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Potentials of Wild Strain Saccharomyces cerevisiae in Ethanol Production
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Abstract: Yeast strain isolated from rotten Trish potato was identified as Saccharomyces cerevisiae.
It was characterized biochemically and morphologically and found to be identical with the standard strain of
S. cerevisiage. The 1solate potential for ethanol production from Cassava starch was assayed and found to
produce ethanol from starch under natural environmental conditions. The optimal pH was found to 3.5-3.7 with
a directly proportional increase in ethanol and glucose concentration (Mean + SD). This wild strain of
S. cerevisiae possessed ability to produce starch degrading enzymes, thus salvaging the cost of purchasing
starch degrading enzymes i ethanol production. This research paper was to hypothesize that certain wild strain
of S. cerevisiae could posses the ability to produce starch degrading enzymes in their natural environment and

as such could produce both glucose and ethanol.
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INTRODUCTION

There is a great need for alternative source of
energy to substitute petroleum based fuel for both energy
and climate change considerations. Cassava (Manihot
esculenta) is an efficient carbohydrate crop [1, 2].
Cassava has been documented as one of the potential
bioethanol crop [3]. Cassava 1s a cheap substrate that 1s
easily available mn tropical countries such as Africa [4].
Microorganism like Saccharomyces cerevisiae among
others has attracted considerable attention in recent years
for the production of ethanol from renewable agricultural
resources [5-10]. S. cerevisiae ability to produce a high
concentration of ethanol is commonly utilized in ethanol
production [11]. S. cerevisiae has the potential as ethanol
fermenting yeast from glucose, but said to be meffective
i producing ethanol from starch since it was documented
that they lack starch-decomposing enzymes such as «-
amylase and glucoamylase [12]. Tt has also been
documented that it 1s necessary to add starch
decomposing enzymes in a bioreactor before S. cerevisiae
can utilize starch as a carbon source [13, 14].

This paper revealed a wild strain of organism causing
soft rot in Irish potato and mvestigated for its ability to
degrade starch for ethanol production and had been
identified as S. cerevisiae which is capable of fermenting
cassava starch to ethanol without the addition of starch

degrading enzymes at room temperature and without
external alteration or adjustment of pH. The organism was
observed to carry out fermentation as it would have done
in its natural environment. The study had not only
revealed the potential of this wild stramn of S. cerevisiae in
ethanol production from cassava, but also promises a
high impact in industrial ethanol production through cost
effectiveness by salvaging the high amount of money
spent on the production or purchase of starch degrading
enzymes. Its ability to carry out fermentation at room
temperature will sigmficantly reduce the high cost of
cooling in fermentation industry. This strain presents a
promising organism for further study and re-engmeering
for effective use in bioethanol industry.

MATERIALS AND METHODS

Isolation of Yeast Strain: The yeast was isolated from
rotten Trish-potato obtained from Maiduguri main market
1in Borno state, Nigeria. The rotten Irish-potato was sliced
and moculated on potato dextrose agar (PDA): 200g of
potato tuber was peeled, sliced and placed in 1000ml
beaker containing 500ml of distilled water and allowed to
boil for 45 minutes. The extract was decanted into another
beaker and 20g of dextrose was dissolved in it with 15g
agar powder and stirred thoroughly, the total volume was
about 850ml. the media was then transferred to 1000ml
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conical flask corleed with clean and sterile cotton wool
and aluminium foil and then autoclaved at 121°C for
15 minutes. Small amount of lactic acid and 50 mg
chloramphenicol was added to the media to mnhibit
bacterial growth. Plates were incubated at 28°C for 48
hours to obtain a mixed culture. Pure culture was later
obtained by subculturing distinct colonies on freshly
prepared PDA, mcubated at 28°C for another 48 hours.

Identification of Yeast Strain: Identification of the yeast
based on morphology and physiclogical characteristics
were carried out using standard yeast identification
technique [15] along side with the methodology reported
by Yarrow [16] and Yabaya and Jatau [17] with slight
modification. Maximum growth temperature was
determined 1n a yeast peptone dextrose broth using metal
block baths (ISOCATL-6, Isotech, Southport, England).
The utilization of the various carbon sources and other
physiological characteristics were determined using a YT
microplate™ (Biolog, Hayward, CA, USA) according to
the manufacturer’s instruction.

Sample Preparation: Cassava (Manihot esculenta)
obtamed from Maiduguri Monday market was peeled,
dried and grounded into powder and were measured in 5,
10, 15,20 and 25 in two replication mnto 150ml conical flask.
100mls of water was then added to each flask giving a
concentration of 5/100, 10/100, 15/100, 20/100 and
235g/100ml of sample respectively. These concentrations
were boiled 1n an autoclave at 121°C for 15 minutes, the
process that sterilizes and also acts as pre-treatment and
hydrolysis  of the starch granules for microbial
enzymes activities.

Batch Fermentation: Yeast isolates (5% inoculum size)
were noculated 1nto the respective reaction flask, except
the control and observed for fermentation product for 192
hours. The mitial media pH ranged from 6.1-6.5. There was
no pH adjustment but the pH of the medium continues to
fluctuate due to production of acid as a by-product.
Glucose and ethanol concentration were observed along
with the decreasing pH values to ascertam the value at
which the organism best carry out fermentation of starch
under natural environmental condition. The temperature
was at room temperature. The fermentation vessels
covered with cotton wool and Aluminium foil were shaken
periodically with the use of manual agitator. The medium
contamed optimal concentration of (NH,),S0,, KH,PO,
MgS0,.7H,0 as sources of Nitrogen, Potassium and
Magnesium, respectively. There was no addition of a-
amylase and glucoamylase, an aliquot of dextrose was
added as a starter or boster to mitiate the fermentation of
glucose. Glucose and ethanol contents were assayed 24

hourly after the 72h of inoculation. The ability of the yeast
strain to ferment cassava without the addition of starch
degrading enzymes was studied without pH adjustment at
room temperature to ascertain its potential in ethanol
production under natural environmental condition.

Analytical Methods: The concentration of reducing sugar
{glucose) was analyzed colorimetricaly by the method of
Miller [18] using glucose standard. The ethanolic
concentrations were analyzed by redox titration methods.
The ethanol was oxidized to ethanoic acid by reacting it
with excess of potassium dichromate in acid.

201,07 + 16 + 3C,H,0H 4Cr™ + 11,0 + 3CH,CO0H

The amount of unreacted dichromate was then
determined by adding potassium iodide solution which is
also oxidized by the potassium dichromate forming 1odine.

Cr,0F+ 140+ 61 2Cr™ 31, + 7H,O the iodine was
then titrated with standard solution of sodium thiosulfate
and the titration results are used to calculate the ethanol
content of the sample: 23,0, + I, 8,0, + 2.

RESULTS

The yeast stram pure isolates had a cream-white
colour on PDA after incubating at 28°C’ for 48hours. Gram
stain reaction showed a G+ oval shaped cell. Microscopy
(Bright field microscope: Olympus CH-2) revealed a yeast
like colonies that reproduce by budding and was about
5.8-6.6 x 9.0-15.5.m. Acospores are present. Physiological
characteristics based on certain markers showed that it
utilized D-glucose, sucrose, maltose raffinose and
maltotrios and had mability to utilize lactose, trehalose
and galactose as carbon sources (Tablel ).

Table 1: Physiological and Biochemical Characteristics of Yeast strain
A.Carbon Utilization
D-Glucose +
Sucrose +
Lactose -
Maltose +
Trehalose -
Raffinose +
Galactose -
Maltotriose +
B.Nitrate Assimilation
KNGO -
NH,SO, +
C.Ascospore +
D.Growth at Elevated Temperature
2000 +
25°C+
30°C +
35°C+
40°C +
45°C -

+ =Positive, - = Negative
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Table 2: Glucose concentration with varying concentration of biomass over Fermentation Time

Glucose (g/em®)
Biomass (g/dl) 5 10 15 20 25 Control
24h 2.55 2.69 2.80 3.07 3.26 0.35
48h 2.82 3.13 3.96 4.52 4.86 0.48
72h 3.04 445 4.97 5.27 5.41 0.52
9¢6h 3.23 4.62 5.4 5.31 5.56 0.51
120h 3.33 3.42 5.13 5.36 5.57 0.45
144h 4.22 4.29 5.30 4.47 5.54 0.54
168h 3.68 3.91 5.33 5.42 5.53 0.50
192h 2.01 3.85 4.90 522 5.28 0.48
Glucose and ethanol concentration (Mean + SD) increases with biomass concentration (Table3).
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The yeast strain utilized ammonium sulfate as mtrate DISCUSSION

source, but showed inability to utilize potassium
nitrate. It exhibited growth at 20-40°C (Table 1). Glucose
concentrations in various biomass over fermentation time
1s optimal at 144h in 5 and 10g/dl, 168h n 15g/dl and 120h
m 20 and 25g/d] after which they began to flunctuate,
however a gradual increase in glucose concentration was
observed in various concentration of biomass over a
given fermentation time (Table 2).

Ethanol concentration was slightly higher than that
of glucose. Both glucose and ethanol concentration
increases with decrease in pH, with optimal pH range of
3.5-3.7 (Figs.1 and 2).

Biochemical and morphological analysis identified
the yeast strain as S. cerevisiae [17, 19]. Decrease in
glucose concentration after 144h in 5 and 10g/dl, 168h in
15g/dl and 120h in 20 and 25g/dl showed that the
organism logarithmic phase differs in various substrate
concentrations which in tumn determine the number of
viable cells carrying out the hydrolysis. Higher amount of
glucose concentration in the fermentation flask as
compared to controls showed the organism ability to
produce glucose from Cassava which had proved their
ability to produce ¢-amylase and glucoamylase enzymes

189



Am-Euras. J. Sci. Res., 5 (3): 187-191, 2010

Table 3: Glucose and ethanol concentration (Mean + 8T)) with varying

concentration of biomass

Biomass (g/dl) Glucose (g/cm®) Ethanol (g/cm®)

5 322+0.53 3.16£0.25

10 3.80+0.67 4.20 + 0.60

15 4.68 £0.87 4.84+0.18

20 4.96+0.82 515018

25 4.91 £1.06 5.50+0.24
contrary to  documented envidence that starch

degrading enzymes must be added to the bioreactor
before S. cerevisige can effectively produce glucose
[13,14]. Small amount of glucose as detected i the control
was due to aliquots of glucose added to the substrate as
booster and due to partial hydrolysis by heat during
sterilization of the substrate. Slight increase in the mean
+ SD values of ethanol concentration compared to
glucose concentration (Table3) was due to immediate
utilization of the glucose as direct substrate to ethanol
production. Production of acid as by-product must have
accounted for the continual decrease m the pH value
which was a regulatory mechanism to determine how
flunctuation in pH affects the activity of this wild strain of
8. cerevisiae. High amount of glucose and ethanol was
then obtaned at pH range of 3.5-3.7 which by implication
showed the optimal pH at which this wild strain of S.
cerevisiae could carry out fermentation in its natural
environment.

In concluaion, this research paper hypothesized that
certain wild strain of S. cerevisige could posses the ability
to produce starch degrading enzymes in their natural
environment and as such could produce both glucose and
ethanol.
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