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ABSTRACT

Limited world reserves of petroleum have genergtedt interest in the development of hydrolyticqasses for the
production of fuels and chemical feedstock fromeveable resources. Renewable cellulosic materiabesfly
agricultural residues rich in cellulose are onetbhe most abundant biomass on earth. Due to the ardomated
channel of waste disposal, these agricultural wassidues such as rice husks, undergo uncontrdééetentation
and putrification where they are dumped, therebgstituting environmental pollution and health hadsr This
work is therefore carried out to help reduce thelgems caused by the waste disposal. Delignifioatias carried
out using varying concentrations of sodium hydrexighd maximum delignification of 80.41% was achdevsing
12% (w/v) sodium hydroxide, which was hydrolyse®G8K for 45 minutes and 83.13% of reducing sugas w
obtained. The experiments carried out, demonsttetedelignification is essential for saccharifiaa.
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INTRODUCTION

The world’s clamour for environmental concerns dgrihe late 60s and late 70s of the twentieth cgnitas
generated immense interests in the developmentwf technologies in the fields of energy conservatiand
substitutions. The biggest impetus for developingogldwide effort to monitor and restrict globalljution is the
fact that most forms of pollution do not respediar@l boundaries [1] Chime N.Bhe effect of delignification on
the saccharificatiorof Abakaliki rice huskg(1998) ,M.Eng thesis UNPUBLISHED. However, thicassitates the
need to conserve the world finite reserve of petrol through the development of hydrolytic procedseshe
production of fuels and chemical feedstock fromergable resources [2] Amar Singh, Kumudeswar Das and
Durlibh K. Sharma©On production of xylose, fufuralermentable sugars and etharfobm agricultural residues,
(1984), journal of Chemical Technology and Biotaalogy,34:51-61, and equally to reduce the enviremtal
pollution caused by the uncontrolled fermentation gutrification of the indiscriminately dumped wmgitural
waste residues from agro-industrial processes.efv@onmental pollution caused by these waste vesidboth on
land and in the air, calls for concern.

Numerous and ingenious methods have been proposedmoving the pollutants from the atmosphere dheg
have been emitted. All have proved impracticabtenarily because of the huge mass of air that rbestreated.
One reasonable solution to eliminate the envirortedgrollution and save energy is to combine theseovation
strategies with increased use of agro based wastdues in producing alcohols and other volatilmgounds to
replace conventional automotive fuels. This is eebd by fermenting the simple sugar produced frasmbss or
by hydrolyzing the polysaccharide present in bicsrtasyield glucose. The sugar obtained can be fetedeto give
alcohol.

Renewable cellulosic materials of plant origin sashmaize straw, sorghum stalk, rice husks, aner edsidues are
potential substrates for ethanol production paldity since the energy crisis of 1973 and recea$lya result of the
expanded use of alcohol for blending into autor®p@soline [3] Christakopoullous P, Macris B.J. k& D, on
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the Mechanism of direct conversion of celluloseetivanol by Fusarium Oxysporum, Effectceflulase ands
Glucosidase(1990) , Applied microbiology Biotechnology 33:28.

Bioconversion of these materials into ethanol wibhventional methods involves first enzymatic dddgdrolysis
of biopolymer to monosaccharides (saccharificatemm) second the fermentation of the monosacchatédaisohol
[4] Christakopoullous P, Koullas D.P, Kekos D, Kia&k E.G. and Macris B.JDirect ethanol conversion of pre-
treated strawby Fusarium Oxysporumn(1991) , Bioresource Technology 35,297-300.

In Nigeria, rice is grown all over the country bAfbakaliki zone of Ebonyi state is the largest prehlb] Aneke
I.E., First scientific Annual Progress report of tlidov. 1995), ICARUSPROJECT Tonnes and tonnes of rice
husks are produced every year as by product offioeessing at Abakaliki rice mills. These husks dumped
indiscriminately around the rice mills and are Heftpollute the environment and also cause a noés#@m many
ways because they undergo uncontrolled fermentai@hputrification, thereby causing hazards to hutn@ings
and their environment and equally reducing thetesist value of the environment. Thus, this worlcligannelled
towards enhancing the aesthetic value of the Aliddkate mill, reducing the air pollution caused liye waste
residues to the environment and equally reduciacgh#alth hazards caused by them.

The primary aim of this work is the production d¢fi@nol from rice husks. The production of ethamsohchieved
mainly from petroleum and from the fermentationsobars. With the increasing shortage of petrolelobaily,

reliance on biomass as a source of chemicals andl Has to increase to conserve the world finikemee of
petroleum. Ethanol is a universally known solvend as second only to water. Industrially, it is ds& the
pharmaceuticals, antifreeze, celluloid, perfumesneetics, and ester. It is also used in the pratervof organic
specimens. When mixed with gasoline it is used enfuel (GASOHOL). It is also used as a beverfagdauman
consumption. Its wide industrial applications canbe overemphasized; that is reason for its maseipertation
and equally the rationale behind this work.

In Nigeria, ethanol consumption is high [6] NigeTiemde summary]anuary — June 1996-ederal Office of statics,
most of the ethanol used are imported while it poed about 5% of its ethanol requirements localiyainly from
Nigerian Yeasts and Alcohol Manufacturing CompalRyAMCO) based in Bauchi and Kwara State, as well as
from numerous small alcohol plants redistillingadiol from palm wine. This insignificant quantitygaiuced in this
country leads to massive importation of ethanaghtet its demand in the country and thereby draittiegcountry’s
foreign exchange and also making it affordable lsigh cost.

This work will help meet the increase in the demah@thanol and also make it available at a redyméd, and
hence help to conserve the country’s foreign exgbaft could be commercialized to offer employme&npeople
and at the same time solve the environmental pnablereated by the uncoordinated disposal of agtosimial
waste and conserve the nation’s finite reservestriofeum.

The extent of ethanol use is multifarious and aufyethe world is embarking on this technologicdl/ancement of
bioconversion of richly available cellulose to etbh Today, both India and Brazil are expandingrtisbemical
industries based on fermentation ethanol and Biiazihow actively marketing its ethanol technology léss
industrialized nations [7] Maorella B.L. Marray M the principles, application and regulation of Biotmology
in industry, Agriculture and Medicing1985), Ethanol comprehensive Biotechnology, \&)l.Young Pergamon
Press.

Recently, a group of researchers on the Innovafieacepts in Agricultural Residues Utilization farstainable
Development (ICARUS) whose bold philosophy in thi#iaation of agro-based waste residues which @i in
cellulose in the production of ethanol which woutlklp in alleviating the problems of pollution, eggmwaste and
drain of foreign exchange has come a long way.

Currently, here in Nigeria, the same technology basn adopted in utilizing the widely available apeand
renewable cellulose materials —rice husks —in tleelyction of ethanol and this has enhanced thedsttén the
saccharification of Abakiliki rice husks.

MATERIALS AND METHODS

Experimental Methodology

« Delignification of rice husk

Apparatus

Conical flask, boiling tube, Oven, Filter funneldapaper
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Material: 1g of 425um sample of Abakaliki rice husks
Reagent12%, 4%, 20%, and 16% NaOH

Procedure
Sodium hydroxide breaks the lignin bond and disselit. Removal of lignin also depletes the hemidedies
present since it forms strong bond with lignin.

A gram portion of the test material was placed boding tube. It was treated with 12% sodium hydde using a
solid — liquid ratio of 1: 15 at 12Q for 30min. The tube was cooled and residue éleand washed free of the
alkali. The residue was dried at £05or 1hr in an oven, cooled and weighed.

The procedure was carried out for other concentratof NaOH( 4%, 8%,16% and 20%)

« Effect of alkali on delignification of rice husks

APPARATUS

Beaker, Boiling tubes, Autoclave, Conical flaski&ilpaper and funnel
Material: 1g of 425um sample of Abakaliki rice husks
ReagentSodium hydroxide, Sulphuric acid

Procedure
Cellulose material can be delignified with hot sodi hydroxide in an autoclave at £20for 30min. The lignin
content of the residue is determined to ascertarektent of delignification.

19 of the test sample was placed in five test t@mestreated with varying concentrations of sodhydroxide (4%,
8%, 12%, 16%, and 20%) and placed in autoctperating at 12 for 30minute for the delignification reaction.
After the reaction, the boiled materials were cdpldtered and the residue washed out with water dried in an
oven at 10%C. The air dried residue was treated with 8aih72% sulphuric acid which was allowed to go on f
2hrs with frequent stirring at ambient temperatdiee content of the beaker was transferred to sk ftantaining
300ml of distilled water. The sulphuric acid wasutid to 3% by adding water to a volume of 578cithe
resulting solution was boiled for 4hrs, maintaincmnstant volume by using either a reflux condewsdrequent
addition of hot water. The insoluble material (lighhwas allowed to settle, keeping the flask iniraalined position
overnight. Without stirring the supernatant solntiwwas decanted using a filtered paper. The remgilngmin was
washed free of acid using hot water and dried iovam at 10%C to constant weight.

« Effect of delignification on saccharification of Alakaliki rice husks

APPARATUS
Conical flasks, Autoclave, Filter paper and funhghter bath, Small glass container, Stirring rod eotton wool
Material: 20g of 425um sample of Abakaliki rice husks

Reagent12% NaOH,72% H,SQO,, Calcium carbonate

Procedure

20g of test sample was placed in a flask and 30#fnil2% sodium hydroxide was gradually added tdrite
mixture was shaken very well and the flask was géagwith cotton wool and placed in an autoclav&2fC for
30min for the delignification reaction. After theaction, the flask was cooled, filtered and washee of sodium
hydroxide with water. The residue was dried in sarpat 108C and was used for saccharification. The residug wa
treated with 200ml of 72% sulphuric acid and cocd¢dlSC. The mixture was stirred thoroughly and placed in
water bath maintained at ambient temperature fperod of 45min. At the end of the period, the emhtwas
washed with distilled water and placed in an aateeloperating at 15psi for 1hr. After the secondsgrolysis the
resulting liquid was cooled, diluted and neutradizeth excess calcium carbonate and filtered. Tirate was used
for the determination of reducing sugars and tetghar.
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Delignification

RESULTS AND DISCUSSION

Conc. of NaOH (w/v) | %Residual acid — insoluble ligim content | %Delignification
4 2.375 58.41
8 1.38 75.83
12 1.115 80.47
16 2.07 63.75
20 2.125 62.78

Varying concentrations of sodium hydroxide weredusethe treatment of rice husk. The extent of glefication
was observed. Maximum delignification of 80.47% wakieved using 12 %( w/v) of sodium hydroxide abhd:
liquid ratio of 1:15. It was observed that increasthe percentage concentration of alkali couldfadher improve
on the yield of delignification. This observatiooutd be attributed to the error resulting from ey the procedure
was carried out.

The ability of sodium hydroxide to remove ligninttgat it has the potential to break the lignin gnln bond and
dissolves it. The removal of lignin also affectsdamccounts for the depletion of polysaccharidegiqaarly
hemicelluloses to some extent, since it forms gifeond with lignin. This also may insignificantlffect the yield
of the reducing sugars during saccharificationceinemicelluloses are hydrolysed by acid to redusirgar but are
mainly hydrolysed to xylose which on further decamsition yields furfural.

Saccharification

Saccharifying rice husk at 303K for 45min at vagyitoncentrations of sulphuric acid at 15psi wasiedrout. It
was observed that the optimum conditions for thmary hydrolysis were at 45min and 4% sulphuridati was
noticed that the chemical pre treatments such asrsoextraction and delignification enhanced theldy of

reducing sugar which helped in a high yield of Atdo An encouraging yield of reducing sugar wasaotgd using
delignified rice husk sample. It yielded 83.13%agsinst untreated rice husk which yielded 56.258ticag sugar
as could be seen from the following tables;

Effect of time of primary acid hydrolysis on sacchafication of untreated rice husk

Time (min) | Absorbance | Conc. of reducing sugar (mg) %Reducing sugar | %Total sugar
30 0.02 2.25 56.25 1.0
45 0.02 2.25 56.25 0.98
60 0.018 2.0 50.00 0.80
90 0.015 1.95 48.75 0.80
120 0.01 1.15 28.75 0.80
Temp. = 303K

Effect of temperature of primary acid hydrolysis onsaccharification of untreated rice husk

Temp (K) | Absorbance | Conc. of reducing sugar(mg) %Raucing sugar | %Total sugar
303 0.02 2.25 56.25 0.98
323 0.01 1.15 28.75 0.80
343 0.01 1.15 28.75 0.80
363 0.00 0.00 0.00 0.80

Temp. = 303K
CONCLUSION

The ultimate goal of this research is the saccieatibn of rice husks. Various experiments wereigies to help
achieve this, and one of such is the investigaitibm the effect of delignification on saccharificat of Abakaliki
rice husks which this work majorly centred on.

Delignification of rice husk was carried out usingrying concentrations of sodium hydroxide. It vasnd that
removal of lignin enhances the yield of alcohohcsi it retards the hydrolysis of polysaccharidéselding the
cellulose from reaction.
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APPENDIX

APPENDIX | EFFECT OF ALKALI ON DELIGNIFICATION OF RICE HUSK
1(g)  NaOH (w/v) 2(g)  NaOH (w/v)
READINGS 4% 8% 12% | 16% | 20% | 4% 8% 12% | 16% | 20%
Residue 0.023 0.012 0.012 0.019 0.016 0.024 0J010100 0.020| 0.024
Wt. of oven dry samplg  0.94P  0.942 0.942 0.942 D.pH.942| 0.942] 0.942 0.942 0.942

4% NaOH (w/v)
%lignin =4/, X 100

A = weight of lignin
W = weight of oven dry specimen

% residual lignin = 0.021 x 100
0.942 = 2.20%
% residual lignip = 0.024 X 100
0.942 = 2.55%
% residual lignin = 2.20+2.55
2 = 2.375%
%(delignification = (5.71 -2.375) x 100
5.71 = 58.41%

8% NaOH (w/v)

% residual lignin = 0.012 x 100 = 1.27%
0.942

% residual lignip = 0.014 X 100 = 1.49%
0.942

% residual lignin = 1.27+1.49 = 1.38%

2
%delignification = (5.71 -1.38) x 100 = 75.83%
5.71

129%NaOH (wiv)

% residual lignin = 0.011x1 = 1.17%
0.942

% residual lignip = 0.010X 10 = 1.06%
0.942

% residual lignin = 1.17 +1.06 = 1.115%

2
%(delignification = (5.71 -1.115) x 100 = 80.47%
571

16%NaOH (wiv)

% residual lignin = 0.019x 100 = 2.02%
0.942

% residual lignip = 0.020 X 100 = 2.12%
0.942

% residual lignin = 2.02+2.12 = 2.07%

2
%Delignification = (5.71 -2.07) x 100 = 63.75%
571

20% NaOH (w/v)

% residual lignin = 0.016x 100 = 1.70%
0.942

% residual lignin = 0.024 X 100 = 2.55%
0.942
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% residual lignin =

%Delignification =

1.70 +1.06
2

(5.71-1.115) x 100
5.71

Note: 5.71% is the value of the actual acid inst#ulgnin obtained previously in the course of tivisrk.

APPENDIX II: EFFECT OF DELIGNIFICATION ON SACCHARI

Readings:

Hydrolysis Time:
Hydrolysis Temp.
Absorbance
Concentration of Reducing Sugar =
Total Sugar =

% reducing sugar =

APPENDIX Ill: EFFECT OF TIME
HUSK.

Hydrolysis time

Hydrolysis temp.

Absorbance

Concentration of reducing sugar

% Reducing Sugar
I ml of hydrolysate =

Therefore 250ml of hydrolysate =

% R.S =

45 minutes
303K
0.03
.328 mg
0.80%

3.325 mg x 250 x 1000
1000
83.13%

45 min
303 K
0.02
.252ng

2.25mg RS.

250 x 2.25 mg

250% x 2.25 x 100 mg
1000 mg

FICATION OF RICE HUSK

= 56.25%
Time (min) | Absorbance | Conc. OfRSmg| % RS| % TS|
30 0.02 2.25 56.25 1.0
45 0.02 2.25 56.25 0.98
60 0.018 2.0 50.00 0.80
90 0.015 1.95 48.75 0.80
120 0.01 1.15 28.75 0.80

APPENDIX IV: EFFECT OF TEMPERATURE OF PRIMARY ACID HYDROLYSIS ON SACCHARIFICATION OF UNTREARED

RICE HUSK
TEMP %K | Absorbance | Conc. OfRsmg| % RS| % TS
303 0.02 2.25 56.25 0.98
323 0.01 1.15 28.75 0.80
343 0.01 1.15 28.75 0.80
363 0.00 0.00 0.00 0.80

Time=45 minutes; R.S. =Reducing Sugar; T.S. =TStajar.
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