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ABSTRACT

Bioethanol is one of the most important biofuel due to its positive impact on the environment. However, its economic
production is dependent primarily on the raw materials used and the fermentation potentiality of the microorganisms.
Therefore, this study was aimed to screen for thermotolerant Saccharomyces cerevisiae yeast isolates from common
fruits of Bangladesh and produce bioethanol from decaying fruit wastes. Nine different fruits were collected and
subjected for anaerobic growth. Colonies similar to S. cerevisiae yeast were isolated based on cultural (colony shape,
size, color, elevation, surface edge, consistency), morphological (bud, cell shape) and biochemical characteristics
(carbohydrate fermentation). Molecular confirmation was done using S. cerevisiae RSP5-C allele specific primer. Six
isolates were confirmed as S. cerevisiae based on cultural, morphological, biochemical and molecular characteristics
studied. From the four isolates that showed the growth capacity at a higher (41 ºC) temperature than optimum (30 0C),
SC-Gr, the isolate from grape, showed the most active growth at 41 ºC and used to produce bioethanol from decaying
fruits like banana, papaya, apple and grape. The significantly highest amount of bioethanol concentration (7.92 %) was
obtained from the grape waste at 37 ºC, at pH 5 after 48 hrs of the fermentation period and the lowest amount of
bioethanol (2.37 %) was obtained from decaying banana at 45 ºC and pH 5.0 after 72 hrs of fermentation period. This
study suggested that decaying fruits could be better utilized in the industry of renewable fuel energy using thermotolerant
yeast isolate from grapes.
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INTRODUCTION

Overuse of fossil fuels and consequent
environmental issues has become a concern recently for
the production of alternative fuels. Microbial conversion
of renewable cellulosic and lignocellulosic feedstock to
biofuel such as bioethanol is very effective to minimize
the problems associated with the world environment (Cho
et al., 2015). Bioethanol is a sustainable energy source
and clean-burning fuel, which gives higher thermal
efficiency and power than conventional gasoline (Hansen
et al., 1985).

Yeasts, particularly the genus Saccharomyces,
and mainly the species Saccharomyces cerevisiae, are
usually the first choice for industrial bioethanol
production because of their good fermentative capacity,
higher ethanol yield, high tolerance to ethanol and other
inhibitors which occur during pre-treatment or
fermentation, and the capacity to grow rapidly under the
anaerobic conditions that are typically established in
large-scale fermentation vessels (Mussatto et al., 2010;
Mohd Azhar et al., 2017). The yeast S. cerevisiae is

considered as safe microorganism to produce bioethanol
(Pretorius Du Toit et al., 2003). Among different
microorganisms, S. cerevisiae is the major bioethanol
producer that can produce up to (20% v/v) by
fermentation from different carbon sources (Cot et al.,
2007). However, during industrial scale production of
bioethanol, some factors affect the production rate, for
instance, toxicity of ethanol (Torija et al., 2003),
temperature sensitivity (Talukder et al., 2016), distillation
cost (Alfenore et al., 2002) etc. Among these factors,
production rate faces serious problem due to temperature
sensitivity. In general, optimum growth temperature for
S. cerevisiae is 25 0C-30 0C and growth rate decreases
rapidly at above 30 0C (Torija et al., 2003). However,
different research works suggest that thermotolerant
yeasts can survive and ferment ethanol at above 30 0C
(Suutari et al., 1990; Banat et al., 1992; Nonklang et al.,
2008). Bangladesh is a tropical country and the average
temperature of eight months in a year range from 30 0C-
35 0C. Therefore, probability of getting thermotolerant S.
cerevisiae yeast is more desirable (Mohd Azhar et al.,
2017) in this region.
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Utilizing fermentation potential of
thermotolerant S. cerevisiae yeast, decaying fruits can be
used as an excellent feedstock for bioethanol production
due to high sugar content and cost effective substrate
(Shubhra et al., 2014). Among the total fruit production,
25 to 60 % of fruits losses freshness due to several factors
such as poor handling of the products and different
diseases caused by pathogens (Janisiewicz and Korsten,
2002). Postharvest losses of fruits in Bangladesh are
about 25-50 %, where it is only 5-25 % in developed
countries (Kader, 1992). The utilization of these fruit
wastes for bioethanol production will be one of the best and
cost effective ways of saving natural resources
(Vishwakarma et al., 2014). Banana, Papaya, grape and
apple are the most commonly consumed fruits all over the
world. Due to their perishable nature, these fruits lost their
freshness very quickly. Moreover, these fruits are available
with the highest energy source and inverted-sugar
(Jayaprakashvel et al., 2014; Shubhra et al., 2014), also,
represent as potential energy feedstock, which may be
especially suited for bioethanol production.

Bangladesh is a small country with lots of
population, and the most vulnerable due to climate
changes. Burning of fossil fuels worsen the situation
more. Therefore, Bangladesh needs a quick and
environment-friendly alternative. Biofuel can be a good
option for this. Therefore, it is essential to find
appropriate thermotolerant yeast isolates suitable for
commercial bioethanol production. To our knowledge,
this is the first study where thermotolerant yeast isolates
were morphologically and molecularly screened and was
determined their fermentation potentiality using decaying
fruit wastes.

MATERIALS AND METHODS

Sample collection and processing: Nine different fruit
samples such as guava, grape, pineapple, shaddock,
lemon, banana, apple, orange and papaya were collected
from different places of Mymensingh, Bangladesh during
the summer season. These fruits were selected based on
their year round availability, comparatively lower cost
and as a constant habitat of S. cerevisiae. Fruits were cut
into small pieces and washed in running tap water
followed by distilled water. Small pieces of the fruits
were kept into wrapped plastic box at 30 °C and were
checked for microbial growth after one week.

Selection of S. cerevisiae yeast isolates based on
cultural characteristics: Microbial growth observed in
different fruit samples was carefully examined. S.
cerevisiae yeast like culture were picked up and
dissimilar microbial growth were discarded because of
bacterial and other contamination. The selected six
isolates were collected from culture of Grape, Papaya,
Banana, Guava, Orange and Pineapple and hence named

as Sc-Gr, Sc-Pa, Sc-B, Sc-Gu, Sc-O and Sc-Pi,
respectively (Sc means Saccharomyces cerevisiae, Gr-
Grape, Pa-Papaya, B-Banana, Gu-Guava, O-Orange and
Pi-Pineapple). The isolates were sub-cultured by streak
plate technique according to Jangra et al. (2018) on Yeast
Peptone Dextrose (YEPD) agar plates and incubated at 30
0C for 24 hrs. Control strain of S. cerevisiae was collected
from the Department of Food Technology, Bangladesh
Agricultural University, Mymensingh.

Characterization of Yeast Isolates: Identification of
yeasts isolates was carried out on the basis of cultural,
morphological and biochemical tests. For cultural
characterization different characteristics e.g; shape, color,
edge, opacity, elevation, surface and consistency of
isolated colonies were observed.

Morphological Characterization: In order to study the
morphology of the isolates, the culture was examined
microscopically according to Allen et al. (2006).
Vegetative cells were observed after 48 hrs of incubation
at 30 0C in YEPD medium. For microscopic examination,
Cells were harvested by mild centrifugation (5000 rpm
for 5 mins). Then cells were washed and fixed. The fixed
cells (5 μl) were dropped into the well of a 10-well multi
test microscope slide (76 x 26 mm with 24 x 60 mm
cover slip; Matsunami glass Ind., Ltd., Japan) and was air
dried. After slide preparation, staining was performed by
crystal violet (Harrigan and McCane, 1982).

Biochemical characterization: Carbohydrate
fermentation ability of the S. cerevisiae isolates was
evaluated based on the utilization of carbon sources, as
previously described (Matsushita et al., 2016;
Nagodawithana et al., 1976; Sanni and Lönner, 1993). A
loop of yeast culture was added into the tubes of
bromocresol purple carbohydrate fermentation broth (5g/l
Yeast-extract, 10g/l Tryptone; 20g/l Carbohydrate i.e;
Dextrose, Sucrose, Lactose and Xylose, 5g/l Sodium
chloride, 1% Bromocresol purple solution and broth pH
7.5) and incubated at 30 °C for 48 hrs. The ability of the
strains to utilize the carbon sources i.e; dextrose, lactose,
sucrose and xylose and production of gas were
determined in Durham’s tube on carbohydrate
fermentation medium.

Screening for the thermotolerance properties of S.
cerevisiae yeast isolates: Cells from actively growing
culture of different S. cerevisiae isolates were inoculated
into conical flasks containing 50 ml of YEPD broth,
incubated at water bath shaker with different temperature
such as 30 0C, 37 0C, 41 0C and 45 0C for 12 hrs.
According to Ginovart et al. (2018), 12 hrs period culture
of yeast cell covers the log phase of the wild type S.
cerevisiae and represent the active growth pattern of a
specific isolate. During incubation, cell suspension was
collected after 2 hrs of interval and at last (from 10 hrs) 1
hr of interval, cell growth was seized by putting the



Khatun et al., J. Anim. Plant Sci., 33 (2) 2023

442

samples on ice box. The optical density of each culture
was measured by spectrophotometer (Specord
UV/Visible Spectrophotometer, Analytic Jena, Germany)
at 660 nm against fresh media as blank.

Molecular Screening for thermotolerant properties:
Genomic DNA of S. cerevisiae isolates was extracted by
following the protocol of PrestoTM Mini gDNA Yeast kit
with some modifications. In brief, cells were lysed with
lysis buffer and mixed by vortexing. Then the solution
was incubated for 5 mins at 95 0C in hot water bath
followed by ice formation at -20 0C. The samples were
then thawed at 95 0C temperature for 5 mins and were
mixed by vortex. This freeze–thaw step was repeated two
times followed by adding lysis buffer. Then protein
removal buffer was added to the sample. After that, the
solution was centrifuged at 13000 rpm for 5 mins and the
supernatant was collected. 400 µl of isopropanol was
added and mixed by gentle tapping. DNA was pelleted by
centrifuge at 13500 rpm for 10 minutes. After careful
removal of supernatant, 70% ethanol was added to wash
the pellet and centrifuged at 13500 rpm for 10 mins. The
ethanol was discarded, and the pellet was air dried
completely. Then the DNA pellets were resuspended in
an appropriate volume of DNA hydration buffer and
incubated at 60 0C for 10 mins to dissolve the DNA
pellet. Finally, the tubes with DNA samples were stored
in freezer at -20 0C.

To perform screening of thermotolerant isolates,
genomic DNA of all isolates were amplified using RSP5-
C allele specific primer (Forward primer 5’
GATACTGCTA CATCGAGTGG 3’, Reverse primer 5’
TGTTACAGAGGAATTATCTG 3’) by polymerase
chain reaction (PCR). Primer was designed manually
from the coding region of the gene to get band of 600bp
in length. RSP5-C allele was reported as one of the
regulator gene for high temperature tolerance (HTG+)
phenotype by Shahsavarani et al. (2012). The PCR
reaction was done based on protocol from Williams et al.
(1990). 50 µl of final reaction volume was prepared and
PCR conditions of an initial denaturation of 94 °C for
five minutes, an annealing temperature of 60 °C,
extension of 72 °C for 1 min and final extension of 72 °C
for seven minutes and finally stored at 4 °C. The
amplified product from each sample was separated by
agarose gel electrophoresis on 1.4 % agarose gel
containing ethidium bromide using 1X TBE buffer at
100V for 1.3 hrs. A 1kb DNA marker was used alongside
the PCR products.

Determination of ethanol production capability of S.
cerevisiae isolates: Ethanol production potential of S.
cerevisiae isolates were checked in the medium by
potassium dichromate oxidation method (Arthur and
Watson, 1976). Then distilled product was titrated against
freshly prepared ferrous ammonium sulphate solution
with diphenylamine.

Utilization of S. cerevisiae isolates for production of
bioethanol from decaying fruit wastes:

Collection, preparation and pretreatment of fruit
wastes as substrate for fermentation: The fruit wastes
i.e; decaying grape, apple, banana and papaya were
collected from different fruit market of Mymensingh area.
After cleaning, the fruits were cut and dried at 50 ºC for 5
hrs using hot air oven, and were ground to get a fine
powder. The powder of fruit wastes was stored in an
airtight container. Acid pre-treatment was done by
hydrolysis to achieve delignification and neutralization
with 1% NaOH (Braide et al., 2016).

Optimization of bioethanol production using S.
cerevisiae yeast isolates: Four S. cerevisiae isolates
namely, Sc-Gr, Sc-Pa, Sc-B, and Sc-Pi showed good
growth at 41 ºC. Among these four isolates, Sc-Gr
showed the most active growth at 41ºC and was used for
further study.

Log phase Culture of Sc-Gr isolate was prepared
in YEPD medium and added in fermentation broth (2%
peptone, 2% dextrose and 1% yeast extract) in a 500 ml
conical flask. Then it was incubated in rotary shaker
incubator. The slurry of the substrate was then added in
the fermentation broth. The fermentation process was
carried out at different ranges of parameters including
temperature (30 ºC, 37 ºC, 41 ºC and 45 ºC), pH (4.5, 5.0,
6.0 and 7.0) and fermentation period (24 hrs, 48 hrs and
72 hrs). The original gravity was measured before the
fermentation as the initial gravity. Data were taken and
analyzed at different interval of fermentation period (24
hrs, 48 hrs and 72 hrs).

Measurement of specific gravity and bioethanol
concentration: The Final gravity of wort was measured
by using alcohol meter after the completion of
fermentation. After measurement of the final gravity, the
bioethanol concentration was calculated by using the
following formula.
Here, 131= A mandated specific factor to calculate
bioethanol concentration (Spedding, 2016).
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Statistical analysis: All analyses were carried out in
three replicates by a simple one factor Analysis of
Variance (ANOVA) followed by posthoc test using the
Statistical Package for Social Science (SPSS) database
version 16.0. P value <0.05 was considered as
significant.

RESULTS

Collection of fruit samples for screening
thermotolerant S. cerevisiae yeast isolates: Nine
different fruit samples were kept in individual airtight
box for each to grow microorganisms with the aim to
screen S. cerevisiae yeast isolates for assessment of
thermotolerance characteristics as well as ethanol
production potentiality. From nine different fruits, a total
of six S. cerevisiae yeast like colonies were selected

based on their morphological characteristics for further
biochemical and molecular confirmation. They were from
Grape, Papaya, Banana, Guava, Orange and Pineapple
and named as Sc-Gr, Sc-Pa, Sc-B, Sc-Gu, Sc-O and Sc-
Pi, respectively.

Characterization of yeast isolates: White and creamy
color colonies similar to S. cerevisiae yeast were selected.
The growth of S.cerevisiae yeast isolates is shown at Fig.
1A. Walker & Wilson (1991) reported that culture of S.
cerevisiae in YEPD liquid medium becomes volatile and
light colored after a certain period of time. According to
their study, this is because of production of gaseous and
volatile compound in the culture medium. In our study,
the selected isolates grown in YEPD liquid medium at 30
°C became volatile and light colored after 24 hrs of
incubation (Fig. 1B).

Fig. 1. Growth of yeast isolates on YEPD liquid medium. A. Streak plate culture on YEPD plate. The figure
represents the uniform colonies on YEPD plates after 24 hrs of incubation at 30 °C. B. Growth of yeast
isolates in YEPD broth after 24 hrs of incubation at 30 °C. Here, NC= YEPD broth without isolate, 1= Sc-
B, 2= Sc-Gr, 3=Sc-Pa, 4= Sc-O, 5= Sc-Pi, 6= Sc-Gu and PC= Control strain. C. Morphological
observation of cell shape of S. cerevisiae isolates under microscope (1000x magnification). The figure
represents the morphological features of the isolates and the presence of bud. Methylene blue was used as
dye.

To observe the colony characteristics, selected
isolates were cultured by streak plate technique on YEPD
agar plate. Colony size of the isolates was circular with

creamy white color; surface edge was smooth with viscid
consistency. Based on the colony characteristics (white

A
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and creamy texture, Fig. 1A), the selected isolates were
assumed as Saccharomyces type.

The cell morphology was studied under
microscope. The cell shape was found as spherical and
unicellular like S. cerevisiae cell. In this study, single and
pairs of budding cells were found. Morphological
characteristics of isolates are shown in Fig. 1C.

Biochemical characterization of yeast isolates: S.
cerevisiae isolates were evaluated to check their ability to

utilize different sugar as their carbon source (glucose,
sucrose, lactose and xylose). In this study, the isolates
utilized glucose, sucrose and xylose but could not utilize
lactose. Characteristics of the isolates found in
carbohydrate fermentation test were similar as the control
strain. Six isolates were identified as S. cerevisiae based
on their biochemical characteristics. Result of
carbohydrate fermentation has been summarized in Table
1.

Table 1. Fermentation result of different carbohydrates by S. cerevisiae yeast isolates.

Carbohydrate
Sources

Colour before
fermentation

Carbohydrate broth after fermentation
Control Sc-Gu Sc-B Sc-Pi Sc-Pa Sc-Gr Sc-O

Glucose
Sucrose

Lactose

Xylose

Pink

Yellow
(+)

Yellow
(+)

Yellow
(+)

Yellow
(+)

Yellow
(+)

Yellow
(+)

Yellow
(+)

Yellow
(+)

Yellow
(+)

Yellow
(+)

Yellow
(+)

Yellow
(+)

Yellow
(+)

Yellow
(+)

Pink(-) Pink
(-)

Pink
(-)

Pink
( - )

Pink
( -)

Pink
(-)

Pink
(-)

Yellow
(+)

Yellow
(+)

Yellow
(+)

Yellow
(+)

Yellow
(+)

Yellow
(+)

Yellow
(+)

Screening for thermotolerance properties of S.
cerevisiae yeasts isolates: The growth response of
isolated S. cerevisiae yeast cells was examined in YEPD
liquid medium at four different temperatures (30 °C, 37
°C, 41°C and 45 °C) for 12 hrs. The absorbance of the
culture was measured by the spectrophotometer at 660
nm based optical density (OD) at different time intervals.
The growth rate was observed where the highest rate was

at 30 ºC followed by growth rate at 37 ºC and the lowest
was at 41 °C, respectively for all the isolates. Initially
there was little growth but later there was no growth at 45
°C for all the isolates except Sc-Gr. This isolate showed
outstanding growth rate at 41 ºC and little growth at even
45 ºC, too. The growth scenario of the isolated strains has
been shown in Fig. 2.

Fig.2. Effect of different temperature on the growth rate of the six different isolates of S. cerevisiae yeast in YEPD
broth media. The X-axis represents optical density (660nm) and the Y-axis represents different time
interval. The growth rate was observed for 12 hrs at 2 hrs interval.
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Molecular screening for the RSP5-C dominant allele
known to regulate thermotolerance among yeast
isolates: Genomic DNA of yeast isolates were amplified
by polymerase chain reaction using RSP5-C allele
specific primer. It was reported that an Htg+ (High
temperature growth) strain expressing the RSP5-C allele
exhibits a more robust Htg+ phenotype against higher
temperature (Shahsavarani et al., 2012). The amplified
PCR product was subjected to gel electrophoresis (Fig.

3). All the isolates showed a single band of
approximately 600 bp representing the presence of
dominant allele of RSP5 gene. A thermotolerant S.
cerevisiae strain was used as positive control and a
thermosensitive isolate was used as negative control
which did not show any band. In our study, we screened
six isolates containing Htg+ phenotype, recommended as
thermotolerant and referred to as Htg+ phenotype.

Fig.3. Gel electrophoresis result of PCR product using genomic DNA of six yeast isolates. Here, M= 1kb DNA
Marker, lane 1= Sc-Gr, lane 2= Sc- Pa, lane 3 =Sc-B, lane 4 = Sc-Pi, lane 5 = Sc-O, lane 6 = Sc-Gu, PC =
A thermotolerant S. cerevisiae strain, NC = A thermosensitive isolate of S. cerevisiae.

Determination of bioethanol production capability of
S. cerevisiae isolates at shake flask: Ethanol production
capability was measured by the potassium dichromate
oxidation method. S. cerevisiae yeast isolates were
cultured in YEPD media for 24 hrs and then it was

distilled and checked to observe the potential for
bioethanol production. Diphenylamine was used as an
indicator. The appearance of green colour at the end point
indicated the presence of ethanol produced (Fig.4).

Fig.4. Determination of ethanol production potential of Sc-Gr isolate in YEPD liquid media at 41 °C. Here, Fig.
4A shows the distilled culture media before titration and Fig. 4B shows the distilled culture media after
titration. The appearance of green color after titration indicates the presence of ethanol in Fig. 4B. All the
isolates were tested and found potential. Here we present only Sc-Gr isolates as representative of the
isolates.
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Selection of active S. cerevisiae isolate for bioethanol
production: Among six S. cerevisiae yeast isolated in
this study, four isolates namely, Sc-Gr, Sc-Pa, Sc-B and
Sc-Pi showed comparatively better growth at higher

temperature as 41 ºC (Fig. 5A). Among these four
isolates, Sc-Gr showed the most active growth at 41 ºC
(Fig. 5B) and was used to produce bioethanol from
decaying fruits.

Fig.5. A. Growth of four yeast isolates on YEPD plate at 41 ºC B. Growth of Sc-Gr on YEPD plate at 41 ºC.
Photos were taken after 24 hrs of incubation.

Optimization of different parameters for bioethanol
production: In the present study, the effect of
temperature, pH, fermentation period and substrate on
bioethanol production were analysed from four decaying
fruit samples, i.e; apple, grape, papaya and banana.

Effect of different temperature on bioethanol
production: Optimization of the effective fermentation
temperature is very crucial for bioethanol production. The
bioethanol concentration was measured from
fermentation of four fruit wastes at different temperatures
(30 ºC, 37 ºC, 41 ºC and 45 ºC) where pH of the
fermentation broth was 5.0 and data were collected after
72 hrs of fermentation period. Maximum bioethanol
concentration (7.89 %) was obtained from decaying
grapes at 37 0C, and the minimum amount of bioethanol
concentration (2.37 %) was obtained from decaying
papaya while the temperature was 30 ºC. Grape and apple
wastes produced a significantly higher amount of
bioethanol than banana and papaya wastes. The isolate
Sc-Gr produced a significant amount of bioethanol even
at 41 ºC (Table 2).

Effect of different pH on bioethanol concentration:
Bioethanol concentration using decaying fruits samples
were measured from fermentation broth having different
pH such as 4.5, 5.0, 6.0 and 7.0 (Table 3). Data revealed
that the maximum amount of bioethanol concentration
(7.78%) was obtained from grape waste while pH of the
fermentation broth was 5.0 followed by apple waste
(7.61%) at pH 6.0. The lowest bioethanol concentration

(2.76%) was obtained from papaya waste at pH 7.0
followed by 2.83% from banana waste at pH 7.0.

Table 2. Effect of different temperature on bioethanol
concentration (%). pH of the fermentation
broth was 5.0 and data were collected after 72
hrs of fermentation period

Fruit
wastes

Temperature Bioethanol concentration
(%Mean ±SD)

Apple 30 0C 7.74 ± 1.15 a

37 0C 7.01 ± 0.50bc

41 0C 6.53 ± 0.70 cd

45 0C 6.02 ± 0.80d

Grape 30 0C 6.09 ± 0.60 d

37 0C 7.89 ± 1.50 a

41 0C 7.31 ± 1.75 ab

45 0C 6.80 ± 1.15 bc

Papaya 30 0C 3.85 ± 0.75 ef

37 0C 6.02 ± 0.95 d

41 0C 2.75 ± 0.45 h

45 0C 2.37 ± 0.35 h

Banana 30 0C 4.37 ± 0.65 e

37 0C 3.52 ± 0.55 fg

41 0C 2.90 ± 0.49 gh

45 0C 2.38 ± 0.41 h

Level of significance **
LSD(0.05) 0.675
CV (%) 7.67

Note: Column with the same letters does not differ significantly,
whereas column with different letters differ significantly at 5%
probability level.

A B
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Table 3. Effect of different pH on bioethanol
concentration (%). Temperature was
adjusted at 37 ºC and data were collected
after 72 hrs of fermentation period

Fruit wastes pH Bioethanol
concentration
(%Mean ±SD)

Apple 4.5 5.97 ± 1.11 d

5.0 7.24 ± 1.41 b

6.0 7.61 ± 1.50 ab

7.0 6.54 ± 1.21 c

Grape 4.5 7.25 ± 1.45 b

5.0 7.78 ± 1.77 a

6.0 6.63 ± 1.35 c

7.0 5.47 ± 1.10 e

Papaya 4.5 3.65 ± 1.0 gh

5.0 3.93 ± 1.11 fg

6.0 3.28 ± 1.0 h

7.0 2.76 ± 0.91 i

Banana 4.5 3.91 ± 1.00 fg

5.0 4.28 ± 1.20 f

6.0 3.76 ± 1.15 g

7.0 2.83 ± 0.90 i

Level of significance **
LSD(0.05) 0.402
CV (%) 4.64

Note: Column with the same letters does not differ significantly,
whereas column with different letters differ significantly at a
5% probability level.

Effect of different fermentation periods on bioethanol
concentration: Bioethanol concentration obtained from
four decaying fruit samples at different fermentation
period such as 24 hrs, 48 hrs and 72 hrs are shown in
Table 4. Here, the temperature was set at 37 °C and pH of
the fermentation broth was 5.0. The significantly highest
bioethanol concentration (7.92 %) was obtained from
grape wastes after 48 hrs of fermentation period followed
by 7.60 % from apple after 72 hrs of fermentation period.
On the other hand, the lowest bioethanol concentration
(2.45%) was obtained from banana waste after 24 hrs of

fermentation period followed by 2.86% from papaya after
72 hrs of fermentation period. These results indicate that
fermentation period plays an important role in bioethanol
production.

Table 4. Effect of fermentation period on bioethanol
concentration from different fruit wastes.
Fermentation temperature was 37 ºC and pH
of the fermentation broth was 5.0.

Fruit wastes Fermentation
period
(hrs)

Bioethanol
concentration
(%Mean ±SD)

Apple 24 6.12 ± 1.10 c

48 6.88 ± 1.40 b

72 7.60 ± 1.80 a

Grape 24 6.34 ± 1.20 c

48 7.92 ± 1.70 a

72 6.19 ± 1.40 c

Papaya 24 2.97 ± 1.0 f

48 3.82 ± 1.40 e

72 2.86 ± 1.10 f

Banana 24 2.45 ± 1.20 g

48 3.57 ± 1.25 e

72 4.35 ± 1.30 d

Level of significance **
LSD(0.05) 0.404
CV (%) 4.69

Note: Column with the same letters does not differ significantly,
whereas column with different letters differ significantly at a
5% probability level.

Effect of different substrate on bioethanol
concentration: Bioethanol concentration was measured
from fermentation of different fruit wastes as samples and
data were compared. The significantly highest amount of
bioethanol concentration was obtained from grape waste
(7.83% ± 0.2) followed by apple waste (7.56% ± 0.17).
However, the lowest amount of bioethanol (3.91% ±
0.11) was obtained from papaya waste followed by
bioethanol concentration (4.3% ± 0.27) obtained from
banana waste (Fig.6).
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Fig.6. Effect of different fruit wastes as substrate on bioethanol concentration (%).Temperature was 37 ºC, pH of
the fermentation broth was 5.0 and fermentation period was 72 hrs.

DISCUSSION

The world's dependency on fossil fuels has
caused unfavourable effects on health, environment and
economy. On the other hand, bioethanol has opened a
new window of blend or fossil petrol substitute to
overcome these challenges, simultaneously promoting
sustainability and independence from fossil fuel (Aditiya
et al., 2016). Current strategies to produce fuel ethanol
employ simultaneous saccharification and fermentation
(SSF) that has been applied in ethanol fermentation from
starch-based feedstocks. The main drawback of SSF is its
compromised optimal temperature between hydrolysis
and fermentation steps, as the lower temperature for
hydrolysis is considered high for the fermenting cells,
consequently influencing the overall activity of
hydrolysis and fermentation (Kassim et al., 2022).
Therefore, temperature optimization is an urgent need for
enzymatic hydrolysis and fermentation. S. cerevisiae is
widely used in the fermentation industries for its multiple
potentialities. S. cerevisiae shows good fermentative
capabilities at low temperatures; however, at high
temperatures, numbers of viable cells decrease (Torija et
al., 2003). Fortunately, thermotolerant yeast strains can
tolerate high temperatures compatible with optimal
cellulase and hemicellulase activities, producing a
significantly high ethanol yield and reducing production
costs (Zhao and Bai, 2009).

In this study, we have screened six
thermotolerant S. cerevisiae yeast isolates from common
fruits of Bangladesh during the summer season. Cultural,
morphological and biochemical characteristics were
analyzed and confirmed as S. cerevisiae. The findings
were in line with Guimarães et al. (2006). Molecular
confirmation was done using RSP5-C allele-specific

primer, which is already reported for its involvement in
high-temperature tolerance phenotype. In a previous
study, HTG (High-Temperature Growth) genes were
found responsible for Htg+ phenotype in the
thermotolerant S. cerevisiae strain (Benjaphokee et al.,
2011). After that, a follow-up study by Shahsavarani et
al. (2012) revealed that the RSP5-C, an allele of the gene
RSP5 encoding a ubiquitin ligase, was correlated with the
thermotolerant phenotype of S. cerevisiae, and the
underlying mechanism might be the activation of the
enzyme by the increased transcription of this gene under
thermal stress conditions. As Bangladesh is a tropical
country, it was assumed that thermotolerant S. cerevisiae
isolates could be screened from different fruit samples
during summer season. In this study, the Sc-Gr isolate
showed outstanding growth rate at 41 ºC and little growth
at even 45 ºC revealing its high temperature tolerance
with Htg+ phenotype. A recent study in Bangladesh by
Talukder et al. (2016) also found Pichia kudriavzevii as
potential thermotolerant yeast strain after screening
thermotolerant microorganisms from nine fermented
natural sources like boiled potatoes, municipal solid and
liquid wastes and sugarcane juice. This strain can tolerate
up to 42 °C temperature while producing higher
bioethanol. There are many reports on screening of
thermotolerant S. cerevisiae isolates from other tropical
countries. Jayamma et al. (2017) in India isolated and
identified thermotolerant yeast from fruits wastes sapota,
papaya, mango, pineapple, banana, grapes and orange.
They found 20 isolates capable of growing at 45 oC and
70 strains at 40 °C. Another study screened three strains
of S. cerevisiae, two widely used strains from the
Brazilian ethanol industry (CAT-1 and PE-2 ), and
another can grow at 42 °C (LBM-1) for cellulosic ethanol
production, which are rare in yeasts belonging to the S.

d c
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cerevisiae species and concluded its potential in
industrial processes (Costa et al., 2014).

Suitable temperature in fermentation process is a
vital factor (Rivere et al., 2006) for bioethanol
production. The present study observed the significantly
highest bioethanol concentration (7.92 %) from grape
waste at 37 0C at pH 5.0 after a 48 hrs fermentation
period using Sc-Gr yeast isolate. Our result is similar
with the findings of Raikar (2012), where they observed
maximum bioethanol concentration from grape after 48
hrs of fermentation at temperature 35 °C having broth pH
5.0. A similar study by Mohamed et al. (2013) observed
the highest ethanol concentration of 11.72% at 35 °C
Kluyveromyces sp. after 96 hrs of fermentation period.
The temperature has a direct effect on the biochemical
reactions and metabolism of yeasts because the enzyme
activities are suppressed at low temperature and the
higher temperature affects the alcohol production because
of cell death (Gao and Fleet, 1988).

Considering the pH of the fermentation broth, a
slightly acidic medium (pH 5) was proven to be the most
appropriate pH for bioethanol production. Narendranath
and Power (2005) found that the optimum pH for yeast
growth and ethanol production by S. cerevisiae was pH
4.9, whereas Pramanik (2003) reported that the maximum
ethanol production by S. cerevisiae was achieved for pH
4.25–5.0. In a study by Pramanik (2003), it was argued
that the activity of the yeast species at pH 3.75 was
decreased and this was attributed to the inability of the
activation of the fermentation enzymes at such a low pH.
On the other hand, at the higher pH values tested, the low
ethanol production and sugar conversion values could be
due to the formation of undesired products like glycerol
and organic acids (Zohri and Etnan, 2000).

The fermentation time seems quite an important
factor since it affects the productivity of the process
(Hashem et al., 2019). Conversion of sugar to ethanol
takes significant duration for fermentation, and this
period is different from one substrate to another
(Neelakandan and Usharani, 2009). In this study, the
significantly highest bioethanol concentration (7.92 %)
was obtained from grape wastes after 48 hrs of
fermentation period followed by 7.60 % from apple after
72 hrs of fermentation period. Results obtained from this
study are almost similar with the findings of Neelakandan
and Usharani (2009). These scientists obtained maximum
yield of ethanol (7.62%) from Grape at pH 6.0,
temperature 32.5 °C after 24 hrs of fermentation period.
Longer fermentation times are reported for the
achievement of maximum bioconversion and ethanol
production in other research findings (Limtong et al.,
2007, Zohri and Etnan, 2000, Sarower et al., 2020).
Efficient management of the operational parameters
crucial for fermentation process is expected to ensure the
higher bioethanol yield.

Conclusion: Bioethanol production from renewable
waste material has tremendous economic and ecological
significance. The direct microbial conversion of starch
and other hemicelluloses from fruit waste to ethanol is of
great economic significance. From this study, we
successfully screened thermotolerant S. cerevisiae
isolates from the available fruits of Bangladesh. The
isolate Sc-Gr of this study showed thermotolerance and
produced the highest amount of bioethanol from different
fruit wastes. Therefore, further research on this isolate
focusing on the overexpression of RSP5, a gene
responsible for thermotolerance in S. cerevisiae yeast
under ethanol fermentation conditions is necessary to
confirm the possibility of exploiting this technique
commercially for industrial bioethanol production. Proper
and efficient utilization of fruit wastes for bioethanol
production will be an environment-friendly and
sustainable production source of renewable energy in the
future.
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