that contadrhigh concentration of glucose sugar in its internal structure
is easily converted into bioethanol and they are more preferable to thodewglucose sugar
containersCanilhaet al, alsostudysugarcane is one of the best sugamtaining feedstock for
bioethanol23]. Furthermorgsugar beet, sweet sorghum and various fruitsiagses are used as

feedstock for bioethanol production because they are rich in sugar cétdergver the above
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mentioned feedstoskare not used for fuel bioethanol production because they are fouhne in
human food chain, making them noompetitive andexpensive. Although fungi, bacteria, and
yeast microorganisms can be used for fermentation, a specificS@agtaromyces cere\as)
al so known aisreg8alkusad sodermere giusdse to bioethdad.

2.3.2Starchy materials

Starchcontaining material are also one ofhe potential feedstock for bioethanol production.
Because they are made up aofigochains of glucose maleles andhey can be fermented after
breaking starch moleculesto simple glucose molecules. Agricultural products such as cereal
grain, sweet potato and cava steam are the major stacdmtaining feedstocks used ftire
production of bioethanol. Before fermentation starchy materials paskgdmolysis reaction with

water to break down the starch into fermentable sugar and increase the concentration of
fermentable sugatJsually, hydrolysis is performed by mixing therstawith water to forma

slurry which is then stirred and heated to rupture the cell walls. During the hydraelysie

Specific enzymes that will break the chemical bonds are added at \iamesf25].

2.3.3Lignocellulosic biomass

Lignocellulcsic biomass is renewablehiefly unexploited and ingensive. Agricultural astes

such as corn cobs, contoger, sugarcane bagasse, rice hulls, woody crops, and forest residues are
the main lignocellulosic biomasses used as feedstock for bioethanol production. Moreover, other
multiple sources of lignocellakic waste from industrial and agricultural processes include citrus
peel waste, sawdust, paper pulp, industrial waste, municipal solid waste, and paper mill sludge. In
addition, dedicated energy crops for biofuels could include perennial grasses swithragass

and other forage feedstocks suciVascanthus giganteug§ermuda grass, elephant grass, poplar

etc [26].

Due to their mass availability and levest price utilization of lignocellulosic biomass as
sustainable material has lately become a compelling alternative among conversion technologies in
the biofuels ad bio-based industnf27]. Lignocellulosic biomass mainly contaircellulosic
material in which represemthe most abundant global source of biomass asdéen largely
unutilized. The global production of plant biomassbout200x1d tons per year, where about 8

to 20x10 tons of the primary biomass remains potentially accesigble
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2.4 Compositions of lignocellulosic materials

Lignocellulosic materials are mainly composed of cellulose, hemicellulose, lignin and extractive
components. Moshgricultural wastes such as corncob sugarcane bagasse softwomg ste
cottonseed hairgind sawdust are composed of lignocellulasggmplex carbohydrate polymer of
cellulose, hemicelluloseand lignin. The percent composition of these complex carbohydrate
polymess such as cellulose, hemicellulose, ligramd other extractives in lignocellulose biomass
are explained iTable 2.321].

2.4.1 Cellulose

Cellulose is the mostbundant material on the eaghd it is the main constituent plants. It is

an unbranched, natural polymer composed of repeating glucose whits@€n and itis also
considered the most bountiful organic material and polysaccharielrr28]. The structure of
cellulose polymers haslong linear chain which habout ten tho s a rld4lirikked D-glucose

units linked together by hydrogen bonds and van der Walls forces, because of which it is packed
into microfibrils as well as chains tend to arrange in parallel and form a crystalline stfu&re

The structure of cellulosss illustrated inFigure 2.2.In the cellulose molecule, the chemical
formula (GH100s) n can represent the hexose sugar released from cellulose during hydrolysis
whereas 6nd i s the mdimteeolecdi9]. the mateocukesof cgliulose ps f @
are held together by strong hydrogen bonding, which hekpglant cell walls maintain their
structure. 1 has a longchain polysaccharide typically containing 6008,000 units of glucose
monomerg30]. The prominent advantagekcellulose over the other polyars are its hydrophilic
nature, noftoxicity, biodegradabilyt, biocompatibility ecofriendly, easy derivatizatigretc

Due to these unique featuréshas been widely used for industrial applicatibke bioethanol
production, petroleum mining, plastics, medicine, and synthesis r@lihsHowever, finding
cellulose from lignocellulosic material is difficult duettoe complex structure oignocellulosic
materials and its shielded by hemicellulose and ligniSo eventuallypretreatmat is done for
removing lignin anchemicellulose, reducing its crystallinity and increasing the porosity of the
lignocellulosic material. Hence, researchers have improved the utilization value of cellulose

through chemical modiation and pretreatment.
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Figure2.2 Structure of cellulose

2.4.2 Hemicellulose

Hemicellulose is another main component in plant fiber materials and is another biopolymer in
lignocellulosic biomass that contains polysaccharide mixtures symn#sse sugars (e.gylose
and arabinose), hexose sugars such as glucose, maandsgalactose and sugar acids (e.g.
glucuronic acid). Hemicellulose hadinear and branched structure witie backbone of repeated
units of the same sugar (homopolyjner by a mixture of different sugars (heteropolymergtsSu
aspent o-Begl ¢lbaer,abli nos e)D:mameodgd uu b(ebsgalactosd) and
urgoni c-D-gt ud s r-B-40-methylgdlacturnic and aD-galacturonic acids)21].
Xylans, which is 5 carbon sugahnas to be the most abdiant polysaccharides of hemicelluloses
with polymeric chains comprising of 1;14i n kdexglosébunits. They can be degraded easily in
the acidic or hot aqueous medium duetheir lower degree of polymerizatiofs0i 200) and
amorphous structure whicis compared with cellulos§32]. They are relatively sensitive to
operating conditiors. Therefore, to avoid tfermation of undesirable products such as furfurals
and hydroxymethyl furfurals that later inhibit the fermentation prodessparameters such as
operating temperature and retention time must be controlled. Hemicellulbselasively short
chained matx polysaccharide typically made up of 3@000 sugar monomers with acidic groups
[30]. The hemicellulose structure is illustrated in Figure.ZlBese amorphous hemicellulose

structures maktéhem partially soluble in water.
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Figure2.3 Structure of hemicellulose

2.4.3 Lignin

Lignin is one othe most abundant organic polymers in plants, just behind cellliicsa polymer

of phenyl propane monomeric units, which are randomly andinearly linked together by ester
bonds.A few ester bonds can also be found in the end units of the monwiitieirs the ferulic

acid and pcoumaric unit§33]. There are three main phenyl propane monomers in lignin these
are pcoumaryl alcohol (4ydroxycinnamyl alcobl), coniferyl alcohol (3methoxy4-
hydroxycinnamyl alcohol) and sinapyl alcohol (3difnethoxy4-hydroxycinnamyl alcohol)lt

has a very branched and complex molecular structure and consisting of various 112 functional
groups, e.g, carboxylic group{COO-), methoxy group (CkD), and carbonyl group (C=0)he
structure of ligninis illustrated inFigure 2.4.In the structure of the macromolecule$ lignin
branched chains of phenolic compourttle phenyl propane molecules connected by i@ &hd

Ci Oi C linkages are present. As a side chammpounds such as phenolic, methoxyl, hydroxyl,
and terminal aldehyde groups are present.

Figure 2.4 Structure of lignin
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2.4.5 Extractives

Extractives are naestructural components bfnocellulosic biomassand they are easily extracted

from the biomass by water or neutral organic solvents such as dichloromethane, ethanol, Toluene,
acetoneand hexaneExtractives are sources of diverse biopolymers such as terpenes, terpenoids,
sterods, fats, lipids, proteins, gums, waxasd phenolic compounds such as lignans, tannins and
stilbenesand their amounts are vary between different lignocellulosic biof28sn biomass
extractives usually make up a minimum proportionl@®wt. %) and they are mainly composed

of some organic and inorganiorapounds

Table 2.2Chemical compositions of different agricultural wastes

Waste type  Cellulose (%) Hemicellulose% Lignin (%) Extractives (%) Reference

Wheat straw 3340 20-25 1520 - [34]
Rice straw 44.3 35.5 20.4 - [35]
Barley straw 3145 27 38 14119 2-7 [36]
Rice husk 37 29 24 - [34]
Cornstalk 39147 261 31 3i5 2-5 [37]
Oat straw 394 27.1 20.7 - [38]
Nut shells 25 30 25 30 30i 40 - [38]
Corn Stover 38i 40 28 7121 3.67 [37]
Banana waste 13.2 14.8 14 - [11]
corncob 45 35 15 - [11]
Switchgass 40-45 30-35 12 - [39]
Barley hull 34.0 36.0 13.819 3-8 [40]
Rice hull 36.0 12.0 26.0 - [39]
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2.5 Corncob as a potential feedstock for lignocellulosic bioethanol production

Corn Zea mays 1) is one of the most widely cultivated agricultural @ojme world's most
extensively grown cereal crops, based on production volume. In 2018tB8p8oduction level

of corn was reached around 1.09 billion metric tons. The top three producers of corn in the worl
are the United States, China, and Brazil. éxding to the United Stategpartment oégriculture
(USDA) report, in 2017 the global production of corn was 1061 million tonsbecdusef that,

the total generation of corncob is estimated to be around 230 milliof4tns

In Ethiopiamaize is one of the main foods and feed crops and is the lowest cost caloric source
among all major cerealsyhich is significant given that cereals dominate household diets. Its
production in Ethiopia has shown a considerable increase over the last 15 years with a drastic
increment in recent years. The production increased from as low as 3.1 million ton$ ito 200
Over 7.2 million tons in 2014, which represents an increase of 130 pl2gmue to the massive
production of maize corncob that left in the farming fields after corn crop harting was
increased and globally is estimated that approximately 50lion tons of corncob residue are

generated every year.

From ths maize corn stover, cornstalk and corncob are the major wastes that are removed in most
of the countries, but in Ethiopidyd corn stover can be usedeed for animals and both stalk and
corncob can be used for cooking. Corncob (central part of msiegher treated as waste or burnt

as fuel causing environmental concern. To obtain its fee addition in new research regions, corncob
may be processed chemically to locate methods to generate new end products with delivered values

at a completely low raff43].

As lignocellulose biomass, corncob has higher power content material of approximately 18.5
MJ/kg, which is slightly better than that of corn stover (17 MJ/kg) and switchgrass (18 MJ/kg)
and additionallyit was two timeshehigherenergy density of about 5,000 MJ/than corn Stover

and switclgrass[44]. These makes corncob significant feedstocks for bigfuetuction. In
addition to this as shown rable (2.3)jts low lignin content (1aL5%), high carbohydrate content
(70-80%), low recalcitrance tan enzyme and microbial activity the biochemical conversion of
corncob to ethanol through enzymatic saccharification and fermentation is a viable technology

pathway. Due to tsi nowadays many researchers focus on the production of biofuel from corncob.
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Table 2.3Chemical composition of corn cofikl]

Component Content (%)
Cellulose 45
Hemicellulose 35
Starch 0
Lignin 15
Extractive 3

Some of them arefficient ethanoproduction from corncob residues by repeated fermentation of

an adapted yea$t5], production and quality evaluan of bioethanol from corcob$46], and

Bioethanol Production from corncob hydrogd by Cellulase of Aspergillus Niger Using
Zymomonas mobilis and Saccharomyces cerevisiae remotad’alm Wing47]. However, none

of these studies candt tphroughvexathieatiom of meximaleswari v e
production from both the pretreatment hydrolysate and the cellulosic subasrateesultthe

ability of corncdd f or et h an ol be pbjecidely evaluatedso io tia étudy, the

potential feedstock corpb is pretreated and optimized for enhanced cellulose recovery by binary

acid for improved sugar as well as bioethanol production.

2.6 Corn (maize) production in Ethiopia.

lately in 2020 maizeroductionin Ethiopiareached,600 tonneand its production extended from
971 thousand tonnes in (1971) to 8,600 thoudandes in (2020) which suggetste average
annual growh rate of 7.60%and also Ethiopia is considered a success story for maize production
as, apart from South Africa, & the only country in SuBaharan Africa that has shown extensive
progress in maize productiveness and entef4ge

The maize area covered by improved varieties in Ethiopia gaw 14 % in 2004 to 40 % in
2013and the application rate of minerattfkzers from 16 to 34 kg/ ha during the same period.
Increased use of improved maize varieties and mineral fertilizers, coupled with increased extension
services and the absence of shattering droughts are the key factors promoting the accelerated
growthin maize productivity in Ethiopi§d9]. In Ethiopia Maize is widely grown only in three
regional states ahthey contribute to 94% of thtal annual production. These regions are
Oromia, Amhargand SNNP. According to CSA dg2003/04- 2007/08), he share athe Oromia
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region was oraverage, 60% of the totedaize production in the country. This was followed by
Amhara with 21.67% and SNNP with 129%5349].

2.7Process overview of bioethanol production

Generally there are two types dbioethanol poduction techniques these arechemically
hydration of ethylene, which is derived from crude oil or naturaglayasii. Fermentation of sugar
containing feeds, starchy feed substanpeeBgnocellulosic substanceSurrently, approximatey
5-10% of the bioethanol production in the world was based on petroleum mdtheproductia

of bioethanol from Petrolewased feedstocks is made by the catalytic hydration of ethylene with
sulfuric acid as the catalyst. Furthermaathylene or acetylene, calcium carbide, coa)amitl gas

are the other petroleutmased sources fahe bioethanol production. The second source of
bioethanol production was cellulosic feedstock. There are two mechanisthe ffooduction of
bioethanol from cellulosic biomass these are Biochemical caversion process and ii.

Thermahemical conversion procefs)]

2.7.1 Biockemical conversion process

Biochemical conversion technologies foioethanol production are moderate, pure, clean, and
efficient Compared with other conversion technold@2sForthe production of bioethanol from
cellulosic feedstockfour major steps are requirgutetreatment, hydrolysisermentation and
distillation of the prodat mixture to separate etharad presented ithe Figure2.3[51].

[ Lignocellulosic Biomass J

1 |

Pretreatment

| |

Hydrolysis

[ )
[ A J
| Fermentation |
[ )
[ )

1 |

Diistillation/Separation

1 |

Bioethanol

Figure2.5 general steps during bioethanol production from lignocellulosic biomass
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2.7.1Pretreatment

Pretreatment of lignatlulosic biomass is the mastitical step, aiming to crash thigid structure

of thelignocellulosicfeedstock and separate essemtialcturewiz. cellulose, hemicelluloses, and
lignin for subsequent acid or enzymatic hydrolysis and fermentation steps to maximize the

volumetric productivity of biofue[11]

cellulose

Hemicellulose

Figure 2.6 Complex structure of lignocellulosic biomass before and after pretreatment
Pretreatment diignocellulosic biomass is the process in whithcomplex structure of biomass
is transformed into simpler components such as cellulose, hemicellafaségnin as shown in
Figure 2.6 Also the pretreatment can eventually remove lignin, presenvevethe hemicellulose
and reducehe cellulose crystallinity and increasing the porosity of the material. However the
pretreatment is said to be a ceffiective process it must improve the formation of sugars in the
subsequent phase of acidic/enzymatic hlydie,degradation of the carbohydratasad decreasing
the formation of inhibitors for hydrolysis and fermentatjd2]. Several pretr@ment methods are
identified on the laboratory or on amdustrial scale for conversion of lignocellulosic biomass
towards bioethanol. But still know different resdarsare workng on searchindor effective
pretreatment methods which improthes cellulose yield as well as increase the total sugar recovery
for subsequenimproved bioethanoproduction. Thesepretreatment methodsac broadly be
divided into faur different categories such gdysical petreatment, chemical pretreatment,

Physicechemicalpretreatmentand biological pretreatmefitl].
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Figure2.7 Lignocellulosic biomass pretreatment techniques

2.7.1.1 Physicapretreatment

Physical/mechanical pretreatment is applied to the substrate to open up the structure of
Lignocellulosic biomass by disrupting their surface structure and reducing their Siz8Qai@

using shear or compression forces and that its main objectivenisréase surface area, decrease
thesize as well as the crystallinity properties and also it diminishes the degrees of polymerization
of cellulos€[53].

There aredifferent operating parameter® find the effciency of physical pretreatment
mechanisms from these parderebiomass characteristics and final particle size of the substrate
are the most influential factors for physical tpeatment However the high power consumption
and usually low efficiency are the main downsides of tiethod [54]. There are various types

of physical pretreatment such as milling, Extrusions, grinding, fregaimgymicrevave assisted
radiation.

i. Crushing and milling

These are primary pretreatmengétimods for any biomass that can be reduced in its particle size
and crystallinity properties. The objective of this technique is to reduce the particle size and to
promote the crystallinity disruption of the lignocellulosiaterial. The techniques provideraw

material reduction up to the ranges between 0.2 and 2.0 mm, which increases the specific surface
area for a subsequent hydrolysis pro¢gSE The main advantagf thesenethods is they harshly
reducing the operating time. Furthermore, they deerdasamount of water consumed however,
themain limitation of these methods are they require high energy consurfition
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ii. Extrusions

The extrusionpretreatment mechanisms consi$tthe operation of generating objects with a
defined crossectional profile by forcing them through a mold with the desired transversal size.
The extruded material generally undergoes expansion when it leaves tHé@halt this process

can be considered as a mech#mrmal breakdown of biomass. Screw extruder profile, the
extrusion speed, and the system temperaturéhamain process variables that affect extrusion
[57]. The objective these mechanisms is reduction of particle size distribution, increase in specific
surface area, changes the crystallinity, and it prompt visible changes in the structures.biomas
While the efficiency of thisnethod for preeeatment obiomass is low. Tamprove the efficiency

of thismethod it is generally common for the extrusion method to be combined with other chemical
methods such as acid or alkaline treatmgt§

iii. Freezing

Freezing is the newechnologically advanced approach for physical pretreatment of biomass and
cansignificantly increase the enzyme digestibility of lignocellulosic biomass. Application of less
dangerous chemicals, lower negative environmental impadt high productivensgs some of

the unique features dfiefreezing pretreatment methadd also it has very cesttensive.Chang

et al, [58] studythatthe enzyme digestibility of rice straw that pretreated by using Freezing and
hydrolyzed with 150 U cellulase and 100 U xylanase for 48 h respectively can give a result of
417.27 g/kg and 138.7%ykg glucose and xylose reducing sugar yields respectiVelg showsa

48/ 84% increment in enzyme digestibility of rice straw. Improvement of enzymatic digestibility,
lower environmental impactind lower inhibitor formations are the main advantagehede

pretreatment methods whereas high cost and limited efficiencies are its main disadvantage.
iv. Microwave-assisted pretreatment

This type of pretreatmenis working with irradiating lignocellulosic materials with microwaves.
Due to heat and wide cdlions caused by the vibration of polar molecules and movement of ions
they accelerate chemical, biological, and physicalgssesThis method isamore conventional
alternative technique to the simple heating process as it simply modifies thstuittare of
cellulose anddegrades or partially removes hemicelluloses and lignin. The athiantages of

this method ardigh uniformity and selectivitghort process time and less energy requirement

compared to the other physical preprocessing methods. In the [S&]dyre wheat strawwas
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irradiated by Microwavassisted NaOH at 160 °C for g/L 15 min and it releadeidgh reducing
sugar yieldof about 718ng/g and bioethanol yield of 6.82 g/L.

2.7.1.2 Chemical pretreatment

Chemical pretreatmemtare mostly usd chemicals that they have highly effective tme
solublisation of lignin and hemicellulose contents of the biomass. These can mbkenthss
more suiable for enzymaticsaccharficationhydrolysis). It was is based ite utilization of
chemicals for pretreatment which includes different acids, alkali, ionic liquids, organic solvent,

oxidative etc.
i. Acid pretreatment

Utilization of acids for chemical pretreatment of the lignocellulosic biomass vigell-known
process and the working principle is thaid solubilizesthe complex structure of polysaccharides
(especially hemicellulose) improve biomass porosity and refelkilose more accessible to
enzymes attack into monomers by enzymatic hydrolysis these leading to theampnbvof
biofuel production.The most used suitable conditions dmev acid concentration with high
temperature or high acid concentration witlv emperaturg60]. Acid pretreatment is a highly
effective chemical technique used to disrupt the lignocellulosic matrix with the aid of cleavage of
glucosidic bonds. While in thigrocess Different organic acids such as (acetic,ifrand oxalic
acids), as well as inorganic acids such as (sulfuric acid, hydrochloric, maleic, nitric, nitrous, and
phosphoric), are used for biomass degradd@ith However sulfuric acid and hydrochloric acids

are the most commonly utilized acidstive different laboratory and industrial scale. Duriihg

acid pretreatment ratio of solids loading, acid concentration, operating temperature, and residence
time are thamain effective parameters. Comgeer to dilute acid pretreatment concentrated acid
pretreatment ishighly effective on cellulose hydrolysis and it does not require enzymatic
hydrolysis stepThe process consists of first hydrolyzing hemicellulose to its monomegars

and then cellulose is depolymerized into c@lligosaccharides, with further release of monomeric
sugars But there are some negative impacts of using concentratedsacidas corrosiveness,
toxicity, and expensive nemetallic containers requiresnt for reactor constructidf2]. Whereas

by cortrast, dilute acid pretreatmerdse less toxic, corrosiyand norhazardous processes that

do not require @much corrosion resistant equipmhenaking them easier to scaip. Dilute acid
pretreatment can take place at high temperatures (€@ 190 °C) for short period®0 min) or

21|Page



lower temperatures (e.g., 120 °C) for longer durationsg@in) [63]. In addition to these dilute

acid, pretreatment is one of the most common methodbidoocellulosic biomass pretreatment,
which makest a tough condition to recover monomeric sugars from the biojddsfRezaniaset

al.,[65] study that the pretreatment using dilute sulfuric acid was appliedetdhancethe
digestibility of the conversion of cellulosic water hyacinth into bioethanol. The structure of water
hyacinth was disrupted under acid pretreatment and the crystall@ttgased due tbhecleavage

of thelignin structure. The advantages of the acid pretreatment method over other methods could
be attributed to the disruption of the matrix structure of the lignocellulosic biomass and amorphous
cellulose conversion. Howerehis method has some disadvantages such axpleasive cost of

acid recoveryand the formation of inhibitors such as furfural antdy@roxymethyl furfural.
Therefore it isworth discerningto that the economic and environmental features of the acid

pretreatmat have been improved over time.
ii. Alkaline pretreatment

In these pretreatment methodsferent alkalis such as NaOH,QH, and Ca (OH)NaCCG and
NHOH;s solutions are used to eliminate lignin and partial removal of hemicellulose and make the
cellulose more approachableth@ enzyme. These methods wbykdisruptingthe lignin structure

and breakthe bonds (ester, aiydther, GC bond) associated with lignin and carbohydrate
polymers[66]. Due to the degradation of the heterogeneous marsuitable conditiorwas
created for enzymatic hydrolysasd for fermentatioprocessMostof the time alkali pretreatment
occurred at low temperature, but it can be performed with approximately long duration time and
high concentration of the base. Furthermdhese methods worlty improvingthe accessible
surface area, reduce cellulose cajlgiity, disorder lignin, removéhe acetyl group, and cleave
uronic acid from the polysaccharides. Sodium hydroxidbasnost commonly used alkali for a
wide range of biomass preprocessing during the generation of bioethanol. In thEsgjuthe

husk pretreated with mild sodium hydroxide (2% w/w) shows highly efficient lignin removal and
increase cellulose concertation up to 56.65% w/w due to improvement of cellulose crystallinity
with low hemicellulosesolublisatiorof 10.7 33.1% (w/w) is obtained. The main advantage of this
method is improving the enzymatic digestibility througadelignification of biomassHowever,

less efficiency on high lignin content biomass like wood, long residence time, costly Post
pretreament such as neutralization of pretreated slarethe main disadvantages thie alkaline
prereatmenimethod[68].
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iii. Organosolv pretreatment

In this method of pretreatmere different organic solvents such as ethanol, methanol, ethylene
acetone ethyl alcohol, methyl alcohol glycol, and tetrahydrofurfuryl alcohol can be used for
preprocessing with or withotlte addition of catalyst under a particular state of temperainde
pressurdg69]. In Organosolyrereatmenthe temperature that relies the sortof feedstock and
catalyst thatnainly takes place in presence of @id, base, or salt catalyse the main crucial
factors that affect the pretreatmén®]. In the studyZhanget al.,[71] rice straw was ptesated

by Choline chloridebased solvent at (6021°C) and the result shawvthat 57.2736%
delignification and 88%educing sugars is obtained for 36.7 g/L bioethanol produclibis
prereatmenis especially effective for lignocellulosic biomass that has high lignin because it has
ahigh capability of breaking the internal banaf lignin and hemicelluloses. Easy recovery of the
organic solvent by distillation for a recycled use, high purity cellulose separation with only minor
degradationand hemicellulose fractionation with high efficiency, separation The-pgity

lignin and lignin derivative are the main merits of an organic solventganentHowever, high
operational costs, as well as solvents recovery of these is not possible are the main limitation of
organ solvent pretreatmeltl].

iv. Oxidative pretreatment

In oxidative pretreatment different oxidizing agestich as ozone, hyalyen peroxide, oxygeor

air are used36]. Their working principles was involves oxidatidhat can be occasioning in
cleavage of lignirdeconstruction of hemicelloses into its constituents sugaasd organic acids
partially degrading the cellulog@2]. hydrogen peroxide pretreatment is the most effective and
utilizes oxidative delignification wikth removes and solubilizes the lignin to improve enzyme
digestibility and also It has been detected that hydrolysis of hydrogen peroxide results in the
generation of hydroxyl radicals which are responsible for the degradation of lignin and formation
of low molecular weight produc{3 3] . Oxidation with hydrogen peroxide is most commonly used
for improving microbial conversion of lignocellulosic biomass to ethanol. For example in the study
Barley straw(Hordeum vulgee L) preprocessed with 4@, and alkali (NaOH and NaClO) ensued

in theimprovement of yield about 79.284.64% with a bioethanol ek of 207 mg/g.) The main

disadvantage of this preeatmeninethod is that it damages a substantial amount of hemicellulose
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making it ineffective for the fermentah process and release inhibbgohat decrease the efficiency

of enzymatic digestibility74].

2.7.1.3 Concoction pretreatment (Physicachemical) pretreatment

Physicochemial pretreatments (Concoctions) anere efficient and effective methods in which
degradation of the crystalline complex structurethad cellulose is achieved. Degradation of
crystalline structure of cellulose increaske yield of cellulose and hemicellulose recovery after
prereatments well as it improve their enzymatic hydrolyzing efficiency. There are different types
of physicotiemical preprocessing such as ammonia fiber expansion, steam explosion, liquid hot

water
i. Ammonia fiber expansion

Ammonia fiber expansion pretreatment is one of the main concoction (physicochemical)ggocess
thatinvolves the application diquid ammonia at low temperature and high pressure. Under high
pressurganhydrous ammonia dissociates to form ammmorand hydroxide ions that causeapid
increase in temperatyrer gaseous liquid ammonia in a pressurized container is applied to treat
lignocellulosic biomass. Pretreatment biomass with ammonia fiber results in biomass swelling,
deacetylation of hemicellulose, a reduction of cellulose crystalliaig degradation of lignin
carbohydrates linkag¢s5]. Water loading, ammonia loading, reaction temperature residence

time are various parameters ammonia fiber expansion Pretreatmemtd the optimization of
these factaris thecrucial point for effective pretreatment. Accordind6] switchgrass that has
pretreatedoy ammonia fiber expansion under optimal prepssceondition (80%water loading,

1:1 ammonia loading, the temperature of 100at@ residence time of 5 min) was 2.5 times higher
bioethanol yield was obtaideompared to untreated biomass. The major advantages of Ammonia
fiber expansion preprocess are its eeffiectiveness due to ammonia recovery in the prooess,
inhibitory compoundsformed during the reaction , no detoxification required, recollect
hollocellulose content, use moderate temperatame short residence time for efficient sugar
recovery However its inefficiency for high lignin content biomass suatsoftwood, olives,
Herbaceous crops and newspajlee,requirement ofa highly controlledenvironmentandthe

high cost of ammonia are the main disadvantage of ammonia expansion pretrEatinent
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ii. Steam explosion pretreatment

This method is the mst common and effective therpio/sicechemical method used for
prereatmentof lignocellulosic biomass. Its working principle was hjglessurized saturated
steam was applied to the sampleaifew rurs which was measured iafew minutes then the
pressure rapidly released and the released pressure can cause distractionym#resgacture

of lignocellulosic biomass and solubilizing mainly the hemicellulose and lignin fra¢@i8h®ue

to its high potential imemoving hemicellulose and lignin and it showsignificant effect on the
physicochemical properties of lignocellulosic biomass steam explositidistthe most suitable
methodfor increasing cellulose crystallinity and change the structure of 1{@8ih Particle size

of the biomass, water loading, operating temperature and the residence time are the major
parameters that affect the efficiency of steam explosiotregatenent No polluting effect,
chemicalfree method, depolymerization of tipp component, low energylemand and
hydrolyzing hemicellulose fraction are the main advantages of steam explosion methods.
However, partial lignin removal, low hydrolysis yieJdsd low solublisation arthe downsides

of steam explosion pretreatmg80].
iii. Liquid hot water pretreatment

In this method liquid hot compressed water is used fdrgamenthe lignocellulosic biomass

and the process is mostly similar to the steam pretreatment method, but the Liquid hot water
process operates at high temperaturei(280 °C) and pressusep to(725.2 psi) instead of steam.

Its working principle was hot watat a temperature between 160 C and 2@0was applied at

high pressure to the lignocellulosic biomass to maintain its liquid form and to increase the
lignocellulosic matrixdegradation81]. when the biomass was subjected to liquid hot water
prereatmentthe complex structure of the biomass was degraded this results in hydrolysis of
hemicellulose and making cellulose more accessible for a rupture but it was completely retained
in the solid phase and the ligniwas exposed to simultaneous depolymerizaticasd
polymerizations, due to its glass transition temperature in agueous conditions (between 70 and 100
°C), while insoluble lignin is retained in solid wag82]. Controlled pH betveen 4 and 7, Reaction

times and reaction temperature are the main factors they are required to prevent the sugar
degradation and formation of inhibitors as well as for efficient hydrolysis of hemicellulose.

According to[83] the lignocellulosic biomass corn Stover was subjected to liquid hot water that
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prereatedat mntrolled PH (47), temperaturg190 °C) and time (15 min) these resulting
maximum hemicellulosesolublisationwith minimal inhibitor formation.Requirement of low
temperature, formation of minimum inhibitory compounds, the-neguirement of using a
corrosionresistant reactorand green technology which does not require the use of chemical
reagents are the advantagestbfs method However high energy requirement, high pressure,
water consumption, low sugars recovery, as wethagormation of fermentation inhibitors are

themain downsides of liquid hot water pretreatmeaif.
iv. CO2 explosionpretreatment

In this pretreatment techniguihe biomass was subjected to supercritical feadbon dioxide

which where the gas and acts as a solvent. Its wonimgiple was the supercritical GO
undergoes through a highly pressured vessel containing the biomass and the vessel is then heated
to the required temperae and left forseveral minuwgs at high temperatures duringisth
pretreatment the carbon dioxide rupture the polymer structure of the biomass at high pressure and
which forms carbonic acid that imprahe efficiency of hemicellulose hydrolyqd®4]. Size of
extraction bedtheflow of solvent, process temperatyaed applied pressure are the njaiocess
variableghatcanbe modified to maximize the efficiency of specific feedstocks. Accordifghio

the agricultural waste cocob, corn Stoverandsorghum sdlk are subjected to long supetical

carbon dioxidepretreatedfor a long time between (12 and 60 h), at high pressure between (2175
and 3626 psi) and at low temperature-800F°C). The result®btainedshow thathe efficiency of
hydrolysis was improved arntiwas3 to 4 times higher than thosetainmed br the biomass that
hadnot been pretreated witbupercritical carbon dioxidd.he requirement of less temperature,
absence of toxicity, its inflammability natyand maximum conversion yield are the main merits

of these methods. Whereid® high cost ofthe overall process and its requirements of expensive
reactor that they resist at higinessure conditions are the main demerits of carbon dioxide

explosion pretreatmeB6]

2.7.1.4 Biological pretreatment
Biological pretreatments the most important technique fprereatment oflignocellulosic

biomassDifferent micreorganisms such as brown, white, and-softfungiare used.
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i. Microbial consortium pretreatment

In this type of pretreatmentomplex communities with a high diversity of microorganisms that
cooperate in numerous ways are used to prepsothe lignocellulosic biomass either
cooperatively or congditively. In this method, neacidic soil, animabtlunglike a cow, goat are
mostly utilized for preprocessing ligoellulosic biomass. During thgrocess the rigid structure
components of hemidelose and cellulose are degraded. Howegewreral factors such as particle

size, moisture content, temperature, pH, nutrient requirement aeration, residue composition,
enzyme activity, different species of microorganisarsd the interaction between them are the
major factors which affects that biomass degradation rates and physicochemical transformation of
lignocellulose[87]. In the study[88] wheat straw pretreatealith the microbial consortium that
included the fungiTrichoderma reseei, Saccharomyces cerevisiae, and Scheffersomyce$ stipites
for ethanol production the results perceived improved yipltb 67% in the production of ethanol
showing that the method utilized has a high potential as a flexible and ecomprfeaaible
process for the generation of products based on lignocellulosic biomass. High stability, minimum
inhibitor, effective yieldfunctional toughnesand requirement of mild conditions are soohéhe
advantagesf this methodHowever the main disadvantages of tkeshniques are slow biomass

degradation rates and its physicochemical transformation is limited by differems {8&fo
ii. Enzymatic pretreatment

In this pretreatment methashzymes such as cellulases and hemicellulaszsnostly used to
pretreat the lignocellulosic biomass and the selection of appropriate enzymes for selective
degradation or removal of specific components of the biomass was the critical pdiig in t
pretreatment During bioethanol production from ligoellulosic biomass hydrolysis of cellulose
and hemicellulose are the main -pfitting steps in anaerobic digestiofhe gplication of
enzyme in lignocellulosic biomass imainly for segregation of cellulose and hemicellulose
components and degradatiaonaplex structure of carbohydrate polymer (lignin components) for
creating a suitable condition for efficient hydrolyzing of the enzj{808¢ According to[91] Rice
straw was pretreated by of Saccharomyces cerevisiae enzyhesoperating temperature of 25
°C operating time of 30 min the result reported shows an improveétbanol production.
Different row materials such as corncob, corn Stover, Rice husk, wheat straw, ricesf)awane

bagassgyroundnut shell, barley husknd coffee mucilage are preéited with enzymes for biofuel
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production. High operation costs, instability, immobilization requirement low shelf life are the

disadvantages of enzymatic preprocessing. Whereas separatitve cdmplex structure of

biomass (cellulose and hemicellulosaflamprovement of lignin degradation are the advarstage

of thispreprocess.

Table 2.4 Advantages and disadvantages of main pretreatment methods

Methods Advantages Disadvantages
+ Increase in the surface area + High power and energy consumpti
+ Reduces celluloserystllinity + They arecosteffective.
Physical + Increases enzymatic hydrolysis + Partial degradation of lignin
pretreatment + Low yield
U High glucose yield U High cost of acid recovery
U Ambient temperatures U Formation of inhibitors
Chemical U Lignocellulosic matrix disruption U Reactor corrosion problems
pretreatment U Amorphous cellulose conversion. U Generation of degradation produc
U High purity, easy solvent recovery U Environmental effect
U Used at labscale or industrial level
V Increases accessible surface area  V Very highpressure requirements
V Low formation of inhibitors V Generation of toxic compounds
Physicochemicalv Efficient removal of lignin V Partial hemicellulose degradation
pretreatment V Minimizes the energy demand
x Degrades lignin and hemicellulose  x Low rate of hydrolysis
x Low energy consumption x Lignin degrading MOs also degra
Biological x D o e sproduce any unwanted produc  not only lignin also cellulose an

pretreatment %

Mild environmental condition

No negative impact on the environmerx

X

hemicellulose.
Relatively short reaction time
Needs the low nutrition
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2.7.1.5 Factors affecting biomass pretreatment

For efficient conversion of lignocellulosic biomass towards bioethanol needs apprsgigation

of prareatmeat process for industriacalebioethanol production and thmetreatmentainly

depend on the following factors such as (i) nature of lignocellulosic biomass, @ftRéisample,
(iif) operating temperature and (v) operatinge [92]

i. Natur e of lignocellulosic biomass

While choosing an effective as well as feasible pretreatment process to rtbedugh reducing

or fermentable sugar nature of lignocellulosic biomass is an important pardmeteent years,
research and development atties have been dedicatdd lignocellulosic feedstocks from
agricultural waste, municipal wastemd forest residues for bioethanol productidgricultural
residues like rice straw, wheat straw, sugarcane bagasse, corrasthtorncob containing low
lignin than woody biomass25i 35%)[93]. Environmental waste streams such as municipal solid
waste, packaging material waste, domestic (home) released waste, marketamnasteod
processingvastecan also be used as mééedstock for bioethanol productif@4]. However the
selection of appropriate greatmentechniques is based on the Structural characteristics of each

biomass.

Nowadays different biomass used as the most important souotgenewable energy and they
act asthe only renewable source of carb&or examplein the study[95] corn stover preeated
by ammonia fiber explosion decrease the formatafninhibitors when compared to other
prereatmentmethodsLynd et al.,[96] alsostudy thatfrom most soft wood biomagsetreated

with dilute acid only 40% of enzymatic cellulose conversion is obtained
ii. pH of the pretreatment sample

pH duringpretreatmenhas a substantial influence on g8@ublisationof polysaccharides mainly

lignin and hemicellulose anditurn on the subsequent enzyonatalyzed hydrolysis of the
lignocellulosic substratef@7]. The pH has a very large influence on the outcomethsf
pretreatmenprocess. For examplenostly at lower pH hydrolysis of the hemicelluloses part to
monomeric sugars is takes place withi@formation of inhibitors or toxic compounds, while at

the same time the cellulose polymer kept safe. Whereas in high pH, mostly the dissolution of the
lignin fraction is observed however some or most of the hemicellutwseguitefound in their
solid-state.Although in neutral pH, there is partial hydrolysis of the hemicelluloses caused by
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organic acids thadrefound in the lignocellulosic materials ahthis type ofsystem is known as
(auto hydrolysisMostly on thistype of PH, most of the hemicelluloses will stay in oligomeric or
polymeric brm. In acidic PH, hemicellulogg/drolysis, occurred with a formation of inhibitors or
toxic materals which afo commonly resulfrom products degradation, such as furfural, HMF,

levulinic acd, etc.
iii. Operating temperature

The effect of operating temperature on the pretreatment of biomass depended on the type of
pretreatment technologies. Some of the pretreatrtechniques can work at a mild temperature
which is less than 100 of such methods include microveagested pretreatment, some alkali
pretreatment, and biological pretreatment methods. Whereas most of the pretreatment techniques
has operated at a higamperature which is more than 14D such type pretreatment includes

liquid hot water, Steam explosion, organic solvent, hydrothermal and Wet oxidation (WO)
pretreatment generally on low temperature resulted in partial hydrolysis and small amount
monomert sugars released without formation of inhibiting or toxic compounds, while at the same
time there is the only partial reduction on the crystallinity of cellulose polymer. However, at high
temperatures, there is a dissolution of the lignin is observedeVahcontinuous increase in

pretreatment temperature can lead to sugar degradation as well as inhibitor formation.
iv. Pretreatment time

Similar to the temperature operating (residence) time for biomass pretreatment depends on the type
of pretreatment method applied for specific biomass. Different researchers can explain the effect
of residence time during biomass pretreatment. For exampieost dilute acid pretreatment
methods takes place at high temperaturesi (190 °C) for short periods and at lower temperatures
which are less than 120 °C for longer durationsi @80min) [63]. Most of the pretreatment
performed at a high temperature can takeesal times these are mainly to protect the formation

of inhibitors and for effective sugar production without degradation. On the other side, most of the
biological preprocessing methods operate at low temperatures for a long period. Actording
Fonseceet al, [91] Rice straw was subjected to biological pretreatment by Alkalophilic fungus
MVI1.2011 at 2?C, for 14 days release 24.95% reducing sugar and 25% of lignin removal is
observed. Most of thebiological or fungal treatmén requires prolonged periods

tocompletethepretreatment.
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Table 2.55ummary of related work uses chemicals during biomass pretreatment for cellulose recovery with hemicelelbas Agnin
removal during bioethanol produati

. . N Recovered Hemicellulose Delignification Bioethanol yield
Raw material  Acid type Pretreatment condition Reference
cellulose % removal (%) rate (%) (g/L)
Manihot
(HNOsz and . [99]
esculent a 2.5%, 1:10,110°C 60min  87.45%+ 2.2 88.4+£35 85.0+3.2 9.39
CHsOOCH)
YTP1stem
H.SQOy and 2%, 1:6, 122C, 60 min 85.40
83.46 78.53 28.8 [100]
Corncob NH3
corn stover H2SOy 2%, 111°C, 17min. 50-60 78 33-66 NA [101]
Rapeseed _
t HoSOy 1.5%,180°C, 10 min 80 4959 3541 88-90% [102]
straw

NA- not available
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The abovementioned works usacid pretreatment pretreat lignocellulosic biomagsior to
hydrolysis for efficient recovery of cellulosehat release fermentable sugar for bioethanol
productionand simultaneouslyhey remove hemicelldose as well as lignin thatinder the
cellulose in the biomass$n this study the maintargetis to improve cellulose recovery yield that
provides a complete examination of fermentable sugar produetitmout fermentation inhibitor

formation from corncob following acid hydrolysis.

2.7.2Hydrolysis
Hydrolysis is one of the important unit operations that is used to depolymerizes the polysaccharide
chains of cellulose arnttemicellulose into fermentable monosacchar{d€s].

i. Chemical hydrolysis

In the process of chemical hydrolysis, dilute acid or strong acids are mainly used to hydrolyze the
substrate. Dilute acid hydrolysis is a process that usgganic acids such as sulfuric acid and
hydrochloric acid mostly at a concentration 6f3% for a short period of 3 mibOmin and
temperatures from 180 to 240°Buring such type of hydrolysis, only 60% of sugar is recovered
from the hydrolysate and alsdaage amount of pentose sugar is converted to furfural aldehyde.

so to improve overall glucose yield two steps have been recommended by different researchers in
which the first step only the hemicelluloses components solubilized 1413@%TC whereas in ¢h

second step the cellulose components are solubilized a1.88TC and these can improve the
sugar yield up to 80%d.04].

The acid hydrolysis was mainly worked by applying the temperature and pressure to soften
lignocellulosic providing for better penetration of the acid and then degrade the complex
carbohydrate part of the biomass into monosaccharides. During pretreatment, various
monosaccharides products are formed such as (xylose, arabinose, mannose, etc.), some sugar
dehydration products (furfural, hydroxymethylfurfural), while lignin and part of cellulosaire

as a solid residue. Research works on the dilute acid hydrolysis of different lignocellulosic
materials have defined optimal process conditions: temperatur0@®B0), sulfuric acid
concentration (0.2 wt%), and reaction time (100 min). due to kv cost, norvolatileness,

and affordable corrosion strengihifuric acid is a commonly used acid for acid hydrolyG5].
Alizulfigar et al, [106] also study that due to liberation of higher sugar concentration from acid

hydrolyzed hydrolysate of corncob biomass, the maximum yield of bioethanol about 24.50 % was
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obtained however, at the same process condition enzyme hydrolysis gives theimaaehd of

9.60% of bioethanolin the studyconducted byAlicia et al[103] the generation of fermentation
inhibitors like furfural, HMF, acetic acid, formic acid during acid hydrolysis has a &ignif
impact on total sugar recovery and ethanol yields. The fast rate of reaction for efficient sugar

recovery is the main advantage of it.

Table 2.6 Relatedork on acid hydrolysis of lignocellulosic biomass to release sugar

_ _ . N Reducing Reference
Raw material Acid type hydrolysiscondition
sugars
1.50%, 91.02°C, 45.088
Banana Peels H2SOy . [107]
21.66min mg/mL
Wheat straw H2SOy 2%,180°C, 10 min 43 mg/mL [108]
corncob HCI 1.5%, 120°C, 30min 45.69mg/mL [109]
Sugarcane bagass H2SOy 2 %, 155 °C,10 min 22.74mg/mL [110]

ii. Enzymatic hydrolysis

The enzymatic hydrolysis of complex polymer structure is the biochemical transformation of
cellulose and hemicelluloses into simple sugars with the aid of enzgeewted by
microorganisms (bacteria and fungi). During the enzymatic hydrolysis, cellulose is degraded by
the cellulases to reducing sugars that can be fermddteithg enzymatic hydrolysis, some of the
highly specific enzymes promote 100% transformawdrcellulose into glucose without the
formation of undesirable products (inhibitors), which is what makes this process very attractive

compared to chemical hydrolygid04]

2.7.3 Fermentation

The term fermentation denotes the enzygatlyzed energyielding pathway in cells involving

the anaerobic breakdn of molecules such as glucose. After acidic or enzymatic hydrolysis
Lignocellulosic biomass the hydrolysate is obtained then it was subjected to fermentation by
microorganisms suchs yeast to produce bioethanBecause suchlignocellulose hydrolysate
consists of no longer only glucose, but also numerous monosaccharides, such as xylose, mannose,
galactose, and oligosaccharides, microorganisms shouldjbeee Ethanol fermentation is the
biological process that converts fesntable sugars such as glucdsaylose to cellular energy

with microorganisms that prodeavaste byproducts of GHsOH & CO..
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Saccharomyces cerevisiae is the most widely used and studied species for the production of
bioethanol because it is vigorous adtable for the fermentation of glucose from the hydrolysis

of lignocellulosic biomass. However, it is not able to ferment the pentose sugar that is released
from the hydrolysis of the hemicelluloses, so the fermentation of pentose requires another
microaganism[112]. In general, the conversion of lignocellulosic material to ethanol is governed

by the two most common sugars which are made according to the following two reactions:
Forglucose: CH @- 5€ HOH+2C( 2.1(a)
For xylose: 3C |} Q- 5C H OH +5C({ 2.2(b)

In line with the reactions, the theoretical most yield is 0.51 kg binethend 0.49 kg carbon
dioxide in line with kg of xylose and glucose. The most theoretical yield of glucose fermentation
in bioethanol calculated from equation (a), also called thelsgac yield, is 0.511 g of ethanol/g
glucose Saccharomyces cerevisieethe most favored organism for ethanol manufacturing from
hexose$113].

i. Yeast cell growth

The yeast cells can broadereither in the shape of haploid and diploid. Haploid cells indicate an
easy mitosis life cycle that, underneath worrying conditions will die. Diploid cells, just like the
haploid ones, display the mitosis existence cycle, however below immoderate stdifioeen

enter the meiosis existence cycle and poad four haploid spores their doubling time is
approximately ninety minuted14]. S. cerevisiaecan grow aerobically and anaerobically. Its
potential to apply unique sugars relies upomwhich manner it grows. If it grows aerobically,
galactose and fructose are pleasant fermenting sugars. All traces require nitrogen and phosphorus
resources to grow. To prepare nitrogen, they eat ammonia and urea. They use dihydrogen
phosphate as a sourceptosphorus. To put together nitrogen, they eat ammonia and urea. They
use dihydrogen phosphate as a source of phosphorus. Similarly, they need sulfur and several metals
which incorporate magnesium for optimum growth. Yeast species are ordinarily grown or
cultivated in liquid media. Whilst a way of life of yeast cells is inoculated in a sparkling boom
medium, they enter a fleeting lag section where they are biochemically energeticenano

longer dividingFigure @.8) accordingly lag phase cells reachoitheir mobile cycle and begin

dividing. Then after cells develop exponentially in number as well as the mobile quantity is
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improved and the populace is said to be in an exponential section of increase. They multiply till a
few nutrients are exhaustedswme metabolite accumulates to toxic concentrations. Finally, the
cells stop dividing and enter a destund section observed with the aid of a decreasing segment

whilst cells begin dying115]

Stanonary
r———n

£ Rpa
L.cg/ \\

Lag /

Number of cells (log)

Time (hr)

Figure2.8yeast cell growth
2.7.4 Separation of ethanol and water

i. Distillation

Distillation is a separation technique used to separate two liquids based on their boiling point
difference. Due to the presence of high intermolecular interaction with each other and two

materials will cedistill several distillations are reged to achieve high purification.

Up to date number of research works are published on the areas of production of bioethanol from
corncob hydrolysatdor example the research conducted Bwanuaet al., [46], Orji et al, [47]
Tambuwalet al., [117] none of these studies can't provide an effective pretreatment through
examination of maximal cellulose as well tsmentablesugar production from both the
pretreatment hydrolysate and the cellulosic substrate, as a result, the ability of corncob for ethanol
production cam'be objectively evaluated and the research condigt€henet al.,[118] and by

Caoet al.,[119] use pretreatment but thgretreatment is not effective because they did not
optimize the process parameters during the pretreatment these can decrease the cellulose recovery
yield as well as the respective fermentable sugar. So to alleviate the aforementioned gap of
literature inthis study new approach and effective pretreatro€htnary acidswith appropriate
binaryacids ratiosvill be used for enhanced recovery of cellulose as well as effective fermentable

sugar release to increase overall production of bioethanol.
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CHAPTER THREE

3 MATERIALS AND METHODS

3.1 Chapter overview

This chapter mainly focuses on the materials requissdmaterial collection, sample preparation,
characterizationand analysis procedures that were employed for various experiments performed
in this research work. For simplicity, the required materials, experim@ntdbcols, and
characterization techniques followed in the study are categorized into four sedtiess.iiclude

1) raw material collection and sample preparation, 2) recovery of cellulose from corncob using
binary acids atheoptimal condition and its characterization, 3) hydrolysis of cellulose to glucose
and 4) performance of anaerobic fermentatisimg glucose produced in hydrolysis for bioethanol

production.

3.2 Materials

3.2.1Equipment and Glassware

The major equipment, instrumengsd chemicals used in this study are presented-stesgein
Table 3.1 All chemicals were analytical grade ansled without further puridation. The list of

materials wapurchased from local chemical importers.

Table 3.1 General experimental stages and respective materials.

Objective Equipment and materials Chemicals

Experimental Procedure

Plastic bag

Raw material collection and Mortar and Ball mill

[ NA
sample preparation Sieve analyzer

Oven

Weighing balance

A | =2 =424 4 4 A

Weighing balance & Digital 9§ Sulfuric adcd (98%)

Sample characterization and _ _ _
pH meter 1 Glacial acetic acid (99.5%)

pretreatment for cellulose _ _
1 Desiccator & Centrifuge 1 Sodium hydroxide
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recoveryas well as hemicellulost  Refrigerator & Water bath 1 Sodium chlorite

and lignin removal ! Muffle furnace & Autoclave { Toluene (99%)
1 Flasks & Measuring 1 Ethanol (97%)

cylinders 1 Chloroform (99%)
Petri dish & Centrifuge tube: § Hydrogen peroxide
Cotton & Aluminum foill 1 Acetone
Vessel stopper & Glove 1 Distilled water
Filter paper & Spatula 1 nitric acid
Autoclave
Hot-air Oven 1 Sulfuric acid (98%)

Hydrolysis of cellulose to glucos ¢ Measuringeylinder f  Phenol solution

—a _—a _a _a _a _a =2 =24 =2 =2 A _a _a _a _a

Flasks 1 Glucose (GH120¢)
Micropipettes
Autoclave 9 Dextrose sugar
Shaking incubator 1 Yeast extract
Fermentation and determination Flasks 1 Urea
of bioethanol Cotton & Aluminum foil 1 Magnesium sulfate
Vessel stopper & Glove 1 Potassium dichromate
Filter paper & Spatula 9 Sulfuric acid

Instrumental Analysis

) . 9 Fourier transform infrared
Proximate analysis of raw

spectroscopy (FTIR)
1 X-ray diffraction (XRD) NA

corncob, anaellulose,

hemicellulose and lignin

confirmation after pretreatment 1 Scanning electron

microscopy (SEM)

Determination of glucose and
ethanol concentration, and yea: T UV-spectrophotometer NA

growth during fermentation (UVD-3200)

NA- indicates that chemicshot used
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3.3Methods

3.3.1 Sample collection and preparation of corncob powder

The corncob was collected fraimelocal farming field in Adama, Ethiopiand transported tihe
laboratory. Primarilyit was washed with deionized water to remove unwanted particle sjuist

and aerosol parts. Then the washed corncob was dried in an oven d&@er &r 24 hours and

then, size of the corncob wesduced using mortar. The simduced sample wasamd further

with the help of a damill and passd through a 68mesh screefl120]. Subsequently, the obtained
powder which has less than 250 um was transferred and sealed in a plastic (polyethylene) bag and

stored in a desiccator for further use

Size reduction

Raw corncob Size reduced corncob

l Milling

Packaging

=

Packed sample Corncob powder

Figure 3.1 Diagrammatic representation of corncob sampéparation
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3.3.1 Characterization of corncob

Proximate analysis

Proximate analysjsncluding moistureash contentvolatile matterandfixed carbon of biomass,
was characterized based ¢ime procedure othe national renewable energy laboratory (NREL),
USA[121].

Moi sture content

To determine the moisture contekbhown mas®f the sample was placed in a clean cderd
preweighed crucible. The crucible withe sample was kept in an oven at 1®5for 3 hours.
Then, the sample was coveradd transferred to desicoas and weighed after reaching room
temperature. Again, the crucible was heated in the oven for another one houthastene
temperature and 1&eighed. It was repeated unélconstant weightvas attained. The loss of

weight percent expresses the maistcontent of corncolwhich is calculated as,

Moisture cong (%) =W1W2 4100 (3.1)
Wl

Where,W1 = Initial weight;\W, = Weight afteovendried

Ash content

First, the empty crucible was weightednd then put the ovedried sample on it. The sample in
the crucible was placed in a muffle furnace and heated for 2 hours at.5B8e crucible was

taken fromthefurnace and placed indesiccatord cool. Then it was reveighed.

Ash content (%)= MEREET (3.2)

1

Where, W = Original sample weight; YW= Weight of ash burned on tharhace

Volatile matter

Ovendried samples were put in a known weight of crucibles. The sample on the crucible was
placed in a muffle furnace and heated for 30 min at’00he crucible was removed frotie
furnace and placed in a desiccator for cooling, then reweighed. The samauypeowas repeated

until aconstant weighivasobtained. The volatile content of the sample was calculated as,
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Volatility matter (%)=—22 *10( (3.3)
w

1
Where, Wi = Original weight of overdried sample; \W= Weight after heating ithefurnace

Fixed Carbon Content

This is the filtrate left after the moisture, volatiend ashis given up from the sample. It is
presumed by deducting from 100, the percentage oftunejs/olatile matterand ash content. The

fixed carbon content was measured as,

Fixed Car pon = 10 Otlemattepo Yoras) (3.4)

3.3.2Chemical composition of corncob
The chemicatomposition of corncob such eallulose, hemicellulose, ligniand extractives was

analyzed using the standard gravimetric method under the conditions defified py

3.3.2. 1 Extractive determination

The known weight of raw biomass was loaded into the cellulose thimble wibxhlet extractor
setup and 250 mL of ethanol and toluene mixture (ratio, 2:1) was usesbagent for extraction.
Residence time for the boiling and temperature was cayefd|ustedat 100 °C, on the heating
mantle for a 4 h rumng period. Afterextraction, the sample was-giried at room temperature for
afew minutesThe onstant weight of the extracted material was achieved in a convedrdiem
at 105°C. Then.

W;-W,

Extractive conten{ %o
Wl

*1C (3.5)

Where, W = weight of dry biomass before extraction in grany, 3Wveight of dry biomass after

extraction in grams
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Figure 3.2:Soxhletextraction set up

3.3.2.2 Cellulose determination

First acetiacid and nitric acid reagent weyeepared by taking 150loof acetic acid and 15mnitric acid.

After that known mas®f corncob biomass wasdded tca 250 mL flask containing 30 mL of acetic

and nitric acid reagent and perfectly mixed. Then it was keptnater bath at 100 °€@r 30 min.

To the sample flask,00 mL distilled water w&s added to cool and dilute the sample. The diluted
sample was centrifuged at 5000 rpm for 20 min and the supernatant was discarded. The residue
was washed with distilled water until neutral pidsobtained and the obtained residue was even

dried and weiged for cellulose quantity determination according to the methdd2%]. The

cellulose content was calculated as,

Cellulose contenf %6 22 *100 (3.6)

1

Where, W1 =Weight of dry biomass before treatment; ¥Weight of dry biomass after treatment

3.3.2.3Hemicellulose determination

known mass ofxractive free dried biomassas transferred into260 mLflask and then 150 mL

of 500 molm® NaOH was added. The mixture was boiled for 3.5 h with distilled water. It was
filtered after cooling through vacuum filtration and washed until neutral pH and the residue was
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dried to a constant weight at 185in a conventioal oven. Then the differendetween the sample

weight before and after this process is the hemicelldostentand itwas calculated as:

. W, -W
Hemicellulose conterf % —=+—2
Wl

*] (3.7)

Where, W = Weight of dry biomass before treatment; ¥WVeight ofdry biomass after treatment

3.3.2.4 Lignin determination

known mass ofxractive free dried biomassasweighed in glass test tubes and 15 mL of 72%
H>SQOs was added and the sample was kept at @onperature for 2 hy carefully shaking at 30

min intervals to allow for complete hydrolysis. After the initial hydrolysis, 84 ml of distilled water
was added tthe sample to dilute the sample to 4% and placed in an autoclave for 1 h at 121 °C.
The slurry was then cooled at room temperature and the hydrolysates were filtered through vacuum
usinga filtering crucible. The acithsoluble lignin was then determinbg drying the residues at

1053 and accounting for ash by incinerating the hydrolyzed samples at 5v& muffle furnace

The lignin quantly was determined using Equation (JB23].

Lignin content( % 2 410 (3.9

1

Where, W = was the initial sample mass;Wwas the obtained lignin maafer pretreatment

3.4 Pretreatment of corncob

Selection of binary acid ratio

Binary acids (HSQ: andCH3;COOH) are selected to pretreat the corncob biomassnfuanced

cellulose recovery with maximum hemicellulose and ligemaoval with minimum sugdoss.

For the selection of appropriate binary acid ratiifferent experimerstwith various binary acid
ratios (1:1), (1:2), (1:3), (2:1) (3:1) as well as single acidsS&:) and (CHCOOH) with various
parameters such §2% v/v) acid concentration,0.2g/mL) solid loading ratio, (100C) operating
temperature and (®min) operating time was done feifectivecellulose recovery with maximum
hemicellulose as well as lignin removal. Then the cellulose recovery, hemicellulose re@unction

lignin reduction can be calculaas,
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Cellulose recovery (%) :(C::_1 *10 (3.9
0
Where G = Cellulose before pretreatme@: = Cellulose after pretreatment

H(o | H1
Hemicellulose reduction (%)= ( ) g( ) ><10d (3.10)

Ho(g)

Where H = Hemicellulose beforpretreatmentHi= hemicellulose after pretreatment

Lignin reduction (%) —L(( 9) ) ><1|(_)01% g (3.11)

Lo(g)

WhereL, = Lignin before pretreatmenk 1= Lignin after pretreatment

3.5 Optimization of binary acid pretreatment

For enhanced cellulose recovery as well as maximum hemicellulose and lignin removal with
minimum sugar lossdinary acids (HSQs and CHCOOH) were selected to pretreat the corncob
biomassBased on the comparison made at different binarysaaiibs selection the operating
conditions such as acid concentration, biomass loading ratio, operating temperature, and
pretreatmentime for the selected ratios were desig@esdndicated iMable 3.2for optimization.

The parameters optimization was carried out using response surface methoddésgyrirexpert

® 7.0 software. The experimental values were used to determine the aéffiecir operating
variables on the pretreatment for efficient cellulose recovery and efficient removal of
hemicellulose as well as lignin with minimum sugar loss. The response variable was cellulose
recovery.The sgnificanceof the result was set frore analysis of variance (ANOVA). The

diagrammatic ngresentation of different stagé biomass pretreatment is illustrated in FigBr@

Table 3.2optimization of pretreatment parameters

Levels
Parameters
Minimum Middle Maximum
Acids concentration (%v/v)) 1 2 3
Biomass loading ratio (g/mL) 0.1 0.2 0.3
Temperature®C) 80 100 120
Time (min) 30 60 90
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Corncob Sample Weight sample

Final pretreated sample ovendrying  Sample ready for drying pH adjustment ~ Vacuum filtration

Figure 3.3 Overall experimental procedure of sample pretreatment
3.6 Characterization of raw and binaryacid-pretreated corncob

3.6.1. SEM analysis

Scanning electron microscopy (FENSPECTF50) was performed to observe the morphology

and surface structure by scanning the rupture@sedf raw corncob, binary aeiceated corncob,

and corncob cellulose. It was used to study the effects of binary acid treatments on the morphology
of the sample$§l24]. The effectiveness of the binary acid treatment was evaluated thitoeigh

surface morphologgndstructure of the cellulose.

3.6.2. FTIR analysis

FTIR spectroscopy discussthe functional group analysis of organic samples and recognizes
chemical bonds in a molecule by generating an infrared retention range; the spectra generate a
profile of the samm@, a particular molecular fingerprint that can be utilized to screen and scan
samples for a wide range of segments.

In this study Fourier Transform Infrared Spectroscopy was mainly used to investigate changes
that occur in the chemical struceé of raw concob, binary acidreated corncgband corncob

cellulose. The change of the functional groups of raw corncobiraeited corncotand corncob
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cellulose, was investigated using Fourier transform infrared spectroscopy (FTIR) equippad with

KBr beam spliter.

This structural analysis techniques used to manipulate structural changes in samples and to
examine the changes in functional groups encouraged by various treatments as a result of chemical
modification by the identification of the functional grolip24]. However,the spectra are
performed at room temperature in the range of 500 to 408Qeith aresolution of 4crh and a

total of 3736 points for each sampl5].

Figure 3.4FTIR instrument for functional analysis tiferaw and pretreated sample

3.6.3. XRD analysis

The crystallinity characteristics of the raw corncob, binary acid pretreated coamctdn xray
diffractometer analyzed corncob cellulo3ée operating systeffmeasurement Condition) was

set at the voltage of 30 kV and currahtoom temperature using a sampling pitch of 0.0200 (deg)
and preset time 0.40 (sec) within a 2d of 40

ranging from 10 to @ and a scanate of 3 min' ! in continuous scan mod&26].

In this study a slight incrementni the crystallinity of binary acidreated cellulose and corncob
cellulose was detted by XRDThe crystallinity index (Crl) analysis evidenced the reduction of
amorphous cellulose and increased crystalline celluldse crystallinity index (Crl) denotes the
ratio of the crystalline constituents to the amorphous regions of matediad ealculated using

the equation

_ area of cryst.allne peak 100 (312
(total area (crystalline+amphouras))
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3.7 Hydrolysis

Inside the lignocelluloses materialsellulose is one of the most crucial composeot a

bi opol ymer which consisting -4,f4glyoasidiyborgld. The o s e
br eak ag e€l, 4glfcostdib lrondb via acids results in the hydrolysis of cellulose polymers,
resultingin the sugar molecule glucose or oligosaccharides. Mineral acids, mainly HC}S@4d H

had been used within the hydrolysis of cellulose. The hydrolysis using dilute sulfuric acid (acid
hydrolysis) is the most extensively used for having high efficientyimthe separating process

of cell wall components resulting in hemicellulose hydrolysate and cellulighj.

Pretreated ah dried corncob cellulose at %0 level (1:10 w/v ratio) was taken in 250 ml
Erlenmeyer flasks and it was subjected to dilute acid saccharificativedntoclave athevarious

acid concentration (1, 2, 8nd 4%)various time (15, 30, 45 and 60 min) and various temperature
(100,110,120 and 13) for maximum hydrolysis of cellulose to glucose (reducing sugas.

operaing conditions were maintained.

3.6 Determination of glucose concentration
The phenol Sulphuric acid method usedstimateglucose concentration is desed below. This

formsa greercolored product with phenol and hasabsorption maximum at 490 nih26]
Standard Preparation

The gandard stock solution of glucose was preparedigsolving 10 g of glucose in 100n0L
distilled water. Working standards were prepared by pipetting 0, 20, 40, ,68n@000 mg/mL
into aliquots of the standard stock solution into separate 100 ml volumetric, fleskthey were
diluted by distilled weer to constantolume. A total of six tubes wasrepared for standard
preparation; one tube for blank, the five tubes for glucose stardarid of the sample containing
glucose standard was pipetted to each tahd,1 mL of 5% phenol was aelfdito all tubes and
mixed. Then 5 mL of 96% concentrated sulfuric acid was addediltaneouslythe tubes were
sh&ed to effect fast and complete mixing. They were placetherwater bath at 30 for 10
minutes for color display. Blank solutions were prepared isénge way, except that the 4 mL of
the standard solution was replaced by distilled water. The absorbance was measured at 490 nm in
UV spectrophotometry. The results were recorded.
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The total amount of reducing sugéound in our sampkeare determined fronthe prepared
standard graph of sugar concentration and its absorbance

Y=mx+b (3.13
Where; Y = is absorbance; m = is the slope; x = concentration and b isiptercept

y absornace of unknown sample - y inter¢ept, N

Con. of unknown samplg ) (3.19
slope
Glucose yield % = sugar prqduced *10! (3.195
raw material used
But the raw material used can ¢edculated as,
Raw material used= 32M of sample used during hydroly (3.1

milliter of solution

Pretreated sample

Glucose concentration analysis ~ Corncob hydrolysate Vacuum filtration :

Figure 3.5 Overall experimental procedure for glucose production from corncob cellulose
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3.7 Detoxification of acidhydrolysate of corncob

The acid hydrolysate of corncob was detoxified by adjusting sample pH to 7, using 0.5N NaOH to
remove the inhibitors generated during the acid hydrolysis. After the pH adjustment, the
hydrolysate was vacuum filtered to remove thédes Then, the filtrate, i.e., acid hydrolysate of

corncob, was used for fermentation as a carbon source.
3.8 Microorganism and Fermentation
I. Microorganisms and maintenance

The yeast strai®. cerevisiaavas purchased from Adama Regional Biotechnglbgboratory,
Adama, Ethiopia, for fermentation purposdswas maintained in solid medium at pH 7.0. The
solid medium contains the composition of glucose (10 g/L), yeast extract (4 g/L), peptone (3 g/L)
and agar (10 g/L).

ii. Inoculum preparation

The inoculum medium was prepared by adding glucose (20 g/L), pgptgie), yeast extract (4

g/L) in a 250 miconical flask containing 100 mL distilled water and the pH of the medium was
adjusted to 7.0. Subsequently, it was aaeetl at 121°C with 15 psi for 15 min using an
autoclave. After sterilization, the yeast strain was transferred from the stock culture to the inoculum
medium at room temperature. The inoculum medium was incubated@tf8012 h in an orbital

shaking inabator at 200 rpm and used for fermentation purposes.
iii. Fermentation media preparation

The fermentation media was prepared in 400 mL distilled water a&i09 mL flask. The media
content was the corncob hydrolysate (QGs carbon sourceraa (4g) for nitrogen sourceand
fast growth, MgSO4. 7H20 (4g) asource of magnesium, and yeast extract agg)y §sasource

of vitamins and mineral§107]. To this mediatheinoculum was added and pH was adjusted to

5.5.Then it was sterilized at 121 for 15 minutes.
iv. Fermentation using yeastS. cerevisiae

The 250 ml sample was sterilized tioe temperature of 122C for 15 minutes befor¢he
fermentation step wastarted. Then the prepared media to sample were mixed in timal HG8ks

with the proportion of 1:10 (prepared media to sample ratio). Then, placed on shaking incubator
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at a temperature of 3 and 200 rpm for 96durs. At every 12 burs of fermentationperiod
samples were taken and analyzed for yeast cell growtlicgse concentteon, and ethanol

concentration.

V. Determination of yeast cell growth curves

The gowth of the yeast cells in each condition was defined by taking the santipdgegpective

time. The growttturve was determined by takingemilliliter of culture medium kept at separate
Pete dish plates and introducedan UV/Visible absorption of culture medium samples at 600 nm

for 0 to 96 hours were obtained and plot the common growth curve of yeast microorganisms which
were composed of lag, logasibnary and decline phases. Yeast cell growth patterns and growth
rates were evaluated lexcelmathematical software.

3.9 Distillation

Distillation was carried out by using a distillation apparatus. The fermented liquid tfrem
fermentation setuwvas transferred into a round bottom flask and placed on a heating mantle fixed
to a dstillation column enclosed irunning tap water. Another flask was fixed to the other end of
the distillation column to collect the distillate at 78 (Standard temperate for ethanol
production) for 2hours [127]. Then the alcohol concentration and their respecsugar
concentration on the residue was determined by prepastandard curve for both ethanol and

glucose by using potassium dichromate reagent and phenolic acid mretpmttively
i. Determination of bioethanol concentration

In this study the determination of alcohol content found in our sample was carried out by
spectrophotometer UVisible gquantitative analysis of alcohols usipgtassium dichromate
reagent. Firspotassium dichromate reagenasyrepared by 5 grasof potassium dichromat
dissolved in 100ml of distilled water 8250 ml volumetric flask. Then the flask was kept at ice
bath and 150 ml of concentrated3® wasadded dropwise. Take 1 ml of the sample from the
volumetric flask and 10 ml of dichromate reagent was added. thieeilask was incubated @n
water bath at 60C for 20 minandthe linearity curve plot byaking concentrations from 0.5 to 3

% ethanol (v/vwhich is equal td, 10, 15, 20, 25, and 30 md/mof standard ethanol'lhe blank
solution wa prepared with distilled watgi28]. The absorbance of each concentration was

measured at 587 nm usiayyV-visible spetrophotometerThen 1ml of each producétbethanol
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samplecollected from distillation wapoured in test tubes. Then 10 ml of chromium reagent was
also addedThen the mixture was allowdd water bath at 75C for 15min. then the tube is
removed from the bath and 24 ml of distilled water is added to stop the reaction. Then the
absorbance was measured at 587nm using theVI3V spectrophotometer Then amount
concentration of ethanol in the test sample is deteryeUV from the Inearity Curve plotted

at 587 nmand the ethanol conversion yield was calculated as,

Ethanol conversion yieldl Yo = Ethanol produced, mg/mL
Initial glucose concentrationx0.511,md/m

(3.17)

Where 0.511 is the theoretical conversion yield of glucose to ethanol

ii. Determination of residual sugar in the fermentationmedium

The amount of sugar inside the fermentation medium after every period of fermentation was
determired following the DNSA techniqyé29]. Dinitrosalicylic acid(DNSA) reagent (1 ml) was
introduced to an aliquot (1 ml) of the fermentation medium in a test tube and properly mixed. The
mixturewasboiled for 5 minutesind cooled undeunning tap water. 5 ml of 40 Rochelle salt
solution was delivered to the mixeuand absorbaneeasread ina spectrophotometer at 490 nm.

The anount of reducing sugar was read from a standard glucose curve and expressed.as mg/m

¢ )

B i

Bioethanol Distillation setup  shaker incubator Mixing media & inoculum

Figure 3.60vermll experimental procedure of faentation pocess for bioethanol production

50|Page



CHAPTER FOUR

4 RESULTS AND DISCUSSION

In the discussion section of this stydyoximate analysis and chemical composition of the sample,
pretreatment of corncob biomass using binary acids (sulfuric acid + acetictheidjfect of
pretreatment parameters (binary acids concentration;lgplid ratio, pretreatment teperature,
and pretreatment timeon the cellulose recovery, on the heatiulose and lignin removal,
characterization of raw and binary atidated corncob samplthe effect of process variables
(acid concentration, hydrolysis time, and hydr@dytemperature) on glucose concentratite
yeast growth, bioethanol concenioa, and residual sugar concentratamd finally functional

groupsof the product was analyzed using FTIR.
4.1 Characterization of corncob

4.1.1Proximate analysis of corncob

The proximate analysis (moisture content, ash content, volatile naattefixed carbon content)

of corncob are shown imable 4.1.Moisture content analysis is usdd determine the
proportionality of solid to liquid ratio in the pretreatment and hydrolysis method with increasing
moisture content affectirthe product quaty. Determinatiorof themoisture content of our sample

is used to know the amouat water in the corncob samplEhe moisture content of corncob in

this work was (8.2 = 0.26%) slightly higher than previous wamkductedoy Danje[130] which

is (4.6 %) and by Shariff et al, [131] which is (7.16%), the differencein these values may be
attributed to a number of reasons including the source of the corncob, variety of corncob and
handling conditionsThe ash cotent is the residue after the complete combustion process of
carbonfree compounds, like minerals and inorganic saltbénfresh tuber, fertilizer usnd can

also come from the soil and air contamination during procedsitigjs work, corncob hadnash
content of (2.0+£0.1%) which slightly coincelaith previously reported work (1.8%j)y Danje

[130] and alson this studylow ash content of corncob constituentstlsese camlecreas sludge
formation in the ethanol productioli.can also be noted that therncobused in this study is
characterized by relatively high volatile matter content (79.85+0.15%), which was expected

because of the organic nature of the matdmnaihe studyconductedoy Anukamet al, [132] the
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volatile matter content of biomass is higher, its combustion and gasificatiommatdso higher.
The volatile matter and carbon content in this study was (79.85+0.15%j{18arib+0.4%)

respectively, which coincidedith the study ofDemiral et al.,[133], they obtained’9.58 and
11.57%, respectively.

Table 4. 1 Proximate analysis of corncob sample

Proximate Analysis Weight percentage (%wt. dry basis)
Moisturecontent 8.2 £ 0.26%
Ashcontent 2.0+£0.1%
Volatile matter 79.85+0.15%
Fixed carbon 10.15+0.4%

Data (mean N SD) at (P O 0.05)

Proximate analysis of corncob

" Moisture content % ® Ash content %

® volatile matter % H Fixed carbon %

Figure 4.1Proximate analysis of corncob
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4.1.2Chemical composition analysis of corncob

The results othemical components analysis of the raw corncob are shown in Tabléig.&tudy

verified that the corncob used producebioethanol weralisplayed the following chemical
composition:cellulose 4.5+0.16wt%, hemicellulose 34.5 +0.21 wt%, lignin 14.8 +0.8wd%a
extractives 4.2 +0.4wt%. These valwesncidedwith the literaturgeported byKim et al, [68],
Kumar[11] andOgahet al.,[134]. Furthermore, a somewhat similar composition of corncob, i.e.
(43-45%) cellulose, (3435%) hemicelluloses, and (118%) lignin, were previously examinég
Chenget al,[135]. In this study the determination of cellulose can be applied to quantify the
theoretical production of bioethanol and the presence of high cellulose content on corncob leads
to therelease of high fermentable sugand also lowlevel lignin was observed'his makes the
sample easr for hydrolysis condition as wells reduceheformation of toxicchemicals such as

aromatic, polyaromatic, phenolic and aldehydic during bioethanol production.

Table 4. 2 Chemicalomponents analysis of corncob.

Chemical composition Analysis Weight percentage (%owt. dry basis)
Cellulose 46.5+0.16
Hemicellulose 34.5+£0.21
lignin 14.8 +0.8
Extractive 4.2 +0.4

Data (mean N SD) at (P O 0.05)

4.2 Retreatment of corncob
4.2.1Selection of binary acid ratio

This section study was performed toestlthe best binary acids ragmong the various binary
acidsratios for effective recovery of cellulose as well as for effective removal of hemicellulose
and ligninduring biomass pretreatmeritor the selection of appropriate binary acids ratio for
corncob biomass pretreatmerdifferent experimerst with various binary acel (H:SQy/
CHsCOOH) ratios such as (1:1), (1:2), (1:3), (2:1) (3:8s well as single acids {6Q:) and
(CHsCOOH) with various parameters such as (2%) binary acids concentration, (0.2g/mL)

solid to liquid loading ratio, (108C) operating temperaturand (90 min) operating timeyas
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done forintensivecellulose recoveryln this study the exgrimental result shown ifable 4.3
binary acid ratio (1:1) showed better cellulose recovemg well ashemicellulose and lignin
removal. The maximum cellulose recovery (43.5%pwbserved in (1:1) binary acid rati®o
increase the cellulose recoverdahemicellulose and lignin removalperating parameters were
optimized and intensive cellulose recovery amgproved hemicellulose and lignin reductioens

obtainedas the responses

Table 4.3 Chemical components analysis of corncob pretreawditidrgnt binary acid ratios

cellulose Hemicellul Hani Cellul Ligni
emicellulose, . ellulose ignin
Acid oy weight after o weight afte . Hemicellulose I
cids atio weight after ecover remova
treatment J treatment Y Removal(%)
treatment (£p) (%) (%)
(9/9) (g/g)
Ho SOy NA 0.15 0.24%65 0.119 32.25 28.5 19.5
CH:COOH NA 0.1 0.2775 0.108 225 19.5 27.02
1:1 0.2025 0.20 0.095 43.5 42.02 35.8
2:1 0.146 0.212 0.112 31.2 38.5 25.3
H2SQ0s/ 3:1 0.1 0.2(8 011 33.98 39.7 25.5
CH3sCOOH
1:2 0.115 0.219 0.116 24.73 36.4 21.6
1:3 0.1075 0.2 0.118 23.2 33.6 20.3

NA - not available
The initial weight of cellulose, hemicellulose and lignin are %%.34.%%6, and 14.85,
respectivelyThese values were obtained after analysis of the corncob sample by standard method.
The cellulose recovery, hemicellulaggnoval and lignin removal were calculated from equations
4.1, 4.2 and 4.3.

weight of cellulose in corncob after preatmen
Cellulose recovery (%)= g — - - ( gj
initial weight of cellulose in corncab )g

x100 4.1)
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Hemicellulose reduction
initial weight of hemicelluloseincoroclf ) g 7 wei ght of heamenf 93'10'0&/1 (4.2)
0
initial weight of hemicellulose in corob( g)

Lignin reduction =
initial weight o fhtoflignninicorncab afterpreteeatmtgg)
initial weight of lignin in corncolp

T w 4.3
3100 % (4.3)

4.2.2 Optimization of pretreatment parameters of binary acié (1:1) ratio for enhanced
celluloserecovery

Corncob biomass as subjected tochemical pretreatment @3Qy+CH3COOH (1:1)) was
undergoes disruption of cell wall components and theas an increase in the cellulose
crystallinity of the biomass due to remowval hemicellubse and lignin components. Acid
pretreatments lehto swelling of the substrate, which increases its internal surface area and
improves as well as facilitates the removal of hemicellulose and lignin molecules by disrupting its
complex structureThis enhances the overall cellulose recovery during ptetegd and improve

the saccharification efficiency of the biomass during hydrol{&&. Meanwhile the structure of
lignocellulose varies according to biomass/crop varietis obtain higher saccharification
efficiency, it is necessary to standardize the pretreatment method for each type of biomass. In this
study, binary acids (#$Qs and CHCOOH)(1:1)) were selected for pretreatment becasustiric

acid (hSQyw) has been found to give the highest hemicellulose removal in the pretreatment of
corncob [100]. At the same timethe acetic acid (C¥COOH) enableshe degradation of
hemicellulose simultaneously with great-ldgification ata low acid concentratior{136].
Therefore this binary acidatio were optimized with different concentrations of (laritl 3%wv/v)

with various other parameters such as biomass loading ratio (0.1 0.2 and 0.3 g/mL), pretreatment
temperature (80, 1Q@Gnd 120°C) and pretreatment time (60, 120 and 180 nsm)as to retain
enhanced cellulose, maximum removal of hemicellulose and lignin with minimum sugar loss.
However,therangedor thefour parametersvere selected based on threliminary experimeist
Basedon the results of thexperimen(93.5+£1.3%)cellulose recovery is attained/e concluded

that binary acid pretreatmentasmore promising for the retention of higellulose content in
corncob.Furthermore high removal of hemicellulose (85.68%.8%) and lignin (81.41%2.3%)
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wasalso observed from the binary agptetreated corncob substrate (Supplementary Table 4.4).
As reported bySelevakumaet al.,[99] binary acid pretreatment oM. esculenteCrantz YTP1

stem biomass resulted maximum celluloseecoveryof 87.45 + 2.2% of biomass withhigher

loss of hemicellulose and lignim another studiumaret al.[137] also reported that mild alkali
pretreatment of rice straw and sugarcane bagasseased the cellulose content-gB6) with a
marginal loss of hemicellulose, while acid pretreatment resulted in complete removal of
hemicelluloseresulting in enrichment of cellulose. The result from this study indicated that binary
acids pretreatmat conditions verenot only able to retain most dfe cellulose (93.5%) but also
removed hemicellulose and lignin, thereby facilitating high sugar yield from cornwdobh
facilitated the subsequent hydrolysis thpérating at highadlulose content tobtain an improved

concentratiorof bioethanol.

The effectiveness of biomass pretreatment depended on factors such as acid dosdigejdsolid
ratio, pretreatmeriemperature and soaking time which greatly influettveseparation of various
component®f lignocellulosic biomass in the treatment prodésx 137]. So that in this study
the thermechemical treatment of corncob biomass was accomplishedhisgnyacids at various
temperatures withtime up to 180nin.

Table 4. 4Chemical components analysis of corncob pretreated by binary acids methods

Corncob Untreated sample/ight Recovery (%) / Removal (%) after
component (%) pretreatment
Cellulose 46.5+0.16 wt%, 93.5+1.3 wit%,
Hemicellulose 34.5 £0.21 wt%, 85.6+1.8 wt%,
Lignin 14.8 +0.8wt% 81.41+2.3wt%,

Cellulose recovery (%), whereas hegtliglose and lignin removal (%)
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4.3 Statistical Analysis of the Experimental Results

4.3.1Analysis of variance

In order to investigate the effect of different pretreatmamiables in cellulose recovery as well
ashemicellulose and lignin removal froearncobsubstrateresponse surface ti@dology (RSM)
central composite desig@CD)was used fotheanalysis of variance (ANOVAEssential process
parameters (binary acids concentration, solid loading ratio, temperagréme)that impacted
the cellulose recoveryield during pretreatment were examined via RS¥e inputs fordesign
expers are binary acids concentration (&), biomass loading ratio (g/mL), pretreatment
temperature°C) and pretreatment time (min) as independeiables and cellulose recovery
yield dependent variable.

The abovementioned parameters were fed into desexpert software and generate build

information of the experimental analysis of the responses celluloseergqmocess as shown in

Table 4.5 Build Information of experimental analysis of cellulose recovery yield.

Study type Response surface
Initial point Central composite design
Center point 6
Design Model guadratic polynomial
Run 30
Blocks No

The probability P-values vereused to check the significance of eadefficient of the regression
model guation. The Fralues ofthe corresponding coefficient should bedefan or equals to
0.05.From heTable (4.6) below and thEable inappendix (B1), the experimental result shew
that the maximum cellulose recovery, the maximum hemicellukrse lignin reduction were
93.5%, 85.6%, 81.41%espectively. This resutomewhatcoincidedwith the result conductday
Selevakumaret al.[99] during dilute acid pretreatment oM. esculenta Crantz YTPdtem
biomass ad obtained (87.45%) cellulose recovery wiB.4%hemicellulose removal and 85.0%

lignin removal.
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Table 4.6Cellulose recoveryCR) yieldat different conditions

RUN AC. (%) BL. (g/mL) T. (°C) T. (min) CR. (%)
1 1.00 0.3 80.00 60.00 56.8
2 3.00 0.1 120.00 180.00 88.5
3 1.00 0.3 120.00 180.00 705
4 2.00 0.2 120.00 120.00 83.5
5 1.00 0.3 120.00 60.00 72.7
6 1.00 0.1 80.00 60.00 57.4
7 1.00 0.1 120.00 180.00 745
8 2.00 0.2 100.00 120.00 80.6
9 2.00 0.2 100.00 180.00 79.3
10 3.00 0.3 120.00 60.00 84.8
11 2.00 0.2 100.00 60.00 815
12 2.00 0.2 100.00 120.00 80.5
13 2.00 0.2 80.00 120.00 62.6
14 1.00 0.3 80.00 180.00 56.5
15 3.00 0.1 80.00 60.00 62.36
16 3.00 0.3 120.00 180.00 79.8
17 2.00 0.2 100.00 120.00 80.64
18 3.00 0.2 100.00 120.00 81.0
19 2.00 0.1 100.00 120.00 795
20 2.00 0.3 100.00 120.00 774
21 2.00 0.2 100.00 120.00 79.5
22 1.00 0.1 80.00 180.00 57
23 3.00 0.3 80.00 180.00 62.36
24 2.00 0.2 100.00 120.00 79.0
25 3.00 0.1 120.00 60.00 935
26 3.00 0.3 80.00 60.00 61.3
27 2.00 0.2 100.00 120.00 80.2
28 1.00 0.1 120.00 60.00 73.8
29 3.00 0.1 80.00 180.00 63.4
30 1.00 0.2 100.00 120.00 70.2

where AC(%) binary acidconcentration, BL(g/mL)biomass loading ratid;.(°C)- Temperature

in degree Celsiygd.(min) - time in minutes and CR(%)Cellulose recovery yield.
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Table 4.7ANOVA for thequadratic model of cellulose recovery yield

Sum of Mean F p-value
Source
Squares Square Value Prob > F
Model 3073.42 14 219.53 141.01 <0.0001 significant
A-Acids
_ 426.51 1 426.51 273.96 < 0.0001
Concentration
B-Biomass
, 42.94 1 42.94 27.58 <0.0001
Loading
C-
1837.80 1 1837.80 1180.45 <0.0001
Temperature
D-Time 8.41 1 8.41 5.40 0.0346
AB 11.06 1 11.06 7.10 0.0177
AC 69.64 1 69.64 44,73 < 0.0001
AD 2.03 1 2.03 1.30 0.2713
BC 23.28 1 23.28 14.95 0.0015
BD 0.48 1 0.48 0.31 0.5857
CD 10.40 1 10.40 6.68 0.0207
A2 37.29 1 37.29 23.95 0.0002
B2 2.31 1 2.31 1.48 0.2423
c? 104.26 1 104.26 66.97 < 0.0001
D? 2.62 1 2.62 1.69 0.2138
Residual 23.35 15 1.56
Lack of Fit 21.08 10 2.11 4.63 0.0524 not significant
Pure Error 2.28 5 0.46
Cor Total 3096.77 29

F- Value is a test for comparing model variance with residual (error) variance. Vatiaaces

are close to the same, the ratio will be close to one and it is less likely that any of the factors have

a significant effect on the response. It is calculated by Model Mean Square divided by Residual

Mean Square. Here the modeNFalue of 141.01 implies the model is significant. There is only a

0.01% chance that a "Modeh\Falue" this large could occur due to noise. Values of "Prob > F"
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less than 0.0500 indicate model terms are significant. In tesAcaB, C, D, AB, AC, BC, CD,

A2, C? are significant model terms. Values greater than 0.1000 indicate the model terms are not
significant. If there are many insignificant model terms (not counting those required to support
hierarchy), model reduction mayprove your model.

The "Lack of Fit Fvalue” of 4.63 implies it the Lack of Fit is isignificant relative to the pure
error. There is 5.24% chance that a "Lack of Riakue" this large could occur due to noise. Non

significant lack of fit is good.flLack of fit is bad we want the model to fit.

Coefficient of variation, the standard deviation expressed as a percentage of the mean; predicted
Residual Error sum of squares, which is a measure of how the model fits each point in the design;
the R squaed, measure of thamount of variance around the meaxplained by the model.
Adjusted R squared, a measure of the amount of variation in new data explained by the model,
and Adequate precision, this is a signal to disturbance ratio due to randomresemigun Table

4.8, below, are used to decide whether the model can be used or not.

Table 4.8Model adequacy measures

Std. Dev. 1.58 R-Squared 0.9925

Mean 75.39 Adjusted R 0.9854
C.V. % 2.10 Predicted R 0.9436
PRESS 188.87 Adeq Precision 41.193

The "Predicted Rof 0.9436 is in reasonable agreement with the "Adjustedf®.9854.The
difference between Adjustec? Bnd Predicted Rs 0.0418 (i.e.they are reasonably close to each
othel), indicatinga close fit of the model to the actual response data. "Adeq Precision" measures
the signal to noise ratio. A ratio greater than 4 is desirable. The ratio of 41.193 indicates an

adequate signal. Therefore model can be used to navigate the design space.
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Regression model equation

Table 4.9Regressiomroefficients in terms of coded factors

Coefficient Degree of Standard  95% CI 95% CI

Factor . . VIF
Estimate  freedom Error Low High
Intercept 79.73 1 0.39 78.91 80.56
A-Acid
) 4.87 1 0.29 4.24 5.49 1.00
Concentration
B-Biomass
. -1.54 1 0.29 -2.17 -0.92 1.00
Loading
C-
10.10 1 0.29 9.48 10.73 1.00
Temperature
D-Time -0.68 1 0.29 -1.31 -0.056 1.00
AB -0.83 1 0.31 -1.50 -0.17 1.00
AC 2.09 1 0.31 1.42 2.75 1.00
AD -0.36 1 0.31 -1.02 0.31 1.00
BC -1.21 1 0.31 -1.87 -0.54 1.00
BD -0.17 1 0.31 -0.84 0.49 1.00
CD -0.81 1 0.31 -1.47 -0.14 1.00
A2 -3.79 1 0.78 -5.45 -2.14 2.78
B2 -0.94 1 0.78 -2.60 0.71 2.78
c? -6.34 1 0.78 -8.00 -4.69 2.78
D? 1.01 1 0.78 -0.65 2.66 2.78

The coefficient estimateepresents the expected change in response per unit change in factor
value when all remaining factors are held constant. The intercept in an orthogonal design is the
theoverall average response of all the runs. The coefficients are adjustments aroawndrtg

based on the factor settings. When the factors are orthotjoma&IFs are 1; VIFs greater than 1
indicate multicollinearity, the higher the VIRhe more severe the correlation of factors. As a
rough rule, VIFs less than 10 are tolerable
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The model equation, which relates the response cellulose recovery to the independent variables

(factors) in terms of the coded and actual factors is given below.

Final equation in terms of coded factor

Cellulose Recovery = 79.73 +4.876A -4B5+10.10 C - 0.68D - 0.83AB +2.09AC 3B8AD -
1.21BC - 0.17BD - 0.81CD - 3.79A - 0.92B5:34C + 1.01B (41
Where, A: is binary acglconcentration (wfo) of the reaction, B: is the biomass loading ratio

(g/mL), C: is the pretreatment temperatiX@)(and D: is pretreatment time (min)

Final equation interms of actual factor

Biomass loading + 0.10431 * Acid conceation * Temperature - 0.00593750 * Acid

concentration * Time - 0.60313 * Biomaesding * Temperature - 0.028958 * Biass loading

* Time - 0.000671875 * Tempature * Time - 3.79368 * Acid concenti@’ - 94.36842

* Biomass loading - 0.015859 * Temperatts# 0.000279532 * Tinfe (4)

The equation in terms of actual factors can be used to make predictions about the response for

given levels of each factor.

4.3.2 Graphical analysis
The following graphical plotvas used for checking the adequacy of the model for cellulose

recovery from corncob substrate.
Actual versus predicted plot

In Figure (4.2) belowpredicted versutheactual value of cellulose recovery was plotted. The plot
showshow precisely the modés modeled. The purpose is to detect a value, or group of values,
thatthe model does not easily predi€he points show how the predicted value and actual values
of each run approach the straight line. The straight line showshwopredicted and actual values
are closer to each other. When the point is above the sttimighiredicted value is greater than
the actual valugthe reverse is also true. If the #ea of the plot lies almost ontdimgonalline,

this shows that the odlel is designed very welle., the experimental data is clelyrelatedto the

data predicted from the modds shown in Figure 4.Below the result demonstrates ttllae
regression model equatignovides a very accurate description of the experinheata, h which

all the points are verglose to the line of a perfect.fit
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Predicted vs. Actual

0400 —

8425

Predicted

55.00 —

35.63 63.10 74.56 84.03 093.50

Actual
Figure 4.2Actual versus predicted valuts cellulose recovery

4.4 Effects of pretreatment conditions on the composition of corncob

In this study optimization of the significant operating conditions in order to recover and remove
the three components the solidresidue were studied. The removal of hemicelluloseligmih
improve the performance of scarification or hydrolysis of lignocellulosimmass. Thus the
process parameter optimization aimsm maintain the high cellulose recoveries and high
hemicellulose as well as high lignin removal. Seitifluence of acid concentratiesylid to liquid
loading ratio,the effect of temperatureand the effect of treatment time on the response were

discussed.

4.4.1 The effects of binary acidconcentration on the composition of corncob powder

The concentration of binary asidvas related to theolulisation, which is closely related to
hemicellulose removal and delignificatidPretreatment of lignocellulosic biomass wsthphuric

or hydrochloric acids has been reported to efficiently remove hemicellulose and lignin components
and expose the recovered cellulose for further acid omesitzy hydrolysis[139]. In this study
anincreasen theconcentration of binary aadalightly increasd cellulose recoveryThis was due

to the effective removal of hemicellulose and lignin composerfthis indicate that the
concentration of binary acid had a significant influence on cellulose recoveryRueldermore

the hemicellulose removal and-tignification were considerably augented with the increased
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binary acid dosage until the treatment time of 60 mims may be because of the fact that during
acidic pretreatment of lignocellulosic biomass, acid serves as a catalyst to hydrolyze
carbohydrats, particularly hemicellulose,for that reason loosening the ligranemicellulose
barrier, which protects cellulose in lignocellulosgo that due to the elimination of hemicellulose
from lignocellulose after dilet binary acig pretreatment, cellulose accessibility to acidic or
enzymaic hydrolysis was extensively increa§®40]. Which meant that higher dilute acid

concentration led to more cleavage of linkages among the three components.

From Rgure(4.3), it was observed that low binary asitbncentration (1%) had little effect on the
content of cellulose recovery yiel@ihe cellulose recovery has augmented with increased binary
acid concentration at the same time fréime experimentalTable (4.8) it was observed that
hemicellulose and lignin removal of corncob substrateeasedwith increasing binary acsd
concentration and the maximum hemicellulose and lignin removal 85.6% and 81.41% respectively
was observed with (3%) (Sulfuric + diceacid) concentration. This may lbecause (E5Qu)

causes the disruption of a complex matrix of the corncob sample and facilitd€©OH to

access biomassThen both acids remove the hemicellulose and lignin simultaneclisgy.
maximum removal of hematlulose and lignin were found to be 85.6% and 81.41%, respegctively

at the optimal condition of acid dosage (3%), temperature (120 °C) and time (60 min) for the binary

acids treatment.
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Figure 4.3 Effect of acid concentration on the yielda&fulose recovery.
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4.4.2 Hfects of biomass loading ratio on the composition of corncob during pretreatment

Biomass loading was associated with heat and mass transfer efficiencies, which had an effect on
delignification.Therefore, SLR (g/mL) was an imgant influence factor fagvaluatinghis binary

acid pretreatment process. In this stuidgm the experimental dat@®bserve that the cellulose
recoveries declined obviously with the increase of SLR frontdQl2and 0.3 (g/mL)This may

be due tdhe solidliquid ratio increamg the acid accessibility to break the bond between the three

components decrease this can decrease the total cellulose recovery in the process.

Furthermorein this study the hemicellulose and lignin removakre higher ata more diluted

ratio of 0.1 (g/mL). This might be the binary acid can easily get access to break the bond cleavage
between the three cgmonents. As shown in Figuret.f), the maximum cellulose recovery
(93.5+1.3% was obsrved at biomass loading rafidl (g/mL), and further increasing the biomass

loading ratio can decrease the cellulose recovery yield. Ther#fmstudy considered 0.1 (g/mL)
the optimum solid to liquid loading ratio
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Figure 4.4Effect of biomass loading ratio on yield of cellulose recovery

4.4.3Effects temperature on the composition of corncob powder during pretreatment
Applying a mixedseverity idea of using a small amount of acid and a short pretreatment time at a
high tempeaiture is favorable for thdilute acid pretreatmennethod[75]. All through acidic

pretreatment at a higher temperature, the bonds among the polysaccharides molecules within the
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lignocellulosic biomass could be broken doamd this can facilitate the separation via the three
componentg[141]. So similar concept is observed in this study. The temperature shows a
significant effect becausan ircrease in the pretreatment temperature of binary acid obviously
increases cellulose recoveryhi¥ was due tahe effective removal of hemicellulose and lignin
componerg of the corncob substrate at high temperatureom the experimental data Trable

(4.6), lignin removalwas improved with an increase in temperature at all treatment processes. So
that temperature hassignificant effet on lignin removalWan Azeleeet al.[142] also report that

the tamperature has been described to increase the lignin removal percentage in pretreatments for
delignification. Simiar results were obtained in the currstudy.According to the experimental
datain Table (4.6), an increase tihe reaction temperatusgrongly influenced cellulose recovery

from 803 to 1203 , and the removal of hemicellulose and lignin increases with an increase in
the temperature. Fromigure (4.9 lowest cellulose recovery was observed at GD But the

further increase in the pretreatment temperature can significantly increase the cellulose recovery.
This shows that high temperature with low acid concentration has a favorable condition for
corncob biomass treatment to remove the hemicellulose and ligniellaaswio recover diellose.

Thereforel20°C wasconsidered as an optimuemperaturéor enhanced cellulose recovery from
corncob substrat@ this study
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Figure 4.5effect of temperature atie yield of cellulose recovery
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4.4.4 The effecof pretreatment time on the composition of corncolzluring pretreatment

Thus thepretreatment conditions optimization process airtednaintain the high cellulose
recoveries and high hemicellulose as well as lignin remdv&.nfluence of reaction time oneh
binary acid-pretreagd residue was shown in Figure (4.6le recoveries of cellulose decrease
slightly with reaction time increase from 60 to 180 min. About 93.5% cellulose, 85.6%
hemicellulose and 81.41% lignin were maintained in the solid residi38@&t0.1 g/mL, 120C

and 60 min)In contrastthe cellulose recovery was slightly decreased at the same parameters with
increased reaction time (180min)hi$ was due tahe conversion of the recovered cellulose to

arother byproduct like glucose or hydsethyl furfural (HMF) which indicated thad longer
reaction time led to an obvious reduction of cellulose recovery.
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Figure 4.6Effect of time on the yield of cellulose recovery

4.5 Interaction effect of pretreatment conditions on the yield ofellulose recovery

The interaction effects and optimal levels of binary sx@dncentration, biomass loading,
pretreatment temperatuaadtime were determined by plotting the response surface curves. To
study the interactive effect cellulose recovees' yield, the quadratic model's response surface
methodologywas used and thretmensional response surface (3 D) plots were construtied.
contour plot forms show the nature and magnitude of the interaction between distinct variables.
These plots depicted the combined effects of two factors on cellulose recgiaddes
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4.5.1 Effects of acid concentration and biomass loading ratio on tleellulose recovery yield

The effect of binary acids concentration and solid loading ratio on the yield of cellulose at a
constant temperaturg20 °C and timeof 60 minutes was shown in Figurd.f). The Figure
depicted that a maximum cellulose yield whsained at a high acid concentratio®d3and lower
biomass loadingatio (0.1g/mL). The relationship of their interaction effect on the yield was also
shown from the regression coefficient of their interaction in equédidh From the equatigrthe
interaction of binary acglconcentration and solid loadj ratio has negatively affectellulose
recovery yield As shown inthe figure, it was observed that athagher level of binary acid
concentrationthe separation of the three components in thiel sesidue was higher this can
obviously increase cellulose recovery yieldhereas at a lower solid loading ratipthe acid
accessibility to break the bond between the three components increase this can also increase the
cellulose recoveryield. So tha the Figure @.7) also confirng that the maximum cellulose

recoveryyield (93.5%) was observed at higher acid concentration and lower solid loading ratio.
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Figure 4.7Effects of binary acidconcentration and solid loading ratio on the cellulose yield

4.5.2 Effects of binary acid concentration and temperature on the cellulose recovery yield

The interaction effect of binary acid concentration and temperature on the cellulose yield is given
below in thefollowing figure. As seen from the 3D plot of binary acid concentration and
temperature at constant solid loading ration (@/bGL) and constant time (68in), the maximum
celluloserecoveryyield was observed at higher binary asidncentration and temperature. This

wasbecause at higher binary asmbncentration and high temperatutes separation of the three

68|Page



componentssuch as cellulose hemicellulose and lignias higher. So that éuothe effective
separation of the three componert® cellulose recovery increasd-igure 4.8) confirmsthat
the maximum cellulose recovery yield was observed at higher binary @mdentratios and
higher temperatuse Furthermorethe regressioequation (4.4) shows that the interaction effect

of binary acid ratio and temperature positively affeetfulose recovery.
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Figure 4.8Effects of binary acislconcentration and temperature on cellulose recovery yield

4.5.3 Effects of binary acid concentration and time on the cellulose recovery yield

The effects of binary acid concentration and time on the yield of cellulose when temperature and
solid loading atio wereconstant at (128C and 0.1g/mL), respectively, areshown inFigure @.9).

The maximum yield of cellulose was observed at higher binarys acidcentration and lower
pretreatment timeAt higher binary acid concentration and higpeetreatment timedecreasing

the yield of cellulose was observethis was due to the possible formation of other molecules
from the recovered celluloser the recovered cellulose was further hydretlyto glucose.
Therefore the maximum cellulose recayewas observed from the plot at 3%, acid concentration

and 60min pretreatment timeespectively.
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Figure 4.9Effects of binary acid concentration and time on the cellulose recovery yield

4.5.4 Effects of biomass loading ratio and temperature on the cellulose recovery yield

The effect of solid loading ratio and pretreatment temperature on the yield of celtidosastant

acid concentratin (3%) and time of (60 min) shown in Figurg4.10) The Figure depicted that

a maximum cellulose yield was obtained at a lower solid loading rattonmre diluted ratio
(0.10g/mL) and higher temperature (1°£5). This was due tdghatat lower biomass loading ratio

and at higher temperature the separation of the three components such as cellulose, hemicellulose
and linin in the solid residue increasat the same time the cellulose recovery yield increase. The

3D plotfor the biomass loading ratio and temperature interaet®mconfirns that the maximum

cellulose recovery was observedhddwer biomass loading ratio and higher temperature.

e i
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Figure 4.10 Effects of biomass loading ratio and temperature on theseliuéld

70|Page



4.5.5 Effects of biomass loading ratio and time on the cellulose recovery yield

The effects of biomass loading ratio and time on the cellulose recovery yield when the acid
concentration and temperatureene actual factors arshown in Figure (4.11) below. The
maximum vyield of cellulose (93.5%) wabserved aalow biomass loading rati(.1 g/mL)and
ataminimum pretreatment tim@O0min). The relationship of their interaction effect on the yield
was also shown from the regression coefht of their interaction in equation (4.4). From the
equation the interaction of biomass loading ratio and time has negatively affected cellulose
recovery yield

Cellulose recovery(%o)

0.30 60.00

120.00

B: Biomass loading (¢g/mL) *"° 15000 D: Time ((min)

0.10 180.00

Figure 4.11Effects of biomass loading ratio and time on the cellulose recovery yield

4.5.6 Effects of pretreatment temperature and time on the cellulose recovery yield

The interaction effect of pretreatment temperature and time on the cellulose recovery yield is giv
belowFigure @.12. The maximum cellulose recovery was obsemeahigher temperature (120

°C) and lower pretreatmentiite (60 min). This was becauségher temperature with short
treatment time was a favorable conditauring dilute acid pretreatme The figure also depicted

that skyblue color's minimum cellulose recovery yieldhs observed at lower pretreatment
temperature (80C) and higher pretreatment time (18tn). Alsg the relationship of their
interaction effect on the cellulose yield was shown from the regression coefficient of their
interaction in equation (4.4). From the equatitre interaction of temperature and times ha

negatively affeadthe yield of celluloseecovery.
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4.6 Optimizations

Optimization of pretreatment process factors (binary acids concentration, solid loading ratio,
pretreatment temperature amde) and response (yietd cellulose ) was carried out by a multiple
response methazhlled desirability (D) function to optimize the different combinations of process
parametersNumerical optimization was used to identify the optimum level of pretreatment

process factors.

Table 4.10Constraints for the factors and responses in numerical optimization

Parameters Goal Lower Limit Upper Limit
Acid Concentration IS in range 1 3
Biomass Loading IS in range 0.1 0.3
Temperature is in range 80 120
Time is in range 60 180
Cellulose recovery maximize 56.5 93.5

According to the experimental work the Table(4.6), the maximum yieldf cellulose recovery
93.5% was obtained at the interaction parameter of binarysamdcentration (3%), biomass
loading ratio (0.1g/mL), pretreatment temperature (120, and time (60min). Whereas from the

response optimization technique used in this study, the yield of celléoseery was optimized
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t0 91.95%9%6, at a desirable parameter interactiohinfryacids concentration (2.9& %), biomass
loading ratio (0.1g/mL), pretreatment temperature (11929, and reaction time (6fin), as
shown inTable (B-2) in the appendix From the 28 possiblsolutiors of optimization the table

below is the optimized solution at 0.988&sirability.

Table 4.110ptimized solution of cellulose recovery yield from corncob substrate

Acid Biomass _ Cdlulose
) ) Temperature Time S
Number Concentration Loading . Recovery Desirability
(°C) (min)
(%) (9/mL) (%)
1 2.98 0.10 119.99 60.00 91.959 0.958 Selected

The desirability lies between 0 and 1 and it represents the closeness of a response to its ideal
value. If a response falls within the unacceptable intervalgjahieability is 0, and if a response

falls within the ideal intervals or the response reaches its ideal value, the desirabil@p ithat

based on this analysis best local maximum cellulose recovery yield 91.959% was found at acid
concentration (2.98%), solid loading ratio (OdgifL), temperature (119.99 and time (60nin)

and the value of desirabilityptained was 95.8%.

4.6.1 Validation of the model

To confirm the validity of the optimized model, the actual validation expe@tinvas carried out

at optimum conditions that design expert obtaine@hese optimum points were binary acid
concentration (2.98%), biomass loading ratio (0.1g/mtgtreatment temperature (11%9Pand

time (60 min). To validate the optimum conditions predicted by the response surface methodology
(RSM) model results, triplicate experiments were conducted at the above specified optimum

process conditions predicted by the model.

After optimization, triplcate experiments were performed using these optimized process
conditions. At this condition, the mean percentage of yield obtained was 91.92+ 0.85%, as shown
in Table 4.12 and which was then related to the data obtained from optimization analysis using the

desirability function.
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Table 4.12Result of optimization and model validation

Number Acid Biomass Temperature Time Yield (%)
concentration loading ratio (3) (min)
(wt. %) (g/mL)
Predicated 2.98 0.1 119.99 60 91.959
Experimental 2.98 0.1 120 60 91.92+0.8

The mean percentage of cellulsseoveryyield obtained byriplicate experiments 91.92+G%,

which is not significantly different from the predicted value of 91.959 % cellulose yield obtained
at theOptimal conditions of binary acids concentration (2.98%), biomass loadiad@dtg/mL)
temperature1203 ) and reaction time (6fin). Therefore, the model was valid and capable of
predicting the maximum cellulose recovery yiald., numerical optimization can be taken as an
optimal value because the predicted value was close enough to the experimentalnvalue
summary, this study shows that binary acids concentration, biomass loading ratio, pretreatment
temperature and time could be used for the optimization of celluloseergogeld from corncob
biomass. Te yield could be optimized by tuning binary acthcentration, biomass loading ratio,

pretreatment temperature, and time parameters.
4.7 Characterization of raw binary acids pretreated corncob andcorncob cellulose

Structural analysis ofraw, pretreated corncob and corncob cellulose

Binary acid pretreatment induces many structural chathgésemove hemicellulose and lignin,
modify cellulose crystallinity, and increase timernal surface area for acid or enzyme to act.
SEM, FTIR, and XRD studied structural ahges taking place in the corncob during different

binary acid pretreatments
4.7.1 Morphological analysis (SEM analysis)

Morphology of the raw corncob changed with chemical treatment concerning surface smoothness
and size. Raw corob, which was sievedetbween 60 and20 mesh size in (Fige 4.13(a)),
displays a quite irregular and agglomerated unbroken surface. shhps beemwlearly seen that

there are no pores displayed. This was duevidence of lack fopretreatment prior to analysis.

Also, thereis anintact lamellar structuren it while in (Figure 4.13(b)) binary acid pretreated
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corncob exhibit considerable changes in the heterogeneous layer with shattering and swelling as
well as it create pores that formed due to the increment of internal surface area and also after
multicellular treatmenstructure is created andighs owing to removal of hemicellulog&43].

This facilitates the componeit easly diffuse and hydrolyzeimproving the saccharification
yield. Furthermorgthe SEM image athe corncob cellulose in Figureld(c) shows that thaelfer
appeared even smoother than binary-#r@dted corncaolt is a micresized fiber that exhibits an
asymmetrical shape. Compared to raw and binarys#@i@dted corncob, the surface of corncob
cellulose in (Figuret.13(c) became coarser and cleanBrmis indicats the effective removal of

the hemicellulose and th@hin by the chemical treatmerjigl4]. Furthermoreit can be observed

that themicroappearancef binary acids treated corncob cellulose is similar to that of Commercial
micro-cellulosein (Figure4.13 (c) and (d)) FTIR and XRD further confirmed this explanation on

SEM images of the raw corncob, binary atielated corncoland corncob cellulose

e

. | e 50 uf} " - ! 1
SED. wPC-std. 15KV & % 500 PSS 25/07/2021
- ~ > A -

Raw corncob _ ' Binary acids treated corncob

SR W AL g 5
"4 '__'é._#_.go pm

High-vac. SED PCSEtd. " -\#J x 500 + 16/09/2021

Mmccz \‘_ <

corncob cellulose Commercial micro-cellulose

Figure4.13SEM images of raw corncob (djnaryacids pretreated corn cob (lmprncob
cellulose (cland commercial micraellulose (d).
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4.7.2 Fourier transform infrared (FTIR) spectroscopy analysis

FTIR evaluation results in absorption spetirat offer informabn about the chemical bonds and
molecular structure of a material aallbbwsidentifyingthe carbon skeleton structure and groups
attached on it. In this studgis mentioned ithe materials and methods patie Fourier transform

infrared (FTIR) spectrampy technique was carried out to identify the functional groups of raw
corncob, to test chemical changes that occurred during the chemical treatments in raw corncob, to
identify and compare the functional groups of extracted corncob cellulose and coshmenc
cellulose.

The FTIR spectra of theaw corncob are shown in Figurd.{4), Cellulose, hemicellulosand
lignin are the main components tife corncob. They contain functional groups that exhibit
common absorption bands, including the -Gittetching at 3405 c[145] and the symmetric
stretching of aliphatic chains-B at 2915 crit [146], the otheabsaption bands observed 5376
cmit and1160,cmt, were related mainly to cellulose whiistassociated with the symmetrichC
deformationsand C-O-C stretching of glycosidic bondgspectively{147]. In addition to these,
the two characteristic absorption barals1736 cmt and 1250 cm were identified as the
hemicellulose peaks. The first one is associated witlsttieéching vibration of C© group and
the second is attributed to the stretching ofOCbond respectively[148]. Furthermore,
representative absorption bands of ligniere found at1603, 1514 and 1048 cinwhich
correspond tothe C-O deformations of secondary alcohotke aromatic skeletal vibration

breathing with C = O stretchirand aliphatic ethers.

(1250)

(1736)
(1603)

Transimitance (%)

2915
. ) (1376)

(1160)

(3405) (1048)

L] L L) L] L) L
4000 3500 3000 2500 2000 1500 1000 500

Wave number (cm_l)

Figure 4.14 FIIR spectra for raw corncob.
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FTIR of raw corncob and extractive free sample

In the figure belowthe FTIR characterization was done afteeremoval of extractives frorthe
corncob by usindghe solvent extraction method. THegure @.15 depicted that there is band
intensityreduction on the extractive free corncob sample around &3t0This may be due to
the partialremoval ofthe grong GO stretching aromatic ester bofolind in raw corncob due to
the presence of fatty acidehis pageants the removal of fat components fronttdracobsample
by the solvent extraction methaahd this redue the linkage of the lignin witpolyssachiadies
The other point observed was peak band intensity reduction in the extractive free campdd

around 1450 crhthese may be due to the partial removal @diom GH bendingof Alkane
compounds during solvent extraction.

RCC
EXF

Transimitance (%)

%
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EXF
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wave number «cm—1)
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Figure 4.15-TIR analysis of raw corncob aedtractive free corncob sample

The untreated and treated corncolwders were analyzed using FTIRdloicidate the chamg in
the chemical compositiomhe FTIR spectrafdoth the untreated and treated corncolwgers
are presented in Figure (4.16xom the FTIR data in Figure (4.1&8)road peaks at (3405
3350cm?) wereobserved in both raw corncob, binary adtieate corncob and corncob cellulose
samples were assiated with the hydrogen bondi@ stretching vibration, which is indicative of
the hydrophilic tendency of the fibefB49]. The broad absorption at 2915 ¢rim both samples
was attributed to the & stretching[9]. From Figure (4.16) it was observe that the peak at
1736&mt which is found on theraw corncob (RCC)is assigned to the indication of C = O
stretching of hemicellulogéd5].whereas the shifting of this peakanidtreated corncobATCC)
indicates the partial removal of hemicellulose due to the binargtaeatment and thiseak totally
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absent incorncob cellulose (CCQjue to effective removal of hemicellulose by adigatment.
Besides, the intensity band reduction obseatet?50cn? for acidtreated corncob (ATCC) also
confirms the partial removal @-O stretching ohemicellulose and the absence of this peak on
the corncob cellulose (CCC) indicates the removal @ Gtretching bond of hemicellulose.
Another peak observed at 1635'éraf corncob cellulos¢CCC)represergthe C = C stretching
vibration of alkeneln addition to thesehe peak intensity reduction on taeids treatedorncob
(ATCC) approximately 1514 crhfor lignin would indicatepartial removal of lignin [89]. In
contrast, the total absence of this peak in corncob cellulose (CCC) indicates the effective removal
of lignin. The absorption band located at approximately 1376 ioncorncob cellulos¢CCC)is
associated with the bdimg vibration of CH of cellulosg[150]. Furthermorethe reduction in the
intensity observed at 1,166 thin the binary acid pretreated corncOhTCC) revealed the
removal of SyringyGuaiacytHydroxyphenyl (SGH) units of lignifil51], and the absence of
these peak in the corncob cidise confirm the effective removal of lignin from corncob cellulose
(CCC).Finally, the absorption peak found on approximately 886 on ATCC and889cm? on
corncob c el | tlycostie linkages onaallidoset nmlechl§R9)].

CcCC
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Figure 4.16FTIR analysis of raw corncob, binary ad¢réated corncob and corncob cellulose

FTIR- also used to identify and compare the extractdcobcellulose(CCC)and commercial
micro-cellulose (CMC) The Fig (417) depictedthat The FTR spectra of the extracted Corncob
cellulose expose the general characteristic spectrum plileecommerciamicro cellulose. This

was confirmed by checking the absorptions ohhbibe extracted corncob celluloeCC) and
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commercialmicro cellulosg{CMC) at approximately 3346m, 2900 cmt, 1635cm * and 890
cmit which are attributed teOH stretchingC-H asymmetric and symmetric tensile vibration, C=

C stretchingr i b r at kglycosidec indages, respectivel$9, 152

C=C pB-linkage

5
g 0=C
E CMC B-linkage
£ C-H
Z O-H
£
o
4000 3500 3000 2500 2000 1500 1000 500

Wave number (cm™)

Figure 4.17FTIR analysis of extracted corncoblluloseandcommerciaimicro cellulose

4.7.3 Xray diffraction (XRD) analysis

The X-ray diffraction patterns were obtained to decide the crystalline index of the raw corncob,
binary acidtreated corncob, corncob cellulgs:d micro cellulose. The crystallinity index (Crl)
refers to the ratio of the crgdline to the amorphous areas of cellulose.

In naturestructureof cellulose has both crystalline and amorphous regions, whereas hemicellulose
and lignin only have amorphous ar¢aS3]. The cellulose crystallity is due to the iteractions
between hydrogen and valer Waalsforces between adjacent moleculesray diffraction in
Figure (418) was used to determinkthere were changes in the crystallinity of raw corncob
substrate after chemical treatmeatgito confirm theremoval of the amorphous part of corncob

after binary acids treatment

XRD resultsfrom Figure (4.18) depicted that there are somewslgghtincrements were observed
between the Crl afaw corncobs (RCGnd binary acidpretreateadtorncob (ATCC) 84.46% and

54.2%), respectively. This may be due to the high recovery of cell(88s8%),during binary

acids treatment and high cellulose content was maintained in the residue which was somewhat

lower than that in the raw saiep. In thelignocellulosichiomasshemicellulose and lignin are
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amorphous componentwhile cellulose isthe crystalline componentience the slight increase
of crystallinity index observed on the binary acids treated corncob samaplprobably caused by
the increase of cellulose érthe removal of theamorphous portion such as hemicellulose and
lignin [125].
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Figure4.18X-ray diffraction patternsf raw corncob andcidtreated corncob

After binary acid treatments, due to the elimination of hemicellulose and lignin present in raw
corncob amorphous regions in cellulose, structures are removed and the crystallinity shows a
somewhat slight increment. However still, it has lower than thathefcommercial micro
cellulose. The crystallinity index (Crl) is calculated by using equation (3.11). The calculated values
are inTable (C1) in the appendix. The CfIRCC, ATCC, CCC and CMCC are 34%, 54.2%,
65.25% and 71%, respectively.

The XRD 9pectra of acidreated corncob cellulose anommercialmicro-cellulose are presented

in Figure (4.19) corncob cellulosexhibt ed t hr ee main reflection pe:
34.5 these peaks aharacteristic fothe crystal form of cellulose Three characteristic peaks
presented on thbinary acids-treated corncob celluloseene similar to the commercial micro

cellulose at 15.7°, 22.3° and 34.5°, which correspond to the (110), (200) and (040) crystallographic
planes of cellulose I. The XRD pattern shows that Corncob cellulose is made up of cellulose |
These three characteristic peaks for cellulose | wibserved in the corncob cellulose and micro

cellulose shows thimcrementrystalline natur¢l54].
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Figure4.19X-ray diffraction patterns extracted cornamlulose and Micraellulose

4.8 Dilute acid hydrolysis of corncob cellulose to glucose

In this section of the study, the total reduced sugar cointentorncobcellulosewas investigated
from the hydrolysis processThe mechanism of acidatalyzed hydrysis of corncob cellulose

( cl e av d-g-glycosidic bbnd) follavs the pattern outtied inFigure (4.20) the cellulosic
substrate attached to each otherpayacrystalline regions and bounded by a charged water
boundary layer thdbrmed due talipole-dipole interactions causé&y aligning of water molecules
around the polasurface of the cellulose exterid55]. Water moleculeand H+ iongfrom acid)
have to penetrate the cellulose filireorder to precede theydrolysis reaction effectivelyAcid
catalyzes the breakdown of long cellulose ohaio form shorter chain oligomers and then to
glucose (sugar monomers) that the acid can degrade. The acid hydrolysis of cellulose is a reaction
catalyzedoy protons (H+from the acidand also by hydroxide anions (QHesulting from water
dissociationthe protons and hydroxide ionsact with cellulose molecule§he acid hydrolysis

of cellulose forms free glucose moleculdse glucose moleculis further degradetb hydroxyk
methyl furfural (a furan), levuliniacid, formic acid, and othacids.These were due to the effect
of operating conditions
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Figure4.20Mechanism of acid hydrolysis of cellulose to glucose and glucose degradation

Thebinary acidgretreated corncotellulosesubjecedto furtheracid hydrolysis at different acid

concentrations, hydrolysis timand temperaturelhen the maximuramount of sugar produced

was calculatedTo determine the total amount of glucasacentration obtained from binary acids

treatedcorncob cellulosestandard glucose solution was prepared and the results of glucose

concentration and its absorbarveereshown below in Table 4.13) and the result thfe glucose

calibration curve \sshown in Figure (4.21)

Table 4.13Standard glucose concentration and its absorbance

Glucose concentration (mg/mL)

Absorbance @ 490 (nm)

0
20
40
60
80

100

0
0.252
0.475
0.602
0.883

1.04
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Using excel, the calibration curve of glucose standard was sketched and the linear equation

produced. The linear equation and the calibration curve was ugbddetermination of unknown

glucose concentration is as follows

Glucose standard carve

12

v =10.0104x + 0.0308
1 R =0.9956

0.8

0.6
0.4
02

Absorbance (@490 nm

0 e

0 20 40 60 80 100

Glucose concentration(mg/ml)

Figure 4.21Calibration curve of glucose standard for determination of glucose content
The concentrations of unknown sugar samples were determined from a standard curve of

Glucose (y = 0.0104x + 0.03082R 0.9956)

4.8.1 Effect of acid concentration on glucoseoncentration

binary acids pretreated corncob cellulos@s further treated with differergulfuric acid

concentration(1, 2, 3 and 4%) were heatedainautoclave at 118C for 45minutes and resulting

glucose concentration is determined from the above glucose standard curve and the result shown

in Table (4.14)the calculation for the experimental result waappendix C1

Table 4.14 Effect of acid concentration on the glucose yield

Glucose
S. No Acid concentration (%) OD at 490 nm  concentration
Hydrolyzed @ (mg/mL)
1 1 temperature of 11( 0.398 35.30
2 2 °C for 45 min 0.497 44.83
3 3 hydrolysis time 0.602 54.92
4 4 0.580 53.4
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The effect of sulfuric acid concentration wegaluated from th sugar concentrations inQ(1
g/100mL) solid pretreated biomass slurry contains concentr@iszhcobcellulose The resulting

plot of acid concentration versus glucose concentratidhgure (4.22)depictedthat increasing

the acid concentration increase the concentrations of glucose. When the sulfuric acid concentration
was increased from 1 896 (v/v), the glucose concentration increased from 35.30 to 5dAgaaL.
However, further increases of the acid camtcation beyond 3% resulted in decreased glucose
concentrations (53.9%g/mL). These might be due to the possible formation of other molecules
or due tahedegradation of glucose molecules to byproducts asd&hydroxymethylfurfural (5

61 HMF), levulinc acid. Similar work is also ported byDussanet al, [110]. Therefore from
(Figure 4.22), it wasobservedhat 3% acid concentration is tleeal optimumconcentration for
cellulose hydrolysis to glucose and it was selecteduither study or foistudying the effect of
pretreatment time.

Effect of acid concentration at 110°c and 45min

60

54.92 53.48

50 +
44.83

40
35.3

30 4

Glucose concentration (mg/mL)

10 +

0 T - r . T .
1 2 3 4
Acid concentration (%)

Figure 4.22 Effect H2SO4 Concentration on glucose concentration (mg/mL).

4.8.2 Effect ofhydrolysis time on glucose concentration
Here, thebinary acids treated corncaellulose with hemicellulose and lignin residual solution
was further treated with local optimum acid concentrafB@%) and heated in an autoclave for

varioushydrolysis timeg(15, 3Q 45and 60 min) antheresulting glucose concentration is shown
on theTable (4.15) below.
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Table 4.15 Effect of hydrolysis time on the glucose concentration

S.No Hydrolysis time(min)

15

30

45

1
2
3
4

60

Glucose concentration

OD at 490 nm
(mg/mL)
Hydrolyzed@ 110°C 0.348 30.5
with local optimum 0.450 40.31
acid concentration 0.60 54.73
(3%) 0.561 50.98

The resulting plot ohydrolysistime versus the glucos®mncentrationwhen acid concentration

and hydrolysigemperature were constant at 3% and A1 @as depicted ifigure (4.23 below.

Asrevealed from the plabcreasindhydrolysistime from 15 to 45 minutg glucoseconcentration

was increased from (30.5 52.73mg/nk.). However further increase in hydrolysis time fro45

to 60 min can decrease the glucose concentration to (50.98mg/ihis was dueto the

degradation of obtained glucose molecuesl produce byproduct -Bydroxymethylfurfural,

furfural and formic acid due to long reaction time.

60 —

50 A

40 -

30

Glucose concentration (mg/mL)

|Effect of hydrolysis time at 3% and 110°C

30.5

40.31

54.73

50.98

15

30

45 60

Hydrolysis time (min)

Figure 4.23 Effect of hydrolysis time on glucose concentration (mg/mL).
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4.8.3 Effect ofhydrolysis temperature

The binary acids pretreateztbrncobcellulosewhich contaiis hemicellulose and lignin residyal
was further treated withlocal optimum of acid concentration (3%) and local optimum hydrolysis
time (45min)at various heating tempeuaes(100,110120 and130 °C). The resultant glucose

concentrations determinedrom the glucose standard curared shownn theTable (4.16) below.

Table 4.16 Effect of hydrolysis temperature on the glucose concentration

Heatingtemperature Glucose concentratiol
o) OD at 490 nm
(°C) (mg/mL)
1 100 Hydrolyzed@ acid 0.345 38.21
2 110 cancentrafior{3%) 0.472 54.42
with local optimum
3 120 hydrolysistime 45min 0.607 55.40
4 130 0.574 52.23

The resulting plot ofhydrolysis temperature versus the glucose concentratitren acid
concentration and hydrolysis time were actualdesstas depicted iRigure (4.24)elow.From
the plot as temperature increases from 2Q0to 120°C, glucose concentration increaseom
38.21 to 55.4rg/mL). However temperature beyond 12CQ decreasgthe glucose concentration
and its yield, which is due to the further conversion of otheptmducts ad degradation of the
formed glucose to othdryproductssuch as furan, and levulinic acidoraleset al.,[156] also
mentioned that further increased temperature beyond the optimum level can lead to glucose
degradation and increase the levulinic acid formation during cellulose hydrdiisiefore, the
local optimum temperature in this study was found to be°C28nd he glucose concentration at
this temperature was 55m¢/mL). The observed result mewhatoincident with the literature
[59], reporing that the maximum glucose concentratieas 53.56fig/mL) during hydrolysis of
corncob cellulose under optim conditions of 4 % of E5Qy at 120 °C for 30 minkFurthermore,
the resulibbserved in this studg slightly different from the research conductedvigbratomet
al., [107]. Theyobtained maximum glucose concentration (45.68#mL) under theoptimum
operatingconditions of 1.5 % of By at 95 °C for 22 min
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Effect of temperatuare at 3% and 45min

60

55.4
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Figure4.24Effect of heating temperatui@n glucose concentratigmg/mL)

Based on the above maximuwalue of glucoseconcentrationarnother typical hydrolysis of

cellulosewith H>O overacidas catalystvas compared with this work as givenTiable4.17

Table 4.17Typical hydrolysis of cellulose with acid

_ _ Hydrolysis Reaction  Reducing Reference
Raw material Acid type »
condition sugars
Wheat straw H2SOy 2%,180°C; 10 min 43 mg/mL [108]
corncob HCI 1.5%, 12C°C, 30min  45.69 m@gmL [109]
Sugarcane H2SOy 2%, 155 °C for 10 min 22.74mg/mL [110]
bagasse
corncob H2SQOy 3%, 120 °C for 48nin  55.4 mg/mL This study

Thus, from the comparisoreasonable value of glucose concentration was obtained from binary
acids pretreated corncob cellulose and which is depolymerized by acid hydrolysis. Based on this
result, it should be concluded that th@ncentratiorof sugar was improved. This is due t@ th

effective pretreatment held on corncob substrate to liberate cellulose that releases fermentable
sugar.
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4.9 Fermentation of glucose to bioethanol

4.9.1 Determination of yeast cell growth

Yeast cebgrowtls in different conditions wetudied inFigures D1 in the appendixlhe growth

curve shows a long lag phase approximately for 24 hdbeslog €xponentigl phase had shown

the sharpest slope and lasted after 60 hdurthe end of the lag phase, the number of yeast cells
reprodution increase drastically. The data from UV/Visible absorptions at 600 nm display it was
increased in absorbance drastically from 0.51 to 1.25 and the maximum absorption (1.27) is
obtained, at the end of the stationary phase only and finally, after 84 theuyeast cell growth

curve decline this is due to cell death. The saosmariovasexplainedoy [47]

4.9.2 Determination of bioethanol concentration

Bioethanol concentration of the samples was aedl\by spectrophotometrimethods[157].
During the fermentation andtaf the distillation pH of eackample was anatgd. The anount of
total sugar in the samples was atseasured after the digtion.

The recovered sugar, i.e. (glucose) from the hydrolysis, can be subjected to fermentation and
fermentation was carried oattemperature (30C), 200 (rpm) for different fermentation periods

(12- 96 hr). To determine the total amount lbibethanolconcentratiorfound in the fermented
samplestandardbioethanol stocksolution was preparednd a standarctalibration curve \as
prepared as shown appendix D Based on the data fable D3 in the appendi¥igure (4.5)

was prepared and disssed.

The fermentatiorwas carried out for successive fodays bySaccharomyces cerevisjaghich
utilizes the recovered sugar as the nutrients and converts the sugar tonoloartioler anaerobic
conditions kgure (4.25. During fermentation, lte yeastcell undergoes severalhpsiological
changesThis was observed iRigure (4.295. T h e radd@ldup of unsaturated fatty acids and
sterolsat thestartof fermentationwhich areenergetimutrientsfor yeastcell growth The yeast

consumeshosenutrientsand depletethe quantityof sugaras thefermentation progresses.

During fermentation, the bioethanol in the product increased while the glucose (reducing sugar)
decreased as a result of the fact that duengentationthe yeast (S. ceresiae) utilizethe sugar

as a source of carbon and eneiggroduceioethanol as a result58]. The result obtained during

the production of bioethanol with the usé yeastS. cerevisiags shown inFigure (4.2%. The

result showed that the value of the micrélmall growth showsdrastically increment from 24
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