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ABSTRACT

In the last three decades most countries, particularly the developing pations, have been
experiencing energy deficit because of overdependence on fossil-based fuels. This development
has led to the scarch for altemnative energy sousces. Nigeria is rich in biomass and wasle
matenals that are suitable precursors for biofucls, yet these have not been fully explored. This

study was thercfore designed o evaluate the biocthanol production potentials of multi-substrate

lignocelluloscs-bascd wastes.

Four lignocellulose-based wastes — Cassava Peels (CP), Yam Peels (YP), Plantain Peels (PP) and
Sawdust (SD) were purposively selected. They were subjected to pre-ireament, chemical
hydrolysis. microbial fermentation and confirmatory biocbemical tests following the methods
described by the Association of Official Analytical Chemists (AOAC). Grab samples of the
wastes werc air dried and pulverized. Twenty grammes cach of the powdery biomass was (realcd
separately with 100m] 5.6M, 9.4M and 13.I1M of H3SOs in a two stage hydrolysis. The first
hydrolysis was done at 100°C for 60mins, alter which the residue was hydrolysed at 100°C for
S0mins. The mixed hydrolysates were analysed for glucose and Total Reducing Sugars (TRS).
The 13.IM H,;SO, gave the best yield of glucose and TRS hence was fermented with
Saccharomyces cerevisiae a1 30°C for 72 hours, Samples were takcn from the fermenting broths

every 24 hours for ethano! yield determination. Data were analysed using descriptive stalisties, -

test, ANOVA and Spearman-mnk correlation at p=0.05.

Meon glucose yield and TRS obtained from the S6M H;SO, hydrolysis were: CP
(50.5+5.0mg/kg. 91.8+3.0mg/kg); YP (231.043.6mg/kg, 388.8£6.9mg/kg); PP (255.5¢5.4mg/kg,
314.7+5.lmg/kg) and SD (285.745.0mg/kg, 374.5%7.3mg/kg). At 2.4M H;SO. hydrolysis, the
mean glucose yield and TRS were: CP (71.5£3.0mg/kg, 123.2+5.0mg/kg); YP (240.0+5.0mg/kg,
460.2¢4.7mg/kg); PP (278.1£6.5mglkg, 396.42+6.0mg/kg) and SD (300.7+8.6mg/ke,
453.2+6.6mg/kg). The mean glucose yield and TRS obuined from the (3.1M H:SO. Hydrolysis
were: CP (85.125.7mp/kg, 209.843.7mg/kg), YP (269.2¢(1.2mg/kg. 541.3+7.8mg/kg). PP
(304.0+6.Img/kg, 461.2¢3.6mp/kg) and SD (343.244.8mg/kg. 535.9+5.0mg/kg). The mean
glucose yield and TRS obtnined from the 13.1M ;SO, were significontly higher than those
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obtaincd from the 9.4M and 5.6M H;SO,4 hydrolysis. The 13.1M hydrolysate was used for the
ethanol production and the¢ mcap ethanol yield at 24 bows of ferweatation were; CP
(123.3£11.1ml /kg), YP (172.0£17.5mL/kg). PP (217.7£13.5mL/kg) and SD (240.3£14.0m!./kg)
respectively. The maximum ethanol production was obuiined at 48 hours, the mesn ethanol yield
being: CP - 160.0£15.1ml./kg, YP - 211.7215.3mbL/kg, PP - 265.0+20.5mL/kg and SD -
280.0+11.5ml./kg. Mean ethanol yield obtained at 48 hours of fermentation were significantly

diflcrent from those oblained at 24 houis. A significant correlation exists between the ethanol
yield of the substrates and the time of fennentation (1=0.95).

Sawdust produced the highest glucose and cthonol yields among the subsuiztes, Therefore
cthano! production from sawdust should be fuilly optimized.

Keywords: Lignocellulosic wastes, Biofuels, Biocthanol production.
Word Count: 471
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CIIAPTER ONE
INTRODUCTION

1.1 Background Information

Waste generaton is iocreasing 1apidly with urbanization and industrialization. The
quantum of wasle generated vanies from place (o placc depending upon the population
density and demand from society. Compared (0 other places, wasle geneiation is more
where the population density is maximum. Waslc is generaled from various sources
including domestic and industrial sources, wbich cover mainly municipal solid and liquid

wastc; chemical, pharmaceutical, and agro industrial waste; plastic wasic, waste waler

c{Tluent; and so on (Lal and Reddy, 2005).

Wastes in the cnvironment pose many harmful cffecis both on the ecology and public
health. )1 also has adverse effect on non humans including those in phylogenetic kingdoms,
including moncra, protista, fungi, planiae, and animelia. This informs the need for proper
wasic management in order 10 miligalc its, dctiimental impact. Manogemcnt of waste is o
key clement in the protection of public hcalth and foilure 0 maitage and dispose waste
properly may lead to scvere consequences (Lucas and Gilles, 2003). Although nature has
already created the process of converting one type of waste to another form by ils notural
biological cycle, however with growing demands of humans, these natural efforts have
become insuflicsent in maintaining this biogeochemieal cycle. On the contrary, somictimes,
the natural biological processes also generatc some form of waste that has a direct impact
on the environment. For example, annually olmost 250 million tones of methane gas is
generated by anaerobic digestion by mcthanogcnic bactcria, world over: methanc traps 30
times more heat thon carbon dioxide and conlributes to 18% of the global wamiing (Lal
and Reddy, 2005). Also thc polluting gases nroduced by human beings cspeciolly by fossil
fuels (carbon, methanc, nitrous oxide, hydrofluoro carbon, perfluoro carbon, hexatluoro

ozide) have been degiading our ozone loyer provoking green house effects.
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18 has led to the development of some alternatives for managiog the hazardous wastes
nd making the environment frce from the detrimental impacts of the said wastes. Various
ienlists and industrialists have madc eflorts to solve the challenging problem faced by
the environment due to hazardous wastes. Todny. various methods of trestment of sold
and liquid wastc have been successfully developed and implcmented globally. However,
the waste management practice is not suflicient (o make the environment completely fiee
from the detrimental impact of the wastes (Lal and Reddy, 2005). But, with continuous

improvement in the fields of biotechiwology, scientist have developed new techniques by

which some of these wastcs can be hamessed into some altcmatc pioducts which can be

highly useful to the society. Today, examples of such efloitsare scen in the production of

biofitels from wastes of organic origin, ofien known as Biomass

Cellulose, the most abundant component of plant biomass, is found in nature almost
cxclusively in plant cell walls, ollhougﬁ it is produced by some animals (e.g., tunicates)
and a fcw bactcria. Despite great differences in composition and in the anatomical stiucture
of cell walls across plant taxonomy, high cellulose content typically in thc range of
approximately 35 to 50% of plant dry wcight is a unifying featute. In a few cases (notobly
cotton bolls), cellulose is present in a neasly pure statc. In most cases, however, the
ccllulose fibers are embedded in a matix of other structural bipolymers, piimarily
hemicellulose and lignin, which comprise 20 to 35% and 5 to 30% of plant dry weight.
Although these matrix intersctions vary with plant ccll type and with maturity, they are a
dominan! structural feature limiting the rate and cxtent of utilization of whole, untreated

biomnss materials (Dunlep and Chaing, 1980).

The tem “'biomass™ is generally referred to as renewablc organic matier generated by
plauts through photosynthesis whetcin solar energy combines with CO; (carbon dioxide)
and moisture to form carbonhyd:atcs and oxygen. Matcrials having combustible organic
maticr are reficred (o as biomass. 1t contains Carbon, Hydrogen aird Oxygen, (oxygenated

hydrocarbon), with high level of moisture and volatilc matter, fow bulk density and

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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calorific value (Lal and Reddy, 2005). A lignocellulosic biomass is composed primanly of
plan! (ibres that are inedible by humans and have cellulose as a prominent component.

Lignocellulosic biomass may be available as either:

Residues: 1hese are biomass resulting from activities or processes undertaken for some
purpose other than ethano) production. Examples of such residues include com stalks and

other non-edible paits of planis used to produce food, muaicipal solid waste, and pulp and
paper industry waslcs.

Nedicated crops: crops grown for the primary putpose of energy production. Examples of
potential dedicaled crops for producing cellulosic biomass include grass and short rotauon

tree. These fibres may be hydrolyzed to yield o varicty of sugars that can be fermented by
microorganisms (Lynd ¢f af, 2003).

The term *‘bio-fuel” on the other hand, means any liquid fuel made fiom plant matenal that
con be used as o subslitule for petroleum-dencved fuel, It is o renewablc energy, unlike
other natural resources such as petroleum, coal and nuclear fuels because its carbon was
extracted from almospheric carbon dioxide by growing plants and as such does not result
in a netincrcasc of carbon dioxide in the eanth’ s surface (Agarwal, 2005). Biofuels include
rclatively familior ones. such as cthonol made from sugar cane or diesel-like fuel made
{from soyabean oil, 10 less fnmiliar fuels such as dimethyl ether (DME) or Fischer-Tropsch
Liquids (TTL) made from lignocellulosic biomass. Biofucls are comnionly used

throughout the world. The most common use for biofuels is automolive transpors.

Essentially a biofuel can be produced from any shost tcrm carbon cycle ozganic compound,;
due to this, there is a high varely of resources and therefore many types of biofuels. They
include: Vegelable oil, Biodiesel, Ethano), Mcthanol, Butanol, Biogas, Biohydrogen and
Biodimethyl ether.The use of waste derieved biofuels has many benefits. Cellulose is
present in eveny plant, in the fonn of stmw, giass, and wood. Most of these "biomass™
products are cwrenily discarded (Lynd e af, 2003). It is estimated that 233 million 1ons of

cellulose containing raw materials that could be used lo produce ethanol are luown away
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h year in US alone. This includes 36.8 million dry tons of urban wood wastes, 90.5

mtllion dry 1ons of com stalks and wheat straws. Tiansforming thetn into ethanol using

ellicient and cost eflective lignocellulolytic enzymes or other processes might provide as
much as 30% of the current fuel conswnption in the United States and probably similar

figures in other oil-importing regions like Chinaor Europe.

One of 1he major reasons for increasing the use of biofucls is 1o reduce greenbouse gas
emissions. Cellulosic cthanol contributes little to the gicenhouse effect and has a five times
better net encrgy balance than combased ethano!l. Reduction of the disposal of solid wastc
through cellulosie ethanol conversion would reduce solid waste disposal costs by local and

state governmenl.

1.2 Problem statement

Solid waste disposal is of ecnormous concem in developing countries across the world, as
poverly and urbanization combined with poor govemment suppoint prevent cflicient
management of wastes genemicd from domestic and industrial activities (UNEP, 2002). In
developing countries, there is a much higher propoition of organics, and considerably less
plastics (Cointreay, 1982). The largpe amount of organic material makes the waste more

dense. with grentcr moisture and smaller particle size (Cointieau, 1982).

Nigeria as a developing nation cxemplilies chronic solid waste management problems in
conjunclion with population growth. It is the most populous counuy in Africa, witls over
162.5 million people in 201] from 45.2 million in 1960, changing by 251 percent during
the last 50 years. Tt has 2.29 percent of the world’s population (CIA. World Factbook,
2012). and over the past 50 yenrs, has had the third largest urban growth rate in the world
ot 5.51% annually (UNWUP, 1999).

Consequently, the environmental and health impacis of solid wasies are cnormous, in the

absence of proper management and consist of 3 large number of components. Health

impacts includes: exposure 10 toxic chemicals through air, water and solid media; exposure

to infection and biological contaminanis; siress related 10 odour, noise, vermin and visual
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amenity, risk of fires, explosions and subsidence; spills, accidents and transpoit emissions
(Dolk. 2002).

Environmental impacts can be clustered into six calegories: plobal warming,

photochemical oxidant creation, abiotic resource depletion, acidification, enaophicaton
and ecoloxicity to water (Seo ef al. 2009).

The cnormous growth in the world populations, duting the last few decades has led (0 o
dilticult situation in the lic!d of energy supply and demand. At present, the world is
conlronted with the twin crises of fossil (uel depletion and enviionmental degrodation.
Indiscriminate extraction and consumption of fossil fiiels have led to a reduction in the
underground carbon sources. The global reserves of primary encegy and raw maierials are
obviously limited. According to an estimale, the reserves will last for 218 years for coal,
41 ycars for oil, and 63 years for nawra) gas under a business-as-usual scenario coupled

with their inherent environmental impact (Agarwal, 2005). This has made the search for

alternative and renewable sources of energy inevitable,

Studies have shown that indiscriminate use of fossil fuels has led to incicased
carbandioxidc levels in the atmosphere {rom 280 ppm in the pre-industiial era 1o 350 ppm
now (Agarwal, 2005). The CO0;z levels aie still climbing and the resulting cnvironmental
implications arc being felt in our day-to-day lives. Excessive use of fossil fucls has led to
global cnvironmental degradation cffects such as the green house cffects, acid rain, ozone
deplction and wide sprcad climate change. This scenario has generated a lot of interest on
rencwablc cnergy sources, the need to reduce the use of fossil fuels and potentiol of

bivmass derived biofuels in onler to prevent global warming.

1.3 Rationalc for the study

Many industralized counirics are putsuing the development of expanded or ncw biofuels
indusicics for the traasport sector, and there is growing interest in many developing
countriies for similarly “modemizing” the use o fbiomass in their countries and developing
greater aceess to clean liquid fucls while helping 10 addiess energy costs. energy security

and global warming concerns ossociated with fossil fuels (Green, 2006). The Federal
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vironmental Protection Agency (FEPA) in an attempt w0 address esvironmental
roblems came up with vision 2010. The report proposed goals (o be accomplished by the
year 2010 that would lead to susinable devclopment As regards to solid waste
management; the report says the goal is to “achicve not less than 80% effeclive
~“managcment of the volume of municipal solid waste generated at all levels and casure
environmenltally sound management™ (vision 2010, 2003). Therefore, this rcsearch is a
welcome development, revealing the bio-ethanol potential of cellulosic Biomass (tom

wasles; thus contributing (o the realiastion of the aforcmeationed gosl.

Kyoto's protocol is one of the envitonmental agreements signed by the firstline countiies
10 reduce green house gas production, This commiuncnl cstablisbed that every country has
to reduce from 25% lo 40% grecn house gas cmission by 2020 in relation to its {990 rate.
Accozding 10 Kyoto's protocol commitincnt the need for an altcrnative energy produclion
appears, (being biofuels) a viable answer. So most countiies are evolving new tcchnologies
of producing and using biofuels; biofucls have two main goals: 1o substitute fossil fucts
end 10 reduce green house gascs which are the mmn culprit in climatc change. [n the

encrpy production cycle, the best known biofucls is cthanol.

Furthermore, Nigeria recently adopted an cthenol production policy with cassava as its
main feedstock, in response to the global initiative (bio-fuel production), which prontises a
harmonious cosrelation with sustainable development, efficient and energy conservation.
Although fuel ethanol is currently produccd from sugarcanc and other starch 1ich grains,
cthano) nlso can be made from cellulosic materials such as wood, grass and agro-residuce
(Lynd ¢t al.. 2003). This would reduce the pressuse on food security duc to excessive use
of food crops for bio-fuct produce and reduce dependence on imported petroteum for
vchicle. casure cnvironmental sustainabilily, sound public health and create wealth and

cmployment opportunilics,

The long term benelits of this rescarch will be to introduce a sustainable solid waste
manageorent strategy for a number of livestock manure and other lignoceltuloses waste

matcrials; coniribute towards the mitigation of greenhousc gases cmissions through
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ustauned carbon and nutrient recycling; reduce the potential for waler, air, and soil
contamination associated with land disposal of organic waste matenals; and to broaden the
feedstock source of raw materials for the ethanol production industry.

1.4 Objectives
{.4.1 Broad Objectlive

The main objcctive is to evaluate the bio-¢thanol production potential of different agro-

based cellulosic wastes.

1.4.2 Specific Objectives

The snecific objectives are 10:

ldentify the viable biomass substrates.

Characierize the quantity of agro-based cellulosic wastes from difierent sousces.
Process cach of the sclected cetlulosic wastes into ethonolic by product /ethanol.

Optimize biocthanol production from the selected cellulosic wastes.

(¥, ) > W !\) -
L [ ] L L ]

Evaluate the biccthanol yicld of the selected spro-based cellulosic wastes.
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CHAPTER TWO

LITERATURE REVIEWY

2.1 Lignocellulose Biomass

The term “biomass™ generally refets to renewable organic matter genciated by plants
through photosynthesis in which solar energy combines with CO; (carbon dioxide) and
moisture 1o form carbohydrates and oxygen matetials having combustible organic matter
arc referred to as biomass. Biomass contains carbon, Hyd:ogen and Oxygen (oxygenated
hydrocarbon, with high level of moisture and volatile matter, low bulk density and caloritic
value (Lal and Reddy, 200S). Lignoccllulose biomass refer to the major structural
component of woody and non-woody plants such as grass and represents a inajor scurce of
rencwablc organic matter. A lignocellulosic biomass composed primaty of plant libres that
orc incdible by humans and have ccllulose as a prominent component. Lignocellulose
biomass consists of Lignin, hemicclluloses and cellulose. The composition is in the
tollowing propottion: ccllulose (30 — 50%), hemicelluloses (20 — 35%) and lignin (5 -
30%) of plant dry motter. Lignocellulosc biomass is a renewable resource that is viriually
inexhaustible and is a poicntial feedstock for alicrmate fuel production. [t may be available
as cither (a) residues corn slalks or olher non-edible ports of plants used to produce food,
municipal solid waste, pulp and paper industry wastes; (b) dedicated crops grown for the

primary purpose of energy produclion (Lynd ¢/ af, 2003).

2.2 Components of Lignocellulose

Lignocellulose consists of lignin, hemicellulosc and cellulose and Table 2.1 shows the

1y pical compositions of ligrocellulosic malcrials.
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The term “biomass” generally refers to renewable organic inatter generated by plants
through photosynihesis in which solar energy combines with CO; (carbon dioxide) and
moisture 10 fonn carbohydrates and oxygen materials having combustible organic matter
are referred to as biomass. Biomass contains carbon, Hydrogen and Oxygen (oxygenated
hydrocarbon, with high level of moisture and volatile matter, low bulk density and calorific
value (Lal and Reddy, 2005). Lignocellulose biomass refer to the major structurnl
component of woody and non-woody plants such as grass and represents a major source of
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are inedible by humans ond have cellulose a5 a prominent component. Lignocellulose
biomiss consists of Lignin, hemicclluloses and cellulose. The composition is in the
lollowing propo:tion: cellulose (30 = 50%), hemicclluloscs (20 - 35%) and lignin (S -
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nexhaustible and is o polential feedstock for alternote fuel production. !tmay be available
as either (a) residues corn sialks or other non-edible paris of plants used to produce food,
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primary putpose of energy production (Lynd et f, 2003).
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ypicil conpasiticns of lignuccllulosic motcnals.
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2.1 Lignocellulose Biomass

The term “biomass™ genetally refers to renewable organic matter geneiated by plants
through photosynthesis in which solar energy combines with CO: (aarbon dioxide) and
moisture lo form carbohydrales and oxygen matetials having combustible organic matler
are referred to as biomass. Biomass contains casbon, Hydrogen and Oxygen (oxygenated

hydrocarbon, with high level of moisture and volatile matter, low bulk density and calorific

value (Lal and Reddy, 2005). Lignoceilulose biomass refer to the major structural
component of woody and non-woody plants such as grass and represents a major source of
rcnewable organie matler. A lignocellulosic biomass composed primary of plant fibres thai
pre inedible by humans and have cellulose as a prominent component. Lignocellulose
biomass consists of Lignin, hemicelluloses and cellulose. The composition is in the
following propottion: cellulose (30 = 50%), hemicclluloses (20 - 35%) and lignin (5 -
30%) of plont dry matter. Lignocellulose biomass is a renewable resource that is virtually
inexhaustible and is a polenttal feedstock for alternate fuel production. It may be available
as cither (a) residues corn stalks or other non-edible parts of plants used to produce food,
municipal solid wasle, pulp and peper industty wasles; (b) dedicated crops grown for the

primay purpose of energy production (Lynd ef a/, 2003).

2.2 Componcuts of Lignoccllulosc

Ligooceliulose consists of lignin, hemiccllulose and cellulose ond Table 2.1 shows the

ty picil compasitions ol lignuccllulosic moterials
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Table 2.) Lignocellulose contents of common agricultural residucs and wastes,

Lignoccllulosic matcerials Cellulosc (%) Hemiccllulose (%) | Lignin (%)
Hardwood stems 40-55 24-40 18-25
Soflwood stems 45-50 25-30 25-35
Nut shells 25-30 25-30 30-40
Paper 85-99 0 15
Wheat st 30 50 15
Rice straw 32.] 124 i8 |
Soited refuse 60 20 120
Lonves 15-20 ~80.85 Io
Collon seeds hairs 80-95 5-20 20
Newspaper 40-55 [25-40 18-30
Waste paper from clientical | 60-70 110-20 5-10
pulps
Primary wastewster solids | 8-15 NA 24.29
Fresh bagasse 334 30 18.9
Swine wasle 6 28 NA
Solid cotsle manure 1.6-4.7 14-3.3 2.7-5.7
Coastal Bermudn grass 25 353 6.4
Swikhgraty a5 314 12.0
(S32 rye grass (early leaf) |21.3 15.8 2.3
ST ne grass (secd scting) | 26.7 25.7 13
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Lignocellulosic materials | Cellulose (%) [ Hemiccllulose (%) | Lignin (%)
Orchard grass  (medium | 32 40 4.7
malurity)

[Grasses (average values for | 25-40 25-50 1030 |
grasses) |

| Bagassc 41.4 21.9 25.5
Forest residuc 51 13 26.5

——

Source: Conmpiled from Bents ef uf. (1991); Sun and Cheng, (2002) N

2.2.1 Lignin

In gencral lignin contains three aromatic alcohols (coniferyl alcohol, s-inapyl and p-
coumaryl). In addition, grass and dicoi lignin contain large wnounis of phenolic acids such
as p-coumaric and ferulic acid, which are esterified to aleohol groups of each other and to
other alcohols such as s-inopy! and p-coumaryl alcohols. Beecause of the difficulty in
dissolving lignin without destroying it and some of its subunits, its exact chemical

structure is difficult to ascertain.

Lignin is further linked to both hemicellulose and cellulose forming a physical seal around
the latter 1wo components thatl is an impcnetrable barrier preventing penctration of
solutions and enzymes. Of the three components, lignin is the most recalcitrant 10
degradation whercas cellulose, because of its highly ordered crysialline struclute, is more

resistant to hydrolysis than hemiccllulose.

Indentifying lignin degrading microorganisms has been hampered because of the lack of
reliable assays, but significant progress has been made through the use of a “C-labelled
lignin assay (Frecr and Detroy, 1982). Fungi breakdosvn lignin acrobically through the use

of a family of cxtracellular enzymes collectively termed “lignases”. Two familics of
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| Lignocellulosic materials | Cellulose (%) Henticellulose (%) | Lignin (%)
‘Orcherd grass (medium | 32 40 4.7
matunty)
‘Grasses (average values for [ 25-40 25-50 t0-30
f£rasses)
Bagasse 414 21.9 | 25.5
Forest residue 51 13 26.5

Source: Compiled from Belts ¢t of. (1991); Sun and Cheng, (2002) >

2.2.1 Lignin

In gencral lignin comtains three aromatic alcohols (coniferyl alcohol, s-inapyl and p-
coumaryl). (n addition, giass and dicol lignin contain large amounts of phenolic acids such
as p-coumaric and ferulic acid, which are esterificd 10 alcohol groups of cach other and to
other alcohols such as s-inapy! and p-coumatyl alcohofs. Beccause of the difliculty in
dissolving lignin without destroying it and some of ils subunits, its exact chemical

structure is difTicult to ascertain.

Lignin is fucther linked 1o both hemiecllulosc and cellulose foiming o physical seal around
the latter wo components that is on impenctiable barrier preventing penelration of
solutions and enzymes. Of the three components, lignin is the most recalcitant to
degradation whereas cellulose, because of its highly ordered crysialline sttuclure, is more

tesistant 10 hydrolysis than hemiccllulose,

Indentifying lignin degrading microorganisms has beeo hampered because of the lack of
relioble assays, but significont progress has been made through the use of a ‘*C-labellcd
lignin assoy (Freer ond Detroy, 1982). Fungi breakdown lignin acrobically through the use

of 8 family of exhiacellulor enzymes collectively teomed “lipnases’’. Two families of
y ) Y 8
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lignolytic enzymes are widely considered to play a key role in the enzymatic dcgradation:
phenol oxidase (LiP) and manganese peroxidase (MnP) (Krause et al., 2003; Malherbe and
Clocte, 2003). Other enzymes whose roles have not been fully elucidated include H
producing enzymes; glyoxal oxidase (Kersten and Kick, 1987), glucose oxidase (Kelly and
Reddy, 1986), vciotsyl alcohol oxidase (Bourbonnais and Paice. 1988), methano! oxidase
(Nishida and Eriksson, 1987) and oxido-reductase (Bao and Renganathan, 1991). Enzymes
involved in lignin brcakdown arc too lasge to penctrate the unaltered cell wall of plants, so
the question arises, how do lignascs affect lignin biodegradation. Suggestions are that

lignases employ low- molccular, diffusible reactive compounds to afTect initial changes to
the lignin substrate (Call and Mucke, 1997).

2.2.2 [lemiccllulose

[icmicellulose is a collective term referring to those polysaccharides soluble in alkali,
associnled with cellulose of the plont cell wall, and these would include non-cellulose

B - D — glucans, peclic substances (polygalacturonans), and several

hcteropolysaccharides such as those mainly consisting of galactosc (arabinogalactans),
monnose  (galactogluco-and  glucomannans) and xylose (arabinoglucuro- and
glucuronoxylans). However, only the hcteropelysaccharides, those with a much lower
dcgree of polymerisation (£00-200 units) as comparcd 10 thot of cellulose (10000-14000
units) arc rcferred 1o as hemiceliuloses. The principal sugar componenis of these
hemiccllulose heteropolysaccharides are: D-xylose, D-monnosc. D-glucose, D-galactosc,
I.-arabinose, D-glucuronic acid, 4-O-methyl-D-glucurcnic acid, D-galocturonic acid, and

10 a lesser cxtent. [.-rhamnosc, L-fucose, and vatious O-mcthylated sugars.

Rabinovich ¢7 g/, (20020) and Shallom and Shoham (2003) present recent reviews covering
the types, stiucture, function, classification of microbial hemicellulases. The delails of
catalytic mechanism and structure of glycosidc hydrolascs, arc also reported in (Withers,
2001; Rabinovich et af., 2002b). Hemiccllulases like most other enzymes which hydrolyse
plant cell polysaccharides are multi-domain proteins (Heneissat and Davics, 2000; Piates ¢!

al., 2001). These proteins generally contain structurally discrete catalytic and non-catalylie
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modules. The most impoitant non-catalytic modules consist of carbonhydrate binding
domains (CBD) which facilitate the targeting of the enzyme to the polysaccharide,
inteedomain linkers, and dockerin modules that mediate the binding of the catatytic domain
vin cohesion-dockerin interactions, cither to the microbial cell surface or to enzymatic
complexes such as the cellulosome (Shallom and Shohasn, 2003; Peates ¢r al., 2001).
Boscd on the amino acid or nucleic acid sequence of their catalytic modules hemicellulascs
are cither glycosidc hydrolases (GHs) which hydrolyse glycosidic bonds, or carbonhydrate
estcrases (CEs), which hydrolyse ester linkages of ncetatc or ferulic acid side groups and

according o their primary sequence homology they have been grouped into various
familics (Henrissal and Davies, 2000, Rabinovich ef ¢l.. 20022,b).

Xylan is the most abundont hemicellulose and xylanases are one of the major
hemicellulases which hydrolyse the B-1.4 bond in the xylan backbone yieldiag shoit
xylooligomers which are further hydrolysed into single xylosc units by #-xylosidase. Most
known xylanases belong 1o the GH 10 and |] families 3, 39, 43, 52 and 54. Bifuactional
xylosidnsc-arabinosidase (Lec ¢t af., 2003) cnzymes are found mainly in families 3, 45 and
54. B- mannanases hydrolyse mannan-based hcmicellulose and liberate shoit B-1,4-manno-
oligomess which can further be hydrolyseed to mannosc by B-mannosidascs. About 50
maanascs are found in GH families $ end 26, and about {5 B- mannosidase in families ], 2
nnd 5. a-L-Arabinofuranosidases and o -L-arabinanases hydrolyse arabinofuranosyl-
containing hcmicellulose, and are distributed in GH families 3, 43. 51, 54 and 62. Some of
these enzymes exhibit broad substrate specificity, acting on arabinofuranoside moicties at
0-5. 0-2 and / or O-3 bonds as a single substituent, as well as from O-2 and O-3 doubly
substituied xylans, xyloolipomers and arabinans (Saha, 2000). Other xylanases are a-D-
glucuronidases which hydrolyse the a-1,2- glycosidic bond of the 4-O-methyl-D-
glucuronic acid side chain ofxylans and are found in family 67. Hemicetlulolytic estecases
include acetyl estcruses which hydrolyse the acetyl substitutions on xylose moicties, and
fcruloyl esterase which hydrolyse the ester bond between the arabinose substitutions and

ferulic acid. Feruloyl esterases aid the release of hem cellulose from lignin and render the
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free polysacchande product more amenable to degradation by the other bemicellulases
(Peates ef al., 2001).

2.2.3 Cellulose

In most lignocellulosic materials cellulose forns the major part of the three components.
Cellulose is composed of insoluble, linear chains of B-(!—d)-linkcd glucose units with an
average degree of polymerisation of about 10,000 units but could be as low as 15 units
(Eveleigh, 1987). It is composed of highly ctystalline regions and amorphous (non-
crystallinc) regions forming a structure with high tensile strength thnt is gcnerally reststant

to enzymatic hydrolysis, especially the crystallinc regions (Walker and Wilson, 1991).

Cellulases. responsible for the hydrolysis of cellulose, are composcd of a complex mixture
of enzyme proteins with ditYerent specificities 1o hydrolyse glyeosidie bonds. Cellulases
can be divided into Lhiree major enzyme activity classes (Goyal ¢f af., 1991; Rabinovich et
al., 20022, b). These are endoglucanases or endo-14-B-glueanase (EC 3.2.1.4),
cellobiohydrolase (EC 3.2.1.91) and f-plucosidase (EC3.2.1.21). Endoglucanases, ofien
called carboxymethylcellulose (CM)-ceilulases, are proposed to initiate attack randomly at
multiple internal sites in the amotphous regions of the cellulose {ibre opening- up sites for
subseguent attack by the cellobiohydrolases (Wood, 1991). Cellobiohydrolase, ofteo called
an cxoglucanase, is the mnjor component of the fungal cellulase system accounting for 40-

70% of the total cellulose proteins and can hydrolyse highly crystalline cellulose
(Esterbaucr et al.. 1991)

Cellobiohydrolnses remove mono- and dimer from the end of the plucose chain. DB-
glucosidase hydrolyse glucose dimers and in some cascs ccllo-oligosaccharides to glucose.
Genarally, the endoglucanases and cellobiohydrolases work synergistically in the
hvdrolysis nf cellulosc but the dctnils of the mechsnism involved are still unclear
(Rabinovich et al, 2002b). Mieroorganisms generally oppear 1o have multiple distinct
variants of endo- and exo glucanases (Beldman ¢t al., 1987; Shen et ai., 1995). Stmilar to

hemicellulases most cellulase are multi-domain protein. There is still uncertainty in the

current definition and classification of “true" cellulase families (Rabinovich er ai., 2002a).
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2.3 Potcntial Sources of Agro- hased Wasies (Residues)

Billions of tons of agricultural waste are generated each year in the developing and
developed countries. Agricultural residues includes all leaves, straw and husks left in the
lield after harvest hutls and shells removed during processing of crop at the mills, as well
as animal dung. The types of crop residue which play a significant role as biomass fuel arc
relatively fcw (Dhingfo, Mande, Kishore, e al., 1996). Tlic quantity of agricultural
residues produced differs fiom crop o crop and is aftected by seasons, soil types, and
irrigation conditions, Production of agriculturol residues is directly related to the
cortesponding crop production and ralio belween the nain crop produce and the residues,
which varies from crop to crop and. at times. with the variety of the seeds in one crop
itself. Thus, for known amounts of crop production, it snay be possible to estintate the

amounts of agricultural residues produced using the residue 1o crop rolio (vima! and Tyagi
1984).

Iyer et al, (2002), reporied, that agro-residue does suffer Iwo major constraints: high
moisture corflent and relatively low bulk density. These constraints inhibit their
cconomical transportation over fong distances, thereby nccessitating their utilization ncar
the sources of production. Unlike fossil fucls, which are concenitated sources of energy
and chemicals 1the management strategy for ogro-residues ulilization has to be different.
These ore, thercfore, most nppropriate for decentralized technological applications in rura)

environments. The processing of the agricullural produce nnd utilization of ogro-residucs,

therefore, can contkibuie their maximum share to rural development.

A wide variety of biomass resources ore availoble on our planet for conversion into
bioproducts. These may include whole plants, plant ports (c.8 seeds, stnlks), ptant
constituents ( e.g. starch, lipids, protein and fibre), processing byproducts (distiller’s
grains. com solubles), materials of maiine origin and animal byproducts, municipal and
industrial wastes ( Smith e/ al., 1987). These resources can be used to create ncw
biomaterials and this will require an intimate understanding of the compasition of the raw
material whether it is whole plant or constituents, so that the desired functional elcments

can be oblained for bioproduct production. Several fiterature (Bhot, 2000; Sun nnd Cheng,
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2002; Wong and Saddler, 1992a,b; Beauchemin et al., 2001, 2003; Subbramaniyaoa and
Prema, 2002; Beg e/ al., 200 1) have also repoortcd on the applications.

2.3.t Chcniicals

Bioconversion of lignocellulosic wastes could make a significant contribution to the
production of organic chemicals. Over 75% of organic chemicals are produced from five
primaty base- chemicals: cthylene, propylene, benzenc, toulene and xylenc which are used
to synthesize other organic compounds. which in turn are used to produce various chemtcal
products including polymers and resins (Coombs, £987). The aromatic compounds might
be produced trom lignin whereas the low molccular mass aliphatic compounds can be
derieved from cthanol produced by fcrmentation of sugar generaled from the different
polential bioproducts and their moany cellulose and hemicclluulose. Table 2.2 shows the

estitnations of lotals dcmands for chemicals which could be made by fenncntation.

Table 2.2 Annual production of chemicais which potentially Le wmadce from

fermentation.

Products World demand (thousand of tonnncs)
Ethanol | 16,000

Acclone X 1659

Butanol 1400

Glycerol 414

Acelic acid 2539

Cilric acid 300

Fumatric acid 60

Source: Modificd from Coombs, 1987
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2.3.2 Enzymes

Cellulases and heiniceljulases have numerous applications and biotechnological potential
Inr various industties including cheinicals, fuel, food. brewery and wine, animal feed,
textile and laundry, pulp and pnper and agriculture (Bhat, 2000; Sun and Cheng, 2002;
Wong and Saddler, 1992a,b5; Beauchcmin ¢f af.. 2001, 2003). It is estimated that
approximately 20% of the >1billion US dollars of the world’s salc of industtial enzymics
consists of ceilulases, hcmicelfulascs and pectinascs and that the world market for

industrial enzymes will incieasc in the range of 1.7 — 2.0 billion US doliais by the ycar
2005 (Bhnt, 2000).

In the baking industiy xylanases are used for improving desirable texture, loaf volume and
shelf- life of bread. A xylanase, Novozyme 867, has shown excellent performance in the
wheat sepcration process (Christopherson ¢ al., [997). Hemicellulases are used for
pulping und hicaching in the pulp and paper industiy where they are used 10 modily the
structure of xylon and glucomannan in pulp fibres 1o enhance chemical delignation
(Suumakki et ai., 1997). A patented Lignozyme process is elfective in delignifying wood
in a pilot pulp- nnd paper process (Call and Mucke, 1997). In bio- pulping where
lipnocellulytic enzymes were used the [ollowing was achicved: tensile, tear and busst
indexes of the resultant paper improved, brightness of the pulp was increased and an
improved cnergy saving of 30- 38% was scalised (Scoll ¢/ al., 1998). Laccases can degrndc
a wide varicty of synthetic dyes making them suitable for the treatment of wastewater from
the textile indusicry (Rosales ¢/ af., 2002). Organisms such as the white rot fungi producing
lignascs could be used for the degiadation of persistent aromatic poliutasts such as

dichlorophcno!. dinitrotoulcnc and anthracene (Gold and Alic, 1993).

There is a huge potential markct for fibre- deginding cnzymes for thc animal feed indusiry
and over the years a number of commercial picparations have been produced (Beauchemin
ei al., 200(, 2003). The use of fibre- degrading cnzymes for reminants such as caltle and
sheep for improving feed utilsation, milk- yicld and body weight gain have attracted
considerable interest. Steers fed with an enzyme mixture containing xylanase and cellulase

shown an increased live-weight gain of approximately 30.36% (Beauchemin ¢t al., 1995).
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In diory cows the milk yield incrcased in the range of 4 10 16% on various commercial

fibiolytic cnzyme treated forages (Beauchemin et af., 2001).

2.3.3 Other high-valuc bioproducts

Currently o number of products such as organic acids, amino acids, vitamins and a nwnber
of bacterial and fungal polysaccharides such as xanihan are produced by fennenlation
using glucose as the basc subsuate but theorctically these same producis could be
manufactured fiom “lignoccllulose waste". Basced upan the predicted catabolic pathway
metabolism and the known metabolism of Phancrachaete chrysoporinm of lignin,
Ribbbons (1987) presented a detaifed discussion of the potential value addded products
which could be dericved from lignin. Vanillin and gellic acid arc the two most frequently
discussecd monomeric potential products which have altracied interest. Vanillin cxtraction
rom Vanilla pods costs between $1200 10 $4000 per kilogramo,whereas synthetic vanillin
costs less than $15 per kilogram (Walton et af.. 2003). Vanillin is used for various
purposces including being an intermediate in the chemicel and phaimaceutical industries for
the production of herbicides. anti-foaming agents or drugs such as papavcrine, L-dopa and
the anti microbiol agent. trimethopnm. 11 is also used in household products such as air-
[tresheners nnd floor polishes (Walton ef of., 2003). The high price and limited supply of

naturdl vanillin have neccssitated a shifl 10wards its production from other soutces (Priefert
et al.. 2001).

Hemicelluloses are ol particular industrial interest since these are a rcadily available bulk
source of xylose [rom which xylitol and furfural can be dericved. Xylitol used instcad of
sucrose in food as aswectner, has odontological applicatons such as tecth hardening,
reminesalisation, and as an antimicrobial agent, it is used in chewing gum and toothpasle
formulations (Roberto ¢t af., 2003; Parajo cf al., 1998). The yicld of xylans as xylstol by
chemical meons is only about 50-60% making xylitol production expensive. Vatious
bioconvcision methoeds, 1hereflore, have been explored for tiie production of xylitol from
hcmicellulose using microorganisms or their enzymes (Nigam and Singh, £995). Furfural

15 used in the manufacture of furfural- phenol plastics, vamishes and pesticides {(Montane
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In diary cows the milk yield increased in the range of 4 to 16% on various commeicial

fibrolytie enzyme treated forages (Beauchemin es al.. 2001).

2.1.3 Othcr high-value bioproducis

Currently a number of products such as organic acids, amino acids, vitamins and a number
of bactcrial and fungal polysacchandes such as xanthan arc pioduced by fermentation
using glucose as the base substrote but theorelically these same products could be
manufactured from “lignocellufose waste™, Based upon the predicted catabolic pathway
metabolism and the known metabolism of Phanerachaete chrysoporium of lignin,
Ribbbons (1987) presented o detailed discussion of the poiential vafue addded products
which could be derieved from ligain. Vanillin and gallic acid are the two moslt frequently
discussed monomeric poicntial products which have attractcd interest. Vanillin extraction
from Vonilla pods cosis beiwecn $1200 to $4000 per kilogram,whcreas syathetic vanillin
cosis less than S15 per kilogiam (\Walton e al., 2003). Vanillin is used for valious
purposes including being an intermediate in the chemical and pharmaceutical industrics for
the production of herbicides, anti-foaming agents or drugs such es papavcrine, L-dopa and
the ani microbial agent. trimethoprim. it is also used in household producits such as air-
freshencrs and Hloor polishes (Walton e/ af.. 2003). The high price end limited supply of

natural vanillin have necessitated a shift towards its production from othcr sources (Priefert

et al.. 200])

Hemicelluloses are of particular industial interest since these arc a readily available bulk
souice of xylose from whieh xytitol and fuifural can be denteved. Xylitol used instead of
sucrose in food ns asweetncr, has odontological applications such as teeth hardening,
remineralisation, and as an antimicrobial agent, it is used in chewing gum and toothpaste
formulations (Roberto e al., 2003; Parajo er al., 1998). The yield of xylans as xylitol by
chemical means is only about 50-60% making xylitol production expcnswc. Various
bioconversion methods, therefore, have been explored for the production of xylitol from
hemicellulose using microotganisms of their enzymes (Nigam and Singh, 1995). Furfwal
is used in the manufacture of furfural- phenol plastics, vamishes and pcsticides (Monlane
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¢t al., 2002). Over 200,000 toncs of furfural with a market price of about $1700 pur ton
(Montane et al.. 2002) is annually produced (Zcitch. 2000).

2.1 Microorganisins and their Lignoccllulolytic Enzymes

A diverse spectrum of lignocellulolylic microorganisms, mainly fungi (Baldrion and
Gabricl, 2003; Falcon ef al.. 1995) and bacteria (Mc Canthy, 1987; Zimmconann, 1990;
Vicuna, 1988) have been isolated and identificd over the years and this list still continues
‘o grow rapidly. Already by 1976 an impressive collection of more than 14,000 fungi

which were active against ccllulosc and other and other insoluble fibres wcre collecied

(Mandels and Sternberg, 1970).

Despite the impressive collection of lignocellulolytic microorganisms only a few have
been studicd cxlensively and moslly Trichodernio reesci and s mulants are widely
employed for the commcrcial production of hemicellulases and ccllulases (Esterbauer ef
al.. 1991; Jorgensen ct al., 2003; Nieves e/ !, 1998). This is so, pattly because T. rcesel
was one of the first ccllulolytic organisms isolated in 1950°s and becausc exlensive strain
improvemenl and screening programs, and cellulase industrial production processes, which

are exlremely costly, have becn developed over the years in several counrics.

7. reesei might be a gocd producer of hemi-and cellulolytic enzymes but is unable 1o
degrade lignin. The white-rot fungi belonging to the basidiomycclcs arc the most efTicicnt
and extensive lignin degraders (Akin e/ al. 1995. Gold and Alic, {993) with P.
chrysosporium being the best-studied lignin-dcgrading fiuigus producing copious amounts
of a unique sct of lignocellulylic ecnzymes. P. clrysosporium has drawn considerable
altention as an appropriate host for the production of lignin-degrading enzymes or direct
application in lignaccllulase bioconverssion processes (Ruggeri and Sassi, 2003; Bosco ef
al., 1999) Less known, white-rol fungi such as Daedalea flavida, Phlebia fascicularia, P,
Slerldensis and I". radiaie have been found to selectively degrade lignin in wheat strow and
hold out prospects for bioconversion biolechnology swhere the aim is just to scmove the

lignin leaving the other componcnts almost intacl (Arora ¢/ al., 2002). Less prolific lignin-
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‘degradets among bacteria such as those belonging to the genera Cellulomonas,
Pseudomonas and octinomycetes Thermomonospora nnd Microbispora and bacteria with
surface-bound cellulase-complexes such as Clostridium thermocellum and Ruminococcus
are bepinning 10 receive attention as representing a pene pool with possible unique

lignocellulolytic penes that could be used in lignocellulase engineering (Vicuna, 1988;
McCorthv. 1987; Miller (Jr) et ol., 1996; Shen es 6i., 1995; Eveleigh, 1987).

11 is conventional 10 consider lignoccllulosc-dcgrading enzymes according to the three
component of lignoccllulose (lignin, cellulose and hemiccllulosc) which they attack but
bearing in mind such divisions are convenient classificotions since some cross activity for
these enzymes have been reportied (Kumar and Dcobagkar, 1996). The exact mechanism
by which lignoecllulose is degraded enzymaticatly is still not fully understood but
significant advances have becn made to pain insight into the microorganisms, their

lipnoccllulolytic genes and various enzymes involved in the process.

2.5 Biofucl: Production from Biomass

Biofuel, on the othcr hand, is any fucl that is derived from biomass. &t is a rcneswable
energy, unlike other natural resources such as petroleum, coa! and nuclear fuels because its
carbon was recently cxtrzctcd fiom atmospheric carbon dioxide by prowing plants and as
such does not result in a net incteasc of carbon dioxide in the eanh’s surface (Aparwal,
2005). Biofuels are commonly uscd throughout the world. The most common use for
biofuels is automotive transport (Rossillo and Cortez, 1998). Essentially biofuels can be
produced from any short team carbon cycle organie compound; due to this there is a high

varicly of resources and therefore many types of biofuels (Licbt, 2003).

Accordinp to Aparwal (2005) the various biofuels encrgy resources explored include
biopass and biopas energy, primary alcohols, vepetable oils and bio-dicscl, among others.
These altemative energy resources are by and large environment-friendly. Some of thesc
fuels can be used dirccily shile othets nsed to be fomwloted to bring the relevant

propertes close to the conventional fuels. The choice of biofuels consumed depends on
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Jegtaders among baclcria such as thosc belonging to the gencra Celiulomonas,
s¢éudomonas ond actinomyceles Thermomonospora and Microbisporo and bacteria with
surface-bound cellulase-complexes such as Clostridium thermocelium and Ruminococcus
are beginning 1o receive attenlion as representing a gene pool with possible unique

lignocellulolytic genes that could be used in lignocellulase cngincering (Vicuns, 1988,
McCarthy, 1987; Miller (Jr) ct al.. §996; Shen et ai., 1995; Evcleigh, 1987).

It is conventional to consider lignocetlulose-degradiog enzymes according to the three
component of llgnoecllulose (lignin, ccllulose and hemicellulose) which ihicy attack but
beaning in mind such divisions are convenicnt classifications since some cross activity for
these enzymes have becn reporied (Kumar and Deobagkar, 1996). The exact mechanism
by which lignoccllulose is degraded enzymatically is still not fully understood but
significant advances have bcen made to gain insight into the microorganisms, their

lignoccllulolylie genes and various enzymes involved in the process.

2.5 Biofuct: Production from Biomass

Biofuel, on the other hand, is any fucl that is derived from biomass. It is 0 rencwable
cnergy, unlike other natura] resources such as petrolcum, coal and nuclear fuels because its
carbon was recently extracted [rom atmospheric carbon dioxide by growing planis and as
such does not result in a nct increase of carbon dioxide in the carth’s surface (Aganval,
2005). Biofuels are commonly used throughout the world. The most common usc for
biofuels is automative transport (Rossillo and Coricz, 1998). Essentially biofucls can be
produced from any short teem carbon cyele organic compound; due 1o this there is a high

vaticty of resources and therefore many types of biofiicls (Licht, 2003).

According to Agarwal (2005) the vanous biofuels encrgy resources cxplored include
biogass and biogas encegy, ptimary aleohols, vegetable oils and bio-dicscl, among others.
These altemative energy resources are by and large environment-fricndly. Some of these
fuels can be used directly while others need 10 be foimulated fo bring the relevant

propetties close to the conventional fucls. The choice of biofucls consumed depends on
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“availability, local customs, and scasons. Generally, the sub-Sahara African population
depends mainly on wood, as does the rura! population in Latin Americon. While the
population in Asia uses all biofuels (ATSR, 2000). In the developed world biofuels are
important as they seive also, as the major encrgy sources in the urban areas, but provide a

smaller fraction of total energy consumed (Licht. 2003).

2.6 Types of Biofucl

2.6.1 Biodicscl: Bio-dicsel is a clcon buming, mono-alky estcr-bascd oxygenated fucl
made from natuial renewal resources such as new and used vegelable oils and animal fats.
Biodicsel is quitc similar to conventionsl diescl fuel in its main characteristics. It contains
no pxtrolcum. bul it is compaliblc with convenlional diesct and can be blended in any

proportion with petroleum diesel to create a bio-dicsel blend (Aganwval, 2005).

2.6.2 Woodfuel: Wood fucl is the principal source of domestic encrgy in developing
countrics. Wood fuel includes charcoal as well as firewood, brushwood. twinges, branches,
ond cul bianches. Where avoiloble, fuel wood is gcnerally the biofuels of choice. Climoie
and lerrain arc the hwo strongest natural inftuences on the growth and abundance of the
forest resources and these vary significantly throughout the developing world. The
carbonization process of wood usually emiutes volatiles including CO3z, CO. Cl 4. and non-
methane hydrocarbons (NMHC) estimated ot 60% by weight of the original wood (Andrae
and Meslet. 2000).

2.6.3 Ycpelabic oils: are available ftom various sources such as cultivated plants, forests,
and agriculiural by-products. They are liquid fucls (tom rencwable sources and do nol
over-burdcn the environment with emission. Vegelable oils can be successfully used in the

Cl (combustion ignition) engine through cnginc modilications and fuel medifications

{Agarwal, 2005).

2.6.4 Blomauss gasilication: Biomass-gasficr-bosed system converts solid bioniass into
gascous fuel (producer gos) by a series of thermo-chemicol processes such as drying,

pyrolysis, oxidation, and reduction, which is a morc user-ftiendly gascous form, which can
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be used directly in IC engines to gencrate power (Jaist, 2001).

2.7 Bio-Ethanol

The world's cnergy supply is mainly dependent on nonrenewable, crude oil-derieved
(lossil) liquid fucls, of which almost 90% arc consumed for cnergy gcncrotion and
transportation, The problem of rupidly increasing population has caused many developing
countrics 10 cxpand their indusirial bese, resulting in increased cnergy demands. The
world's energy nceds have heen estimated 10 be about 102 Joules per year, which cquals a
continuous avernge p¢r capita consumption of about 4-6 KW (Kilowatt) (Tripetehkul,

Hillary, and Ishizeki, 1998). Ii is incvitable that fossil fucls such as oil, coal, and natural

gos wiil be exhausted with time. Hence, there is a need to explore the possibitities of using
altemative cnergy sources, which are as efficient as oil: cthanol fcrmentation is onc such
option (Nomuro, Bin, and Nakac, 2002).

A few major drawbacks of non-rencwable fuels are that emissions of CO; (carbon dioxide),
CO (carbon monoxidc), nilrogen oxide, and sulphur-containing residues fiom the
combustion of thesc fucls causes global warming. Also, dependence on importcd
peteoleum for vehicle fuel is a fiscal burden as a concem for the national encrgy security.
Studies show thal vehicutur cinissions couse 40%-50% of the urban air pollution, which
reduces the atmospheric or cnvironmcntal quality, The development of afternative
transportetion (ucls made from biomass resources, such as plant material and
biodcgradable waste, may contribute to reduced CO cmissions and smog-forming

compounds that cause air pollution. The other group of fucls comprises liquetied narural

gas. compressed natural gas, liquefied petrolecum gas, ethanol, methanol, and bio diesel,

Among these, cthanol is the oldest of the fcw altemoalive cnergy (ucls; fermentation of

biomass converts it 1o pure cthanol, a uscful cnergy source.

Ethanol produced from cellulosic biomass materials instcad of traditional feedstock is
known as bio- cthanol: a carbon- ncutral compound. The traditional process of cthanol

production is through (eninentation of sugars with a species of yeast called Saccloromyecs
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be used directly in IC engines to generate power (Jain, 2001 ).

2.7 Bio-Ethanol

- The world's cnergy supply is mainly dependent on non-renewable, ciude oil-dericved
(fossil) liquid fiels, of which olmost 90% ore consumed for cnergy gencration and
transporfation. The problcm of rapidly incrensing population has caused many developing
countrics 10 cxpand their industiial basc, resulting in increased cnergy demands. The
world's energy needs have been estimated 10 be about 10¥ Joules per year, which equals a
conlinuous average per capita consumption of about 4-6 KW (Kilowatt) (Tripetchkul,
Hillary, and Ishizaki, 1998). It is incvitable that fossil fuels such as oil, coal, and natural
gas will be exhausted with time. Hence. there is a need to explore the possibilities of using
altemalive cnergy sources, which are as cfficient os oil: cthanol fermentation is onc such

option (Nomuro, Bin, and Nakac, 2002).

A few major drawbacks of non-renewable fuels are that emissions of CO; (carbon dioxide),
CO (carbon monoxide), nilrogen oxide, and sulphur-containing residues from the
combustion of thcse fucls causcs global warming. Also, dependence on impoitcd
petroleum for vehicle fuel is a {iscal burden as o concem for the national energy security.
Studics show that vehicul ar cenissions cousc 40%-50% of the urban air pollution, which
reduces the aimospheric or cnvironmental quality, The development of altemnalive
transportation fucls made from biomass resources, such as plant material and
biodegradable waste, may contribute to reduced CO cmissions and smog-forming
compounds that cause air pollution. The other group of firels comprises liquefied natual

gos, compressed notutal pas, liquelied petroleum pas, cthanol, methanol, and bio diesel,

Among these, cthanol is the oldest of the few altemative energy fuels: fermentation of

biomass converts il to pure cthonol, @ useful energy source.

Ethopol produced from ccllulosic biomass materials instend of traditional (eedstock is
known as bio- ethonol; a carbon- necutral compound. The uaditional process of cthanol

production is through fermentation of sugars with a species of ycast called Saccharoniyces
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evisiae. However the changing needs, energy demands, and technologic fermentations
ave led 10 exploration of difTerent methods, using a broad range of substrates and novel
tganisms, indigenous or genetically modified. New technologies arc being developed that

convert the fibrous portion of plant material to ethanol. These fecdstock materials are

abundant and inexpensive,

Bio-ethanol is a fuel derived froin renewable resources like locally grown crops and even
wastc producls/waste paper or grass and ree trimmings, clc). Although fizel ethanol is
currently produced {rom sugarcane and other starch rich groins, ethanol can also be made
from cellulosic motcrials such as wood, giass and wastes (Lynd ¢t af, 2003). These
materials contain “cellulose”, indecntilied as the simplest of the polymers: cellulose,
hemicelluloses and lignin, it is made up of continuous chain of D-glucose molecules linked
in the B -f, 4 conligurations. These chains or micelles may contain morc than 10'
anhydroglucopyraose unils (Shitola and Neimo, {975) giving a molecular mass of greater
than 1.5MDa. Cellulose micelles are bunched together 1o form a thread-like micro (ibrils.
The individual cellulosic polymer strands are hydrogen-bonded between the ring oxygen of
glucose molecules and the hydroxyl group at position 3. The cellulosic fibrils are
composed of highly ordered micelles possessing crystalline structure interspersed with

disorderly areas of so-called amorphous cellulose (Dunlap and Chiang, 1980). Crystalline

material is sometimes referred 10 as % cellulose, which is that material that wiil not

dissolve in a solution of 17.5% sodium Hydroxide.

Cclluloses arc the most abundant natural organic compounds on Eanb and are iess
cxpensive than casbohydrete sources. The lignocellulosic siructure is more resistant 10
decay by organism and is not perishable like soluble sugar nnd starch. The coinplex
substzates may b¢ broken down into sugars by either acid treatment at various lempceratures
or by enzymatic trcatment. Il has been known for over 00 yeais that acids aet as catalysts

to hydrolyze cellulose and hemicelluloses into simple sugers. Acid treatment includes mild

acid hydrolysis and concentrated acid hydrolysis.
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Ethano! is 2 two carbon alcohol (C2HsOH) ic a monohydric ptimary alcoho!. It melts at-
1173°C and boils at 78.5°C. Except for alcoholic beverages, nearly all ethanol is @ mixtuse
of 95% alcohol and 5% water. It is high perfonnance fuel, which is used in spark ignited
intemal combustion engines (Lynd e al, 2003). 11 is considerably cleancr, less toXic, also
less Corrosive (Lal and Reddy, 2005; Risch, 1998). Alcohols have a higher ociane number
than gasoline. Fuel wilh a higher octane number can endure a higher compression ratio
before the engine knocking takes place. This gives the engine an ability to deliver more
power, and thus became mote povverlul, cfficient, and economical (Agarwal. 2005).
According 1o Aganwval (2005), Alcohol fitel bumns cleaoer than the regular gasolinc and
produces less CO, HC. and NO. It has a high heat of vapourization therefore; it reduces the

NOx emissions and increases the engine power. However, (he aldchyde emission goes up

significantly.

In comparison o gasolinc, cthanol burns cleaner with a greater efficiency, thus putting less
carbondioxide and overall pollution in the air. Additionally, only low levels of smog are
produced front combustion. According o the U.S Department of Energy, cthanol from
cellulose reduces greenhouse gas emission by 90 percent, when compared to gasoline and
in comparison to corn-based cthanol which decreases emissions by 10 10 20 percent.

Carbondioxide gas emissions arc shown to be 85% lower than thosc from gasoline,

Bata and Vcrmen (1989) studied the cffect of cthanol addition to gasoline on the cxhaust
cmissions from 1978 Ford 2.3 litre engine operating under lixed conditions. They observed
lower HC emissions and a 40% - 50% dccrcasc in the CO concentration as compared to the
based fuc). This was corroborated by stump, kaapp and Racy (1996) in a similar
investigation. Ethano! is onc of the possible fuels for diesel replacement in the Cl
(Combustion Ignition) engines also. Application of cthadol as a supplementaty C] engine
fuel may reduce the environmental pollution, strengthen the agricultural economy, create

job opportunities and teduce diesel fuel requirements, thus coniributing to conserving o

major commectcial energy source (Agsiwal, 2005),
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involved in producing ethanol from cellulosic biomass involve an activation step,
blological conversion, product recovery (1ypically via distillation). and residue processing
‘and utilities. Activation involves converting recalcitsant cellulosic biomass into reactive
intermediates, and may be accomplished via pretrentment & hydrolysis (acid and
enzymalic) or gasification. Of icse alicrnatives, the lowest future cost has becn projccted
pretreaiment and enzymatic hydrolysis. Process design studies consistently indicate that
steps associated with overcoming the tecalcitmncce of lignocellulose biomass are the most

cosily, involve the greatest technical risk, and have the largest potential for R & D driven

cos! reduction.

2.8 Microorganisms and Ethanologenic Processes

The simplest mcthod of cthanol production is fermentation ond distiltation of sugor cane
molasses and sugar beet. These materials contain high amounis of sugar, available for
direct conversion to ethenol. Crops contzining sugars and starch are usually expensive to
praduce and are pcrishable. Ethonol fiom these crops is aflordable only if they arc waste
by - products of other processes. Ethanol produced from cellulosic biomass materials
instead of traditional feedstock is known as bio-ethanol: a carbon — ncutral compound. The

iraditional process of ethanol production is through fecmentation of sugars with a species

of yeast called Saccharvmnyces cerevisiae.

Alcohol fermentation was done by using the mash of dried sweet potato with its dregs as
substrate (Yu zhang, and Zheng, ef al. 1994). In another study, cellolosic pyrolysate -
containing lcvo — glucosan was chemically hydrolysed and n maximum glucose yield of
17.35% was obtained through hydrolysis with 2 mollitre H2S04 (Sulphuric acid) at 121°%
for 20minute. The total initial glucose level was maintaincd at 4].9g/liire by diluting the
hydrolysatc. Then, neutralization mcthods were employed, including either the addition of
solid Ca{OH); (1o bring to about pH 6.0 or 10.4) or its combination with the absorbents.
The ncutsalizalion and distomite ~ shaking mcthod gavc the hydrolysate, which was

complciely fermented by S cerevisiae ond Pichia sp. Yz - . A maximum cthano! yield of

0.45/g glucose was oblained by S. cerevisiae (Yu and Zhang 2002).
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Another substrate. liquelied eassova staich, was used for ethanol production by co -
immobilized cells of Z mobilis and S diastaticus. The co — immobilized cells produce
46.7 g/ litre ethanol from 150 g/ litre liquelied cassva starch, while the immobilized cells
of yeast S. diastaticus alone produced 37.5g/litre ethanol. Thus, co-immobilized cells of
S.diastaticus ond Zmobilis produced a high ethanol concentiation as compared to the
immobilized cells of 8. diastaticus during batch fennentation of liquelied cassava starch
(Amutha and Gunosckaran 2001} . Pectreatment of sun- lower with Trichoderma reesei
Rut-C30 cellulase resulted in 57.8% sacchanlication (Shamia, Kolra. ond Grewal 2002).

Enzyme hydrolysate concentrated to 40g/litrc, reducing sugars fcrmented with Zmobilis

under optimum fermcntation conditions like an incubation time of 24 hours, pH 5.0

temgperature 30°C, and innoculuin size 3% v/v showed o maximum cthanol yield of
0.444g/g. Ethanol production scalcd up in a 1-litre and 15-litre fepmenter under optimum

condttions, revealing a maximum ethanol yield of 0.4Pg/g and 0.437g/g. tespectively.

For direct and efficient ethanol production from cellulosic niotcrials, a novel cellulose -
dcgrading yeast strain was developed by genetically modifying two celluloytic enzymes on
the surface of S.cerevisiae. This could grow in a synthetic medium containing glucan as
the sole source of carbon and could directly ferment 45g of glucan per lilre to produce
16.5g of cthonol per litre within 50 howts. Thus, 0.48g of ethanol was produced per gram
of carbohydrale utilized, which corresponded to 93.3% of the tlieorctical yield. This result
indicetes that efficient and simuliancous sacharification and fermentation of cellulose o
ethanol was earried out by rccombinant yeast cells displaying cellulolytic enzymes (IFujita,
Tikahashi, Ueda, et al. 2002). In anothcr study Jirku (1999) used immobilized S. cerevisiae
cells and found that the maximum fermentation capacity of the system was at 30% and was
relatively pH - sensitive. A packed column reaclor was used to test this biocatalyst's
operational sensitivity 10 key (ctmentation variables. Results of this study as well os
characteristics of the polymer, prepared by an epoxy resin and diamino polyethylene oxide

polymerization establish the suitability of this method for ethanol production.
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Therc arc scveral bottlenecks in the alcoholic fermentation process and they must be
overcome 1o achieve a high and compel-iu’vc performance of bio ethanol production by the
yeast S.cerevisiae. In the process of conversion of lignocelluloses to ethanol, the capital
and proccess cast may well cxceed that of the fcedstock. Although compositions vaty, the
lignocellulosic mateiial comprisced 50% ccltulosc, 25% hemicclluloses, and 25%
cxuactable lignin. For bioconversion, the carbohydrate portion must be solubilized while

the lignin and residues arc uscd 10 provide cnergy for cthanol production (Ingram and

Doran 1995).

Alfenore, Jouve, and Guillouent, ¢r al. (2002) described a nutritional stratcgy that allowed
S.cerevisiae to produce a final ethanol litrc of 19% (V/V) ethanol in 45hours in a fed -
batch culture at 30°C. This performance was achicved by implementing exponcntial
fceding of viummnins throughout the fermentation process. A maximum instantaneous
productivity of 9.5g/litrc/hour was reached in the best fenncntation. Thesc perfomtances

resulicd from improvements in growth, ethanol production rate. and concentration of

viable cells in responsc 1o the nutintionel siratepy.

Lignoccllulosic biomass is an abundant rencwablc 1esource that can serve as a substate for
cthanol. Extcnsive rescarch has demonstrated that alcoholic fermentation of xylose, the
major hemicellitloses derived sugar. impraves the cconomics of biooass conversion as
70% of the raw material can be expected 1o convert into cthanol. A completc conversion of
glucosc and xylose mixture was oblaincd by a respiratory delicicnt mutant of S.diastaticus
co-cultivated with Pichfa stipitis in continuous culture (Dclgenes, Laplace, and Molctia, es
al. 1996). Swee, Sridhar, Rao ¢t al. (1998) evolved a novel solid substretc fennentation
system to producc fuel ethanol from swecet sorghum and swect polato usiag a thermo-
tolcrant yeast S.cerevisiae stsain, VS 3, and a local isolatc of amylolytic Bacillus sps, VB9.

The maximum amount of ethanol produced in co-culturc with a mixcd substratc was

Sg/100g of substinteat 37°C and 3.5g/100g of substrate a1 42°C.
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The glycosidic linkage in hemicelluloses are readily hydrolysed by diluting acid at clevated
teinperature to yield a syrup containing xylosc and asabinosc for agricultural by-producis
ond hatdwoods or xylose, asabinosc, and plucose for sofiwoods (Puls,1993).
Saccharification of ccllulose is a complex and poorly undetstood process, in which three
enzymes- exoglucanascs, endoglucanases, and pglucosidases —that cleave ccliulose into
ccllobiose and then into glucose arc involved (Enari,1993; Eriksson, Blan Chelter, and
Ander (1990). The products of saccharification induce non.competitive ond non-productive

inhibition of the enzyme system.

In the fi1st case where xylose, a pentose becomes a non-amcabie substrate for cfficient
conversion of the same into cthanol, it requires o microbial sysiem, which cas use the
xylosc or penltoscs as cfficiently as it uses glucose, fructose, and sucrose. for avoiding the
end-product inhibition, simultancous sacccharification and {csmentation was developed by
the Gulf oil company (Blotkamp. Tokogi. Pembeiton. ¢f af 1978), using S.cerevisia. The
juice of solicn or discarded pincopples and the wastc malcrial generated during the
production of pincapple juice scrve os low-cost substrates for cthanol production by Z
mabilis. Z mobilis ATTC 10988 produced 59 g/litrc cthanol in undiluted pincapple juice
without nutritional supplementation and without regulation of the ptl, while 42.5 g/liuc
cthanol was obtained using a 125 gfitre sucrose medium supplemented with 10 g/litre
yeasl cxiracl and mineral salts. These results suggest thot pincapplc juice and the waste
moterial con serve as uscful lowcost substrates for cthanol production by Z. mobilis
without the use of expensive organic nitrogen complex supplemenis such as yeast extract,

" and without regulation of pH during cultivation, leading to a reduction in production costs

(Tanaka et al., 1999).

The fcrmentation process is a baditionnl, well-known method throughout the world: it
includes various studies. A comparison of the rates of growth and cthanol production was
by studying 1 different strains of Zymomenas that revealed o wide range of characteristics
(Skotnicki, Lec, and Tribe, ef al. 1981). From these studics it was found that somc strains
were morc toleiant to high sugor or cthanol concentrations and high incubalion

temperatures than others. Some strains were unablc to utilize sucrose: some werc able 10
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produce large amount of levan; and onc strain grew well on the carbon source but there

was po production of Icvan. One strain, CP4, was found to be superior in all respects to

mos! other strains and was finally chosen as a starting sttain to be genctically modilicd for
enhanced ethanol production. One more anacrobic bacterium Thermoancrobium brockii
was used for ethanol fermentation. The study showed that it followed the Embden -~
Mcyerhof Pathway (EMP) pathway and converted glucose into ethanol, acelic acid,
carbonic acid, and lactic acid. This specics bas actively fermented saccharides and starch
into cthanot (Lamed and Zcikus. 1980). The cthano! yicld gets reduced with molasses. and
the most probable reason for this may be the impurities present in raw molasses that are
inhibitory 10 yeast growth as well as to fetmentation, For thot, 22 differcot yeast stains
were studied in isolation ftrom the natural resoutces. The highest yield of cihanol by a
strain from molasscs and grapes, respectively, was 7.8% and 2.8% (with 16% dexirose
mcdiurn) and 7.4% and 8.0% (with molasses incdium). The optimum temperoture for
maximum cthanol production was 30-35°C while the optimum pH was 5-5.5. Any
variation in these conditions severely affceted the ethanol production, possibly due to
excessive enzyme degradation and loss of activily at a high temperaturc, reduced activity

of glycolytic/fermenlative enzymes at a low temperature, and inactivation of enzymes duc
to pH variation (Bajoj ef al., 2001).

Onc more substrate, whey, a by-product generated in large quantities from cheese
production, was uscd for cthanol fuel. Whey poses a major vvaste-disposal problem due to
its lugh BOD (biochemical oxygen demand), When dumped untreated, whey ends up in
rivers and occans, consuming the oxygen nceded to support aquatic life. Pre.dispoal
treatment of whey to reduce its BOD to the EPA (Environmicntal Protection Agency) ~
appioved levels is -exiremcly expensive. This study presents an economically fcasible
solution to the whey-disposal problem (Ahmed and Mortis, 1991). The availability of com
slover as a sustainable feedstock for biocthanol production was studied by Kodaun and
McMillan (2003). According to them, 60-80 million dry tones/ycar of corn stover should
be available 10 fermentative routes. To echicved on cthanol production potential of 1)

billion litres (3 billion gallons) per year, about 40% of the harvestable com stover is
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ecded. This amount should be available as long as the diversion of corn stover to non-

ethanol fermentatsve products remains limnited.

In fcrmcentation process, ADH and PDC are the wellstudied key enzymes. According to
this study, il was found that the erzyme ADH (isolatcd from £ mobilis) is activated by
ferrous ions but not by zinc ions after inactivation with the metal-complexing agents;
cobalt sons also reactivated 1o a lesser extent. This study suggested that in this species,
ADH natwrally contain iron. Kinetic studies on the iron-trcated enzyme indicate an
alcohol-activation phenomenon [hat may have physiological relevance in overcoming
product inhibition during feemcentotion (Scopes, 1983). Tamarit, Cabiscol, and Aguitar, et
al. (1997) studicd the tolerance of the metal binding of ADH in Z mobilis endowed with
two isocnzyimes — u zinc-containing cnzymc (ADI] [) and an iron-comaining enzyme
(ADH 1I). The octivity of ADH [ remained fully conserved, whilc the ADH I[I activity
decayed when the culture conditions were shifled from anacrobiosis to acrobiosis. This
differcntial responsc was duc (o the mewal present on each isoenzyme because pure
preparations of the ADH 1 are resistant lo oxidative inactivation and prepaiation of zinc-
containing ADII [l, obtained by incubation of pure ADH with ZnCl;, showed no

modification of the target for oxidative damage [Hism-conlnining peptide).

It was consistently found that activity of the zinc-containing ADH I[. once submitted to
oxidative treatment, was fully restored when iron was reintroduced into the enzyme
structure. These results indicate that zinc bound to these proteins plays an important role in
the production role in the protection of their active centses against oxidative damage and
may have relevant biochemical and physiological consequences in this species. After that
three enzymes, plucokinase (EC 2.7.1.2), frictokinase (EC 2.7.14), and glucose-6-
phospate dchydrogenasc (EC 1.1.1.49), weee isolated in high yicld from extects of
Z.mobilis (Scopes, Testolin, and Stoter, ct al. 1985). The principal steps in the isolation
procedures involved the use of selccted dye-lipand adsorbent columns, with altinity elution
of two of the three enzymes. Neale, Scopes, Weticnhall, ef a/.(1986) found that the PDC is

the kev enzyme, which directs the produclion of CO; end cthanol as the end products of
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gar fermentation by Z. mobilis. They studied isolation, properties, and genetic expicssion
f this cnzyme in Ecoli and were purificd to homogeneity using dye¢-ligand and ion

exchange chromatogaphy. The genomic fragment encoding the encoding the enzyme
expressed high levels of PDC in £ coli,

Osman. Conway. Bonetti, (1987) analysed the rate at which Z mobitis converts glucose to
ethanol and CO;3, and found that in the Entner — Doudorof! (ED) pathway, glycolytic ltux
did not remain constant during batch fermentation of 20% glucose. The initial rate of
conversion resulled in high cthanol accumulation in the surrounding broih. As a rcsull,
glycolytic activity was repiessed due to the inhibitory cffccts of ethanol and the activity
could be reversed immediately its removal. Fermentation activity enhanced (S8mol of CO;
cvolved per milligeam of celi protein per hour) afier accumutation of 1.1% cthanol in 18
hours and declined to onc-half this rate alter 6.2% accumulation of cthanol in 30hours.
They also identified three passible reasons for this behavior of Z r1obilis, namely reduced
number of nucleotides. rcduction in intemal pkl (tom 6.3 10 5.3, and reduced specific

activity of pytuvate kinase and glyceraldchydes-3-phosphate dchydrogenase of the
glycolytic pathway.

Loos, Kramer, Salun, ¢ ¢f. (1994) studied the basis of ostnotolerance in Zniobitls when
grown in a media containing high concentiations of glucose or other sugars, They
described sorbitol as a compatative solute in bacteria, which enhances the growth of Z
mobils ot higher glucose concentrations, exceeding 0.83M (15%). Sorbitol can pratect
proteins dusing dchydration of osmotic or thennal stress and is, therefore, used to preserve
peoteins during stotage. The sorbitol transport sysiem followed the Michaclis-Mentcn
Kinetics. with an appatent K of 34Mm and 8 Vaay of 11.2 nmol (nano moles)/ minute/mg
(dry. mass), Sorbitol was produced by the cells themselves and was accumulated when
gsown on suciose (1M or 36%) by the action of the periplasmic enzyme glucose-fiuctose
oxidoreductase, which converts glucose and {ructose ioto glucoaolactonc and then into
sorbitol. Thus, Z mobtiis can foxm and accumulate the compatible solute sorbitol from a

naturel carbon source, sucrosc, in order lo overcome the osmotic siress in a high-sugar
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media. No other major compatible sofute (bciaine, proline, glutamatc, or wrchalose) was

detected.

Sprenger (1996} discussed the carbon {lux and its regulation, and how it bianches into
anabolic pathways together, with the recent approaches 1o broaden the substrate range of
the bacterium. Sucrose, glucose, and fructose arc degraded by Z mabitis via an anaerobic
version of the ED pathway. Sucrose splits extracellularly into glucose and fiuctose (or
levan). The two sugass are tronsporicd -into the cell via faciliteted diflusion (uniport). A
periplasmic enzyme glucose-fructose oxidorcduclase provides the novel compatible solute

sorbitol to counteract the dctrimcnlal osmotic siress.

In further studies, Deng and Coleman (1999) introduced ncw genes into a cysnobactcrium
in order 1o create a novel pathway for lixed carbon utilization, which rcsulls in the
synthesis of ethanol. The coding sequences of the PDC and ADI I Ii from the bacicriwun Z
mobilis were cloned into the shutlle vector pC34 and were then used 10 transform the
cvannhacictium Swechnenccus sp steain PCC 7942, The PNDC and ANH penes were
expressed at high levels, as demonstiated by Vestem blotting and enzymc oclivity
analyscs. The transformed cyanoboeicrium synthesized ethanol, which difTused fiom cells
into the culture medium. As eyanobactcrin have simple growth tequiremncnls pnd use
lighy, CO;, and inorganic clements efficienily, production of ethanol by cysnobacleria is a
potential system for bioconversion of solar energy and CO; inlo a valuable resource.
Melabolic engineering of Z mobilis sieains was tried 1o maximize the ethanol production
from mixtures of hexosc and pentose sugnrs through the opplicotion of mciabolic flux

control techniques (Kompala, Ramk:ishnp. Jansen, ef al. 1986).

The successful engineering of cthanol-fermenting Zmobilis 10 broaden its substrate

uttlization range from hexoses, glucose, and fivictose, to include the additional pentosc
sugars, xylose, and niabinose found in the rencwabtc biomass feedstock and agsicultural
residues was done. Penlose fermentation was accomplished by introducing two gene

encodings for key enzymes in the xylose assimilation pathway, thrce gene encodings for
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key enzymes in the xylosc assimilation pathway, and two gene encodings for key enzymes
in the pentose phosphate pathway into the recombinant ethanol producer Z mobills. An
important study was done in which transcript levels of several enzymes of glycolytic and
alcoholic fermentation pathways were examined in the shool and root tissues of rice
scedlings subjected to different abiotic stresses by northem blol-analysis employing
homologous DNA probes. This work includes ADI{, PDC, phosphale isomerase, aldolase,
glyceraldchydes phosphate isomerase, and pyruvale kinase enzymes. Cold, desiccation,
salt (NaCl), high 1emperature, and oxygen-deprivation stresses are used 1o see their effect
on pathway regulatory cnzymes. Envidently, glycolylic and alcoholic fermentation
enzymces have a sufficient degree of flexibility to adjust 1o the increased energy demand

and supply of intermediales for acclimalization to stress condilions.

Though K oxytoca and Erwina chrysanthermi \ransformcd with PET operon did not
petform better than Z mobilis in gelting transformed with the sane operon, their
performance in converting cellulose into cthanot was good, particulay in case of K
oxytoca (\Wood and Ingram. 1992). The stain K. oxytoca utilizes ccllobiose and ccllotiiose
and, thus, is a good choice for cthanol fermentation with cellulose as the inhibitory effects
of certain cellulose preparations can be avoided. The PET opcron on low nnd high copy
numbcr plasmids has had an influence on the cthanol production with the low copy number
plasmid pl.O1555, giving a higher cthano! produclion. However, in both cases. the cthanol
yicld was 92%-98% of the theoretical values (Ohta, Beall. Mcjia, et al. £991b). The best
sirains of the transformanls converied 10% glucose and £0% cellobiose into 44-45 g/lilze
of cthanol within 48 hours. Different substiates were lried 1o assess the efficiency of the
strain viz,, mixed office paper (Brooks and Ingmm, 1995), sugar cane bagasse (Dosan,
Aldrich, and Ingram, 1994), com fibre (Moniruzzaman, Dien, Ferrer, ef al., 1996), and

sugar beet pulp (Doran, Cripe, Sulton, ¢ af,, 2000). Integrating cellulose components like

extracellular endoglucanase can reduce the cthanol production costs (Dien, Colta, and
" Jeffties, 2003). Two extracellufar endoglucanasc genes {cef Z and ce! Y) from £

clrysanthemi were cloned into the recombinant K. oxyroca strmin 12 along with auxillasy

leansporler genc (out) on a plasmid pCPP2006, The recombinant strmin was named SZ21
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22hou, Davis, and Ingram, 2001). Though its cellulose activity was 99% less than the
' commescial preparations of cellulose, the cthanol productivity was 7%-16% higher than
the parental strain when commercial cellulose was added. When a comparative study was
donc. 1n which galacturonic acid-rich sugor bect pulp was fermented, KOI! produced
significantly higher quantities of cthano! due 10 £.coli KOI1 affinity for 1he subsizate.
Dien, Hospell, WyckofT, ¢t ai., (1998) developed a novel bexosc and pentose utilizing the
ethanologenic £. cofi siroin FBR 3 by incorporating the plasmid plL.O1297. An cthanol
yield of 4.38%-4.66% (w/v) with 90%-9i% theotctical conversion in 70-80 hows was
achicved.At the Nationa! Chemical Laboratorics. Puac, India; the D N Deobagkar Group

utilized a protoplast fusion technology 10 develop a hybrid microbe.

2.9 Fossil Fuels

Fossil fuels are fuels formed by notural resources such as anacrobic decomposition of
buried dead organisms. The age of the organisms and their resulting fossil fucls is typically
millions of years, and sometimes exceeds 650 millian years. The fossil fuels inciude coal,
peiroleum, and natural gas which contain high percentages of carbon. Fossil fucls range
from volatile materials with low carbon:hydrogen ratios like mcthane, to liquid petroleum
to nonvolatile materials composed of almos! puie carbon, like anthracite coal. Mcthane can
bc found in hydrocarbon felds, alone, associated with oil, or in the forn of methanc
clathrates, 11 is generally accepted that they fomed from the fossilized remains of dead

planis and animals by exposure to beal and pressure in the Earth's crust over millions of

yeass. This biogenic theosy was first introduced by Georg Agricola in 1556 and Jater by

Mikhail Lomonosov in the 18th century. 1

It was estimated by the Energy Information Administration that in 2007 primary sources of
energy consisted of petroleum 36.0%, coal 27.4%, natural gas 23.0%, amounling to an

86.4% sharc for fossil fuels in psimary cnergy consumption in the world (US, EIA

Intesnational Encrgy Statistics, 2010). Non-fossil sources in 2006 included hydroelectric |

— e B

6.3%, nuclear 8.5%, and (geothcrmal, solar, tide, wind, wood, waste) amounting 0.9

percent {[ES, 2006). World energy consumplion was growing about 2.3% per ycar. Fossil
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(Zhou, Davis, and Ingram, 2001). Though its cellulose aclivity was 99% less than the
commercial preparations of ccllulose. the ethanol productivity was 7%-16% higher than
the parcntal strmin when commercial cellulose was added. When a comparalive study was
done. 1n which galacturonic acid-rich sugar bect pulp was fenncnted, KOI11 produced
significantly higher quantities of cthanol due to £.coli KO1! affinity for the substrate.
Dien, Hospell, WyckofT, ¢t al., (1998) developed n novel hexose and pentose utilizing the
ethanologenic £ cofi strain FBR 3 by incorporating the plasmid pLO1297. An cthanol
yield of 4.38%-4.66% (w/v) with 90%-9!% thcorctical conversion in 7080 houts was
achicved. At the National Cheinical Laboratorics, Punc, [ndio; the D N Deobagkar Group

utilized a protoplast fusion tcchnology o develop a hybrid microbe.

2.9 Fossil Fuels

Fossil fucls ore [uels fonned by natural resources such as anaerobic dccomposition of
buried dead organisms. The agc of the organisms and their resuliing fossil fuels is typically
millions of years, and sometimes excceds 650 million years. The [ossil fuels include coal,
petroleum, and natural gas which contain high percentages of carbon. Fossil fucls range
from volatile matcriols with low carbon:hydrogen 1atios like methane, to liquid petrolcum
10 nonvolatile moicrials composed of almosi pure carhon, like anthracite coal. Mcthanc can
be found in hydrocarbon [elds, alone, associated with oil, or in the fonn of mcthane
clathrates. 11 is generally accepted that they fomcd from the fossilized rcmains of dead
plants and animals by cxposuse to hent and pressure in the Earth's crust over millions of

ycats. This biogenic theory was [irst intiroduced by Georg Agricola in 1556 and later by

Mikhail Lomonosov in the 181h century.

g c—

[t was estimated by 1he Encrgy Information Administration that in 2007 primary sources ol
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encrgy. consisied of petrolcum 36.0%, coal 27.4%, natural gas 23.0%, amounting to an

86.4% share for fossil [uels in primaty cnergy consumption in the world (US, EIA

IE"—

International Encrgy Statistics, 2010). Non-fossil sources in 2006 included hydroeleetric

6.3%, nuclcar 8.5%, and (geothernal, solar, tide, wind, wood, wastc) amounting 0.9

——

percent (IES. 2006). World encrgy consumption was growing about 2.3% per ycar. Fossil
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(Zhou, Davis, and Ingram, 2001). Though its cellulose activity was 99% less than the
commercial preparations of cellulose, the cthanol productivity was 7%-16% higher than

the parental strain when commercial cellulose was added. \When a comparalive study was

done, 1n which galacturonic acid-rich sugar bect pulp was (ermented, KOt produced

significantly higher quantities of cthanol duc to &.coli KO!1 affinity for the subsnate.
Dien, Hospcll, WyckolT, ez af.. (£998) developed a novel hexose and pentose utilizing the
cthonologenic £. coli strain FBR 3 by incoiporating the plasmid pL0O1297. An cthanol
yield of 4.38%-4.66% (w/v) with 90%-9t% theorctical conversion in 70-80 hours was
achieved. At the National Chemical Laboratorics, Punc, India; the D N Deobagkar Group

utitized a protop!ast fusion technology to develop a hybrid microbe.
2.9 Fossil Fuels

Fossil fuels ore fucls fornned by nntural resouices such as anacrobic decomposition of
buried dead organisms. The age of the organisms and their resulting fossil fuels is typicaily
millions of years, and sometimes exceeds 650 miilion yeass. The fossil fuels include coal,
petroleumn, and natural gas which contain high percentages of carbon. Fossil fucls sange
from volatile materials with low cnrbon:hydsogen 1atios like methane, to liquid petroleum
1o nonvolatilc maicrinls composed of almost pure carbon, like anthracite coal. Methane can
be found in hydrocarbon [liclds, alone, associated with oil, or in the fortn of methane
clathrates. It is generally accepled that they (ormed fiom the (ossilized remains of dead
plants and animals by exposure to heat and pressure in the Eaith's crust over millions of
years. This biogenic theory was [jrst introduced by Georg Agricola in 1556 and later by

Mikhail Lomonosov in the 18th century.

It was estimated by the Encrgy Information Administration that in 2007 primary sources of
energy consisied of petrolecum 36.0%. coal 27.4%, natural gas 23.0%, amounting to an
86.4% shase for (ossil fucls in primary cnergy consumplion in the world (US, EIA
Jnternational Energy Statistics, 2010). Non-fossil sources in 2006 included hydroelcctic

6.3%, nuclecar 8.5%, and (geothesmnal, solar, tide, wind, wood, waste) amounting 0.9

percent (JES, 2006). World energy consumplion wos growing about 2.3% per year. Fossi|
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ucls are non-reoewable resources because they take millions of yeass to (oim, and 1€scrves
arc being depleted much faster than new ones are being fotmed. The production and use of
fossil fuels risc environmental concemns. A global movement toward the genciation of

renewable encrgy is therefore under way 10 help meet increased energy needs.

The buming of (ossil fuels produces around 21.3 billion tonnes (21.3 gigatonnes) of carbon
dioxide per year, but it is estimated hat natwmal piocesses can only absorb about half of
that amount. so there is a net increase of 10.65 billion tonnes of atmospheric carbon
dioxide per ycar (one tonne of atmospheric carbon is equivalent to 44/12 or 3.7 tonnes of
carbon dioxide). Carbon dioxide is one of the greenhouse gases that enhances radiative
forcing and contributes to global warming, causing the average surfoce temperature of the

Earth to rise in response, which climate scientists agree will cause major adverse cfiects.
2.9.1 Advantnges of FFossil Fuels

1. Industry: Fossil fuels are of great importance because Ihey can be bumed (oxidized to

carbon dioxide ond voler). producing significant amounts of energy. Prior 10 the [aiter half
of the cighteenth century. windmalls or watermills provided the energy needed for industy
such os milling flour, sawing wood or pumping water, and buming Wood or peat provided
domestic heat. The widc-scole use of (ossil fuels, cool ot first and peiroleum later, tofire |
stcam engines, enablicd the industrial Revolution. The use of coal as a fue] predates Ii

recorded history. Coal was used to run fumaces for the melting of metal ore. Semi-solid

1
hydsocarbons from seeps were also bumed in ancient times, but these maicrials were '|
mostly used for wateiproofing and emba!ming. Stcem locomotives, the guintessentia! |

|
|

machine of the Industrial Revolution, used coal as a fuel source from carly on 1o
compensate for lock of firewood ond charcoal. Not only was a sccmingly inexhaustible | |

supply- of coa] ovoileble from cosily cxploited scams near the surface, but it couid be used l

in its natural (orm. \

Natural gas has broad use. for business, monufecturing, petrochemical production and
power generation, Chemical constittents — know? os natuml gas liquids or NGLs arc :
exuacted from natural gas to provide chemicol building blocks (or the manufactuting of

|
i
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onsumer products. NGLs are converied into cote ingredients for manufacluting bottles,
lothing, electronics, detergents, paint, fertilizer, adbensives, caspet, furniture, diapers, tires

and 1oys*

2. Economic Growth: Ever since the Industrial Revolution took ofY in the the 18% centuty,
vasi quantitics of fossil fucls bave becn used 10 power the cconomy and deliver
unprecendental affluence 1o many countries across the world and also to huge numbers of
people. The usuage of [ossil ficls were prercquisites for the bith of a ncw londustial

civilization that 1ransformed our world.

3. Electricity: A major advantage of fossil fuels is their capacity 1o generate huge amounts
of clectricity in just a single location. Nawral gas, once llored-off as un-nceded byproduct
of petroleum production, is now considesed a very valuable resource. Natural ges are use
as fuel in elcctrical power. Naturel gas -fired poswcer plants arc the least cxpensive source
of new powcr supply; almost 40 petcent less cosily thon coal. 45 peicent less than wind
and 50 percent less than nuclear power. In addition, natural-lircd powcr plants produce low

emissions and use less water and land tl:an most alicroatives.

d. Transporiation: The invention of the intcrmal combustion cngine and its use in
automobiles and 1runks greatly inczeased the demand for gasoline and diesel oil, both mede
from fossil fisels, Other forms of transportation, railways and aitcsaft also required (ossi)
fucls. Incrcasingly natural gas is also being utilized to power motor vehicles. Some
cumpanics and  countrics are noving to convert tlcel of buses, tunks and somc
automobiles t0 run on natural gas as a way to reduce cmissions form vchicle exhausts.

Direct use of notura} ges os an engine fucl in vehicles is limited by costly infrastructure

requirements and short diaving distances.

5. Nomestic Light: Commezcial cxploitation of petrolcum, lorgely as a teplacement for
oils from animal sources (notably whate ail) for usc in oil lamps begon in the nincteenth
century_ At the same time, gas lights using natural gas or coal gas were coming into widc
use Natural gas is uscd for heating and cooling homes and cooking food. The dramatic

increase in ovailable supply brought on by the surge in shale gas production, as well as
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ificant recent infrastructure investment in interstate pipelines and near storage
capacity, has redued the price and made gas a dependable energy source for homes and

busincss. Kcrosene, used for lighting and heating, is a principal product dericved from

petroleum,

¢. Rond Construction: Heavy crude oil, which is much more viscous than convcntional
crude oil, and tar sands, where bitumen is found mixed with sand and clay. arc becoming
more important as sources of fossil fucl. Oil shale and similar matcnials arc sedimentary
rocks contnining kcrogen. a complex mixture of high-molccular weight organic
compounds, which yield synthctic crude oil when heated (pyrolyzed). These materials have
yet to be cxploited comnicrcially. Tar, a IcRover of petrolcum cxtraction, is used in

consiruction of roads.

2.9.2 Warl!l Proved Reserves of Fossil fucls

Levels of primary encrgy sources arc the reserves in the ground and flows are production.
The most important part of primary energy sources arc thc earbon bascd fossil encrgy
sources. Coal, oil, and natural gos stood ot 79.6% of primary cnergy production during
2002 (in million tonnes of oil equivalcnt. According to thc World Rccoverable coal nnd

Rescrves of oil and nntural gas the estimatc were repor!:
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able 2.3: World Recoverable Primary Energy Sources and Reserves

of Fossil

Levels (ptoved
reserves)

2005-2007

duting

Flows (daily

production) duning

2006.

Years of production
left in the ground
with cureent proved

resceves ond  {lows

above

Coal

—
997,748

" million
shoit tonnes (905
billion melric tones),
4,416 billion barrels

of oil equivaient -

18,476,127 short
lonnes (16,761,260
metiic lonnes), 52
million barrels of oil

cquivalent perday

[48 years

Oil

1,1191,317 billion
(178-209

billion Kilolitres).

barrels

8¢ miltlion barrels
per day (13 million
kitolitres).

43 years

Natura! gas

6.183-6,381 trillion
cubic feet (175-181
eubic
1,161

billion barrels of oil

iriltion

mcties),

equivalent.

t04,435 billion cubic
fect (2,960 biltion
cubic metres), 19
million barrels of oil

cquivalent per day.

6l ycars

Source: Internationat Energy Annual (IEA) Statistics, 2006,

37

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

Years of production lcft in the ground with the most optimistic proved reserve estimates
(Oil & Gas Joumal, World Oil)




» Coal:417 ycars
» Qil: 43 years
o Natusal gas: 167 years

Note that this calculation assumes that the product could be produced at a constant level
for that number of years and that all of the proved rescrves could be recovered. In reslity,
consumption of all three resources has been increasing. While this suggesis that the
resource will be used up more quickly, in reality, the production curve is much more akin
to 3 bell curve. At some point in tlime, the production of cach resource within an area,
country, or globally witl reach a maxinmuum value, sfier which, the production wili decline
unbil it reaches a point where is no longer economically feasible or physically possible to

produce.

2,10 Biocthanol and the Environment

The idca behind the introduction of biocthanol es o replacement fuel i's not one of cost
reduction but environmental goins. The cthanol process was assessed on a lifccycie
basis, taking into account the whole life cycle [rom growing crops to buming the (uel,
and compared with that of petrol. The main positive environmcntal benefts of the

whole system are as follows:

Reduction in consumption of fossil fucls

Greener emissions when bumt in comparison 1o petrol

Greener process, less waste and hannful emissions during production
Less pollution to water, air and land

Production of useful by-products

Biodegrodable (ucl
Cleancr power generation from Combined Heal ond Power (CIHP} replacing

clectricity (rom the grid.

k]
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| Reduction in Carbon Dioxide Emission

thanol is made from plants, which absorb CO; as they grow. This means theif
'ycle' carbon emission performance is much better than petrol (Agarwal, 2005). For
is reason. bioethanol is being promoted by the European Union and the Biilish
scmment- According to the Rencwable Fuel Association (2007). replacing gasoline with
hanol blends will help to reduces greenhouse gas emissions by up to 40% with cunient
roduction 1echnology, and by aboutl 865 once production of cellulosic ethano! becomes

7nble.

2.10.2 Reduction in Carbon Monoxide Entission

When fuels such as petrol bum they oficn experience ‘incomplele combustion’. This
“happens when insufficient air gets into the eombustion chnmber to react with all of the
hydrocarbons in the fuel. Ethanol is an oxygenated fuel, meaning i1 carries its own air.
This reduces instances of irrcomplete combustion, nnd hence engines running on ethanol or
ethanoi blends produce fess carbon monoxide than conventionnl engines (Lynd er af.,
2003). Ethanol reduces lailpipe carbon monoxide emissions by as much as 30% toxics
content by 13% (mass) and 21% (potency). This is a paiticular advantage in heavy taflic,

as the cumulative effectof the un-bumt hydrocarbons can be hazardous to health.

2.10.3 Recduction in Particulate Maller

As an oxygenate, ethanol also displaces high — oclanc nromatics in conventional gasoline,
resulting in a seduction in soot and particulate emissions. Ethanol con reduced tailpipe sool
and particulatc emissions by as much as 50% ovesafl, with the greatest reductions being
achieved in the highest emitiing vehicles (Brett and Brook, 2006) Ethanol also reduces

SCondary PM foimatioo by diluting aromatic content in gasoline,

2.1.4 Reduction in Smog Farmation

Ethanof ceduces smog pollution. Blending cthanol in gasoline dramaticolly reduces carbon

3%
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oxide tailpipe emissions. According to the National Research Council (2006), carbon
oxide is responsible for as much as 20% of smog formation. Additionally, cthanol-
ded fuels reduce tnilpipe emissions of Volatile Organic Compounds which reddily
ozone in the atmosphere. These reductions more than offsct any slight increases of
porntive emissions duc 1o high volatility of ethanol — blended fuel. Thus, the use of
honol of ethanol plays an important role in smog reduction. These cthenol blends have
ded benefit of providing reduced tailpipe carbon meonoxide emissions and therefore,
urther emissions reduclions of smog. Brooke (2007) reported that smog formation
epends heavily on local weather conditions and atmospheric composition. making it
difficull 10 estaiblish a clcar conncclion between the emissions profile of ethaaol and

dcterioration of air quaniity.

2.10.5 Reduction in Acid Producing gases (SOx and NOy)

SOx and NOx arc Sulphur Oxides and Niwrogen Oxides respectively. These are very
dangerous chemicals n the environment and can lead to acil rzin. Bioethanol does not
produce Sulphur Oxides when it bums, and has olso been found to reduce Nitrous Oxide
emissions by 10% (Risch, 1998).
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CHAPTER THREE
METHODOLOGY

3.1 Study Design

The pilot study was cxperimental nnd‘lnborulmy bascd involving chemical hydrolysis,
microbiological fermentotion and biochemical tests. Dilferent types of agro-based
cellulosic wastes such as cassavn peels, yam peels, plantain peels and sawdust were
utilized in the experiment. The experiment employed a complcte randomized design with
three (3) replicates of cach of the biomass samples. An Evaluotion (appraisal) of the

ethanol yiclding capacity of the different biomass was carried out.

3.2 Description of Study Arco

The study area of this research was in [badan, the capita! city of Oyo State of Nigeria. [tis
the third largest city in Nigeita by population and geographical area. [t is located in south-
west Nipgeria and according to 2006 census results;, Ibadan has o totat population of
2,258,625 inhabitants, mede up of (,125,843 urban and 1,132,728 rural populations
(Omonijo et al, 2007). It is located along the rainforest belt in the humid tiopical region
with an annual rainfall of about 2,500mm and temperature below $3°F. The major

occupation o the inhabitanis orc mostly farming and ttading,

The choice of Ibadan as a study arca is because of large scale agricultural activitics, which
is cvident by the prescnce of Rescarch [nstitute viz Intemational Institute of Tropical
Agricultuce (IITA), Cocoa Rescarch institute of Nigeria (CRIN), National fnstitute for
Horticultural Rescarch and Training (NIHORT); Agricultural plontations (Government and
private owncd); Bodijn Timber processing centre; Eleyclc cassava processing unit; and it
also serves as a market netve centre for agriculitial produce such as grains (rice, miflet,
maize), yam and other tuber crops beought from the Northern part of Nigeria. This has led
 the gencration of cnormous agro-based wasies. This is of greai concem to the

governiment because of the poor waste management facility and infrastructure in the siole,

al
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3.3 Sample Source and Morphological description of Material (Samples)
Thie source of the different agro-based cetlulosic wasics utilize in this study with their

morpbological desciiption is given below:

3.3.1a Intcrnational Institute of Tropical Agriculture (JTTA): The cassava peels was
obtained {rom !TA. HTA is locoted at Jdo-Ose along Ibadan-Oyo Road in Akinyele Local
tiovermmenl Arca of Oyo Stawe. [l occupies a land area ol about L0U0 acres. [t was
established in 1967 as a non-profit organization to food solutions for hunger and poverty
through rescarch for developinent activities. The Institute has a cassava plantation which
covers nbout one (1) hcctare of Jand: beside it is a cassava processing unit with modemized
processing ntachine for moking garri. Large quantity of cassava peels are generated from
this processing unit while the waste water is subjected to anacrobic digestton in a

sedimentation tank to produce biogas.

42
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Plate 3-1: Cassava Processing Unit atITA where samples of the peels were collected

3.3.1b Cassava Pcels

Overview: Cassava poels are a major by-product of the cassava tuberous 1001 processing
industry. In paits of Nigeria where cassava is gown &nd the tubers processed, the peel is
largely underutilized as a livestock feed. In Nigeria, the average snnual yield of cassava
tuberous 1oots is 21.] Vha (Hohn and Chukwuma, 1986). Since the peel constitutes 20. |
percent of the tuber (Hohn, Chukwums and Almazan 1986). It follows that about 4.2 t of
cassava peels per ha are available annually for fceding ruminants especially goats. The
following composition has been reported for cassava peel: residual DM 86 — 594.5%, OM
89.0 — 93.9%, CF 10.0 — 31.8%, CP 4.2 - 6.5% (i.e N 0.7 - 1.0%) by Onwuks (1983),
Carew (1982) and Adegbola ( 1985).

Processing: Cassava by- products are generally found in the vicinity of factorics where

cassava fubers aie processed into starch or flour. Fresh cassava peels have 3 main
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delicicncies: they spoil very quickly ond they contain high amounts of Cynnogenic
glycosides- They should thus be proccssed in order 1o reduce cyanogenic potentiol and
phytate content and to presetve their nuttitive quality (Adcgbola, 1985). Different
piocesses are effective in reducing cyanogenic glycosides: sun.diying. cnsiling and
sooking + sumrdrying have ben assessed and have yielded satisfoctorily result (Hahn et al.,
1986, and Onwuka, 1983). Good quality silage can obtaincd aficr chopping the pecls to
cqual lcngths of about 2cm for easy compaction, and wilting for 2 days to reducc moisture
content (fom 70 — 75% 10 about 405, Under these conditions cassava pec! silage afice 21
days was light brown in colour, fitm in texture and had a pleasant odour, The Ph was 4.4,

and no fungal growth was obscrved (Onwuka, 1983).

Environmental and Health cffect: Cassava peels contain significant icvels of cyonogcnic
conpounds and can contributc 10 cyonide poisoning (Adcgbola ef al., 1985). Thts foodstuff
has the tendency to incrcasc its cyanide content if the soil on which it is culuvated is
contaminatcd with cyonide. Cyanide is a fast acting poison becausc it binds to key iron-
containing enzymes requircd for cclls to use oxygen and as a result tissues arc unable to
take up oxygen from the blood (Onwuka. 1983). Lcachatc from cassova pecl caused a lot

of dcath to plants and aquatic living organisms (Adcgbola e/ af., 1985).
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Plate 3.2: Cassava Peels




33.2a Bodija Timber Processing Unit: The sawdust was obmined from the Bodija timber
erocessin® unit which is located in Tbadan North Local Government Area of (badaa, Oyo
State. It is located beside the Bodija merket. It was established in 1974. Various types of
Timber such as Mensonia, Omon, Manhogamy, Iroko, Afara, Ofen etc were brought from
different forest resevve in Akwre, Ondo and Osun. It occupies a land area of about 25acres.
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Plate 3.3: 8odljz Timber Rmcessing Unit where samples of the saw dust were coliected
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3.3.2a Bodija Timber P cocensing Unit: The sawdust was obtained from the Bodija timber
processing unit which is located in (badan North Local Government Area of [badan, Oyo
State. It is located beside the Bodija market. It was established in 1974. Vatious types of

Timber such as Mansonia, Omon, Manhogamy, li0ko, Afara, Ofon etc were brought from
different forest ceserve in Akure, Ondo end Osun. It occupies atand area of about 25acres.
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Plate 3.3: Bodija Timber Proeessing Unit where samples of the ssw dust were coliected
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3.3.2b Sawdust

Ovenlew: Sawdust or wood dust is a byc product of culting, grinding, drtlting 0f
otherwise pulverizing wood with a saw or other 100l. [t is composed of finc particles of
wood. [t is also the by-product of ccitain animals, birds ond insccts which live in wood
such os wood pecker and corpenitcr ant. It can present hazard in manufacturing industrics

especially in terms of its inflammability. Sawdust is the main componcnt of particle board.

Practical Uses: A mnjor usc of sawdust is for particle board. Coarse sawdust may be used
for wood pulp. Sowdust is used in the manufacture of charcoal brigucites. The claim for
invention of the (irst commercial charcoal brquetics goes 10 Henry Ford, who created them

[rom the wood scraps and sawdust produced by this automobile (actory (Green, 2006).

Health and Safety: Airborne sawdust and sawdust nccumulations present a number of
hcalth and safety hazards. Wood dust becomes a potential health product whea, for
examplc, the wood particles from the processes such as sanding, becomes airborne and are
inhaled. Wood dust is a known humen carcinogen. Certain woods and their dust contain
toxins that cnn produce scvere allergic reactions (Meier, 2003). Sawdust is lmunmable and
accumulations piovide a rcady source of fuel. Airbome dust can be ignited by sparks or

even heat accumulation and result in explosions.

Environmental Effccts: Al sawmills unless reprocessed into panicleboard, bumed in o
sawdust bumer or used 10 make heat for other milling operations, sawdus! may coflect in
piles and ndd harmful feachatcs into local water systems creaung an environmental hazard.

This has placc smali sawyers and environmenta! agencies in o deadlock,
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Plate 3.4: Saw Dust

3.3.32 Abadiga Quarters: The yam pecls were collected in Abadina quarters. It is a
residential commaunity within the main campus of the University of (badan. It is adjacent to

works and maintenance Department ncar Ul postgredualc school. The inhabitants of this
area are mostly farmers who engaged in subsistence fanning with yom being the major

cfop of intercst. These yams are used for personal consumption and also sold 1o canteens,
road side food vendors who also use it to makc pounded yam, yam powder, iy yam eic

within the community.
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Plate 3.5: One ace of yam farm al Abadina Quarter, UI

3.33b Yam Pecls

Overview: Yam peels is a mojor by - ptoduct of yam processing centies, where yom ts
grown and the tuber 18 process into vanous foodstuff, In Nigeria, yam peels are also
generated from household consumption. They can be found in all Tropical end subtiopica!

regions of America, and Aftica where yams are Bfown. The peels arc rarely utilized as

livesiock feed.

Environmental Eftects: In Nigeria, yam peels are indiscrimipotcly disposed in the

envitonment, which attract flics aad other asthrupod-borne diseases. Large piles cap cause

clogging of drainage channels creating breeding sites for mosquitoes. When dumped jnto

s waste ends up in tivels and other weter bodies, consuming the
uatic life (Dolk, 2002).

the environment, thi
oxygen needed to SUpPpOIt 0q
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Plate 3.5: One acre of yam farm at Abadina Quarter, Ul

3.3.3b Yam Peels

Overview: Yam peels is a major by - product of ynm processiDg cenltres, where yam is
grown and the tuber is process into vatious foodstuff. In Nigeria, yam peels are also
genetated from household consumption. They can be found in all Tropical and subtropical

regions of America, and Aftica where yams &se pown. The peels arc rarcly ulilized as

livestock feed.

Environmental Effects: In Nigetin, yam peels are indiscTiminakely disposed in the
environment, which astract flies ond other anthropod-bome disease. large piles can cause

clogging of drainsge channels creating breeding sites for mosquitocs. When dumped into
ing of draiang

lhe environment, this waste ends up in sivets 8nd other water bodies, consuming the
m )

oxygen needed to suppoit aquatic life (Dolk, 2002).
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Plate 3.6: Yam Pech

3.3.4a Ajose Building Canteen: The plantain peels was obtained from the Ajose building
canteen which islocated within the Oladcle Ajose main building, Faculty of Public Heslth,

UCH., Ibadan. This canteen processes large quantities of plantain eveiyday due to the laige

Population comprising majorly studcats who pationize it.

3.3.4b Plantain Peels
Overview: Planiain peels are the outer cavelope of plantain fruits and by — product of

bouschold consumption and plantain processing. Planttin peeis are available in populated
areas or in the vicinity of plantain processing plants . They can be found in all Tropical and
subiropical icgions of Asia, America, Africa and Australia where plantains are grown,
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Nutritiona] Attributes: Plantain pecls contain 6 — 9% Dry Matter (DM) of protein, 20 ~

| 30%, Nutritional Detergent Fiber (NDF) and vuriable quantities of starch and soluble

sugars, depending on the stage of maturity. Green plantain pecls cantain 40% starch that is
fully transformed intd sugars after ripcning, whilc hanana peels contain much less staich
(about !5%) when green and end up with 30% frce sugars when ripe. Lignin conteni also
increases with ripening (from 7 to 15% DM). Plantain peels conlain less fibee than bananas
(Happi Emaga et aof,, 20%1). Plantain peels are widely used by small holders as
complementary [eeds for cattle and small ruminant in the tropics (Onwuka et al., 1997,
Happi Emaga er al., 2011). Their nutsitive value for cuminants is estimaled to be similar to
thal of cassava peels ar cilrus pecls. Green pecls contain mote metabolizable energy than
ripc peels. The study of these variation and of the potential effects of the changes in tannin

content during ripening requires fusther rescarch (Happi Emaga ef al, 2011).

Polcntial Concerns:
7~ Tonnins: are the main antinulritional factors of plantains and arc mostly contained
in the peels. Ripening causes those tannins o migrate to the pulp of 1o be degraded
by polyphenol oxidases and peroxidases (Emaga et o, 2011). In addition to their
antinutritional cffects, in monogostrics, plantain tannins arc supposed to be
responsible for the osiringent taste of immalure fruits, making them less palatable

than mature fruits (Ly, 2004).
» Mycetoxins: Cases of mycotoxin contamination due 1o fuserium were reposted in

plantain fruits in 1986 (Swammy, 2009).
# Desticides: As plantains arc subjected to heavy pesticide opplications. feeding

animals with plantain fevits or stalks may tesult in loXic residucs in animal (issucs.
An Australian survey assessing 28 plantain pesticides reporied that carbonyl

chlorothanlonil. dicofel and prochlomz could be responsible for residu violations in

meat and edible offal (Mac Lechian, 2006).
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Plate 3.7; Plaintaio Pecls
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3.3.5 §. cerevisiae

Baker yeast (Saccharomyces cerevisiae) is an industrial yeast belonging to the (Family

Endomyceteccase), those group of yeast reproducing sexually by production of ascospores.

They are unicellular, some appear cyclindrical or clongated, Their cells range from 2to 6

microns in Widthand from 10 to 30 nticrons in length, This ycast play an important rolc in

food industry because they produce cnzymes that arc uscful in the leaven of biead. the
praduction of alcohol, glycerol ctc.

3.4 Feasibility Study on Sample Collection Arcas

A Jeasibility test was carried out on the sample collcction areas to csiimate the sample

popwlafion and to determine the amount of wastes being generated from the parent food

materials as shown below:

PHIASE ONE: Estimation of Sample Population

The various sanyplc population was detcrinined using the formular below:

Plant population = Arca of land used

Feeding nrea (spiicings)

PIIASE TWO: Quantification of Agro-bascd Cellulosic Wastes from the Parcit
Sources

Thes for any known amounts of crop production, il is possible to estimatc the amounts of
agro by.product gencrated using the method of Vimal and Tyagi (1984) which wutilizes the

residuc lo crop ratio approach.

(i) The sweight of the waste of Wic sample population was detenained using the Top-

Load Weigh Balance.

(i) The volume of the waste of the sample populalion was delermined using the

Hirschmann Measuring CyclindcT.
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(iii) The density of the waste of the sample population was caleulated using the

formula;

Density= Mass {in Kg)

Volume (inm?)

3.5 Samplc Collection and Transporl

A considetable quantity was packed in polythene bags and then transporied dizectly 1o the

laboratory fordrying, milling and other processes. The wet and diy weight of the sample 10

be utilized in the experiment was recorded.
X6 Sampte Preparation

¢ Drying: The samples were sun dsied under the sun or placed in an oven for about

3-5days to reduce the moisture content 10 about 10%.

* Milling: The dricd samples weré pulverized using a morter and pestle 10 a size of

about 15mm. This allowed for a large surface azca of the substiate 10
facilitate chemical hydrolysis.

* Weighing of the Subsirate

Each of the subsirate utilized in the experiment was weighed using a Toledo Meule
weighing Balance (= 0.001g) at IMRAT, College of Medicine, UCH, Ibadan,

Twenty grammes each of the powdery biomass was weighed as shown below:

Wiof Aluminum foil (W;) =2.4809
Wt of Aluminium + substrate (W;) =22.4809
W1 of Substrate= W7 - Wi

=22.4809 - 2.4809 =20g

Henge 20g each of the substralc (saw dust, cassava peels, planiain, peels and yam peels)
Was utilized for the chemicai hydrolysis.
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3.7 Matcrials and Mcthods
3.7.1 Matcrials

The following materials were utilized in this study: Copical fJasks Beakers, Test tubcs
Measunng cyclinders, Bunsen burner / Lighter. Colton wool, Incubaior. Oven, Foil-paper,

A."al)'ﬁcﬂl balance (+ 0.001g), pH metes, Spatula, Polythene bag, Siever, Whatman No]
filter paper. Glass funnel, Burette, Pipeite, Glass bottles, Reagent botiles, Tripad stand ed.c

3.2.2 Consumables

lhe following consumables were utilized in the course of the experiment: Lime
[(Ca(OH);], Cone H2SO., Distilled woter, Fehling solution, Baker yeast (Saccharonyces
cerevisige), Methylated spiri, Detergent and Acidified KMnO4.

J.7.3 Collection of Materials

The materials used in this siudy were obtained [rom the PSM Laboratory, Faculy of Public
health and {MRAT both in the College of Medicine, UCH, lbadan. The Baker yeast (S
cerevisiae), Lime, Fehling solution ond Acidilied KN nO4 were purchased.

3.724  Qunlity Control and Quality Assurance

All the glass-wares used for this study was thoroughly washed with detergent, ansed with
distilled watcr and then ollowed to dry in a hot- air oven. The pracess of stcritization of the
equipment was to safeguard agoinst possible conlaatination of the sample under study.

Disinlection was cagried oul by cleaning the whole surface of the working bench with
colton wool soaked in methylated spirit before and after each pracess.
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3.9 Materials and Mcthods
3.7.1 Matcrials

The following materials wefe utilized in this study: Conical flasks, Beakers, Test tubcs,
\Measuning cyclindets, Bunsen burmer / Lighter, Cotton wool, Incubator. Oven, Foil-paper,
Analytical balancc (£ 0.001g), ptl meter, Spatula, Polythene bag, Siever, Whaiman Nol
fitter paper. Glass funnel, Bureiic, Pipette, Glass bottles, Reagent bottles, Tripod stand e-1-c

3.7.2 Consumables

lhe folloming consumables were utilized in the cousse of the experiment: Lime
[(Ca{OH);}, Cone H2SO., Distilled water, Fehling solution, Baker yeast (Saccharomyces
cerevisiae), Methylated spirit, Detergentand Acidified KMnO«.

3.7.3 Coallcction of Materials

The matcrials used in this study were obtained from the PSM Laboratory, Faculty of Public
health and IMRAT both in the College of Medicine, UCH, Ibadan. The Baker yeast (S.
cerevisiae), Lime, Fehling solution and Acidif ed KMn04 were purchascd.

374 Qunlity Control and Quality Assurancc

All the glass-wazes used for this study was thoroughly washed with detergent, sinsed with
distilled water and then allowed 10 dry in a hoi- air oven. The process of stenlization of the
equipment was to safegunrd against possible contamination of the sample under study.

Disinfection was carsied out by cleaning the whole surface of the working bench with
cotlon woo! soaked in methylaicd spisit before and after each process.
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Plate 3.8: Powdery form of biomass (20g each) ready for acid hydrotysls

AFRICAN DIGITAL HEALTMIREPOSITORY PROJECT

-._-uo



Plate 3.8: Powdery form of biomass (20g each) ready for acid bydrolysis
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3.8 Laboratory Methods

The procedure that was adopted in this study was the concentraled sulphuric acid process
(Separated Hydrolysis and Co-fermentation process configuration), This acid-based
lechnology is a generic process that consists of five basic steps:

1. Pre-treatment to hydrolyze the sample

2, Chcmiical hydrolysis of lignoccllulose to produce sugars.

3. Biochcmical test: For Total Organic Carbon (1.0.C), Niwogen, Phosphoius.
Glucose, Total Reducing Sugar (T .R.S).
4. Ncutralizotion process (to sepasate the sugars from acid). | _

S. Fcrmentation of Sugors (Glucosc) to Ethanol.

The Sepetaled Hydrolysis and Co-fermentation (SHCF) process is a non-enzyme-based
approached, acid is used for both hemicclluloses and cellulose hydrolysis. The other
configuration is called the SSF (Simultaneous Saccharification end Fcrmentolion) or SSCF

(Simultoncous Sacchatification and Co-fesmentation) which is an enzymatic approach, in

Blops gy = amy = o

which dilute-acid pretrcatment is uvsed W hydrolyze the hemicelluloses portion.

Saccharification (hydrolysis) of cclluolose 1o ccllobiose nnd eventually to glucose is
catalysed by the syncrgistic oction of cellulasc and b-glucosidasc enzymes. Co- "\
fermentalion refers to fermentption of both six-carbon hexoses (that is. glucose, mannose,

and galoctosc) pnd five-carbon penloses (thal is. xylose and arabinose) sugars to cthanol,

Bencfits of the STICF processing mode are as follows:

" Enables cach step 1o be camied out ol its respeclive optimal conditions

(temperature, pH, etc)
* Large benefils if significantly dif¥erent optima exist

* Produce intermediate sugar prodtcl

» Sugass released by cellulose hydrolysis are decoupled from fermenlation (unlike in ’

SSF), hence, not caplive todny specific fermentation/products.
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38 Laboratory Mecthods

The procedure that was adopted in this study was the concentrated suipburic ocid process
(Scparated Hydrolysis and Co-fertnentation process configuration). This acid-based
technology is agenetic process (hal consists of fiye basic sieps:

|. Pre-treatmentto hydrolyze the somple

2. Chemical hydrolysis of lignoccllulose to produce sugars.

3. Biochemical test: For Total Organic Carbon (1.0.C), Nitrogen, Phosphoivs,
Glucose, Total Reducing Sugar (T.R.S).
4. Ncutralization process (to scparate the sugars from acid). |

5. Fermentation of Sugars (Glucose) to Ethano!.

The Scperated Hydrolysis and Co-fermenintion (SHCF) process is & non-enzyme-based ‘
approached, acid is used for both hemicelluloses and cellulose hydrolysis. The other |
configuration is called the SSF (Simulapeous Saccharificotion and Fenncntatioo) or SSCF :
(Simultancous Seccharification and Co-fermentation) which is an enzymalic spproach, in g
which dilute-ocid prcireatment is used to hydrolyze the hemicelluloses portion. i
Saccharification (hydrolysis) of celluojose to cellobiose and eventually 1o glucose is 3
cialysed Ly the synergistic action of cellulase and b-glucosidasc enzymes. Co- '1\
fermentation refers 1o fermentotion of both six-carbon hexoses (that is, glucose, mannose,

and goloctose) and five-carbon pentoscs {that is, Xylose and orabinose) sugars 10 cthano!.

Benelits of the SIICF processing mode orc as follows:

* CEnables cach step to be carricd out at ils respective oplimal conditions

(temperature, pH, eic)

* Largebenclits if significantly difTerent Optima exist

Produce intertnediate sugnr prodiict
' Sugars released by cellulose hydrolysis ore decoupled from fermentation (unlike in 1

SSF), hence, not coptive o any specific fermentationvproducts.
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Figure 3.1: EXPERINMENTAL FLOVW CHART
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3.8.1 Chemical Hlydrolysis

Materials: Measuring cylinder, conical flask, Distilled water, funnel, stove, sieving net

meial, presser (spoon), beakers, Therinometer, Reagent bottle, sulphuric, acid, A-R.

H:50,= 98g/mo}
Assay: 98% minimum purity
Weight perm|1 Approx §.835g at 20°C

The powdery biomass was mixed with various sirenght of H:SOq viz 30%, 50% and 70%

in order to optimize the production of glucose (the precusor for ethanol production) from

the vanious concentration of acid.

Molar conccntration of the stock 11:5SQ4 solution :
Specific gravity = 1.835g :
Percentage Purily = 98% {:
i |
: Since lem® o f1he acid contains [.835¢ of H1SQ.. "
ii
If 1115 98% pure A

: lem’ of (he acid will contain 98 x 1.835g = 1.7983g
100
Convert 1he mass to mole
Molar mass of H2SO, = 98.08gmol’’

|
: lem® of the acid contains 1.79835g/98.08gmo} =0.018335mol

: . b 1S
:ldm’ (1000cm?) of the acid wall contain 0.018335 x 1000 = 18.34mol of 11250,

L A
Concenteation of the stock reagen is 18-34moldm (18.34M).

atlon of 30% conceniration of {he stock solation.

30/100 = §.835g = 0.55058,

2. To find the molar concentr

lem? of the acid willcontain

Convert mass 1o mole
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: lem? of the acid comains 0. 5505g/8.08gmol" = 0.005613mol.
: 1dm® (1000cm’ ) of the acid will contain = 0.005613 x 1000 = 5.613 mol of
H;S0,
Molar concentration is 5.6 moldm™ (5.600).
Preparatioo of 5.6M of 1dm’ HySO, solution

No of moles before dilution = No of moles after dilution
Ci(moldm™) x V, (dm’ ) = Cy(moldm™)x V3 (dm’)
18.54 x V) = 5.6l 5
Vi = 561/1834
Vi = 0.306dm’= 306cm’.

561M of 1000cm® solution was prepared by taking 306cm’ of the stock solution and
diluted with distilled water up to 1000cm’ (1dm’) mark.

b. To lind the molar concentration of 56% concenirntion of the stock solution.
: lem? of the acid will contain 50/100 x 1.835g = 0.9175¢.
Convert massto mole
: lem” of the acid contains 0.9175g/98.08gmol” = 0.009355mol.
* 1dm>(1000cm>) of the acid will contain = 0.009355 x 1000 = 9.355mol of
H1:SO,
Molar concentration is 9.4molum > (9.4M).
Prcparation of 9.4M of 1dm ? H;SO4 solution
No of moles before dilution = No of moles aller dilution
Ci (moldm™) x V, (dm’) = Ci(moldm™) x V; (dm?)
1834 x Vv, = 9.36 x &
v, = 9361834
v, = 0510 dm’= 510cm’,
9.36 M of [dm’ H;SO; solution was prepased by taking 510cm’ of the stock solution and
diluted with distilled water up to 1000cm” (1 dm’) mark
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e. Tofind themolar concentration of 70% concentration of the stock solution.

* Yem? of the acid will contain 70/100 x ) 8355 = 1.2845p,
Convert mass to mole

: iem’ of the acid contains 1.28458/98.08gmol* = 0.013 I mol.

: 1dm’(1000cm’) of the acid wilt contaig = 0.0131 % 1000 = 13.10mol of
H:S0..

Molar concentration is 13.1mohim~ (13.IM).

Preparation of 13.1M of 1dm? ;S0 solution
No of moles beforedilution =No of moles afler dilution

C; (moldm?) x Vi (dm*) = C;(moldm™) x V; (dm’)

1834  x V, = 13.10 x |
V, = 13.10718.34
Vy = 0714 dm’=7llem’.

13.10M of Idm’ H2SO solution was prepared by taking 714cm” of the stock solution and
diluted with distilled water up to 1000cm’ (1dm’) mark.

y

i. Pre-Treotment Phase: ‘This is to makc the lignoccllulose material amenable 1o
hydrolysis. Prior toacid hydrolysis, the biomass was dricd 108 moislure conlent

of opproximolcly }0% and millcd lo an avcrage size of 15mm with the aid of o

grinding machine or miller.

ii. [1vdrolysls: The milled biomass was mixed with various concentration of H2S0,
of $.6M. 9.4M and 13.1M respectively. The ratio of the biomoss o lhe
in 1:5 (w/v).Thus 20g of cach subshatc was mixed with

100ml of the vasious acid solution. This results in the disruption of the bonds

s/crystallinc structurc making the long

concenuated acid was

belween the crysmllmc cellulose chain

cellulose chain accessible fof hydrolysis. In the fist hydiolysis, the mixture of

cid and biomass was heated 1o 100°C for about 00 minules to hydrolyse the
aci

lignocellulose. This resulted in the formation of a thiek gel, which was pressed
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on a sievi i :
o410 Metal {siever) to obtain an acid. sugar sucam, The volume of th

concentiated H3;S0;. The mixture was hested for 50minutes ot 100°C 10

hydrolyze the lignoceliuloscs materials. The resulting gel was again pressed 10

oblain n second acid- sugar siream and 1he volume also rccorded. The sircan

from the 1wo hydrolysis steps was combined together.

Equation of reaction;

(CgH00¢)n + H;0 . CsH 204

Lignocellulosc  Conc.H:S0;  reducing sugar

The let over solid which is lignin, the most recalcitrant 1o degradation owt of the 3

component of liginocellulose material (Lignin, hemicellulose and cellulosc) was dispased

in o wasle basket.

The acid-sugar sircasn (hydrolysale) obtained [tom the various scid conccalralions al
5.6IM, 9.36M and 13.10M respectively were subjecied to biochemical analysis. 50m!

from each of the hydrolysaic werc taken for the feHlowing bicchemical analysis:

- Totnl Organic Carlion (1.0.C)
Totnl Nitrogen
Toltnl ’hosphorus
Total Reducing Sugar

Glucose (Precursor for ethanol pioduction )

The important of this slep was o delexmine which of the acid concentration hydrolysis

Produces the best yield of Glucose and other Fermenioble Sugors.
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obtained from the 13.1M H,S0q

Plated.9: Hydrolysatesof each of the substraie
by drolysis performed in trip licale
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biained from the 13.1M H:SO,

Piate 3.9: Hydrotysates of each of the substraie o
hydrolysis Performed in triplicate
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38.2 Proximale Annlysis

Samples were analyzed chemically according to the officinl methods of analysis described

by the Association of Official Analytical Chemists (A.O.A.C.1984, 1990, 1998). All
analysis Was carried out in triplicate.

3.8.2.1 Deteranination of Tolul Orgnnic Carlion

The Total Organic Carbon wasdctertmincd by using the Walkey Method.

iteagents uni Mctheds of IPreparntlon

I. Standnrd Normal ’otnssium Dichromatc

KaCtOy was oven dry at 130-150°C for 210 3 houts. it was cooled in o desiceator,
weighed at exactly 49.0358 of the dried salt, dissolved in about 950ml of the distilled

water, and placed in a cool place or toom ovemight. Wheo cool. it was made up to 1000m!
with distilled water (cold).

2. Standard Normal Ferrous Ammonium Sulphazte.

156 868 of Fe (NH.) (SQ4); was weighed outand dissolved in about 900m! of distitled
water. 25mb Con H:S0. was added and allowed to cooled. It was made up to the mark

with distilled water and standardizes using the Normal Potassium dichtomate

3. Diphenylamine Indicator

I8 of diphenylamine was dissolved in 200m] of | t0 | solution of H20to H3SOa.
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Procedurc

| Between 0.1- 3.0gm of the sample was weighed; depending on how dark the colour
of the analyte is. '

2. 10ml of the [N K2CnO» was added from an automatic burcite, then added to this

very carefully was appropriately 20M Cone. H;50, fiom non ocid dispensing
burette. Shake gently and lefi to cool.

). Distilled water was added to make up lo approximately 150ml niack on the conical
flask | |

4. Added to il was 8-10 drops of diphcnylomine- indicalors; the colour was now dark

violet. f
A
5, It was titoted with 04N Ferrous Ammonium Sulphate until the Voilel colour t
changed to Green. ;:
6. A duplicate blank dctemiination was carried out on 10ml of the Nomnal }
K2Cr20;using all the reagents cach time o sct of determination was done. ?
Calculation L'
[2t y be the vol. in mitlimetets of 0.4N Feirous ammonium sulphate used to react with the
remaining in K;Cr0; is 0.4y cg since 10m! of K:Cra01 were used in the first place, then
the amount used to oxidize any carbon in the ssmple will be (10.0 - 0.4y). Iml of K2Cr201
=0.003g carbon. However, the reaction is only app roximately 75% complete.
Therefore, 1m! of K;Cr,07= 0.003x100/75= 0.004gC.
That is % Total organic corbon in the sample (hydrolysatc)
={]0.0-0.4y} x0.004x100 .

Wiof sample oken

Since y is Titre value uscd for the titiation (T-V)
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Hence

% Total Organic carbon=(10.0.0.4x :

—

Wi of snml;lc token
Where T.V= Titre Vajue.

18.2,2 Determinntion of Total Nitrogen (%)

The tolal nitrogen (%) in the stnplcs was dctermined by the routine semi- micro Kjeldah!,

Procedure/ technique. This consists of three techniques namely Digestion, Distilfation and

Tilzation.

Apparatus: Analytical balnnce, Digestion tubcs, Digestion Block Heater, 50mi Burette,
Sml Pipetie, 10ml papetic, 10mb Measuring Cyclindcr, 100ml Beakers, iFume cupboard

Reagents: Cone H2SO4, 0.04N HCI, 40% {w/v) NaOH, 2% Boric Acid Solution, Methyt

Red-Bromocresol green mixed indicator, Kjeldahl catalyst tablet.
Digestion

0.5g of each sample was wcighcd catefully into the kjeldahl digestion tubes to ensure that
all sample maltcrials got to the boitom of the tubes. To tbis were added 1 Kjeldahl catalyst
tablet and 10m] of Conc H:SOs. Thesc were sel in the appropriate hole of the Digestion
Block Hcaters in a fume cupboard. The digestion was lefi on for ¢ hours, after which o
clear colourless solution was lefl in the tube. The digest wns cooled and t1ansferred into

100m! voluenciric ftask, thoroughly rinsing the digestion tube with disulled water and th.c

flask was moade up to mark with distilled water.

Distitlation

The distillation was done with Markham Distillation Apparatus which ellows volatile
substances such as ammania to be steam distilled with complete collection o fthedistitlote.

The appajalys was Stcarned out for aboul ten minutes, The sicom gencrator was then

feMoved from the heat source to the developing Yacuum lo remoVed condensed water, The
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.lchc

¢ Total Organic cerbon = (10.0-0.4xT.V) x0.004 100

Wiof sam|;le taken

Where T.V= Titre Value.

38.2.2 Deterininntion of Totnl Nitrogen (%)

The total nitrogen (%) in the samples was detennined by the routine semi- micro Kjeldah,
procedure/ technique. This consists of threc techniques nuncly Digestion, Distiilation and

Titation.

Apparatus: Analyticnl bolonce, Digestion tubes, Digestion Block Heater, 50l Burette,

5ml Pipetie, 10mi prpette, |0ml Measuring Cyelinder, 100ml Beakers, Fume cupboand

Reagents: Conc H2S0;4, 0.0IN HCI, 40% (w/v) NnQH, 2% Doric Acid Solution, Methyl

Red-Bromocresol green mixed indicator, Kjeldahl catalyst tablet.

Digestion

0.5g of cach sample was weighed corefully into the kjeldohl digestion tubes to cnsure that
oll sample materials got 10 the bottom of the tubes. To this werc added ] Kicldohl cotalyst
1blet and 10m) of Cone H:SO4. These were scl in the appropriate hole of the Digestion

Block Heotess in o fume cupboard, The digestion Was et on for 4 hours, afler which a

clear colourless solution was left in the tube. The digest was cooled and transferred into

100ml votuinetric flask, thoroughly rinsing the digestion wbe with distillcd water and the

Nask was madc up to mark with distilled watcr.

Distillation

with Morkham Distillation Appamius which allows volatile

The distillation was done ote collcction of the distillate.

onia 10 be stcam distilled With compl

substanc as amm
stances such as ics. The stcom gencrator was then

tcn miny
The appdtatus was steamed oul for aboul

> ter. Th
removed from the heat soufce to the developing vacuum 1o femoved condensed waler. The
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steam Bcnerator was then placed on the heat 5oy

component of the apparatus was fixed up appropriately.

spparatus via the small funncl apertute. To this was added Sml of 40% (w/v) NaOli
theough the same openting with the Sm! pipette.

The mixture wns stcam- distitled for 2 minutes into a 50ml conical Mask containing 10ml
of 2% Boric Acid plus mixed indicator solution placed at the receiving tip of the
condenser. The Boric Acid plus indicator solution changed colour from red to green

showing that all the nmmonia libetated had been trapped.

Titeation

The green colour solution obtained was then tivaled against 0.0IN HCI contained in
30m) Buretie. At the end point or equivnient point, the green colour turced to wine colour

which indicated that all the Nitrogen ttapped os Asunonium Borate [ (NH,): BO,} was

removed as Ammonium chloride ( NH4Cl).
Calculation

The peccentage nittiogen in this onalysis was calculated using the formula:

% N = Titte value x Nonnality of HCI usedx Atomic mass of Nx Volume of Flask

containing  the digest= 100

we (ic heating mantle) and each

Determination: Sml portion of the digest obove was pipetied into the body of the

2000

3823 Delermination of Totat Phosphoerus (%)

Phosphorus was dctcrmined foutinely b the Vanado-Molybdotc colounmcter or

spectiophotometeic method
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Apparalus: SpcctrOpholomclcr or
Whatman filter paper,

Funnel, Wash botile, Glass rod, Healing mantle, Crucibles, Fiame
photometer, Analytical balance.

Reagents: Vanadate- molybdate yellow solution, 2M 14CI.

Preparation of Standard Phosphate Solution: 219.5mg anhydrous KHiPQiwas
dissolved in distilled soter and diluted to 1000ml; 1.00m] = 50.0ug POS™ P.

Preparation of Callbrmtion Curvc: 10ml of the standard phosphate solution was placed
in 2 S0ml volumetric flask. 10ml vanadate- molybdate yellow solution was added and
diluted 10 the mork with distilled water, stoppered and left for 10mins for full yellow
devclopment. After 10mins or morte, the obsorbance was measured versus a blank solution

(using 15ml. 20ml. 25m] 30ml). A graph of Absorbance agajnst Concentration was drawn
oand the slope was calculated.

Procedure: 20mg (0.02g) of cach sample was digested by adding 5ml of 2 M HC1 solution
to the hydrolysate in the crucible and heated 10 dryness on o heating mantle. Sml of 2M
lIC) was added ogoin, heated 1o boil, and liltercd through o whatman No | lilter paper.
10ml of the {ilicrate solution wos pipetted into SOm] standard flask and 10m] of vanadate
yellow solution was added and the flask was made up to mark with distilled watcr,
stappered and ieR for iOminutes for full yellow development. The concentration of
phosphorus was obtained by taking the optical density (OD) or absorbancc of the solution

on o Spectronic 20 spectrophotometer or colourimetcr 8t wavelenght of 470nm.

NOTE: A wavclenght of 470nm is usualfy used because fetric jon causes interference at

low wavelenghis, particularly ot 400nm.

Calculation
The pescentage phosphorus was catcul oted from using the fonnula;
%P = Absorbance rcadingx Slops x Dilution factor

1000
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Apparatus. Spectrophotometer of colourimeter, 50m| volumenic fask
Whaimon filter paper, Funnel, Wash botlle, Glass rod, Heating mantle

Crucibles, [lame
photomeltcr, Analytical balonce.

Reagents: Vanadote- molybdate yellow solution, 2M HCI.

Preparation of Standard Phosphale Solution: 219.5mg anhydrous KH:POqwas
dissolved in distilled water ond diluted to 1000ml; 1.00ml = 50.0ug PO’ P.

Preparation of Calibration Curvie: 10ml of the standard phosphate solution was placed
in a 50ml volumetric flask. 10ml vanadote- molybdate yeilow solution was added and
diluted to the mark with distilled water, stoppered and left for 10mins for full yellow
devclopment. ARer |Omins or more, the absorbance was measured veisus a blank solution

{using 15ml. 20ml, 25ml 30m)). A giaph of Absorbancc against Concentsation was diawn
and the slope was calculaled.

Proccdure: 20mg (0.02g) of each sample was digested by addiag 5m! of 2 M HCl solution
to the bydrolysote in the crucible and heated o dryncss oa a hcating mantle. Sml of 2M
HCI was added apain, heated to boil, and (ilitred through a whatman No 1 filier paper.
10ml of the filteratc solution was pipeuted into SOml standard flask and 10ml of vanadate
yellow solution was added end the flask was made up to mark with distilled water,
stoppeted and el for 10Ominutes for full yellow developmeat. The conceatiation of
phosphorus was obtained by taking the optical density (OD) or absorbance of the solution

on o Spectronic 20 speetrophotometer or colourimeter at wavelenght of 470nm.

NOTE: A wavelenght of 470nm is usually used because ferric ion causes interfereace at

low wavelenghts, particularly o1 400nm.

Calculation
The percentage phosphorus was calcul oted from using the formula:
%P= Absorbance seadingx Slope x Dilution fclor

1000
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Where
Absorpancex Slopex Difution focion=PPM/10,000
Hence

% P = PPM/10,000

Where

Absorbance = Reading oblaincd {rom the spectrophotometcr.
Slape # Result of the Standord curve

Dilution factor= Volume of the extract/ weight of the sample.

1824 Dectermination of Glucose Yicld.

The fenic cyanide method described by the Associntion of Official Annlylical Chemists

(1984) was used to determine Lhe glucose yield

Principle
Unlike atkaline conditions. glucose reduced ferric cyanide to fcrrocyanide, which reacted
with fenic ions to form a ycllow colour. This reaction was (hen utilized in a colorimelyic

assay.

Preparation of Glucose standard

The stock g]ucosc standnrd wis madc by diSSO]Viﬂg 0. lgorsmndﬂfd D. glucosc in dlS(i"Od

water and made up to the mask in 100m! volumetic flask. 10ml of this was thea djluted

wilh distifled water and made up lo the mark in & 100ml volumelyic flask. Im] of Ihe

diluted sojution contained 100mg of glucose.

Calibration curve

Different concentrgtion was prepased from the siock solution of D- glucose i.c ppm.

2Ppm, 3ppm 4ppm and 5ppm respectively. The obsorbance was measured 8t 380un, with
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distilled water as the reference/zero. A gaph of concentration ageinst absorbance was

plotted end the gradient was calcutated,

T oo
. o0n2
| 003
0,008
0.006 " Mol

0.004

0002

iPPM 2PPM 3PPM 4PPM SPPM
Contentratonof Glucose (PPM)

=0
Fig3.2: Glucose Standard Curve Slope = 0.384

Preparation of reagents |
Solntiop A; 12.5g potassium fenicyanide
anhyd;ous sodium carbonate Was poured into 8

' into 8
dissolved it; after Which the solution Was poured 1ni0
, distilled weter.

(potassiym hexacyenoferrate iii) ) and 10.0g
100ml beaker, distilled Water was added 10

250m] 12beled, Grade A volumetric

flask and make up lo volume wit

fum was po ' S00m) bea ker,
§ B: 87.5g 8nhydrous sodiym cerbonaie wed m.lo a
ot ’.:deda dissalve it; after which it wes transferred ioto 8 100m| labeled,
0 *

distilled water was o volume With distilled waler.

Grade A volumetric flesk, and made Up |
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Ferricyanide reagent: 25ml of solution A and 100ml of sofution B wns pipetted into a

1000m! labeled, Grade A volumetric flosk, and was made up to volume with disiitled
water,

Praccdure

Two gtams {2ml) of the sample was dissolved in 250m! of distilled water o prepared the
extract,

Im] of the aqeous extract was mixed with 8mj of the ferricyonide reagent in o labeled,
50mj, Quickfit stoppered boiling tube. A blank conirol was atso prepared consining 2ml
distilled watcr nnd 8ml ferricyanide reagent. The contents of all the tubes were mixed and
boiled for 15 mins in a boiling water bath, using o metal test-tube rack. It was cooled

ropidly by placing in a bath of cold water, and mixcd well.

The absorbance of the samples was measured at 380 nm with that of the blank as the
relerence/zero. using a quariz curvette, The absorbance reading obtaincd was extraplolated
from the calibration plot. 1o obtain Ihe concentration of glucose in the reaction mixture.

The glucose yicld in the original sample was calcutated as follows:

Calculation
Glucose yield = (Cy x 125) x (000 mg/Kg dry weight
Di
Where

C| = Concentration ofglucosc in the 10ml reaction mixture read from the calibration pfOl,

125 = Conversion factor since 2ml of the sample as dissolved in 250m] aqcuous
extiact, and the absorbance was measuted.

1000 = Conversion factor to convert final value from mg/g to Mg/Kg,

D1 = Dry weight o fthe original sample, which is 208
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Ferrieyanide
1000ml

waler.

re S )
agent: 25ml of solution A and 100ml of sofution B was pipetted inlo a

| ic [
abeled, Grade A volumetsic (lask, and wns mode up to volume with distilled

Procedure

Two grams (2ml) of the samplc was dissolved in 250ml of distilled water to prepared the
extract,

2ml of the oqcous extract was mixed with 8m! of the lerricyonide teagent in o labeled,
50mi, Quickfit stoppered boiling tube. A biank control was also prcpared containing 2m!
distifled water and 8ml fcrricyonide reagent. The contents of ol the tubes were mixed and
boiled for 15 mins in a boiling water bath, using a metal 1est-tube rack. it was cooled

1apidly by placing in a bath of cold watcr, and mixed well.

The absorbancc of the samples was measured at 380 nm with that of the blank as the
reference/zero, using a quariz curvette. The absorbance reading obtained was cxtraplolated
from the calibration plot. to obtain the concentration of glucose in the reaction mixture.

The giucose yield in the original sumple was calculated as follows:

Calculation
Glucose yield = (C; x 125) = 1000 mg/Kg diy weight
D)
Where

Ci = Concentration of glucose in the 10ml seaction mixture read from 1he calibration plov.
125 = Conversion factor since 2mlofthe samplc Was dissolved tn 250m! oqcuous

extract, and the absorbance wos measured.
1000= Conversion factor to convett final valtc from mg/g to mp/hg.

D1 =Dry weight o fthe original sample, which is 208
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3825 Determination of Total Reducing Sugars (T.R.S)

The Phenol- Sulphutic Acid Method occosding to Dubais ¢ af, (1956) was followed.

Preparation of Solutjons

A. 52% I'henol solutions

52ml (52g) of phenol liquid / oil crystals i.c v/v or wiv wos dissolved in 100ml

volumetric Nusk and made upto the mark with distilicd wotcr.

R 96% Sulphuric Acid

96ml of Sulphuric Acid (14;S0,) pure Analar Reagent (viv
h distilled wotcr and ollowed

} was measured inlo

100m} volumetric flask and mode up 10 the mork wit

to cool before being used.

Preparntion of Glucose Stondard
ard glucose io distillcd

4 was mode by dissolving 0-1g stand
(10ml) of this wos hen

lumctric Nosk. Ten
100m} volumetsic flask. One

The stock glucose standas
¢ mark in 100mi VO

water and made up to th
diluted with distilled watet and made up to the mark in @

(Jml) of the diluted solution contained 100mg of 8lucosc:

Different concentrations Were prepared (rom the stock solution (i 1ppm, 2ppm. ippm,
d the slope was

e agoin;! concepimlion Was plotted an

4opm, Sppm). A Braph ol Absorbanc

determincd.

Procedure

Two ams (2ml) of sample wos dissolved in 250mi of distillcd wales Of cthanolic extact
% cthanol and centrifuged 1o get

can also be used (80%) cthanol) by 0dding 6- 8mi of 80

the supcsnotant for the onalysis-
est- tubes and 1mb of 5294, phenol was

oh Was pipented into!
o added drop by drop, The tesl- tubes

¢ g6t 112500 Vas s
(ore their contenls wote tansfcrred into clean,

was read with o UV spectriophotometer at &

One (iml) of the diluted soluti

added 10 cach test- tube, sml o

were ojlowed to stond (or 10minuics be

greasc. free cuvet(cs ond the obsofbonce
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wovelenght of 490nm. A blank was also prepared as above but distilled water took the

place of sample being analyzed, The blank was used to set the cquipment

to the zero mark.
D- Glucose was used as the stendard.

Calculation

TRS = (Cpx 125) x 1000 mg/Kp dry weight
D,

Wihere

Ci= Concenttation of reducing sugars tead from the appropnate calibration graph.

TRS= Total Reducing Sugars.

125= Dilution factor, since 2ml of the analyle was dissolved in 250ml of the distilled
water.

D= D1y weight of the original sample, which is 20.

1000 = Conveision factor, to convert final value from mg/g to my/Kg.

3.8.1 Ncutralizntion Process

Apparatus : Analytical balance, pH meter, Whatman Nol filtcr paper, 250ml Conical

flask. Bunsen bumner / stove, 10ml Test tubes. s0ml Burctte, Sml Pipetic, 500ml Conical

Bask
Reagents: Ca(OHy; solution / Lime, Fehling solution, Distilled water.

Peeparation of Calcium hydroxide solution / Lime

eighed info a reagent bottle, from this a
0 d 100g) Ca(OHy powdet WBS W :

=7 e ontained in a S00ml conical flask
ute were dissolved in the distilled

water. Th Cn{OI {) pOWdcr Wwas conhnuously added with Sli"iﬂg until a salumlcd 5olul|on

Wwas obtained, The salurated solution WS

obisin a pure solution of Ca{OHn

 Jiered thiough 8 Whaiman Nol filter paper 1o
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I'rocedure

Lime [ Ca(OH),] contained in a S0m] burette was tiirated against each of the

| hydrolysote in
o 250ml conical fMask lo neutralize the sulphuric

ocid and this raised the pH of the

hydrolysale to about 5.5. The titration was stopped when CaS0, (gysum) precipilated out

of solution accompanied by an cxothesninic reaction {evolution of heat 10 the surounding).

The CaSO4 was removed by filisation using a Whatman Nol filter paper and sent to the

disposal {waslc bin). The filtrate which is o free sugar stream was tested for the piescnce of

teducing sugar before being subjecied 10 ethano] fermentation.

Equation of Reaction:

CiHja04-----HySO4 + Ca(OH); ——» CeHi305 + CaSOyppyy + 2H;0

Hydrolysate Limc Free supar

3.84 Test for the presence of Reducing/ Simple sugar
About Imi of Fehling solution was added 1o Sm] of the sugar solution. in a 16m! 1esl tube
and healed to boil. The Fehling solution changed from blue 1o oronge- red colour,

conl rming the presence of reducing sugars,

AR5 Sugar (Glucosc) Fermentation

Apparatus: - Sterile cotton wool, Incubator, Anslytical baanct. (Z50nilEon S Ge

Bunsen bumer.

Consumablcs; Saccharomyces cerevisiae (D1y Baker yeast), Distilled water, Detergent,

Methylated spirit.

Sterilization of materials and dlsinfection

All tse glass-wares used for this process Wos thoroughly washed wilh detergent, rinsed

properly wilh distilled water ond then dtlow fo dry in o hot-gir oven. The process of
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solution.

Disinfection wns carried out by ¢ leaning The whole surface of the working bench with
cotton ool sonked in methyloted spitit before the fennenting process

Weighing of Sacchiaromyces cerevisine

The weight of the dry yeas! to be ndded to cach of the sugar solution was detcrmined by
using the method described by (Baret, 1975): Using 2 grams of diy yeast per galion {4

litses) of supar solution.

Procedure (The fermenting process was done under an aseptic condition)

Xgrams of dry ycnst wns wcighed, added and thoroughly mixed with each of the supar
sofution obtained from the various subsuate bascd on the above proportion in a 250ml
conical flask Hamed around the mouth region with a lighter. after which {1 was sealed at
lhe mouth with a sterile cotion wool to make it aiitight and to prevent air entiy. The
lermenting broth was piaced in the laboraloty at an optimal temperuture of 30°C for 72hrs
(3days) 10 ensure maximum ethanol production. The effectiveness of ferrzentation was
checked by taking sample from the fermented broth every 24 hrs by testing for the

presence of ethanol. The ethanol yield was also determincd quantitatively and

qualitatively.

Equation of the rcaction:
Csi11204 yeast 2C;Hs0H +  2C0:1(g)
Glucose Ethanot  Carbon dioxide

Nole: Any variation in these conditions sevetely afficcts the cthanol production, possibly

due 10 excessive enzymes degradation and loss of activity ot a high temperature, reduced

setivity of glycolytic / ferinenlative enzyme 0t 2 Jow tcmpeeature, and inactivation of

‘it 20014
enzymes due to pH variation (B33, Yousuf and Thakus, 2001)
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3.8.6 Conﬁnnatory Test for Ethnnol

Aboul 1m] of acidified KMnQq solution was ndded o 5ml of the fermented broth and

heated to boil. The fonnation of a colourless liquid with an unpleasant smefl of ethanal

confimned the presence of cihnnol.

The Ethanol Concentration and Yield was detesmined by using the Official Methods of
Analysis described by the Association of Official Analytical Chemists {1984).

3.8.7 Dectermination of Ethanal Yield (viw)

Principle

Alcohol was distilled from sample and collecled in an acid soluiion of potassium
dichromote whcre it is oxidized to acctic acid at 60°C. The residual dichromate ‘was

determined by back titration with ferrous sulphate in n strong acid solution using femain

indicator (1,10 ~ phenanthsoline fe iroussulphate complex)

Equipment
*  Quicklit 500ml Nlask, round-battomed, unilortn height of 205Smm with 70mm neck
and 24/29 socket FR500/30,
* Quickfit 150ml conical flask with 24729 conical fask with 24729 sockel FE 15073,
* Quickfit siopper, 24/29 cone.
¢ Heating mantle for 500ml fask.
¢ 25ml burette, Grade A

* 25ml pipeltes, bulb lype Giade A
¢ 500ml, 1L and 2L volumetric flasks, Orade A

Consumables

¢ Ferrous ammonium sulphate

Ferroin indicatoy BDH 21056 (1,10-pheonathroline.ferrous Sulphate complex
e Ferroin r

solution 0.025molA redox indicator.
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s Potassium dichromste, AR.

o Sulphuricacid, concentrated.

* Anti-bumping grunules.

Proccdure

Preparation of reagents

potassluin dichromaite (0.25N): 6.129g of potassium dichromatc was dissolved in water

and made up 10 SO0mI and kept in on amber glass-stoppered botlle.

Sulphuric acid (approximuately 25N): 300ml water was placed in a 2L conical flask and
cautiously added 600mi of sulphuric acid AR while eooling was done in a bath of tap-

water during addition. The solution was then kept in a glass bottte.

Ferrous ammonium sulphate (approximatcly 0.tN): 40g of fesrous ammonium sulphate
was dissolved in water, aflier which 30ml of sulphuric acid {concentrated) was added 10 it.
The solution was cooled and then made up tol L with water. Note: this was best made up
as required as the strength slowly diminishes due to oxidation by atmospheric oxygen.

Ferrnin indicator (1. 10-phenanthroline-ferrous sulphate complex solution 0.025mol/l
redox indicator, BDI 21056).

Method
0 8mi of the sample was added with anti-bumping granules to 50ml of distilled water and
distifled from o 500ml round-bottomed Quickfit {ask. The distillate was collected in a

150ml Quickfit conical fask marked at 35ml ond containing 10ml of 0.25N potassium

dichromate (i.c, 25ml of distillate was coliccied).

Twenty five (25ml) of 25N sulphuric acid (using measuring cyclinder) was added to the

Nask. and Pl’Oﬂ'lpl]y stopper . The volumes wei€ chosen so that (

mixing was cqual to 60°C. Afies 30min interval the contents of the (iask was then titrated,

A blank was sun a1 the some time. Ten (10mb) of 025N pot
flask, and cooled and then tjtrated.

he temperature after

assium dichiomste, 25ml 25N

sulphuric acid and 25ml water was added 108 150ml
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e e green, then changes in one drop through grey to
pinkish-brown: this is the end-point. The volume titrated was noted

The volume litrated was used 1o obiain the ethanol concentration in the reaction miXture;

the ethanol vield in the original sample was calculated as shown below:
Calculation

Ethanol Concentration in mg/m! calculated as follows:
Ethanol (in mg) per ml of sample = L [32x{B-T)}x253/B
Sample volume (ml)
Where T= ml titration of sample

B=ml titration of Blank

Ethono! Yield= C x V x 50 x 10° mlfkg diy weight.

De
Where

C = Concentration of ethanol (mg/ml)

Y = Yolume of sugar (ml)
50 = Multiplication factor used to ¢xtrapolote the sesult from the ofigliral sample of

20 10 kg.
De = Density of ethanol (789kg/m’)-

3
10°= Conversion factor to convert final answer from m’/kg to cm/k g (mUkg).

39  Data Management & Statisticnl Analysia

Data was recorded at every given step 1n the process.

of weight, volumes, specific gravity, fermentation lime €IC.

This was echieved by measurement
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Titration: Two (2) drops of fetroin indicator was added 1o the contents of the flask, and
then tittated against 0.IN feerous ommonium sulphate

from 3 25ml burcite. The colour
giadually changed from yellow to blue-green.

b, (= then changcs in one drop through grey to
pinkish-brown: this is the end-point. The volume litratcd was noted

The volumic titrated was uscd to obtain the ethanol concentrotion in the reaction mixture;
the cthanol vield in the original sample was colculeted as shown below:

Calculation

Ethanol Concentration in mg/ml calculotcd as fotlows:

Ethano! (in mg) per ml of somple= | | 52%(B-T1*25/3

Sample volume (ml)
Where T=ml titration of sample

B=m] titsotion of Blank

Ethanol Yield = C x V x 50 x 10° mlikg dry weight.
De

Where
C = Concentration of cthanol (mg/ml)
V= Volume o fsugar (ml)
50 = Multiplication factor used to extrapolate the resuls om the onginal sample of
20 1o kg.

De = Density of cthanol (789kg/ml)a
3
10%= Conversion factor to convertfinal answer ffom m/kg to cm'/kg (ml/kg)

3.9  ®aw Management & Statistica | Analysis

Dol vaas recordcd at evety given Stcp in the ptocess. This was achieved by measutement

of weight, volumes, specific Eravity, fermcn otion lime clc.
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« All dala was summanzed using descriptive statistics such as proportions, mcaas
and standard deviation.

o The results collected on the proximate analysis and ethanol yield from the various
substrates were subjected 1o Student 1-test, One-Way Analysis of Variance

(ANOVA) at 5% level of Precision (a=3%) Lo compare the mean ethanol yicld.

e Speannan-rank correlation was used lo check if a relationship exists between the

cthanol yield of the substrates and the time of [ermentation.
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CIIAPTER FouR

This chapler presents the resulis of the piloUfeasibility study which inclyd es the estimation

of quantily of sample from source, quantification of the agro-based cellulosic wastes
(weight, volume, density) as welt as results of the proximalc enalysis (% Total Organic

Carbon (T.0.C), Total Nitrogen (%), Total Phosphorus (%), Glucosc yicld, Totat Reducing
Sugar (TRS) and Ethanol yicld of 1he subslrates).

4,1 Exploration/Fensibilityol Sample from Parent Source

A {easibility study was cairicd out on the sample collection arces 1o determine the sunple
populations and the quantily of agro by-product gencrated from the parent food malerials.
Tnblc 4.1 shows the cstimation of the quontity of sample gencrated from the various
sources. The Lhectare (Lho) of cassava plantation ot lnicmational Institute of Tropical
Agriculture (IITA) produces between 20,000 to 70,000 cassava roots ol harvesl. The lacre
of yam focrm ol Abadina quarters in the Univessily of lbadan produces between 800 to 2000
yam lubers per hagvest. "(he Bodija Timber Processing Unit which occupicd about 25acres
af land conlains belween 44,080 and 88,160 planks from which sawdusl is geneiated. The
Ajosc Building Canteen in UCH processes between 3,000 to 5,000 plantain [ingess per

week.

42 Quamiification of Agro-based Wasles

Table 4.2b shows the quantily of agro-based cellulosic swastes generaled from the sample

sources. The | hectare (1ba) of cassava plontation in IITA penerites cassiva peels (Cp) of

from 6660 = 616.0 Kg to 23350 ¢ 2156.8 Kg and a mcan volume
ranping from 19.466 + 2.203m’ to 68.133 £ 7.710m’ per harvest. The menn densily wwas
estimated os 342.69 = 8.0755kg/m’. The lacre of yam form in Abadino quarier of U

gencrates yam peels (YP) wilh @ mean weight 1onging '30"‘) 183.3£7.0 Kg 1o 4531:: 1.2
: 0.036074m” to +.387 x 0.090185m" per

Kg and a mcan volume tanging from 0.555 2 ey

uarvest. Also the mean density was estimaled ns 330.99 % 12.86050kg/m”. The Timber

Proceusing centre In Bodijo which coVers about 25 acres of land producc snwdust with a
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weight capacity ranging from 3051.8£52.0 Kg t0 6.103.61+103,5 Kg and o mean volume
anging [rom 25.42 + 3.0065m’ 10 50.08 + 6.00130n with Mean density of 121.09 £
13.20465kg/ mr. The Ajose Building Canteen in UCH gencrates plantain pecls every week
with a mean weight ranging {rom 253.2IJ.~ 41.0 Kg 10 422 & 67.60 Kg and a mean volume

janging from 084 = 0.06m' © 14 £ 0im’ with mean density of 300.50 #
30.191 7T762kg/ay’.
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Table 4.1: Shows the location, I'arent source and population of the virious samples

PARENT SOURCE

POPULATION

SAMPLE LOCATION
Cassava peels | wTA 3 lhectare  (lha) of cassava | 20,000 to 70.000 cassava 1
plantation. per harvest.
Yam peels ABADINA QUARTERS. _ lacrc of yam fonn. 800 10 2,000 yam tubers |I
harvest.
Sawdust BODIIA TIMBER PROCESSING UNIT. 25 acres of land 44,080 10 88,160 planks,
[3.000 10 5,000 plantain finge

Planuin peels

AJOSE BUILDING CANTLEEN, UCH.

Plantain farm

processed per week.

K LS S e X
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Toablc 4.2x: Shows thc weight, voluntic and density of the various agro — based cellulosic wiastes from the parcnt sourc

S::mivlc Cassava Peels Yaimn PPeels Plantain Peels | Suw Dust
h ‘Min Mas  |Min  |dMax [ Min | Max | Min Max
Weight of waste (Ke) 1 6640 |23240 |178.6 |446.6 |300 |s00 |3001.85 |6003.70
2 7286 | 25501 |183.04 |457.6 |229.5 |382.5 |3050.34 |6100.67
3 6054 21189 |188.16 |470.4 |230.1 |383.5 |3103.23 |6206.46
Volume of 1 19.6 686 |052 |[1.3 0.9 1.5 2204 | 44.08
Waste 2 21.6 756 0552 |1.38 |0.78 1.3 26.45 | 52.90
(m*) 3 17.2 602 0592 148 084 |14 |27.77 II 55.54
Density of 1 338.78 343|.54 | 333.33 136.20
Waste 2 337.32 331.59 294.23 115.33
(Kg/m”) 3 351.98 317.84 273.93 111.75
as
= 3 e ee e T
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Tablc 4.20: Estimation of the quantity of ggro-basce wasees from parent source

Sample Mean \Vvi{h: (Kg) Mcan Volume (mJ) Density (Kg/m?)
Mean £ 5S.D Mecan £S.D Mean £ S.D
Min. Limit | Max. Limit AMin, Limit Max. Limit l
Cassava
pecls 6660+ 616.0 | 23310 £2156.8 19.466+ 2.203 |68.133 +7.710 | 342.69 = 8.0755
| Yam peels B
: 183.347.0 4582+ 1.2 0.555+0.036! 1.387 £ 0.0902 | 330.99+ 12.860S
Plantain
pecls 253.2%41.0 422 £ 67.6 0.84 = 0.06 1.4sx0.1 300.50 £ 50.1918
| Sawdust 3051.8452.0 6.103.61£103.5 25.42+3.0065 50.8446.0013 121.09 = 13.2047

-
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43 Characteristies of Whastes Substrates (Proxinate \nalysis)
¢

Fig 4.1 - 4.5 shows the mean valye resulls obtained From the proximate analysis of the

different sampfe hydrolyseie a( various nci .
mcon lucose yie!d and TRS obtained sfr:: ;::n;::a [:ons il S’.AM e
12.8mg/kg , 918 & 3.0mg/ke) : YP (231.04 3 6. TR T
; 0 3.6mg/kg , 388.8 £ 6.9mgrkg) ; PP(255.5 +
S4mglkg , 314.74 5.1mg/kg) and SD (2857 +35.0mgrkg . 374.5 £ 7.3mg/kg) (p<0.05). At
9.4M H2805 hydrolysis,the mean glucose yield and TRS wete : Cp (71.5¢ 3.0mg/kg,123.2
+5.0mg/kg) : YP (240.0 £ 5.0mp/kg, 4602 + 4.7mg/kg) ; PP (278.) £ 6.5mg/kp , 396.4 +
60mg/kg) and SO (300.7 £ 8.6mg/ke , 4532 4 6.6mg/kg) (p<0.05).The mcan glucose
yields and TRS obtained from the 13.10M H,SO, hydrolysis of the subsirates were as
follows : CP (85.1 + 5.7mg/kg, 209.8 + 3.7mg/kg): YP (2692 + 112mg/kg, 5413 &
7.8mg/ke); PP (304.0 £ 6.Imgrkg, 46§.2 + 3.6mg/kp) and SD (3432 + 4.8mp/kg, 5359
5.0mg/kg) (p<0.05). The niean glucose yield and TRS obtained from the 13.1M H,SO,
were sigaif cantly higher 1han those oblained f1om Ihe 9.4M and 5.6M 14,804 hydrolysis
(p<0.05). The 13.1M hydrosylate was used for ethanol production, since glucose and olher

reducing sugors serve as precursor for ethanol production,

From Table 4.3 — 4.5 and Figure 4.6, the mean T.0.C (%) decreased os the concentration
of Ihc acid increascd and vice vessa. Among the substrates, PP recorded the highest mean
T.O.C (%) at different acid concentrotions while 1he Jeast mesn T.0.C (%) was found in
CP. At 13.1M hydrolysis, the mcan T.0.C (%) of PP was significamly higher than thosc of
CP, YP and SD (p<0.05). For the Total Nitrogen (%); it was evident from Figure 4.7, that
he mean Total nitrogen (%) increased as the concenirotion of acid decreascd and vice

Versa. The mean Total nitrogen (%) was found to be greatest for the CP throughout the

Various acid concentrations and least for the SD. This indicatcd that SD recorded the Jeast
imoint of Tota! (organic) nitrogen thon the other wastes (PP, CP and YP). At 13.1M, 1he

Mean Total pilogen (24) of the varjous substrotes were significanity difTcrent from each

other (p<0,05).
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13 Characteristics of Wastes SubstrtilcS(Proxlncha lysis)
alysis

Fig 4.1 = 4,

RLb: (0155 gkl TS ;6- .HzSO4 hydrolysis were : CP (50.5 ¢

b : 6mp/kp , 388.8 + 6.9mg/kp) ; PP(255.5 %
S:Amgkg , 314.7+ 5.Img/kg) and 8D (285.7 4 SOmgkg , 374.5 + 7.3mg/kp) (p<0.05). Al
9.4M H2804 hydrolysis,the mcan glucose yield and TRS were - CP(71.5 2 3.0mgskg,123.2
£ 5.0mg/kg) ; YP (240.0 £ 5.0mp/kp ,460.2 2 4.Tmg/kg) ; PP (278.1 £ 6.5mp/kp , 396.4 +
6.0mg/kg) and SD (300.7 = 8.6mp/kg , 4532 & 6.6mg/kg) (p<0.05).Te mean ptucose
yields ond TRS obtnined from the 13.10M H;SO, hydrolysis of the substsates were as
follows : CP (85.1 + 5.7mgrkg, 209.8 £ 3.7mg/kp); YP (269.2 + L.2mgrkp, 541.3 ¢
7.8mg/kg); PP (304.0 £ 6.1mg/kg, 461.2 4 3.6mpfkg) and SD (343.2 +4.8mgkg, 535.9
5.0mg/kg) (p<0.05). The mean glucose yield and TRS obtained from the 13.IM 11,SO,
were significantly higher than those obtained from the 9.4M and $.6M H:SO: hydrolysis
{p<0.05). The 13.1M hydrosylote was used for ethanol production, since glucose and other

teducing sugars serve as precursor for ethanol production.

From Table 4.3 — 4.5 ond Figure 4.6, the mean T.0.C (%) decreased as the concentration
of the acid increased and vice versa. Among the substrates, PP recorded tire highest mean
T.0.C (%) at different acid concentrations while the Jcast mean T.0.C (%) was found in
CP. At 13.1M hydrolysis, the mean T.0.C (%o) of PI* was significantly higher than those of

CP, YP and SD (p<0.05). For the Total Nitrogen (%) it was evident fiom Flgure 4.7, that
) increased as the concenttation of ocid decreased and viee

the mean Total nitrogen (%
reatest for the CP thioughout the

versi. The mean Total nitrogen (%) was found to be B
Yanous acid concentrations nnd lcast for the S$PD. This indicated that SD recorded the least

aMount of Total (organic) nitrogen than the other wastes (PP, CP and YP), AL 13.1M, the

mean Total pitropen (%) of the various substmtes were significantly diflerent from each
0

other (p<0,05).
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from Figure 4.8 and Table 4.3 - 4.5, the “acid-hydroly2oblc phosphate” incieased as the
concentration of the acid decreased thus impling an inverse relationship between the
percentage  phosphorus and acid concentration. Comparing the different substrates,
throughout the various acid concentmtions, the PP had the highest mean Total phosphorus
(%), followed by YP, then CP with SD recorded the least mean Total phosphorus (%).

However at 13.1M hydrolysis, the mean Tetal Phosphorus (%) of the various subsirates
were nol statistically dilTerent from each other (p>0.03).
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EXPERIMENT 1

Tablce 43 Pattern of Prexim:ate Analysis of Substrate Hydrolysates at Different Acid Concentrations

5.6M 11:S0, HYDROLYSIS 9.4 M i1:S0;, HYDROLYSIS 13.1 M H:Se¢, HYDROLYSIS  *

| Sample TOC|/TNITP]|] GV | TRS |[TOC|TN|TP | G.Y TRS |ITOC|T.N|TP | GY T.R.S
Deosceription (%) | (%) | (%) | (mang) | (mgrkg) | (%) | (%) | (%) | (mpke) | (mg/ka) | (%) | (%) | (%) | (me/kg) | (me/kR)
lSnwdnst lzs.a 23 [ 022 [286.0 375.0 18.6 1.8 [0.20 [ 3000 |450.0 132 |12 o.|9ﬂ343.o 537.5
hydrolysate |

Plantain 28.5 |25 [0.27 2570 50 [242 |19 [026 HI375.0 395.0 173 |14 | 023 |305.0 | 4605
hydrolysate

[Vam 1248 |27 |0.25]230.0 390.0 192 [2.1 [023 |240.0 460.0 13.6 1.6 022 | 271.5 544.5

bydrotywate |

Cassave 19.2 [2.8 | 0.24 |65.0 91.5 13.8 |22 [0.21]70.0 125.0 [8.7 1.8 [0.20 | 84.0 209.0

bydrolysate

|

* Tbe bydrotystate obtained from 1he §3.1M hydrolysis gave the highiewst yield or mean value of Glucose and other feemeniadle sugaes throughout the three (3)
ials than the 5.6M and 9.3M hydrolysis. Hence i1 was used for the ethamiol psoduction.

-2 e I =T = —
gt =
- o
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' ' EXPERIMENT 2

Tabic 4.4 Pattern of IP'roximate Analysis of Substrate Hydrolysates at Different Acid Corcentrations

13.101 H>S04 HYDROLYSIS o

5.6M H:S04 HYDROLYSIS 9.4M 11:504 HYDROLYSIS

Sample TOCITNITP| GY | T.RS |TOC|TN|[TP| GY | TRS |[TOC |TN | TP | GY¥Y T.R.S
Description (%) | (%) | (%) | (mpxg) | (mekg) | (4) | (%) | (%) | (mg/ke) | (mefkg) | (%6) [ (%) | (YR) (mg/kg) | (mg/kg)
Sandust 250 |25 |027 [2806 |367.0 19.8 | 1.8 | 0.24 |292.5 | 4488 142 |13 |0.23|3385 $30.3
bydrotysatc |
Faouain 302 |26 |031 | 2495 3095 |258 |19 |029 (2738 [3913 18.9 |15 |027 | 2975 |458.0 T
bydrol)saice

Yam 266 |29 [0.29 |228.0 3813 203 [24 | 027 | 235.0 455.6 14.8 1.8 025 | 2570 532.5
bhyd rolysate

| Cassava 210 |31 |0.28|41.0 89.0 142 |24 023|695 1175 |94 |19 |022]800 206.5

bydrolysate

trials than the $ 6M and 9.4M hydeolysis. Hence it was used for the ethanol productioa.

-

o cod gruSlER e et >
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l‘ EXPERIMENT 2

Tablc 4.4 Pattern of I'roximate Analysis of Substrate Ilydrolysates at Different Acid Concentrations

5.6V H-S0-¢ HYDROLYSIS 9.4M -S04 HYDROLYSIS 13.1M 11-S04 HYDROLYSIS -
Sample TOCITN|ITP| GV | T.RS |TOC|TN|TP | GY TRS |TOC|[TN|TP | G.Y T.R.S
Descriptinn (%) | (%) | (%) | (mg/kg) | (mp/kg) | (%) | (%) | (%) | (mefke) | (me/kg) | (%) | (%) | (%) (me/kg) | (mg/ke)
Sawdust 250 |25 | 027 | 2806 367.0 19.8 1.8 | 0.24 [ 2925 448.8 142 1.3 |0.23 | 3385 5303
hydcohysate _ |
Plantaia 302 |26 |03l |249S 309.5 258 19 |0.29 | 273.8 391.3 18.9 15 [0.27 [2975 458.0
hydrolysate
| Yam 266 |29 |0.29 |2280 381.3 20.3 24 | 027 | 2350 455.6 148 1.8 |0.25 | 257.0 532.5
hydrolysDie
Cassava 210 (3.1 |0.28 | 41.0 89.0 14.2 24 |0.23 | 69.5 117.5 9.4 1.9 |0.22 | 8§0.0 206.5
Ii hydrolysate

* The bydrofystate obdained (rom the 3. 1M hydrolysis gave the hizhewst yield or mean vatue of Glucosc and other feimentable sigas s throughout the theee (3)
Gials than the $ 6M and 9.4M hydrolysls, Hencc it was used for the ethanol productioo

89
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EXPERIMENT 3

Table 4.5 "attern of Proximate Analysis of Substrate Hydrolysates at Differcnt Acid Concentrations

= 5.601 11:504 HYDROLVYSIS 9.4M 11,304 HYDROLYSIS 13.1M H2504 HYDROLYSIS *

L_Samplc ToCc|TN|[TP| GY |T.RS |TOC| T.N |T.P | G.Y ET.R.S TOC|TN| T.P GY | T.RS

Description | (%) |(%) | (%) | (%) (%) (%) | (%) | (%) | (%) (%) (%) | (%) | (%) | (%) (70)

| Sawdust 228 22 10.181290.5 |3815 172 1.6 0.17 | 3095 |460.8 12.8 1.1 |0.14 [348.0 | 540.0

\hydrolysn!c

Plantain 273 24 [023]1260.0 |3195 |23.0 1.7 0.23 |285.5 |4030 |16.9 1.4 |0.20 |309.6 |465.0

bydrolysate

Yam 237 25 102112350 [395.0 |18.5 |20 0.20 | 245.0 |465.0 | 126 1.6 |0.18 |279.0 |547.0

bydrolysate

HCmava \133 26 10201455 1950 1123 122 [019]750 |127.0 [8.0 18 (0.15 |912 [2138

|1 bydrolysate
l |

* The hydsnlystale odtaincd rom the 13, 1M bydrolysis gave the highewst yield or mean valde of Glucose and otbher fermentable sugars thvoughout the tluee (3)
uials than the 5 6M and 9.4M hydrolysis. ticace it was used for the ethanol production.

S0

3 et arw =l e -
L4
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l EXPERIMENT 3

Table 4 3 Iattern of Proximate Analysis of Substrate Hydrolysates at Different Acid Concentrations

B 5.6M 112504 IIYDROLYSIS 9.4M 11:504 HYDROL.YSIS 13.1M H2504 HYDROLYSIS *

Sample  |T.OC|TN|T.P| GY |T.RS |[TOC|[ T.N [TP| G.Y | TRS [TO.C[T.N| T.P | GV [T.RS

Description | (%) [ (%) | (%) | (%4) | (%) | (%) | (%) |[(%) | (%) | (%) | (%) |(R)| (%) [ (R | 4)

| Sawdust 228 22 |0.18|290.5s |3815 |17.2 1.6 0.17 | 309.5 |460.8 12.8 1.1 |0.14 |348.0 |540.0

\tydmlysatc \

Plantain 2713 24 102312600 |3195 |23.0 1.7 023 | 285.5 |403.0 |[16.9 1.4 [0.20 [309.6 [465.0

hydrotlysate
Yao 237 125 (02112350 [3950 |185 |20 |020]2450 |[3650 [126 |16 |O.18 |2790 |[547.0
hydrolysate
Cassava |183 |26 |020|455 |95.0 123 22 |[0.19]|750 |127.0 |8.0 1.8 |[0.15 |[91.2 213.8
bhydrolysate

* The hydmilystate obtained from the $3.1M hydrolysis gave the |iighewst yield or oean value of Glucose and other fermentable sugars throughout ike thece (3)
pisls than the 5 6M and 9.4M hydrolysis. Hence it was uscd for the citianol produciion.

90
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Fip 4.1: Mean Glucase Yield of SD at different Acid Hydrolysis
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Mean glucose yield (mg/kg)
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Acid concentrations

Fig4.2: Mean Glucose Yicld of PT at different Acid ITydrelysis

AFRICAN DIGITAk HEALTH REPOSITORY PROJECT

u.l--l-li-l-.-q'.-.'_L
-
| ¥ F B
| § & B 14
=k
! |
1
I HERERAR
h o ——— il
o T
F i ) I
b el Sttt
= = — e
1 I 1 |
— — — "
|| | [ 1]
* 2 g s e &
i | N | 1% !
s
I ' I [ : |
f=l=g=t
ERERNEA
il =t B it~
........
B E L
e
]
1 '
|
N




E 300 i r-|-:1-

= ' pt-rr b
?ﬂ ErrT
£ 250 T
-~ | a
.0 1..; _..+_.._ =B
v 200 CoTeT
> T
% T
a 150 4 HiHH-

g T

® T

2100 it

Q -

Y

2 50 -

e

5.6M 9.4M 13.1M

Acid concentrations

Fig 4.2: Mcan Glucase Yicld of PP at Jifferent Acid Hydrolysis

AFRICAN DIGITAk HEALTH REPOSITORY PROJECT




Mean glucose yield (mg/kg)
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Acid concentrations

Fig 4.3; Mean Glucose Yicld of VP at different Acid Hydrolysis
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(4 Eihapol Yield

Figore 49 - 4.12 shows the production of cthanol {rom the fcrmeating broths of the
anous Substrates every 24 hours. The mean ethanol yields at 24 hows of fermentation
acree CP (123.3211.1mUNKg)., YP (172.0£17.5ml/kg) PP (217.7£13.5mLxg) and SD
{240.3£14.0mLSkg), (p<0.05) respeciively. The maximum cthanol production was obtained
st 48 hours, the mecan cthanol yields being: CP: 160.0£15.1 ml/kg, YP: 231.7%15.3
ml/kg; PP: 265.0+20.5ml/kg and SD: 280.0+11.5ml/kg, (p<0.05). Mcan cthanol yiclds
oblained st 48 hours of fernmentntion were sigoificantly differcat from those obtained at 24

bouss (p<0.03). A significant correlation cxists between the ethanol yiclds of the substales
and time of fenmentation (r=0.95)
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45 Projected yields of Glucose, TRS gpd Ethanol from parentsource

Developing countiies, such as Nigeria are tich in biomass and wastes mat cinds that re
swiable precursors for biofucl. yet this has not been fully explored. From this study, i1 is
possible to estimate the glucose and cthanol yield that will be produce from the parent
source. [t can be scen from Table 4.6, that the 25 acres of Bodi ja Timber Processing Unil
will generate sawdust of mean weight tanging from 3.05 + 0.05 t0 6.10 = 0.10 Tons which
e be process to give a mean glucose yield ol 10.17.1 & 28../0 to 209.i.3 & 57.00 L/toas
which in tum ferments 10 give on cthonol yield between 854.5 £ 33.41 ie 1709.1 = 9.00
Viens. The Ajose Building Canteen, UCH will genetates plainiain peels of mean weight
between 0.25 £ 0.04 to 0.42 £ 0.68 tons that can give 1isc 10 amean glucose yield that will
ranges between 77.0 £ 12,61 to 128.1 £ 21.32 g/tens. This in lum will feonenis to produce
amean cthanol yield of 67.2 £ 11.93 to 111.7 & 28.6 Vtons. The | acre of Yam fann at
Abadina will generates, yam peels of mean weight between 0.13 £ 0.01 0 0.46 = 0.1 tons

which wiil produce a mean glucose yield between 49.3 + 2.84 (0 123.4 £ 7.03 ¢/tons. This

0 twm can ferments to produce an ethanol yield 0f38.9 # 4.25 (o 97.1 £ 10.58 Vtons. The

1ba of cassava plontation nt HTA. s plojectcd 10 generale Cassavy peels of mean weight

6.6+ 0.62 (0 23.31 + 2.16 tons that can produce & mean glucose yield between 562.7 £
13.95 to 1974.9 + §7.23 g/tons and this can result in cthanol yield of 1056.5 2 7.48 (o

3708.1 £31.50 l/ions,
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Table 4.6: I'rojccteed mncan Valuce of Glucose vicld, Total Reducing Sugar (TRS) yicld and Ethanol yield that will be
generated (rom the parenl source.

Sample | Mean Welght (Tons) Mean Glucose yletd (g/ton) Mean TRS yleld (g/ton) Mean Ethanolwicld (Vion] '
Mean £ SD Mecaa £ SD Mean £SD Mcan £ 5D

Ain. limit Max. limi Min. limn Max. limit Min. limit Max. limit Mo, limit Nax. limit

SD ;L3 05+005 |6.1020.10 l 1047.1 £ 28.40 2094.3+ 570 16352 £ 35.10 32705 + 70.55 854.5 1 45.4) 1709.12 91.0
JT 0252001 | 0.42+ 068 77.0% 1261 128.1 £ 21.32 i116.3: 1852 1775 253.15 67.2 11.93 1.7+ 286
YP 0.182001 0.46=0.01 49.3 £ 2.84 1234 £ 703 993 + 3 24 248.1+ 80 389+£425 | 97.12 1058

cr \ 6.62 %062 \ 31216 | 5627 £13.95 1974925723 | [391.4%99.22 38839536846 | 10565+ 788 | 3708.1231.50

| L 1
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CHAPTER FIVE

DISCUSSION
5.1 Source of Substrates

From l.hc fcﬂSlb“‘"Y study carvied out on some sefected major agricultural centres in the
stac viz Inteemational Institute of Tropical Agriculture (IITA), Bodija Timber Processing
Centre, Yam Processing Centie at Abadina Quasters in U.{ and Ajose Building Conteen,
UCH. It is evident that huge amount of wastes are gencrated from these production centres.
A similar study conducted by Omonijo e/ al., (2007) repoited that Ibadon is o state which
s known for large scale agricultural activities where huge amount of lignocellulosic
"wasles” are generated through forestry and ogricultural practices, timber industsies and
many ogro-industries. Due lo poor wastc inanagement and inadcquate infrastzuctures, these
wasles pose scrious environmental pollution problem in the state and also constitute great

challenge to the stotc govemment.

Many sources of lignoccllulosic biomass, such as agricullural and forestry residues, pulp
and paper streams, and municipal solid westc arc abundant and underutilized resources,
which can be converted to ethanol, Woody and herbaccous energy crops. such as hybrid

poplar and switchgruss can also be used as rencwable resources for ethanol production. In

the developing countries, biomass accounis for approximntcly 35% of the affordable

source of energy (Mc Gowan 1991, Hall, Rosillo - calle, and de Groot 1992). Dedicated

encigy crops, grown on our nation's wastelonds, could possibly represent onc of the largest

] : i roce
biomass sourccs, Advances in plant sciences and process |
biomass, [Howcver it appeors

technologics promise (o

revolutionize production ofenergy and other products from

' i maletial
that the fitst materials used for cthanol production wijl most probably be waslc s

and residues (Kuhad ond Singh, 1993)-

. o ‘slics Of Substrates
3.2 Physical Characicristics woody plants and non-woody plants

| tof
Li l tor Stigctural componen
gnoccllulose is the major ble organic matler. Lignocellulose

neswa

: of rc
susch (s 0 mMajor Source .
as giass and represents J « chemical prop<rties of the components

h
consists of lignin, hemicellutoses ond ccllulose. T
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over fi '
wistes let over from these production processes are abundont and stijl contain o high
amaunt of oligomers and cellulosjc materials, which ¢an be uscd to produced cthanol. The
use of lignoccllulosic wastes as raw maecials in cthanol production not only reduce waste

material created from these various agro-based centres, but also lower the cost of ethanol
production (Badger, 2002).

Sadly, much of the lignocelluloses wasle is of.cn disposcd ofl' by biomass burning, which
is not resincled to developing couniries alone, but it is considered a global phenomenon
(Levine, 1996). However the huge amounis of residual plont biomass considered as
“waste” can potentially be converted into various different biotechnological value ond
human nutrient. Biomass is a rcncwable resoucce that is virtually inexhaustible and is o
poteatinl for oltemate fuel production. Worldwide, biomass ranks fourth as an cnergy

resource providing approximately 14% of the world’s encrgy needs.

33 Total Organic Carhon (T.0.C), Nitrogen nntl Fliesphorus content of the various
biomass

The Total Organic Corbon (T.0.C) refers (o al! carbon otoms. covaiently bonded in

orgauic molecules. From Figure 4.6, the mcan T.0.C decreased as the concentiation of

the seid incyeased. meaning thot at higher concentration of acid. the organic bonded carbon

in the g, bsirates/samples were oxidized 10 corbon dioxide (COz2) and other inorganie

Carbon (IC) such as carbonate, bicarbonate €lc.

Amang the various subsirates, the meon T.0.C was Breatest for the I'I’ throughout the

Vasious ocid concentrations While the least Mean T.0.C was found in CP; '.'w'lh the
[ . ks 'B .
iMplication that PP had o high Quantity of organi¢ bonded carbon in :. C:l;\:::o: ;ht::
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o Iignoccllulosic wasles make them In substrate of c
(Malherbe and Cloete, noimous

let over fi '
wastes let over from these production processes are abundoat and still contain a high

I. used 1o produced cthanol. The
use of lignoccllulosic wastes as raw majerials in cthanol production not only reduce waste

material created from these various ogro-based centres,
pieduction (Badger, 2002).

antount of oligomers and cellulosic materials, which con be

but also lower tbe cost of ethano)

Sadly, much o[ the lignocelluloses wastc is oflen disposed off by biomass buming, which
is ool restricted to developing countiies olone, but it is considered a global phcnomenon
(Levine, 1996). However the huge amounts of residual plant biomass considcred as
“wastc” can potentially be conveited into various different biotechnological value and
human nutrient. Biomass is o rencwablc resource that is virtually inexhaustible and is a
potential for oltermate fuel production Worldwidc, biomass ranks fourth as an encrgy

resource pioviding approximately 14% of the world'’s cnergy needs.

53 Total Organie Carbon (T.0.C), Nitrogen and Phospliorus cantent of the various

biomass

The Total Organic Carbon (T.0.C) refers to oll carbon atoms, covalently bonded in

oiguic molecules. From Figurc 4.6, the mecan T.0.C decreased as the concentration of

¢ il ynereased. mesning (hatat higher concentration of acid. the o1ganic bonded carbon

i the subsirates/samples ‘were oxidized (o carbon dioxide (CO3) and other inorgamic

Carbon (IC) such as carbonate, bicarbonate ¢ic.

O.C was greatest for the PP throughout the

Among the various substrates, the mean T. -
& the various su ( mean T.0.C wos found in CP; with the

Vitious acid concentrations while the. leas | )}
of organic bonded carbon in ils compOsition than

tmPlicat; i angt
Ication that PP had a high quahtily | degrodation of these wastes

: 3 . nalum
Oher wastes. Environmentally, this implies that lhe
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contributes o substantial amount of greenhouse pascs such as CO;, CIL cic to the

environment. This was in agreement with [al apd Reddy (2005) who also reported that

nawrel degiadation of lignoeellulosic wastes by anaerobic digestion of methanogenic

bacterin, generate obout 25 millions tons of niethane gos anoually worldwide.

In tenins of Nitrogen (N); itis evident from Table 4.3 ~ 4.5 und Figure 4.7, thn! the mean
Toinl Nitrogen (%) increascs as the concenttation of acid decreases. This implics thot a1
high concentration of acid, most of the nitrogen in e substratcs/samples was oxidized and
liberaled as Ammonio (-NH;) while o1 low concentrotion of acid, oxidation of the nitrogen
in the samplc wos less. The mcan percentoge (%) Nitrogen was found to be greatest for the
CP throughout the various ocid conceatrotions and lcast for the SD, This means thnt SD

has the east amount of orgonic nitrogen in ils content than the other wastes (PP, CP and

YP)

Acid hydrolysis at boiling-waler lcmperoturc converls dissolved and particulate condensed

phosphates to dissolved orthosphosphaic. The hydrolysis unavoidably releases some

phosphate rom orgaaic compounds, but this moy be reduced to o minimum by judicious

selection of ocid strength ond hydrolysis time and tempermiure. The term “acid-

hydrolyzuble phosphate” is preferred over
From Figure 4.8 and Tablc 4.3 - 4.5, the “acidhydroly

soncentration of the acid decreased. This showed that there 1

between the toto} phosphorus (%) nnd acid concenuation, The decreasc in the Tola!

i | td mo
phosphorus (%) in the form of “dissolvcd Orthosphatc™ al 13.1)Mf concentration of ocid may

; i issolved and patticulate
: iration of ncid, the dissolved
b¢ attibuted to the fact that at high coacen
c o bound phosphate were converted (o other

wcondensed phosphate” for this fraction.
zsble phosphate” inceeased as the

s an invase fclouonship

®0ndensed phosphates, as well a5 the organi

oxidation by the highly I .
m::c: O: % c’::css total phosphorus (%) AMONE the substrates Was in the following
&1d hydrolysis, the meon

oder: PP > YP> CP>SD.

concentiated ocid.  Throughou! the various
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From the results obtained in the study, it is evident that a)|

the samples had :
amount of mean Total Nitrogen and Phosphorus (%) e ik

, Thi . theough the various acid
concentralions. This agrees with Siantets (1993) which repotied that lignocellulosic waslcs

are usud]ly low in nitrogen and phosphorus content

54 Glucose yicld and Total Reducing Sugars (TRS) Content of Subsirates

Pioduction of glucose from biomass origin is a common process of soccharificniion

employed in the industries. Severa] nuthors have studied the kinctics of the hydrolysis of

ccllulose and lignocelluloses by acid and enzymotic processes.

I our study, the vatious percentage acid concentration hydrolysis was investignied in
order to optimize the sugar production. Tha results showed that hydrolysis at 13.1M (70%)
provided the maximum sugar content in the substrates. This ogrees sith the concentrated
acid technology of using 70% cone H:SO; for sugar production from ccllulosic materials
developed from Farone and Cuzens (1996a). At higher percentage concentration of H:SOx
then 70%, a lot of charring or browning or dchydrating rcactions occurred to a varying
degree. Similar tesults at a high acid concentration was reported by Agu e/ af., (1957) on
cyssava granted waste (CGV) biomass al 120°C for 30mins and using a high conccniration

of H;S0; (1-5M) hydrolysis was achieved but with excessive charring or dchydiating

reactions. Other chemical reactions repotted in previous studics include the formation of

furfuio] from xylosec. Furfurai was repotted 10 inhibit nctivities of some glycolytic cnzymes

pulicularly dehydrogenase in S. cerevisige for cthanol praduction (Banerjce ef of., 1981).

d that hydrolysis at 13.1M 11380, gave the best plucose
0°C for 60mins and 50mins

Tbe findings of this study revcale

and TRS yield for oll the substraies When steamed at 10 ot a
’specijvely. Jeflries and Eee (1999) also reported nmohydrolysls(Slcnm cxplosion) as an

04 H f B -
efleciive preireatment method [or lignoccllulose mategials for hydrolysis. In fact, Boussaid

¢t al., (1999) reported an increasing glucose conccntration in hydrolysate al the severity of
v repotte

Ream explosion increases.
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Among the substrates, the highest Blucose yield was oblained from sawdust Th high
c

amount of Blucose Yield in sawdust is due 1o (he lignocelluloses content of Hard and Soft

wood stem. Ccllulose (40-55%), Heniceliulose (24-40%) and Lignin (18-35%) as

reporied by Betts ef ol (1991); Sun and Cheng, (2002) from which it
01,(2003) also reported that sawdust obtained [rom the iree

is produced. Qjumu et
Triplochiton scleroxylon
conatned 69.5 — 80% ccllulose and hemicelluloses and 25 30% ligain. The high
cellulose content of SD is responsible for its high mean glucose yield: since cellulose is a
homogenous polymer of glucose. Badmus (2002) also produce glucose from palm tiee
tunk using auto hydrolysis prior 1o the acid hydrolysis; he obtained 70% plucose yiclds

from the subsirate at 2.0% sulphuric acid concentration.

The lowest amount of mean glucose yiéld and TRS found in CI" can be attributed 10 its
containing cellulose ond hemicelluloses a levels of 24.99% and 6.67% (wiw)
sespectively as reported by Tccropalr ef af., (2006). This agsees with psevious study done
by Teerapatr er ail., (2006) who reported that the maximum reducing sugar of 6.09% (w/v)
was recovcred from cassava waste after pretreatment with 0.6M HaSOa4 at 120°C for
30mins. At higher concentrations of H.SOs than 0.6M, the reducing sugar was lower than
6.09%. This suggests that less reducing sugar in the solution inay be dericved as a result of

deliy Foatnn, or Gaadattgn by aulphuric acid on liydrolytic products,

The high value of mean TRS found in YT, SD ond I'I* muy be atiributed to the high

: " : o Hemi macr les
appreciable amount of hemicelluloscs in their composition. Hemicellulose mac omolecu

are often polymers of pentoses (xylosc and arabinosc). hexoses (iosily Mannose) and o

cs are of panticulasly indushial
furfurol can be derieved

intcrest since they are
numbes of supar acids. Henucellulos
xylosc from Which xytitol and

1998). Extensie research has demonstrated that
d sugar, inproves the

readily availoble bulk source of

(Roberto er of., 2003; Porajo ¢t dl. .
«c, the mojor hemicellujoses dericve

alcoholic fcrinentation of xrlo
s 70% of the raW maleriaj can be expecled o convert
no

¢conomies of biomass CONVersio

Into ethanol.
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Among the substrates, the highest glucose yreld was obtained from sawdust. The high
amount of Blucose yield in sawdust is due

(0 the lignocelluloses content of §lard aad Soft
wood stem. Cellulose (40-55%),

Hemicellulose (2440%) and Lignin (18-35%) as
ieported by Betts ef of (1991): Sun and Cheng, (2002) from which it

01.(2003) also reported that

15 produced. Qjumu es

sowdust oblaincd from the (ree Triplochiton scleroxylon
contained 69.5 — 80% ccllulose and hemicelluloses and 25 — 30% lignin. The high
cellulose content of ST is responsible for its high mean glucose yield; since cellulose is a
homogcnous polymer of glucose. Badmus (2002) also produg¢e plucose from paim uee
tsunk using auto hydrolysis prior to the acid hydrolysis: he obtained 70% glucose yiclds

from the substrate at 2,0% sulphuric acid concentration.

The lowest amount of mean glucose yield and TRS found in C!I* can be ottributed to its
containing cellulose and hemicelluloses ot levels of 24.99% and 6.67% (w/w)
rspectively as reported by Tccrapatr er af., (2006). This agrees with previous study done
by Teeeapatr et af., (2006) who reportcd thot the maximum reducing suges of 6.09% (\w/v)
was recovered from cassava wasic after pretreatment with 0.6M H:SO, at £20°C for
30mins. At higher concentrations of HSOs than 0.6M, the reducing sugar wos lower than
6.09%. This suggests thot less reducing sugor in the solution moy be dcricved as o result of

Gl pilratéon ur oxiditivn by «ulphuric acidon Jiydroiytic products

Sp and PPI* may be atiributed to the high

- ’ ’
Thc high value of mean TRS found 1n Y,
Hemiccllulosc macromolecules

- e ° C g iOn‘
appreciable amount of hemicelluloScs tn their composit .
i m maasose) and o

e often polymers of pentoscs (xylosc and arabinosc). hexoses (mostly maanose)

pacticukxly In
xylitol and furfuml can be derieved

dustrial interest since they ase

dumber of sugar acids. tenucelluloses are of
' ‘ which

readily ovoiloble bulk source of xylosc from

nsiy
(Roberto ¢f of . 2003: Parjo ¢ al., 1998). EXIensive

: i dericved Sugar,
dcoholic fermentation of xylose, the fmajor hemicelluloses g
70% of the RW matcrial can be expected to convent
S

research lins demonstiated that
improves the

economics of biomass conversion 8

Into ¢lhanol.
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Among the substrates, the highest glucose yield was obiained from sawdust. The high
amount of glucose yield m sawdust js due to 1he ligaocetluloses content of Hard and Soft
wood stem. Ccllulose (40-55%), Hemicellulose (24~40%) and Lignin (18-35%) as
reyorted by Betis ef o/ (1991); Sunand Cheng, (2002) from which it is produced. Ojumu ef

01.(2003) also reported thnt sawdust obtained from the trce Triplochiton scteroxylon

captained 69.5 — 80% ccllulose and hemicelluloses und 25 — 30% lignin, The high
cellulose content of SD is responsible for its high mean glucose yield; since cellulose is a
homogenous polymer of glucose. Badmus (2002) also produce glucose from palm tree
trunk using auto hydrolysis prior to the acid hydrolysis; he obtained 70% glucose yields

from the substrate at 2.0% sulphurie acid concentration.

The lowest amount of mean glucose yield and TRS found in CI’ can be atiributed 10 its
containing ccllulose and hemicclluloses at levels of 24.99% end 6.67% (w/v)
respectively as reporled by Teerapalr ef al., (2006). This agrecs wilh previous study done

by feerapalr ef al., (2006) who rcported that the maximum reducing sugar of 6.09% (w/v)

" 20°C for
was reeovered from cassava waste after pretreatment with 0.6M 1504 81 120°C fi

30mins. At higher concentrations of H,SO;s than 0.6M, the reducing sugar was lower than

- ; . ' be dericved as 8 result of
6.09%. This suggests that less reducing sugor in the solution inay be def

defwitaations i oxdation by alphuric acid on fydiolytic products

! ' [ high
B value of mean RS found n Yy, S and 1'] may be atiributed to the Ig
The high T

their composilio
j0sc), hexoses (moslly maanasc) and a

i macromolecules
: n. Hemiccllulosc
appreciable amount of hemicelluloscs in

are often polyniers of pentoses (xylosc arxl arabi!

articu
I T - Ofp"".“: Jitol and furfuml can be derieved
readily available bulk source of xylosc from which Xylito

j Exlensive
(Roberto e af., 2003; Porgjo ¢ al., 1998) derieved sugar, improves Lhe
¢ major hemicelluioscs

70% of the 13w matcrial con be expected to convert
(|

lasly industzial interest since they wre

research has dcmonstrated thal

alcoholic fermentation of X710sc. th
economies of biomass conversion as

nto ethanol,
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%5 Ethano! Production from substrates

Ethanel produced from cellulosic biomass materials instead of traditionn) fecdsiock is

tnown &s biocthanol: a carbon-ncutral compound. The traditional process of clhanol
productioo is through fermentation of sugars with a species of yeast called Saccharomyces
a vvistue. Hlowever, the changing needs, energy demands, and tcchnological advances 10
overeomc the general limitations in yeasi-based cthanologenic fermentauons ha ve led to an
exploration of different methods using a broad range of substrates and novel organisms,
indizenous or genctically madified, New technologics arc being developed that consert Ihe

ibrous portion of plant material to bioethanol. These fecdstock malerials are et and

inexpensive (L8l, Reddy and Sonali, 2005).

In this present study, the Simuliancous Saccharification and Co-Fermentation (SSCF) was

employed which involves the fermentation of both six-carbon hexoses (glucose. manoose,

and golactosc) ond { i ve—carbon pentoses (xylosc and arabinose) sugars to cthanol. This 15

ia line with several authors who reported that the Simultaneous Sacchorification and Co-

Fermentation (SSCF) is superior to the Simultaneous Sacchasification and Fermentotion
yiclds, and shorter processing ume

(SSF) technology in terms of cost clfectiveness, better
[ glucose and xylose

(Lynd ez af., 2003; Chendel ¢/ al.. 2007). A complete convetsion 0

misturc was obtained by a respiriton deficient niutanl of S diassuticus co-cullivnted swith

Pichia stipilis in continuous culture (Delgenes, Laplace, and Moletta, ef al., 1996).

est cthanol yicld among

¢ showed that SD gave the high
d TRS, since glucose 15

ied to its high glucose yicld on
(2002), the total sugar content is

In terms of ethanol yield, the resul

3]l the substmtes. This may be atiribu

on. According 0 Kadam

a Precursor for cthanol producti .
d: o key cconomic parameter depending upon the sugar

im { icl
portant for the cthano! ¥ 4 at 48 hours of fermentation for all

production Wa5 obtainc

the level jentained constan
different subsiigtes ‘\Wete used lo assess the efliciency

¢d olfice paper (Btooks ond Ingram 1995), sugar
), com {ibre (Monituzzaman, Dicn, Ferrer,

conteal. The maximum ethano!

the substrates and ofter which
[3 in WhiCll

y. The study oulcome of this

torrobates previous studie

of the strain Klebsiella oxyioka ViZ- mix
ich, ond Ingrom 1994

Cripe. Sutton, ¢ al- 2000). T he bes strains o f the

cane bagassc (Doran., Aldr
€lal, 1996). and sugar beet pPulp (Doran,

i1
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conv ;

A e oo
ceduce the cthanol production costs (Dien, Cou b cf'rm““l‘" S
B o s a.Cid ‘a. and Jeffries 2003). When a comparative

-tich sugar beet pulp was fermented, KO1 |
produced significantly higher quantities of ethanol due to Ecofi KO} effinily for the
subsirate. Dien, Hospeil, Wyckoff, cr af., (1998) developcd a novel hexose end pentose
utilizing the cthanologenic £ c¢oli shain FBR 3 by incorporating the plasmid pLO1297. An
ethanol yield of 4.38%-4.66% (w/v) with 90%-91% theorctical conversion in 70-80 houts
was achicved. Although several microorganisms, including Closiridinm sp.. have been
considered as cthonologenic microbes, the yeast §. cerevisiae ond the focultative bacterin Z
mobilis have beiter candidates for the indushial alcohol production (Bothast, Nichols and
Dicn, 1991). The feedstock typically account for more than onc-third of the production
costs, thus maximizing the ethanol yield is imperative. A high cthanol yield means using
those strains of bacteria that can produce fewer side products and metabolize all major
sugars, which typically include glucose, Xxylosc. arobinose. galactose, and mannose

(Wisclogel er al., 1990). Ethanologenic bactena that cuirently show meximum promisc for

indugrial exploitation are E.coli. K. oxyloca and Z mobilis.

{ role in fcimentaion. The influence of mixing (from 100-110 rpm

[scvolutions per minutc}) on the pcrformance of Z mobilis anaerobic conlinuous culiure

was studied, Tt was found that the biomass yicld and cthanol productiv'ily werc improved al

higher stiring intensities along with o decrease 10 the
gbolism and anabolism (Toma efal., 2002).

Mixing has an importinn

by-product formation. Vigorous

mixing led 10 o better coupling between cal

J suger cone (Sacchartin officingrum) is & well-

Ethanol jon from com an -
production from s Jocoted in the mid-western

esiablished 1echnology, with sevcral

United Siates and Brmaazil, rcspcctivci)ﬂ
ied 10 by-prOdﬂC'S suc

i5 problcmnﬁc due lo potcn |
lso 8 Promisin@ apptoach, which

plonts Using these Cf0p

They e dre UPPer limits however, to using com os
h as the DDG (distiller’s dried gain),
feedstock as the economics 151 ia] markct saturation. Use of

the effeclive mm’kcling of which

[ cthanol 15 @
lignocellulosic biomass as substale 0 mak¢
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vansformants converted 10% glucose .
B s f"ulose ,::;;:Vc-n;clll.:baosc inlo 44-4Sg/litre of ethanol
rduce the ethanol production costs (Dien, Cotta ndlj clt? "a’“"“'“ SRR S
study was done, in which galacturonic a.cid-ricl’lasu o
gar beet pulp was fermented, KO1t
produced Signiticantly higher quantities of ethanol due to £.coli KOl1} afGnily for the
subsirate. Dien, Hospell, Wyckofl. er al., (1998) developed a novel hexose and pentose
utilizing the ethanologenic £.coli strain PBR 3 by incorporating the plasmid pL01297. An
cthano] yield of 4.38%-4.66% (w/v) with 90%-91% theorctical conversion in 70-80 hours
was achieved. Although several microorganisms, including Clostridium sp.. have been
considered as ethanologenic micrabes, the yeast S, cerevisiae and the facullative bactcria Z
mobilis have better candidates for the industriat alcohol production (Bothast, Nichols and
Dien, 1991). The feedstock typically account for more than one-third of the production

\hus maximizing the ethanol yield is imperative. A high ethanol yield mcans using
lizc 01l major

costs.
those strains of bacteria thut can produce fewcr side products and metabo

sugars, which typically include plucose, xylose, arabioose, palactosc, and mannose

{Wiselogel ¢7 al., 1990). Ethanologenic bacteria that curtentl
X ontoca, ond Z mobilis.

y show maximum ptomise for

industrial exploitation are E.coli.

Mixing has an important role in fermentation. The influence of mixing (from 100-1 10 rpm
ance of Zmo

yield and ethanol productivity et improved at

il ' b culture
ltevolutsons per minute}l) on the pcr[orm bilis anaerobic conlinuous 1

was studied, [t was found that the biomass

a decrease in the by-product formation. Vigotous

higher stirring intensities olong with
bolism (Toma ef al., 2002).

IXi : : ana
mixing led 10 a better coupling between catabolism and

arum Qﬂichwn(m) is a well-

m ond Sugar ©one (Sacch
located in the mid-westem

Eihanol production ftom €O
cstablished technology, With severol P =
Thefc are up”[ |lmlls

; ; actively. R .
R sissmnd ez m dto by-products such as the DDG (distiller’s dried grain),
s is Ledto B~

N ) 1o ic nrobl malic
the cffcclive narketing of which i 7 x s also & Promising approoch, Which

lants Using these €fops

however. 10 using com as

feeds 1 !
tock as the economic due to potential market satumtion. Use of

lignocellulosic biomass 2
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uapsformants converted fO% glucose agd 10% cellobiose into 44-45gflitre of cthanol
within 48 hours. Integrating cellulose components Iike extracellular endoglucarase can
reduce the clhano! production costs (Dien, Colta, and Jeffrics 2003). When a compasative
gudy was done, in which galacturonic acid-rich sugar beet pulp was fermented, KOI11
produced significantly higher quantitics of ethanol due to E.cafi KOI1 affinity for the
swbstrate. Dicn, Hospell, WyckofT, er al., {1998) developed a novel hexose and pentose
utilizing the ethanologenic £.coli suain FBR 3 by incotporating the plasmid pL01297. An
ahanol yield of 4.38%-4.66% (w/v) with 90%-91% theoretical conversion in 70-80 hours
wos achieved. Although several microorganisms, inciuding Clostridium sp.. have been
considered as ethanologenic microbes, the yeast S. cerevisiae and the facultative bacleria £
mobilis have betler candidates for the indusuial alcohol production (Botkast, Nichols and
Dicn, 1991). The feedstock typically account for more than one-third of the production
costs, thus maximizing the cthanol yicld is imperative. A high cihanol yield mecans using
(hose strains of bacteria thut con produce fewer side products and metaboliac all major
sugars, which typically include glucose, xylosc. arabinose. golactose, and mannosc

(Wisclogel er al., 1996). Ethanologenic bacteria that currently show maximum promise for

industiial exploitation are £.coli. K. oxyioca. and Z mabilis.

nt role in fermentation. The . flucnce of mixing (from 100-1101pm

Mixing has an importa
anaerobic cOMtNUOUS cullure

|revolutions per minuie]) on the performance of Z maobilis

was studied. It was found that the biomass yield and cthanol productivity were improved al

higher stirring intensities along with 8 deceease in the by-product formotion. Vigorous

i i ', 2002).
mixing lcd to a better coupling betsween catabolism and anabolism (Toma efal )

(Sacchariim afficinorim) is a well-

Etha : com and sugar cane .
no) production from « crops locnted in the mid-westemn

¢slablished technology, with severl plnnls using thes

. . vely. There arc Uppe , .
United Siates and BNZI'. 'CSP?::; (: zy prOduc‘s s ihe DDG (disli"c‘ts dried g]-mn)'
i -

: ¢ due o PO
i problcmatrc . |
- ke cthano! is 8ls0 8 promising approach, which

¢ limits however, Lo USINE com as

- ¢ ( =
fecdslock as the economics 1S tential market salurotion. Use of

the ciTective marketing of whic

1 c e ma
lignocellulosic biomass as subsuate O
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gocs ot suffer from these Limitations. Altbou )
glso Offers concomitant environmental bcncli:.h!::::ii;;mom-cxpmsm ﬂ.ppr.oach, :
such as agricultural and forestty residues, pulp and paper wn::; lsli:ca:“u:jc:;owfs'
. nicipal
swlid Waste are abundant ond undcmlili;cd resources, which can be converled to ethanol.
Woody and herbaceous encrgy crops, such as hybrid poplar and switchgeass can also be
used as renewable resources for ethanol production; reseaschers at the Qak Ridge National
Laboratory (Oak Ridge, Tennessee, USA) studied the logistics and economics of energy
crops (Turhollow 1994; Wright 1994; Pcrlack and Wright 1995; Pcriack, Watsh, Wright, ¢/
al. 1996). However, it appears that the first materials used for cthano] production will

most probably be waste materials and residues (Wyman and Goodmaa, 1993).

Ethanol is a two carbon alcohol (Cz2Hs@H) i.e n monohydric primaty alcohol which is

ssometic with DME (di-methy] ether). ft melis at -117°C and boils at 78.5°C Except for
‘s n mixture of 95% nlcohol and 5% watcr. [t is nhigh

sleohol beverages, nenrly nil ethanol
on engines (Lynd ¢! af,

performance fuel, which is used in spatk ignited interas] combusti
2003). It is considerably clcaner, less loxic. also less corrosive (Lal and Reddy,2005;

Risch,1998). Biocthanol produced from rencwabl
cthanol as n gasolinc fucl additive, as well as

¢ biomass heos received considcrable

stention in current years. Using

transporiation fuel, helps 10 alleviatc globnl
4 to focus on developing an economical and

is being given 10 the production

warming and environmental pollution. In the

last decade, most research has tende
Much anphasizc

ecofriendly ethanol production Process. e
d fortns of lignoce lldosic biomass

of ethnnol from ngricultural and foresiry residues an

(Kadom e¢ af., 2000).

h hene {its ol'Biocthnnul Production

56 Environmengal and Healt

561 Environmentnl benefits: rall, ethanol is considered (o be beller

Ove

Environhicnt:
ol-fucled vehicle produce lowcr carbon

» Ethanol Is good for the

{ thon gosoline Ethan

for the environmen r levels of

monoxide ond carbon .
des of pitsogen M

s and the same or lowc

dioxide cmission
JOXi g5 o blend of 85 percent cthanol

. gSiON. £
hydrocarbon and OX!
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ond |5 percent gasoline, which means (ewer cmussions fom cvaporation. Adding

cthanol to gasoline on lower perecntages, such as 10 pereent ethanol and 90 pescent

gasoline (E10) reduces carbon monoxide emissions from the gacoline and improves
fitel oclane rating.

Net Keduction in Ground-level Ozone forming Emissions: Ground -~ level
ozonc causcs human respiiatory problems and damages many plants that but does
nothing 10 increase ozone concentration in the stiatosphere that protects the carth
from the sun's uliraviolet yadiation. There are many compounds that react with
sunlight to form ground-level ozone, which in combination with moisture and
particulate mattcr, creates *smog’ the most visible form of air poflution. These
compounds include carbon monoxide, unburned hydrocarbons, beazene and
nitrogen oxides (nitrous oxide and nitric oxide), Ethanol biended fuel bums with a

greater reduction of all these gases.

> Rcduction in harmful Greenhousc Guses: In comparison to gasoline. cthanols

i cr with a
(alcohols) have a highcr oclanc qumber than gasoline and bums clcancr |
de ond overall poliution in the air.

: ' bondioxi
r efficiency. thus putting less car | |
i ; produced from 11s combustion.

Additionally, only low levels of smog are

: | (2005) fuels with 8 hi 4
According to Agarwnl ( « knocking tokes place, this Bives the

ghee octane number cap cndurc a

higher compression fuo before the engin
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b 4

3.6.2

b b4

and 13 Peicent gasoline. which means fewer emissions from evaporation. Adding

cthano! to Basoline on lower petcenages, such as 10 percent eihanol and 90 percent

gasoline (E10) reduces carbon monoxide emissions from the gasoline and improves
fuel octanc rating.

Net Reduction in Ground-level Ozanc forming Emissions: Ground — level
ozone causes human rcspiratory problems and damages many plants that but does
nothing to increase ozone concentration in the stratosphere that piotects the earth
from the sun’s ultraviolet radiation. There are many compounds that scact with
sunlight 10 form ground-level ozone, which in combination with moisturc and
particulate matter, creates ‘smog’ the most visible form of air pollution. These
compounds include carbon monoxide, unbumed hydtocarbons, benzene and
nitrogen oxides (nitrous oxide and nitric oxide). £thanol biended fuel bums with a

grcater reduction of ail these gases.

Reduction in harmful Greenhouse Gases: In comparison [0 gasoline. ethanols

i 20
(alcohols) have a higher octanc aumber than gasoline and bums c!cun.cr wi h'a
thus putting less carbondioxide and overall poliution in the air.
ptoduced from s combustion.

greater cfficicncy,
Additionally, oniy low jevels of smog are
According 1o Aganwval (2005) fucls with 8 higher

. ine knockin
- - mtio before the engin ;
higher compression e powerful. eflicicol
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g lakes place, this gives the
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engine an ability (o deliver more pOTVer. and thu

and cconomical.

Health benelits include:
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' 1o] Protection
ified by the Environmen
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2004). According 1o the EPA

decreased cmissions of benezenc, 8 hydrocarbon
ecr

Agency (EPA) as 8 known human
« toral 10xic entissions from
carcinogen. Benzen¢ accounts
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including anocemia and higher instances of |eykaemin as well hort
, as short — term

::?::::h:"j t:::a;::o::j a'zp‘l';::l’)’ untation. Studies have indicated that
& rate can reducc benzene emissions by as
much as 25%.

» The America Lung Association links the emissions of tailpipe soot and particulate
l.'nattcr 1o cancer, asthma and hear. attacks; thus ethanol blendimg plays en
important role in improving Public Health (Jacobson, 2007). Replacing gasatine
with ethanol also reduces emissions of butadicnc, a probable humon carcinogen
and formaldehyde, a toxic containinont.

5 The conversion of cellulosic wastes into bioethano! helps to prevent leachates and
runofl ftom these wastes to percolates through the soil thereby causiog pollution
of the underground waters. Pollution of underground water couse both acute and
long-term effects on the human health. Acute effects includes GIT infections,
ccrebrospinal menegitis etc whilc cheonic effects are carcinogenic which includes

carcinoma of the liver and skin, foctal sbnonnalities. The bioconxcrsion of these

wastes into cthanol olso helps to creaic 2 friendly environment by preventing

stress related 10 odour, noise. vermin and visual amenity (Do'k. 2002)

5.7 Climatc bencefits

The term *climate chonge’ refees to a Widc F0EE of changes in Wedther PEllems that result

from global warming. A substantial increase 0 the 4
d melting of polar ice caps, raising sco levels

n
¢ conditions, Use of ethaool-

Earth's average temperature coutd

result ina change in 8gricultural pattems @
and causing flooding of low lying coastal arcas. Under eurren M
blended fuels as E85 (85% ethanol and j5% gasolinc) can reduce the nct crmssu:'ns of
areenhouse goses (CHa, €O, CO» g NOx) by os much 2s 37.1 %, Ethanol-blendcd fuel os

gasoiinc) reducts grccnhousc gases by Up to 3.9 % (Gary,

Elo (100 909
(10% ethanol and 90% from cellulose. the grccahouse Eas

2004). It is expected that once cthanol
improve.

is made

emissions reductions Will furthef
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including ansemia and higher instances of leukaemia, as well as short — term

impnc}s such as headache and respiratory imitation. Studics have indicated that
blending ethanol with gasoline at a 10% rate can reduce benzene emissions by as
much as 25%.

» The America Lung Association links the emissions of 1ailpipe Soot and particulate
malier 10 cancer, asthma and heart attacks; thus ethanol blendmg plays an
important role in improving Public Health (Jacobson, 2007). Replacing gasoline
with cthanol also reduces emissions of butadicnc, a probable human carcinogen
and formaldehyde, a toxic contaminant.

> The conversion of ccllutosic wastes into bioethano) helps to prevent lcachates and
runoff from these wastes to percolates through the soil thereby causing pollution
ol the underground waters. Pollution of underground waler cause both acute and
long-term effects on the human health. Acute cffects includes GIT infections,
ccrebrospinal menegitis etc while chronic effects are carcinogenic which includes
carcinoma of the liver and skin, foctal abnormalities. The bioconversion of these

wastes into ethanol nlso helps 1o crealc 2 friendly environment by preventing

stress related to odour, noise, vermin and visual amenity (Dolk, 2002).

57 Climatc benefits
The term *climatc change’ tefers to 0 widc range of changes in weather patterns that result
increase in the Earth's average icmpcrature could

ems and melting of polar ice COps, raising sca levels
¢ conditions, use of cthanol-

from global warting. A substantial

resull in a change in agricultursl patl
g coastal arcas- Under curren

no} and 15% gasoline) con !
as 37.1 %. Ethanol-blended fuel as

ouse gases by Up 10 3.9 % (Gary,

and causing Nooding of Jow lyin
blended fuels as £85 (85% ctho
greenhouse gases (Chis Cco, COr & NOx) by 08 much

£10 (10% ethanol and 90% Basoline) reduces Brecah

: fro
2004). 1t is expected that once cthagol is made TTOM

educe the net emissions of

cellufose, the Breenhouse gas

emissions reductions Will further impfove.
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including anacmia and higher instances of leukaemia, as well as short — term
' on —

impac}s SUchipes he.adache and respiralory imiation. Studics have indicated that
:::i':sg;:‘ml with gasoline at a 10% (ate can roduce benzene emissions by as

> The America Lung Association links the emissions of tailpipe soot aad parsiculatc
matter o cancer, asthma and heart attacks; thus cthanol blending plays an
important role in improving Public Health (Jacobson, 2007). Repiacing gasoline
with ethanol also reduces emissions of butndienc, a probable human caseinogen
and formaldechyde, a toxic contaminant.

% The conversion of cellulosic wastes into bioethano] helps to prevent lcacbates and
runofl’ from these wastes to percolates through the soil thereby causiag pollution
of the underground waters. Pollution of underground watcr causce both acute and
long-term cffects on the human health. Acute effeets includes GIT infections,
ccrebrospinal menegitis elc while chronic elfects a:¢ carcinogenic which includes
carcinoma of the liver and skin, foctal abnonnalities. The biocont ersion of these

wostes into cthanol also helps to creaic @ friendly environment by preventing

stress related to odour, noise, vermnin and visual amenity {Dolk, 2002).

3.7 Climaic hencelits
¢ range of <haages iy weather pattcens (hat result

The tesm *climate change’ tefers fo 8 Wid
Earth's average lemperature could

| incceasc in the
s nnd melling of polas ice caps, raising Sea tevels

Under cutrent conditions, use of cthanol-

frain global wamting. A stibstastlia
result in a change in agricultural patiem
and causing flooding of low 1ying coasta] drcas-

o, ethapol and 15% gnSOh'nc)
o (8(533 cC(l: B& NOx) by & much as 37.1 %. Lthanol-blended fuct as
. 1 ‘

gasoline) reduces greenh
madc fro

can reduce the nct cmissions Of

greenhouse gases (CHa.
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2004). It is expected that once ethanol 1S
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ousc gases by up 10 3.9 % (Gary,
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<8 Sustainability of the Production l;roc&s

in the lote 1970’s, the first major oil crisis occumed; the need for renewable liquid fuel
such as ethanol was recognized (Lichts, 2006). Ethanol is nowadays an important product
in the fisel market. lts market grew from less than a billion litre in 1975 to more than 39

billion Jitres in 2006 and is expected to reach 100 billion Jitres in 2015 (Lichns, 2006)

Lignocellulosic malcrials are rencwablc, largcly unused and abuadantly available sources
of 1aw materials for the production of fuel cthanol. Lignocellulose malerials con be
obizincd at low cost, from a variety of resources (Wyman, 1994). These matenals contain
sugar polymesized in foym of cellulose and hemicelluloses which con be liberated by
hydrolysis and subsequently fermented to ethanol by microorganisms (Millati ¢t al. 2002;

Palmquist and Hahn-Hagerdal, 2000). Based on a review of literature, it is estimated 1hat

cthano] yields from lignocellulosics will range between 0.12 - 0.32 L/Kg undried

cedstock depending upon the efficiency of the
al., 2003). '

five carbon sugar convcrsion (Winggel ¢1

produced [rom biomass may

h countries with surplus of agricultuwal capacity, ethanol
¢ iraditional motor fisel. While

represent a sensible substitute, cxtenderor octanc booster fo
asses con be fennented directly, this is

sugar-based raw matcrinls such as cane juice or mol
be conveited lo fermentable

row motcrinls. They have to

aol possible for starch based
the principle of using ENZymes 10 produce

sugar [irst. Although the €quipment is diffcrent.

fuel alcoho! is similar to that for producing portable alcohol-

bose CMalyscd reactions for

s based on acid or
ffom @ comnicrciol and

have inherent drawbacks
y result in poor product yields.

ded 1o driv lcad to high cost and
woler downsueam. Horsh, and harzasdous
s, ocidity of olkalinity need high capitol
d by-products

Many traditional chemical processe

processing of ogliculluml products

n spccific rcaclions Ma

environmental point of view. NO '
e sencuons May

High (empcratures and high pressufes nce

requitement of lorge volumes of cooling
c

b temperatures. pressur

processes involving hig
designed equipment &N

! 4 control sysicms. Unwante
Investment and specially
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may prove difficult or cosily to dispose off. High chemical and energy consumption and
hsmful by-products have a negative impact on the environment. The use of enzymes may
vitually eliminate these drawbacks within the non — food as well as within the food area.
Over the 1ast 8-10yts, new enzymes sysiems have been developed for the bioethanol
industty (Sejrolsen and Schafer, 2006). To minimize investment and operting cost novel

enzyme Sysiem have been developed.
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CHAPTER SIX
CONCLUSIONS AND RECOMMENDATIONS

61 Conclusions

The purpose of this study was o invesligate the cthano! yielding capacity of some sclected
lignoccliulosic based wastes. The results show that sawdust produced the highest glucosc
1nd ethanol yield among the substiates. Therefore cthano! production froin sawdust should

be filly optimized.

Bioconversion offers a cheap and safe method of not only disposing the agricuitural
residues. but also it has the potential to convent lignocellulosic waste into usable forms
such as reducing sugars that could be used for cthanol production. Hence the conversion of
lignoccllulosic “wastes™ into biofuel such as ethanol will help reduce cnvironmental

pollution, contribute toward the mitigation of greenhouse gases cmissions and serve as a

sustainable solid waslc mansgement stiategy.

i i duction
Incentives available across the globe for investments in cthano! reseasch and pro

i | ‘ever, this may bc a
are Jucrntive enough to make ethano) aveilable ot ® cheaper price. However, this may

y countries. Hence, there is a need to put reseatch efforts into
from cheaper and feasible agricultural Wwastes

beet, clc., which in fact, contributc

buiden economicelly for man
more focused goal of ethano! productign
nther than from corn, sugar cane molasscs, Sugar
greatly 10 inflating the cost of ethanol proguction &p2
added for hydrolysis of the complex carbonhydeutes.

1t fhom the cost of enzymes to be

\wastes in biotechnological process has cut

i 0 ‘ ulosic
Conclusively, the utilization o potentiol for industrial opplication and

' vhich has
scross wide mnge of producl which

efficient usc of the
viability depends solely on

izati ic .
commercialization. However, the econom n e
the pat
(eedstock for bio-ctia

¢ bio-filel. In addition, the

soutce of thes

agro-waste. The sensonal hasvesting Of nol production thereby

impediment to constant availability of the

yction of the tcnewob

[ e its viabitity for industinl pros is noy efficient (or cfTeclive

st
from Major produccr

developing SOUMRES

; ! in MO ituali ils for
present cnvironmenta) Jcgislation & s. I such situation prevails [

collection of these agro-based residucs
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. r ) - O
fong it My femain a lifetime challenge for commercialization of bio-ethanol from the
waste.

Usilizauon of agro-bascd wastes for the production of bio-cthanol serves a dus! benefit:

wostes reduction strategy and mitigation of greenhouse gases cmissions. The following

ecommendations arc suggested a1 individual, researcher and government levels:

6.2 Recommendations

Individual tevel

Individuals should try to minimize waste geneation and mitigetc greenhousc gases

cmissions, swhich could be achieved through the following ways:

« Public ecnlightment and health cducation should be underiaken 1o cducate

individunls/community on environmental aod health hozards associated with

indiscriminatc disposal of wastes.

. Dissuade people from the opening burning of biompss.

o Vehicles owners should be cncouroged (o USC cthanol blended fuel in their

Ay Canada ctc.
automobiles like 1n most othe 4,

- countries Such as Biazi), Chin

gation point sousce should be cncournged by

o Waste minimizntion and SCBre
es N8 specially coaled €O

iesond authoritics.

ntainer for easy collection
keeping ol! agro-based wast

and utilization by designated 38€NC

Research Institutions/Stakeholders

i contribute townrds the
ersin encrgy seciofs c&n bu

Research institutions and other stakehold

cthanol production i the following ways:

sustainability of bio-
the ditcction of evolving microbes that can convert

J be focused N bolizable sugars and then 10

» Resedrch shoul
ccliuloses matctiol

the complex ligno
cthanol.
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« Devclop engineening systeins svith improved oclivities suitable for indusiriel-scale

applicntion through specially designed equipment ond control systems.

e Technological advnnceinents in genomics and protcomics arcas that will be able to

overcome the feedstock inhibition of the hydsoiyzed products, non.specific
rcactions nnd hnrmful by-products,

o Develop nutomobile engines thot will be nble to work efliciently using cthonol

blended gnsoline.

For Government

Based on the findings of this study, it is secommended that the Federol Government should

s o moller of urgency properly nddress the problem of solid waste management and

climatechonge, as folloss:
i wider scale.
« Encourage the suitable bigconversion processes of agro wasteson

' jvale automobile.
¢+ Promoting urban intensification to reduce the need (0 use prvale

hanol-ble nded
« Govemment should make legisiotion that witl promotc the use of o

gasoline in all automobilcs

1and/of cxpalsion of commetcial intergroled energy

e By facililating the developMmen

sysiems.

' i minimiZatioo.
e Government Should give 0ul incentive for wasie

d show comnuunent 10 the aclualjzation of the

o Politicnl will: Govermments shoul
++s Protocol and othe

greenholisc gas

r enviroomental ag1ecments signed by the

goals of the Kyol e

; J -
countries 1o reduc | |
- tanactllulpsic Wwasles gy ils mMain

v Hy odapting ethanol preduction
feedsiocks in cespon
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APPENDICES

Appendix 1: Experiment |

Table 1.1: Volume of Hydrolysates obtained from the acid hydrolysis of the various

substrates
i 1* 2% Total
Acid Hydrolysis Substrate Type | hydrolysis hydrolysis | volumc (ml)
| YP 30 125 155
5.6)M cp 50 128 178
PP ' 75 110 185
SD 25 98 123
YP 52 128 ligg
76 100
9.4M CPl!: - % 50
| | —CP 110 125 2125
13.1M s 100
e s

i T.0.C)
Table 1.2: Deternfation of Total Orgumic Carbon

™~ ik =

itre Value
7 Weight of sample (2ken ans
L m cm
o T ) S 10.10
oncentration 55 Tedralvsate ._-—-——"(ﬁ 330
__,,__——L—'-'_‘.'__-_-- .
5.6\ PP hydrolyss__ —— 9.50
L Yphydolysste | ——7 13.0
CPp hydrolysaic __._-———0‘1"'_ :)39,«:)0
Sphvdlyse | —p7 | 9%
9.4M pp hydolysae | ——p7 | 1300
A VP hydolysat | —p 1 ;65.20
Crholsse |——0) -0
JERLT T e e
hydiOlysaic ( J——
13.1M L lvsate _——0" 14.08
hvdrolysaic__ 02

= L —
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APPENDICES

Appendix 1: Experiment |

Toble 1.1: Volume of Hydrolysates obtaincd from the acid hydrolysis of the various
subsirates

i 1 * Total
Acid Hydrolysis | Substrate Type hydrolysis hydrolysis | volumc (ml)
YP 30 125 ' 155
5.6M Cp 30 128 178
. PP 75 110 1853
12
SD 25 98
YP 52 128 180
9.4M CP 76 100 176
' PP 92 9§ 190
CP 110 125 2”5
13.1M = 100

: (T.0.C
Table 1.2: Determination of Total Organic Carbon )

itee Value
Weight of sample tnken Tu::m;; u
Acid | Sample e E “_)
5.6M pp hydrolysste__| ———1 550
‘ YP hxdrOIvsalC ______,_.O—-—--“'_ 13.0
CP hydiolysote L —— 1 1340
SD hvdro‘\‘snlc __________0‘—*—-‘—'_ 9| ;) go
_______n_-—-—""-___-.—_—-—_--___-_ .
9.4)] PP hydrolysale = 500
i P | hvdrolvsate_ L —01 8 5'6
CcPp h\‘drolls_lﬂf_.-______—--af""'_ l;‘ 3
SD hvdrolysa ___._--——6""_ : 9'5
te '
13.1M PP hydeOlysdic —-‘/%_/_ 195
YPp hydig¥sote =
Y ohate | ———
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Tablc 1.3: Dctermination of Total Phosphorus (%)

Acid Concentration Sample Absorbance reading ppm P
(4700m)
SD hydrolysate 0.097 2206.75
5.6M PP hydrolysate 0.119 3707235
YP hydrolysate 0.110 2502.5
CP hydrolysate 0.106 2411.5
| SD hytlrolysate 0.089 2024.75
L 9.4M PP hydrolysate 0.114 2593.50
YP hydsolysate 0.101 2291.75
CP hydrolysate 0.092 2093.00
SD hydiolysate 0.082 ggggg
13.1M PP hydrolysate g:)gi 1979..25
YP hydrolysale :
CP hydrolysatc 0.087 1919.25

. o
Table &.4: Dclermination of Totul Nilrogen (%)

s

Ssmple Titre Value (er’)
'
I\Cid
Conceniralion AT ;i%
N PP hydolysate 8
= YP hydrojysate 5
CP hvdrolYsote =55
Sp hvdrolysotc S
pp hydrolysstle 3 0
o YP hydrolysale =
Cp hydolysale __—— =
__—[SDhydioiysate ——0
K PP hvdrolysate D
| 2 vplydolysete —— T
Cp hydrolVsate e
e ———
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Table 1.5: Dctermination of Glucose Yield (GY) and Total Reducing Sugars (TRS)

e

=l
Acid Absorbance | Glucose Absorbance |TRS .
Concentration | Sample | GY(4900m) | concentration | TRS (4900m) Conceatration
(my/ml) {mg/ml)
SD 0.119 45.7 0.156 60
PP 0.107 4] .1 0.132 22;
S.6 M YP 0.096 369 0162 | 1?; .6
10.4 0.038 .
CP 0.027 16
SD 0.125 48.0 0.188 6’3"3
PP 0.114 438 0.165 73.3
9.4M YpP 0.100 38.4 0.19512 =
. Ccp 0029 1.1 0.2 o
| - SD 0.143 54.89 0.-2: L
| PP 0.127 48.80 glzg; e
13.1M YP 0.113 4340 o S
- —Cp 0.035 1344 -
i
| Table 1.6: Veolume of Sugar solution obt

subjccted to hydralysis

Volume Of Sugur so)ution {ml}

Substralc i —-_—__ 130 i.
SD e 130 ;
PP — 110 :

—————

"--_-_-_-_-___-_._-_-_ ]
L |

T RKAY T e

—
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Table 1.3: Determination of Glucose Yicld (GY) and Total Reducing Sugars (TRS)

Acid Absorbance | Glucose Absorbance | TRS .
Concentration | Sample | GY(490nm) | concentration | TRS (490nm) | Concentration
- (mg/ml) I (mg/mj)
n SD 0.119 45.7 0.156 [ 60
PP 0.107 41.1 0.132 23;}
5.6 M Yp 0.096 36.9 0.162 <2
CP 0.027 10.4 0.038 L4¢
SD 0.125 48.0 0.188 721 |
PP 0.114 43.8 gllgsl 533 B
YP 0.100 384 . ]
e 0.029 T 0.052 20
o T 0224 86
== [ 0.143 54.89 .
SD ' — 370
| PP 0.127 48.80 0.192 o 1
13.1M YP 0.113 ‘g‘:g_ -5 3
[ Cp 0.035 :

id Y ' d
solution obtaincd from the 13.1M acid hydrolysis an

Table 1.6: Volume of SUE3ar subjected 10 hydrolysis

- Volume of Sugar solution (ml) _]
Subsiralc 5 =5
20 T~ 140
PPy il 110
TS e s 100 _

NI
L___(_Zf_#___________,___'-—*,_._———-—
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Table 1.7: Determination of Ethanol yicld

Tl 24 hrs of Fermentation 48 hrs of Fermcotation
17 lin Titre value (ml) | Ethanol Titre value (ml) | Ethonol
:::,'::n ; Concentration Concentraiion
'{ (mg/mi) (mg/mi)
&) X 29 138 [ 33.90
PP 7.90 24.60 R 30.00
T 4.22 29.84
YP 7.97 24.50
cp 18.05 10.13 15.93 13.14

Appendix 2: Egperiment 2

| * v Tol(al ;]'Ohnnc |
| ' hydrolysis hydralysls m
e Type | M
. Acid Hydrolysis Substrale YD E = 4
o 52 132 184 |
| aa oL 70 113 183
i i 10 104 134 f
>0 60 125 185 |
s 75 100 113); '.
s 102 |
9.4M ***“"Ffi--__—_‘ 52 0 D l
—_— 47 180 !
__--§-0-"""_“' 60 120 i)
3 ______I]_‘--——"_‘*" ' mg___ 130 21;85
13.1M i e g 05 25 |
| e e
[
P T
142

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




Table 2.2: Determination of Total Organic Carbon (T.0.C)

Acid Concentration -Sample Weight of sample taken | Titre Value
L) (cm’)
SD hydrol vsale 0.1 940
5.6M PP hydroivsate 0.1 6.14
YP hydrolysate 0.1 8.40
CP hvdrolvsatc 0.1 11.90
SD hydrolysate 0.1 12.63
9.4M PP hy drolysate 0.1 8.90
YP hvdrolysale 0.1 12.31
CP hydsolysate 0.1 ;62-;0
SD hvdrolysate 0.2 530
13.IM PP bydiolysate 0.1
YP hvdroiysate 0.2 6|;§0
CP hydrolysate 0.2 : —

Table 2.3: Determipation of Totol Phosphorus (%)

readt !;‘70"1“] np'“ P
Acid Concentration | Sample. A 01! = 2300.25
SD hvdrolysate 01187 [ 2700.425
1 5.6M PP hyOrolysate 0.1099 2500.225
| [P hydiolysate = 2206.75
——T<p hvdrolysate 1595 2900.625
S A i b
_ PP hydrolysate 0.1187 2700.424
9.4M VP hydolyte L T 2300025
[CP hydiolysate 0.1187 200 52
_———T3p hvdiolysae_t———— 01363 2388.75 |
W\rmlc — 0.1275 1979.25_'
'_-______‘____._l--'-'-_ N - I
olysptc e
oL [iCphsdity= ——
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Table 2. 4: Determinggion of Total Nitrogen (

%)
T Acid Concentration )
I \— Sample Titre Value (cm™) |
e ﬁ? hydrolysaje 356
h!dO'YSﬂC .73
YP hydrolysate 4.1 3
| CP hydrolysate 4.43
| SD hydrolysate 261
2.4M PP hydrolysate 377
YP hydrolysate 3.43
CP hydrolvsate T 336 L1
SN hvdrolvxate 183
13,10 PP hydrolysate 216
YP hydrolysate 2.50
CP hydrolysate 270

Table 2.5: Determination of Glucose Yiekl (GY) and Totul Reducing Sugars (TRS)

| Acid Absorbance | Glucose | Absorbance | TRS
Concentration | Sample | GY( concentralion | TRS Cunccentration
490nm) (mg/ml) (490nm) {mg/ml)
SD__ | 0.117 ~ 449 0153 | 581
PP 0.104 9.9 0.129 49.5
5.6 M Yp 0.095 36.5 0.159 61.0
CcP 0.017 6.5) 0.037 14.2
SD 0.122 46.80 0.187 71.8
[ PP 0.114 438 0.16) 62.6
' 37.6 0.190 729
94D | NP 0098 « e =
| - Ccp 0.029 11.1 :
[= = 54.13 0.221] 84.84
| " SD 0.14] 7330
- [ 47.60 0.191 .
| I  Pp 0.124 - 352
41.10 0.222 .
B3R YP U0E 12.7 0.086 33.01
[ CP 0.033

344

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Table 2.6: Yolume of Sugar solution obtained from the 13.1M acid hydrolysis and
subjected to hydrolvsis

Subsirate Volume of Suear solutioa (m!)
sD 128 =
PP 135
i YP 108
= Ce 179
: Table 2.7: Determination of Ethaaolyicld
["" 24 Iirs of Fermentation 48 hrs of Fcrmcentation
i i -alye | Ethanol
‘ Titre valuc | Ethanol Titre  va .
| fermenting (rml) Caneent aton | (ml) Concenirantion
broth (me/ml) (me/ml)
~ 1.91 33.13
5.52 28
f,f? 846 23.80 5.17 2235:%
P | 18.16 9,97 16.

Appendixd: Experiment 3

: : obtained fromi th
Table 3.1: Volume of Hydroly saics BN

¢ acid hydrolysis of the various

T 7¥ Tog(d;'niumc
i< | Dyclrolysis L
. ete Fyipe hydrelysis
Acid Tlydrolysis Supstpe I 125 1
B 1= 13 180
| Ep e 108
5.6M ——pp 12 —100 128
RS el S 185
SO +——g | 127 o
B —— e [
( g | 10 ___—%
Lo — o [ B e
— SD 131 | W ___t+——5 |
D —— I 5 e 135
i = —— i B 115
- — 7w —p | oL
o
— S —
L =i
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Table 2.6: Volume of Sugar solution obtaincd from the 13.1M acid hydrolysis and
subjected to hydrolysis

—  Subslratc Volume of Supar solution (ml)
o SD 128
== PP 135
=l YP 108
Cp 179
Table 2.7: Determination of Ethanol yield
— 24 hrs of Fermentation 48 hrs of Fermentation
- ' i atue | Ethanol
: Titre  value | Ethanol Titre  value ]
Fermenting (ml) Concentration | (ml) Concentration
broth I (mg/mD) (me/ml)
1.9% 33.13
5.52 28
L 8.46 21.80 5.17 3222
7 9.30 Lo .12 1290
;—}',’i 18.16 9.97 2 '

Appendix 3: Experinient 3

c e .

subsgrates . y

'k by Total volume
~ 8] (ml)
e | hyalralysis hydrolysis
cate Type
Acid Hydrolysis Substrute T5D o R ‘lgg
. cr 4 e 180
$5.6M CpP . 7 108 180
vE —3 100
- 185
- =21 et — 178
F_______IP_-—--———‘ 73 105 =
L —57 | 100
9.4 -—-ﬁ»“"_'_-______...- 0 51
—sp | —22—1—155 | 182
== —57 [ 15 L=
13.1M - ¢ __—r—— | 2 15
| ol e
L,___.--—':"_"'_-d
r_______gg.—-—-"—-‘-—-

— _.___._.—'_'I—-'
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Table 3.2: Determinatioe of Total Organic Carboa (T.0.C)

Acid Concentration g‘[')mhl'!; 1 . Weight of sample taken (2} | Titre Value (cm’)
ydrolysate 0.1 10.7
5.6M PP hydrolysate 0.1 7.93 |
YP hydrolysate I 0.1 10.19
CP hydrolysale 0.1 13.58
S D hydrolysale 0. 14.23
9.4M PP hydrolysate 0.1 10.62
YP hydrolysate 0.1 13.46
CP hydrolysate 0.1 1732
| SD hydrolysate 0.2 9.03
13.1M PP hydrolysate 0.1 144
YP hydrolysalc 02 9.30
| CP hydrolysale 0.2 [ 1506
et Pliospliorus (%) _
Table 3.3: D.clcrnnnnllgn':lf;[;om' 2 AUsorbance reading | PP e
Acid Concentration amp (4700m) — T
A 0791 :
SD hydrolysate 0.1011 2300.025
o (hme ey Do
ydrofY s
CP hydrolysdtc gg-a,z?, | 1699.425
——{emdme oo | nous
vdroly308lc__| — .
9.4M %mgmc gg:zz 1899.625
=2 v dral V? = 1999.725
Cp hvdrojysate 00615
Tvdrolysole__ T 1383.75
N sD hvdro —— 0 :
Fpp hvdrolysote | ——— 5970, 1799.525
Cphydolysete L ——— |
_.-_._-__-_-______—-‘
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Table3.4: Determination of Total Nitrogen (%)

Acid Concentration Sample Titre Value (cm”)
SD hydroly:ate : 3.20
5.0)M PP hydalysate 3.37 .
Y P bydrolvsate 1 354 =
CP hvdrolysate 3.73
SD hydrolysate 1 23 = |
9.4M PP hydrolysate 1 247 i
YP hvdrolysate [ 230 =i
— CP hydrolysate 3.10
SD hydiolysate 1.59
13.1M PP hvdiolysste 1.96
VP hydrolysate N 226 =
CP hydroiysate 2.50 |

Table 3.5: Determination of Glucose Yield (GY) ond Total Reducing Sugars

(TRS)
Acid Absorbance | Glucose Absorbance TRS | TRS
Concentration | Sample | GY(490nm) | concentration (490nm) Concentration

(mp/ml) (mp/ml)
SD 0.12] | 465 1 0159 61.0
PP 0.108 41.5 0133 51.]
| 5.6 M YP | 0.109 376 0.165 633
l cr 0.0109 1.29 0.039 15.0
SD 0.129 49.52 0.192 13.7
PP 0.119 45.70 0.168 54.5
9.4\ Yp 0.102 39.2 0194 74.5
CP 0.031 11.9 0.053 20.35
SD 0.145 55.70 0.225 86.4
PP 0.129 49,52 g;g; ;;2
0.115 44.15 . ;
o "3; 0.033 14.6 0.089 3422
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Table 3.6: Volume of Sugar solution obtained from the 13.1Af acid hydrolysis and
subjected (o hydrolysis

Substrate Volumec of Sugar solution {mi)
SD i 134

PP 142

YP 115

CP 205

Tnble 3.7: Determination of Ethanol yicld

24 hrs of Fermentation 48 hrs of Fermeotation
Fermenting Titre  valuc | Ethanol Titre  valuc | Eihanol ‘
broth (m)) Concentration | (ml) Concentration
{mg/m)) | {mg/ml)
SD 4,12 30 1.00 34.13
PP 7.13 25.70 N2 - 31.69
f’W | 6.88 26.05 283 3 l.8§
| CP 17.89 1035 | 1565 13.5
L
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Table 3.6: Volume of Sugar solution obtained from the 13.IM acid hydrolysis and
subjccted to hydrolysis

Subsirate Volunic of Sugar solution (m])
SD 134
~ PP 142
YP 115
CP 205

Tuble 3.7: Determination of Ethonol yicld

24 hrs of Fermentation 48 hirs of Feramentation
Fermenting Titre  valuc | Ethanol Tilre vnluc‘l Zihonol :
brath (m!) Concentration | (ml) Concentration

{me/ml) | fme/ml)
SD 4.12 30 1.00 34.13
PP 7.13 25,70 2.92 31.69
T YP_ 6.88 26.05 1283 31.82
_cr 1789 | 1035 | 1565 13.54
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