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ABSTRACT

Andropagon gayanus (Gamba grass) was assessedd@ttBanol production potentials. The grass wasrblyaed
using 5% and 10% sulphuric acid and fermentatedgisultured bacteria (Zymomonas mobilis) and c@ltlyeast
(Saccharomyces cerevisiae). It was found that #regmtage yield of the ethanol in the distillatgaded from the
process involving cultured bacteria (Zymomones ti®)bivas 26.50% from 5% 330, and 44.90 % from 10%
H,SQ. For the process involving cultured yeast (Sacoharces cerevisiae) the values were 35.80% from 5%
H,SQ, and 35.30 from 10% 4$Q,.
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INTRODUCTION

The high demand for energy, uncertainty of petnwl@esources and concern about climatic changetetas the
resurgence in the development of alternative lidus [1]. The future fuel is presently focusedaganic waste
materials from both plants and animal sources @&joaldable output from industries, agricultural wasgorestry
and household could also be potential sources @ebergy, examples of these includes corn, strambers,
manure, sewages and dispersed seeds by animaldefteeer. An inevitable depletion of the worldwidmergy
supply has prompted an increasing worldwide intdrethese alternative sources of energy [16].

Bio-ethanol is one of the liquid fuels generatednfrcarbonaceous material found to have an efficbafdrific
content capable of being used in automobiles [MOUnNited States, it is the principal fuel usedagsetrol substitute
or as a blend for road transport vehicle.

This paper aims to determine the bioethanol pradmgbotentials ofAndropogon gayanuéH: Gamba) a grass
commonly found in almost all parts of northern Nige

Andropogon gayanus: Common names include gamba grass, bluestem (Aftigstralia); Rhodesian andropogon
(southern Africa); Rhodesian blue grass (Zimbabwa)ga, tambuki grass (north-west Africa); sadiaodindia).
It is a kind of tall annual or perennial, tussockgs, culms erect, up to 3m tall, more or lesststhwout 0.6cm in
diameter, glabrous, many-nodded, producing flowgetinanches from the third node upward; leaves glabior
softly pubescent, rarely villous or tomentose; #ihagght, striate; ligule short, rounded or trureggaglabrous or
somewhat hairy on back, rarely exceeding 0.2cm;ltargina linear to lanceolate-linear in the loweaes, usually
from a much attenuated base and there often formitegete petiole, tapering to a fine point, ov@cr8 long, up to
1.6cm broad, glaucescent or reddish, margin scabféu The use of switch grass as substrate foetbamol
production started since in the early 1980s and aawore favored substrate for bioethanol productiam corn
which is also food cropAndropogon gayanusas many similarities with switch grass i.e. bgiegennial, resistant
to drought, low soil fertility requirement and aladility in Nigeria this and many more reasons infed the used
of this local grass in this piece of work.
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Bio-alcohols

These are biologically produced alcohols. Commooragthese are ethanol and rare among these aranmiogind
butanol. Bio-butanol can be used directly in a §ascengine and hence is considered as a diret@asment for
gasoline. Butanol can be burnt straight in the texdsgasoline engine without any alteration to #egine or
carburetor. It is also claimed that this butan@duces more power and has less corrosive effecisdieds soluble
in water than ethanol [18].

Ethanol is the most commonly used bio—fuel in tlelavand particularly in Brazil.. Ethanol can beedsn petrol
engine as a substitute for gasoline. Also it canblended with gasoline in many different proportiomhe

contemporary automobile petrol engines can workmixture of gasoline and ethanol that has 15% blwarsil.

These mixtures of gasoline and ethanol have highteme number which indicates that engine wouldh thatter

and more efficiently.

In higher altitude spots a mixture of gasoline atlanol is used as a winter oxidizer and therehlyredeing
atmospheric pollution. Ethanol fuel has less Britikermal unit content, energy content, thus, igedthe same
distance, more fuel is required. Also ethanol hasraosive effect on combustion chamber, aluminobber hoses
and gasket and fuel system [6].

Methods of Bioethanol production

Ethanol can be produced from biomass by hydrolgsi sugar fermentation process. Biomass contafrmsrgplex
mixture of carbohydrate polymers from the plant egllls known as cellulose, hemicellulose and ligfi9].
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In order to produce sugar from the biomass, isigally pre — treated with acid or enzymes to redhessize of the
feedstock and to open up the plants structure. ddilelose and the hemicellulose portions are bro#ewn

(hydrolyzed) by enzymes or dilute acids to sugat th then fermented into ethanol [19]. The stageslves in

conversion of complex carbohydrate polymer to etharcludes;

Pretreatment

Pretreatment is required to alter the biomass nsaomic and microscopic size and structure as welit'a
submicroscopic chemical composition and structarthat hydrolysis of carbohydrate fraction to moroicsugars
can be achieve more rapidly and with great yieldd & [17]. Pretreatment affects the structure of biomass by
solubilizing hemicellulose, reducing crystallinignd increase the available surface area and pduoeneocof the
substrate. Pretreatment has been considered ad treemost expensive processing step in biomag=rteentation
sugar conversion with as high as 30 cent/galloarethproduced.[11].

Hydrolysis
After pretreatment there are two types of proceshydrolysis the feedstock into monomeric sugarstirent
required for fermentation into ethanol.

The hydrolysis method most commonly used are adildité and concentrated) and enzymatic. To imprihe
enzymatic hydrolysis efficiency, the lignin — hegiloloses network has to be loosened for the battexnability of
cellulose to residual carbohydrate fraction forasugcovery.

Dilute acid treatment is employed for degradatibhemicellulose leaving lignin and cellulose netlwor substrate.
Other treatments are alkaline hydrolysis or micablgretreatment, with white — rot fungiPifaenerc — chate
chrysosporium).
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The dilute acid process is conducted under higimperature and pressure and reaction in the ranggconds or
minutes while the concentrated acid hydrolysis psscuses relatively mild temperatures and a mininReaction
times are typically much longer than for dilutecaprocess [11]

Dilute Acid Hydrolysis

In dilute acid hydrolysis, the hemicellulose is digpnerized at relatively low temperatures. Dilutéfsric acid is
mixed with the biomass to hydrolyze the hemicelel®o xylose and other sugars. Dilute acid reasifibiomass
at a temperature of 120-22C where the hemicellulose fraction of plant celldispolymerized leading to the
enhancement of cellulose digestibility in the residsolids [13], [16] and [17]. Dilute acid hydrsig however has
some limitations, if higher temperatures (or longesidence time) are applied, the hemicelluloseiveer
monoccharide will degrade and give rise to fermigamianhibitors like furan compound, weak carbogydicids and
phenolic compound [8], [9] & [14]. These fermentatiinhibitors are known to affect the ethanol prehn
performance of fermenting microorganisms. In order remove the inhibitors and increase the bioethano
production, some biological methods have been uBbdse methods include over liming (Martireizal; 2000),
charcoal detoxification (Lopezt al 2004), detoxification of acid.

The lignocellulose material is first treated wititute sulphuric acid and heated to approximatelSCsfbllowed by
the addition of much stronger acid solution andtémeperature raised to 1% At this stage approximately 80% of
the hemicellulose and 29% of cellulose are hydedyzThe hydrolysis is further incubated at lovesnperature for
a residence time of two hours to convert most &f tigosaccharides into monosaccharides followedthgy
separation of solid and liquid fractions. The satfithterials again washed with plenty water to enbaswgar
recovery [19].

Concentrated acid hydrolysis

This method uses concentrated sulphuric acid fatbwy a dilution with water to dissolve and hydegly the
substrate into sugars. This process provides cdepded rapid conversion of cellulose to glucose and
hermicellulose to xylose with a little degradatidrhe concentrated acid process used 70% sulphaiic e a
temperature of between 40 and &for a period of between two to four hours inctea. The low temperatures and
pressure will minimize the sugar degradation. Thedrblyzed material is then washed to recover trgas(i19].
The solid resisure from first stage is de—watened soaked in 30 — 40% sulfuric acid for 50 minwae400C for
further cellulose hydrolysis. The primary advastayf the concentrated acid process is the potefaiahigher
sugar recovery efficiency, about 90% of both heetitose and cellulose fractions get depolymerizgd their
monomeric units [18].

Enzymatic Hydrolysis
Instead of using acid to hydrolyze the biomass suorose, we can use enzymes to break down theabm a
similar way.

[Condensation polymer of glucose starch + enzymely  GOgH1, Yeast 2GHsOH + 2CQ
Glucose» Ethanol

However this process is very expensive and isistits early stages of development.[15].

Fermentation Process

The hydrolysis process breaks down the cellulosegiahe biomass into sugar solution that can therfiermented
into ethanol. Yeast is added to the solution whglhen heated. The yeast contains an enzyme caledtase,
which acts as a catalyst and helps to convertubmse sugar into glucose and fructose [5].

CioH20011 + HO Invertase dB1,1,0¢ + GH1504
Sucrose Water Catalyst Fructose Glucose

The fructose and glucose sugars then react witthanenzyme called zymase, which is also containede yeast
to produce ethanol and carbon dioxide.

CesH1:06 Zymasg 2E;0H +2CQ
Fructose Catalyst Ethanol

Fractional Distillation process:
This is a process by which components in a chdmitgture are separated according to their differeoiling
points. Vapors from a boiling solution are passéwh@ a column. The temperature of the column gréylua
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decreases along its length. Components with a higb#ing point condense on the column and returrthe
solution; components with a lower boiling point aisrough the column and are collected.

The ethanol, which is produced from the fermentapecocess, still contains a significant quantitywafter, which
must be removed. This is achieved by the fractidafistillation fermented mixture. Since ethanol fEsower
boiling point of 78.8C it will distill; first leaving water behind. Reistilling the distillate will give a product thas i
almost pure ethanol and which can directly beaddias bio fuel. Ethanol §8sOH) is a biodegradable liquid with
low toxicity and cause little environmental polari when split. It burns to produce carbon dioxae water
vapour.

C,HsOH —Ab Co+ H,0

Ethanol is high octane fuel and has been repoxtereplace tetra ethyl lead as octane enhancer tiolp8y
blending ethanol with gasoline the fuel mixture @so oxygenated so that it burns more completety @oduce
less polluting emissions. Ethanol fuel blends aidely sold in the United States. The most commamdis are 10%
ethanol and 90% petrol (E10). Vehicle engines meqono modifications to run on E10 and vehicle watiess are
also unaffected. Only flexible fuel vehicles can nn up to 85% petrol blends (E85) [5].

MATERIALS AND METHODS

Samples: The samples of fresAndropogon gayanuwere obtained from Dange and Tureta local Govasef
Sokoto state and at the back of Sokoto Energy Rese@enter in the Main Campus of Usmanu Danfodiyo
University Sokoto. The grass samples were firstppled into small pieces and then mashed mechaniasaihg
pestle and mortar. The mashed samples were suth fdrighree days and then in a hot air oven. Thenodried
samples were later grounded into powder using woadertar and pestle and then into a fine powdengusin
electric blender. The powdered material was stataom temperature in a polythene bag prior toroencement

of the analysis.

Bio- ethanol Production: Bio-ethanol production involves acids hydrolysermientation and fractional distillation
process. 5% and 10% dilute acid hydrolysis proeess used in this conversion. Two different ferméataagents
were used i.e. bacteri@@ymomonas mobilisdnd culture yeaqiSaccharomyces cerevisiaig) order to see which
one gives high yield of bio — ethanol after diatiibn.

Acid hydrolysis:

Dilute acid hydrolysis was employed in this invgation and the following procedure was used. Fiftyms (509)

of dried powdered samples Ahdropogon gayanusere taken into twelve different 500ml beakersttad sample
samples from Dange were contained in four Bealavsléd D1, D2, D3 and D4 the sample from Turetaewer
labeled T1, T2, T3 and T4, While the samples fromBack of Energy Research Center were labeled EE1E3
and E4 respectively. From each group two of thegmed samples were treated with 400 ml of 5% suiplacid
and the remaining two with 10% sulphuric acid. Dleakers are then covered with cotton wool and iaum foil
gently heated to 5C for 30mins. The beakers were allowed to cool thed filtered through Whatman filter paper
and the pH adjusted to 4.0 with 10M NaOH solutioras to neutralize the acidity.

Fermentation Process

The fermentation was carried out with saccharificaisimultaneous saccharification and fermentaf®8F]) as
described by[8] and [14]. The beakers containirgidrolyzed samples were covered with cotton wawohpped
in aluminum foil and then autoclaved for 30minussl2PC in order to arrest any microorganisms preserién
filtrate before proceeding to fermentation procdwey were afterward allowed to cool at room terapge then,
7.5ml of cultured yeastSaccharomyces cerevisiagps added into *Lbeaker containing 5% 430, hydrolyzed
sample and ”? containing 10% bSO, hydrolyzed sample respectively and stirred thohbyig7.5ml of cultured
bacterial Zymomonas mobilisyas added into '8 containing 5% K50, and 4" beakers containing 10%,80,
hydrolyzed samples respectively and stirred thonbugThe 12 beakers were covered with cotton waund a
wrapped in aluminum foil paper, then were storadafaveek with constant string everyday.

Distillation Process

Each beaker containing the fermented liquor wapetised into round — bottom flask, which was fitted
distillation column. A heating mantle with the teenature adjusted to 80 was used to heat the round bottom flask
containing the fermented liquor. A clean conicakR was fixed to the other end of the condensecdtiection of
the distillate as the bio — ethanol produced. Tisglidte which may still contain a significant aomd of water was
redistilled for the second time using the same g@aace so as to obtain the pure ethanol.
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Quantification of Bio — ethanol Yield
The volume of the ethanol yield was measured usingeasuring cylinder, which was expressed in g/l by
multiplying the volume of the distilled (bio — eti@l) by the density of ethanol (0.8033g/ml).

RESULTS

The results of the various experiments conductetignresearch work are presented in the Tablesnddelow:

Table 1: Percentage of Bioethanol yield (v/v) usin§accharomyces cerevisaie as fermenting agent

Samples| 5% k8O, | 10% HSO,
D 35.00 38.50
T 37.50 37.80
E 37.00 38.20

Table 2: percentage Bio ethanol yield (v/v) usingymomonas mobilis as fermenting agent

Samples| 5% k85O, | 10% HSO,

D 35.70 44.90
T 36.50 42.80
E 36.60 43.00

Table3: Qualitative test of all the distillates (Bo — ethanol

Test Observation Inference
Distilled + Acidified KMnQy The purple coloration of KMng)decolorized immediately Presence of OH
Distillates + Sodium metal A vigorous effervescence with evolution of colosdegas, which does Presence of OH
not have any effect on litmus paper. group
Distillates + Red litmus paper followed by blueNo effects on both litmus paper Neutral to litmus
litmus paper. paper
Distillates + CHCOOH + few drops of concl A pleasant fruity character was observed Presence of OH
H.SO,
The orange colour of XCr,O; changes to green immediately. Presence of OH
Distillate + K,Cr,O; solution (5cri 0.1M) of
conc. HSO, then warmed

DISCUSSION

The Results presented in Tables land 2 revealsdthie percentage yield of bioethanol with cultusezhst
(Saccharomyces cerevisiaigdm 5% sulphuric acid hydrolyzed was 36.70% whiiat from 10% sulphuric with
cultured yeastaccharomyces cerevisiagiplded 38.50 % (v/v) for samples from Dange (B)r the samples
from Tureta (T) and Energy Research center thel yiieim 5% sulphuric acid using cultured yeg&a¢charomyces
cerevisiae)were 36.50 and 36.60 respectively While that fid#o dilute Sulphuric acid hydrolyzed with the same
fermenting agent are 37.80 and 38.20 respectiVidlis result indicates that the strength of thdrbiyzing acid
can influence the bioethanol yield due to the gmediydrolyzing power leading to high sugar recovery
Fermentation with cultured bacterialyymomonas mobilispn the other hand yielded the followings; with 5 %
sulphuric D = 35.70, T= 36.50 and E had 36.6Gcatihg a very similar result in the entire samjdat hydrolysis
with 10% Sulphuric acid shows that D = 44.90, T 882and E = 43.00. This result also indicated thatrolysis
with 10% sulphuric acid is more beneficial thamgsb% sulphuric acid.

The results presented in Table 3 shows the re$udualitative analysis on the sample distillatebe Tistillates
obtained was tested with few drops of acidified KBnthe purple coloration of the KMnQvas tested decolorized
immediately which inferences the presence of OHigr@\ piece of sodium metal was dropped into ttstiltfites, a
vigorous effervescence with evolution of colourlgss, which does not have any effect on litmus papas also
observed indicating presence of OH groups. The kawmipere further tested with litmus paper (Bothebauind Red),
which have no any effects on both paper, indicatiegtral to litmus paper.

A pleasant fruity scent character was observed vibendrops of acetic acid (GAOH) were added followed by
few drops of concentrated,80,, which signified the presence of OH. Few dropaaflified K;Cr,O; were added
to the distillates which changed the orange cailomabdf K,Cr,O; to greenish coloration, indicating the presence of
OH groups. The samples generally yielded bioethandlatively high percentages i.e 35 — 44.90shws a great
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potential for bioethanol production froAndroapogo gayanuwhich is local perennial grass that can grow even
during dry season throughout northern Nigeria.

CONCLUSION

From the results presented in this research waoks-tethanol can be produced fré\ndropogon gayanug€amba
grass) by using cultured bacteridlytmomonas mobilisdnd cultured yeastSéccharomyces cerevisiad)here is
great potential yield of bio — ethanol frokmdropagon gayanugamba grass) using cultured bacterigniomonas
mobilis).

Recommendation

From what was observed it is recommended thatyduresearch should be conducted on this usinghigdriables
dilute acid and enzymatic hydrolysis in order t@amine the structure of the produced ethanol, kisettudies of
the production process should be conducted. Alsghshould be with a view to explore means of pigper
harnessing these agricultural products towardgptbduction of ethanol for uses in energy sectobias- fuel as
against its production as an alcoholic drink.

The manufacturing sectors should established & yainture with energy institution, Universities,lf@echnics and
other private sector to come up with simpler andemways of producing ethanol | n large marketahlangities to
serve as substitute for other fuels, thereby argattom for job empowerment in the society.
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