ISSN : 0974 - 7451 Volume 7 Issue 1

Snviconmental Science

Tradve Sreience Inc. A Tndian W
—=  Qurrent Research Peaper

ESAIJ, 7(1), 2012 [10-18]

Bioethanol production from agro wastes of Paddy

Sabitri Nahak?', Gayatri Nahak? Tapoja Priyadar shani Nayak?®, R.K.Sahu®
Ther apuetic Chemical Resear ch Cor por ation, Bhubaneswar, Odisha, (INDIA)
2B.J.B.AutonomousCollege, Botany Department, Bhubaneswar, Odisha, (INDIA)

A cademy of M anagement and I nfor mation Technology, Bhubaneswar, Odisha, (INDIA)
sahur aj ani.sahu@gmail.com; sabitrinahak62@gmail.com; gayatri.science@gmail.com
Received: 2" October, 2011 ; Accepted: 2" November, 2011

ABSTRACT KEYWORDS
Biomass materials are used since millenniafor meeting myriad human needs Bi Qethanol ;
including energy. Main sources of biomass energy are trees, crops and Biomass;
animal waste. Bioethanol produced from renewable biomass has received Paddy straw;
considerable attention in current years. There has been an increasing inter- Paddy husk;
est in utilizing alternative sources of energy. Paddy straw and Paddy husk Cellulose.

arethetwo basic raw materials chosen for boiethanol productionin present
study because of their abundant availability and representative sample of
crops stovers and unutilizable agro wastes. Each one of this biomass hav-
ing more than 60-70% cellulose appeared to be very suitable for presence
study in collection with bioethanol production. The pretreatment method
followed in the present investigation asreview from the literature available
with other cellulosic biomass are al so applicable to this chosen biomass as
the percentage of available cellulose free from lignin seal constitute crystal-
line cellulose and hemicellulose 68% percentage. The subsequent hydroly-
sisby both chemical and enzymatic methods following the standard method
reported by many workers shows significant result in producing ferment-
able sugar within reasonable incubation period. However for standardiza-
tion of the protocols use of model sources of cellulasein view of commer-
cial enzyme needsfurther investigation. With the limitation of timethe pro-
cedure follow in the present investigation shows encouraging result rang-
ing from 0.583mg/gm to1.919mg/gm of fermentable sugar produced after 4
days incubation of reaction mixture in standard reaction, in enzymatic
cellulolyss. © 2012 Trade Sciencelnc. - INDIA

INTRODUCTION mentd pollution. Bioethanol fuel ismainly produced by

the sugar fermentation process, dthoughit can bemanu-

Bioethanol produced from renewablebiomass® has  factured by the chemical process of reacting ethylene
received considerableattentionin current years. Using  with steam. Catal ytic hydration of petroleum product
ethanol asagasolinefud additiveaswell astrangporta-  (ethylene) produces synthetic ethanol . Current interest
tionfuel hdpstodleviategloba warmingandenviron-  inethanol aproduct of cropslieson discussion whether
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it can be used as a sustainable energy resourcewhich
may offer environmental and long-term economic ad-
vantagesover foss| fuels, likegasolineor diesd.

Themajor source of ethanol productionin Brazil,
USA, Indiaand other sugarcaneraisng countriesissugar
molassesroute. But Researcher’sconcernisto exploit
the agro wasteslike paddy straw and paddy husk con-
tain abundant cellulosefor ethanol conversion (Figure-
1). Theinterest in use bioethanol aspetrol replacement
beganin Brazil and USA during 1980s. Ethanol canbe
produced from any biological materia that has sugar,
starch and cdllulose. Lignoce lulose or woody biomass
consder asafuturedternativefor theagricultura prod-
uctsthat are currently used asfeedstock for bioethanol
production? becauseit ismore abundant and less ex-
pensivethanfood crops. Furthermore, theuseof ligno-
cellul osi ¢ biomass consists of three main components
i.e. carbohydrate polymerscalled cellulose and hemi-
cellulosethat can be converted to sugars, and anon-
fermentablefraction called ligninthat canbeutilized for
the production el ectricity or heat. Although the decom-
position of thematerid into fermentablesugarsismore
complicated, thefermentation, distillation and dehydra-
tion processstepsarebasically identical for bioethanol
fromeither agricultura cropsor lignocd lulosic biom-
ass. Hydrolysisof lignocellolosic materia for ethanol
production isproposed by,

Bioethanol from cellulosesholdsgreet potentid due
tothewideavailability and relatively low cost of cellu-
losemateria®. Thethree main raw materia sfor etha-
nol production are sugars (from sugarcane, sugar bedt,
molassesand fruits), starch (from corn, cassava, pota
toesand root crops) and cellulosics. Most of themate-
riasinthefirst two categories comeunder food Stuffs.
Thislimitstheir usefor ethanol production. So, thein-
terest obviously relies on the abundant cellul osicg®.
Biomassiscomposed of lignocellulosics. Lignocellu-
loseisacomplex of cellulose, hemicelluloseand lig-
nint®, Biomasson an average consi sts of 40-60% cel-
lulose, 20-40% hemicdluloseand 10-25%lignin. The
celluloseand hemice lulose, which typically comprise
two-thirds of the dry mass, are polysaccharides that
can be hydrolyzed to sugars and eventually to ethanol
by fermentation'™. Celluloseisalinear polymer of glu-
cose. The orientation of the linkage (B-1, 4 linkage)
and additiond hydrogen bonds makethepolymer rigid
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Paddy Husk
Figurel: Photographsof Paddy straw and Paddy husk

and difficult to break. Hemicelluloseisapolymer of
short highly branched chainsof thevarioussugars. Hemi-
cdlulosesareoften polymersof pentosesmainly xylose
and further arabinose with hexoses such asgalactose,
glucoseand mannose. Ligninisalarge complex poly-
mer of phenyl propane and methoxy groups, anon-
carbohydrate polyphenolic substance which encrusts
thecell wallsand cementsthe cellstogether. The com-
bination of hemicelluloseand lignin providesaprotec-
tive sheath around the cellul ose, which must be modi-
fied or removed beforeefficient cdlulosehydrolysiscan
occur, but the crystdline structure of cellulose makesit
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insolubleand resistant. Therefore, pretreatment must
be employed whichisan important tool for practical
cellulose conversion process. Pretreatment isrequired
to alter thestructure of cdlulosic biomassto makecd-
lulose accessibleto the enzymesthat convert carbohy-
drate polymersinto fermentable sugarg® 9.
By far most pretreatments are donethrough physi-
ca or chemical means. In order to achieve higher effi-
ciency someresearchers seek to incorporate both ef-
fects.
Considering the above aspects, the present study
on “Pretreatment of agro-residuesfor bioethanol pro-
duction was conducted with thefollowing objectives.
o Cdlulose content of two different biomasses.
¢ Evauationof availablefermentable sugar and total
polysaccharide of Paddy straw and Paddy husk.

¢ Toevauate combination of physical and chemical
pretrestment methodsfor maximum delignification.

e Study of different pretreatment methodson liberat-
ing cdllulosefor hydrolyss.

e Chemica and enzymatic hydrolysisand conversion
of pretreated biomassto fermentable sugar.

¢ Alcoholicfermentation and estimation of bioethanol
production

MATERIALSAND METHODS

Experiment pertaining to the study of bioconver-
sion of Paddy straw and Paddy husk were conducted
in biochemistry laboratory of A.M.I.T., Khorda,
Odisha, India, during the session 2009_2010. Two
agricultural waste material s such as paddy straw and
paddy husk were collected locally and were processed.
Then 700gm of each samplewastaken and dried un-
der sun for better grinding. Both the samples were
ground in to powered form and stored very well for
further andyss.

Plant materials
1. Paddy straw 2. Paddy husk
Estimation of total carbohydrate

The carbohydrate estimation was done by the
method described ini*9. A Standard graph wasdrawn
by plotting concentration of the standard on X-axisvs
absorbance on Y-axis. From the graph the carbohy-
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drate present inthe sampletube was cal culated, by the
followingformula

Amount of carbohydratepresentin100mg
mg of glu cosex100

of thesample=
Volumeof thetest sample

Pr etr eatment of biomass

For pretreatment of biomass 2 types of methods
areused.
*Physical pretreatment
*Chemical pretreatment

Physical pretreatment

Inphysica pretrestment, soaking themateria over-
night followed by steam explosion (rising to 120°C at
15 p.s.i. for 30sec to 1 min) followed by reducing the
pressureto normal asearly aspossible. The another
method iswithout soaking steam flashingisdoneina
pressure cooker to dry matter in atest tube and treated
with steamwith high pressure.

Chemical pretreatment
Nitricacid/Aceticacid reagent tr eatment

1 gm of samplewastaken and 3ml. of acetic/nitric
acid reagent added in atest tube, thetube was placed
inawater bath for 100°C for 30 min. After 30 min. the
sampl e containing the tube was cool ed and the con-
tentswere centrifugedfor 15 min. at 10,000 rpm. After
centrifugation the supernatant was discarded and the
residuewaswashed with distilled water.

Dilutesulphuricacid treatment

3ml of 1% H,SO,wasadded with 1 gm of sample
inatest tube. Thetube containing thesamplewasplaced
inaboiling water bath 100°C for 2 min. then thetube
was cooled and the content was centrifuged for 15min.
The supernatant was discarded and the pellet was
washed with distilled water.

Céllulolysis(67% H,SO,)

After thepretreatment of thesampleor agd biom-
assby physical and chemical treatment, the samples
weretreated with 10ml of 67% sulphuric acid.
Cellulolysis(1% H,SO,)

After thepretreatment of thematerial, the hydroly-
siswas conducted with 10 ml of 1% H,SO, incubated
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for Lhour in room temperature and thetotal carbohy-
drate and percentage of was cal cul ated.

Enzymatichydrolysis
I solation, purification & assay of cellulose

Theextracd|ular cellulasewasextracted from natu-
rally rotting biomass, after isolating themicrobia spe-
ciesand culturingin nutrient broth containing cellulose
asinducer. The crude enzyme extract was subjected to
salting out followed by desdlting. Theresultant extract
wastaken as partially purified enzyme complex and
assayed. For overal activity assay as described™.
Accordingly 1 mg of tota protein wasassumed equiva-
lent approximately 1 FPU activity. Theenzyme content
was estimated in terms of soluble protein by spectro-
photometric method.

Enzymaticcdlulolysis

Thereaction mixturewasprepared by taking 0.5gm
of each sampleintest tubewhich waspretreated physi-
caly or chemicaly. Thechemica pretreated materids
washed very well with distill water toremoveacid. To
each pretreated test tube 50mM phosphate buffer con-
taining enzymeextract 1 F.RPU per 100mgwas added
and incubated at 40°C for 4 days. Then the hydroly-
satewas centrifuged and the supernatant was col lected.
Then from supernatant, different concentration of solu-
tionwastakenintest tubes(0.5-1.5) To each test tube
3ml of DNSreagent was added. Thetest tubeswere
heeted inboilingwater bath for 20 min. 1ml of Rochelle
salt solution wasadded when contents of thetubes still
warm. Thetest tubeswere cooled and theintensity of
dark red colour was measured at 510 nm.

Prepar ation of reaction mixture

Thereaction mixturewas prepared by taking 1gm
of sample broth fresh and dry suspended in 50mM
phosphate buffer (pH 4.5) to which enzyme extract of
5 FPU per 100mg was added, and incubated at 30°C
for 4 days, up towhich thehydrolysatewas centrifuged
and analyzed for reducing sugar content (DNS method)
for subsequent fermentation process.

Estimation of fermentablesugar by DNSmethods

Thereaction mixturewas prepared by taking 2gm
of each sample in test tube which were pretreated
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chemically or physically. The chemically pretreated
meateriad swerewith distilled water toremoveacid. The
fermentable sugar wasdetermined by dinitrosalicylic
acid (DNS) method*? with glucose as standard.

Alcoholicfermentation

Both hydrolysate and non hydrolysed materid were
taken for fermentation. To some pretreated material
enzymewasadded for hydrolysis. Alcoholicfermenta
tion wasdoneintwo phases: Primary and Secondary
fermentation. 2gm of samplewas pretreated materid
waswashed thoroughly with distilled weter. Thesamples
wereincubated with 1gm of commercial yeast at 37°C
inathermostatic shaker in aerobic condition. After 3-4
daystheconical flask containing al the materid swere
subjected to anaerobicincubation for 7 days. The pri-
mary alcohol of the content was estimated beforeand
after fermentation. Secondary fermentation wasdone
taking thefermentable of primary fermentationwith su-
crosefor fermentation of existing yeast inthefermenta
tion of another 7 days.

RESULTSAND DISCUSSION

Now-a-days, phasing out of lead from gasolinedue
to environmenta concernswhich has promoted mar-
ketsfor acohol asoctane enhancer. Inthisfield ethanol
has gainedincreased importance asenginefues, since
itiseasily blended with gasoline. Thus, with the expec-
tation of supply shortfalsinfuturefrom non-renewable
foss| fuds, the production of fermentatively produced
bioethanol from low cost biomasssuch ascellulosic
wastesto meet energy demandsisaviabledternative.
Theaternate biomasstried successfully for bioethanol
production are the pineapple, cannery waste*?,
starchi*¥ and carob pods*®. Lignocellulosic materias
like sugarcane bagasse, paddy straw and wheat straw
can asobeemployed. Lignocdlulosicisacomplex of
two polysaccharides (celluloseand hemicellulose) and
anaromatic polymer i.e,, lignin. To obtainthe polysac-
charidesthelignin must beremoved. So, pretreatment
methods servethispurpose. Inthe present study, com-
bination of physical and chemica pretreatment meth-
odswas studied.

Thepolysaccharideinform of polymersof monosac-
charidesuch ascdluloseand hemicdluloseetc. arethe
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TABLE 1: Effect of Pretreatmentson Chemical and Enzy-
matic Cellulolysisin Paddy straw and Paddy husk

Chemical Enzymatic

Célluldlysis Cellulolysis
Paddy Paddy Paddy Paddy

Sample straw husk straw husk
Pretreatments Wt.(gm) Fermen Fermen Fermen Fermen
' table  table table  table

sugar  sugar  sugar  sugar

content content content content
(mg/gm) (mg/gm) (mg/gm) (mg/gm)

Nitric acid 0.5 92.4 748 0583 0.002
Dil.H,SO, 0.5 365.2 1188 1919 0.847
Steam

Flashing 0.5 61.6 55.0 0940 0.515
Over Night

Soaking 0.5 99.0 79.2 1245 0.556

TABLE 2: The Conversion (%) of Fermentable Sugar in
Paddy straw and Paddy husk

Cellulose

% Of conversion

Types of
Sample (ﬁ’gltge”n:) hydroyss T, T, T, Tq
Paddy .,  Chemical 1448 965 155157.21
straw Enzymatic 0.09 0.14 0.19 0.30
Paddy 5o Chemical 22.66 16.66 24 36
husk Enzymatic 0.006 0.15 0.16 0.25

T, : Nitric acid/acetic acid pretreatment; T, : Steam flashing
pretreatment; T,: Soaking over night pretreatment; T, : Dilute
sulphuric acid(H,S0,) pretreatment

TABLE 3: Potential Alcohol Value of sampleafter alcoholic
fermentation
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hasbeen summarized (TABLE-1). Theresult of chemica
cellulolysisby 67% sulphuric acid (H,SO,) after nitric
acid pretreatment iseval uated on basis of fermentable
sugar resulted and availableinthehydrolysate. There-
sultindicatescellulosein paddy straw yield more quan-
tity of fermentable sugar/ reducing sugar i.e. 92.4mg/
gm, comparatively that availablein paddy husk which
is74.8mg/gm‘*¥, observed lossof hemicdluloseby sub-
jecting wheat straw to wet oxidation at 170°C. The
losswas 50% (from 35% wi/w beforetreatment to 17%
w/w/ after treatment)!*”). Recorded hemicellulose con-
tent of 12.5% after exposing whesat straw to alkaline
treatment followed by akaline/oxidativetreatment!d,
Reported aqueous ammoniapretreatment of corn sto-
ver resulted in40-60% of hemicellulose solubilization
during delignification process.

Themain objective of theacid pretreatment isthe
solubilization of the hemicdlul oscfraction of thebiom-
ass, inorder toincreasethe accessibility of theenzymes
intheenzymetic hydrolysisreaction*¥. Inorganic acids
like H,SO,, HCl and H,PO, have been used for the
pretreatment of thelignocellulogic biomass, inorder to
improvetheenzymatic hydrolysis. There may be used
both concentrated and diluted inorganic acids. Pretreat-
ment of the biomasswith concentrated acids, at ambi-
ent temperature, will [ead to higher yields of ferment-
ablesugarsand to the hydrolysisof both celluloseand

No of PAvaue PA vaue hemicelluloses. Therearefrequently used acidslike
sample ot eatment ,  PEfore after  Difference  H SO, 72%, HCl 41% and trifluoroacetic acid 100%.
fermentation fermentation

T, 1.21 1.33 0.12 400 s
Paddy T, 1.16 1.25 0.09 i
straw Ts 1.17 1.29 0.12

Ta 1.19 1.34 0.15 e

Tl 1.01 1.09 0.08 250 W Acid pretreatement
Paddy T2 1.00 1.02 0.02 a0 W steam Flashing
husk Ts 1.03 1.13 0.10 s o

Soaking Overnight
T, 1.06 1.19 0.13 130

T, : Nitric acid/ acetic acid pretreatment; T, : Steam flashing
pretreatment; T, : Soaking over night pretreatment; T, : Dilute
sulphuric acid(H,S0,) pretreatment

basi ¢ sarting materid sfor conversiontobio ethanol by
using biotechnical tool. The processincludespretreat-
ment of biomass, hydrolysisor cdlulolysisof complex
saccharide; estimation of hydrolysatefor fermentable
sugar isalso presented in above TABLES. The subse-
guent fermentation for in vitro production of ethanol

M Dilute acid pretreatment
100

50

0

Content of fermentable sugar in mg/gm

Paddy Straw

Paddy Husk

Samples

Figure?2: Comparative Result of Chemical Cellulolysis of
Different Biomass
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In this case, a necessary step is the recovery of the
acid, in order to lower the economic costs of the pro-
cess?l,

Pretreatment with 1% H,SO, at 120°C for 1 hr
show commendableresultswhen hydrolysed with 67%
sulphuric acid asthehydrolysateandys sgives 365.2mg/
gm and 118.8mg/gm of fermentable sugar of paddy
straw and paddy husk respectively (TABLE-1). The
increasein cellul ose percentageisjust relativeto the
lossof hemicdlulosesand lignin. Hemicdluloseissoluble
inakali dueto hydrolysisand is expected to beless
stableduring pretreatment dueto the branched struc-
ture™®. Cellulosewas not affected significantly by lime
pretreatment at 22 to 25°C even though corn stover
was contacted with alkali for 16 weeks. The degree of
crysdlinity dightly incressed with delignification dueto
lossof ligninand hemicellulose (amorphous components)
and increase of glucan content inthe pretreated corn
stover?U, Pretreatment of rice bran with NaOH caused
separation of hydrogen bondsof cellulose?.

Experimentd resultsof effectsof physical pretreat-
ments followed by chemical cellulolysis by 67%
sulphuricacidin (TABLE-1). Theresultsobtained are
compared by graphica representation through bar dia-
gram (Figure-2). It observed that the combination of
over night soaking followed by steam flashingshow ssg-
nificantly highyield of fermentable sugar compared to
steam flashing done. Theresultsal soindicates higher
yield of fermentable sugar from pretreated paddy straw

25

1918

n mg/egm

oa

15 W Acid pretreatement

W steam Flashing
0.94 Soaking Overnight

W Dilute acid pretreatment
0.583

0.5

Content Fermentable sugar i

0.022

Paddy Straw Paddy Husk

Samples

Figure3: Compar ative Result of Enzymatic Cellulolysison
Different Biomass
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compareto paddy husk with which may berelated to
lower percentage of average cellul ose content in paddy
husk. Theresults confirm thefinding of. The proce-
dure combinestheadvantages of dkaline pretreatment
and steam explosion. It will lead to an efficient
delignification and to the chemical swelling of the
lignocdllulosicsfiberd?l. Use of acombined process
(Steam explosion and NaOH 10%) led to asignificant
increase of the free sugars concentration towardsthe
pretreatment with H,0, 1% and NaOH 1%,

Results shows hydrolysisafter overnight soaking
followed by steam flashing makes cellulose more ac-
bleto hydrolysisasthefermentablesugar content
onthehydrolysatein paddy straw is99.0mg/gm against
theeffect of only seamflashing 61.6mg/gm. Result shows
hydrolysisafter overnight soaking followed by steam
flashing makes cellulose more accessibleto hydroly-
satein paddy husk is 79.2mg/gm against the effect of
only steam flashing 55.0mg/gm.

Enzymatic hydrolysiswas conducted with extra
cellular cellulase onthe basis of itsactivity level as-
sayed as per standard procedurein terms of enzyme
proteninmg/ml and ectivity in ERU/mI. Extracelular
cellulase wasisolated from the culturefiltrate of the
intracel lular microorganism grown in presence of cel-
luloseinthe media (Figure-5). The protein content
was estimated in terms of soluble protein by spectro-
photometric method and expressed in mg/ml withBSA
asstandard (TABLE-1). Theresult shows hydroly-
sate contain 1.919mg/gm of fermentable sugar with
the best performancein 1% sulphuric acid (H,SO,)
pretreatment followed by enzymatic hydrolysis. The
results obtained are compared by graphical represen-
tation through bar diagram (Figure-3).

Theresult of enzymatic cdlulolysisby extracd lular
cellulase after acid pretreatment isevaluated by DNS
method taking glucoseasstandard (Figure-3). There-
sultindicatescellulosein paddy straw yield more quan-
tity of fermentable sugar i.e. 1.919mg/gmindiluteacid
pretreatment and 0.583mg/gm in nitric acid pretreat-
ment. Whereaspaddy husk yield 0.847mg/gmindilute
acid pretreatment and very negligible amount of fer-
mentablesugar i.e. 0.002mg/gminnitricacid pretreat-
ment followed by enzymatic hydrolysis.

Theresult showsthat paddy straw yield 1.245mg/
gm of fermentable sugar in caseover night soaking fol-
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lowed by enzymetic hydrolys sand 0.940mg/gminseam
flashing pretreatment followed by enzymatic hydroly-
sis. Thepaddy husk yield 0.556mg/gm and 0.515mg/
gminovernight soaking and steam flashing followed by
enzymetic hydrolysisrespectively.

Thesummary of resultsaregivenin (TABLE-2)
clearly indicates better performancein cellulolysisby
chemical methodscompareto enzymatic cdlulolyss.
Withsmilar pretrestment theresult exhibited high yield
in fermentable sugar in case of paddy straw compare
to paddy husk gives better platform for subsequent al-
coholicfermentation. Other workerslike Sunand Cheng
B3 working on wheat Stover sugarcane bagasse show
amilar findings. Theresult showsthat percentageof con-
versionisvery commendablein chemica celulolysis
both in paddy straw and paddy husk The percentage

Figure4: Production of Ethanol and Co, during Fermentation

ESAIJ, 7(1) 2012

of conversionto fermentable sugar fromthetota cellu-
lose content is attractivein case of paddy husk.
Thehydrolysatefrom saccharification reaction was
used to determinethe ethanol yield. The hydrolysates
of paddy straw paddy husk were subjected to alco-
holic fermentation by Saccharomycse cerevisiaein-
cubating for 7days. Thefermentated hydrolysatesare
anayzed for ethanol production at theend of thefer-
mentation period by hydrometric method takinginto
account (Figure-4). PA. (Potential Alcohol) value of
hydrolysate at pre and post fermentation stage. The
difference of PA vaue representing mg of acohol pro-
duced per ml has been depicted (TABLE-3). Thea-
cohol produced in proportion with the fermentable
sugar content of hydrolysatewhichishighest in case
of enzymatic hydrolysisafter 1% sulphuric acid pre-
treatment showing better result. The comparative Fig-
ure (Figure-2& 3) show higher ethanol yield of 0.15mg/

Figure 5 : Isolation of Bacteria Containing Cellulase by
Sreak PlateMethod
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ml in case of paddy straw and 0.13mg/ml in case of
paddy husk under similar pretreatment condition.
Doedlle and Greenfield®! reported ethanol concentra-
tion of 95.5g per | by Zymomonas mobilisfrom 200g
per | sucrosewithin 24 to 30 h of period. Zymomonas
has higher sugar uptake and ethanol yield and known
todivert thelessof sugarsto itsbiomass production
compared to other yeastd? 1, Observed ethanol pro-
duction of 28g per | by Zymomonas mobilis ZM4,
when the hydrolysate of wheat stillage was supple-
mented with 5g per | yeast extract and 40g per | glu-
cose with residual xylose of 2.6g per |. Zayed and
Meyer?® recorded the ethanol of 11.8g per | from
27g per | reducing sugars derived from 509 per | al-
kali delignified wheat straw inoculated with
Pachysolen tannophilus. Candida shehatae
CBS5813 produced 6.6g per | ethanol and Pichia
stipitisCBS5773 5.99 per | ethanol from thefermen-
tation medium supplemented with 2% xylose at 25°C
for 10 dayd®!. Candida shehatae showed greater
ethanol production than Pichia stipitis due to in-
creased uptake of xylose, glucose, mannoseand ga-
lactoseg®. Candida shehatae assimilated glucoseand
xylosefaster than did Pichia stipitis®Y. The sunflower
seed hull hydrolysate when inocul ated with Pichia
stipitis NRRLY-7124 at 30°C pH 6 produced etha-
nol of 9.66g per |2,

CONCLUSION

Theresults obtained as shown in the preceding
TABLE clearly indicatesthe biomasstaken under study
arequitesuitablefor bioethanol conversonhavingsiz-
ablequantity of available cellul osefor necessary ex-
ploitation. The percentage of conversionisrelated to
period of incubation. However the protocol used for
different pretreatmentsfollowed by hydrolysisneeds
standardization for quantitativeyield of fermentable
sugar. Necessary kinetics study of both hydrolysisand
fermentation reaction needsfurther investigationto as-
certain the concentration of reactant, temperature, pH
and period of incubation etc. Moreover the factors
such asinhibitorsif any rel eased during pretreatment
haveto befurther investigated so asto give acom-
plete comment on effective and productive conver-
sion. Thereisno dispute and ambiguity in using paddy
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straw and paddy husk for commercia production of
bioethanol unlikeutilization of theother celluloscbio-
mass. Biofud research being at itsinfancy selection of
suitable biomass, standardi zation of pretreatment pro-
tocol, efficient use of cellulasefor hydrolysisand fer-
mentation process needs through research before
drawing any conclusion on recommendation of par-
ticular biomassgo for bioethhanol production. How-
ever selection of starting materials for the process
needsthecriteriaof their loca availability sustainable
supply through out the year play important rolefor a
meaningful and adaptiveresearch.
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