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ABSTRACT

The capability of local strains of Zymomonas msbdind Saccharomyces cerevisiae isolated from nadin
(Elaesis guineesi) sap to produce ethanol from aessvaste water was investigated. Maximum etharadyred
after 48h period of fermentation by Zymomonas nwhias 15.0 and16.5(% v/wt) in acid and enzymediydates
respectively.In case of Saccharomyces cerevisier2d 2.84(%v/wt) ethanol were produced in acid andyme
hydrolysates respectively. In the course of feratéort, pH of acid hydrolysates that were seeddt vidlymomonas
mobilis and Saccharomyces cerevisiae dropped fr@nidb4.41 and 5.5 to 4.9 respectively. In enzyyuedlysates
that were fermented with Zymomonas mobilis and l&aomyces cerevisiae pH reduced gradually fromt6.5.46
and 5.5 to 5.1 respectively as fermentation duraticcreased from Oh to 48h. Also, sugar concerdrateduced
from 63.94 to 30.09 (mg/g) and 63.94 to 9.40 (mdfgacid hydrolysates that were fermented by Zymmaso
mobilis and Saccharomyces cerevisiae respectiélg. sugar concentration of enzyme hydrolystes fetede by
Zymomonas mobilis and Saccharomyces cerevisiae @@1@8 and 5.28 (mg/g) respectively at the end of
fermentation duration. The study demonstrates thtlsility of indigenous Z.mobilis and S. cerevésiabtained
from the sap of raffia palm for the production ¢iianol. Therefore, saucing and harnessing the pistisnof these
organisms would greatly minimize ethanol productiost in our locality — the Niger Delta region oigiria.
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INTRODUCTION

Ethanol or ethyl alcohol has been described asobtige most exotic chemicals because of its unprabination
of properties as a solvent, a germicide, a bevemgeanti-freeze, a fuel, a depressant and espebedause of its
versatility as a chemical intermediate for othegamic chemicals.

Ethanol is made from a variety of agricultural pwotd such as grain, molasses, fruits, whey anchielpvaste
liquor. Fermentation of any material that contaiga can derive ethanol. Whereas, there is glotmghasis in
ethanol production by fermentation processes, asaé yield of ethanol production by microbial fermagion,
depends on the use of ideal microbial strain, gmeite fermentation substrate and suitable proeessiology [1].
The technological behavior of industrial microorgams is the main stay of industrial secret in femtagon
industry and hence most microorganisms are patesmbédmay not be available for use outside theimtrguof
origin [1] . Consequently, there is the need torsedor indigenous and suitable strains. The charitics of an
ideal organism for ethanol fermentation [2], inaud

i. Tolerance to high substrate concentration

ii. High sugar uptake and ethanol yield
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iii. Tolerance to high ethanol

iv. Tolerance to low pH

v. Tolerance to low/no oxygen

vi. Amenability to genetic manipulation

This paper is aimed at evaluating the potentialisvoflocal strains for ethanol fermentation anddeedetermining
their suitability for commercialization

MATERIALS AND METHODS

Sample Collection/Isolation of Test Organisms

Cassava liquid waste was obtained from a cassaegsing mill in Abraka, Delta State. A sterile elntainer was
used for the collection of the cassava liquid waste container was placed under the pressing meamd liquid
waste was allowed to drip into the container aftbich, it was transported to the laboratory andyaiscarried out
within 30 minutes of collection.

Fresh palm sap tapped from raffia palm tieaésis guineegiwas obtained in pre — sterilized 1 liter contaiaed
immediately transported to the laboratory for thaation of test organisms. The sample was allowestand for 12
hours before the isolation procedure commenced. @iliditer of sample was withdrawn aseptically adduted
using the ten-fold serial dilution techniqgue an@ thour plate method was employed in inoculatingmD.bf
dilutions ranging from 18to 10°. Standard solid media with composition: yeastaettb.0g, glucose 20g agar agar
20g and distilled water 1000ml as prescribed bywa$ adopted for the isolation Afmomonas mobilighile malt
extract agar was used for the isolationSaiccharomyces cerevisiaBiscrete isolates from standard solid media
were subjected to Gram reaction and biochemicalacherization according to the criteria describedBergey’s
manual of determinative bacteriology [4] while &@ls obtained from malt extract agar were subjetiethe
criteria of [5], for the identification oSaccharomyces cerevisiae.

Preparation of Standard Inoculum of isolates

A loopful of cells ofZymomonas mobiliand Saccharomyces cerevisia@s respectively inoculated into 100ml of
standard broth medium and malt extract broth ragpdyg. The broth containingdymomonas mobiliwas incubated
at ambient temperature for 2 days in anaerobicjgas/hile broth that containeBaccharomyces cerevisiaes
incubated for 4 days. At the end of appropriataliation period, cells were harvested by centrifiogaat 4000rpm
for 30 minutes using 800D centrifuge. Harvestedsogkre re-suspended in 100ml sterile physiologsedihe and
respective total viable counts were performed. mrthis process the cultures were subjected tdaienserial
dilution up to dilution factor of 1& An amount (0.1ml) was inoculated by pour platehtéque into appropriate
media and incubated appropriately. The dilutiont gwduced 100 — 200 colonies were chosen and dease
standard inoculum for preliminary screening foragtbl tolerance.

Screening for Ethanol Tolerance

The method of [6] was adopted with little modificett for the determination of tolerance to ethanglthe test
isolates. Ethanol concentrations of 1, 5, 10 an@%2@Vv) were prepared using sterile distilled wat@ne milliliter
of each standardized inoculum was aseptically ihtced into nine milliliters of various ethanol centration
contained in test tubes. Incubation followed at immbtemperature and anaerobically for bAagfimomonas mobilis
andSaccharomyces cerevisidgontrols contained the appropriate test organisthdastilled water only. At the end
of 24h incubation duration, 0.1ml were asepticalighdrawn and plated onto appropriate freshly pregaagar
medium using the pour plate technique [7]. Incudatinder appropriate cultural conditions as desdrireviously
for Zymomonas mobiliand Saccharomyces cerevisja®llowed immediately. At the end of which colongunts
were performed and percent log survival determimgthe method of [8] and Log survival greater ouado 70%
were regarded as tolerant.

% log survival = (log C/ log c) 100

Where, C = count in each ethanol concentration
¢ = count in control.

Analysis of Cassava Effluent (Waste Water)
The Association of Official Analytical Chemist [&ethod was used in the respective determinatiayadfide, pH,
starch, glucose and protein content of cassavilligaste
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Sample hydrolysis

Two methods were employed in the hydrolysis of aaaswaste water sample viz: acid hydrolysis usirGVio
H,SO, and enzyme hydrolysis using amylase. The effluent was allowed to settle férhdurs after which, the
supernatant was decanted and slurry hydrolyzedogpiptely. At the end of hydrolysis, pH of hydradys was
adjusted to 5.5 using NaOH (0.2M).

Fermentation Procedure

The destructive experimental procedure was adopibds, each hydrolyzed sample was dispensed ingbvéw
250ml Erlenmeyer flask in 100ml amounts. Standa&diimocula oZymomonas mobiliwas seeded into six of the
twelve flasks while the remaining six flasks reegistandardardize8accharomyces cerevisia®cula. All flasks,
were incubated anaerobically at’2%2. Fermentation was allowed to proceed for aggedf 48 hours irrespective
of test isolate used. At intermittent intervalsGdf, 1h, 6h, 12h, 24h and 48h, pH, concentrationgluwdose and
ethanol produced were determined.

Determination of Ethanol Produced

On each analysis day, a flask was selected anckaerttntent distilled using a rotary evaporatortfe recovery of
ethanol produced. Ethanol which evaporated d&C78as condensed and collected using a round bofimsk
receiver and then measured.

RESULTS

The result of the physico-chemical analysis of ttessava liquid waste is as presented in Table & Th
concentrations of cyanide, protein, starch, glucasevell as pH were 42.84, 4.02, 21.81, 1.37 (mgfu) 4.98
respectively. Enzyme hydrolysis resulted in 65.04mgjucose and 4.74mg/g starch while values of agacand
residual starch content obtained from acid hydisly&re 64.84 and 4.72 (mg/g) respectively

Table 1: Physico-chemical composition of Cassavaduid waste

Composition (mg/g)

Component

Raw Cassava Effluent Acid hydrolysate  Enzyme hydrolysate
Cyanide 42.84 ND ND
Protein 4.02 ND ND
Glucose 1.37 63.94 55.4
Starch 21.81 4,72 474
pH 4,98 5.5 5.5

ND = Not Determined

The result of the biochemical characterizationhaf bacterial test organism is as shown in TablBéram negative
motile rods were suggestive @f mobilis and therefore, subjected to biochemical test aklibigted in Table 2
while Gram positive, oval shaped cells obtainednfroalt extract agar were indicative ®f cerevisiae.

The isolates obtained were screened for toleramdbe toxicity of ethanol at various concentrati@ml results
obtained are as presented in Table 3. In thismhediry screening, percent log survival that ranfyech 70 to 100
(%) was taken as tolerant. Both isolates provebdetaethanol tolerant from 1% to 5% (v/v). Ordy mobilis was
tolerantto 10% (v/v) ethanol. Ethanol tolerance by bothates informed further use in fermentation exercise

Table 2: Morphological and biochemical characterigts of Z. mobilis

Cellular Biochemical
Isolate Morphology Test
) Carbohydrate " .
Sucrose Catalase Oxidase Ureaseferme ntation Motility Maltose Arabinose Lactose Glucose
Z. Gram—
mobilis rod * * ) ) * (AG) * ) ) ) *
+ = positive
- = negative

AG = Acid and gas production
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Table 3: Response of Isolates to toxicity of ethaho

Ethanol concentration (% v/wt)

Isolate
1 5 10 20
Z. mobilis +++ +++ +++ ++
S. cerevisiae  +++ +++ +
+++ = >70% log survival
++ =50 — 69 % log survival
+ =30 —49 % log survival
- = < 30% log survival
6 —
5 - ‘
—
4 -

——Enzyme
hydrolysate
fermented by

3 Zymomonas
=4 —il— Acid hydrolysate
fermented by
Zymomonas
2 - g Enzyme
hydrolysate
fermented by
Saccharomyces
——Acid hydrolysate
1+ fermented by
Saccharomyces
0 T T T T T 1
O 1 6 12 24 48
Fermentation Duration {h)
Fig.1: Changes in pH in various hydrolysatesfermented
by Zvmomonas morabilis and Saccharomyces cerevisiae

During fermentation, gradual reductions in pH affentative medium were recorded as duration of éetation
increased (fig. 1). In enzyme hydrolysates fermegZ. mobilis values dropped from 5.5 to 4.46. Similarly, pH
values of acid hydrolysates containiigmobilisdropped from 5.5 to 4.41. In fermentors that reeey. cerevisiae
reduction in pH were 5.5 to 5.1 (enzyme hydrolysatel 5.5 to 4.9 (acid hydrolysate).

Residual glucose concentrations obtained in enzyydeolysate fermented with Z. mobilis were 55.41,28, 37.16
and 31.34, 25.02 and 20.08 (mg/g) at Oh,1h, 6h, 22h and 48h respectively. Corresponding valueaimdd in
acid hydrolysate were 63.94, 48.06, 41.64 and 38740 and 30.09 (mg/qg) respectively as depiatdiyi2. Also,
residual glucose concentration in various fermentmmtainingS. cerevisiageduced with increase in fermentation
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duration. At the end of fermentation, values reedrevere 5.28 mg/g in enzyme hydrolysate and 9.4@nmgéacid
hydrolysate.

However, the amount of ethanol produced in bothrélydates byZ mobilis increased progressively as
fermentation duration increased from Oh to 48h.eAfiards a gradual reduction was observed. Pealkdtha
produced byZ. mobilisin enzyme and acid hydrolysates were 16.5 and Mwbrespectively. Similar trends in
ethanol production were observed in hydrolysatas ¢bntained. cerevisiadut beyond 24h of fermentation, there
were no noticeable increase in ethanol concentratidher a plateau was formed as shown in fig.3catihg
inability for further generation of ethanol. Maximuethanol concentration obtained in these fermer2d4% v/wt
(enzyme hydrolysate) and 2.9% v/wt (acid hydrolgsathere were significant difference between ethgield by

Z. mobilisandS. cerevisiaat P> 0.05 confidence limit. Sugar conversion efficietgyZ. mobilis andS. cerevisiae
were 46.7% and 5.67% respectively in enzyme hydealyset — ups while in acid hydrolyzed set — up, th
respective sugar conversion efficiencies were 44rg1.3.89 (%).
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Fig. 2: Changes in sugar concentration in various hydrolysates
fermentated by Zymomonas morabilis and Saccharomyces
cerevisiae
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=—#— Enzyme hydrolysate fermented by Zymomonas
=—— Acid hydrolysate fermented by Zymomonas

—&— Enzyme hydrolysate fermented by Saccharomyces
—i— Acid hydrolysate fermented by Saccharomyces

18

Ethanol Produced {%v/wt)
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Fig.3: Changes in ethanol concentration produced in various
hydolysates fermented by Zymomonas morabilis and
Saccharomyces cerevisiae

DISCUSSION

Z. mobilisandS. cerevisiagsolated from raffia palmElaesis guineegisap were found to be successful tools in the
production of ethanol in the ordeZ. mobilis> S. cerevisiaeThe ability of the test isolaté. mobilisto produce
ethanol may be due to the fact that it has thetpltd degrade sugar using the Entner — doudorafifiyway as well

as high tolerance to ethanol [10]. The high toleeao ethanol observed might be due to the charstite
occurrence of lopanoids in the cell membrane.

The results obtained on the fermentation activitieZ.mobilisandS. cerevisiagevealed that the amount of ethanol
generated by.mobiliswas about 500% more than that generatedSbyerevisiae This difference in ethanol
produced may be attributable to the ethanol tokanf Z.mobilisin addition to its higher sugar uptake ability as
well as lower biomass production [10]. The unigue alual presence of pyruvate decarboxylase anchallco
dehydrogenase iZ.mobilis might have facilitated the rapid conversion of glee to ethanol. Simultaneous
saccharification and fermentation of cassava stasohgZ.mobilisandS. cerevisialdTCC 26602 was investigated
by [11]. They reported that fermentation kB:mobilis was considerably faster tha8.uvaran completing
fermentation in 20h resulting in a yield 95% of tteoretical yield whileS.uvaranrequired a period of 33h to
complete fermentation resulting in a yield of 90#4he theoretical value.

In this study bott¥.mobilisand S. cerevisiaegxhibited potential for ethanol production. Howevehey could be
manipulated genetically for higher ethanol tolespooduction but more importantly, the study dematss the
ethanol production suitability of indigenodanobilisandS. cerevisia®@btained from the sap of raffia palm which is
abundant in the Niger Delta region of Nigeria. ®iere, saucing and harnessing the potentials aktibeganisms
would greatly minimize ethanol production cost ur tocality.
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