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ABSTRACT 

lo the last lhrce decades most couotries, pn.rticulo.rly the developing n:itions, h:i\e been 

experiencing energy deficit because of ovcrdcpcndence on fossil-based fuels This development 

h:is led to the search for nhcm111ivc energy sources. Nigcri:i is rich in bio!MSS Md \\'3$1C

motcnoJs thnt ore suilllble precursors for biofucls, yet lhcse have not been fully explored. This 

study \VOS therefore designed 10 cvalU31e the bioctlwiol production polcntioJs of multi-substrole 

lignocelluloscs-b:i.scd \\"IIStes. 

Four lignoccllulose-based \vnstes - Cass.ivn Peels (CP), Yam Peels (YP), PlMUlin Peels (PP) lllld 

Sawdust (SD) \\ere purposively selected. They \\ere sub1ec1ed 10 prc-trc:illrn:nl. chcmicoJ 

hydrolysis. microbial fermentation Md confirmatory biocbemicoJ tests fol101\ing the methods 

described by the Associotion of Offici:il Anll)'tical Chemists (AOAC). Grob s:implcs of the 

wastes were air dried and pulvcriud. T\veoly grammes c;ich of the p0\\-dcry biomass \\'OS lrc31cd 

scp:irately with 100ml S.6M, 9.4t--l ond 13.IM of H1SO, in a two stoge hydrolysis. TI1c first 

hydrolysis \V8S done al I 00°C for 60mins, aner which the residue \VDS hydrolysed 01 I 00°C for 

50mins. The n1ixed hydrolysotcs \Vere onoJyscd for glucose and Tollll Reducing Sugnrs (TRS). 

The 13.1 M H1SO, gave the best yield of gluc-0sc Md ms hence \\'OS fcrmen1ed \1ith 

Sacchnromycl!s cercvlslac nl 30°C for 72 hours. S11mplcs \1crc llllccn from the fermenting broths 

every 24 hoUIS for elhnnol yield determination. Daill 11-erc analysed using dcscripti1e s1.11isties, 1 -

1cs1, ANOVA nnd SpcnrmM-mnk corrclnt1on 01 p--0 OS. 

r..tenn gluco�c yield and TRS obtained from the S 6�1 ll1SO• hydrol)'sis 11crc CP 

(SO.S:1:S.Omg/kG, 91.8±3.0mg/kg), YP (23 I .O:l:3.6mg/kg, 388.8±6.9mg/kg); PP (2S5.S:tS.4mg/kg, 

314.7±5. lmg/ka) nnd SO (285.7:tS.Omg/kg, 374.S:t7.Jmg/kg). Al 9.4�1 H1S0, hydrolysis, the 

mean glucose yield and ms \1crc. CP (71.S±l.Om&fkg, 123.2:tS.Omg/kg); YP (240.0:l:5.0mg/kg, 

460.2*4.7mg/kg); PP (278 l:t6.Smg/kg, 396.4:t6.0mg/kg) and SD (300.7±8.6mg/kg, 

4S3.2*6.6mg/kg) The mtlln glucose yield and TRS obtoincd from the 13.IM H2SO. Hydrolysis 

\\ere CP (85 t:1:S 7mg/kg, 209.W.7mg/kg), YP (269.2*11.2mg/kg, S41.3±7.8mg/kg), pp 

(304.0:l:6. lmg/kg, 46l.2*3.6mg/kg) and SD (343.2*4.Smg/kg, S35.9±S.Omg/kg). The mean 

glucose yield and TRS obuiincd from the 13.1 �I ll2SO• were significontly higher 1hon those 
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• 

obtained from the 9 4�i 11nd 5.6M H2SO, h)drolysis.. The 13.l�i hydrolyS3.te \\.U used for the 

eth3nol production and the mean ethanol yield nt 24 hours of fcrmcnt:11100 \\CIC: CP 

(123.3±11.lml..lkg), VP (17l0t17.SmUkg). PP (217.7:clJ.SmUkg) and SD (240.3:.!:l-tOml..lkg) 

respectively. The nux.imum eth3nol production \\11$ obLlined nt 48 hows. the me:in ethanol yield 

being CP - 160.0tlS !ml.Ag, VP - 211.7:.!:ISJmUkg, PP - 26S.Ot20.SmUkg o.nd SD -

280.0tl I Sml.Ag. Mcan cth3nol yield obtained Ill 48 hours of fcrmentntioo \\"CtC signifiaintly 

different from those oblllincd nt 24 hours. A s ignilic.int com:lotioo c.xists bet\\ttn the ethanol 

yield of the substrotes o.nd the time of fennentlltion (F-0.9S). 

Sawdust produced the highest glucose o.nd ethlinol ) iclds 111nong the substr4tcs Therefore 

ethanol production from $3\\'dust should be fully optimized. 

Ke)'lvord,: Lignocellulosic \YIISICS, Biofucls, Biocth3nol production. 

\Von.I Count: 471 
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I.I Background lnrorm:ition 

CIIAPTER ONE 

INTRODUCTION 

\Vaste generauon is UICTC3.Slng rop1dly ,,,th urb:>oizntion :ind induslrinlimtioo. The 

quantum of waste generated vo.ries rrom place to plocc depending upon the populcttioo 

density and demand from society. Com� to other places, \\-:iste generation is more 

,, here the popul:ition density is maximum. \llastc is generated from , arious sources 

including domestic and induslrial sources, ,vbich cover mainly municip;il solid and liquid 

,vustc; chemical, pharmaceutical. ct0d ogro industrial ,vastc; plll.Sllc \\'3Stc; \\'llSIC \\'llter 

cffiuent; ClOd so on (Lal and Reddy, 2005). 

\\'ostes in the cnvironrnent pose mnny hannfuJ cffecis both on the ecology and public 

health. It also h:as adverse effect on non humQDS including those in phylogenetic kingdoms, 

including moncm, protistn, fungi, planllle, and animolia.. This informs the need for proper 

,vastc management in order to miti;otc its, dctrimcntnJ 1mpacL lvf110Dgemcnl of wnste is o 

key clement in the protection of public hc:ilth 4lld failure to mct0age ond dispose \\'OSie 

proper!) mny lead to sc, ere consequences (Lucas and Gilles, 2003). Although nature hcts 

already created the process of convert1n11 one lypc or \\11Ste 10 nnother form by its natural 

biological cycle, however ,vith gro\ving demands of hWllll/\S, these natural efforts ha,•e 

become insufficient 1n mnin1aining this biogcochemJeal cycle. On the control)', son1ctimcs, 

the nnturol b1olog1cnl processes also genemtc some form of \\'OSie 1h01 hns o direct impact 

on the environment. For example, nnnunlly olmosl 250 million 1ones of melhane gos is 

gcncra1cd by anaerobic digestion by mcthnnogcnic b.lctcna, ,,orld over; methnnc Imps 30 

times more heat thon co1bon diox.ide nnd contributes to 18% of !he glob3l \\'Dmling (Lal 

and Reddy, 200S), Also the polluting gases produced by human beings cspeciolly b) fossil 

fuels {Cllrbon, mcthnnc, nitrous oxide, hydronuoro crubon, pcrfluoro carbon, hcxofluoro 

ozidc) have been dcgroding our ozone loyer provoking green house effects. 
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This h:is led to the development of some altcm31ivcs for managing the hamrdous 'l\11$1CS

and m:aking the environment free from the detrimental impacts of the said 'l\'3SlCS. Various 

scientists and industrialists h3ve m:idc efforts to solve the chnJlcnging problem faced by 

the environment due to h3zanlous 'l\'aStcs. Todlly. various methods of trc:itmcnt of solid 

and liquid 'l\'IUtc h3ve been successfully developed and implcmcn1ed globally. However, 

the \\�le management practice is nol sufficient to 1113e the environment completely free 

from 1he detrimental impact of the wastes (Lal and Reddy, 2005). Bui. \\ith coollnuous 

improvement 1n the fields of bio1cchnology, scicnust have developed nC\V techniques by 

\\h1ch �me of these wns1cs can be hnmcssed inlo some aJ1cm.1tc products \\hich an be 

highly useful 10 the society. Todoy, examples of such efforts o.n: seen in the production of 

biofuels from \\'llSICS of orgonic origin, often knO\Vll llS Biomw 

Cellulose, the mosl abundont component of plont biomass, is  found 111 norure almost 

c,clusively in plonl cell ,,ntls, olthough il is produced by some animals (e.g., tunicatcs) 

and a fc,, b.1ctcrio Desplle 11rea1 differences in composition and in the nn.1tom1cal structure 

of cell ,,�tis across plant 1iuonom}, high cellulose content typically in lhc ruoge of 

approximately JS to 50% of plant dry \,cighl is II unifying fC11ture. In a fc,v case, (nolobly 

cotton bolls), cellulose 1s present in a nCMly pure stoic. In n1os1 cases, however, 1hc 

ccllulo�e fibers ore embedded in a matrix of other structural bipolymers, primarily 

hc111icc:llulosc and lignin, \\hich comprise 20 10 35•;. and 5 to 300/o of plant dry ,,·eight. 

Although these mouix interactions vary ,vith plnnt cctl lypc nnd \\ith maturity, they ore 11

dominnnl structural feature limiting the rate and c.,1cn1 of utllizotion of" hole, un1rc.11cd 

biomns� ma1erinls (Dunlop and Chning, 1980) 

The 1em1 "biomass" is generally referred to as rcnewnblc orgnnic mauer gcnero1cd by 

pl11n1s lhrough photosynthesis wherein $Olar energy combines ,vith CO2 (cnrbon dioxide) 

nnd moisture 10 rorm c11rbonhydra1cs and oxygen r-.101criols having combustible orgonic 

moucr 11re refTcred to IIS biomass. 11 conloins Carbon, llydrogcn ond 0 ,xygcn, (oxygenated 

hydrocarbon), ,vith h111h level of moisture and ,olatilc m.ittcr, lo,v bulk density and 
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Clllorific value (Lal and Reddy, 2005). A lignoccllulosic biomass is composed primllri]y of 

plant fibres that arc inedible by humans 31\d have cellulose GS a prominent componcnL 

Llgnocellulosic biom:w may be available as either. 

Residues: these arc biomnss resulting from activities or processes undertaken for some 

purpose other than ethanol production. Exnmplcs of such residues include com stalks and 

other non-edible parts of plants used to produce food, municipal solid \\':I.Ste, Md pulp and 

paper industry ,va.s1cs. 

Ocdicntcd crops: crops gro,,11 for the primary purpose of energy production. Exllillples of 

po1cnlinl dedicn1cd crops for producing ccllulos1c biomass include gnus ond short rollluon 

tree. Thc.sc fibres may be bydroly-ad lo yield o voricty of sugars that can be fermented by 

microorgonisms (Lynd ct al, 2003). 

The 1erm "bio-fucl" on the 01her hand, mcnns any liquid fuel made from plnnl n1n1eriol thnl 

con be used ns o subs1i1u1c for pctroleum-dencved fuel. It is  o rene,,'l1blc energy, unlike 

other no1urol resources such o, petroleum, cool ond nuclear fuels bct4usc its crubon ,vns 

cxlrocled from otrnosphcric corbon dioxide by sro,ving plonlS nnd ns such does nol rcsuh 

in a nel mcrcosc of carbon dioxide 1n the earth's surface (Agnr\\'lll, 2005). Biofuels include 

rclo1ivcly fomilior ones. such ns cthonol mode from sugor cone or diesel-like fuel mode 

from soyobcon 011, 10 less fnmilior I\Jels such ns dimethyl ether (DME) or Fischcr-Tropsch 

Liquids (TTL} made from lisnocellulosic biomass. Biofucls ore comn1only used 

1hroughoul the world. The most common use for biofucls is outomo1ivc lr11nSport. 

E.ssen1inlly o biofuel can be produced from nny short lcrm carbon cycle organic compound; 

due 10 this, there is a high vnrie1y of rcsoun:cs and therefore mony types of biofucls. l11cy 

include: Vcge1nblc oil, Biodiesel, ElhMol, t-.tc1h11nol, Dulnnol, Diogas, Biohydrogcn nod 

Biodimclhyl ether.The use of ,vns1e derieved biofuels has many benefits. Cellulose is 

pr<: �nl in C\'CC) plant, 1n lht: fonn of s1rn,v, gross, nnd ,vood. Most of these "biomass" 

products ore currcnlly discarded (Lynd ct al, 2003). II is estimated 1h01 233 million tons of 

cellulose con1runing rn,v mn1criols lhot could be used lo produce ethanol are tluo,vn oway 
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each year in US alone. This includes 36.8 million dry tons of � ,,'Ood WllSlcs, 90.5 

million dry tons of com stalks and "·heat Slr.l"-'S. Transforming lhmi into ed1nnol using 

efficient and cost effective lignocellulolytic enzymes or other processes might provide as 

much as 30% of lhe cumnt fuel coosumption in the United States and probably similar 

figures in other oil-imponing regions like China or EW'Ope. 

One of the major rcnsons for increasing the use of biofuels is to reduce greenhouse gas 

em1�sions. Ccllulosic ethanol contributes little to the giccnhouse effect and has o five times 

better net energy balance than com-based ethanol. Reduction of the disposru of solid ,vnstc 

through cellulosie ethanol conversion \Vould reduce solid \\'llSte disposal costs by locnl and 

s1.Jtc go\'emmenl. 

1.2 Problcn1 s1nten1en1 

Solid wns1e disposnl is of  enormous concern in developing countries ocross the ,,-arid, o.s 

poverty nnd urbnnizntion combined with poor government support prevent efficient 

management of ,vo.stcs gcncmted from domestic ond industrial activities (UNEP, 2002). In 

developing countries, there is n much higher proportion of organics, and considerably less 

plastics (Cointreau, 1982). TI1e large amount of orgllllic material makes the \\lllSlc more 

dense, ,vi1h grentcr moisture and smaller particle size (Co1ntrcnu, 1982). 

Nigeria os n developing notion cxcmplilics chronic solid \\'OSie management problems in 

conjunction ,vi1h population growth. II is the most populous counuy in Africa, ,vitll over 

162.5 million people in 2011 from 45.2 million in 1960, changing by 251 percent during 

the Inst 50 years. 11 has 2.29 percent of the ,vorld's population (CIA. \Vorld Factbook, 

2012). and over the past 50 yenrs. has hod the third largest urban gro,vth rate in the world 

01 5.51% annually (UN\VUP, 1999). 

Consequently, the environmental ond health impncts of solid \\'D.SICS nrc cnom1ous, in the 

absence of proper mnnagcmcnl ond consist of n huge number of components. Health 

imp3CIS includes· exposure to tol(iC chemicals through oir, \Ylller and solid media; exposure 

10 infection nnd biologico.J conl.llmlnonts; stsess related to odour, noise, vermin and visulll 
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o.mcnity-, risk of fires, explosions and subsiden.ce; spills, accidenlS Md U1U1Sport emissions

(Doi�. 2002). 

Environmtnlal im1>3cts can be clustered into si.'t cattgories. global w:mn111g, 

photochemical oxidnnt creation, nbiotic resource deplc:tion, llcidifiauion, cuuophication 

and ccotoxicity to water (Seo el al. 2004). 

The enormous growth in the world populations, during the last fe,v dcc:idcs bas led to a 

difficult situation in the field of energy supply and demand. At present, the \\'Orld is 

confronted ,vith the t,\in crises of fossil futl depiction and environmenUII degradation. 

Indiscriminate extraction and consumption of fossil fuels hnve led to a reduction in the 

underground carbon sources. The global reserves of primllr)' energy and ra,v m:uerials are 

obviously limited According to an estimate, the reserves will last for 218 yenrs for coal, 

41 years for oil, and 63 years for ruuurnl gBS under a business-as-usual scenario coupled 

,vith their inherent environmental impact (AgOJ'\val, 2005). This has made the search for 

oltcmotive and rcnewoblc sources of energy 1nevitoble. 

Studies hove sho,vn that indiscriminate use of fossil fuels hns led to increased 

corbondiox1dc levels in the atmosphere from 280 ppm in the pre-1ndustriol era to 3S0 ppm 

now (Agan1-al, 2005). The CO2 levels rue still climbing and the resulting cnvironmcntol 

implico11ons ore being fell in our dny•to-doy lives. Excessive usc of fossil fuels hllS led to 

global cnvironmcnllll degradation c!Tects such as the green house effects, ocid rain, ozone 

depiction and ,vide sprcod clin1ote change. This scenario has generated o lot of interest on 

n:ncwnblc energy sources, the need to reduce the use of fossil fuels nod potential of 

biumo)� dcri,cd biofuels in order to prevent 11lobnl worming. 

1.J nntionnlc ror the study

Many industroli.zed countries a.re pursuing the development of expanded or nc,v biofuels

industries for the transport sector, nod there is gro,ving interest in mnny developing

countries for similarly "modernizing" the usc ofb iomoss in their countries and developing

greater access to clean liquid fuels while helping to address energy costs. energy security

a.nd global ,vnrming concerns associntcd ,vith fossil fuels (Green, 2006). The Federal
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Environment.3.1 Protection Agency (FEPA) in an 11ncmpt to oddress c:nvironmc:n111l 

problems c:une up with vision 2010. The report proposed gools to be: 11ccomplished by the 

yem- 20 IO th11t would lead to su.sto.iruble developmenL As regards to solid \\'llSte 

management; the report snys the g031 is 10 "achieve not less thnn 80% c:ffc:cti\"C 

lllllllllgcmcnt of the volume of municipal solid ,,uste genernted at all levels 1U1d ensure 

environmentally sound mllllllgcment" (vision 2010, 2003). Therefore, this research is 11 

v.ele-0me development, revealing the bio-ct.hnnol potential of ccUulosic B1om11SS from 

v.ustcs, thus contributing 10 the realization of the aforementioned golll. 

Kyoto's protocol ls one of the environmental agreements sjgncd by the firstline countries 

10 reduce green house gas production. This c-0mmiuncnt cstnblisbcd thnt C\"cry country bas 

to reduce from 25% to 40% green house gas emission by 2020 in relation to its 1990 rntc. 

According to Kyoto's protocol commiuncnt the need for on ohcmati,'C energy production 

appe.irs, (being biofuels) a viable oOS\YCT. So most countries ore e,-ohing nc,v 1cchnolos1cs 

of producing and using biofuels; biofucls have t\\'O moin goals: to substitute fossil fuels 

nnd to reduce green house gnscs which ore the mrun culprit in climotc chnngc. In the 

encrll)' production cycle, the best known biofucls is cthnnol 

Furthermore, Nigcrio recently adopted an cthnnol production policy ,vith cassava os its 

mnin feedstock, in rcspoMC 10 lhc global 1nitiotivc (bio-fuel production), which pron1ises a 

harmonious correlation ,vith sustninable development, efficient ond energy conservntion 

Although fuel elhnnol is currently prod.uccd from sugorcnnc nod other starch rich groins, 

clhnnol nlso cnn be made from cellulosic matcri11ls such os ,vood, grass ond agro-rcsidue 

(Lynd ct al., 2003). This ,,..ould reduce the pressure on food security due 10 excessive use 

of food crops for bio-fucl produce ond reduce dependence on imported petroleum for 

,•chicle. ensure environmentol sus1ainobili1y, S-Ound public health ond crcnle \\'collh ond 

employment opportunities. 

The long term benefits of this research "ill be to introduce II suslllinoble solid waste 

mano�.:01.:nt stnllcgy for o number of livestock manUIC and other lignocelluloses ,vaste 

materiols, contribute IO\\lllfds the mitigation of greenhouse gases emissions through 
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sus1.11ncd carbon And nutrient recycling; reduce the potenual for \Wier, air, and soil 

conum1nauon assocumd \vith land disposal of organic wn.ste mntcri:tls; il.Dd to b1'03den the 

fcc«htock source of ruw m.ntcrials for the ethanol production industry. 

1.4 Objectives 

1.-1.1 Broad Objective 

The m:un objccli\·e is 10 e\'oluate the bio-etlunol production potential of different ogro

b:ised cellulosic wastes. 

1.-1.2 Specific Objectives 

The soec11ic ob1cctives ore to: 

I. Identify the vioblc biomoss substrotcs.

2. Chorocterizc the quontily of ogro-bascd cellulosic \\'llSles from different sources.

3 Process cnch of the selected ccllulosic \Ya.Sics into ethonolic by product /cthnnol

-1. Optimize bioethonol production from the selected ccllulosic ,wstes.

5 Evoluote the biocthonol yield of the selected ogro-bascd cellulosic ,vustcs.
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2.1 L1gnocellulose Biom:us 

CHAPTER T\VO 

LITERATURE REVlE\V 

The term "biom:iss" generally refers 10 renev,,able organic mnuer generated by pl.ants 

lhrough photosynthesis in which solar energy combines with CO, (carbon dioxide) and 

moisture lo fonn carbohydrates and oxygen mnlerinls h.l\ing combustible orgnnic mailer 

o.rc referred 10 o.s biomass. Biomnss contl1ins C3l'bon, Hydrogen o.od Oxygen (oxygcnntcd 

hydrocarbon, ,vith high level or moisture o.nd voto.tile m:itter, lo,v bulk density o.nd calorific 

vnluc (Lo.I o.nd Reddy, 2005). Lignoccllulosc biomass refer 10 the mnjor structUJ'lll 

component of ,voody o.nd non-woody plants such o.s gross o.nd represents a llllljor sou.rec of 

rcnc,wblc organic mailer. A lignoccllulosic biomass composed primary or plant fibres 1h01 

ore inedible by humans o.nd have cellulose as a prominent component. Lignocellulose 

binn1a�s consists of Lignin. hemicclluloscs ond cellulose. The composition is in tltc 

tollowing proportion: cellulose (30 - 50%), bcmlcclluloscs (20 - 35•/o) and lignln (5 -

30°/e) of plant dry molter. Llgnoccllulosc biomass is o rcncwnble resource tlult is ,irtunlly 

inexhaustible and is a potcnlinl feedstock for nltcnullc fuel producuon. h may be nvnilable 

ns cilher (n) residues com stalks or other non-edible parts or plants used to produce food, 

munic1pol solid \\'llSIC, pulp and paper industry \\'DSlcs; (b) dedicated crops gro\\'TI for the 

primary purpose of energy production (Lynd ct al, 2003). 

2.2 Con1poncnl5 or Llgnoccllulosc 

L1gnoccllulosc consists of lignin, hcmiccllulosc o.nd cellulose o.nd Table 2.1 sho,vs the 

l) f'I( ll cun1po�iti1111� of l1�1111,cllulos1c n1utcrinls.
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CRAPTERnvo 

LI TERA TUR£ R£VLE\V 

2.1 L1gnocellulosc Biom:iss 

The tenn "biomass•· generally refe� 10 rene\\-able orgMic 1JU1t1er generated by plants 

through photosynthesis in ,vhich solnr energy combines ,vith COz (c:irbon dioxide) and 

mo,sturc to fonn carbohydrates and oxygen moterinls having combustible organic mailer 

:uc referred to os biomnss. Biomass conlllins C3Ibon, Hydrogen and Oxygen (oxygcn:1tcd 

hydrocarbon, \vith high level of moisture nnd volatile lllllller, lo,v bulk density nnd calorific 

value {Loi and Reddy, 2005). Lignocellulose binmass refer to the major structurnl 

component of ,voody Md non-,\·oody plants such os gross nnd represents :1 mnjor source of 

rcne,,'Dblc orgnnic mnttcr. A lignocellulosic biomoss composed primnry or plnnt fibres tha1 

ore inedible by humQll.S nod hove cellulose l1S n prominent componcnL Lignoccllulose 

biomt1ss consists of Lignin. hcmicclluloscs nnd cellulose. The compos,uon is in the 

lollo,YJng proportion: cellulose (30 - 50%), hcmiccllulosu (20 - 35%) 11nd lignin (S -

30%) of plant dry motter. Lignoccllulosc bioma.ss is o rcne,,"Dble resource that is virtuitlly 

incxhnustible nnd 1s n potenuol feedstock for oltcmlltc fuel production. It mny be nvru.loble 

ns either (o) residues c-0m stolks or other non-edible pnrts of plonts used to produce food, 

municipal solid ,vaste, pulp ond pnpcr industry \V1Utcs: (b) dedicated crops grown for the 

primary purpose of energy production (Lynd ti al, 2003). 

2.2 Con1ponc11ts of Lignoccllulose 

Lillllocellulose c-0nsists of lignin. hcn11ccllulosc ond cellulose o.nd Table 2.1 shows the 

I) 111,, l �,1111pt•�ith.11b of lti;1101:cllulos1c mntcnnls.
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2.1 L,gnoccllulosc Blom:us 

CHAPTERT\VO 

LITERATURE REVLE\V

The term "biomass" generally refm 10 renewable orgnnic matter generated by plants 

through photosynthesis in \\lhich solnr energy combines ,vith COi (carbon dioxide) ond 

moisture: to form carbohydrates nnd oxygen moterials having combwaiblc orgnnic matter 

a.re referred Lo ns biomass. Biomn.ss contains carbon, Hydrogen :ind Oxygen (oxyg�ated 

hydrocnrbon, ,vilh high level of moisture nnd vololilc 11U11ter, lo,v bulk density and calorific 

vnlue (Lnl ond Reddy, 2005). LignoceUulose binmass refer to the mojor structural 

component of ,voody nnd non-,\'oody plnnis such as gross and represents a major source of 

rcne,vable org11J1ie molter. A lignoccllulosic biomass composed primnry of plant fibres that 

ore inedible by humans and have cellulose as o prominent componcnL Lignocellulosc 

biomass consists of Lignin, hcmicelluloscs and cellulose. The compos11Jon is 1n the 

following proportion: cellulose (JO - 50o/o), hemlcclluloscs (20 - 35%) ond lignin (5 -

30%) of plant dry mnttcr. Lignocellulosc biomass is n rene,vnble resource that is virtunlly 

inexhnustiblc ond 1s n potcntrnl feedstock for olternate fuel production. It mny be ovoilnblc 

ns either (n) residues corn stalks or other non-edible parts of pllllllS used to produce food, 

municipal solid ,vnste, pulp and paper industry ,vastcs; (b) dedicated crops gro,,n for the 

primary purpose of energy production (Lynd ct al, 2003). 

2.2 Con1poncnls or Lignoccllulosc 

Lignocellulose consists of lignin, hcn1iccllulose and cellulose and Tobie 2.1 shows the 

I) pie, l �,1111rx•�i1h•ns 11f li11nu�cllulusic mntcrinls
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Table 2.1 Lignocellulose contents or comn1on agricultural residues and ,v11s1cs. 

Llgnoccllulosic n1:11crials Cellulose(¾) llcmiccllulosc (%) Ligoin (%) 

Ha.rd,vood stems 40-55 24-40 18-25

Softwood stems 45-SO 25-30 25-35

Nut shells 2S-30 2S-30 30-40

Paper 85-99 0 15 

\\/heat strn,v 30 so IS 

Rico strn,v 32.1 24 18 

Sorted refuse 60 20 20 

Leaves 15-20 80-85 0 

Cotton seeds hnirs 80-95 5-20 20 

Nc,vspnpcr 40-S5 25-40 18-30 

\Vnste pnper from chen1icnl 60-70 10-20 S-10 

pulps 

Pri,nal) ,�astc,,111.:r solids 8-1S NA 24-29

Fresh b:tgnsse 33.4 JO 18.9 

Swine ,vaste 6 
-

28 NA 

Solid conic manure 1.6-4.7 1.4-3.3 2.7-5.7 

Coastal Bermuda grass 25 3S.7 6.4 

s,,itchgrnss 45 31.4 12.0 

S32 rye grass (enrly leof) 21.3 15.8 2.7 

SJ: l')C gr.us (seed selling) 26.7 25.7 7.3 
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Lignoccllulosic materials Cellulose(¾) Hemicellulosc (¾) Lignin (¾)

Orchard gruss (medium 32 40 4.7 

mn1uri1y) 

Grasses (overage values for 25-40 25-SO 10-JO

grasses) 

Bagasse 41.4 21.9 2S.5 

Forest residue 51 13 26.S

Source: Con1piled from Beus et of. (1991); Sun and Cheng, (2002) 

2.2. I Lignin 

In gencrol lignin contains three oromatie alcohols (conifcryl nlcohol, s-inapyl ond p· 

coun1nryl). In addilion, grass and dicol lignin contain large :unounts of phenolic acids such 

ns p-coumnric and ferulic acid. ,vhich arc csterified to alcohol groups of each other Md to 

other alcohols such as s-inapyl and p-coumnryl alcohols. Beccause of 1J1e dimculty in 

dissolving lignin ,vithout destroying it ond some of its subunits, its exact chemical 

structure Is dimcuh 10 nscennin. 

Lignin is funhcr linked to both hcmicellulose and cellulose fom1ing o physical sen! around 

the lauer t,vo components that is on impenetrable bnrricr preventing penetration of 

solutions and enzymes. Of the three componcnll, lignin is the mosl rccnlcitrant to 

degradation ,vhercas cellulose, because of its highly ordered crystalline struciure, is more 

re:;istant to hydrolysis thnn hcmieellulosc. 

lndcnlifying lig.nin degrading microorganisms lw been hnmpcrcd because of the lock of 

reliable os.says, but signjficant progress has been mode through the use of o He-labelled 

lign1n way (Freer and Dctroy, 1982). Fungi breokdo,vn lignin aerobically through the use 

of a family of cxtniccllular enzymes collectively tcnncd "lignases". Two families of 
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Lignoccllulosic m:tleri:ils Cellulose(¾) Hcn1iccllulose (¾) Lignin (¾) 

Orchnrd grass (medium 32 40 4.7 

mn111rity) 

Grosses (overage values for 25-40 25-50 10-JO

grassc.s) 

Bagossc 41.4 21.9 25.5 

Fore.st residue SI 13 26.5 

Source: Con1piled from Beus I!/ al. (1991); Sun and Cheng, (2002) 

2.2. I Lignin 

In gcncml lignin contains three aromatic. alcohols (conifcryl alcohol, s-innpyl and p

coumnryl). In nddition, grass and dicol lignin contain large nn1ounlS of phenolic ncids such 

as p-coumaric ond ferulie acid, ,vhich are esterificd to olcohol groups of cnch other nnd lo 

01hcr alcohols such as s-inapyl and p-coumnryl alcohols. Beccause of the difficulty in 

dissolving lignin 1vithout destroying ii nnd some of its subunits, its exoc1 chemical 

structure is difficult to nsccnnin. 

Lignin is further linked 10 bolh hcmiecllulosc nnd cellulose forming n physical seal arow1d 

lhc loller two components that is nn impenetrable barrier preventing �netrotion of 

solutions and enzymes. Of lhe three componenlS, lignin is the most recalcitrant to 

degradation ,vhcrens cellulose, because of its highly ordered crystalline struciure, i s  more 

resistant to hydrolysis than hemiccllulose. 

lodenLifying llgnin degrading microorganisms 1w been hampered because of the lock of 

reliable assays, but signifiennt progress has been made through the use of o 1•c-labcllcd

lignin ossay (Freer and Oetroy, 1982). Fungi breakdown lignin ocrobically through the use 

of o family of ex1raccllulnr enzymes collectively termed "lign:ises". Two families of 
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lignolytic enzymes arc ,videly considered to piny a key role in the enzymatic dcgradlllion: 

phenol oxidasc (LiP) and manganese peroxidase (MnP) (Krouse et al., 2003; Malherbe nnd 

Cloctc, 2003). Other enzymes whose roles have not been fully elucidated include H 

producing enzymes; glyoxol oxidase (Kersten and Kirk, 1987), glucose oxidosc (Kelly o.nd 

Reddy. 1986), vcrot.ryl alcohol oxidase (Bourbonn3is and Paice, 1988), methanol oxidose 

(Nishida and Eriksson. 1987) and oxido-reduc1ase (Bno and Rengnnnthon, 1991). Enzymes 

involved in lignin brcnkdo\vn arc too large to pcnctrote the unollered cell \VO.II of plants, so 

the question arises, ho,v do lignascs affect lignin biodegrndotion. Suggestions are that 

lignoses employ IO\\'· molcculnr, diffusible reactive compounds to o.ffcct initial changes to 

the lignin substrate (Coll and Muckc, 1997). 

2.2.2 llcmiccllulosc 

I lcmicellulose is o collective term referring to those polysaccharides soluble in nlkoli, 

ossocinlcd ,vith cellulose of the plnnt cell wall, and these \vould include non-cellulose 

p - D - glucons, pectic substances (polygnlncturonnns), and several 

hctcropolysocchnrides such as !hose mainly consisling of galnctosc (ornbinosnlactons), 

mnnnose (gnlactogluco-and glucomannans) and xylose (lll'llbinoslueuro- and 

glucuronoxylans). Ho,vevcr, only the hcteropolysnccharidcs, those ,vith o much lo,ver 

degree of polyn1crisotion (100-200 units) as compared to thnt of cellulose (10000-14000 

units) arc referred to as hemicelluloscs. The principal sugar components of these 

hcmiccllulosc hctcropolysnccharidcs ore: 0-xylosc, D-mnnnosc, 0-glucosc, 0-gnlnctosc, 

L.-nmbinose, D-glucuronic acid, 4-0-methyl-D-glucuronic acid, 0-gnlncturonic acid, and 

to a lesser cxtenL L.-rhornnosc, L-fucose, :ind various 0-mcthylalcd sugars. 

Rabinovich cl ul (2002n) ond Shallon1 and Shohnm (2003) present recent reviews covering 

the types, structure, function, classification of microbial bemiccllulases. The delails of 

cntolytic mechanism ond struclurc of glycosidc bydrolascs, ore also reported in (\Vithecs, 

200 I; Rllbinovich cl al., 2002b). I lcmiccllulnscs like most other enzymes which hydrolyse 

plant cell polysaccharides arc multi-domoin proteins (I lcnri.ssnt and Dnvics, 2000; Prates ct

al., 2001) These proteins generally contain structurally discrete cotolylic nnd non-clltnlylie 
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modules. The most importanl non-catnlytic modules consist of carbonhydrntc binding 

domains {CBD) \vhich facilitate 1he tnrgc1ing of the enzyme 10 the polysnccbaride, 

interdomain linkers, and dockerin modules thal mediale lhe binding of lhc Clllruytic domain 

via cohesion-dockerin in1emctions, either to the microbial cell surface or lo enzymatic 

complexes such o.s the cellulosomc (Shollom and Shoh:un, 2003; Pra1es et al., 200 I). 

Bnscd on the amino acid or nucleic acid sequence of their colalytic modules hemicellulnscs 

nre cilhcr glycosidc hydrolnses (GHs) ,vhicb hydrolyse glycosidic bonds, or carbonhydmte 

cstcrases (CEs). ,vhich hydrolyse cs1er linkages of ncelnlc or ferulic acid side groups and 

ac�orJing tu th�ir prin1ul) sequence homology they have been grouped inlo various 

fomilil-s (Henriss111 and On,•ics, 2000; Rllbinovich el al., 20020,b). 

Xylan is the n1ost abundnnl hemieellulose o.nd xylnnoses are one of the major 

hemicellulnscs \\'hich hydrolyse tho P-1,4 bond in the xylon backbone yielding short 

xylooligomcrs '"hleh are further hydrolysed into single xylosc units by P-xylosidase. Most 

kno,vn xylnno.ses belong to the 01110 and 11 families 3, 39, 43, 52 o.nd 54. BiJuoctional 

xylosidnse-arabino!.idnse (Lee el al., 2003) cnz.ymcs rue found mainly in fnmilies 3, 43 o.nd 

S4. B- mnnnannses hydrol)'Se mannan-bascd hcmicellulose and liberate short P· 1 ,4-moMO· 

oligomers which can further be hydrolysecd to mannosc by P-n1annosidnscs. About 50 

mnMascs are found in GH families 5 nnd 26, and nbout 15 P· m11nnosid:1Sc in families I, 2 

nnd S. a-L-Arabinofurnnosidases nnd o -L-nrnbinanascs hydrolyse arnbinofuranosyl

containing hcmicellulose, nnd nre distributed in GH fomilies 3, 43, SI, S4 and 62. Some of 

these enzymes exhibit brood substrate specificity, acting on arabinofuranoside moieties at 

0-S. 0-2 and / or 0-3 bonds ns a single substituent, as ,vell os fron1 0-2 nnd 0-3 doubly 

substituted xylnns, xylooligomers :ind nrnbinons (Sohn, 2000). Other xylanascs are u-D· 

glucuronidnses '"hich hydrolyse the o-1,2- glycosidic bond of 1he 4-0-methyl-D

glucuronic oc1d side chain ofxylans and ore found in family 67. Hemicellulolytic esternses 

include aeetyl cstcrnscs ,vhicb hydrolyse the ocetyl substitutions on xylose moieties, and 

fcruloyl cstcmse which hydrolyse the ester bond bcl\\fecn the arobinosc substitutions :ind 

ferulie acid. Feruloyl cstcl\'l!CS aid the rclcnsc of hcmieellulosc from lignin and render the 
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free polysaccb.nridc product more omcnoblc lo degradation by the other hcmiccUulo.ses 

(Prates et al • 2001 ). 

2.2.3 Ccllulo5c 

In most lignocellulosic materials cellulose fonns lhe n1njor part of lhe three components. 

Cellulose is composed of insoluble, linenr chains of P-(1 ... 4)-Linkcd glucose units \Vith on 

average degree of polymerisation of about I 0,000 units but could be os IO\\' as 15 units 

(Eveleigh, 1987). It is composed of higldy crystalline regions and 11n1orphous (non

crystallinc) regions forming o structure \vith high tensile strength thnt is gcncrnlly rcsistnnt 

to enzymatic hydrolysis, cspcciolly the cryst.allinc regions (\Valkcr ond \Vilson, 1991 ). 

Ccllulascs. responsible for the hydrolysis of cellulose, ore composed of o con1plex mixture 

or cn7)'mc proteins \vith dtlTerent specificities to hydrolyse glycosidic bonds. Celluloses 

can be dividc:d into three n1ajor enzyme octh•ity class� (Goyol et al., 1991; R.obinovich et

al., 2002:i, b). These ore endoglucanases or cndo-1,4-P-glueanase (EC 3.2.1.4), 

cellobiohydrolase (EC 3.2.1.91) ond l}-glucosidase (EC3.2. l.2 I). Endoglucannses, often 

coiled carboxymethylcellulosc (CM)-celluloses, are proposed to initiate attack randomly at 

multiple internal sites in the nrnorphous regions of the cellulose fibre opening- up sites for 

subsequent otlock by the cellobiohydrolases ('Vood, 1991 ). Cellobiohydrolase, ofleo called 

on cxogluconase, is the mnjor component of tl1c fungol cellulose system accounting for 40-

70% of the total cellulose proteins nnd con hydrolyse highly crystalline cellulose 

(Estcrbaucr et al .. 199 I) 

Cellobiohydrolnses remove mono- nnd dimer from the end of the glucose chain. B

gluco�idase hydrolyse glucose dimers nnd in some cnses ccllo-<>ligosacchari<li:s to glucose. 

Gcnarall}· the endoglucanascs ond ccllobiohydrolnscs work synergisticnlly in the 

hvdrolv�i� nf ccllulo�c but the dctnils or the mechonisn1 involved ore still unclenr 
. . 

(R.ob1novich et al, 2002b). Mieroorgonisms generally oppcar to hove multiple distinct 

vnrionts or endo- Qlld cxo gluCO/lllSCS (BeldmQJl ti al., L987; Shen ti al., 1995). Similar to 

hem1ccllulnses most cellulasc ore multi-domain protein. There is still uncertainty in the 

currcnt definition and clQSsificotion or "true" ccllulasc fnmilics (Rabinovich cl al., 2002o). 
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2.3 rotcntial Sources of Agro- based Wnsles (Residues) 

Billions of  tons of agricultural ,vas1e nre generated each year in the developing and 

dc\'clopcd countries. Agricultural residues includes all leaves, stra,v and husks left in the 

field after harvest hulls and shells removed during processing of crop at the mills, as ,veil 

as animal dung. The types of crop residue ,vhich ploy o significllllt role as biomass fuel nrc 

relatively fc,v (Dhingro, Mnndc, Kishorc, rt al., 1996). TI1c quantity of ogricultuml 

residues produced differs from crop 10 crop nnd is affected by seasons, soil 1ypcs, nnd 

irrigation condi1ions. Production or ngriculturol residues is directly related to lhc 

corresponding crop production and mlio be1,vcen the 1nain crop produce and lhc residues, 

,vhich varies from crop to crop nnd, 01 1in1cs, ,vilh the variety of the seeds in one crop 

itself. TI1us, for kno,vn aa1ounts of crop production, it 111uy be possible to cs1in1atc the 

amounts of agriculturnl residues produced using the residue to crop mlio (vimal and Tyngi 

1984). 

Iyer et al .. (2002), reponed, thot n&ro-residue does suffer 1wo 1najor constraints: high 

moisture cor1\cnt nnd relatively to,v bulk density. These cons1raints inhibil their 

cconomic:il tmnsport:ition over long distances, thereby nccessil:iting their utilization ncnr 

the sources of production. Unlike fossil fuels, which are conccnlratcd sources of energy 

nnd chemicals the monngemcnt strategy for ogre-residues u1ilizntion has to be different. 

These ore, therefore, most npproprinte for dcccntraliztd technological opplicotions in ruml 

environments. The processing of the ogricullurnl produce nnd utilization of ogro-rcsiducs, 

lhcrcfore, cnn contribule their maximum shore to rurol development. 

A \\ide vnriety of biomass resources ore ovlliloble on our planet for conversion inlo 

bioproducts. These moy include whole plants, plnnt parts (c.g seeds, stnlks), plant 

constituents ( e.g. starch, lipids, protein and fibre), processing byproducts (distiller's 

&r.11n�. com solubles), materials of marine origin ond animal byproducts, municip:il nnd 

indU5trlol wastes ( Smith ct of., 1987). These resources c3n be used to cre.ite nc\\ 

biomoterillls nnd this \viii require on intimate undcrstnnding of lhc composition of the m,v 

motcrial whether it is whole plant or constituents, so that the desired functional elcmcnls 

can be oblllincd for bioproduct production Several literature (Ohot, 2000; Sun nnd Cheng, 
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2002; Wong o.nd S:iddler, 1992n,b; Bc:1uchcmin e/ al., 2001, 2003; Subbramnniyon a.nd 

Prcma, 2002; Beg el al., 200 I) have olso rcpoortcd on the applications. 

2.J. I Chcn1kals

Bloconversion or lignoccllulosic \\'ilStes could make n significant contribution to tl1e 

production of organic chemicals. Over 75% of organic chemicals are produced from five 

primary base- chemicals: ethylene, propylene, benzene, toulene nnd xylene ,vhich :lie used 

10 syn1hesiu other organic compounds. ,vhich in tum are used 10 produce various chemical 

proJucb including polymers nnd resins (Coombs, 1987). TI1c nromatic compounds might 

be produced from lign1n ,vherens 1he IO\V molcculnr mass nliphntic compounds cnn be

dcrievcd from cthnnol produced by fcnncntalion of sugar generated from the different 

potcnlinl bioproducts nnd their mnny cellulose and hemicclJuulosc. Tobie 2.2 shows the 

cstitnotions of totals dcmnnds for chcmicnls which could be made by fcnncntation. 

Table 2.2 Annunl production or chcn1knls \\'hich potcuti:illy be mndc from 

rcrmcnt:ilion. 

Products \\lorld demand (lhousnnd of lonnncs) 

Ethnnol 16,000 

Acetone 1659 

Bumnol 1400 

Glycerol 414 

Acetic ncid 2539 

Citric acid 300 

Fumnric acid 60 

. Source: l'rtod1ficd from CoombJ, 1987 

1S 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



2.3.2 Enzymes 

Ccllulascs and he1nicellulases hnvc numerous applications and biotechnological potential 

fnr \'ariou\ industries including chernic:nls. fuel. food, bre\\ery and ,\lne. on1mnl feed. 

textile nnd laundry. pulp nnd pnpcr nnd agriculture (Bhat, 2000; Sun and Cheng, 2002; 

\Vong and Saddler, 19920.,b; Bcnuchcmin ct al., 2001. 2003). IL is estimated Lhot 

approximately 20% of the > I billion US dollars of the ,vorld's sale of industrial enzyn1cs 

consists of celluloses, hcmiccllulnscs and pcctinnscs and that the \\'Orld n1nrkct for 

industrial enzymes will increase: in the range of I. 7 - 2.0 billion US dollars by the YCllr 

2005 (Bhnt, 2000). 

In the baking industry xylanases nre used for in1proving desirable texture, lonf volume and 

shelf- life of bread. A >.')'lannse, Novozyme 867. has sho,vn excellent performance in the 

,, heat seperotion process (Christopherson et al., 1997). Hemicellulnses nre used for 

pulpi111; und hk,1chin11 in 1h.: pulp nnd pnp<r industl) ,,here they are US<:!d 10 modify the 

struc1ure of xylon ond glucomnnnnn in pulp fibres to enhance chemicnl delignation 

(Suumnkki ct al., 1991). A pnten1ed Lignozyme process is effective in delignifying ,vood 

in a pilot pulp- nnd paper process (Call and Mucke, 1997). ln bio- pulping ,vhere 

lignocellulytic enzymes ,vere used lhe folto,ving \\'OS achieved: tensile, rear ond burst 

indexes of lhe resullont paper in1proved, brightness of lhe pulp ,vas increased ond an 

improved energy saving of 30- 38% \YllS rcolised (Scott et al., 1998). Lnccases cru, degrndc 

a ,vidc variety of synthetic dyes mnking them suitoblc for the trcotment of ,vaste\\'Otcr from 

the 1extilc industry (Rosales et al., 2002). Organisms such os the white ro1 fungi producing 

lign�cs could be used for the degradation of persistent orornatic pollutwits such as 

dithlorophcnol. dinitrotoulcnc ond onthrocene (Gold ond Alic. 1993). 

TI1ere is a huge potential morkcl for fibre- degrading enzymes for lhc animal feed industry 

and ov�r the years o number of commercial prcpnrotions have been produced (Benuchemin 

et al., 2001, 2003). The use of fibre- degrading enzymes for ruminants such as canle ond 

sheep for improving feed urilsotion, milk yield ond body weight goin hnve attracted 

considerable interest. Steers fed ,vith on enzyme mixture con1aining xylnnnse ond cellulose 

sho"'n an increased live-weight gain of approximately 30-36% (Beauchemin ct al., 199S). 

16 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



In Jiary co,vs the milk yield incren.sed in the rnnge of 4 to 16% on various commercial 

libro\ytic enzyme treated forages (Beauchemin et at., 200 I). 

2.3.3 Other high-voluc bioproducts 

Currently a nun1bcr of products such os organic acids, nmino acids, vitamins and a nwnber 

of bnctcrinl and fungal polysaccharides such os xnnthan are produced by fenncntntion 

using glucose as the base subsLmte but theoretically these same products could be 

manufactured from "lignocellulose ,vnste". Bnsed upon the predicted calllbolic path\\'llY 

metnbolbm nnd the knovm metabolism of Phancrachacte ct,rysopor/11111 of lignin, 

R1bbbons ( l 987) presented a detailed discussion of the potentiol vnluc ndddcd products 

which could be derieved from lignin. Vnnillin o.nd gnllic acid nre the hvo most frequently 

discussed monomeric potential products which have altrocle-d interest. Vonillin extraction 

fron1 Vwullo pods cos1s bct,veen $1200 to $4000 per kilog.nun,,vhcrcns synthetic vnnillin 

costs less than SIS per kilogro.nl (\Valton ct of., 2003). Vanillin is used for various 

purposes including being nn intermcdia1e in the chemical ond phnrmoceutical industries for 

the production of herbicides, onti-fonn1ing agents or drugs such ns papovcrine, L-dopa ond 

the anti microbial agent. trin1cthoprim. It is also used in household products such ns air

fresheners and noor polishes (\Valton et of .• 2003). The high price ond limited supply of 

natural vanillin hove neccssitotcd a shifi tO\vnrds its production from other sources (Priefert 

t/(1(, 2001) 

Hemicelluloses ore of particular industrial interest since these ore n readily available bulk 

source of xylose from \vhich xylitol nnd furfurol can be dcrieved. Xylitol used instead of 

S11crose in food as mvectner, hns odontologicol opplicotions such os teeth hordcning, 

rcminerolisntion, ond as on antimicrobial ogenl, it is used in che\viog gun, ond toolhposlc 

formulations (Roberto et al., 2003; Pnrnjo et al., 1998). The yield of xylnns ns xylitol by 

chcm1cnl means is only nbout 50-60% making xylitol production expensive. Vorious 

bioconvcrs1on methods, therefore, hnvc been explored for 01c production of xylitol from 

hcm1cellulose using microorganisms or their eniyn1cs (Nignn1 nnd Singh, 1995). Furfurnl 

is used in the manufe.eturc of furfurnl- phenol plastics, varnishes nnd pesticides {Montone 
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In cJ1ary C0\1,5 the milk yield incre:iscd in the range of  4 to 16% on various commercilll 

fibrolytie enzyme trC4ted forages (Beauchemin et al., 200 I). 

2.J.J Olhcr high-,•11luc bioproducu 

Currently a number of products such ns organic acids, amino acids, viU1111ins and a number 

of bactcrilll and fungal polysncchnndes such as xanthan 11rC produced by fermentation 

using glucose as the base substrnte but theoretically these same products couJd be 

manufactured from "hgnocellulose ,,-aste" Boscd upon chc predicted cntabolic pn1h,vny 

metabolism and the known metabolism of Phantrachat!lt: cluysoporlum of lignin, 

Ribbbons ( 1987) presented o detnilcd discussion or lhc polcntiaJ ,'lllue oddded products 

\\hich could be derievcd from lignin. Vanillin and g:illlc ncid arc the n,·o n1ost frequently 

discussed monomeric polcntial products ,,·hich ho\'e a11r.1c1cd interest Vanlllin extrnclion 

from Vnn11Ja pods coses bel\\Ccn $1200 to $4000 per kilogram,\\hcrcl\S synthetic vanillin 

cosls less than SI 5 per lilogran1 (\Vallon et al., 2003). Vanillin is used for v:irious 

purposes including being on intcrmediote in lhe chemical and phnnnaccuticol industries for 

the production of herbicides, ru11i-foruning ogcnt.s or drugs such ns popavcrine. L-dopa and 

the onu m1crob1al agent .• trimethoprim. II is also used 1n household products such ns a1r

fr.:shcncrs and floor polishes (\Vohon el '11. 2003) The high price ond limited supply of 

n:11ural , .inillin have necessitated o shin 10,vnrds its production from olhcr sources (Priefert 

ti al .. 2001) 

Hcmicelluloscs ore of pnrticulo.r industrial interest since these 11rC a readily ovnilable bulk 

source of xylosc from ,vhieh xylitol and furfurol can be dcrievcd. Xylitol used instead of 

sucrose in food as OS\\Cctncr, has odontological applic.itions such as teeth lw.rdening, 

rcm1neralisation, ond as on antimicrobial agent, it 1s used 1n che\\1ng gum and 1oothp;u1e 

formulauons (Robcr10 et al., 2003; P4nljo ti al., 1998). The yield of xylnns as xylitol by 

chemical means is only about 50-600/o making xylitol production c,pcns1\c Various 

bioconver,100 methods, therefore, h.lve been c.�plorcd for the production of xylitol from 

hcmicellulosc wing mic:roorgnnisms or their enzymes (Niarun and Singh, 1995). Furfurul 

i� uJCd in the nwiufocture of furfural- phenol plastic . vamishe, and pc 1ieidcs (�1on1ane 
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•' ul., 200:.?} O\cr 200.000 tone!> of furfurol \\iLh a n1arl..e1 price of about SI 700 per ton 

(Monlllne cl al., 2002) is nnnually produced (Zcitch. 2000). 

2.'4 �licroorganis1ns and their Ligno�cllulolytic Enzymes 

A diverse spectrum of lignocellulolytic microorganisms, mainly fungi (Bnldrion nnd 

Gabriel, 2003; falcon el al., 1995) nnd bncteria (Mc Canhy, 1987; Zimmcnnnnn, 1990; 

Vicunn, 1988) have been isolated and identified over the yenrs nod this list still continues 

10 gro,v rapidly. A I ready by 1976 nn impressive collection of more thnn 14,000 fungi 

\\'hich , ,ere nctive agoinst cellulose nnd other and other insoluble fibres ,vcrc collected 

(�landels nod Sternberg, I 976}. 

Despite the impressive collection or lignoeellulolytie microorg11r1isms only o fe,v have 

been studied extensively and mostly Trlchodcrmo reesei and its mutants ore ,videly 

employed for the comn1crciol production of hcmicclluloscs and celluloses (Estcrbnuer el

al .. 1991; Jorgensen ct ol .. 2003; Nieves cl nl, 1998). 111is is so, portly because T. rccsei 

,ws one of the first ccllulolytic org11r1isms isolated in I 950's and beClluse extensive stroin 

improvement and screening progrnms, and cellulose industrial production processes, ,vhich 

ore extremely costly, have been developed over the years in several countries. 

T. r.:usei might be a good producer of bcmi-nnd cellulolytic enzymes but is unable to

degrade ligrun. The white-rot fungi belonging 10 the bas1diomycctcs arc the most emcient

and extensive lignin degroders (Akin et nl., 1995: Gold ond Alic, 1993) ,vith P.

chr)s0Jporiu111 being the best-studied lignin-dcgrading fungus producing copious nn1oun1s

of a unique sci of lignocellulytic enzymes. P chrysosporiun1 has dra,vn considerable

at1cn1ion ns 11D appropriate hosl for the· production of lignin-degrading enzymes or direct

application in lignoccllulosc bioconversion processes (Ruggeri and Sossi, 2003; Bosco cl

ul., 1999) Less kno,vn, Y,hi1e-rot rung1 such os Daedalea jlavida, Phlebia Jascic11/aria, P

jlorltlerub 11nd P rotllalt hnvc been found 10 selcclively degrade lignin in wheal straw and

hold out prospecls for bioconvcrsion biotechnology where the nim is just to rcn1ovc the

lignin leaving the other components olmost intoct (Arora a, al, 2002). Less prolific lignin•
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degraders omong bacteria such o.s those belonging to the genera Cel/11/omonas, 

Pse11domonas end octinomycetcs 111ermomonospora nnd Microbispora and bocteria ,vith 

surface-bound cellulese-complexcs such as Clostridi11m 1l1crmocel/11m and R11minococc11s 

are beginning 10 receive auention ns representing a gene pool ,vith possible unique

lignocellulol) tic genes that could be used in lignocellulase engineering (Vicuna, 1988; 

�lcCorth)". 1987; Mi11cr (Jr) el ol, 1996; Shen et al., 1995; Eveleigh, 1987). 

It is conventionnl to consider ligooccllulosc-dcg!'lldiog enzymes according to the three 

component of llgnoccllulose (llgnin, cellulose and hen1iccllulosc) ,vhich they auock but 

bearing in mind such divisions ore convenient clnssificotions since some cross nctivity for 

these enzymes have been reported (Kun1or and Ocobagknr, 1996). The exact mechanism 

by ,vhich lignoecllulose is degraded enzymatically is still not fully understood but 

significant advances hove been made to gain insight into the microorganisms, their 

lignoccllulolytic gene� ond various enzymes involved in the process. 

2.5 Biofucl: Production from Biomass 

Biofuel, on the other hand, is any fuel thot is derived from biomoss. It is o renewable 

energy, unlike other noturol resources such os petroleum, coal and nuclear fuels because its 

cnrbon wns recently cxtrnctcd from atmospheric c:irbon dioxide by gro,,<ing plants and as

such does not result in a net incrcosc of carbon dioxide in the enrth's surface (Ag&T\val, 

2005). Biofuels arc commonly used throughout the ,vorld. The most common use for 

biofuels is automotive transport (Rossillo and Cortez, 1998). Essentially biofuels can be

produced from any short term cn.rbon cycle orgon.ie compound; due to this there is a high 

vnricty of resources end therefore many types of biofuels (Liebl, 2003). 

Accordlllg to AgaJ'\YOI (2005) the vorious biofuels energy resources explored include 

biogass ond biogas energy, primary alcohols, vegetable oils ond bio-dicscl, nrnong others. 

The5C o.llcnllltivc energy resources ore by and large environment-friendly. Some of these 

fuels co.n be used directly whlle others need to be fomiuloted to bring the relevant 

propcrues close to the conventioMI fuels. The choice of biofuels consumed depends on 
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degrade!'$ nmong b:ictcrio such o.s those belonging to the genera Ctl/11lo1nonas, 

Pse11domo11as ond oc1inomycc1cs Thtrmomonospora and A11croblsporo and bacteria ,vilh 

surface-bound cellulasc-complexcs such ns Clostridl11m thcrmoccl/11m nnd Run1inococcus 

are bcgiMing 10 receive ntten1ion os representing a gene pool \vith possible unique 

lil!,Jlocclluloly1ic genes 1hn1 could be used in lignocellulose engineering (VicU11J1, 1988; 

�lcCorthy. I 987; t,,tillcr (Jr) et ol.. I 996; Shen et al., 1995; Eveleigh, I 987). 

II is conventionol 10 consider ligooccllulosc-dcgradiog enzyn,es according 10 the three 

component of llgnocellulose (lignin, cellulose and hcmicellulosc) ,vhich !hey aunck bul 

bearing in mind such divisions nre convcnicnl clossificntions since some cross activity for 

these enzymes hove been reported (Kumar o.nd Dcobagknr, 1996). The exact n1eehanism 

by which lignoccllulose is degraded cn:zymolically is still not fully understood but 

significant advances have been made 10 gain insight inlo the microorganisms, their 

lignocclluloly1ic genes nnd various enzymes involved in the process. 

2.5 Biofucl: Production from Biomass 

Biofuel, on the other hand, is nny fuel !hnt is derived from bion1oss. II is o rcnewnblc 

energy, unlike other nolural resources such os petroleum, cool and nuclcor fuels becouse its 

carbon wns recently extracted from otmosphcric cnrbon dioxide by gro,\'ing plnnts nnd os 

such does not result in n net increase of carbon dioxide in the enrth's surfnce (Aglll\\'al, 

2005 ). Bio fuels are commonly used throughout the ,vorld. The most comn1on use for 

biofuels is automotive transport (Rossillo and Cortez, 1998). Essentinlly biofuels c.,n be 

produced from ony short term carbon cycle organic compound; due to this !here is a high 

variety of resources and therefore mnny types of biofucls (Licht, 2003). 

According to Agnnvol (2005) the v:orious biofucls energy resources explored include 

biogass nod biogos energy, primnry alcohols, vegetable oils and bio-dicscl, nmong others. 

These o.ltemntivc energy resources are by and lorge environment-friendly. Some of these 

fuels can be used directly while others need to be formulated lo bring the relevant 

properties close to the convenuon.al fuels. The choice of biofucls consumed depends on 
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nvailability, local customs, and seasons. Genernlly, the sub-Sahara AfriCM population 

depends mninly on ,vood, as docs the rurn1 population in Latin Americnn. \Vhilc the 

population in Asia uses all biofucls (A TSR. 2000). lo the developed ,,-orld biofuels rue 

imponant os they serve olso, as the n1ajor energy sources in the urban oreas, but provide o 

smaller fraction or 101al energy consun1ed (Licht. 2003). 

2.6 Types of Biofucl 

2.6. I Oiodicscl: Dio-dicsel is o clean burning, mono-all..y ester-bused OX) gcnntcd fuel 

mode from natural renewal resources such as ne,v nnd used vegetable oils and animnl fots. 

Bio-diesel is quite similar 10 conven1ion11J diesel fi.1el in iis main characteristics. fl conUlins 

no J)(lrolcum. but ii is compatible ,v1lh conventional diesel nnd can be blended in nny 

proportion ,vith petroleum diesel 10 create o bio-diesel blend (Agonvol, 200S). 

2.6.2 \Voodfuel: \Vood fuel is the principal source of domestic energy in developing 

countries. \Vood fuel includes chorcoal as ,veil ns firc,vood, brush,,•ood. l\vingcs, branches, 

ond cul branches. \Vhere ovoiloble, fuel ,vood is gcneroJly the biofuels of choice. Climole 

o.nd terrain llfC the two strongest naturaJ influences on the gro,vth nnd obundoncc of the

forest resources and these vory significnn1ly throughout the developing ,vorld. The 

carbonization process of ,,ood usual!) emiucs vol:11iles 1nclud1ng C01. CO. Cl L. nnd non

n1e1hanc hydrocarbons (NMHC) estimated 01 60% by weight of the original ,vood (Andrae 

ond Meriel, 2000). 

2.6.3 Vegetable oiu: ore ovoiloblc from various sources such as cultivated plants, fore.sis, 

and agricultural by-produeis. They ore liquid fuels from renc,voble sources and do not 

over-burden the environment ,vilh emission. Vegetable oils CM be successfully used in the 

Cl (combustion ignition) engine through engine modilications nnd fuel modifications 

(Aganval, 2005). 

2.6.4 Blomnss gasilicAtion: Biomo.ss-gBSlicr-bosed system converts solid bion1ass into 

gase<>U$ fuel (producer gas) by n series of thcrmo-chemicol processes such as drying, 

pyrolysis, oxidation, ond reduction, which is II more user-friendly gaseous form, ,vhieh con 
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be used directly i n  [C engines to generate po\,er (Jo.in, 200 I). 

2.7 Bio-E1b11nol 

The \\'Orld's energy supply is mninly dependent on non-rene...,"oJ.blc, crude oil-derieved 

(rossil) liquid fuels, of \vhieb almost 90¾ ore consumed for energy gcncrntion nnd 

transportation. The problem of rapidly increasing population has caused many developing 

countries to expand their induslrinl hose, resulting in increased energy demands. The 

\Vorld's energy needs have been estimated to be about 1021 Joules per year, \Vhich equals a 

continuous avemge per capita consumption of about 4-6 K \V (!Ulo\vnu) (Tripe1ehkul, 

llillnry. and lshiuikl, 1998). It is inevitable thot fossil fuels such os oil, coal, ond natural 

gos \\111 be exhausted \vith time. Hence. there: is a need to explore the possibilities of using 

alternative energy sources, ,vhich rue as efficient as oil: ethanol fcnnenLDtion is one such 

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

A fe1v major drnwbocks of non-rcnc\vnble fuels are that emissions of C(h (carbon dioxide), 

CO (carbon 1nonoxido), nitrogen oxide, and sulphur-(ontaining residues from the 

combustion of tl1ese fuels causes global ,vnnning. Also, dependence on in1portcd 

petroleum for vehicle fuel is a fiscal burden os a concern for the nationnl energy security. 
-

Studies ,ho,, th11l velu�ulur �,ni:.sions cousc 40%-50¾ of the urban air pollution, which 

reduces the ntmosphcric or environmcntnl quoliiy. The development of nltemativc 

uansponotion fuels mode frorn biomoss resources, such as plant material nnd 

biodesrodable \\'llStc, may contribute to reduced CO emissions nnd smog-forming 

compounds that cause air pollution. The other group of fuels comprises liquefied n:nural 

gns. compressed natural gas, liquefied petroleum gos, ctht1nol, methanol, t1nd bio diesel 

Among these, ethanol is the oldest of the fc,v nltemouve energy fuels; fermentation of 

biomass converts it to pure ethanol, a useful energy source. 

Eth3nol produced from ccllulosic biomass materials instead of traditional feedstock is 

kno,\11 o.s bio- ethanol: a Cllrbon- neutrol compound. The trnditionnl process of ethanol 

production is through fcnnenu11ion of sugall \vitJ1 a species of yeast called Saccharomyccs 
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be used directly in  IC engines to generate po\\-cr (Jain, 200 I). 

2.7 Oio-Ethllnol 

The ,.,.orld's energy supply is mainly dependent on non-rene,vablc, crude oil-dericvcd 

(fossil) liquid fuels, of ,vhich nlmost 90% ore consumed for energy generation nnd 

transportation. The problcn1 of rapidly incrcnsing population has caused mnny developing 

countries to expand their industrial base, resulting in incrensed energy demands. The 

world's energy needs hove been estimated to be about I 021 Joules per year, ,vhich equals a 

continuous avemge per capita consumption of about 4-6 K \V (Kilo,vatl) (fripetchkul, 

Hillary. ond lshizaki, 1998). It is inevitable that fossil fuels such as  oil, conl, and natural 

gos ,,·ill be exbausted ,vith time. Hence. therc is o need lo explore the possibilities of using 

alremative energy sources, ,vhich rue as efficient ns oil: ethanol fermentation is one such 

op1ion (Nomuro, Bin, ond Nakac, 2002). 

A fe,,• major drawbacks of non-rcne,vable fuels are that emissions of CO2 (carbon dioxide), 

CO (carbon monoxide), nitrogen oxide, nnd sulphur-containing residues from the 

combustion of tJ1cse fuels Clluscs global ,YllJ1Jling. Also, dependence on in1portcd 

petroleum for vehicle fuel is a fisClll burden os o concern for the nationnl energy security . 
• 

Sludi.:i. �ho,, th.it vehi.:uldr c1ni�ions cousc 40%-50% of the urban air pollution, which 

reduces the atmospheric or cnvironmentlll quality. The development of alternative 

uunsportation fuels made from biomass resollfCeS, such as plant material nnd 

biodcgmdoble ,vnstc, mny contribute to reduced CO emissions and smog-fom1ing 

compounds tbnt cause air pollution. The other group of fuels comprises liquefied natural 

gos. compressed noturol gns, liquefied petroleum gns, ethanol, mcthnnol, and bio diesel 

Among these, ethanol is the oldest of tbe few nltel'Tllllivc energy fuels; fcm1entotion of 

biomass converu it to pun: cthnnol, o useful energy source. 

Ethanol produced from ccllulosic biomnss materials instend of u-oditionnl feedstock is 

knO\\TI 11S b10• cthnnol: a carbon· neutral compound. TI1c troditionnl p rocess of ethnnol 

production is through fcm1cntation or sugars ,vith o species of yeast called Saccltaromyces 
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ctrevlsiae Ho,vever, the changing needs, energy demands, and technologic fennentations 

h11ve led to  c:<ploro1ion of differenl methods, using a broad range of substrates and novel 

organisms, indigenous or genetically modified. Ne,v technologies nrc being developed that 

convert lhe fibrous portion of plant material to ethanol. These feedstock materials are 

abundant end inexpensive. 

Dio-etbanol is o fuel derived fro1n rene,vable resources like locally gro,,'11 crops and even 

,vns1c producls/,vnstc paper or gross and tree trimmings, clc). Although fuel ethanol is 

currently produced from sugorcnne and other starch rich groins, ethanol can also be mnde 

rrom ccllulosic mntcriols such as ,vood, grass and ,vnstes (Lynd et al, 2003). These 

materials contain "cellulose", indcntilied as the simplest of the polymers: cellulose, 

hemicelluloses and lignin, it is mode up of continuous chain of 0-glucosc molecules linked 

in the p -1, 4 configurations. These ch11ins or micelles may contain more 1ban I 0� 

anhydroglucopyraosc units {Shi to lo and Ncimo, I 975) giving n molecular mnss of grcntcr 

than I .5MDa. Cellulose micelles ore bunched together to fonn a thread-like n1icro fibrils. 

111c individual cellulosic polymer s1rands ore hydrogen-bonded be1,veen the ring oxygen of 

glucose molecules and the hydroxyl group at position 3. The ccllulosic fibrils ore 

composed of highly ordered micelles possessing crystalline structure interspersed ,vith 

disorderly areas of so-coiled amorphous cellulose (Dunlop nnd Chiong, 1980). Crystalline 

moteriol is sometimes refcmd to as CIC cellulose, which is thnt moterial that ,viii not 

dissolve in n solution of 17.5% sodium Hydroxide. 

Cellulose., ore the most abundant natural organic compounds on Erutb and are less 

cxpensi\'c th1111 corbohyclrote sources. TI1e lignoccllulosic structure is more resistant to 

dec'.l) by organism and 1s not perishable like soluble sugar and starch. The co1nple.x 

substrates moy be broken do,vn into sugars by either acid treatment et various temperatures 

or by enzymatic t.rcntmcnt. It hos been k.no,vn for over I 00 years Oial acids net ns catalysts 

to h)drolyz.c cellulose ond hcrrucclluloses into simple sugors. Acid trcounent includes n1ild 

acid hydrolysis and concentrated acid hydrolysis. 
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Ethanol is o two carbon alcohol (C2HsOH) ic II monohydric primnry alcohol. It melts at· 

I I 73°C and boils at 78.5°C. Except for alcoholic bcvcroges, nearly all ethanol is a mixture 

of 95% nlcohol and 5% ,voter. It is high perfonnancc fuel, ,vbicb is used in spark ignited 

internal combustion engines (Lynd et al, 2003). It i s  considerably cleaner, less to�ic, also 

less Corrosive (Lal and Reddy, 2005; Risch, 1998). Alcohols have o higher octane number 

than gasoline: Fuel ,villi o higher oetone number can endure o higher compression ratio 

before the engine knocking tokes pince. This gives the engine on ability to deliver more 

power. and thus became more po,vcrful, efficient, ond economical (AgD1'val. 2005). 

According 10 Agal'\vnl (200S), Alcohol fuel bums clCllller than the regular gosolinc and 

produces less CO, I-IC, and NO. It has a high heat of vopourizntion therefore; it reduces the 

NOx emissions ond increases the: engine p0\\'Cr. llo,vcver, Ilic nldchyde emission goes up 

slgnificnntly. 

In con1porison to gosolioc, ctlionol bums cleoner ,vith a grcotcr efficiency, thus pulling less 

cnrbondioxide ond overoll pollution in the air. Additionally, only lo\\' levels of smog are 

produced fron1 combustion. According 10 the U.S Department of Energy, cthonol from 

cellulose reduces greenhouse gos emission by 90 percent, when compa.n:d to gasoline and 

in comparison 10 corn-based clhonol which decreases emissions by IO 10 20 percent. 

C:ubondiox,dc gas emissions ore shown 10 be 8S0/4 lower 1hnn lhosc from gasoline. 

Data ond Vcnnen (1989) studied 1he effect of ethonol addition 10 gosoline on the c�houst 

emissions from I 978 Ford 2.3 litre engine operoting under fixed conditions. TI1ey observed 

lower I IC emissions ond o 40% • 50% dccrcosc in tl1e CO concentration os compared to Ilic 

based fuel. Thia ,vns corroboroted by stump, knapp ond Rney (1996) in o similar 

investigation. Ethonol is one of Lhe possible fuels for diesel replocement in the Cl 

(Combustion Ignition) engines also. Application of ethanol os a supplementnry Cl engine 

fuel moy reduce the environmentol pollution, strengthen the ogriculturol economy, creole 

job oppo11unilics and reduce diesel fuel requirements, thus contributing to conserving o 

major commercial energy source (AgOJ'\\'al, 2005). 
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Steps involved in producing ethanol from cellulosic biomass involve an activntioo step, 

biological conversion, product recovery (typically via distillation). nnd residue processing 

and utilities. Activotion involves converting recolcilrtl.llt ccllulosic biomnss into reactive 

intermediates, Wld moy be occomplished via pretrentment & hydrolysis (ocid nnd 

enzymatic) or gasification. Of these nltcmntives, the lo\vest future cost has been projected 

prcu:cntmcnt and enzymatic hydrolysis. Process design studies consistently indicate lhot 

steps associated \vith overcoming the rccnlcitmncc of lignocellulose biomass are the most 

costly, involve the greatest technical risk, nnd hove the l0tgcst potential for R & 0 drivc11 

cost reduction. 

2.8 i\licroorgnnisms nnd Ethnnologcnic Processes 

The simplest method of ethanol production is fermentation nnd distillation of sug0t cnne 

molasses ond sugar beet. These materials contllin high amounts of sugar, avoiloble for 

direct conversion to ethanol. Crops conlllining sugars and starch are usually expensive to 

produce nod ore perishable. Ethanol from these crops is affordable only if they nrc ,vnstc 

by - products of other processes. Ethanol produced fron, cellulosic bion1ass materials 

instead of traditional feedstock is known as bio-ethanol: n carbon - neutral compound. The 

traditional process of ethanol production is through fermentation of sugors \vith a species 

of yeast called Saccharo111yces cercvisiae. 

Alcohol fermentation \\'ilS done by using the mash of dried sweet potato \\•ith its dregs as 

substrate (Yu zhang, and Zheng, et al. 1994). In another study, cellolosic pyrolysotc -

contnining lcvo - glucosnn wns chcn1ically hydrolysed and n maximum glucose yield of 

17.35% \VOS obtained through hydrolysis ,villi 2 moVlitre H2S04 (Sulphuric acid) at 121 °c 

for 20minutc. The total initial glucose level \VOS mnintaincd at 4 l.9g/lilre by diluting Lhe 

" h)'drolysntc. Then, neu11nliz.otion methods were employed, including either the addition of 

solid Cn(OH)1 {to bring to about pH 6.0 or I 0.4) or its combination \vith the absorbents. 

The ncu1J111izouon ond diotomite - shaking mctl1od gnvc tl1c hydrolysatc, ,vhich \\'115

completely fenncnted by S ccrcvlslae ond Pie/tin sp. Yz - I. A maximum ctl1anol yield of 

0.45/g glucose was obtained by S. cercvlslac (Yu ond Zhang 2002). 
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• 

Another substrate. liquefied eassnva starch, ,vns used for ethanol production by co -

1mmobili1.eJ cell� of Z mob/liJ and S dlas1a1lc11s. The co - immobilized cells produce 

46. 7 r/ litre ethanol from I SO rJ litre liquclicd c4Ssvo starch, while the immobilized cells 

of yeast S. diastatlcus nlone produced 37 .Sg/litrc ethanol. 11tus, co-immobiliz.cd cells of 

S.diastatic11s nnd Zmabilis produced 11 high ethnnol concentration as compared to the 

immobilized cells of S. diasratic11s during batch fennentation of Uquelied cassava starch 

(Amutha nnd Gunnsckaran 2001). Prc�ntmcnt of sun- flo,ver ,vi1.h Trlchoderma reesei 

Rut-C30 ccllulasc resulted in 57.8% saccharificntion (Shllmln, Knlrn, nnd Gre,vnl 2002). 

Enzyme hydrolysatc concentrated to 40g/litrc, reducing sugars fcnnentcd ,vith Zn1obilis

under optimum fermcnt:ition conditions like nn incubation time of 24 hours, pH 5.0, 

1empcroture 30°C, and innoculu1n size 3% v/v sho,vcd n maximum cthnnol yield of 

0 .444rfg. Ethnnol production scnlcd up inn I-litre and IS-litre fcnncntcr under optimum 

conditions, revenling a maximum ethanol yield of0.439g/g nnd 0.437g/g. respectively. 

for direct nnd efficient ethanol production from cellulosic ntntcrinls, n novel cellulose -

dcsroding yeast strnin ,vns developed by genelicolly modifying 1,vo cclluloytic enzymes on 

the surface of S,cerel'islac. This could gro,v in a synthetic medium conlllining glucrut as 

the sole source of carbon and could directly ferment 45g of glucan per litre to produce 

I 6,5g of ctlrnnol per litre within 50 hours. Thus, 0.48g of ethanol \\'OS produced per grnn1 

of carbohydrole utiliz.cd, ,vhich corresponded to 93.3% of the tl\eon:licnl yield. 1l1is result 

indicntes that efficient nnd simultnncous snchorilicotion and fc:rmentation of cellulose 10 

ethanol was carried out by rccombino.nt yeast cells displaying cellulolytic enzymes (Fujita, 

Tikahashi, Ueda, et al. 2002). ln nnothcr study Jirku (1999) used immobilized S cerevisiae

cells and found that the maximum fermentation capacity of the system ,vas at 30 °c and \\'as

relatively pH - sensitive. A packed column reactor wns used to test this biocatalyst's 

opcrotionlll S(nsith-ity to key fermentation variables. Results of this study as ,veil ns 

cbllnlcteristics of the polymer, prepared by 1111 epoxy resin nnd dinmino polyethylene oxide 

polymerization establish tl\e suitability of tl\is method for cthnnol production. 
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There are several bottlenecks in the alcoholic rennentation prOC<SS and they must be 

overcome to achieve a high and competitive pcrronnnnce of bio ethanol production by the 

y�t S cere11/slae. In the process or conversion of lisnocelluloses to ethnnol, the capital 

nnd process cost may \\'ell exceed thnt of the reedstock. Although compositions vary, the 

lignocellulosic material comprised 50% cellulose, 25% bemicclluloscs, lllld 25% 

extractable lignin. for bioconvcrsion. the carbohydrate portion must be solubilized while 

the lignin nnd residues arc used to provide energy ror ethanol production Ongrom and 

Doran 1995). 

Alrenorc, Jou\'.:, and Guilloucnt, cl al. (2002) described a nutritional strotcgy that allowed 

S ccrc1•/slae to produce a final ethnnol litre of 19% (V /V) ethanol in 45hours in a fed -

batch culture nt Jo0c. This penonnnnce \VllS achieved by implementing exponential

feeding of viuunins throughout the renneotation process. A maximum instantaneous 

productivity of 9.Sg/litre/hour \YDS renched in the best fenncntation. 1l1ese perfom1nnccs 

rcsulled fro1n impro\'ements in gr0\\1h, ethnnol production rote, and concentration of 

viable cells in response to the nutritional strategy. 

Lignoccllulosic biomass is nn abundant renewable resource that cnn serve as n subslr.lte for 

ethnnol Extensive rcsenrch hos dcmonstmtcd that alcoholic rcnncnLDtion or xylose, the 

maJor hem1c.:lluloscs derived sugar, improves the economies of bioo1ass conversion as 

70% or the raw material can be expected 10 convert into ethanol. A complete conversion of 

glucose and xylose mixture ,vns oblDined by a respiratory deficient mutant of S.diastalicus 

co-cultivated with Pich/a slipills in continuous culture (Dclgcnes, Laplace, and Molena, el 

al. t 996), Sree, Sridhar, Rao ti al. (I 998) evolved a novel solid substrntc fcnncntntioo 

system to produce fuel ethanol from sweet sorghum and S\\'CCL poLDto using n tbenno

iolcront yeast S.cerevlslae strnin, VS 3, and o local isolate of nmylolytic Bacillus sps, VB9. 

The maximum amount of ethonol produced 1n co-culture with o mixed substrate \\'OS

5g/100g of substrate at 37°C and 3.Sg/lOOg of substrate at 42°C.

26 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



The glycosidic linkage in hemicelluloses nn:: readily hydrolysed by diluting acid at elevated 

tc1npcraturc: to yield a S}'rup containing xylosc nnd nrabinosc for ogriculturol by-producis 

and h:ird,voods or xylosc, orabinosc, nnd glucose for soll\\'Oods (Puls, I 993). 

Sncchnrificntion of cellulose is n complex and poorly understood process, in \vhich three 

enzymes- cxoglucnnases, endoglucannses, nnd glucosidases --lhllt cleave cellulose into 

ccllobiosc and then into glucose arc involved (Enari,1993; Eriksson, Blon Chencr, and 

Ander (1990). The products of snccharilication induce non-competitive and non-productive 

inhibition of the enzyn1e system, 

In the first case \Vhere xylose, a pentose becomes a non-amcoblc subslnlte for efficient 

conversion of the same into cthnnol, it requires a microbial system, \Yhich con use the

xylosc or pentoses os efficiently os it uses glucose, fructose, and sucrose. For avoiding the 

end-product inhibition, simultnncous snccchorificntion and fcrmenlntion \\'OS developed by 

the Gulf oil company (Dlolknmp. Takagi. Pemberton. cl al 1978), using Scerevisia. The 

Juice of rollcn or discorded pineapples nnd the ,vostc rnotcriol generated during the 

production of pineapple juice serve as Jo,v-cosl substrates for cthllllol production by Z 

111obllls. Z ,nob Ills A TIC I 0988 produced 59 g/litrc cthllllol in undiluted pineapple juice 

,vithout nutritional supplementation nnd ,vithout regulation of the pH, while 42.5 g/litrc 

ethnnol ,vns obtained using n 125 g/litrc sucrose n1edium supplemented ,vith IO g/litrc 

)C:tSI cx1r:ic1 and miner.ii sails. These results suggest that pincopplc juice and the waste 

material can serve as useful lo\v-cost substrates for ethanol production by Z. mobilis 

,vi1hout the use of expensive organic nitrogen complex supplements such as yeast extract, 

· a.nd ,vithout regulation of pH during cultivotlon, leading to n reduction in production costs

(T unaka ,•/ al, I 999) .

The fcrmcntot1on process is a undilional, \\ell-known method throughout the ,vorld: it

includes various studies. A comparison of the rates of gro,vth and ethanol production \VDS

by studying 11 different strains of Z)'n1omo11as thot revealed a wide range of cbnrnctcristics

(Skotnicki, Lee, and Tribe, et al. 198 I), from these studies i t  \VllS found thot so1nc strains

wen: more tolerant to high sugar or ethanol conccntmtions ond high incub:11ion

temperatures than others Some strains were unoblc to utiliu: sucrose: some \Vere oble to
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produce 1:irge amount o f  lcvun; and one strain grc,� \\'ell on the carbon �ourcc but th.:rc 

\\:IS no production of lcvan. One strain, CP4, ,vns found to be superior in nil respects 10

most other st.rains nnd ,vns finally chosen as a s1aning strain 10 be genetically modified for 

enhanced ethanol production. One more anaerobic bocterium Thermoanerobium brockii 

\\'llS used for ethanol fermentotion. The study sho,vcd thot it foUo,,·cd the Embden -

Mcyerhof Path,wy {EMP) path,vny nnd convened glucose into ethanol, ocetic ocid, 

carbonic acid, and lncllc acid. This species bas actively fermented succhoridcs nod stnrcb 

into ethanol (Lllmed and Zeikus. 1980). The ethanol yield gets reduced \\ith molosscs. nod 

the most probable reason for this moy be the impurities present in raw molosscs I.hot ore 

inhibitory 10 yeast gro,,1h as ,,·ell as to fcrmcotntion. For lhol, 22 dilTcrcot yeast strains 

,vcre studied in isolation from the natural resources. The highest yield of clhno.ol by n 

st.ruin from molnsscs and grapes, respectively, ,vas 7.8% ond 2.8% (,vith 16% dextrose 

mcdiurn) and 7.4% nnd 8.0% (,,,jth molasses 1ncdium). TI1e optimum temperature for 

m11ximum ethnnol production \\'I\S 30-3S°C ,vhilc the optin,un1 pll '''!IS 5-5.S. Any 

vnrintion in these conditions severely :irTceted the ethanol production, possibly due to 

excessive enzyn,e degradation nnd loss of activity at n high tcmpenuurc, reduced activity 

of glycolytic/fenncnu11ive enzymes at n lo,v temperature, and inoctivotion of enzymes due 

to pH variation (Bajoj ct al., 200 I). 

One more substrate, ,vhey, o by-product generated in lorge qunnuues from cheese 

produclton, ,vns used for ethanol fuel. \Vhey poses o major ,vnste-disposal problem due to 

its !ugh DOD (biochemical oxygen demand). \Vhen dumped untreated, whey ends up in 

rivers and occoos, consuming the oxygen needed to suppon nquatic life. Pre-dispoal 

1rc:itnient of ,vhey to reduce Its BOD to the EPA (Environn,cnllll Pro1ec1ion Agency) -

approved levels is exucmcly expensive. This study presents an economically feasible 

solution to the \\hC)'·disposnl problem (AJuncd and tvlorris, I 991). The ovnilobility of com 

stover os a sustainable feedstock for biocthonol production \\'8S studied by Kodom Md 

r,.,1cMillt1J1 (2003). According to them, 60-80 million dry tones/ycnr of com stover should 

t,.: 0,ail.ible 1o fcrmentau�c routes. To nch1cvcd on cthonol production porcntial of 11 

billion lilrCS (3 billion gallons) per yeor, about 40% of the hnrvestnblc com stover is 
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needed. Th1.s nmoun1 should be available as long as lhe diversion of com s1over to non

c:1hanol fcrmentouve produc� n:ma1n:. li1ni1cd. 

In fcrmcntotion process, ADH ond PDC are lhe \\'ell-studied key enzymes. According to 

lhis study, il \\/OS found 1hn1 lhe enzyme ADH (isola1cd from Z. n1obil1l') is activated by 

ferrous ions bul not by zinc ions after innctivo1.ion \\ilh lhe metal-complexing agents; 

cobalt ions also rca011v111cd 10 a lesser extent. This study suggcs1ed lhal 1n llus species, 

ADH n3turally contain iron. Kinelic studies on the iron-treated enzyme indicate an 

alcohol-activation phenomenon lhal may have physiological relevance in overcoming 

producl inhibilion during ferrncntotion (Scopes, 1983). Tamarit, Cabiscol, and Aguilar, el

al (I 997) studied lhe tolerance of lhe metal binding of ADH in Z 111obilis endo\\·ed \vilh 

l\\O isocnt.)·1nes - u zinc-containing cnzyn1c (ADIi I) nnd nn iron-containing enz)1nc: 

(ADll II). The octivi1y of ADIi I rcnlnincd fully conserved, \\hilc the ADH n nc1ivi1y 

decoyed \vhen 1he cuhun: condilions \\"Cre shiOcd from nnoerobiosis 10 acrobiosis. This 

dHTercntial response ,vns due to the n1Cllll present on cnch isoenzyme because pure 

preparations of the ADH I arc resistonl 10 oxidn1ive inactivation and preparation of zinc

conlaining ADI-I 11, obtained by incubation of pure ADH \\�th ZnCl1, sho\ved no 

modification of  the 1arge1 for oxidative damage (His1n-contoining peptide), 

It \VllS consistently found lhat nctivit)' of the zinc-containing ADH II, once submitted to 

oxidative treatment, \YllS fully restored \Yhen iron \VOS reintroduced into lhe enzyme 

structure. These results indicate that zinc bound to these proteins plays nn important role in 

the production role in the protection of their nctive centres against oxidative damage and 

ma) have rclevnnl biochemical and physiological consequences in lhis species. After that 

three enzymes, glucokina.se (EC 2.7.1.2), fruc1okinnse (EC 2.7.1.4), 1111d glucose-6• 

pho�J)Jtc dc:hydrogenasc (EC 1.1.1.49), were isolated in high yield from extrocts of 

z.mobilis (Scopes, Testolin, and Stoler, et o.l. 1985). The principal steps in the isolotion

procedures involved the use of selcc1ed dye-ligand adsorbent columns, \vilh affinity elution

of tv.-o of the 1hrec enzymes. Neille, Scopes, \Vcttcnholl, ct al.( 1986) found Lho1 the PDC is

the � �- en1,·mc which directs the produelion of C01 ond clhnnol ns lhc end products of• • 
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sugor fcnnenunion by Z mobltis. They studied isolation. properties, and genetic expression 

of 1l11s cnz) me in E.coli and ,,·ere purified 10 homogeneity using d)c:-ligand and ion 

exchange chromatography. The genomic fragment encoding the encoding lhe enzyme 

expressed high levels of PDC in E .  coli. 

Osman. Con,vny. Donelli. ( 1987) nnolysed lhe rate 01 ,vhicb Z mobllis converts glucose to 

cthnnol and CO2, and found lh.11 in the Entncr - Doudoroff (ED) p.1tl\\vny. glycolytic llwc 

did not remain constant during batch fennenlnlion of 20% glucose. The initial rate of 

conversion resuhed in high ethanol accumulation in the surrounding broth. As o rcsuh, 

glycolytic activity ,vas repressed due lo lhc inhibitory cfTccts of ethanol nnd the activity 

could be reversed immediately its removal. Fcnncntntion activity enhanced (58mol ofC01 

evolved per milligrrun of cell protein per hour) nf\cr occumulntion of I. I% ethanol in 18

hours nnd declined to onc-hnlf this role after 6.2% aecumula1ion of ethanol in 30hours. 

They nlso identified three possible reasons for this behavior of Z n,obllis, namely reduced 

number of nucleotides. reduction in inlemol pf-I fron1 6.3 to 5.3, and reduced specific 

activity of pyruvnle kinase and glyceraldehydes-3-phosphnte dchydrogennse of the 

glycolytic palh,vay. 

Loos, Kromer, Solun, c!I al. ( 199-l) studied the bnsis of 0s1no1olernnce ,n Z.n1ob1fls when 

gro,vn ,n n media contnining high concentrations of glucose or other sugars. They 

descnbed sorb11ol as a compnrative solute in bacteria, which enhances the growth of Z. 

n,obl/s at higher glucose concentrolions, exceeding 0.83M (15%). Sorbitol con protect 

proteins during dehydJ'lltion of osmotic or lhennal stress nnd is, tlierefore, used lo preserve 

proleins during storage. The sorbhol tmnspon system follo\\·ed 1.he l'vlichnelis-�1entcn 

Kinetics. ,vilh on opp:irenl K,. of 34Mm nnd o V,..... or 11.2 nmol (nnno moles)/ minu1c/n1g 

(di') moss). Sorb11ol was produced by the cells themselves nnd \\'OS occumulotcd when 

grov,11 00 sucrose (IM or 36%) by the act.ion of the periplnsmic enzyme glucose-fructose 

oxidoreduclllse, ,Yhich converts glucose ond fructose iolo glucooolnclonc and lhcn into 

sorb,1ol. Thus, z n,ob//11 C4I\ form ond nccumulnte the compatible solute sorbitol from n 

runural carbon source, sucrose, in order to overcome the osmotic stress in o high-sugar 
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medin. No other mnjor compmible solute (bcui.ine. prolinc, glul:lmntc, or trchnlose) \\':IS

detected. 

Sprenger ( 1996) discussed the carbon flux and its regulation, nnd hO\V it br:inches into 

anabolic pathways together, \vith the recent approaches to broaden the substr.:ue r.mge of 

the bacterium. Sucrose, glucose, a.nd fructose arc degraded by Z. mobills via 1111 on.aerobic 

version of the ED pnth\vny. Sucrose splits extracellularly into glucose a.nd fructose (or 

lcvan). The 1,vo sugars ore lrnnsportcd into the cell via focilitnted diffusion (uniport). A 

pcriplasmic enzyme glucose-fructose Ol<idorcduclllSC provides the novel comp:ll1ble solute 

sorbitol to counteract the dctrimcntnl osmotic stress. 

In further studies, Deng and Coleman (I 999) introduced nC\V genes into a cyonobnctcrium 

in order to create n novel path\YllY for fixed carbon utilization, which results in the 

synthesis of ethanol. The coding sequences of the PDC o.nd ADI I II from the bactcriwn Z 

mobilis ,verc cloned into the shuule vector pCD4 and were then used to tronsform the 

cv:innli:1c1cri11m �·11t.'l'hnrnrc,1f �p �rnin PC'C' 7942 The POC' and AO! I gene� ,vcre 

expressed at high levels, as demonstroted by \Vcstem blolting DJ1d enzyrnc octlvity 

analyses. The transformed cynnoboetcrium synthesized ethanol, which diffused from cells 

into the culture medium. As eynnobactcria have simple growth rcquirtmncnts ond use 

lii;ht, C01, and inorganic clements efficiently, production of ethanol by cyonobncteria is a 

potential system for bioconversion of solar energy a.nd CO2 into a valuable resource. 

Metabolic engineering of Z n,obilis strains \\>as tried to maximize the ethanol production 

from mixtures of hexosc and pcntosc sugars through the opplicotion of mctnbolic nux

control techniques (Kompolo. Ramkrishno, Jansen, er al. 1986). 

The successful engineering of ctha.nol-fermcnting Zmobills to bronden its substrate 

utilimtion range from hexoscs, glucose, and fructose, to include the additional pentosc 

sugars, xylosc, nod nrabinose found in the rcnc,wblc biomass feedstock nnd agricultural 

residues was done. Pentosc fermentation \YOS accomplished by introducing t\VO gene 

encodings for key enzyn1es in the x)·lose ass1m1lotion poth\YUY, three gene encodings for 
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key enzymes i n  the xylosc assimilo.tion pathY.'ay, o.nd t\VO gene encodings for key enzymes 

in the pentose pbosphnte path\vay into the recombinant ethanol producer Z mobills. An 

importo.nt study was done in ,vhich transcript levels of seveml enzymes of glycolytic nnd 

alcoholic fermentation path\vays ,vere examined in the shoot and root tissues of rice 

seedlings subjected to different nbiotic stresses by northern blot-Mnlysis employing 

homologous DNA probes. This \Vork includes ADI,{, PDC, phosphate isomerase, aldolase, 

glyccraldehydes phosphate isomemsc, nod pyruvnte kinnsc enzymes. Cold, desiccation, 

s:ilt (NaCl), high temperature, nnd oxygen-deprivation stresses arc used to see their effect 

on pnth,vay regulatory enzymes. Envidcntly, glycolytic and alcoholic fcrmenunion 

enzymes have a sufficient degree of flexibility to adjust to the increased energy demand 

and supply of intermediates for acclin1ntization to stress conditions. 

Though K. oxytoea Md Erw/na chrysantherml tmnsfom1cd ,,,jth PET operon did not 

perform better than Z 111obllls in gelling transformed with the same operon, lhcir 

performance in convening cellulose into ethanol ,vas good, particulary in case of K.

oxytoca (\Vood and Ingram. 1992). The stroin K oxytoca utili7..CS ccllobiosc and ccllotriose 

and, thus, is a good choice for ethanol fermentation ,vith cellulose as the inhibitory effects 

of certain cellulose preparations con be avoided. The PET opcron on to,v nnd high copy 

nun1bcr plasmids hos had an influence on lhc etJ1anol production ,vith tJ1e to,v copy number 

plasmid pLO I 555, giving a higher ethanol production I-IO\\'C:ver, in both coses. the ctJ1onol 

}idd ,,.c. 92'}lt-98°/4 of the theoretical values (Ohta, Beall, Mejia, et nl. 1991b). TI1c best 

strains of the tmnsforrnonts converted 10% glucose and 10¾ ccllobiose into 44-4S g/litrc 

of ethanol ,vithin 48 hours. Different substrates \\'ere tried to assess the efficiency of the 

strain viz., mixed office paper (Brooks ond lngrrun, 199S), sugar cone bogasse (Doran, 

Aldrich, nod Ingram, 1994), com fibre (Moniruzzomnn, Dien, Ferrer, ct al., 1996), :ind 

sugar beet pulp (Doran, Cripe, Sutton, rl al., 2000). Integrating cellulose components like 

cxuacellulnr cndoglucanasc CJn reduce tJ,e ethanol production costs (Dien, Cotta, :llld
Jeffries, 2003). Two cxtrocellular cndoglucnnnsc genes (eel Z nod eel Y) from E.

clvyronthen,I ,vcrc cloned into the recombinant K. oxytoca stroin P2 along ,vith auxiliary 

trJ•hf)Ortcr l!cnc (out) on o plasmid pCPP2006. The recombinant strnin wos named S221 
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(Zhou, Davis, ond Ingram, 2001). 1l1ough its cellulose activity ,vos 99'/4 less thnn the

commercial preparations of cellulose, the ethanol productivity ,vos 7%-16% higher than 

the pnrcntnl strain ,vhen commercial cellulose \\'D.S added. \Vhen n comparative study ,vas 

done, 1n ,vh1ch golncturonic acid-rich sugar beet pulp ,vns fermented, KO 11 produced 

significantly higher quantities of ethWlol due to E.coli KO 11 offmity for the substrate. 

Dien, Hospell, Wyckoff, et al., (1998) developed o novel bcxosc ond pcntose utilizing the 

ethanologenic E. coli stroin FBR 3 by incorporating lhc plasmid pL01297. An ethanol 

yield of 4.38o/o-4.66% (,v/v) \\1th 90%-91 % theoretical conversion in 70-80 hours ,vas 

achieved.At the National Chemical Laboratories, Punc, Lndio; the D N Deobogknr Group 

utilized a protoplost fusion technology to develop a hybrid microbe. 

2.9 Fossil Fuc!J 

Fossil fuels nre fuels formed by noturol rcsourecs such as onocrobic decomposition of 

buried dead organisms. The age of the organisms and their resulting fossil fuels is typicnlly 

millions of years, nnd sometimes exceeds 650 million years. ll1c fossil fuels include cool, 

petroleum, and naturol gas ,vhich contain high percentages of carbon. Fossil fuels range 

from volatile moteriol.s with lo,v carbon�hydrogen ratios like mcthnnc, to liquid petroleum 

to nonvolatile materials composed of almost pure carbon. like anthracite cool. Methane: can 

be found in hydrocarbon fields, alone, associated ,vitll oil, or in the fonn of methane: 

clothrntes It is generally accepted thnl they fom1ed from the fossilized remains of dead 

plants and anin1als by exposure to bent ond pressure in the Enrth's crust over millions of 

years. This biogenic theory wns first introduced by Georg Agricoln in I S56 and later by 

Mikhail Lomonosov in the 18th century. 

It \\'llS estimated by the Energy Information Administration that in 2007 prin1ary sourees of 

energy consisted of petroleum J6.0%, coal 27.4%, natural gas 23.0%, amounting to an 

86,4% shnre for fossil fuels in primary energy consumption in the ,vorld (US, EIA 

lntcmatioruil Energy Statistics, 2010). Non-fossil sources in 2006 included hydroelectric 

6.3%, nuclear 8.S¾, ond (geothcrmnl, solar, tide, wind, ,vood, ,vnste) omounting 0.9
percent (IES. 2006). World energy consumption ,ws growing about 2.3% per ycnr. Fossil 
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(Zhou, Davis, Md lngrnm, 2001). 1l1ough its cellulose ocLivity \\'aS 99% less thnn the

commercial preparations of cellulose, the ethanol productivity \VilS 7'Yo-l 6% higher than 

the pnrcntnl strain \vhen commercial cellulose \\135 added. \Vhen n companllive study \\'llS

done, 1n \vh1ch galncturonic acid-rich sugar beet pulp \\'IIS fennented, KO 11 produced 

significantly higher quantities of ethanol due 10 E.coli KO 11 affinity for the substrate. 

Dien, Hospell, \Vyckoff, ct al., (1998) developed n novel bexose nnd pentose utilizing the 

ethanologenic E. coll stroin FBR 3 by incorporating the plasmid pLOl297. An ethanol 

yield of 4.38%-4.66% (,v/v) with 90%-91 % lheorcticnJ conversion in 7 0 -80 hours \VllS

nehiC\Cd.At the Notional Chc1nical Laboratories. Punc, Indio; ibc D N Dcobagkn.r Group 

utilized a protoplast fusion technology 16 develop a hybrid n1icrobc. 

2.9 Fossil Fuels 

Fossil rucls ore fuels fonned by noturnJ resources such ns anaerobic decomposition of 

buried dead organisms. The ngc of the organisms and their resulting fossil fuels is typicnJly 

millions of years, nnd sometimes exceeds GSO million years. ll1c fossil fuels include coal, 

petroleum, and notural gas ,vhich contain high percentages of carbon. Fossil fuels range 

from volatile matcriols with lo,v corbon:hydrogen ratios like mc:thnnc, to liquid petroleum 

to nonvolatile mntcrinls composed of almost pure carbon, like anthracite cool. Methane c.1n 

be found in hydrocrubon fields, alone, associated with oil, or in the: fonn of melhom: 

clnthrates It is generally accepted that they fom1ed from the fossilized rcmnins of dc:ad 

plants and animals by exposure to bent nnd pressure in the Enrth's crust over millions of 

years. This biogenic theory ,vas first introduced by Georg Agricolo in I SS6 nnd later by 

Mikhail Lomonosov in the 18th century. 

It was estimated by the Energy lnformntlon Administrntion thnt in 2007 primnry sources of 

cnerg) consisted of petroleum 36.0%, coal 27.4%, natural gas 23.0%, runounting to an 

86.4% share for fossil fuels in primary energy consumption in the ,vorld (US, EIA 

lntemotional Energy Statistics, 2010). Non-fossil sources in 2006 included hydroelectric 

6.3%, nuclcnr 8.5%, and (geothennlll, solar, tide, ,vind, ,vood, ,vastc) runounting 0.9 

percent (JES. 2006). World energy consumption was gro�vtng obout 2.3% per year. Fos5il 
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(Zhou, Davis, and Ingram, 2001). Though iis cellulose activity ,vas 99% less lhllD the 

commercial preparations of cellulose, the ethanol productivity ,vas 7'Vo-l 6% higher thon 

1hc parental strain ,vhen commercial cellulose \YllS added. \Vhen a comp:lllltive study ,vns 

done, 1n which galacturonic acid-rich sugar beet pulp ,vns fermented, KO 11 produced 

significantly higher quantities of ethanol due 10 £.coli KOi i affinity for the substrate. 

Dien, Hospcll, Wyckoff, ct al., (1998) developed II novel bexose and penlose utilizing the 

ethnnologenic E. coli strain FBR 3 by· incorporating the plasmid pLOl297. An ethanol 

yield of 4.38%-4.66% (,v/v) with 90%-91% lheorclical conversion in 70-80 hours wns 

achie,cd.At the National Chemical Lnborotorics. Punc, India; the D N Deobagkn.r Group 

ulili7.Cd a protoplnst fusion technology 16 develop a hybrid microbe. 

2.9 Fossil Fuels 

Fossil ruels nre fuels fonned by nnturol resources such ns anaerobic decomposition of 

buried dead organisms. The age of the orgnnisnlS and their resulting fossil fuels is typically 

millions of years, and sometimes exceeds 6S0 million years. TI1e fossil fuels include conl, 

petroleum, and n111urol gas ,vhieh contain high perccn111gcs of carbon. Fossil fuels range 

from volatile materials ,vith lo,v cnrbon:hydrogen ratios like methnnc, 10 liquid petroleum 

to nonvolntilc mntcrinls composed of almost pure carbon, like nn1hroci1e coal. Methane can 

be found in hydrocn.rbon fields, alone, associated with oil, or in the fonn of methane 

clnthrotes. It is gencrully accepted that they fom1ed from the fossilized remnins of dead 

pllllllS and animals by exposure to heot and pressure in the Earth's crust over millions of 

years. This biogenic theory Y.'l!S first introduced by Georg Agricola in I SS6 and Inter by 

Mikhail Lomonosov in the 18th century. 

It \\'ll.S estimated by the Energy lnformnlion Administrotion 1hnt in 2007 primary sources of 

energy consisted of petroleum 36.0%, coal 27.4%, natural gas 23.0%, amounting 10 an 

86.4% shllse for fossil fuels in primn.ry energy consumption in lhe ,vorld (US, EIA 

Intcmnr.ionnl Energy Statistics, 20 I 0). Non-fossil sources in 2006 included hydroelectric 

6.3%, nuclear 8.S%, and (geothermal, solar, tide, ,vind, ,vood, ,vaste) a.mounting 0.9 

pcrccnl (JES. 2006). World energy consumption wns gro,ving about 2.3% per year. Fossil
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fuels me non-reoe,vablc resources because they tnke millions of years 10 form, nnd reserves 

nrc being depleted much foster thnn nc\v ones nrc being formed. The production nnd use of 

fossil fuels misc environmental concerns. A globnl movement tO\Yllrd the generation of 
n:nC\voble energy is therefore under \YDY to help meet incrcnsed energy needs. 

The burning of fossil fuels produces around 21.3 billion toMes (21.3 gigotoMes) of carbon 
dioxide per year, but i t  is estimated that natural processes CM only absorb about half of 
thnt amount. so there is a net increas� of I 0.65 billion tonnes of atmospheric c:ubon 
dioxide per year (one tonne of atmospheric c:ubon is cquivolcnl lo 44/12 or 3.7 tonnes of 
carbon dioxide). Carbon dioxide is one of the greenhouse gnscs that enhances radiative 
forcing and contributes to global ,varming, causing the overage surface temperature of the 
Earth to rise in response, which climate scientists agree will CllUSC major adverse effects. 

2.9.1 Advnntngcs of Fossil Fuel1 

l. Industry: f-ossll fuels ore of great importance bec:iuse they can be burned (oxidiud 10
carbon dioxide ond ,voter). producing significant amounts of energy. Prior to the Inlier half
of the eighteenth century, windmills or \\'lltcrrnills provided the energy needed for industry
such os milling Oour, sa\ving ,vood or pumping ,voter, Md burning wood or pent provided
domestic heat The ,vidc-scole use of fossil fuels, cool ol first and petroleum later, to·fire
steam engines, enabled the Industrial .Revolution. The use of cool ns a fuel predates
recorded history. Conl ,vns used to run furnaces for the melting of mellli ore. Semi-solid
hydrocorbons from seeps were also burned in ancient times, but tl1ese n1J1tcrials \\'ere
mostly used for wnterproofing and embalming. Stcrun locomotives, the quintessentilll
machine of the Industrial Revolution, used cool os a fuel source from early on to
compcnsnte for lock of fin:v.ood and chorconl. Not only ,vos n sccn1ingly inexhaustible
supply of cont ovoileble from easil)· exploited scruns near the surface, but it could be used
in its natural fonn.

Natural gas has broad use, for business, manufacturing, pctrochcmicnl production nnd 
power generation. Chemical constituents - known os notuml gas liquids or NOLs lll'C

cxuactcd from OJ1tural ga, to provide chcmlcol building blocks for the mnnufacturing of
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consumt:r products. NGLs arc convened into core ingredients for manufnc1uring botlles, 

clothing, electronics, detergents, pninl, fertilizer, adbensivcs, carpet, furniture, diapers, tires 

and toys 

2. Economic Cro\\•lh: Ever since the lnduslrinl Revolution took olTin the the l8tll ceniury,

VllS\ qunntitics of fossil fuels bnve been used 10 power the economy nnd deliver

unprccendcntal affiuence 10 many countries across the ,vorld and also 10 huge numbers or

people. The usuage of fossil fuels ,verc prerequisites for the birth of a nc,v lnduslrinl

ci\'iliza1ion that transformed our \\'orld.

3. Electricity: A mnjor advnntnge of fossil fuels is their capacity to generate huge nmounlS

of clcclricity in just a single location. Nnlurol gas, once flared-off ns un•ncedcd byproduct

of petroleum production, is no,v considered a very valuable resource. Naturol gas are use

as fuel in electrical po,vcr. Nnturnl gas -fired po,vcr plnnts are the least expensive source

or new po,vcr supply; nhnosl 40 percent less costly than con). 45 percent less lhnn ,vind

and 50 percent less than nuclear po,ver. In nddition, nnlurnl-fircd po,vcr plants produce lo,v

emissions and use less ,voter and land than most oltcmo1ivcs.

<I. Tn1nsportation: The invention of Ilic intcmnl combustion engine o.nd its use in 

au1omobiles and trunks grcnily increased Ilic demand for gnsolinc and diesel oil, both mode 

from fossil fuels. 01her forms of tmnsportolion, railways and oirerull also required fossil 

fuels. Increasingly natural gns is also being utilized to p0\\'Cr motor vehicles. Some 

�u1upa1uc� und countries urt ,no, 1n11 10 convert tlcc1 of buses, lrUOks oud sonic 

automobiles 10 run on natural gos os a ,vay 10 reduce cn1issions fomt vehicle exhausts. 

Direct use of natural gas as an engine fuel in velticlcs is limited by costly infrastructure 

requirements and short driving disLOnces. 

s. Oorne.11ic Light: Commercial exploitation of petroleum, largely os a rcploccment for

oils rro,n animal sources (notably whole oil) for use in oil lamps began in the ninclc:enth

century Al lhe same time, gns lights using natural gas or cool gos ,vcrc coming into ,vidc

use Natural gas is used for heating and cooling homes ond cooking food. TI1c dromntic

increase in 0, oil:ible suppl)· brought on by 1he surge in shale gos production, ns ,veil as
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significant recent infrastructure investment in interstate pipelines and near storngc 

capacity, has reducd the price and made gas n dependilble energy source for homes and 

business. Kerosene, used for lighting and beating, is n principal product dcricvcd from 

petroleum. 

6. Rond Construction: Heavy crude oil, \vhich is much more viscous thno convcntionnl

crude oil, nnd tnr sands, \vherc bitumen is found mixed \vith snnd and clny. nre becoming

more important as sources of fossil fuel. Oil shale and similnr a1otcrials arc sedimentary

rocks eontnining kcrogcn. o complex mixture of high-molecular "·eight organic

compounds, ,vhich yield synthetic crude oil when heated (pyrolyud). These materials hnvc

yet to be exploiu:d comn1ercinlly. Tnr, a lcflovcr of petrolcun1 cxtrnction, is used in

construction of roads. 

2.9.2 \\lnrld Prn"cd Reserves or Fossil fuels 

Levels of pri,nnry energy sources ore the reserves in the ground nnd flo,vs nre production. 

The n10s1 important pnrt of prin1nry energy sources nrc tbe enrbon based fossil energy 

sources. Cont, oil, and naturnl gns stood ot 79.6% of prin1nry energy production during 

2002 (in million tonnes of oil equivalent. According to the \Vorld Rccovcrnble coo.I and 

Reserves of oil and nnturnl gas the estimate ,vcrc report: 

• 
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• 

T11ble 2.3: \Vorld Rccovcnablc Primacy Energy Sources 110d Rr5cn·es 

Types of Fossil 

fuels 

Con! 

Oil 

Noturnl gas 

Levels (proved Flo,vs (daily Ye.us of production 

reserves) during producLion) during left in the ground 

2005-2007 2006. ,vith current proved 

reserves 

above 

997,748 million 18,476,127 short 148 years 

short tonnes (905 tonnes (16,761,260 

billion metric tones), metric tonnes), 52 

4,416 billion barrels million barrels of oil 

or oil equivalent equivnlenl per day 

1,119-1,317 billion 

barrels (178-209 

billion kilolitres). 

84 million bnrrds 43 years 
per day ( 13 million 
kilolitres). 

6, 183-6,381 Lrillion I 04,435 billion cubic 61 years 

cubic feet (175-181 feel (2,960 billion 

Lrillion cubic cubic metres), 19 

metres), 1,161 million barrels of oil 

billion barrels or oil equivolcnl per day. 

equivalent. 

nnd flows 

Source: Jntemational Energy Annllill (IEA) SrotiSlics, 2006· 

Years of production lcfi in the ground ,vilh Lhe most optimistic proved reserve estimates

(Oil & Gas Journal, \Vorld Oil) 
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• �oal; -I I 7 )cars

• Oil· 43 years

• Naturol gas: 167 years

Note that this calculation assumes that the product could be produced at a constant level 

for thot number of years and thnt nil of the pro\lcd reserves could be recovered. In r�lity, 

consumption of oil three resources has been increasing. \Vhile this suggests that the 

resource ,viii be used up more quickly, in reality, the production curve is much more nkin 

lo o bell curve. Al some point in time, the production of coch resource ,vilhin o.n area, 

count nr glnh:illy \\ill reach a n1nxin1um value, oner \\hich, the production ,viii decline 

unul it rc.icht!, n point where is no longer economically feasible or physically possible to 

produce. 

2.10 Dlocthnnol :ind the En\lironn1cnt 

The idea behind the introduction of bioethllllol ns n rcplnccment fuel is not one of cost 

reduction but environmental gains. TI1e ethanol process ,vns assessed on n lifccycle 

basis, taking into account the ,vholc life cycle from gro,ving crops to burning the fuel, 

nnd compared with that of petrol. The main positive cnvironmcnllll benefits of the 

\\hole system are as folto,vs· 

• Reduction in consun1ption of fossil fuels

, Greener emissions ,vhcn burnt in comparison to petrol 
, Greener process, less ,vastc and hnnnful emissions during production 

• Less pollution 10 ,wter, air and IDJJd

• Production of useful by-products

• Diodegrodnblc fuel

• Cleaner po\vcr generation from Combined Heat mid Power (CIIP) replacing

clccLricity from the grid.
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• 

2.10.1 Reduction in Corbon Dioxide Emiuion 

Biocthanol is mode from plants, ,vhich obsorb CO2 as they gro,v. This mew their 

'lifecycle' carbon emission performance is much better th.in pcllol (AgW'\,'8.1, 2005). For 

this reason. biocthanol is being promoted by the European Union and the British 

11n1 cmmcnt According to the Rcnc\\.iblc Fuel Association (2007), replacing gasoline 11,jth 

ethanol blends ,viii help to reduces greenhouse gas emissions by up to 40% ,vith current 

production technology, and by about 865 once production of cellulosic ethanol becomes 

vinblc. 

2.10.2 Reduction in CnrlJon i\'lono:\ille Emission 

\Vhcn fuels such as petrol bum they oflcn experience 'incomplete combustion'. This 

happens ,vhcn insufficient oir gets into the eon1bustion chnmber 10 react \\ith oil of the 

hydroc11rbons in the fuel. Ethanol is an oxygc:natc:d fuel, n1caning it cnrries ilS own oir. 

Titis reduces instances of incomplete combustion, nnd hence engines running on ethanol or 

ethanol blends produce less carbon monoxide than conventionnl engines (Lynd et al.,

2003). Ethanol reduces lllilpipe carbon monoxide emissions by ns much ns 30% toxics 

content by 13% (mass) and 21% (potency) .. This is a particular odvanlllge in heavy traffic, 

as the cumulative effect o f  the un-bumt hydrocarbons can be hllZllrdous to health. 

2.10.3 Rclluction in l'orticulnte i\tnttcr 

As an oxygenate, ethanol also displaces high - octnnc nromotics in conventional gasoline, 

resulting in O reduction in soot and porticulotc emissions Etha.no! con reduced tailpipe soot 

and p:uticulotc emissions by as much as 50% overall, with the greatest reductions being 

achieved in the highest emiuing vehicles (Brell and Drook, 2006) EU1anol olso reduces 
s«ondory PM formntioo by diluting nromatic content in gasoline. 

2.lOA RcJuction In Smog Formolion 

EtMnol reduces smog pollution. Blending cthnnol in gasoline drnmoticolly reduces corbon 
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monoxide tailpipe emissions. According to the National ReSClll'Cb Council (2006), c.irbon 

monoxide is responsible f or as much as 20% of smos formation. Additionlllly, cthllllol

blended fuels reduce tnilpipc emissions of Volatile Organic Compounds which rc:idily 

fonn 020ne in the atmosphere. These reductions more tho.o offset My slight increases of 

evaporative emissions due to hii;h volatility of etbnnol - blended fuel. TI1us, lhe use of 

ethanol of ethanol plays an important role in smog reduction. These ethanol blends have 

added benefit of providing reduced loilpipc carbon n1onoxlde emissions and therefore, 

further emissions reductions o f  smog. Brooke (2007) reported that smos fonna1ion 

depends heavily on loco! ,vcathcr conditions and atmospheric composition, mnldng it 

difficull to cstaiblish n clcnr conncc1ion between the emissions profile of elhnnol nnd 

dctcnoro1ion of nir quanlity. 
• 

2.10.5 Reduction in Acid Producing g:uc., (SOx Rnd NOx) 

SOx nnd NOx QJC Sulphur O"tidcs nnd Nitrogen Oxides rc.spcctivcly. llicsc arc very 

dangerous chcmicnls in the environment Md can lend 10 acid rnin. Bioc:lhnnol does nol 

produce Sulphur Oxides ,vhen ii bums, nnd hllS also been found to reduce Nitrous Oxide 

emissions by I 0% (Risch, 1998). 

• 
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3.1 Study DC3ign 

CHAPTER THREE

l\1ETllODOLOGV

The pilot study ,vns experimental and laboratory bnscd involving chemical hydrolysis,
microbiological fennentotion and biochemical tests. DilTercnt types of ogro-based
ccllulosic \Vi.ISies such ns cassavn peels, yan1 peels, plantain peels and sa,vdust ,vere
utilized in  the experimenL The experiment employed a complete randomized design ,,iith
three (3) replicates of coch of the biomnss samples. An Evnluotion (appraisal) of the
ethilllol yielding capacity of the dilTcrent biomass ,vas carried out.

3.2 Description of Study Arco 

11,e study area of this research ,vas in Ibadan, the capital city of Oyo State of Nigeria. It is 
the third largest city in Nigeria by populnt .ion and geogrophicnl o.reo.. It is located in south

\\'CSt Nigeria and according to 2006 census results; lbJdnn has o totol population of 
2,258,625 inhabitants, mode up of I, 125,843 urban and I, 132,728 rural populations 
(Omonijo et al, 2007). It is located along the roinforcst belt in the humid tropical region 
,vith on annunl rainfall of about 2,500mm and temperature below SJ°F. The major 
occupation of the inhabitants ore mostly fnrming and trading. 

The choice of Ibadan as a study area is because of lorgc scale ngricuhurnl activities, ,,hich 
is evident by the presence of Rcse.irch Institute viz International Institute of Tropical 
Agriculture (IITA), Cocoa Rescarch Institute of Nigeria (CRJN), Nationnl Institute for 

Hon1culturol Research and Training (NIHORT); Agriculturnl plontotions (Government and 
private 0,vncd); Bodijn Timber processing centre; Ele)'clc CllSSnvn processing unit; and it 

also serves as a market nerve centre for agriculturol produce such as grains (rice, millet, 
rnaii.c), yarn nnd other tuber crops brought from the Northern pan of Nigeria. This hos led 

to lhe generation of enormous agro-based \YDStcs. This is of greol concern to the 
government because of the poor ,voste management facility and infrastructure in the slate. 
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J.3 S:imple Source and 1\-forphologlcal description or l\1aterinl (Samples) 

The source of the different ngro-based cellulosic ,v11Stcs utilize in this study ,,1th !heir 

morpbologitlll description is given belo,v: 

3.J.ln lntcmntionnl Institute of Tropical Agriculture (llTA): The cassava peels was 

obtained from IITA. IITA is IOClltcd at ldo-Ose along lbadan-Oyo Rond in Akinyele LOClll 

lJ1n·emmen1 ,\rcn of Oyo �tau: It occup1.:s n land aren or about I 000 acres. It ,vos 

established in 1967 es a non-profit organization to food solutions for hunger nnd poverty 

through rcscarth for dcvcloprnent activities. The Institute has n cnssnvn plnntation ,vhich 

covers about one (I) hcctl\re of land; beside it is n cassava processing unit ,vith modernized 

processing n1achine for making gnrri. Large quantity of cnssnvn peels arc generated from 

this processing unit ,vhile the \YOSte \\'Iller is subjected to nnncrobic digestion in n 

sedimentation tonk to produce biogas. 

• 
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Plirte 3.l • C>t•S-llva Procasln, Unit at IITA where samples of the � pHls _,.. collected 

3.3. lb C1.s.,1v1 Pccl.t 

Overview: Cassava peels ore a major by-product of the caSSllvo tuberous root processing 

industry. In parts of Nigeria where cassovo is grown and the tubers processtd, the peel is 

largely underutilized a, o livestock feed. In Nigeria. the avrnige annual yield of cassava 

tuberous roots is 21.1 t/bo (Hohn and Chuk,vumo. I 986). Since the peel c-0nstitutcs 20.1 

percent of the tuber (Hohn. Cbukwuma and Afmozan 1986). II follows thot about 4.2 t of 

cossovo peels per ha ore ovoilable onnuolly for feeding ruminonts especioJly goats. The 

following composition hos been reported for co.ssava peel: residual OM 86 - 594.5%, OM 

89.0 - 9).90/o, CF 10.0 - 31.8%, CP 4.2 - 6.5% (i.c N 0.7 - 1.0%) by Onw'U.1:.a (1983), 

Carew ( 1982) nod Adcgbola ( 1985). 

Proceulng: Cassava by- products orc generally found in the vicinity of factories when: 

CISSIVI cuber, arc processed into stareh or nour. Fresh cassava peels hove ) mnin
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dclicienc1cs: they spoil very quickly and they contain high amounts of eynnogenic 

glycosidcs They should Lhus be processed in order 10 reduce cynnogenic potential nod 

phytate content nod to preserve their nutritive quality {Adegbola, 1985). Different 

processes are effective in reducing cy:inogenic glycosidcs: sun-drying, cnsiling and 

soaltlng + sun-drying have bcn assessed and have yielded sotisfnctorily result (Hahn et al.,

1986, ond Onwuka, 1983). Good qunlity silage cnn obtained oner chopping the peels to 

cqunl lengths of about 2cm for eusy compaction, nnd ,vii ting for 2 days to reduce moisture 

content from 70 - 75% 10 about 405. Under these conditions cassava peel silage oner 21 

doys ,vns light bro,vn in colour, lirm in texture and had a pleasnnt odour. The Ph ,vns 4.4, 

and no fungal gro,vth ,vns observed (Onwuko, 1983). 
I 

Envlronn1ental nnd Aealth effect: Cassava peels contain significant levels of cynnogcnic 

conpounds and can contribute 10 cynnid� poisoning (Adegbola ti al., 1985). This foodstuff 

hos the tendency to increase its cyanide content if the soil on which ii is cultivated is 

conlllminntcd ,vith cynnidc. Cyanide is a fnst acting poison because it binds to key iron

contnining enzymes required for cells to use oxygen nod ns a result tissues nrc unable to 

toke up oxygen from the blood (On1vuko. 1983). Lcachotc from co.ssnvo peel caused a lot 

of death 10 plants nnd aquatic living organisms (Adcgbola cl al., 198S). 
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Plate 3.2: C.auava Peels 

l 
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3.3.la Bodlja Timber Processing Unit: The sawdust was oblnincd from the Bodija timber 

processing unit which is located in Ibadan North Loc:aJ Government Ara of Ibadan. 0yo

Slate. It is located beside the Bodija market It was established in 1974. Various types of 

Timber such as Mansonia, Omon, Manhogamy, Iroko, Afara, Ofon etc were brought from 

different forest reserve in Akurc, Ondo and Osun. It occupies a land area of about 25acrcs. 

ocl'J T1 .__, Processing Unit where Ampl� of the AW dust were collected Plate 3.3: 8 I fflu,:: 
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3.3.h Bodlja Timbtr Processing Un.It: The sawdust was obtained from the Bodija timber 

processing unit which is located in Ibadan Nonh Local Government Area of Ibadan. Oyo 

State. It is located beside the Bodija lllllrl(cL It was established in 1974. Various types of 

Tunbcr such as Monsonia, Omon, Manhogamy, lroko, Afani., Ofon etc \\,:re brought from 

different forest reserve in Alcure, Ondo and OS\Dl. It occupies o land ami of about 25ocrcs. 

• • 

,' 
-
,I 

J 

3 .• --'" Timber p,oc.esslnc Unit where samples of the saw dust were collectedPlate 3 .. .,.,..,,a 
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3.3.2b Sa,vdust 

Ovcn•lew: Sawdusi or ,vood dus1 i s  n bye product of cutting, grinding, drilling or

othenvise pulverizing wood with n sa,v or other 100I. l l  is composed of fine particles of 

,vood. h is also the by-product of ccrtnin animals, birds nnd insects which live in ,vood 

such ns ,vood pecker and cnrpentcr ant. ll can present hnz.ard in manufacturing industries 

especially in terms of its inflammability. Sa,,•dust is the main cornponent of particle board. 

Prncticnl Uses: A mnjor use of sa,vdust is for particle board. Coarse sawdust may be used 

for wood pulp. Sn,vdust is used in the rnnnufocture of charcoal briqucues. The claim for 

in,•cntion of the first commercial charcoal briquclles goes to Henry Ford, who created them 

from the wood scraps and sn,vdust produced by this auton1obile factory (Green, 2006). 

Hcnlth nnd Snfety: Airborne sn,vdust nnd sa,vdust nccwnulations present a number of 

health nnd safety hlll.llrds. \Vood dust becomes a potential health product ,vhen, for 

C)(amplc, the ,vood particles from the processes such as sanding, becomes airborne and ore 

inhaled. \Vood dust is a kno,\!11 human cnrcinogcn, Certo.in ,voods and their dust contain 

ro�ins thnt cnn produce sc\'cre allergic reactions (�Icier, 2003). Sawdust is Oornmoblc nnd 

accumulations provide a ready source of fuel. Airborne dust con be ignited by sparks or 

even heat accumulation and result in explosions. 

En, ironnicntnl Effects: Al sawn1ills unless reprocessed into pnniclebonrd, burned in n 

sa\\dust burner or used ro rnnke heat for other milling operorions, sawdust may collect in 

piles and ndd hannful Jeochatcs into locnl \\'Bter systems creaung an env1ronmentol huzard. 

This has plocc small sa,vycrs and envirorunentol agencies in o deodlock. 
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- �:,,

Plait 3.4: Saw Dust 

3.3.Ja Abadloa Quar1en: Tho yom peels were collected in Abadino quarters. It is 8

residential community within tho main campw of the University of Ibadan. It is odjacent to 

,vorks and maintenance Department nCllf Ul postgruduntc school. The i.nbabitants of Ibis 

nrca llfC mostly fonncrs who engoged in subsistence forming with yom being the mojor

crop of intcrcst. These yams an: used for personal consumption ond also sold to canteens,

road side food vcndoTS who also use it to mokc pounded yam, yom powder, fry yom etc
within the community. 
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Plate 3.5: One acre of yam fam, at Abll<llna Quarter, UI

3.J.Jb Yam Pttl.5 

Overview: Ynm peels i s  o mojor by - product of yom processing centres,, where yom is

gro,vn and the tuber is process into various foodstuff. In Nigeria, yom peels ore nlso

generated from household consumption. They can be found in a!J Tropical and subtropical

regions of America, ond Africa ,vbere yams are grown. The peels ore rorcly utilized t\S

livestock feed. 

Environmental EO'ect.t: In Nigeria, yam peels arc indiscriminntcly disposed in the

environment, ,Ybich ottrnct flies end other arthropod-borne diseases. Lnrgc piles can ca.use

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

the environment, this ,vnste ends up in rivers Md other ,vatcr bodies. consuming the

oxygen needed to support aquatic life (Oolk. 2002).
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Pine 3,5: One acre af yam farm n Abadlna Quarter, UI

3.3.Jb Yam Peels 

Overview: Yorn peels is o mojor by - product of yom processing centres, where yam is

gro\vn and the tuber is process into various foodstuff. In Nigeria, yum peels nrc also

generated from household consumption. They can bo found in oll Tropical and subtropical

regions of America, and Africa \Vhere yoms ore grown. The peels nrc rarely u tiliv:d I\S

livestock feed. 

Environmental ElTccU: In  Nigcrio, yam peels ore indiscriminotcly disposed in the

environment, ,vhich onract flies o.nd other arthropod-borne diseases. lnrgc piles can cause

clogging of drninogc chonncls crc:11ting breeding sites for mosquitoes. When dumped into

the environment, this ,vostc ends up in rivers and other \Yater bodies. consuming the

oxygen needed 10 support aquatic life (Dolk. 2002).
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Plate 3.6: Vim Petit 

3.3.41 Ajose BuUdlng Cutttn: The pllllll4in peels was obtained from the Ajo5C building 
c11ntecn which is located with.in the Oladcle Ajose main building, Faculty of Public Health. 
UCH, fbadan. This cantttn procCS5CS large qwmtitles of plll!ltaio everyday due to the large 

population compri,ing mojorly students who patronize iL 

3.3.4b Pl1nt1ln Ptels 

Overview: Plantain peel, arc the outer envelope of plantain fruits and by - product of
household consumption and plantain processing. Pl4nl4in peels a.re available in populated
areas or in the vicinity of plonl4in processing plants . They can be found in all Tropical and
subtropicol region., of A.1ia. America. Africa and AU!lnllia where plan1ains arc grown.
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Nutritional ,\ttributes: Plnnt.o.in peels contain 6 _ 9% Dry Matter {OM) of protein, 20 � 

30%, Nutritional Detergent Fiber (NDF) and variable qua.ntilics of stnn:h and soluble 

sugars, depending on the smge of maturity. Green plant.a.in peels coomin 40% stnrcb that is 

fully tr:m.sformed intd sugars after ripening, \\'bile banana peels contain much less starch 

(about I 5%) \vhen green and end up \\1th 30% free sugars \Vhen ripe. Lignin content also 

increases \vith ripening (from 7 to IS% OM). Ph1ntnin peels conmin less fibre lhl1n ronMns 

(Happi Emaga et al .. 2011). Plantain peels nre \vidcly used by small holders ns 

c(lmplementary feeds for canle and small ruminant in the tropics (Onvroka et al., 1997; 

Hoppi Emogn et al., 2011). Their nutritive value for ruminnnlS is estimated 10 be similar to 

that of cnssava pcels or citrus peels. Green peels contain more metabolizable energy than 

ripe peels. The study of these variation and of the potential effects of tl1e changes in tannin 

content during ripening requires further rcscim:h (Hoppi Emaga cl al., 2011). 

Potcntinl Concerns: 

� Tannins: ore the main Mtinutritional factors of plantains and ore mostly contnined 

in the peels. Ripening causes those tannins to migrate to the pulp of to be degraded 

by polyphcnol oxidoses and pcroxidoses (Emaga el al .• 2011). In addition to their 

antinutritionol effcct.s, in monognstrics, plnnt.ain tannins ore supposed to be 

responsible for the nstringcnt taste of immature fruits, making them less paloUlble 

than mature fruits (Ly, 2004). 

; i\ lycotoxins: Coses of niycotoxin conlllmination due to fusariun1 were reported in 

plantain fruits in 1986 (Sv,-ammy, 2009). 
> Pesticides: As plantains arc subjected to heavy pesticide npplicalions, feeding

· 1 'th I tn'n r.ru'its or stalks may result in toxic residues in animal tissues.nn1mo s \YI p on , 11 

An Australian sun•ey ossessing 28 plantain pesticides reported lhot crubonyl 

·i d' r. I nnd nrochlornz could be responsible for residu violotions inchlorothnnloni . 1co,o u r 

mcot and edible offol (Moc Loclllan, 2006).
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Plate 3.7: Pl1lnt1l0 Pccb
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J.3.5 S. cerevisiae 

011kcr yeast (Saccharon1Jces cerevislae) is an industrinl yeast belonging t o  the (Fnmily
Endomycetccensc), those group of )'C3St reproducing sc:ruo.ll) by production of ascosporcs.
They nre unicellular, some appear cyclindrical or elongated. Their cells range from 2 to 6
microns in ,vidth nnd from IO to JO nticrons in length. 1l1is ye.isl play an important role in
food 1ndusuy bccnusc they produce enzymes that arc useful in the leaven of bread, the
production of alcohol, glycerol etc. 

3.4 Pe:isibility Study on Snmplc Collection Arens 

A feasibility test was carried out on the sample collection areas to csrin1ate the sa,npfe 

pop11/c1tio11 and to deternrinc tire an1011nl of wastes being generated f,0111 tire parent food 

11111/eria/s as slrown below: 

VIIASE ONE: Estim11tion ofS11mplc Populalion 

The various san1ple population ,v11S detcnnincd using the formulnr below: 

Pinnt populntion = Arcn of lnnd U$cd 

Feeding 11rrn {spucings) 

rllASE T\VO: Qunntificntion of Agro-b11Scd Ccllulosic \Vnstc.s fron1 the r11rc111 

Sources 

Thus for nny kno,vn amounts of crop production, it is possible lo estimate the amounts of

d · tic method of Vin1al and Tyngi (1984) which utilizes theagro by-product gcncrntc using 1 

residue 10 crop rntio approach. 

f th snmplc population wns dctennined using the Top(i) The ,veight of the ,wste o · e 

Load \Vcigh Daloncc. 

f the ·�"'pie population ,vas determined using the(ii) The volume of the ,w.stc O ,... .. 

llirschmnnn Me.isuring Cyclindc r
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(iii) The density or the wast r th e O e sample population ,,.is co.leulnted using the
formula: 

Density-Mass {in Kg) 

Volume (in ml) 

3.5 S:implc Collection :ind Transport 
A considerable quantity ,vas packed in polythene bags and then unnsponcd directly to the
laboratory for drying, milling and other processes. The \\'Cl and dry weight of the S311lple 10
be utilized in  the experiment wns recorded. 

3.<, Snn1rlc Prcpnrntion 

• Drying: The samples \\'ere sun dried under the sun or placed in on oven for about

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

• ;llllllng: 111c dried s.irnples \\Cf'C pulverized using n n1or111r and pestle to n size of

about I 5mn1. 111is olto,\'cd for a large surface arco of the substrate 10

focilitote chemical hydrolysis.
• \Vcighing of the Substrntc

Eoeh of the subs1rt1te ulilizcd in the experiment ,vo.s ,veighed using a Toledo Mente 
,,eighing Balnnee (± 0.00 I g) at IMRA T, College of tvtcdicine, UCH, Ibadan. 

Twenty grammes each of the po,vdery biomass ,vas weighed os sho,vn belo,v: 

\Vt of Aluminum foil (\V 1) =2.4809 

Wt of Aluminium+ subst.rnte (\Vz) •22.4809 

Wt or Substrate= W1 - WI 

--22.4809 - 2.4809 =20g

Hence 20g each of the substrnlc (so,v dust, cQSSDVO peels, plontnin, peels ood yam peels)
"as utilized for the chemical hydrolysis.

<• 

I 
I 

' 
I 

•

• 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



3, 7 i\lotcriols nod i\'lctbods 

3.7.1 l\1otcriols

The follo\ving materiols \Vere utilized in this study· Coru'col o ks 8 -'· T 1 '---
• , • GS ' , Cw(Cl'S, CS lUu,.;;,.,Mcasunng cychnders, Bunsen burner/ Lighter, Couon \\'OOI, Incubator. Oven, Foil-paper,Anulytical balance(± 0.001g), pH meter, Spatula, Polythene bag, Siever, \Vhnlillllll tioltiller paper. Gloss funnel, Burcne, Pipell.:, Gl:iss bonles, Reagent bottles, Tripod stwld c.lc

3.7.2 Consumnbles 

1 he following consumables \Vere utilized in the course or the e:<periment: Lime 
[(Ca(OH)1], Cone H2SO�. Distilled ,vnter, Fehling solution, Boker yeast (Sacclu11omyces

ccrevislae), tvlcthylotcd spirit, Detergent nnd Acidified KMnO�. 

3.7.3 Collection of l\l11terinls 

The materials used in this study \Vere obtained from the PSM Laboratory, Focuh)' of Public 
health ond IMRA T both in the College of Medicine, UCH, lbodnn. The Boker yeast (S. 
certvlslae), Lime, Fehling solution nnd Acidified Ki\ln04 wen: purch11SCd. 

3.7.4 Qunlity Control nnd Qunlily Assunincc 

/\II the glnss•\YllTCS used for this study was thoroughly wnshcd with dctcrge�� �d \vith
distilled ,vntcr and then ollo,vcd 10 dry In :i hot- oir oven. The process or s1cnhw11on or the 
equipment \\'OS 10 sofegurutl ogoinst possible contruninotion of the sample under study. 

Disinfection \\'llS corried out by cleaning the whole surfocc of the \VOrking bench ,vith 
conon wool soaked in n,ethylotcd spirit before ond aOcr each process. 
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3.7 �111teri11ls ond l\lcthods 

J.7.1 tt1:11cri11ls 

The fol�o,ving �aterials ,vere utiliud in this study: ConicoJ no.sks, Beakers, Test tubes,
�tc;isunng cychnders, Bunsen burner/ Lighter, Colton \\'OOI, Incubator. Oven, Foil-pnpcr, 
AnalyticoJ balnncc (± 0.00 I g), pH meter, Spatula, Polythene bag, Siever, \Vhntman No I 
filter paper, Glass funnel, Burc:ttc, Pipette, Glass bottles, Reagent bottles, Tripod SUUld e.t.c 

3.7.2 Consun1nbles 

l he folloWlng consumables ,vere utilized in the course of the experiment: Lime
[(Ca(OH)2J, Cone H2SO., Distilled ,voter, Fehling solution, Baker yeast (Soccharomyces

cerevislne), Methylated spirit, Detergent nnd Acidified KN!n04•

3.7.3 Collection of �lntcrinls 

The motcrinls used in this study ,vcre obtained from the PSM Lnborotory, Faculty of Public 
health nnd lMRA T both in the College of Medicine, UCH, lbodnn. The Baker yeast (S.

cerevlslne), Lime, Fehling solution ond Acidified K111n04 ,vcrc purch11.Scd. 

3.7.4 Qunllty Control and Qunlily 1-usuroncc

All the glw-,vrues used for this study \Vll.S lhoroushly ,vnshcd ,vith dctcrgc�� ri�d ,vilh
distilled ,voter and then allo,ved to dry in a hot- nir oven. The process of stcnh7,.111on of the 
equipment \\'llS 10 safeguard against possible contnminntion of the sample under study. 

D. I r, · • d I by clenni·ng the whole surface of the ,,·orking bench with1s n ee11on \\'llS cnrr1c ou 
cotton ,vool soaked in methylntcd spirit before nnd after each process.
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Plate 3.8: Powdery form of biomass (20g eac.b) midy for add bydrotylb 
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J.8 L11bon11ory Methods 

The procedure lhnt wns ndopted in th" d 1s stu Y \\,;is the conccntJUted sulphuric acid process
(Sepmted Hydrolysis and Co-fermentation process configuration). This acid-based
technology is a generic process thnt consists of five basic steps:

1. Prc-trcntmcnt to hydrolyze the sample

2. Chcn1ical hydrolysis of lignoccUulose to produce sugars.

3. Biochcn,icnl test: For Total Organic Carbon (J'.O.C), Nitrogen, Phosphorus,

Glucose, Total Reducing Sugar (J'.R.S).

-1. Ncutr:ilizotion process (t.o sep!ll':lte the sugars from acid). 

5. Fcrn1cntntion or Sugors (Glucose) 10 Etbonol.

The Seperated Hydrolysis and Co-ferrncnt11tion (SHCF) process is a non-enzyme-based 

appro:ichcd, acid is used for both hemicclluloscs Md cellulose hydrolysis. The other 

configuration i s  called tl1e SSF (Simultaneous Sncchnrilic;ition nnd Fcrmcn1otion) or SSCF 

(Simuhnncous Sacchnrilicntion nnd Co-fermentation) which is nn enzymatic approach, in 

which dilute-acid pretreatment is used 10 hydroly-z.c the hcmicclluloscs portion. 

Saccharilication (hydrolysis) of  cclluolosc to ccllobiosc nnd eventually 10 glucose is 

catal}�l!d b} th-: �} 1u:ri;i)tie oc11on of ci:llulasc and b-glucosidnsc enzymes. Co
fcnncntntion refers to fermentation of both six-carbon hexoscs (thot is, glucose, n1onnose, 

and galoc1osc) ond five-cnrbon pcntoscs (thot is, xylose nnd arobinose) sugars to ethanol. 

Benefits of the SUCF processing mode ore ns follo,vs: 

• Enables each step 1o be carried out ot its respective optimal conditions

(temperature, pH, etc) 
• Lnrge be nefits if significantly different optima citiSI

• Produce intermediate sugnr prod11ct

• Sugars released by cellulose hydrolysis ore decoupled fron, fermentation (unlike in

SSF), he nce, not captive to ony specific fcm1cntation/produc1S.
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3.8 L11bonalory l'tlelhods 

The procedure thnt \YllS adopted in lhis s1udy ,vns th . _, suJ • · c concentro.1<:u pbunc oc1d process 
(Separated Hydrolysis nod Co-fennentation process configuration). This ocid-b3Sed
technology is a generic process lhnt consists of five basic steps:

I. Prc-trentment to hydrolyze the som(llc

2. Cheruicnl hydrolysis or ligooccllulose 10 (lroduce sugnrs.

3. Biochemic1\I lest: For To1al Organic Carbon (T.0.C), Nitrogen, Phosphorus,

Glucose, Total Reducing S ugar (T.R.S).

4. Nculr:iliznlion process (to separote the sugars from acid).

5. Fermentation or Sugnrs (Glucose) to Elhanol.

The Seperated Hydrolysis nnd Co-fermentation (SI ICF) process is o non-cnzyme,b3Sed 

oppronchcd, acid is used for bolh hcmicclluloscs and cellulose h>·drolysis. The other 

configuration is called the SSF (Simultapcous Sacchorilicotion and FenncnLOtioo) or SSCF 
(Simultaneous SncchnrifiC11Lion and Co-fermentation) which is an enzymatic approach, in 
which dilute-acid pretreatment is used lo hydrolyze the hemicclluloscs portion. 

Saccharification (hydrolysis) of cclluolose to ccllobiosc nod eventually to glucose is 
c.ual))i:d b) the syncr�ibtic ocuon of cellulose and b-glucosida.sc enzymes. Co
fermentation refers to fenncntotion or both six-carbon he:<oscs (thol is, glucose, mnnnose, 
and goloctosc) and five-cnrbon pcntoscs (thol is, x-ylose and orabinose) sugars to ethanol. 

Benefits or t he SIICF processing mode ore ns follows: 

• Enables each step to be earned out at its respective optimal conditions

(lCm(ICrBlure, pH, etc)
• Large benefits if significnntly di!Tercnt optima exiSt

• Produce intenncdiote sugnr prod\JCI
, Sugars relC11scd by cellulose hydrolysis nrc decoupled from fermentation (unlike in

SSf), hence, not Cllptivc to any specific fcrmentotion/products.
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• Less insoluble solids in fermentation, ,vhicb reduce fermentation mixing

requirements (or absence of solids if solid-liquid separation is used prior to

fermentation. 
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Figure 3. J: EXPERfNMENT AL FLOW CHART 
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J.K. I Chcmicol llydrol) sis 

rita1eri:ils: Measuring cylinder, coniClll flnsk, Distilled \\.Iler, funnel ,  stove, sieving net 

metal, presser (spoon), bcakc�. Thennometer, Re.igcnt bottle, sulphuric, acid, A.R. 

H1SO,= 98g/mol 

Assny: 98% minimum purity • 

\Veigbt per ml  Approx 1.835g at 20°C 

The po,vdcry biomass ,vos mixed ,vith various strenght of H2SO. viz 30%, 50¾ and 70¾

in order tn optimi1e the production of glucose (the precusor for cthnnol production) from

the vnnous concentrntion of acid. 

�1olnr concentration of lhc stock ll2S0, solution 

Specific gravity .. 1.835g 

Percentage Purity .. 98% 

: Since I cm3 of  the acid contains 1.835g of H2SO�. 

If it is 98% pure

: lcm3 oflhc acid ,viii contain 2! x l.835g • 1.7983g 

100 

Con\lert l11c mass to mole 

�lolnr mass of H1so. = 98.0Sgmor' 
n/08 08 or' = 0 0 I 8335mol: lcm1 ot the acid contains 1.798351,1, · gm · 

Id J l fth "d ·11 contain O 0 1833S x 1000 ., 18.34mol ofl-12S0•
: m ( I 000cm ) o e ac1 WI 

. t8.34mohlm.., (18.34!\'1).Concentration of the stock reagent 1s 

I of 30% conccntrntlon of ihc stock solution.
11. To fin() the n1ol:ir conccntrnt on 

lcml of the acid will cootJlin J0/100 x I.SJSg = O.SSOSg.

Convert mnss to mole
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: lcml oflhe acid contains O.,S505g/98.08gmor' .. 0.005613mol. 
: ldml (IOOOcml) of the acid will contain., 0.005613 x 1000 • 5.613 mol of
H2SO• 

l\1olar conc entration is S.6moldm.J (S.61\I).
Prcp:ir2tioo or 5.61\1 or ltlm' H1S04 solulion 

No of moles before dilulion = No of moles after dilution 

C1 (moldm"1 ) x V 1 (dm'} - C1 (moldm"1) x V1 (dm1)

18.34 x V 1 - 5 .61 x I 

-

S.61118.34

0.30&lm1 = 306cm1
• 

5.6 IM of I 000cm3 solution \\'US prepared by tnking J06cn1J of the stock solution nnd 

diluted ,vith distilled ,wtcr up to I 000cm3 ( ldm1) mnrk. 

b. To find the molnr conccnfnllion of 50% conccnfnltion of the stock solution.

: lcm1 of tl1c acid ,yjll contain 50/100 x 1.835g = 0.9175g. 

Convert mnss to mole 

: I cni3 of the acid contains 0.9175g/98.08gmor' = 0.009355mol. 

· ldm3(1000cm3) of the ocid ,viii contain• 0.0093S5 x 1000 = 9.355mol of

H2S04 

Molar concentration is 9.4moldm .J (9Al\l). 

Prcpnrntion of 9.41\1 of I dm J A1SO. solulion 
No of moles before dilution; No of moles nOcr dilution 

C1 (moldm"1) x V1 (dni3) = C2(moldm"3)" V2 (dm3
)

18.34 x V 1 "' 9 .36 x I

- 9.36118.34

y1 • 0.510 dm3• SIOcn13,

9 36 M f 1 SO 1 · ,.M. prcpnrcd by Ulking SIOcmJ of the stock solution nod, o him H2 • so uuon ,..., 
diluted ,vith distilled water up to I OOOcm3 (ldrn3) rnnrk.
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c. To find the molar conccntnation of70• . . 
• I cm> of th . d ·11 . 

1/o conccntrahon of the srock solulioo.
e nc1 W1 conuun 70/100 x 1 .835g • 1.2845g.

Conven mass to mole 
: I cm3 of the ocid conlllins I ·2g45nrog 08 1·• 

3

• Iii 7 • gmo "" 0.0131 mol.
: l dm (IOOOcm3

) of the acid ,viu con•�:n = 0.0131....., ,. 1000 • 13.lOmol of 
H2SO,. 

Molar concentnuion is 13.lmohlm.J (IJ.lt.l).

Prcpnrntion of 13.lt.1I of Jdm 3 
rr2so� solution 

No of moles before dilution .. No of moles nfler dilution 
C 1 (n1oldm'3) x V 1 (d1n3) = CJ (moldm.J) j( v2 (dm3)

18.34 " v. = 13 .10 x I 

13.10/18.34 

V1 = 0.714 dm3= 71-lcml. 

13.IOM of ldm3 H2SO, solution \\'DS prepared by ta.kins 714cmJ of the stock solution a.nd

diluted ,vith distilled waler up to I 000cm3 (I dm1) mBik.

i. Prc-Trcolmcnt Phnsc: 111is is to make the lisnocellulose moteriol nmenoblc to

hydrolysis. Prior 10 acid hydrolysis, the biomnss wos dried 10 o moisture content

of  opproximotcly I 0% and milled to on ovcroge siic of 15mm ,vith the aid of o

grinding machine or miller. 

Ii. llydrolysls: The milled biomass ,vns mixed ,vith various concentration of H2
S0�

of 5.6M, 9.41\il ond 13.llvl rcspectivi:ly. 111c ratio of the biomass to the

concentrnted acid was in I :5 (w/v).Thus 20g of each substrate ,vns mixed ,vith

I 00ml of the various acid solution. This results in the disruption of the bonds

bct,vccn the crystalline cellulose chnins/crystnllinc structure mnkins the Ions

cellulose chain accessible for hydrolysis. In the first hydrolysis, the mixture of

acid ond biomass \\'llS h�ted 10 l oo•c for about 60 minutes to hydrolyse the

lignoccllulose. 11iis resulted in tho formation of a thick gel, which ,vns pressed
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on o sieving metal (siever) to obtain an acid- sugar strc:am. The volwne of thehydrolysatc obtained wus measured using o mcnsunng cylinder and recorded.The second hydrolysis step \Y:IS similar to the first one. The solids remaining
ofter the first hydrolysis and the solid-liquid sepcr.1tion nre mixed \vitb 100ml
conccnlrated H2S04. The mixture was heated for 50minutes ot I oo0

c to
hydrolyz.e the lignocelJuloscs materials. The resulting gel \VOS agnin pressed to
obtain o second acid- sugar stream nnd lhe volume oJso recorded. The strewn
from the t\YO hydrolysis steps wns combined together.

E<1unlion of reaction: 

Lignocellulosc Conc.H2S04 reducing sugar 

The left over solid ,vhieh is  lignin, lhc most rccalcitrnnt to degradation out of the 3 

component of liginocellulose material (Lignin, hcmiccllulosc nnd cellulose) \VOS disposed 

in a wnste basket. 

. ed fi the various acid conccotrotioos ot The acid-sugar strcnm (hydrolyst1te) obtllin rom 
. b" tcd I biochemical nnalysis. 50ml S.61M, 9.36M ond 13.IOtvl rcspcct1vely were su �ec 0 

th ri II ving bio-chcmicol analysis: from each of tbc hydrolysatc \\'Crc taken for c O 0' 

• Totnl Organic Cnrbon (f.O.C)

• 1'otnl Nitrogen

• Totnl Phosphorus

Total Reducing Sugnr

Glucose (Precursor for ethanol production)

. b. h of the ocid concentration hydrolysisI determine w ic The important of this step \VOS 0 

d other Fcrmcntoblc sugars.Produces the best yield of Olucosc an 
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Pbte 3.9: Hydrolysatc, of each of the aubstnte obtained from the 13. IM BiSO,

bydrolylis �ormed In tripUaile 
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Platt 3.9: Hydrolysates of tacb of the 1ubstr1le obtalatd from tbe 13.1 t-1 8,50,

bydrolysiJ performtd in triplicate 
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3.8.2 Proxln111te Annlysls 

$3111p\cs ,vcrc nnalyzcd ehcmicnlly according 10 the omcinl methods of analysis described 

by the Association of Officinl Annlyticol Chemists (A.0.A.C.1984, 1990, 1998). All 

aruil)sis ,,as cnrried out in triplicnte. 

3.8.2. I Dc1cnnlnntlo11 ofTotnl Ori:nnlc Cnrhon 

The Total Orgnnic Cnrbon ,vns determined by using the \Vnlkcy Method. 

Rtngtnts 111111 i\lcthods or l'rcp11r111lo11 

I, Stondnrd Norn1nl l'o11uslun1 Olchron1111c 

K2Ct01 ''':IS oven dry ot I )0-1 so0c for 2 to 3 hours. It was cooled in o dcs1cc.itor, 

weighed ot exactly 49.035g of the dried snit, dissolved in about 950ml of the distilled 

wntcr, and placed in o cool place or room overnight. \Vheo cool, it was m.11de up to I 000ml 

,,ilh distilled \\'tiler ( cold). 

2. tandard ormal Fcrrow Ao1mooium Sulphalt.

IS6 86g of Fe (NH.) (S0,)2 \\'llS ,vcigh� out and dissolved in about 900ml of distilled 

water. 25ml Con H2SO, ,vns added and allowed 10 cooled. It ,va.s mode up 10 the mllrk 

\\ilh distilled woler and stnndardiu:s using the Normnl Potn.ssium dichrom.11tc 

3. Diphtn) l11minc Indicator

lg of diphcnyl.nminc \YIIS dissolved in 200ml of I to I solution of H20 to H2SO,.
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I 

Procedure 

I. 

2. 

3. 

4. 

5. 

6. 

Bet,vccn 0.1- 3.0gm of the sam le . 
. 

p wns weighed; depending on how dnrk the colour
of the analyte 1s. 

I 0ml o f  the IN K2Cr201 ,vas nddcd front nn nutomotic burcue, then oddcd to this
,cry carefully ,vas appropriately 20M Cone. l-'2SO, � • from ru1 acid dispensing
burette. Shake gently and lefi to cool. 

DiS!illcd \\'Iller "'ns oddcd to mnkc up to opproximotely 150ml n1nrk on the conical 

flnsk 

Added to it ,vas 8-10 drops of diphcnylnmine- indicators; the colour wns no,v dnrk 

violet. 

It ,vns titroted ,vith 0.4N Fcrr9us Ammonium Sulphate until !he Voilct colour 

chMged to Green. 

A duplicnte blonk dctcm1inotion wns carried out on I 0ml of the Nonnnl 

K2Cr201using all the reagents coch time n set of detemtinotion ,vas done. 

Cnkulntion 

Let y be the vol. in millimeters of 0.4N Ferrous ammonium sulphate used to react with the

remaining in K2Cr2Q1 is 0.4y c.g since 10ml of�CriO, were used in the first pince, then

the nmount used to oxidize nny cnrbon in the sample will be (10.0 - 0.4y). I ml of K1C1'201

0.003g corbon. However, the reaction is only app roximately 75¾ com pie le.

Thmfore, I ml of K2Cr20r 0.003X 1oons-= 0.004gC.

Thu is% Tollll orgnnic carbon in the snrnplc (hydrolysatc)

•(J00-0.4y) 110.004xl00 

Wt of sample taken 

Since y 1s Titre value used for the utrouon (T. V)
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Hence 

% Tollll Orgnnic cnrbon = (10.0-0.4xT.V) )(Q,004>elOO
\Vt of sample taken

\Vhcre T.V= Ti tr e  Vnlue. 

3.8.2.2 Octcrn1inntion orTotnl Nitrogen (%)

The totnl nitrogen (%) in the sornplcs ,vns detcm1incd by the routine semi- micro Kjeldahl, 
procedure/ technique. This consisLS of three techniques namely Digestion, Distillation nnd 

Titrotion. 

Appnrnius: Analyticnl balnnce. Digestion tubes. Digestion Block Henter, 50ml Burette, 
5ml Pipeue, IOn1l p1pcllc, IOrnl Measuring Cychndcr, 100ml Bcnkcrs, Fume cupboard 

' 

llcagcnts: Cone H2SO�, O.OIN HCI, 40% (w/v) NnOH, 2% Boric Acid Solution, Melby! 
Rcd-Bromocrcsol green mixed indicator, Kjcldahl cntalyst tablet. 

Digestion 

O.Sg of each sample ,vns ,vcighcd carefully into the kjeldnhl digestion tubes to ensure that

all sample mnterinls got to the bottom of the tubes. To tbis were added I Kjeldnhl catnlyst

lllblet nnd I 0ml of Cone H1SO�. These were set in the appropriate hole of the Digestion 
Block Heaters in n fume cupboard. The digestion was ten on for 4 hours, ofter ,vhich a 
clear colourless solution ,vns left in the tube. The digest wns cooled and tronSfcrred into 
100ml ,olwnctric nD.l,i.., thoroughly rinsing the digestion tube ,vith disulled \\'liter and lite 

Oask was made up to mark with distilled wntcr. 

Dlstlllntion 

The distillation WllS done ,Yilh Markham Distillation Appnrotus which nllows volatile

substances such 11.5 nmmonin to  be steam distilled with complete collccuon oflhc distillate.

The opparat� was s(eruned out for obout ten minutes. The stcom gcncrotor \\'OS then

removed from the heal source 10 the developing vncuum to removed condensed \\'liter. The
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Hence 

% Total Orgnnic cnrbon = (I0.0-0.4xT.Y) >e0.00411100 
\Vt of snmple taken 

\Vhert T.V= Titre Value. 

3.R.2.2 Detenninntion ofTotnl Nitrogen (%)

The total nitrogen(%) in the snmples ,vas dctcnnincd by the routine semi- micro Kjeldahl, 
procedure/ technique. This consists of three techniques nruncly Digestion, Distillation and 

Titration. 

Apparnlus: Analyticnl bnlnnce. Digestion tubes, Digestion Block Heater, 50ml Burellc, 

5ml Ptpt:lle, I 01111 ptpcnc, I On1I Measuring Cyehndcr. I 00ml Ocnkcrs, 1-ume cupbo.ird 

Rengents: Cone H2$04, 0.0 IN HCI, 400/4 (w/v) NnOH, 2% Doric Acid Solution, Methyl

Red-Bromocresol green mixed indic.1tor, Kjeldahl callllyst tablet.

Digestion 

O.Sg of each sample ,vas ,veighed corefully into the kjeldahl digestion tubes to ensure that

all sample materials got to the bottom of the rubes. To this ,,'Crc added I Kjcldnhl coUllyst

lllblct and 10ml of Cone H1S04• These were set in the appropriate hole of the Digestion

Block Heaters in o fume cupboard. The digestion \\':IS ten on for 4 hours, nf\cr which a

clCll! colourless solution ,vas lefi in the tube. The digest was cooled and IJ1ll1Sferrcd into

100ml , olutnctnc Oo.sk, thoroughly rinsing the digestion tube: with distilled water nnd th.e

flask was made up to mark ,vith distilled ,111tcr.

Dislillntion 

The distillation wns done with Mork.ham Distillation Appnmtus which ollo\l,'S volatile

subslllnccs such as ammonia to be stc:orn distilled ,vith complete collection of the distillate.

The apparatus was steamed out for about ten minutes. The steam gcnerntor ,vas t ltcn 

removed from the heat source 10 the developing vacuum to removed condensed wntcr. The
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steam generator ,vas then placed on the heat sou� (' '"" I.C hcoling mnntlc) nnd each 
component of the apparatus '''llS fixed up appropriately.

Dctc:rminnlion: 5ml portion of the digest obo,•e wns pipetted into the body of the 

apparatus via lhe sn1all fuMcl aperture. To this ,vns added 5ml of 40o/0 (w/v) NoOH 

through the snme opening ,vith the 5ml pipette. 

The mixture ,vns stcrun- distilled for 2 minutes into n 50ml conicol nnsk containing 10ml 

of 2¾ Boric Acid plus n1ixed indicator solution placed at the receiving tip of the 

condenser. TI1e Boric Acid plus indicator solution changed colour from red 10 green

showing thot all the nmmonio liberated hod been trapped. 

Titrntion 

The green colour solution obtained wns then titroted against O.OIN HCI contained in a 

50ml Burene. At the end point or equivalent point, tl1c green colour turned to wine colour 

which indicated that all the Nitrogen trapped os A.mn1onium Borate [ (N�)1 BO,] was 

rcmo\.:d as r\Jnmoniuru chloride ( Nl-4Cl). 

Cnlculation 

The percentage nitrogen in tltis onnlysis ,vas calculated using tl1c formula: 

t, N = Titre value x Normality of HCI usedx Atomic mass of N>< Volume of FhlSk 

containing the digest>< 100

2000 

3.8.l.3 Determination ofTotnl Phosphorus(%)

Phosphorus \\:LS dctcnnincd 

SJ)cctrophotomctric method 

routinely b) the vonado-1'1ol}bdolc colounmctcr or

�.,5\ \.\U�!.. 
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Appn111tus. Spcctropho1omc1er or colourimct 50 1 . er, m volumetnc flask, I 0ml Pipcne,
\Vhatmnn filter paper, Funnel, \Vnsh bonle GI d . . , ass ro • HClllmg mC111tle Crucibles Flnmc
photometer, Annlyticnl bnlnncc. 

1 ' 

Reagents: Vanndntc- molybdntc yellow solution, 2M I-ICI. 

Prcpnrntion of Stnndnrd Phosphntc Solution: 219.Smg anhydrous Kf12po�,vas 
dissolved in distilled ,voter nnd diluted 10 I 000ml; 1.00ml a SO.Oug po/· r.

Prepnrnlion or Cnllbn11ion Cun•c: 10ml of the stnndord phosphnte solution wns ploccd 

in n 50ml volumetric flask. 10ml vnnadntc- molybdatc yellow solution ,vos added and 

diluted to the mnrk ,vith distilled water, stoppered nnd lcfl for I 0mins for full yellow 
dc\'clopmenl. After I 0mins or n1orc, the obsorb:mcc ,vas measured versus n blnnk solution 
(using 15ml. 20ml. 25ml 30n1l). A graph of Absorbnnce against Concentration ,vns dra...,'ll 
nnd the slope ,vas calculated. 

Procedure: 20mg (0.02g) o f  each sample ,vas digested by adding Sml of 2 �1 HCI solution 
lo lhe bydrolysnte in the crucible nnd heated to dryness on o beating mantle. 5ml of 2M 
llCI was added ogoin, heated to boil, end liltercd through o whotmnn No I liher paper. 
10ml of the lihcratc solution ,vos pipencd into 50ml stondord flask Md IOn1I of vnnndate 
yellow solution ,vas added a.od the flask wns mode up to mllfk with distilled ,vrucr, 
stoppered ond ten for 1 Ominutcs for full yello,v development. The concentr:uion of 
phosphorus ,vos obtained by taking the opticnl density (OD) or obsorbD.11cc of the solution 
on o Spectronic 20 spectrophotometer or colourimetcr at ,vavelenght of 470nm. 

NOTE: A \\'llvclcnght of 470nm is usually used because ferric ion causes interference 01

low \\-avclcnghts, particulnrly ot 400nm. 

Calculation 

.... _ __, 1 t d 'rom using the formuln.1 ne percentage phosphorus ,vns ..... cu o c " 

¼ P • Absorb?DC£ rc.1ding11 Slone II Dilution fncior

1000 
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App�r:1111s. Spcctropho1ome1er or colouri 1 50 me er, ml volumetric Onsk, 10ml Pipcuc.
\Vhatmnn filter paper, funnel, \Vnsh boule GI d H . , ass ro , coting mnntlo Crucibles Flnmc
photometer. Annlyticnl bnlnncc. 

' ' 

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

Prcpnrntion of Stnndnrd Phosphotc Solution: 219.5mg anhydrous l(H2po�was 

dissolved in distilled ,vntcr nnd diluted lo 1000ml; 1.00ml = 50.0ug po/· P. 

Prcpnrnllon of C11libn1tion Cun•c: 10ml of the stnndnrd phosphate solution was placed 

in a 50ml volun1e1ric flask. I On1l vnnodntc- molybdntc yello,v solution was added and 

diluted to the mnrk ,vith distilled \\'liter, stoppered nnd lcfi for I 0mi ns for full ycllo,v 

dc,dopmenl. Afier I 0mins or more, the nbsorbancc was measured versus a blank solution 

(using 15ml. 20ml. 25ml 30011). A graph of Absorbance ngninst Concentration wns drown 

and the slope ,vas colculotcd. 

Procedure: 20mg (0.02g) o f  each sample \\'nS digested by adding Sm.I of 2  M HCI solution 

to the bydrolysote in the crucible nnd heated 10 dryness on n hcnting mantle. 5ml of 2M 

HCl \\'ilS added ogain, heated to boil, and filtered through a whatmnn No I filter paper. 

10ml of the fillcratc solution ,vns pipetted into 50ml standnrd flask nnd 10ml of v01U1da1e 

yellow solution ,vas added and the flask was made up to mark with distilled ,vnter, 

stoppered nnd lefi for lOminutcs for full yellow development. The concentration of 

phosphorus ,vns obtained by taking the optical density (OD) or nbsorbnnce of the solution 

on o Spcctronic 20 spectrophotometer or colourimeter 01 wavclcnght of 470nm. 

NOTE: A \\'llvclcnght of 470nm is usually used because ferric ion CllUSCS interference at 

low wavclcnghts, particularly ol 400nm. 

CalculAtion

T'I.- __ , 1 d , 11 usinn the formuln:
, nc: percentage phosphorus ,vns 1,111CU ate ,ro1 o 

% P • Ab5orb?nce rending)( Slone )C Dilution focior

1000 
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Absorbance>< Slope>< Dilu1ion fncuon•PPtvl/10,000
Hence 

% P = PPM/10,000 

"'here 

Absorbnncc • Reading oblllincd from the spcctropho1omc1cr. 

Slope• Result of the Slnndnrd curve 

Dilu1ion factor= Volu1ne of the e:<trncl/ ,veight of the snmple. 

3.8.2.4 Delcrn1inntion of Glucose Yield. 

The ferric cyanide method described by the Associnlion of Officinl Annlytical Chemists

(1984) was used to determine the glucose yield 

Principle 
Unlike alkaline conditions, glucose reduced ferric cyanide to fcrrocynnide, which reac1ed 
with ferric ions to form a yellow colour. This reaction was then utilized in :1 colorimetric 
assay. 

Prepnrntion or Glucose srnndnrd 
The stock glucose standnrd wns mode by dissolving 0.1 g of stnndnrd D· glucose in distilled

wa1er and made up 10 the mark in 100ml volumetric nn.sk. 10ml of this wns then diluted

with distilled ,vater and made up to the mask in n 100ml volumetric nnsk. 1ml of the

diluted solution conwined 100mg of glucose. 

Callbrnlion curve 
Different conctntrotion was prepared from lhe stock solution of D- glucose i.e I prm.

2ppm 3 4 d 5 ..,..c1·1vcly The obsorb:111cc was mc11SUrcd ot 380run, ,vith
, ppm, ppm nn ppm re.,.- · 
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distilled water as the reference/ 

plotted and the gradient was calc::.A 
graph of concentration against absorbence was

0014 

0,012 --------

0,01 

O,OOS 

0.006 -

0.004 

0.002 

I 
0 L---

lPPM ZPPM lPPM 4PPM 

(Oll(tnltotlonof GIIKOM (PPMI

Fig 3.2: Glucose Standard Curve Slope= 0.384 

-

-

SPPM 

Prepal"lllon or rugcnu 

Solntion A: 12.Sg potassium ferricyanide (powsium hcxacyonoferra1e (iii)) and tO.Og

anhydrous sodium carbonale was poured into a I 00ml beaker, diltillcd water \\'115 added to

dissolved it; after which the solution was pourcd into a 250ml labeled, Grade A volumetric

flask and make up to volume with distilled water. 

Solution 8: 87.Sg anhydrous sodium ca,bonotc ,vu poured into a 500ml beaker,

distilled water wa, added to dissOlvc it; after which it was tranSfcucd into a 100ml labeled.

Ollde A volumetric fla,lc, and made up to volume with dislillcd water. 
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Fcrricyanitle reagent: 25ml of solution A nnd 100 1 f 1 . . . m o so ution B wiis pipetted into a
1000ml labeled, Grade A volun1ctri0 flask nnd 1, ... made up 1 1 · h d" ·it d• .... 0 VO umc \VII 1S11 C 
water. 

Procedure 

Two grams (2ml) of the sample 1vns dissolved in 250 1nl or distilled 1vnter 10 prepared the 

extrnct. 
2ml of the aqeous extract \\'ns n1ixcd II ith 8ml of the ferricyllllide reagent in o lnbeh.:d, 
50ml, Qu1ckJit stoppered boiling tube. A blank conlrol was also prepnrcd cont:1ining 2ml 
distilled 11'0tcr nnd 8ml fcrricynnidc reagent. 111c contents or 1111 the tubes 1vere mixed and 
boiled for 15 mins in n boiling ,voter both, using o mctlll test-tube rock. ll wns cooled 
rapidly by placing in n bath of cold ,,rater, 11nd 1nixcd ,veil. 

The nbsorbnncc of the samples \\'<IS measured nt 380 run with lhnt of the blnnk ns the 
rcfcrcncc/zcro, using n quartz curvette. The absorbancc rCllding obtoincd 1VQS extroplolatcd 
from the calibration plot. to obtnin the concentration of glucose in the reaction mixture. 
The glucose yield in the original sample wns calculated ns follows: 

C11lculntion 
Glucose yield• (C1" 125} >< 1000 mg,/Kg dry ,vcight 

01 

\Vhcrc 
C C . f 1 . th I Oml rcnction mixture rend from the calibration ploL

1 = oncentrouon o g ucose 1n e 
125 C . , . 2 1 f thc sample was dissolved in 250ml oqcuous 

= onvcrs1on ,actor since m o 

extract and the nbsorbnnce \VllS mensurtd. 

1000 • Conve�ion factor to convert finlll value from mg/g 10 mg,ll(g.

D1 Ory 11·eight of  the onginnl sample, which is lOg
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fcrricyanitle reagent: 25ml of solution A and 100 1 r 1 . . . m o so ullon B wns p1pclled 1n10 a
tOOOml labeled, Grode A volumetric h k d as , Qn wns mode up 10 volume ,vith distilled
\\"ill Cr. 

Procedure 

Two grams (2ml) of the snmplc ,vn.s dissolved in 250ml of distilled ,voter to prepared 1he 

extract. 
2ml of the oqcous extract wns mixed ,vith 8ml of the ferricyonidc reagent in o lnbded, 

50ml. Quick.lit stoppered boiling lube. A blwtk control ,� also prcpllred eonlQining 2ml 

dis1ilkd \\'liter nnd 81nl fcrricyonide reagent. The contents or oil the tubes \\'Crc mixed and 

boiled for 15 1nins in n boiling ,voter both, using o mctol 1cst-tubc rock. It ,� cooled 

rapidly by placing in o both of cold water, and mixed \\'CU.

The nbsorbnncc  of the samples \YtlS measured ot 380 nm ,vith that of the blwtk ns the 

rcfcrcncc/i.ero, using o quortz curvette. The absorbancc reading obtained ,vas cxtroplolotcd 

from 1he calibration plot. to obtain the concentration or glucose in the reaction mixture. 

The glucose yield in the original snmple wns calcula1ed as follows: 

Calculation 
Glucose yield• (C1 x 125) x 1000 m&{Kg dry weight 

01 

\Vhcrc 
C C . f 1 . th tOml rcaciion mixture read from the calibration ploL

1 = oncentrauon o g ucosc 1n e 
. 1 fth le was dissolved in 250ml oqcuous 125 = Conversion factor since 2m o e samp 

extract, and the absorbancc wos me:isured· 

1000 • Conversion factor to convet1 finnl value from mg/g to m&{Kg,

01 Dry weight o f  the orig1nnl Sllmple, whicb is iog.
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ng ugars (T.R.S)3.s.2.S Dctcrn,inutlon ofTot1tl Rcdud S 

0 u 01s et al, (1956) \\'llS followed. 
Toe Phenol- Sulphuric Acid Method according I D b . 

Prcpnrntion of Solutions

A. 52¾ Phenol solutions

52ml (52g) of p henol liquid / oil crystals i.e vfv or w/v wns dissolved in I 00ml

volun\lnric Ousk nnd mode up to the mnrk wi1h dis1illcd wo1cr.

n. 96% Sulphuric Acid

96ml of Sulphuric Acid (I !iSO.) pure Anolnr Reagen\ (v/v) w11S measured in10

I OOn,I volwnctric flask and mode up to 1he mork ,vilh distil led wotcr nnd ollo,vcd

to cool before being used.

• 
Prcpnrntion of Glucose Stnndnrd

The stock glucose stnndard wns mode by dissolving O.lg standard glucose in distilled

water ond made up to the n1ark in 100ml volumetric Onsk. Ten (10ml) of this wos then

diluted with distilled ,wter and made up 10 the mark in o I 00ml volumetric flask. One

(1ml) of the diluted solution contained 100mg of glucose. 

Different concentrations ,vcre prepared from the stock solution (i.e I ppm, 2ppm, 3ppm, 

4ppm, Sppm). A graph of Absorboncc again.st conccntrntion ,vns plotted and the: slope was

de1ermincd. 

l'roccdure 

Two grams (2ml) of snmplc ,vns dissolved in 250ml of distilled wn1cr or cthonolic extract

can also be used (80%) ethanol) by odding 6- 8ml of 80o/o ethanol ond centrifuged to get

the supcmolllnl for the onalysis.

One ( I ml) of the diluted solution ,vas pipcllcd into test· tubes ond I ml of 52o/, phenol ,,'llS

•• 1.1 ... h L.. 5ml of 96¾ 112S04 was nJso added drop by drop. The te5t· tubes

""".:u to c.ic: t�l· 1u..,.:,

were ollowcd lo stond for I ominutcs before their contents were tro.nsfcrrcd into clc:ui.

� d tl O obsorboncc ,vas re.id with o UV spectrophotometer al 11

areue· ,n:c cuvettCl on 1 
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";ivelcnght of 490nm. A blank ,vas nlso prepared IIS b b . . 

place of snn,ple being analyzed Th bl 
II ove ut distilled \\ltltcr took the 

. c nnk \\'OS used to set th 
D· Glucose ,vns used ns the standard. 

c equipment to the zero mark.

Calculation 

TRS= 

\\'here 

(Ci x 125) x I 000 mg/Kg dry ,vcight 
01 

C,= Concentration of reducing sugru, read from ti . . . te appropnotc cnhbrot1on groph.

TRS= Totnl Reducing Sugars. 

125"' Dilution factor. since 2n1I of the nnnlytc wn.s dissolved in 250ml of the distilled 
\\ater. 

D1= Dry ,veight of the origillL\I sample, which is 20g. 

1000 = Conversion factor, to conve11 final value from mgfg to mg/Kg .

3.8.J cutrnlizntion Process 

• 

Apparatus : Analytical balance, pH nteter, \Vhntmnn Nol filter paper. 250ml Conieol

flask, Bunsen burner / stove, I 0ml Test tubes, 50ml Burctte. 5ml Pipette, 500ml Conical

Onsk. 

Rcni:cnb: Co(Ol 111 solution/ Lime, Fehling solution. Distilled ,voter.
' 

Prcp3ration of Calcium hydroxide solulion / Lime

One hundred gram� (100g) Co(OH)l powder w'US weighed into n reagent bottle, from thiso

substru1tiol quantity was dissolved in distilled \\'Oler contained in n 500ml conical OilSk

�,th continuous stirring which ensured thnt all the solute were dissolved in the distilled

\\�ter The Co(Ol l)J po,�'der was continuously added with stirring until n $1\lurtttcd solutton

�as obtained The saturated solution \\'OS filtered through n \Vhotmon No 1 filter p;ipcr to

obtain a pure solution of Co (01111
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• 

l'rocedurc 

Lime [ Cn(OH)1] contnined in n 50ml bureue wns tirrntcd against each of 1he hydrolysotc in11 250ml conicnl Onsk lo neutralize rhe sulphuric acid 11nd this roised the pH of the
hydrolysate to obout 5.5. The titration ,vns stopped when CoS04 (gysum) precipitored out
of solution accompanied by OJI cxothennic reaction {e,•olution or heat 10 1hc surrounding).
The Caso. ,vns removed by filtration using n \Vhnunnn Nol tiller paper and sent «> 1hc
disposal (,vnstc bin). 111c filtrate ,vhich is o free sugar slrcnm ,vos 1cs1cd for 1hc presence of
reducing sugnr before being subjected 10 clhnnol fcnncn1n1ion.

Equation of Rcnclion: 

Hydrolysnte Lime Free sugar 

3.8..1 Tes! for rite presence or Reducing/ Simple sugar 

About I ml of Fehling solu1ion wn.s added 10 5ml of lhe sugnr solution, in a I 0ml rest lube 

ruid heated 10 boil. The Fehling solution changed from blue 10 oronge- red colour, 

confirming 1hc presence or reducing sugars . 

.lll.5 ugnr (Gluco,c) Fcrmcntnrion 

I I b�tor Annlytic,11 b31ancc, 2S0ml conical flask,A I Sien.le colton woo , ncu ' ' · (lJlnra u,: 

Bunsen burner. 
. . iae (Dry Bnkcr yens I), Distilled \\'Dier, Oc1ergcn1,

Con1um11blcs: Saccliaromyces cerevts 

Mclhylatcd spirit 

I d dlslnrcctionSterillz:itlon or mntcrla 5 11n 
ghl washed ,vith dc1cr1tcnt, rinsed 

for tl1is process ,ws ihorou Y 
All tl1c glw-wnrcs used 

_,1 to dry in II hor-air oven. The rroccss of 
properly with distilled ,vntcr on d then wow 
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s1erilization or the equipment \YllS 10 safi d . . 
cguar against possible conllllnilllltion of the sugnr

sotuuon. 

Disinfection ,vns carried out by  1 · 
lh 

. 
c caning c ,vholc surfoce of the ,vorking bench with

cotton ,vool sonked 10 methylotcd spirit before lhe , . ,cnnenung process. 

\\'cighing of Saccharo111yces cerePis/ae 

The ,vcight of the dry yens, lo be nddcd lo c:nch of the sugnr solution was detcm1incd by 

using the method described by (Darnell, 197S): Using 2 granis of d ry ycnst per gallon (4 

litres) of sugar solution. 

Procedure (The fem1enting process wns done under an aseptic condi1ion) 

Xgrams of dry ycnst ,vns ,vcighc:d, oddcd nnd thorougltly mixed ,vith each of the sugnr 

solution obtained from the various substrate bnsc:d on the nbove proportion in a 250ml 

conicnl Onsk Onrned nround the mouth region wi�1 o lighter; nftcr which it ,vns sealed at

the mouth ,vith n sterile cotton ,,·ool to make it nirlight nnd to prevent o.ir entry. The 

fcm1cnling broth ,vns plnccd in the lnborn1ory at an optimal 1cmpe111ture of 30°C for 72hrs

(3days) 10 c:nsure mn.ximurn ethanol production. The effectiveness of fermentDLion was 

checked by Inking sample from the fermented broth every 24 hn by testing for the 

presence of elhnnol. 1lie ethanol yield ,vns also detc:nnincd qunntiwtively nod 

qunlitotively. 

Equntion of the rcnction: 

C'1i 1206 yeast 

Glucose 

2CiHlOH + 2C02J(g)

Ethanol Carbon dioxide 

· , · th condi'tion, severely offects the c:th,inol production, possibly01c: Any var1011on 10 csc 

d . d ...,dotion Gild los, of act ivity at n high temperature, reducedue 10 excessive enzymes cg,w 

·v1 . 1 r. IJILiVc en..-vmc: nt a low tc:mpcroturc, and innct ivntlon of
IICIJ ty of glycolyuc ,cnnen �,-·· 

. . (0 · · Yousuf Gild Thakur, 2001)
enzymes due to pH vnna11on DJOJ, 
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3.8.6 Confinnntory Test for Ethnnol

About I ml of acidified KMnO� solution ,, .... nddcd 5 1 f h ..... to m o t e fennentcd brolh and
heated lo boil. The fonnation of  a colou t 1· ·d · r css 1qu1 ,v11J1 nn unplcosnnt smell of ethnnnl
confinncd the presence of cthnnol. 

The Ethanol Concentration nnd Yield wn.s determined by using the Official MetJ1ods of 

Annlysis described by the Associntion of Officio! Annlyiiclll Chemists ( 1984). 

3.8.7 Dctcrn1inntion ofEthnnol Yield (v/lV)

Principle 

Alcohol \\'llS distilled fron1 sample and collected in on acid solution of potassium 

dichromntc ,vhcrc h i s  oxidized lo ncctic ocid ot 60°C. The residual dichromate ,vas 

determined by back titration ,vilh ferrous sulphate in n strong acid solution using fcrroin 

indicator (I, IO -phenanlhroline fc.rrous sulphnlc complex) 

Equipment 

, Quicklil 500ml nask, round-bonomed, unifonn height of205mm ,vilh 70mm neck 

and 24/29 socket FR500/30. 
, Quickfil I 50ml conical nnsk with 24129 conical nnsk with 24/29 socket FE I 50/3.

• Quickfil stopper, 24/29 cone.

• Healing mantle for 500ml Onsk.

• 25ml burcttc, Grode A
• 25ml pipettes, bulb type Grode A

• 500ml, IL lllld 2L volumetric Oasks, Gmde A

Con1umnblcs 

• Ferrous ommonium sulphlllc
56 (I, 1 O-phcoaolhroline-fcrrous sulphate complc.'<

• Ferroin indicator BDH 21 O 

soluuon 0.02Smol/l rcdox ind1eotor.
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• Potassium dichromote, AR.

• Sulphuric acid, concentrated •
• Anti-bumping granules. 

Procctlurc 

Prepnrntion or rcngcnl.s 

Pornsslurn tlichrornntc (0.25N): 6.129g of powsium dichromalc ,vns dissolved in water 

nnd mode up to 500ml ond kept in on amber glass-stoppered bo11lc. 

Sulphuric nchl (npproxlni:1lcly 25N): 300ml water ,vns placed in o 2L coniclll flBSk and 

cautiously ndded 600n,t of sulphuric acid AR while cooling wns done in a both of tnp

wnter during addition. ·n1e solution \YllS then kepi in o glass boll le. 

Ferrous :1111n1onlun1 sulplu1te (:ipproxim3tel)' O.IN): 40g of ferrous nmmonium sulphotc 

was dissolved in ,Yater, after which 30ml of sulphuric acid (concentrated) was added to it. 

The solution "'llS cooled ond then mode up tot L with ,wtcr. Note: this ,YllS best made up 

as required as the strength slowly diminishes due to oxidation by ntmospherie oxygen. 

Ferro in indicntor (I. I 0-phenonthroline-fcrrous sulphate complex solution 0.02Smol/l 

rcdox indicator, BDH 21056). 

r.tcthod 
' 

0 Rml of the �nmple ,vas added ,vilh anti-bumping gmnulcs to 50ml of distilled \\'liter nnd 
distilled from O 500ml round-bot1omcd Quicklit flask. The distillate ,vns collected in o 
150ml Quickfil conicol flask marked ol 35ml ond con1aining I 0ml of 0.25N potassium 

dichromatc (i.e, 25ml of distillate was collected). 

T Ii f 25N I bun·c oeid (using measuring cyclinder) ,vns added lo lhe
wcnty 1ve (25ml) o su P 

n · Th volumes were chosen so that the tempcmtun: ofter
ask, and promptly stopper rt c 
• 

o n JO ·n intcrvnl 1he contents of the flask \\US then titmtcd.
muung wns equal to 60 C. A er mr 

A b , T n ( 1 Oml) of 0 .25N potnSSium dicbromote. 25ml 2SN
lank wa, run at the same umc. c 

ddcd 10 11 150ml Oosk, ond cooled and then titmted.
llllphuric acid nnd 2Sml wntcr \YllS o 
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Titnition: T\VO (2) drops of fcnoin indicator ,vas added to the contents of the flnsk, andthen titrated ogninst 0.1 N fcrTOus llrllmonium sulphnte from 11 25ml bureue. The colour
gradually changed from ycllo,v to blue-green, then chllllges in one drop through grey to
pinkish-bro,vn: this i s  the end-point. TI,e volume titrated \\'llS noted.

11,e volume titrated ,vns used to obtain the ethanol concentrotion In the reaction mixture; 

the ethnnol yield in the originnl somple wns cnkulatcd os shown below: 

Cnlculntlon 

Ethllllol Concentrotion in tn!V'ml cnlculntcd ns follows: 

Elhonol (in n1g) per nil of srunplc a 1, 152x(D-Tix25/0 

Snmplc volume (ml) 

\\lhere T= ml titration of snn,ple 

13= ml titration of 8lnnk 
' 

6 ' h Ethnnol Yield"' Q ,c V x 50 x 10 ml/kg dry \\'eag t.

De 

\Vhere 

C,. Concentration of ethanol (mg/ml) 

V = Volume of sugar (ml) 

. , . lo1c the result from thi: Ofl1'1nal �an1plc of 50 �l11lt1plicotion factor used to c:\lrllpo 

20 to kg. 

De = Density of ethanol <789kg/m'). 
> 'lk ( Ilk ) fi I answtr from m /kg to cm g m g .I 06 

= Conversion factor to convert ,no 

& Stntbtkn l  An111y,b3.9 Data l\lnnogcmcnl 
. Tiiis wos 11chicvcd by measurement . tcp in the process. Data Yr11S recorded ol every given s 

• ·1 fcrmcntotion ltme etc.of weight, volumes, specific gTIIVI Y, 
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Tilnition: T,vo (2) drops of fcrroin indicator was added to the contents of the nnsk, ondthen titrated against 0.1 N ferrous ommoniun1 sulphate from o 25ml burcuc. 1110 colourgradually changed from yello,v to blue-green, then chnngcs in one drop through grey to
pinkish-bro,vn: this is the end-point. The volume tilmtcd ,vns noted.
The volun1c titrated "'OS used to obtain the ethnnol concentrotion in the reaction mb:ture; 

the ethanol yield in the original sample ,vns colculnted as sho,vn below: 

Cnlculntion 

Ethnnol Concentration in mg/ml cnlculntcd ns follows: 

Ethanol (in rng) per ml of snn,plc • 1.152xffi.nx25/8 
Sample volume (ml) 

\\1here T= ml titration of sample 

D= ml titmtion of BID.Ok 

Ethnnol Yield= C x V x 50 x 106 mlJkg dry weight. 

De 

\Vhere 

C .. Concentration of cthnnol (mg/ml) 

V • Volume of  sugar (ml) 
, . 

d troplllntc the result from the ong1n11.I sample of 50 .. �luh1plicution focror use 10 ex 

20 to kg. 

De .. Density of ethanol (7891:g/m>) , 
3 >/k ( I/kg) final answer from m /kg to cm g m . 106

.,, Conversion factor to convert 

& St<1tbtlcnl AnnlysiJ3.9 Ontn i\-lnn11gcn1cnt · · · 
This wos achieved by measurement . tcp in the process, Data was r?cortlcd ot every given 5 

, tc . fcnncntntion ume c .of �eight, volumes, specific gravity, 
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, All dnla ,vns summruii.ed using descriptive statistics such ns proponions, mcnns 

nnd sUllldnrd deviation. 

, The results collected on the proximate analysis and ethanol yield from the various 

substrates ,vere subjected lo Student 1-tcsl, One-\\lny Analysis or Variance 

(ANO VA) at 5% level of Precision (a .. 5%) 10 compare the mean cthnnol yield. 

, Speannan-rank correlation was \ISCd 10 check if o rclo1ionship exists between lhe 

ethanol yield or 1he substrales and lhe time or formenlnlion. 
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CHAPTE R FOUR

RESULTS 
This chapter presents the results of the pilot/feasibility study which includes the estimationof quantity of snn1ple from source, qunntilicntion of the amo b d II I . I .,. • ase cc u os1c wns es
(weight, volume, density) n s  ,veil as resuhs of the proxiinntc nnnlysis (% Total OrganicCarbon (T.0.C), Totnl Nitrogen(%), Total Phosphorus C-/o), Glucose yield, Totol Reducing
Sugar (TRS) and Ethanol yield of the substrates).

4.1 Explornlion/FcnsibllilyofSnn1plc from Parent Source 

A feasibility study \\'llS carried out on the s:unple collection areas to determine the srunple 

populntions nnd the quantity of ogro by-product generated from the pnrcnt food materials. 
Tnblc 4.1 sho,vs the estimation of the qunntily of sample gcncrntcd from the various 

sources. The I hectnrc ( I ha) of cassava plnntotion 01 International Institute of Tropical 
Agriculture (IITA) produces between 20,000 to 70,000 cassava roots at harvest. The I acre 

of )•nm farm at Abadino quarters in  the University of Ibadan produces between 800 to 2000 

yam tubers per harvest. 1l1e Bodijn Timber Processing Unit which occupied about 2Socres 
of lnnd contmns bet\veen 44,080 and 88,160 plllllk.s Crom which sawdust is generated. The 
Ajose Building Cnntcen in UCH processes bct\\ccn 3,000 to S,000 plantain lingers per 
week. 

-1.2 Qunntificnlion of Agro-based \Vnstcs

T�blc ,l.2b shoiir. the qunntity of agro-based cellulosic wastes generated from the sample

sources. The I hcctnrc ( I bn) of cassava plonllltion in IITA generates ctlSS:IVD peels (CP) of

m ·,.i. . � 6660 ... 616 0 Kg 10 23310 :t 2156.8 Kg nnd a mean volumecan ,vc11,1,t ranging ,rom "" · 

ranging from 19.466 :t 2.203ml to 68.133 * 7.710ml per horvcsL The mean density \\'llS

i Sskg/ i Toe I ocrc of )'Ofll farm in Al>Jdino qll3rtcr of U.1est outed os 342.69 ± 8.07 • m 
. wei .. i.t ronging Crom I 83.3:!:7.0 Kg to 458.2 * 1.2

generate, yom peels (VP) w1lh o mcnn I>'' 
1 

K . , 0 SSS * O,OJ607�mJ to I 387 i O 09018Sn1 per
I 11nd a mean volume ranging ,rom · 

1 

L--· • umatcd IIS 330.99 * 12.860501.g/m The T1111bcr
•i.uvcsi Also the mean density \VII$ cs . 

• about 2S ocrts of land produce SO\\Jusl \\1lh a
Pl'Otl" ing centre In Bodija which covc,s
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• 

,,eight capacity ranging from 3051.8±52.0 Kg to 6.103.61:1:103.5 Kg nnd n mcnn volume 

ranging fron, 25.42 ± 3.0065m3 to 50.08 :I: 6.00130m> with mean density of 121.09 :i

I 3.20465kg/m3
• The Ajose Building Canteen in UCH gcncmlcs plnntnin peels every week

with n n,ean 1veighl ranging from 253.2 ¼ 41.0 Kg to 422 :I: 67.60 Kg nnd n mean volume

ranging from 0.84 :I: 0.06m3 to 1.4 :I: O.lm3 with mcnn density of 300.S0 :i

JO. I 917762kg/n13•

• 
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Table -I.I: ShO\\'S lhc locution, Parent source nnd populolioo of lhc \':trious samples 

S,-\�ll'LE LOCATION PARENT SOURCE POPULATION 

Cnssa,-:i peels UTA lheclllre (lho) of cassava 20,000 10 70,000 cassava r

plnn1nt:ion. per hruvcst. 

Yam peels ABADINA QUARTERS. I acre of ynm fnnn. 800 10 2,000 ynm tubers 1 

hruvcst 

So,,dusl BODIJA TIMBER PROCESSrNG UNIT. 25 ocrc:s of toad 44,080 to 88,160 planks. 

Pl:1nuin peels AJOSE BUlLDING CANTEEN. UCH. PloolD.in fonn 3.000 10 5.000 pl:inulin fins C

processed per "eek. 
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Tobie 4 .. la: Sl10\\S the \\'Ci,:lu. volu,uc u.11d t.lcn�icy of the ,1orious o.,:r-o- bc:ascd cclluloslc ,vusles: rrorn the parent source. 

S:implc C:usa>'a reels Y:110 Peels Plaot:iin Peels Su,v Dust 

Min I\ lax l\1in l\'l:1 X J\,t in 1\1:ix l\'lin Max 

\\eightof"aste (Kg) 1 6640 23240 178.6 446.6 300 500 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 68.6 0.52 1.3 0.9 1.5 22.04 44.08 

\V:utc 2 21.6 75.6 0.552 1.38 0.78 1.3 26.45 52.90 

(m3) 3 17.2 60.2 0.592 1.48 0.84 1.4 27.77 55.54 

Dco5ity of I 338.78 343.54 333.33 136.20 

Waste 2 337.32 331.59 294.23 1 l 5.33 

(Kglm3
) 3 351.98 317.84 273.93 l 11.75

84 

O " • 
--.-� ":... "�-,.�-:-, 

•

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Table ..l..2b: Esthuution of the ,,unntiry of u,:-ro-b:a...s�lf ,va.src,: from p:arcnl source 

-

S:unplc /\lean \,Vcighr (Kg} 

J\'Jenn ±�.D 

l\llin. Limit Mn.'I:. Limit 

Cassa,•a 

peels 6660± 616.0 23310 ± 2156.8 

Yum peels 

183.3:t:7.0 458.2 :t: 1.2 

Pbnuin 

pceb 253.2± 4 I .0 422±67.6 

S:awd1Ut 3051 .8±52.0 6. I 03.61 :t: I 03.5

-

l\1ean Volume (mJ)

Mc:in ±S.D 

t-.lin. Limit Max. Limit 

19.466 ± 2.203 68.133 ±7.710 

0,555%0.0361 1.387 ± 0.0902 

0.84 ± 0.06 1.4 ± 0.1 

25.42±3.0065 50.84,i:6.0013 

8S 

• ._.,___ -.....1, =-

• 

Density (Kg/nr') 

Meao±S.D 

342.69 ± 8.0755 

330.99 ± 12.8605 

300.50± 30.1918 

121.09± 13.2047 
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�.3 Ch11ructcristlcs of \Vastcs Substrlltc., (r 1 rox nullc Analysis)

Fig 4.1 - 4.5 sho,vs the me:in v:ilue results obtni icd � th . . 1 ,rom e proximate o.nnlys1s of the
different sample hydrolysotc DI vnrious ncid concentrations of 5.6M, 9.4M nnd I J.IM.Thc
mcnn glucose yield nnd TRS obtained from the S 6M 'I so h d I · CP (50 s · r 2 4 y ro ys1s were : . ±
12.Smg/kg , 91.8 :I: 3.0tng/ki:;); YP (231.0 :!: 3.6mg/kg. 388.8 :!: 6.9mg/kg): PP(255.5 :!:
5.4mg/kg , 314.7 :I: 5. l n1g/kg) o.nd SD (�85.7 :!: 5.0mg/kg , 374.5 :!: 7.3mg/kg) (p<0.05). At
9.4�11-hS04 hydrolysis,thc mean glucose yield nod TRS were: CP (71.5 ± 3.0mg/kg,123.2
:I: 5.0mg/kg) ; YP (240.0 :t 5.0mg/kg, 460.2 :!: 4.7mg/kg) ; PP (278.1 ± 6.Smg/kg , 396.4 :!:
6.0mg/kg) :ind SD (300. 7 :!: 8.6mg/kg , 453.2 :I: 6.6mg/kg) (p<0.05).Thc mcnn glucose
yields nnd TRS obtained from the 13.IOM H2S04 hydrolysis of the substrntcs were ns
follows : CP (85.1 :1: 5.7mg/kg, 209.8 :I: 3.7mg/kg); VP (269.2 :!: I 1.2mg/kg, 541.3 ::
7.8mg/kg); PP (304.0 :I: 6.1 mg/kg, 461.2 :!: 3.6mg/kg) nnd SD (343.2 :!: 4.Bmg/kg, 535.9 :!:

5.0mg/kg) (p<0.05). The n1enn glucose yield nnd TRS obtnined from the 13.1 tvl H1S04 

w,re significantly higher than those obtnincd from the 9.4�1 nnd 5.6M ll1SO. hydrolysis 

(p<0.05). The 13. IM hydrosylnte wns used for ethanol production, since glucose nnd other 

n:ducmg sugnrs serve ns precursor for ethanol production. 

From Tobie 4.3 _ 4.5 nod Figure 4.6, the menn T.0.C (%} decreased ns the conccnlrlltion 

Of th "d · d d · e ve�• Among the subslrlltes, PP recorded the highest mean
C DCI incrcnsc on VIC ·-· 

T.0.C {°/o) at different acid conccotrntions while the lenst mean T.O.C (¾) \VllS found in 

CP At 13.1 M hydrolysis, the mcnn T.O.C (¾) of PP was signilicnntly higher than those of

cP th T tnl N·trogen �/o)· it was evident from Figure .$.7, that, YP and SD (p<0.05). For c o I v • 
. 

th • , . d 05 the concentrotion of nc1d decreased and vicee mean Tolnl rutrogcn (�o) 1ncrcasc 
• 0,) found to be grcntcst for the CP throughout theverso. The mean Total rutrogen ( ,o wns

SD This indiClltcd thllt SD recorded the leastvarious ncid concentrations ond lenst for thc
. other ,wstcs (PP. CP nnd YP) At 131 M, the

mo11nt of Total (organic) nitrogen thon thc
. . 

. b trotcs \\'Cl'C slgmlicnndy d1!Tcrcnt from e:ieh
m� Total nitrogen (¾) of the vnnous su 5 

Other (p<0,05 ),
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4J Clrnraclcrislics of \Vnsles Substrate• (Pro I A � x mote nalysls)

fig 4.1 - 4.5 sho,vs 1he Olean value results obtained , th · ,rom c prox1matc onnlys1s of the di!Terenl srunple hydrolysa1e at various ocid concen1rntions of 5.6M, 9,4NI nnd I 3. I M.11,cmean glucose yield and TRS obtnincd from 1he 5.6�1 lliS04 hydrolysis 1,crc . er (50.S :t:12.Smg/kg, 91.8 :i: 3.0mg/kg): YP (231.0 :I: 3.6mg/kg, 388.8 :1: 6.9mg/kg); PP(2SS.5 :1:
5.4mg/kg , 314. 7 ± 5.1 mg/kg) and SD (�85.7 :1: 5.0mg/kg, 374.S :1: 7.Jmg/kg) (p<0.05). At
9.4M H2S04 hydrolysis,lhc mcnn glucose yield and TRS ,1rerc: CP (71.S ± J.Omglkg,123.2
:I: 5.0mg/kg) : YP (240.0 ± 5.0mg/kg , 460.2: 4. 7mg/kg) ; PP (278.1 ± 6.Smg/kg , 396.4 :t:
6.0mg/kg) ond SD (300. 7 ± 8.6mg/kg , 453.2 ± 6.6mg/kg) (p<O.OS).TI1e mean glucose
yields ond TRS obtnincd fronl the 13. IONI H2S04 hydrolysis of 1he substrntes were as

follo1vs : CP (85.1 ± 5.7mg/kg, 209.8 :!: 3.7mg/kg); VP (269.2 :I: I 1.2mg/kg, 541.3 :I:
7.8mg/kg): PP (304.0 ± 6.1 mg/kg, 461.2 ± 3.6mg/kg} and SD (343.2 ± 4.8mg/kg, 535.9 :1:
5,0mg/kg} (p<0.05). The mean glucose yield and TRS obtoincd from the 13.IM lhSO, 

were significantly higher lhM those obtained from the 9.4M and S.6M I hSO, hydrolysis 

(p<0.05). The J 3.1 M bydrosylote ,vas used for eth:inol production, since glucose ond other 
rtducing sugars serve as precursor for elhaaol production. 

From Tobie 4.3 _ 4.S ond Figure 4.6, the mcnn T.O.C (%) decreased as the concentration

f th 'd . d d . Among the substrates pp �corded tl1e highest meano e ac1 increase an v1ec versa. ' 

T.O.C (%) at dilTen:nl acid concenlnllions while the kost mean T.0.C r1o) was found in
. T O C (o/c) of pp was signifi=lly higher tl1an those ofCP. At 13.IM hydrolysis, the mean · · 0 

C th T I N'trogen (%)· it was evident from Figure 4.7, lhalP, YP and SD (p<0.05). For c ot.n 1 • 
. . . d lhe concentration of octd decreased and vicethe me.in Total nitrogen (%) mcreasc OS 

/'. d 10 be gre:itcsl for the CP throughout the
versa. The mean Total nitrogen (¾) was ,oun 

h SD Titls indicated 1h01 SD recorded the least
Yllri • · d least for l e · ous acid concentrauons nn · 

er d YP) At I 3 1 � 1 the h th other wastes (PP, an ln ounr of Tot,11 (organic) nitrogen I on c 
11 dlfli fi h . b tnllcs \\'CIC signi Ii can y crent rom c:it 

me:in Total nitrogen (%) of 1hc vonou, su s 

other (p<O.OS). 
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from Figure 4.8 :ind Tnblc 4.3 -4.5, the "acid-hydrol)'?.Dblc phosphate" increased ns the

conccnlnltion of the ncid decreased thus impling nn inverse relationship between the

percentage phosphorus nnd acid conccntrntion. Comparing the different subslnlles, 

throughout the various acid concentmtions, the PP hnd the highest mean Total phosphorus 

('/4), follo,ved by YP, then CP ,,ith SD recorded the least mean Total phosphorus (¾). 

However nt 13.1 M hydrolysis, the 1ncnn Total Phosphorus (%) of the vo.rious subslltltcs 

were not stalistically dilTerent from each other (p>O.OS). 

I 
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£XJ>£RIM ENT I 

Tnblc 4.3 Patlern of Pro'(i1n:11e Analysis of Substrate Hyd rolysates at Different Acid Concentrations 

5.61\1 ll2S0, 1-IYDROL YSIS 9.4 M 111S0, K'l'DROL YSIS 13.l M H2SO, HYDROLYSIS 
• 

S-:ample T.O.C T.N T.P G.Y T.R.S T.O.C T.N T.P G.Y T.R.S T.O.C T.N T.P G.Y T.R.S 

Description (•/.) ("/•) ("/•} (n1g/kg) {mg/kg) c·,·> (%} (%) (mg/kg) (mg/k� (·lo) (%) (%) (mg/kg) (mg/kg) 

Sll"-dust 23.8 2.3 0.22 286.0 375.0 I 8.6 1.8 0.10 300.0 450.0 13.2 1.2 0.19 343.0 537.S

ll,)drol)-Sllt.e 

Pbnlllin 28.S 2.5 0.27 257.0 31 s.o 24.2 1.9 0.26 275.0 395.0 17.3 1.4 0.24 305.0 460.5 

b1"drolys:ate 

v .. m 24.S 2.7 0.25 230.0 390.0 19.2 2.1 0.2:3 240.0 460.0 13.6 1.6 0.22 271.5 544.5 

bJdrolys:ate 

Cass2vu 19.2 2.8 0.24 65.0 91.5 13.8 2.2 0.21 70.0 125.0 8.7 1.8 0.20 84.0 209.0 

hydrolysate 

• T1lc bydn>lyll&lc obmlncd from the 13.1 M hydrolysb gave the h1s)lews1 yield or m�n value of Glucose and other fc:nncn13blc SUSJln throughou1 the three (3)
lriab Ihm !he S.61'1 and 9AM hydrolysis. Hence it w:u used for lhe ctlmnol production
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EXPERIMENT 2 

T:1blc -'·-' Pattern of Proxin1atc Analy!,is of Substrate l-Jydrolysatcs at Different Acid Concentrations 

5.6 \I H1So.t HYDROLYSIS 9.41\1 111S04 HYDROLYSIS 13.l�l l.f1S0411YDROLYSIS .. 

Sample T.O.C T.N T.P G.Y T.R.S T.O.C T.N T.P G.Y T.R.S T.O.C T.N T.P G.Y T.R.S 

Dacription (•/.) (o/e) (•t.) (n1g/kg) (mg/kg) c·1-> c•t.> (0/4) (mg/kg) (mg/kg) (%) (%) (%) (mwlq:) (mg/kg)

Sawdust 25.0 2.S 0.27 280.6 367.0 19.S l.8 0.24 292.S 448.8 14.2 l.J 023 338.5 S30.3 

by-drolys:atc 

Pb.n t2lo 302 2.6 0.31 249.S 309.S 25.8 l.9 0.29 273.8 391.3 18.9 I.S 0.27 291.S 458.0 

bydrol)-s:atc 

Yam 26.6 2.9 0.29 228.0 381.3 20.3 2.4 0.27 23S.O 4SS.6 14.8 1.8 0.25 257.0 532.S

byd rotys:atc 

Csss:a,•:a 21.0 3.1 0.28 41.0 89.0 14.2 2.4 0.23 69.5 117.5 9.4 1.9 0.22 80.0 206.5 

bydrolysntc 

• Tbc IJydrolyswc obtained fmm lho 13. IM hydrolysis g11ve_ lhc h1�C\\'Sl yield or m� ,-..J.ue of Glucose CIDd olhe_r fcnncnlnblc sui;ars thtou&hOUI lhc thn,c (3)
trialJ than lhc j 6M and 9.41\11 h)dn>lysls Hence h was used for lhc cth:lnol pnxlucllon.
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EXPERIMENT 2 

T:lblc 4.4 Pattern of Proxin1atc Analysis of Substrate Hydrolysatcs at Different Acid Concentrations 

5.6\l H1SO-i HYDROLYSIS 9.41\l lhS04 HYDROLYSIS 13.11\182S041-IYDROLYSIS 
• 

S:ampk T.O.C T.N T.P G.Y T.R.S T.O.C T.N T.P G.Y T.R.S T.O.C T.N T.P G.Y T.R.S 

()esc_riplioo (%) (1/e) (•/.) (mg/kg) (me/kg) ("/4) (·/4) (·/4) (mg/k.g) (mg/kg) (%) (%) (%) (mg/kg) (mg/kg) 

�wdust 25.0 2.5 0.27 2&0.6 367.0 19.8 1.8 0.24 292.S 448.8 14.2 1.3 0.23 33&.5 530.3 

hydro\)'SlltC 

t>la_n_tll.lu 30.2 2.6 0.31 249.S 309.S 2S.8 1.9 0.29 273.8 391.3 18.9 I.S 0.27 297.S 458.0 

hydrolyutc 

Yam 26.6 2.9 0.29 228.0 381.3 20.3 2.4 0.27 235.0 4SS.6 14.8 1.8 0.25 257.0 S32.S 

hydrol)'S"te 

C.U,:ava 21.0 3.1 0.28 41.0 89.0 14.2 2.4 0.23 69.5 117.5 9.4 I 9 0.22 80.0 206.5 

bydroly.salc 

• Toe bydrolyswc oblalncd from the 13.IM hydrolys,s ga,c lhc h,shC\\-st yield or mc;an v.iluc ofGlua>sc o.nd other fcrmcnmblc wp,s throughout the three())
trials than tho, S 6M and 9AJ\11 h) drolysls. Hmcc it -..-.u used for the clhDnol productaoo.
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EXPERTMl::NT 3 

Table -'.5 Pattern ofProxin1nte Analysis of Substrate Hydrolys�1tcs at Different Acid Concentration� 

S.1o\l ll2SO-' IIYDROLYSIS 9.4l\'I 11250-' HY.DROLYSIS 13.JM H250-' HYDROLYSLS
• 

Sample TO.C T.N T.P G.Y T.R.S T.O.C T.N T.P G.Y T.R.S T.O.C T.N T.P G.Y T.R.S

Description ( :le) (*/o) (¾) (%) (¾) (%) (¾) (%) (¾) (¾) (%) (¾) (¾) (¾) (%) 

Sa\\dust 22 8 2.2 0.18 290.S 381.S 17.2 1.6 0.17 309.5 460.8 12.8 I.I 0.14 348.0 5-10.0

bydJ"o\y�ntc 

l'bncatn 213 2.4 0.23 260.0 319.S 23.0 1.7 0.23 285.5 403.0 16.9 1.4 0.20 309.6 465.0 

bydroty�tc 

Yam 23 7 2.5 0.21 235.0 395.0 18.5 2.0 0.20 245.0 465.0 12.6 1.6 0.18 279.0 547.0 

bydrolysatc 

CU1nva 18 3 2.6 0.20 45.S 95.0 12.3 ·2.2 0.19 75.0 127.0 8.0 1.8 0.15 91.2 213.8 

Ibydrolysatc 

• The, bydJ,,,lyst:lle obtliined from lhc 13.1 M hydrolysis cave lhc 1,;g)IC\\"SJ yield or me:m w.lur ofCiluc:osc Dlld other fcnncnublc sugars lhrougho1u 1hc lhrce (J)
triili w11 the S.61\11 ond 9.4M hydrol)-si•. Hence ii w;u UKd for the eth:lnol production.
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EXPER!l'VIENT 3 

Tobie-' 5 Pattern of Proximntc Analysis of Substrnle Hydrolys�11es nl Different Acid Concentration:-

5.h;\111250.i KYDROLYSIS 9 . .il\1 I 1250.i HYDROL YSlS 13.lM H1SO.i HYDROLYSIS • 

Sample T.O.C T.N T.P c.,, T.R.S T.O.C T.N T.P G.Y T.R.S T.O.C T.N T.P G.Y 1'.R.S 

Des�ription ( 1/e) (o/o) (%) (%) (%) (%) (·/4) (·/4) (%) (%) (%) (%) (%) (%) (%) 

Sa"dust 218 2.2 0.18 290.S 381.S 17.2 1.6 0.17 309.5 460.8 12.8 1.1 0.14 348.0 5-10.0 

bydrolysntc 

'Pbnt:iin 27 3 2.4 0.23 260.0 319.5 23.0 1.7 0.23 285.5 403.0 16.9 1.4 0.20 309.6 465.0 

bydrolysntc 

\'111m 23 7 2.5 0.21 235.0 395.0 18.5 2.0 0.20 245.0 465.0 12.6 1.6 0.18 279.0 541.0 

bydrotysntc 

Ca.s5:avu 18 3 2.6 0.20 45.5 95.0 12.3 2.2 0.19 75.0 127.0 8.0 1.8 0.15 91.2 213.8 

b) droly$nlc I 

• Toe hyd1,1lyswc obl4incd from the 13.IM bydrolysu gave lhc 1,1£bc"'St yjeld or me;in ,,.tut ofGluCOK :>nd other fcrmcnuble SU&mn lhrou&hout 1hc tbr«(l)
cruls Iha" the S.6M Olld 9.4M hydrolysis. Hence it"'"' used fo• the cllwlol ptOduction.
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• 

• 

�A Ethanol Yield

frgurc -1.9 - 4. t 2 sho,vs the production of ethanol from the fermenting broths of the

1-anous substrates every 24 hours. The mean ethanol yields at 24 hours or fermentation

11.:ie: CP (123.3±11.lmL/kg), YP (172.0J:17.5mlJkg) PP (217.7±13.SmUkg) and SD

(240.3± 14.0mLJkg), (p<0.05) respectively. The ma.�imum ethanol production 1V:1S oblllined 

11 48 hours, the mean clhanol yields being: CP: 160.0±15.1 mlJkg; YP: 211.7±15.3

mLJl:g; PP: 265.0±20.SmL/kg and SD: 280.0± 11.SmlJkg, (p<0.05). Meno ethanol yields 

obt.iincd at -18 hours of fcnnentntion 1\ere significantly different from those obtained :u 24 

hows (p<0.05). A significnnt correlation exists bct1vccn tl1c ethanol yields of the substroles 

and time of fennentation (r-0.95) 
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,s Projected yields or Glucose, TRS and Ethanol r rom parent sou.rec

l)c\?loping countries, such as Nigeria ,are rich in biom• .. � 3Jld \ ... �1 • _, ,L. ...... \.., cs mnlcnws uwl ore
swtable precursors for biofuel. yet this has not been fully explored f hi d · · . ·rom l s SIU y. It IS 

possible 10 estimate the glucose and ethnnol yield thnt ,vilt be produce from the parent
so111te. It can be seen from Table 4.6, that the 25 acres ofBodija Timber Processing Unit
\\ill generate sa"dust of mean ,veight ranging from 3.05 :i: 0.05 10 6.10 :i: 0.10 Tons ,1h1ch
c:m be process to give a mean glucose yield of 10-17.1 :i: 28.-10 10 209-1.3 ± 57.00 i:,trons 

11h1ch in tum ferments 10 give on etho.nol yield bet\\'Cen 85-1.S :i: -13.41 to 1709.1 :i: 9.00 

I/tons. 111e Ajose Building Canteen. UCH ,viii generates plnintnin peels of menn ,,-eight 

bcl\\ttn 0.25 * 0.04 lo 0.42 * 0.68 tons thnt can give rise 10 a mean glucose yield that ,viii

runges bel\veen 77 .0 * 12.61 to 128.1 :i: 21.32 g/tons. This in tum \\ill fcnncnts to produc.e 

a mean ethanol yield of 67.2 * IJ.93 10 1 1  J.7 :i: 28.6 Vtons. The 1 acre of Yam fnnn at

Amdina will generates, yam peels of mean ,,-eight bet,vecn 0.18 ± 0.01 lo 0.-16 :i: 0.1 tons

11hich 1vill produce n mean glucose yield bet,veen -19.3 * 2.8" to I 23.4 * 7 .03 gftons. This

in tum cno ferments 10 produce an ethnnol yield of38.9 :t:-1.2S to 97.I * JO.SB Vtons. The

• · -·' rote cnss:i11a peels of mcnn ,vcigbl
Iba of cassava plonlntion nl UTA, 1s proJCCI= 10 gene 

"lucose yield bcl\\'CCn 562.7 :i:
6.66 :t: 0.62 to 23.31 :1: 2.1 G tons thnl can produce n mc.lll ., 

1 , thnnol yield of 10S6.S :I: 7.88 to
13.9S to 1974.9 :1: S7.23 g/ton, and this can resu I inc 

3708,1 :t 31.50 I/Ions.
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• 
., 

Table .... 6: l'rojc-ctctl rnc:in Vnluc of Glucose yield, Tot:il Retluciu,:: Sugar (TRS) yield and Ethanol) h•ld I hat ,viii be 
gcncnucd from lbt' (l!1rcn1 source. 

Sample J\lcnn \Vcll,lht (TonJ) 111e:in Glucose ylcld (gfton) ,1e:1n TRS yield (g/ton) l\1cnn Ethanol � lcld (Vton) 

II Icon :l: SO !'>lean :l: SO l\1e:an,i, SO Mean :I.SO 

lltin. limil Mu. limit llhn. hmu M11Jt. limil Min. limit Max. limit Mm. limit lllox. limit 

S:D 3 .05±00S 6.10:1. 0.10 1047.1 :t:28AO 209-l. 3 :l: 57.0 16352 * lS.10 3270..S:: 70..SS 8 S4. S :t: 4S.4 I 1709.1 :t91.0 

Pf' 0.2S * 0.04 0.42:t:0.68 77.0¼ 12.61 128.1 ±-21.32 1 1 6 .8: 18 S2 177..S± SJ.IS 672¼11.93 111.7 ± 28.6 

VP 0.18 :t: 0 01  0.46 ± 0.01 49.3 ± 2 .84 123.4 ± 7 .03 99 .3 ±324 2-lS.I :t: 8.0 38. 9 :4.2S 97.1 * IO..S8

Cl' 662*062 23. 3 1  ±2.16 562..7 * 13.9S 1 974.9±57.23 1391.4-¼ 99.22 4884.S ± 368.46 10S6..S :t: 7 .88 3708.1 ¼JI. SO 

. 

• 
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CllAPTER FIVE

DISCUSSION

5.1 Source or Substn,tcs 

Fron, the feasibility study carried out 0 
. • 

n some selected major ngricuhural centres in the
state vii International lnstitutc of Tropicnl A . 1 

. 
gncu turc (IITA), Bodljn Timber Processing 

Centre, Ynm Processing Centre 01 Abadinn Q 
. . 

' unrtcrs tn U.1 nod Ajose Building Canteen, 
UCH. It 1s evident that huge amount of ,vastcs O t d r. 

. . 
re gcncrn c .rom these produeuon centres. 

A s1nular study conducted by On,oniio el "' (2007) • d th , ·• rcportc 01 lbadon 1s a sUJte which 
is kn0\\1\ for lnrgc scale agricultural activities where huge amount of lignocellulosic 
"\\;l)h:�" arc gcnerntcd through forcslry and ogriculturnl practices, limber industries and 
m:iny ogro-industries. Due to poor ,vastc ,nonagcmcnt and inodcquotc infrustructurcs, these 
wastes pose serious environmental pollution problcn1 in the sUJte and also constitute grc:ll 
challenge to the stoic govcmn,ent. 

Many sources of lignoccllulosic biomass, such ns ogricuhurol and forestry residues, pulp 

IIOd paper streams, and municipal solid \\'nstc ore abundant and undcrutilittd resources,

,,hich Cllll be converted to ethanol. \Voody nnd herbaceous energy crops. such a.s hybrid

poplar and ,,,itchgross can also be used ns rcncwublc resources for cthonol production. ln

the developing countries, biomass accounts for approximntcly JS% of the of'fordoble

source of energy (Mc Go,vnn t 991; Holl, Rosillo - cal le, and de Groot 1992}. DcdiClltcd

energy crops. gro\\1\ on our notion's ,vo.stelonds, could possibly represent one of the largest

biomass sources. Advances in plant sciences nnd process technologies promise to

m·olutioniu: production o f  energy nnd other products from biomBSS. llowcvcr it uppcors

th:it the first materials used for ethnnol production ,viii most prob:ibly be wn.stc materials

and residues (Kuhad ond Singh, 1993). 

S.Z Physicnl CbnrnctcriJtlcs of Subsirntcs 

Ltgnoccllulosc is the major str0ctural comp0ncnt of ,,·oody pla.nlS nnd non-\\oody plnnts

.. �h 
. ur1:c of renewable organic matter. L111nocellulosc

- as grass and represent s  a maJor so  
I The chemical properties of the components

con,in1 ofhgnin, hcmicelluloscs ond ccllu osc 
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of lignoccllulosic ,vns1cs mnke them O s b u Slrute or enormous biotcchnologicol value(t,iruberbc ond Cloctc, 2003). Cellulose i s  the ma·o . 
. . . . 

� r con5iHucnt of orgnnic maucr of plnntongm. Ltgnocellulose materials nrc the niost ob d un ant nnd renewable resources on cnrth\\hicb makes lhcm oumctive for production of cth I (Zs 1 nno o L, 2000). It can be seen that
11:lltcs lefi over from these production processes ore ob d d -11 , • un ant an su conm1n a high
amount of oligomers nnd cellulosic materials which �·n be us d t rod d h I Th • ..., C O p UCe Cl MO • C 
use of lignoccllulosic \\'Dstcs as ro,v materials in ethanol production not only reduce 1vnste
material crtatcd from these various ngro-bnsed centres, but also to,vcr the cost of ethnnol
production (Badger, 2002). 

Sadly, much of the lignocelluloscs ,vastc is oficn disposed ofTby biomllS!l burning, which 

is not restricted to developing countries 11lone, but it is considered a global phenomenon 

(Levine, 1996). Ho,vever the huge nmounts of residual plant biomass considered as 

''waste" can potentially be convened into vnrious different biotechnological value and 

human nutrient. Biomass is a rcnc\lo'llble resource that is  virtually incxhnusliblc nnd is a 

potential for alternate fuel production. \Vorld1vide, biomass ranks fourth ns on energy 

resource providing approximately 14% of the ll'Orld's energy needs. 

S�' Tot:il Orgnnic C:irbon (f.O.C), Nitrogen nntl Phosphorus content of the vnrlous

biomnss 

The Totnl Orgnnic Carbon (f.O.C) refers to nil cnrbon atoms. covalently bonded in

T O C decreased os the c-0ncenualion of orgilllic molecules. From Figure 4.6, lhe n1can · · 
· . • · • tion of acid. the organic bonded carbontk uuJ 1ncrl:.b.:J. 111c:a11111g. 1hot 01 higher conccntrll 

• .. . . d bon dioxide (CO2) and other 1norgon1ein the substrntes/somples ,vcrc oiud1ze to car 

Carbon (IC) such os carbonate, bicarbonate etc.

TO C ,vns greatest for the rr throughout the
Among the various substrateS, the mean · • 

,vns found in er; \\ilh the 
van • 

. ,vhile the leost menn T.O.C ous acid concentrot1ons 
. bo · 'lS composiuon th:in

lm • . . tit of organic bonded car n ,n I 

phaiuon that r P hlld a high quan Y 
ml d �-"ntion or these "·o.stcs

• • (jcs that the nolU e1,1uu 

OChcr WD.stcs. Environmentally, th15 Lll'IP 
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of lii;noccllulosic ,vnstcs make them O b su strnte or c b' normotl! 1otechnolos1cnl v:ilue(Mlllherbe and Cloete, 2003). Cellulose is the ma· �or consutucnt or orgnnic matter of plnntorigin. Lignocellulose mnterinls ore the most ob d un nnt nnd renewable resources on earth\\hich makes them attractive for production of ethanol (Z 1 200 so t, 0). It can be seen tlult \\ilStCS lefi over from these production processes ore abundnnt o.nd still contnin a highDlltOUnt of oligomers nnd cellulosic materials which cnn be ... -d t d d h I TI • ...,.. o pro ucc et nno . 1c
USt of lignoccllulosic ,vnstcs as ra,v n1nJcrinls in cth3nol production not only reduce ,vastc
material created from these various ngro-bnsed centres, but nlso lo,vcr tbc cost of ctbonol
production (Badger, 2002). 

Sadly, n1uch o f  the lignocelluloscs ,vnstc is onen disposed orr by biomass burning, which 

is not restricted to developing countries nlonc, but it is considered n glob3l phenomenon 

(Levine, 1996). Ho,vever the huge nmounts of residunl plant biom3.5s considered ns 

"w11Stc" cnn potentially be converted into various different biotcchnologicnl value nnd 

human nutrient. Biomass is n rcnc,,'llblc resource that is virtually inexhaustible and is o 

potentinJ for nltemote fuel production. \Vorld1vidc, biomass ranks fourth ns rut energy 

resource providing npproximntely 14% of the ,vorld's energy needs. 

SJ Totnl Orgnnie Cnrbon (T.O.C), Nitrogen nnd Phosphorus content of the vnrious
biomass 

The Total Organic Carbon (T.O.C) refers to nJI carbon atoms. covalently bonded in

To c decreased as the concentration oforgiUlic molecules. From Figure 4.6, the mcrui · · 

uon of acid the orgruuc bonded CMbonth.. c1�1J 1ncr.:.i:.c:J. 1ne.in111� that at higher conccntro · 
. . . . . bon dioxide (CO2) and other 1norsan1ctn the substrates/samples ,verc ox1d1zcd to car 

Carbon (IC) such 115 CW"bonate, bicarbonate etc.

T O C ,vas greotest for the rr tJrroughouL lhc
Among the various substrates, the mean · · 

C ,vns found in er; \\ith the . 
hil th least mean T.0. \'lllous ncid concenll'tltions '" c e 

. d bon in its composition than. . 
r orgonrc bondc car 1mplia11Jon Lbnt rr had n high quanuty O 

ml degrndJJtion of tJ1csc ,,.utcs. lies that the n11tu 
other 'Wi1.Stcs. Environmentally, this imp 
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contributes a substantial amount of 1 green iousc gnscs such C 

tnwonment. This wns in agreement .th Lal 
� Oz, Cl� c1c 10 the 

· WI and Reddy (2005) 
na1uml degradation of lignoccllul . 

who olso reported that 
OSIC \YllSICS by aruierobic di cs . . 

t,Jctcria, generate about 25 millions t , g uon of mcthanogemc 
ons of n1clhnnc gos annually ,vorld\\iidc.

In tcnns of Nitrogen (N); i t  is evident from T bl 4 3 . 
• 0 • 

0 c • - 4.5 1111d Figure 4.7, 1hnl the mcnn 
Totnl Nitrogen (¼) 1ncrcnscs ns the conccnt I° r 

. ra ion ° nc,d decreases. This in1plics thot 01 
10 ie su str:ucs/samples ,.,.ns ox1d1z.c:d and high concentrntion or acid, 1nos1 or the nitrogen. ti b . . . 

'.iberalcd ns Ammonia (-NH3) ,vhile DI lo,v conccn1rolion of acid, oxidation of the nitrogen
10 the snn1plc ,vos less. The mcnn pcrccnlogc (%) Nitrogen ,vos found 10 be greaicst for the 
CP throughout the various ocid conccotro1ions nnd lcnsl for the SD. This means lhnl so

1w the least nn1ount or organic nitrogen in its contcnl thnn the other ,vns1cs (1'1', CP nnd 

YP). 

Acid hydrolysis al boiling-wnlcr tcmpcrorurc converts dissolved and pnrticulntc condensed

phosphlltes 10 dissolved 011hosphospha1c. The hydrolysis unnvoidnbly releases some

phosphate from organic compounds, but this mo)' be reduced 10 o minimum by judicious

selection of  acid strength nnd hydrolysis lime and 1cmpcro1urc. TI1c term "neid·

hydroly,.nble phosphnte" is preferred over "condensed phos11hntc" for this fraction.

From Figure 4.8 nnd Tnblc: 4.3 - 4.5, the "acid-hydrol)'7Jlble phosphate" incrcosed as the

conccntrotion of Lhe actd decreased. This sho"-cd that there 1s nn inverse rclouonsh1p

bct\\ttn the totol phosphorus (%) nnd acid conccntrotion. The decrease in the To1nl

phosphorus(%) in  the form of"dissolvcd orlhosphalc'' nl 13.1�1 concentration of ocid may

be attributed 10 the fact that 01 high cooccntrotion of ncid, the dissolved ond pnrticulnte

condensed phosphates, as ,vcll as lhe organic bound phosphate ,verc converted to other

.,.....uets b "d 1- by Lhe highly conccn11111cd ocid Throughout the vnrious
"'"" or y excess ox1 n ,on 

-·d b drol . 1 b ho!US (%) among the substrolCS ,..as in the following
... , Y ys,s, the mean IOU! p osp 

on1cr Pr> vr > er> so.
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from the results obtained i n  the study ·1 · • l is evident thnt all the 
11JT1ount of mean Total Nitro 

snmplcs had o very lo"' gen nnd Phosphorus (o/c) thr · Th' 
0 • ough the various acid

conccnuuuons. is agrees ,vith Stontets (l993) h' 
. . w icb reported !Ml lignocellulosic \\'IISlcs

DIC usually lo,v in nitrogen nnd phosphorus content.

SA Glucose yield :uni Total Rcducinrr Suoors (TRS) C ., ., onlcnr or Sub5tratc.s 
Production of glucose from biomass orioin ·1s , · ., o common process of socchonficouon
employed in the industries. Several nuthors hove studied the kinetics of the hydrolysis of
cellulose nnd lignocclluloses by ncid nnd enzymatic prOCC$SCS. 

In our study, the vnrious percentage acid concentration hydrolysis "'OS inve5Ligntcd in 
order to optimize the sugar production. Tiu: results shov,•cd that h)•drolysis at I '.l. IM (70%) 
provided the maximunt sugnr content in the substrotcs. This agrees ,vith the concentrated 
acid technology of using 70% cone I hSO� for sugor production from cellulosic mntcriols 
deYcloped from Farone and Cuzens (1996n). Al higher pertcntnge concentrotion oflhSO, 

than 70%, a lot of charring or bro,vning or dehydrating reactions occurred to n varying 

degree. Similar results 01 n high acid concentration wns reported by Agu el of., (1997) on

c-:1�s:i,ro granted ,vnste (CG\V) biomass at I 20°C for 30mins nnd using a high conccnlrotion

of H2SO� (I-SM) hydrolysis ,vns achieved but ,vith excessive chllrring or dehydrating

rtacuons. Other chemical reactions reported in previous studies include the formation of

furfurol from xylosc. Furfurw wns reported to inhibit activities of some glycolytic enzymes

particularly dehydrogcnnse in s. cerevlsiae for ethanol production (Banerjee el al., 1981 ).

The fi d' f lhi d J d thnt hydrol)•sis ot 13.1 M 112S0• gove the best glucose
in 1ngs o s stu y revco c � 

.... TRS · b ,vhen steamed at I oo•c for 60mins ond 50mins
..., yield for nil the su strntcs 

.... . ( 1999) nJso reponcd auto-hydrolysis (steam explosion) as nn
,-..pccuvely. Jcffncs and Lee . . 
fTi • 1• Uulosc materials for hydrolysis. In fact, Bo11$S01d

r ccuve pretreatment method for 1gnocc 
• • 1 conccntrnlion in hydrolysote al the seventy of

ti of., ( 1999) reported an 1ncrcas1ng g uco5c

steam explosion increases. 
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,\rll(lng the substrates, the highest glucose . Id y1c v.-as obl4ined from � Th . 
nmounl of glucose yield in snwdust is due to lhe . 

s:i,� USL c high 
hgnoceUuloscs content of llnrd and Soft

\\ood stem. Cellulose (40-55%) Htni" ll 1 ' ice u osc (24-40%) and Lignio (18-35%) o.s
rtported by Betts el al ( 1991 ); Sun and Cheng (2002) r. 

• • • ' ,rom '11h1ch II ts produced. Ojumu el

o/ ,(2003) also reponed that so\,·dust obllli d fi 11 nc rom ie lree Triplochiton scleroxylon 
conl3Jned 69.S - 80% ccllul ·' I osc anu icmicelluloscs :ind 25 - 30"1. ligoin. The high
cellulose content of SD is responsible for its hinh mean I · Id , I>" g ucosc yie ; since cellulose 1s o
homogcnous polymer of glucose. Badmus (2002) oJso produce glucose from palm tree 

trunk using nuto hydrolysis prior to the acid hydrolysis; he obtained 70% glucose yields 

from the substrate at 2.0% sulphuric acid concentration. 

The lowest amount of mean glucose yield and TRS found in CP cnn be attributed to its 

containing cellulose nnd hemicelluloscs at levels of 24.99% nnd 6.67% (w/w)

respectively as reported by Tcernpntr el al., (2006). This agrees ,vilh prc,•ious study done 

by Teernp:itr et al., (2006) ,,,ho reported that the maximum reducing sugnr of 6.09% (w/v) 

W!IS recovered from cassava ,vostc ofter prctre:itment \vith 0.6M H1SO. at 120°c for 

30mins. Al higher concentrations of I '2SO, !hon 0.6M, the reducing sugar ,,'IIS to,,-cr lhtlll

6.090/4. lltis suggests that less reducing sugar in the solution 1nay be dericvcd as a result of

J.·h� 1 1l111 ,11, 11lnll II h) ulphuri� Jc1J un h>Jrul)tr� pr.idu"�-

The high value of ntenn TRS found in vr, SD nnd 1'1' mny be ouributcd to the high

appreciable amount of hcmicelluloscs in their composition. Hemicellulosc mocromolecule.s

:uc oficn pol)•mcrs of pcntoses (xylosc ond nrobinosc), hexoses (rnostJy mannose) :ind a

number of su�ar acids. J lcnucellulosc.s are of paniculnrly 1ndustrinl intcrc)l since they are

d'I . f .i(osc from ,vhich ltylitol ond furfurnl con be derieved
rto I y avo1loblc bulk source o X1 

(R . 1 1998) E.xtensive research has demonstroted that
oberto ct al., 2003; ParoJO cl a ,, · 

. . 
· h micelluloses deneved sugM, unprovcs the

alcoholic fcnncntntion of x:,losc, the moJor e 

. . 700, f the r;i,v material can be expcclcd to conver1
ctonomres of biomass conversion os 70 0 

11110 tthanol. 
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Among lhe substrates, the highest sJucosc .- Id } ic was oblllined from ,d . Th 'gh
1111\0unt of glucose yield in sa\l;dust is due to th L' 

SIi\, usL e hi 
e ignoceUuloscs content of I lard and son

wood stem. Cellulose (40-5S%) Hemi U 1 
· 

' cc u ose (24-40%) and Lignin (18-3S'1/•) llS

rtported by Betts ct al ( I 99 I); Sun and Cheng (2002) fi . . • ' rom \vh1cb II ,s produced. Ojumu ct

al ,(2003) olso reponed that sawdust obtained fi th . • 
rom e lrcc Tnplochiton sclcroxylon 

conuuned 69.5 - 80% cellulose nod hemicelluloscs :ind 25 30"' ,.,, . Th h' h
. 

- ,. 1.,n1n. e 1g 
cellulose content of SO is responsible for its high m 1 • , ean g ucose )'teld; since cellulose 1s n
homogcnous polymer of glucose. Badmus ('002) also produ� lu r. ., - �e g cose 1rom p.um tree

uunk using auto hydrolysis prior to the acid hydrolysis; be obtained 70"/o glucose yields 

from the substrate at 2.0% sulphuric acid conccntrntion. 

The lowest amount of mean glucose yield and TRS found in CP cnn be attributed 10 its

containing cellulose and hemicelluloses nt levels or 2-t99% ond 6.67% (n•/w)

respectively as reported by Tccrnp:itr el al., (2006). This ogrccs \vilh prc\•ious study done

by Tccrnpatr ct al., (2006) who reported that the mo.ximum reducing sugar of 6.09% (w/v)

wns recovered from cassava \Vnstc after pretreatment ,vith 0.6�1 H1SO, nt 120°C for

30mins. At higher concentrations of lhSO, thnn 0.
6M, tJ,e reducing sugnr \\115 IO\Vcr lh:in

6.09%. This suggests Lhnt less reducing sugar in the solution 1nny be dcricvcd ns a rcsuh of

Jd. r,111, 1 u1 1 ,1d111ic n h) ulphuri, .1�1J vii h)Jrlll)ll• prllJu,b

The high value of mean TRS found in YP, SD and Pl' mny be attributed to the high

appreciable nmount of hemicelluloscs in their composition. Hemiccllulosc macromolecules

11re ofien pol)•mcrs of pentoses (xylosc and orabinosc), bexoses (mostly mnnnose) and n

numb r ·t1 11 · llulos.:s arc of n.-.rticularly 1ndustnal intcrc�l since they are
er o sugar act s. cnuce r 

rtndily nvnilnble bulk source of X)•losc from \Yhich xylitol nnd furfuml enn be derievcd

(R • 1 1998) E.-,:tensi\'C research hllS demonstrated lhnt 

oberto et al .• 2003; PnraJO et a,, · 

al h . 
. 1 th moior hcmicelluloscs derievcd sugar, improves the

co obc fcrmcntouon of '/CJ osc. c , 

. • ?Ool f the fll\V material can be expected to convert
cconom,es of biomass conversion as 10 0 

tnlo tthanol. 
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,\mong the substrates, the highest glucose ield
• .

y ,,-as obl!Uned from �wdusL The hi h
llJ1\0unt of glucose yield m sa\',dust is due to th Ii 

g 

e gnoceUuloscs content of Hard nnd Son 
"ood stem. Cellulose (-40-55%) 1-lemic,IJ 1 ( ' u osc 2-4-40%) and Lignln (18-3So/e) ns

rtJ!Orted by Beus et al ( 1q91 ); Sun and Chenn (2002) r. 
• • •

.,, ,rom v,h1cb 1t 1s  produced. Ojumu tf 

al ,(2003) also reported thnt snwdust oblnincd fl 11 . . rom ie tree Tnplochiton scleroxylon 

conuuned 69.5 - 80°/4 cclluJosc and hcmicelluloses :ind 25 3001 I' 
· 

11 h'ni. - ,o 1gn1n. 1e It;,• 

cellulose content of SD is responsible for its hi"'i m .... ft nluc se · Id · 11 1 
· 

t;, ....., c o yte ; since ce u ose 1s o

homogcnous polymer of glucose. Badmus (2002) also produce glucose from palm tree 

trunk using auto hydrolysis prior to the acid hydrolysis; he oblnined 70% glucose yields 

from 1he substrate at 2.0% sulphuric acid concentration.

The lowest amount of mean glucose yield and TRS found in CP am be attributed to its

conlilining cellulose and hcmkclluloscs at levels of 2-4.99% and 6.67% (w/w)

respectively as reported by Tccrapatr et al., (2006). This ngrcc:s ,vith previous study done

by fccrapatr et al., (2006) ,vho reported thot the ma.ximun1 reducing sugor of 6.09% (w/v)

was recovered from cassava ,vaste ofter pretreatment ,,'ith 0.6t.l I 1iso. ot 120°c for

30mins. At higher concentrations of 1 hSO, thon 0.6M, the reducing sugar \\'IIS lo,ver than

6.09%. 1l1is suggests thnt less reducing sugor in the solution 1nny be dc:ricvcd ns n result of

Jd1� Ir.1th , 11 1 idtllit II l•} ulphuri1; J,1J un h) Jrul) II\; produ1;b

The high value of mean TRS found in YP, SD ond Pl' muy be attributed to the high

appreciable nmount of hemicelluloscs in their composition. Hemiccllulosc mocromolecules

d b .  osc) bexoses (mostly monnosc) and a

art oficn polyn1crs of pentoses (xylosc on ora 111 

. . 11 1 • c of n.-.rticuJnrly industrial intcrcsl since 1hey rue

number of sugar nc1ds. l lcm1ce u ost!S ar ,... 

r. h'ch xylitol ond furfuml con be dcricvcd

rtadily nvoiloble bulk source of xylosc 1rom ,v 1 ' 

• 1 1998) Extensive research hos dco1onstroted that

(Roberto et al .• 2003; PorOJO ct a·• · 

th • bemicelluloses derieved sugar. 1mpro\'es the

alcoholic fcrmentotion of x, lose, c maJor

. 00, f the ra,v motcrial con be expected to convert 

ctonomics of biomnss conversion ns 7 10 0 

into ethanol. 
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S.S Etb:inol production f.rom substrates

Ethanol produced from cellulosic biomass matcri·'· . _,. .. 
. 

= inst=u of t:ra,huonal feedstock is

b,oWD as b1octhanol. n corbon·ncutral com d Tb .. 

. . 
poun · e IJ'lld 1uollll! p� of clhnno l

producuoo 1s through fermentation of sugars ,vith a · 
f 

. . 
species o yenst coiled Saccharomyces 

c, ,.ru1uc:. 110,,·ever, the changing needs enern>· demnnds d hn • ., , nn 1cc ologicru ndVllllces to 

cruc ,cnncntauons a ve led to nnovt>rcomc the general limitations in YC:l.Sl·ba.scd eth11Dolog · r 
• 

h 

exploration of different methods using n broad range of substrates nod novel orgnnisms,

indigenous or genetically n1ndilicd Ne,, lechnologic.) arc being developed that ,011,cn the

fibrous portion of pln.nt moterinl to bioethnnol. These feedstock molc:riiils ore obundnnt nnd

inexpensive (Loi, Reddy ond Sonnli, 2005).

In this present study, the Simullllllcous Sacchllrificalion and Co-Fcrrncntalion (SSCF) ,VDS

employed ,vhich involves the (cm1cntation of both six-carbon hcxoses (glucose, mllllllose,

and galoctose) nnd five-carbon pcntoscs (xylosc a.nd IIJ'tlbinose) sugars to etba.nol. This is

in hne ,vith several authors \\'ho reported I.hat the Simultnneous Sacchnrilicalion nod Co·

Fermentation (SSCF) is superior t o  lhe S imul taneous Sacchllrilication nod Fcrmcntolion

(SSF) technology in terms of cost crrectivencss, belier yields, nod shorter processing time

(Lynd el al., 2003; Chendel el al., 2007). A complete conversion of glucose nnd :>.")'lose

ml\turc \\as obtained b} 0 rc�pin1tor) deficient n1utJ11t of S Jicu/(lt/c1u co-culti"nted ,vith

P1ch1a supihs 1n conunuous culture (Oc lgenes, Laplncc, nnd Molctto, el al., 1996). 

In terms of ethanol yield, lhe result showed t.hnt SD gave I.he highest cthnnol yield nmong

all the subslmtes. Tiiis nuiy be attributed 10 its high glucose yield ond TRS, since glucose is

a precursor for ethanol production. According to Kadan1 (2002), the total sugnr content is

important for the ethanol yield; o key economic parameter depending upon the sugnr

d . s obtllined at 48 hours of fermentation for nil 

content. The n1nximum ethanol pro uctton \\'O 

· ned constnnl 11,c study ou1con1e of this

lhc substrates ond oner ,\·hich the level ren101 

ubstr.1lCS \\'ere used to assess the efficiency

corrobates previous studies in whicll different 5 

d 1 1995) 
. d ffice n.-iper (Brooks on ngrrun , sugnr 

of the slrain Klebs/e/ln o:cy1oka viz., mixc O ,..... 
• • 

1994) com fibre (�1on1ruzi.amnn, Dien, Ferrer,

cane bagassc (Dornn, Aldrich, n.nd lngrnm ' 
1 2ooO) The best stroins of the

Cripe Sutton, ti a . 

ti al 1996). and sugar beet pulp (Dornn, ' 
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uansf ormanlS convened I 00/4 glucose and Io-;. c 11 b" • c O iosc into 44-45g/litre of ethanol
",thin 48 hours. Integrating cellulose components Ii.. 11 .. e cxlrac� ulnr cndoglucnruise can
�uce the ethanol production cosis (Dien, Co11a, and JetTries 2003). \\lbcn a compan11ive
study \\'35 done. in which galacturonic acid-rich suinr beet pulp \\'US fe:nnentcd, KO 11

produc�d significantly higher quantilics of ethanol due to E.coli KOi i nffinily for the 

subsln\tC. 
Dien, Hospell, Wyckoff, ct al., (1998) developed n novel hc,osc OJJd pentose

utilizing the cthanologcnic E.coli strain FBR J by incorporating lhe plasmid pLOl297. An

cthnnol yield of 4.38%-4.66% (\v/v) \vilh 900/4-91% lhcorclical conversion in 70-80 hours

,v:u och1cvcd. Although several microorganisms, including Clos1ridi11m sp .. hn1'C been

considered as clhnnologenic n,icrobcs, the ye:,.st S. cercv/sloe ond the focultotive bacteria Z

.mobills have belier candidates for lhc industrial alcohol production (Bothnst. Nichols nnd

Dien, 1991 ).  The feeds1ock typically account for more than onc-lhird of the production

costs, thus maximizing tl1e ethanol yield is imperative. A high ethanol yield means using

those strains of bacteria that can produce fc\vcr side produclS nnd metabolize all major

sugars, \vhich typically include glucose, xylosc, ornbinosc, goloc1ose, and monnose

(\Viselogcl et al., 1996). Ethnnologenic boc1erio that currently sho\v m11.ximun1 promise for

industrial e,rploiU11ion are E coli. K. oxytoca, and Z.mob//ls.

\lixing hns lln importnnl role in fcrmcnlDlion. The influence of mixing (from IOO-l JO rpni

,._ f z.mobilis onoerobic conlinuous culture
lrc1olu11on� per n1inu1c)) on 1he pcraormnncc 0 

. . Id d ethanol producti1• ity were improved at
was studied It \\'O.S found tl,01 tl,e b1omoss ytc :in 

• • 

. d in the by-product formolJon. Vigorous
higher slirring intensities along 1V1th o ccrc:ise

borsm and anabolism (fomo et al. 2002).

mixing led to o better coupling bct1vcen coin 1 

(Sncc/,arllm ojJlclnar11m) is o ,vcll-

Eth . and sugar cone
· onol production from com I coted in the mid-western

. . vcrnl 1o.n1s using these crops o 
established technology, ,vilh SC P 

1. -15 however 10 using com os
. . . I Ther e ore upper inu ' 

Uruted States and Bnwl, respective Y· 
ch as the DOG (distiller's dried groin),

r • • • cd to by-products su 
,cedstock os the economics ,s 11 

• t nliol ninrkct saturotion Use of

. . roblcmollc due to po c 
lhc crTcctivc mnrketing of v, ,tllch is P 

1 . nlso O promising approach, 1vhich
10 make c1hnno is 

lignoccllulosic biomass as substrnte
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1J1115formants converted I 0% glucose and IO¾ cell b" . • o 1osc tnlo �Sg/litrc of ethanol

,.,lhin 48 hours. Integrating cellulose components lik 11 e c:xtracc ul:1.r endoglucruwc can 

reduce the ethanol production costs (Dien Colla, and JelTries ,003) "''h • - . " en a comp:ira11 ,•c

study \\'llS done, i n  which gnlacturonic acid-rich sugnr beei pulp \\'3.5 fermented, KOi i

produced significantly higher quantities of ethanol due to E.coli KO 11 affini1y for the

subs\lilte. Dien, HospelJ, Wyckoff. ct al., (1998) developed o novel hc.'<ose ll!ld pentose 

utiliiing lhe ethanologcnic E.coli strain FBR 3 by incorporating the pl11Smid pLOl297. An

cthlll\ol yield of 4.38%-4.66% (,v/v) ,vith 90%-91 % lheoretic.iJ conversion in 70-80 hours

was achieved. Although several microorganisms, including Clos1ridi11111 sp •• hove been

considered as elhnnologenic microbes, the yeas1 S. cere1•lsfoe and the facul1ath·o b3ctcrio Z

.mobilis have better candidates for the industrial alcohol production (BothBSt. Nichols and

Oien, 1991). The feedstock typically occounl for more lhM one-third of the production

costs, thus moximizing the ethanol yield is imperative. A high ethanol yield mcnns using

those strains of bacteria thut can produce fc,vcr side products and metabolize oil major

sugars, ,vhich typically include glucose, xylosc, o.rnbinose, gnlaciosc, lllld mannose

(\Viselogel et al., 1996). Ethanologcnic bacteria that currently sho,v moJ<imun1 promise for

industrial exploitation ore E.coli. K. oxyroca, nnd Zmobilis.

· · · · r · Toe influence of mixing (from I 00-110 rpn,

�hiung hns on 1mportont role 1n ,crrncnto11on. 

r f z ,robills anaerobic continuous culture

lre, oluuons pc:r minute)) on the pcriorrnnnce o 1 

. . Id d ethanol produc1ivi1y were improved nt

was studied It ,vns found thot t11e b1om� yic on 

. d e in tl,c by-product formntion. Vigorous

higher stirring intensities nlong ,vitl1 a ccre115 

bol" m nnd anabolism (f omo et al .. 2002).

mixing led to  o better coupling bct,veen caLD is 

(s(lccl,arum offic/11arim1) i s  o ,,'CII·

E . d �ugor C'1nc
thanol production from com nn 

. 1 Clltcd in the mid-,vcstcm
. . 

. evcrol lonts using these crops o 

cstAbhshed technology. ,v,th 5 P 

u r limits ho,vevcr , to using com as

U · ·1 -=tivcly. There ore ppe . . 
mtcd $totes and Brau , , ..... ,,-- 11 DOG (distiller's dried groin),

. . ed t o  by-products such os ic 

feedstock ns the economics is 11 
• t ntiol markel sntumtion Use of

. 
. roblcmo11c due to po c 

the cfTcctivc rnorkcting of ,.,,hich 15 P 
1 • lso O promising opprooch, ,vh1ch

mllkc ethMO is o 
lignoccllulos1c biomass as subsU11te to

112 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



uin5formants convened I 00/4 glucose and I oy. cell b" . · • o 1ose into 44-4Sg/litre or ethanol
v.,lhin 48 hours. Integrating celJulose components like "'vtra 11 1 d "" cc u ar en oglucnnasc can
reduce the ethanol production costs (Dien, Cotta. and Jeffries '00)) \'"-- . ,. uen n compruuuve
study \\'aS done. in  Y.•hich galncturonic ac id-rich sugar beet pulp wns rennented, KOi i
produced significantly higher quantities o f elhnnol due to E.coli KO 11 aflinity for the 
subs1r11tc. Dien, Hospell, \Vyckoff, et al., {1998) developed n novel hc xosc and penlOsc 
utilizing the cthanologcnic E.coli stroin FBR 3 by incorpornling the plnsmid pLOl297. Art

ethanol yiel d  of 4.38%-4.66% (\v/v) \\1th 90'1/o-91% lhcorclical conversion in 70-80 hours

11.u achieved. Although several microorganisms, including Clostridium sp .• hnve been

considered as clhMologenic m icrobes, the yenst S. cerevls/ae and the focultativc b:lcterin Z

.mobilis have better cnndidnlcs for the industriol alcohol production (Bothast. Nichols ond

Dien, 1991). The feed stock typicolly nccount for more th:in one-third of tbe production

coslS, thus mn.ximizing the ethanol yield is imperative. A high elhOJ1ol yield means using

those strains of bacteria thut con produce fc1ver side products nnd mcwbolize all major

sugars, 1vhich typically include glucose, xylosc, nrobinose, golnctose, and n1nnnose

(\Viselogel el al., 1996). Ethanologenic bnctcrin that currently shoiv mn.ximum promise for

industrial exp loitation are £.coll. K. oxytoca, and Zn,obi/is.

· · Th · nucncc of mixing (from 100-110 rpm
Mixing hns nn in1portnn1 role 10 fcrmcntauon. c in · 

r. f z,nob//is anaerobic continuous culture
ln:voluuons per minute)) on the pcriormnncc o 

. . Id d ethanol producLivily were improved at
was s1udied. It \\'llS found that the b iomass )'IC nn . . 

. in tlic by-product formohon. Vigorous

higher stirring intensities along ,,'llh a dccl'C4SC
bol" m ond anabolism (Toma et al .. 2002).

mixing led 10 a better coupling be1'vcen coin 15 

(Sacchan1m offlclnar11m) is o ,vcll-

E•'-- I . 
r: m and sugar cone

u ... no producuon 1rom co . 1 cntcd in the mid-,vestcm
I lnnts using these crops o 

cslablishcd technology. with sevcro P 
1• -15 boivever to using com o.s

. . • I There arc upper inu • 

Uruted Slates and Brazil, rcspecovc y. 
ti DDG (distiller's dried groin),

. . 
. ed o by-products such as ic 

feedstock o.s the economics 15 11 1 
• lcntiol morkel soturotion. Use of

• 
. roblcmooc due 10 po 

the clfcctivc marketing of 1vl11ch 15 P 
1 . olso O promising npproneh, ,vh1ch

. to make ethono ,s 
hgnocellulosic biomass as subs1.r11tc
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docS not suffer from these limitalJons. Although currently � . , .. more expensive approach. 11

also offers concomitant environmental benefits Many 50.,.,,_ f 1- 11 1 . b
. · -�- o 1gnocc u os10 1omass,

such tlS agricultural and forestry residues, pulp o.nd paper waste streams, and municip:il

solid \\-astc arc abundant nnd underutilitcd resources, ,vhich can be converted Lo ethanol.

Woody Md herbaceous energy crops, such as hybrid poplar nnd s,vitchgmss Cllll also be

used as renewable resources for ethanol production; researchers al the 03.k Ridge Notional 

Laboratory (Oak Ridge, Tennessee, USA) studied the logistics o.nd economics of energy 

crops (f urhollo,v 1994; \Vright I 994; Pcrlock o.nd \Vright 1995; Pcrlnck, \Vnlsh, \Vright, cf

al .• I 996). Ho,vevcr, it appears thot the first materials used for ethanol production ,viii

most probably be waste materiols and residues (\Vyman and Ooodmao, 1993).

Ethanol is a cwo carbon alcohol (C2I lsOH) i.e n monohydnc primary alcohol which is

isomeric ,vitb DME (di-methyl ether). It melts ot -1 l'l"C and boils nt 78.S°C Except for

3tcohol beverages, nenrly nil ethanol is n mixture of9 5% nlcohol and 5% '"ntcr. It is n high

perfonnance fuel, ,vbich i s  used in spark ignited internal combustion engines (Lynd cf at,

2003). It is considerably clcnner, less toxic, nlso less conosive (Lal nnd Rcddy,2oo5;

bl b. mw has received considcrnble
Risch, 1998). Bioethonol produced from renc,vn c 10 

. h I n <>nsolinc fuel additive. as ,veil os
ottcntion in current years. Using ct nno GS " 

• d environmental pollutJon. In the

transponation fuel, helps to ollcviatc globnl ",arming on 
. 

r. cus on developing on econom1cal nnd

last decode most research hBS tended to 10 
' 

h cm hnsizc is being p,ivcn to the producuon

ecofriendly ethanol production process. Muc p 
r 1. II I ·e biomass

• d es nod forms O 1gnoce u 0s1 

of cthnnol from ngriculturnl and forestry rcsi u 

(Kadam ct at., 2000). 

fits or Dioc1bonol Production

S.6 Enviro11111c11tnl nnd Henllh bcnc 1 

S.6.1 Environn1entnl benefits:
11 ti onol is considered to be better

E 'ronn1cnt: Qvc.rn ' e l 

� Ethnnol is goo<I for the '"''' 
1 fu led vehicle produce lo"·cr corbon

nsoline Ethano • e 
for the environment thnn g 

. . d the same or lo,vcr levels of

d'oicidc emissions llll 

monoxide nnd carbon • • . • ESS o blend of 85 percent cthnnol

r .11 gen cm1ss100. 
hydrocarbon ond oxides O 01 0 
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and 15 percent gnsolinc, \\hich means fewer . .
fro C1111SS1ons m evaporation. Adding 

elhanol to gasoline on lo\\-er pcrcentnges such 10 , DS pcrcen1 cthMol and 90 percent 
gasoline (El 0) reduces carbon m on oxide emissions fro th tin d. m e g:i.so c :in improves
fuel octane rating. 

,. 1 ct Reduction in Ground-level Ozone forming Emissions: <.,round le\l:I 

ozone causes human respiratory problems and drunoges many plllllts that bul does 

nothing to increase ozone conccnLrnlion in the slrotosphcrc that protects lhe cnrth 

from the sun's ulLraviole1 rodiation. There arc mnny compounds tbal react ,vith 

sunlight to form ground-level oione, ,,•hich in combination ,vith moisture and 

particulate moUcr, creates 'sm og' the most visible form of oir pollution. These 

compounds include carbon monoxide, unburned hydrocarbons. benzene D11d 

nitrogen oxides (nitrous oxide nnd nitric oxide). Ethanol blended fuel bums \\ith n 

greater reduction of oil these gases. 

> Reduction in hnmiful Greenhouse Gn�cs: In comp:lrison 10 gasoline. c1hnnols

(alcohols) have a higher octane number than gnsolinc and bums cleaner ,villi a 

grcotcr efficiency, thus putting less cnrbondioxidc ond overall pollution in the air.

oduced from its combustion.
Additionally, only 10,v levels of sm og arc pr 

S.6.2

,. 

, h I 'gher octane number = endure n

According to Agllf\vnl (200S) fuels \Vil O 11 

. . , inc knocking tnkes place:, tlus gives the

higher comprcss,on rnuo before the ens . 
. d thus become more powerful ,  cflic1ent

engine on ability to dchvcr more P0"-cr, an 

:llld econom1cal. 

Hcnlth benefits include: . . r benczcne n hydrocarbon
1 1 decreased em1ss1ons o 

The used of ethanol he  P O 
• " (EPA) os II known humon

. cnt11I Protcc11on Agent, 

classified by the Environrn 
700, f the toutl toxic emissions from

unts for 11bout ,. o 

c11Ic1nogen. Benzene ncco 
,onry 200-1). Accorthng to the EPA

uonol gBSohnc , 
,chicles running on conven 

10 bcnczcnc con 1c11d to blood disorders,

(2000) hnznrd summary, exposure
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and 15 percent gasoline, which means fe,vcr cmtSS· . ,._ • . ions uum e,iiporuuon. Adding 
ethanol 10 gasoline on lo\lter pm:en1ag,.., such as Io-. percent ethanol Md 90 pcrc:enl 
gasoline (EI 0) reduces carbon monoxide emissions fro th 1· d · m e gnso me nn tmprovcs 
fuel oc1anc rating. 

, Ne1 Reduction in Ground-level Oionc forn1ing Emissions: Ground - lc:vc:I 

ozone causes humtlll rcspiralory problems and drunages many plants 1hn1 bu1 docs 

no1hing 10 increase oz.one conccn1mlion in 1hc stnuospherc 1ha1 protects the eilrlh 

from lhe sun's uhraviolel radia1ion. There are mnny compounds tbal reacl \\1th 

sunlight 10 fonn ground-level ozone, which in combinlllion ,Yi1h moisture o.nd 

particulote molter, creoles 'smog' the most visible form of air pollution. These 

compounds include carbon monoxide, unburned hydrocarbons, benzene Md 

nitrogen oxides (nitrous oxide ond nitric oxide). Ethanol blended fuel bu.ms \\ilh n

grcalcr rcduc1ion of nil these gases. 

> Reduction in harn1ful Greenhouse Gnse.s: In comparison lo �a�line. ethanol�

. be h line ond burns cleaner ",j1h n
(alcohols) have a higher oc1nnc num r t an gnso 

. 
. 

. 
. h . I ss cnrbondioxidc nnd ovcrnll polluuon in lhc DJr.

grca1cr cffic1cncy, t us pulling e 
Produced fron1 i1s combuslion.

Addi1ionolly, only lo,v levels of smog are

I , lh hi nhcr ocuinc number cnn endure n

According lo Agllt\vnl (2005) fuc 5 ,vi II b" 
. . 

. . 11 ine knocking tnkcs place, this gives lhe
hi&hcr compression rnuo before ,c cng 

. d thus become more po,,-erful, cffic1co1

engine on ability to dchver more po,vcr, 00 

and cconom1cal. 

S.6.2 Hcnllh benefits include: . . or benczc nc, 11 hydrocarbon

I to decreased cm1ss1ons
� The used or ethanol he P 

(EPA) ns 3 kno\\'11 human
. entnl Protection Agency

clnssified by the Envtr0nm 
70% of the 101111 1oxic cn1issions from

unts for nboul 
carcinogen. Benzene 3cco 

. (O""" l004). According 10 the EPA

, 
uonol gosohne -, ' 

vchich:s running on convcn 
con lend to blood t.hsordcrs,

exposure lo benczcnc

(2000) hnz.ard summll1Y, • 
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including nnnemin and higher instane� f 
• 

0 leulcaeaua., ns \\-ell as short - t 
impacts such as headache and res irato . . • . . 

enn 

. . 
p ry untation. Studies ha,c 1ndicntcd that 

blcndmg elhanol \Vllh gasoline 11111 !Oo/c 0 rate can reduce benzene emissions by ns

much as 25%. 

>- Toe America Lung Association links the emissions or M:1 . .... . 
"" pipe soot wiu paruculate 

matter to cnncer, asthm:i and heart :itt:icks· th thnn I bl d. , us e o en mg plays on 

important role in improving Public Health (Jacobson, 2007) R 1 • 1
. 

. . ep acing gaso 1ne 

,vith ethanol also reduces emissions of butndicnc. a probable hwnnn cnrcinogen

and formnldehyde, a toxic contwninnnl. 

, 1l1c conversion of cellulosic wastes into biocthanol helps to prc,cnt lcnchates :ind

runoff from these ,vastes to percolotes through the soil thereby causing pollution

of the underground ,voters. Pollution of underground \\':lier cnusc both acute ond

long-term effects on the human hcollh. Acute effects includes GIT infections,

ccrcbrospinal menegitis etc ,vhilc chronic effects are c:ircinogcnic which includes

carcinoma of the liver o.nd skin, foetal obnonnalities. The biocon,crsion of these

wastes into cthMol nlso helps 10 crcntc o friendly environn1cnt by preventing

stress related 10 odour, noise. vermin ond visual omcnity (Oolk. 2002). 

5.7 Cllrnntc benefits 

The term 'climoh: chnngc' refers 10 0 ,vidc rnngc of chooses in ,ve:ither pntlcms thnt result

' · · I · · the Eorth' s overage temperature could

,rom global ,vorm1ng. A substnnuo increase in

· • · d lt'ns of polar ice cnps, raising sen levels

result m o chMge 10 ognculturol patterns an me 1 · 

· nl Under current conditions, use of ethnnol-

nnd causing flooding of IO\\' lytng coast areas. . . 

bl I d I 50A gnsoline) CM reduce the net cm1ss1ons of

ended fuels os ESS (85% ethnno an • 

& No ) by os much os 37.1 o/o. Ethonol-blcndcd fuel ns 

greenhouse gnses (C�, CO, COJ x 
nhousc gases by up to 3.9 % (Gary,

BIO (10% ethanol ond 90o/o sosotinc) reduces gree 

I is mode from cellulose, the greenhouse gas

2004). It is expected that once ethon° 

emissions reductions will further 1n1prove.
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inchiding llllllemia and higher instan f 1 
. 

ccs O eukaemia, a.s ""II a.s short - tam
impacts such 115 headache and respir:lto • . . . . 

. . 
ry tmltllJon. Studies have mdicotcd that 

blending etlunol \Vllh gasoline at a 1 ()OJ. 1 • ra e can reduce benzene emissions by as

much 115 25%. 

,. The America Lung Association links the emissions of tailpipe soot and particulate

mnucr to cancer, asthma and heart attacks· th ,._ __ I bl d' t , us euwuo en mg p ays nn 

importo.nl role in improving Public Health (Jacobson, 2007). Replacing gasoline 

,vi1h ethanol also reduces emissions of buladicnc, a probable humnn carcinogen

and formnldehyde, a toxic contaminant. 

, 11,c conversion of ccltutosic wastes into biocthanol helps to prevent lcachlues and

runoff from these ,vnstcs 10 percolates through the soil thereby causing pollution

of the underground ,vatcrs. Pollution of underground \\'liter cause both acute nnd

long-term effects on the humnn health. Acute ctTects includes GIT infections,

ccrcbrospinal menegitis etc ,vhilc chronic effects are Cllrcinogenic \\'hich includes

cnrcinomo of tbc liver :ind skin, foctnl obnormalities. The biocon,crsion of these

,vnstes into ethanol ruso helps to create a friendly environinent by preventing

stress related to odour, noise, vermin and visual nmcnity (Oolk, 2002)

S.7 Clln1n1c benefits 

The term 'cliinntc change' refers 10 n ,vidc range of changes in ,,'Cother patterns lhnt result

· · · the En,r1h's overage 1empcroturc could

from global ,vanning. A s11bstnnt1al increase in 

d I ting of polnr ice cops raising sea levels

result in o cho.nge in ogricullurnl pnuems nn me 

. Under current eondilions, use of cthnnol-

lllld causing flooding of lov., lying coastnl orc05- · 
• • 

d I so/c gasoline) cM reduce the net cm1ss1ons of

blended fuels as E85 (85% ctl1nnol on • 

& "'O ) by n.s much I\S 37.1 o/o. Ethnnol-blcndcd fuel ns

greenhouse gases (CH,., CO, C01 r• x 
3 9 ,, (G 

""'cnhousc gases by up to . ,. ary,

BIO (10% clhnnol nnd 90¾ gBSoline) reduces ... -

ode front cellulose, the greenhouse gos

2004). II is expected lhol once cthanol is m 

em1ss1ons reductions will further improve.
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including anaemia and higher instan f 
. 

ces o leuknemin, ns well ns shon - tcnn
impacts such as headache and res irnt . . . . 

. . 
p ory tmlalJon. Studies hove indicated that

blending ethanol ,vith gasoline 01 0 1 ()OJ. 0 rate can reduce benzene emissions by ns 
much as25%. 

, The America Lung Association links the emissions of ,�:1 . d . .... pipe soot an particulate

matter to cancer, asthma ond hean att:icks· th than I bl . , us e o ending ploys an

important role in improving Public Health (Jacobson, 2007). Replacing gnsoline 

with ethanol also reduces emissions of buuidicnc, a probable bumnn carcinogen

and formaldehyde, a toxic contaminant. 

, 111c conversion of cellulosic \\ astcs into bioethnnol helps 10 prc\'ent leacbates and

runoff from these ,vastcs 10 pereolotcs through the soil thereby Cllusing pollution

of the underground ,vaters. Pollution of underground \\-atcr cause both ncute Md

long-term effects on the human hcollh. Acute effects includes GIT infections,

ccrcbrospinol menegitis etc ,vhilc chronic effects ore carcinogenic which includes

carcinoma of the liver ond skin, foetal obnormolities. The biocon,crsion of these

,vostes into cthonol olso helps to crelltc o friendly environment by preventing

stress related 10 odour, noise, vermin ond visual nmenity (Oolk, 2002). 

S.1 Clhnntc benefits 

The term 'clin,ntc change' refers 10 0 ,vidc rnnge of changes in weather p.ittems thot result

fro1n global ,vorming. A subslllfltiol increase in the Earth's overage temperature could

· · · d I ting of polar ice caps, raising sen levels

result 1n o change 1n agncullurnl patterns nn rne 

d . n d' f 1 1 . coastal orcns Under current conditions, use of ethanol-

an causing oo mg o o,v ymg · . . 
50, r e) Cllfl reduce the net crn1ss1ons of

blended fuels os E85 (85% el11nnol nnd I 70 gnso in 

& No. ) by as much ns 37. I %. El11onol·blendcd fuel as 

greenhouse gases (CH�, CO, C01 x 

d nn-enhousc gases by up to 3.9 % (Gory,

EIO (10% el11nnol and 90¾ gasoline) re uces b'-

1 is mndc froni cellulose, the greenhouse gas

2004 ). It is expected thnt once ethnn° 

emissions n:ducLions will further improve.
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5.8 Sustainability of the Production Process

In the late 1970's, the first major oil crisis oc�,......1. lh _., r 
. • 

..... , .. .., e n ....... ,or renewable hqu,d fuel 
such as ethanol \YaS recognized (Lichts, 2006). Ethonol is nO\\,adays :in imponan1 product 

in the fuel markeL Its market grt\Y from less than a billion litre in 1975 10 more than 39

billion litres in 2006 and i s  expected to reach I 00 billion litres in 20 J s (Lichis, 2006).

Lignoccllulosic matcrinls arc renc\wblc, hirgcly unused nnd abundantly ov:tllnble sources

of raw materials for the production of fuel ethanol. Lignocellulosc materials cnn be

oblilincd ot lov,• cost, from a variety of resources (Wyman, 1996). These materin.ls contain

sugar polymerized in form of cellulose and hcmicelluloscs which cnn be liberated by

hydrolysis and subsequently fermented to elh:inol by microorgruusms (Millati ct al., 2002:

Pnlmquist and Hahn-Hagcrdal, 2000). Bo.scd on a review of literature, it is estimated lhnt

ethanol yields from lignocellulosics \viii range behvccn 0.12 - 0.32 UKg undried

ftctbtock dcpcndtng upon the efficiency of tl1c five carbon sugar convcr)1on (\Ving.rel at

al., 2003). 

· · · I I ·,,, elh:inol produced from biomass may
In countnes \v1th surplus of agncu turn capac1 , , 

booster for 1r.iditional motor fuel. \Vhile
represent o sensible substitute, extender or octane

• • I05SCS can be fcnnentcd directly, this is

sugar-based rG\V mntcrinls such o.s cone JUICC o r  nio 

.• ,. Tl have to be converted to fcrrncntoblc
not possible for March based ra\V motcn=- icy 

. . the rinciplc of using enzymes l o  produce

sugar lirst. Although the equipment 1s dtffcrcnl, P 

d · portable alcohol.
fuel alcohol is similar to that for pro ucmg

.d or b••e .-ninlvscd reactions for
based on oc1 ..., "'' ' 

�1110y traditional chemical processes . drowb�cks from O comn1crcial and
• • 1 d LS have inherent

processing of ognculturo pro uc . 11 in poor product yields.
. . cilic rcoct100S may rcsu 

cnv1ronmen1al point of v1c,v. Non spc . u· ns mo" lead to high cost and
ecded to dnve n:nc o. , 

High temperatures and high pressures n 
d 'llStrealll Harsh and harzardous

f cooling water o,� · ' 

requirement of lorge volumes O 

acidity or olkolinity need hi&h capitol

iurcs pressures.
l)roeeSscs involving high tempera ' 

uol 5, ,stcms. Un\vantcd by-products
. mcnt and con , 

investment and spcc1olly designed equip 
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may prove difficult or costly to dispose orr. High chemical nnd energy consumption o.nd 

b3l1llfill by-products have a negative imP3Ct on the cnvironmcnL The use of enzymes may

\11tU311> eliminate these drowb.icks ,vithin the non - food as \\'ell as within the food area.

Over the last 8-IOyrs, ne,v enzymes systcn\S hllve been developed for the bioethrulol

indUSttY (Sejrolsen and Schafer, 2006). To minimize investment nnd operating coSI novel

enzyme system have been developed. 

• 

• 

• 

• 

• 
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CHAPTER SIX 
CONCLUSIONS At'l'D REC0�1J\lENDATIONS

6.1 Conclusion s

n,c purpose of this study ,vas to investigate the cthMol vi Id' · f , .c 1ng cnpac,ty o some selected 
!ignocellulosic based ,vnstcs. The results show that sawdust produced the highest glucose

and ethanol yield among the substrates. ll1crefore ethanol production fro1n Sllwdust should

be fully optimized.

Bioconvcrsion offers a cheap nnd safe method of not only disposing the agricultural 
residues. but also i t  has the potential to convcn lignocellulosic waste into usable forms 

511ch as reducing sugars ll1at could be used for cllionol production. Hence the conversion of 
lignoccllulosic ",vasles" into biofuel such as ethllnol ,viii help reduce environmental 
pollution, contribu te 10,Yllfd the mitigation of grccnl1ouse gases emissions and SCNC as a 
sustainable solid ,,rnste m11Jlllgement strategy. 

lnccnti\'es available ncross the globe for in\'esrmcnts in ethanol rcsenrch and production

� lucrotive enough to make ethanol avnilablc al o cheaper price. However, this may be a

burden economically for many countries. Hence, there is a need 10 put resenrch efforts into

morc focused goal of ethanol productipn from cheaper and feasible agricultural \\'llSICS

I beet clc ,,•hich in fact contribute
rather than from com, sug!IJ' cane mo asses, sugDI • .. 

rod · on.�n from the cost of enzymes to be
greatly to inOnting the cost of ell1:mol p uct,on ,..-

added for hydrolysis of the complex carbonhydrotcs. 

. • wstcs in biotecbnologicnl process hos cut

Conclusively, the utilizotion of hgnoccllulosic ' . . . 
' otcntiol for induslflal opphC3UOn 1111d

across ,vidc range of product wluch hos P 
. . b'l'ty depends solely on efficient use of tile

commcrcializ.olion. Ho,vcvcr, the economic vui 1 1 . d 
. e rent source of these ,vastes remrunc nn

agro-\\•ostc. The scnsonal hnrve51tng of th p.1 
b' ll ol production thereby

• . . f the feedstock for io·c ,o.n 
impediment to cons1ont nvoilabihlY O 

bl b'o fuel In addition the

• • • • • • • nJ roductlon of the rcnewo c ' . . ' 

damping 115 v1nb11tty for 1ndu5ln P • , cs · s 001 cfficicnl for cffcc1ivc
. . oSl developing countn ' 

present cnvironmcntnl lcg1slotion 10 m . rod ers If such situntion prevails for
'd from 01:IJOf p UC • 

collection of these ogro-bascd res• ucs 
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1ong ii may remain a lifetime chall enge for commercii1li 

11JStC. 

zauon of bio-cthanol from the 

Utiliznuon of agro-bnscd ,vnsics fo th 
. 

r e producuon of bio-ctl 

1111StCS reduction strategy and mitigation
innol 5erves n duo! benefit: 

of greenhouse goscs . . 

,ccommcndntions arc suggested al ·,nd' 'd I 
crrussions. The fo1Jo1ving 

'v1 un research d ' er an govcn1mcn1 levels: 

6.2 Rccon1n1cncln1ions

lndividunl lc11cl 

Individuals should try lo minimize ,vnste generation and mitinot " nh 

. . . 
., c .,rec ousc gnses 

cm1ss1ons, ,vh1ch could be achieved through the following ,vnys:

' Public cnlightment and hcnllh education should be undertaken 10 educate

individunls/community on environmental nod health haz.nrds associated 1vith

indiscriminate disposal of 1vos1es.

• Dissuade people from the opening burning of biomass.

• Vehicles 011-ncrs should be encouraged to u.se cthnnol blended fuel in their

outomobiles like in most other countries such as Brazil, Chino, Canada etc. 

• \Vaste minimizntion ond scgregotion ot point sou«:e should be encouraged by

keeping nil agro-bosed \\'IIStCS in o specially co:ucd contniner for ensy coUcction

ond utilia1tion by dcsignat(d agencies ond nuthorilies. 

RC$c11rch lnstitulions/Stukcholdcrs

Research institutions and other stakeholder s  in energy sectors can contribute townrds the 

SUStainability of bio-cthnnol production in lbe follo,ving ,vnys: 

• Rcsc:irch should be focused in the direction of evolving n1icrobeS that con convert

lhc I I. 11 1 ses ,noteriols 10 simpler mctnbollzoblc sugors and thc:n 10

comp ex ,gnoce u o 

ethanol. 
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• Oc\lclop engineering systeins .11 • 
• • 

\VI I improved octi\litic · . 
apphcnt1on through specially des! 11 d . . 

s suuable for 1ndus1riol-scole 

g e equipment and control systems 

• Technological advnnccincnts in ., "'enomics nnd protcon1ics th , 

overcon1c the feedstock inhib"t" 

orcos ot ,viii be able to 

t ton of the hydroly-1.1:d products 

rcoc11ons nnd hnmiful by-products. 

, non-spccilio 

• Develop nuton1obilc engines that ,viii be bl 
• 

n c to work effie1cntly using ethanol 

blended gnsohnc. 

for Govcn1n1cnt

&scd on the findings of this study, it is rcco1nn1endcd that the Federal Government should

as o matter of urgency properly nddrcss tho problem of solid ,vo.ste management and

chmJte change, ns follo,vs:

• Encourage the suitable bioconversion processes of agro \\'OS1CS on o wider stoic.

• Promoting wban intcnsificntion to reduce the need to use priv.ttc nutomobile.

• uo,cmment should make legislation thot \\lit promote the use of ctbllnol-blcndcd

gasoline in nll automobiles

• By fncilitnting the development and/or cxp;msion of commercial intcr1rnted energy

systems. 

• Government should give out incentive for ,vnste minimiznlioo

• Politicnl will: Governments should sho,v comnuuncnt to the octualimtion of the

g031s o f  the Kyoto's Protocol ond other cnviroomcnUll oirccmcnts signed by 1hc

fintline countries to reduce greenhouse gos productions

.. 1 .-,1 1· 
nnlicv ,vith lignoccllu1Mic \\'l,tc, a5 it, nuln

t ..,v 
ec:t"r'"'g c1h:,nt1 rr, ... uc ,on ,.. • 

f. cditocks in response to the alobru initloli�-e (blo-fucl production)
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APPENDICES 

Appendix l: Experiment l 

Table I.I: Volume of Hydrolysales obtained from the ncid hydrolysis of the ,•arioll5
substrntc.s 

l '
'

2- Tot:il

,\cill H)•drolysis Substrntc Type hydrolysis hydrolysis volunlc (ml) 

yp 30 125 155 

S.6M CP so 128 178 

pp 15 110 185 

SD 2S 98 123 

yp 52 128 180 

9.41\'I CP 76 100 176 

PP 92 98 190 

SD so 90 140 

yp so 122 172 

CP 110 12S 235 

13.IM 100 115 
PP 15 

85 9S 

SD 5 

nb e • c crnu 
• 

,vclght or snn1rlc tnkcn Titre Vnluc 

Acid Sn1nplc lcni
3
) 

(11\

Concrntrntion O.l
10.10 

SD hvdrolvsntc 0.1
7.20 

S.6i\ I pp hvdrolvsote 0.1
9.50 

yp hvdrolvsote 0.1
13.0 

CP hvdrolvsatc O. l
13.40 

SD b\•drolvsotc O.I
9.90 

9.4M pp hvdrolvsntc O.l
13.00 

yp hvdrolvsnte 0.1
16.40 

CP hvdrolvsnte 0.2
8.56 
14.19 

SD hvdrolvsate O. I

PP hvdrolvsote 0.2
7.9S 

J3.ll\1 14.08 
yp hvdrolvsntc 0.2

CP hvdrolvsatc

T 1 1 201 ·ontlon orTotnl Org11nic Cnrhon (f.O.C)
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APPENDICF.S 

Appendix 1: Experiment I 

r,btc t.1: Volume ofHydrolysates obtained from the add hydrolysis of the ,•ariou_s
substrates 

1" 2••

,\cid Hydrolysis Substrate Type hydrolysis hydrolysis 

yp 30 125 

5.61\1 CP so 128 
pp 75 110 

SD 25 98 

yp 52 128 

9.4M CP 76 100 

pp 92 98 

SD 50 90 

yp 50 122 

CP 110 12S 
13.li\•I 100 

PP 15 
85 

SD 5 

T 1 o,.,,nnic Corbon (f.O.C)
T bl I 2 D tcr1ninntion of otn ·., 

n C , • 
• 

C • 

\Veii;ht or 511mplc tu ken

Add Snn1plc (!') 

Concentrntion 0.1 
SD hvdrolvsntc 0.1 
rr hvdroh•satc 

5.6M 0.1 
yp hvdrolvsnte 0.1 
CP bvdrolvsntc 0.1 
SD hvdroh•satc 0.1 

9.-H\ 1 pp hvdrolvsntc 0.1 
yp hvdrolvsntc O.I
CP hvdrolvsnte 0.2
SD hvdrolvsnte 0.1
PP hvdr olvsate 0.2

13.11\-1 
yp bvdrol vsntc 0.2

CP hvdrolvsotc

139 

Tor:al 
,•olun1c (ml) 

155 
178 
18S 
123 
180 
176 
190 
140 
172 

23S 
115 
9S 

Tilrc Vnluc 
(cai'l 

10.10 
7.20 
9.50 
13.0 
13.40 
9.90 
13.00 
16.40 
8.56 
14.19 
7.95 
14.08 
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Table 1.3: Determination orT01:1I PbosphoruJ (%) 

Acid Concentr:ition Sample Absorb11ncc rr:ading ppmP 
(470nm) 

SD hvdroh1satc 0.097 2206.75 

5.6M PP hvdrolvsate 0.119 2707.25 

YP hydro I ysate 0.110 2502.S 

CP hydrolysate 0.106 2411.S 

SD hytlrolvsatc 0.089 202-1.75

9.41"1 PP hydro I vsatc 0.114 2593.50

YP hvdrolvsate 0.101 2297.75

CP hvdrolvsote 0.092 2093.00

SD hvdrolvsate 0.082 l 86S.50

13.JM pp bydrolvsate 0.105 2388.75
1979.25

yp hydrolysate 0.09S 

0.087 1979.25
CP hvdrolvsatc

T t,I I -I Detcrn1in:1tion orTotal Nitrogen (°lo)
:l. C .• : 

Titre Vnluc (en,,)
Snn,plc 

Acid 
Conccntrntion ).30 

SD hvdrolO<J1te 3.50 

S.61\1 pp hvdolvsatc 3.80 
yp hvdrolvsatc 4.00 

CP hvdrolvsatc 2.50 
SD hvdrolvsotc 2.70 
pp hvdrolvsatc ).00 

9,41\1 
yp hvdrolvsatc 3.20 
CP hvdroh'Sotc 1.71 

SD hvdrolvsnte 2.03 

pp hvdrolvsote 2.33 
13,li\l yp 1ivdrolO<J1te 2.61 

CP 1tvdfOIY$lllC
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Table 1.5: Octennioatioo of Glucose Yield (CY) and Total Reducing Sug:ars (TRS)

Acid Absorbaoce Glucose AbsorbllDcc TRS 

Concentration Sample GY( 490nm) concentration TRS (490nm) Cooccotr11tion 

(mwml) (mglml) 

SD 0.119 45.7 0.156 60 

pp 0.107 41.1 0.132 50.7 

5.6 !\'I yp 0.096 36.9 0 162 62.2 

CP 0.027 10.4 0.03S 14.6 

SD 0.125 48.0 0.188 72.2 

PP 0.114 43.8 0.165 63.3 

yp 0.100 38.4 0.191 73J 
9.4M 0.052 20 

CP 0.029 11 I 
86 

0.143 54.89 0.224 
SD 0.192 73.70 

PP 0.127 48.80 
0.227 87.1 

0.113 43.40 
13.1!\'l yp 0.087 33.4 

CP 0.035 13.44 

bl 'nAd front the 13.l�I ncld h) ·drolysls nod

r S solution o 111 • 
T:,hle 1.6: Volume O ugnr 

b' 1 d to hvtlrolysis
SU JCC C I 

Volunic of Suenr solution (1111\

Substrnlc 130 

SD 
140 

PP 
110 

yp 
190 

CP 

141 

I 
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Table t.5: Detcrminnlion of Glucose Yield (GY) and Total Reducing Sug:irs (TRS) 

Acid Ab1orbance Glucose Absorb:ince TRS 
Concentration Sample CY( 490nm) conccotnal'ioo TRS (490nm) Conc:entr:ition 

(n1g/ml) (mg/ml) 

SD 0.119 45.7 0.156 60 

pp 0.107 41.1 0.132 50.7 

5.6 i\ 1 yp 0.096 36.9 0 162 62.2 

CP 0.027 10.4 0.038 14.6 

SD 0.125 48.0 0.188 72.2 

pp 0. I 14 43.8 0.165 63.3 

9.4M yp o. 100 38.4 0.191 73.3 

0.029 I I. I 0.052 20 
CP 86 

0.143 54.89 0.224 
SD 0.192 73.70 
PP 0.127 48.80 

43.40 0.227 87.1 
13.tl'il yp 0.113 0.087 33.4 

CP 0.035 13.44 

. btnincd rro111 the tJ.IJ\1 ncid hydrolysis nnd

6 V I f Sun:ir solution 0 

Table I. : o umc O 

b subjected to hydrolysis 

Voluinc of Su"llr solution (mrl

Substrntc 130 
SD 

140 
pp 

110 
yp 

190 

CP 

II 

' 

I 
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T:1blc 1.7: Determination of Ethanol yield 

24 hrs of Fermentation 48 hrs o f Ftrmcot:atioo 

Ftrmcnting Titre value (rnl) Ethanol Titre ,,:aJuc (ml) 

broth 
Conccntnalion 

Etb11nol 
Conctn1r111ion 

(mg/ml) (n1e,'ml) 

c;o 
4.8:! 29 1.38 3).90 

pp 7.90 24.60 4.12 30.00 

yp 7.97 24.50 4.22 29.84 

CP 18.05 10.13 15.93 13.14 

Appendix 2: Experiment 2

Tnblc2.I: Volun1c ofHydrolysntc., obt:iintd from the acid hydrolysis o f  the various

substrntes 
I" 2•• Tot:il \'Olu111c ' 

Acid Hydrolysis 
Substrntc 1),pc h)•drol)'Sis hydrolyslJ (nil) 

yp 
28 120 148 

5.6�1 
CP 

52 132 184 

PP 
70 113 183 

134 
i 

SD 
30 104 

' 

yp 
60 12s ISS I 

75 100 175 
• 

9.4 1 
CP 

' 

102 197 

PP 
95 

so 
47 95 142 

yp 
60 120 180 

108 130 238 

CP 
13.IM

20 
!OS 125 

PP 10 
93 103 

SD 
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Table 2.2: Determinaf 10n of Total Organic Carb er · on .O.C)

Acid Concentr.ation Stmple \Vcight of sample taken
In\ 

SD hvdrol vsalc 0.1 
5.GM PP hvdro\vsatc 0.1 

YP hvdrolvsalc 0.1 
CP hvdro\vsatc 0.1 
SD hvdrolvsatc 0.1 

9.41\ r PP hl'drohsotc 0.1 
YP hvdrol\K!IIC 0.1 
CP hvdrolYSlllC 0.1 
SD bvdrolvs:ue 0.2 

13.IM PP bvdrolvsate 0.1 
YP hvdrolvsatc 0.2 
CP hvdrolvsate 0.2 

Titre V11l ue
Ccm>-i 

9.40 
6. 14
8.40
11.90
12.63
S.90
12.31 
16.10 
9.25 

13.20 
6.45 
13.30 

T:iblc 2.3: Dcterminotion ofTot:al Phosphorus (0/e)

Son1nle 
Absorbnncc rc:ullnt;r47011n1) nn1n P

2300.25 
Acid Conccntl'1ltion

SD hvdrolvsate
0.1011 

5.6;\ 1 PP )I, drol�sote
0.1187 2700.425 

VP hvdrolvsnte
0.1099 2500.225 

CP hvdrolu<11IC
0.097 2206.75 

SD hvdrolv<ntc
0.1055 2400.125 

9.41\il PP hvdrolvsatc
0.1275 2900.625 

VP hvdrolvsotc
0.1187 2700.425 

CP hvdrolvsate
0.1011 2300.025 

SD hvdrol vsntc
0.1187 2700.425

1

13.1 l PP hvdrolvsotc
O.l363 2388.75 

VP bvdro\ue11te
0.1275 1979.25 

CP hvdrolvsote
o. 1231 1979.25� 
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Table 2.4: Dc1cnnio1tioa ofTotal Nitrog,n (%)
Acid Conccnlration 

S:amnlc Titr, \11lur fem"'!SD hvdrolvsntc
S.�I 3.56 

PP hvdolvsa1e 
3.73 VP h\·drol\-s31e 4.13 

CP hvdrolYSatc 4.43 
SD hydroh'S.lle 

9.4l\1 2.61 
PP h\droh·sa1c 2.77 
VP hvdrol�'S4lc 3.43 
CP hvdrol=1c 3.36 
SD hvdro1-�1c I 83 

13.ll\l rr hvdrolvsale 2.16 
YP hydrolvsa1e 2.SO
CP hvdrolysnre 2 70

Table 2.5: Dc1crn1inn1ion of Glucose Yirhl (GY) and Torn! RrducinP SuPars ITRS) 
Acid Absorbancc Glucose Absorbancc TRS 

Concenlralion Snmplc GV( concrn1n11ion TRS Con ccnlnilion 
490nm) (mg/nil) (490nn1) (mi;/n11) 

SD 0.117 44.9 O 1S3 S8.7 

rr 0.104 39.9 0.129 49.S

5.G l\1 yp 0.095 J6J 0.1S9 61.0 

CP 0.017 6.53 0.037 14.2 

SD 0.122 46.80 0.187 71.8 

0.114 43.8 0.163 62.6 
pp 0.190 72.9 

9.4�1 Y
l' 0.098 37.6 

I 8.SO 00�9 
er 0.029 11. I

0.221 84.84 
SD 0.141 S4.13

73.30 47.60 O. I 91
rr 0.124 8S.2 41.10 0.222

13.ll\l VP 0.107 
12.7 0.086 33.01 

CP 0.033 
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I 

fablel.6: Volume or Sugar solution obt. d 
b. amt from the 13 ll\1 

su 1Jccted to hvdrolvsis 
. acid hydrolysis and 

Substrntc \lolumt ofSu011r solution-Im I) 
SD 128 
pp 135 
yp 108 
CP 179 

Table 2.7: Dcfcrmin11tion of Eth11nol yield 

24 hrs of Fermentation 48 hrs ofFcrmcntnlion 

fermenting Titre value Ethanol Titre ,·11luc Etbnnol 

broth (ml) Conccntntion (011) Conctnlnilion

(01 ml)
(me/ml\ 

33.13 
SD 5.52 28 1.91 

5.17 28.50 
pp 8.46 2.3.80 

yp 9.30 22.60 5.19 28.46 

CP 
18.16 9.97 I 6.11 12.90 

Appendix 3: Experiment 3 . 

Table 3.1: Volume of Hydrolysntcs obtnined fron1 the ncid h)•drolysis of the ,·11r1011s

b t SU SIMI CS Total votu,nc 
I ,

1 2"" 

Add II) d ruly:.is Substrate Type h) llrolysis hyllrolysis (nil) 

VP 
33 

125 158 

CP 
48 131 179 

5.6M 72 108 180 

pp 100 128 

so 
28 

58 
127 185 

yp 
178 

73 105 
CP 

9.4M 97 100 197 

PP 52 93 145 

SD 125 182 
57 

yp I 12 128 240 

13.IM 
er 28 107 135 

PP 12 103 I 1 S 

SD 

14S 

I 
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'fable 2.6: Volume of Sugar solution obt i.n d 
b · 

1 e from the 13 11\t 'd 
su >iccted to hvdrolysis 

• ICI hydrolysis and 

Substrate Volume ofSUl!llr solution (mil 
SD ' 128 
pp 135 

108 • 

CP 179 

Table 2.7: Dctcrmin:ition ofEtb1111ol yield 

24 hrs or Fcrmcnt11tion 48 hn of Fcrn1cntotion 

Y,rmcnting Titre value Ethanol Titre ,•alue Ethnnol 

broth (ml) Concentr:ation (ml) Conccntn1tion 

Im mn
I <11101011\ 

SD 5.52 28 1.91 33.13 

PP 8.46 23.80 5. I 7 28.50 

yp 
9.30 22.60 s. 19 28.46 

CP 18.16 9.97 16.11 12.90 

Appendix 3: Expcrin1cnt 3 

Table 3.1: Volume of Hydrolysntcs obtnlncd fron1 the ndd hydrolysis of the yorious

1ubstr11tcs Total \'olumc 
t" 2-

Acid H)drolysb Substrutc Type hytlroly)i hydrolysis (nil) 

yp 
33 125 158 

131 179 

5.61\t 
er 

48 
108 

ISO 

PP 28 100 
128 

so 58 127 
185 

yp 
178 

73 10s 

9.4M 
CP 97 100 

197 

PP 52 93 
14S 

so 125 
182 

57 
VP 112 128 

240 

13.IM
CP 28 

107 135 

PP 12 
103 

115 

so 
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Table 3.2: Determination or Total Organic Carbon (f.O.q 

Acid Conccntr.ition Sample \Veioht or sample token (P)

SD bydrolvsatc 0.1 
5.6M PP hydrolvsatc 0.1 

YP hvdrolvsate 0.1 
CP hvdrolYSlltc 0.1 
SD hvdrolvsatc 0.1 

9.4M PP hydroh•satc 0.1 
yp hydro\V<:!\lC 0.1 
CP hvdrolysnte 0.1 
SD hvdrolvsate 0.2 

13.1 NI PP hydrolvsate 0.1 

YP hydrolvsatc 0.2 

CP hydrolvsate 0.2 

Table 3.3: • rTotnl Phosnhorus (1/o)
Detern1l11nhon 

° le Absorbnncc 
Acid Conccntrntion Sn nip 

(470nn1) 
0.0791 

SD hydrolvs:11c 
0.1011 

pp )lydro\\'SOlC
0.0923 5.6i\'I 

yp hvdrolvsatc
0.0879 

er hvdrolvsotc 0.0747 
SD hvdroh•s.itc 

O. I 011
pp hvdrol�tc 0.0879 

9.41'>I 
yp hvdrol\fsnte 0.0835 
CP h\!drol\!S3le 0.061 S 
SD h11drolvsote 0.0879 
PP hvdrol vsotc 0.0791 

13.11\'1 yp bvdrol vsntc 0.0659 

CP hvdrolvsnte

146 

Titre Value (cm'l 
10.7 
7.93 
10.19 
13.58 
14.23 
10.62 
13.46 
l7J2 
9.03 
14.4 
9.30 
15.06 

rending (llllll I' 

1799.525 
2300.025 
2099.825 
1999.725 
1699.425 
2300.25 
1999.725 
1899.625 
1999.725 
1383.7S 
1799.525 
1979.25 

I 
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T:ible3.4: Dcltnnin:ition ofTot:il Nitrogtn (0/4) 

Acid Conccotrution S:in,nle Titre V11luc fen,�) 
SD hvdrolvS111c • 3.20 

5.6�1 PP hvdohsatc 3.37 
YP bvdrolvsntc 3.54 

C P hvdrolvs:ue 3.73 
SD hvdrolvsalc 2.3 

9.41\·I PP hvdrolvsalc 2.47 
YP hvdrol IC 2.80 
CP hvdrolysate 3.10 
SD hvdrolvsaic 1.59 

13.ll\l PP hvdrol\•salc 1.96 
VP hvdrolvsate 2.26 

CP hvdrolvsate 2.50 

Tobie 3.5: Determination of Glucose Yield (GV) oad Totnl Reducing Sugars

(TRS) 
Acid Absorbnacc Glucose Absorbancc TRS TRS 

Conccnt'rntion Snmple GY( 490nm) conccnlrntion (490nm) Concentrotlon 

(mi;fml) (111i;fn1I) 

SD 0.121 46.5 0. I 59 61.0 

pp 0.108 41.5 0.133 51.1 

5.6 1\I VP 0.109 37.6 0.165 63.3 

CP 0.0109 7.29 0.039 15.0 

SD 0.129 49.52 0.192 73.7 

PP 0.119 45.70 0.168 54.5 

9.-11\I yp 0.102 39.2 0.194 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 0.194 74.5 

13.l l\1 yp 0.115 44.15 0.228 87.S

CP 0.038 14.6 0.089 34.2
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Tobie 3.6: Volume or Sugar solution obtained from the 13.ll\t acid hydrolysis and

subjected to hydrolysl, 

Substntc Volume of Su,.11r solution (mO 
SD 134 

pp 142 
yp 115 

CP 205 

Tnl>le 3.7: Dcterminulion of Eth11nol yidd 

24 hrs of Fcro1cotntioo 

Fcrrncnling Titre value Ethnnol 
Concentration broth 

SD 
pp 
yp 

er 

(1nl) 
(m mil 

4.12 JO 

7.13 2S.70 

6.88 26.05 

17.89 10.35 

148 

UklVER�l I I '- 18" .. '
- . . 

• 

-18 hrs of Fcrmcot:ition

Titre value Ethanol 
(ml) Concentr:ition 

fml'lfmll 

1.00 34.13 

2.92 31.69 

2.83 31.82 

IS.65 13.54 

•
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Table 3.6: Volume or Sugar solution obtained from the 13.1!\I acid hydrolysis and

subjected to hydrolysis 

Subslnitc Volun1c ofSu0nr solution (ml) 
SD 134 

pp 142 

YP 115 

CP 205 

Tobie 3.7: Dc1ern1innlion of E1honol yield 

fl'crn1cnting 
broth 

SD 

PP 

VP 

er 

24 hrs of Fcrn1cn1ntion 

Titre value Ethanol 
(ml) Conccntrntion 

{OJP/ml) 
4.12 30 
7.13 25.70 

6.88 26.05 

17.89 10.35 

148 

IVER� l I I '-ISt'M,
-

- -

• 

48 hrs of Fcrmcnt:1lion 

Titre 
(ml) 

1.00 

2.92 
2.83 

15.65 

\'oluc 

.., 

,: 
')• 

Etlionol 
Conccolr:illon 
(mn/1111) 

34.13 

31.69 

31.82 

13.54 

•
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