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ABSTRACT

Hands are the primary mode for the spread of microbes. For infection control, the first-line of defense
as well as personal hygiene, are mandatory. Hand sanitizers that contain ethanol as the main
constituent are used to kill a broad range of microbes. Demand for petroleum-derived ethanol is
increasing with the COVID-19 outbreak and primary suppliers are searching for alternatives to
overcome this problem. Objective of this study is to produce bioethanol from ripen papaw peel waste
using Saccharomyces cerevisiae and to determine the potential utilization of bioethanol generated from
papaw peel waste for a pilot study of which the end aim is hand sanitizer production. The blended
ripened papaw (Carica papaya) fruit peel (100g/L) was inoculated with the S. cerevisiae (2g/L) in a
fermentation medium that contains 10 g/L yeast extract, 10 g/L KH2PO4, 2 g/L (NH4)2S04 and 0.5
g/L MgSO4+7H20 and allowed to ferment for 6-36 hours at room temperature. The bioethanol yield
obtained after 12 hours, was 0.6% (V/V). The fermentation conditions were optimized by changing one
factor at a time, while keeping the other variables constant. Significantly higher bioethanol yield (6.2
times, 3.7% V/V [p<0.05]) was obtained from papaya peels at the optimized conditions of 12 hours of
incubation period, 5:1 ratio between air space and fermentation solution, 5g/L of yeast inoculum,
15g/100ml of papaw fruit peel, 1g/100ml of soybean powder as nitrogen source, 60ml/100ml of diluted
sulfuric acid at pH 5. When the agar well diffusion assay was performed against pathogenic bacteria
such as Escherichia coli, Staphylococcus aureus, Bacillus spp. and Pseudomonas spp, all the bacterial
strains showed an inhibition zone, i.e., they were sensitive for the bioethanol extract.
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1 INTRODUCTION

Coronavirus disease 2019 (COVID-19) is
a respiratory illness that is caused by a
novel virus called severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2).
This disease was first identified in the
Hubei province of the People’s Republic of
China (Zoumpourlis et al. 2020). World
Health Organization (WHO) has declared
this as a global pandemic and the total
number of cases has passed 180 million
globally, with 4 million deaths. For
infection control, the first-line of defense
and personal hygiene are mandatory (Hans
et al. 2021). People are always advised to
maintain social distancing, wear face
masks, clean their hands with sanitizer or
soap, avoid crowds, and cough onto a bent
elbow. Cleaning hands with sanitizer or
soap is a first-line defense (Singh, et al.
2020).

1.1 Hand sanitizer

Hand sanitizer is used to kill a broad range
of micro-organisms and they are found in
gel, liquid, and foam forms (Jing. et al
2020). Sanitizers are of two types: alcohol-
based sanitizer and non-alcohol-based
sanitizer (Hans. et al 2021). World Health
Organization recommends alcohol-based
hand sanitizer since ethanol can kill a
broad range of micro-organisms including
bacteria, fungus, viruses, and protozoans
(Jing. et al 2020). Alcohol-based hand
sanitizers contain 60-98% purity ethanol or
isopropyl alcohol. Ethanol is non-toxic and
less expensive. Therefore, ethanol is
preferred over isopropyl alcohol (USFDA,
2020). The annual growth rate of hand
sanitizer production has increased from
5.06% (2019) to 45.71% (2020), globally
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(Fortune Business Insights 2021). Due to
the COVID-19 outbreak, hand sanitizer
market is likely to improve in upcoming
years. Demand for personal hygiene
products owing to COVID-19 such as
soap, hand wash, hand sanitizer, and tissue
are increasing around the globe (Berardi et
al. 2020).

1.2 Ethanol

Ethanol or ethyl alcohol is a liquid with a
colourless and clear appearance. It is also
volatile. Ethanol is produced through
biochemical (via fermentation),
thermochemical (via gasification), and
petroleum-based  ethanol  production
(Busi¢ et al. 2018). The primary ethanol
production is petroleum-derived
production by the hydrolysis of ethylene.
Synthetic ethanol is produced from natural
gas, coal, and ethylene. Petroleum-derived
ethanol production is a simple process but
this process depends on the primary
suppliers of petroleum-based products
(Tamers 2006).

Ethanol is the most common alcohol that is
found in alcohol-based sanitizers and
effective against several viruses (Golin, et
al. 2020). Within a short period of time
ethanol can kill a broad range of
microorganisms. Studies have proven that
alcohol-based sanitizers are used both in
the interior and in the exterior of healthcare
facilities as they effectively kill microbes
(Gold, et al. 2021).

Two million tons of petroleum-derived
ethanol is produced annually, and the main
suppliers are Saudi Arabia and South
Africa (Tamers 2006). Due to the COVID-
19 outbreak, demand for crude oil is
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increasing dramatically, which leads to the
demand for petroleum-derived ethanol
production. This increases the prices of
petroleum-derived hand sanitizer
production (Hans et al. 2021). Crude oil is
a non-renewable energy source and
primary suppliers are searching for an
alternative to overcome this concern
(Vikramaditya et al. 2020).

Another major source of ethanol
production is from fermentation of
lignocellulosic agricultural leftovers using
micro-organisms and the resulting product
is known as bioethanol. Bioethanol is
similar to petroleum derive ethanol and it
is used as an alternative for fossil fuels, as
an ingredient in cosmetics and beauty
products, pharmaceuticals, food, and
beverages (Vohra et al. 2013). There are
four generations of bioethanol namely first
generation, second generation, third
generation, and fourth-generation (Aron et
al. 2020). Bioethanol is produced from
simple sugars especially from glucose by

fermentation  using  micro-organisms.
Therefore, bioethanol is a renewable
source (Vohra et al. 2013).  First-

generation bioethanol is derived directly
from food crops like sugar cane, corn,
sugar beet, and soybean. These yield a
higher amount of bioethanol at the end.
The major countries that produce
bioethanol are United States (Corn), Brazil
(Sugarcane), and Europe (sugar beets)
(Singh, et al. 2015). As first-generation
bioethanol is obtained directly from a food
source it is strictly prohibited in most
countries (Hans et al. 2021). The reason for
this mainly depends on food security as
more than 768 million people are still
starving without food (Food and
Agriculture  Organization of United
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Nations, 2020). Second-generation
bioethanol mainly relies on non- edible
lignocellulosic biomass which considers as
a leftover in agricultural activities. The
advantage is they are not food crops such
as agriculture leftovers, forestry wastes,
and organic leftovers (Aron et al. 2020).
Such efforts require advanced
technologies to hydrolyze cellulose,
hemicellulose, and lignin (Goh & Lee.
2010). Third-generation bioethanol is
produced with macro algae or
cyanobacteria. Fourth-generation
bioethanol production is from genetically-
modified organisms. Higher cost of
production is required for both third and
fourth generation bioethanol production
(Sikarwar et al. 2017). Considering the
sources of the ingredient, cost of
production, food security and technologies
needed for the production second-
generation bioethanol is preferred over
other generations of bioethanol. Fruit
wastes are considered as lignocellulosic
biomasses and they are a good source of
second-generation bioethanol since they
contain adequate amounts of sugars (Jahid
et al. 2018). There are numerous amounts
of micro-organisms that can be used for the
fermentation process. Among those,
Saccharomyces cerevisiae has been the
best choice for alcoholic fermentation
because of the following reasons: efficient
capacity to convert sugar into alcohol, the
capability of producing a loosely clumped
mass of fine particles during growth, easier
to settle or suspend in the fermentation
chamber (Kosaric et al. 1995) and higher
tolerance to the ethanol present in the
growing media (Olsson et al. 1993).

1.3 Papaw fruit peel as a source
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Ripened papaw fruit peel (Carica papaya)
is used in this study as they possess lower
amounts of lignin content. The lignin
content of the biomass directly influences
bioethanol production as they cannot be
hydrolyzed easily. Papaw fruit peel
contains 37.49 g/100g of carbohydrates.
This carbohydrate includes 4.15g/100g of
sugar and 12.169/100g of crude fiber
(Romella, et al. 2016). Hydrolysis of
complex carbohydrates is divided into 3
types. They are acid hydrolysis, base
hydrolysis and enzymatic hydrolysis.
Sugars and the crude fibers that are found
in papaw fruit peel can be converted into
simple sugars by acid hydrolysis. Method
using membrane filtration of sugar juice is
highly preferred over the conventional
liming-carbonation method for yielding
higher sucrose concentration (Hakimzadeh
et al. 2006; Kawa-Rygielska et al. 2013;
Regiec et al. 2004; Shahidi et al. 2006).
Further, the papaw fruit is very cheap,
available, and grows excessively all over
Sri Lanka.. Ethanol is the key ingredient of
hand sanitizer production. The production
of ethanol in a cost-effective way of using
papaw fruit peel waste and can be termed
as a good trend for the production of hand
sanitizers worldwide. The objectives of the
research study were to produce bioethanol
from papaw fruit peel waste using
Saccharomyces  cerevisiae and to
determine the potential utilization of
bioethanol generated from papaw peel
waste for hand sanitizer production.

2 MATERIALS AND METHODS

2.1 Source of strain and fruit

Baker’s yeast (Saccharomyces cerevisiae)
was purchased from the local market.
Ripened and over ripened (dark yellow to
orange colour) papaw (Carica papaya)
fruits peels were collected from the local
market and papaw peel juice were
prepared.

2.2 Chemicals and Media

All the chemicals used were obtained from
standard  sources. Basal = medium
containing 10 g/L yeast extract, 10 g/L
KH2PO4, 2 g/L (NH4)2S04, and 0.5 g/L
MgS0O4+7H20 was prepared. For the acid
hydrolysis 0.5M sulfuric acid was added to
the substrate and it was autoclaved at
121°C  for 30 minutes. After the
autoclaving of the conical flask containing
100ml of basal media and hydrolyzed
substrate, the chamber was inoculated with
1.0 grams of Saccharomyces cerevisiae
(10g/L) (Kaewkrajay, et al. 2014).

2.3 Production of bioethanol and
measurement

Acid hydrolysis was carried out by treating
10.0 g of ripen papaw fruit peel juice with
40.0ml of 0.5M sulfuric acid at 121° C for
20 minutes in an autoclave. After the acid
hydrolysis with heat treatment inoculum
(10g/L) was added to the fermentation
medium (100mL) and it was incubated at
room temperature (30°C) in a rotatory
shaker (100rpm). Each flask was cultured
at room temperature under oxygen-limited
conditions up to 36 hours. The oxygen-
limited condition was provided by sealing
the flask tightly with parafilm and keeping
it in an anaerobic chamber. Resulting
suspension was taken and the extract was
centrifuged. The supernatant was used for
bioethanol measurement.
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Sample collection- From local markets

\Z

Physical digestion - Grinding into small pieces

\Z

Pre treatment + Acid hydrolysis- 0.5M sulfuric acid at 121°C for 30 minutes

\Z

Fermentation - with yeast cells and fermentation medium

\Z

Distillation

\Z

Antibacterial activity - Agar well diffusion method

Figure 01: Steps involved in ethanol production

2.4 Determination of sugar content

Sugar concentration was measured by
using Dinitro salicylic acid method
(Miller, 1959) before and after the
fermentation process. The suspension was
mixed and the extract was centrifuged for
20min at 3000rpm in a bench centrifuge.

2.5 Bioethanol measurement

The supernatant was used for bioethanol
measurement  in  percentage  using
ebulliometer (Wahab et al., 2005). To
determine the boiling point of water, the
lamp was filled with 95% Reagent
Alcohol. The boiler was rinsed and poured

105

through the opening, 50.0mL pure water
was measured with the sample vial was
filled up to the mark. The thermometer was
placed in position by inserting into proper
opening. The alcohol burner was lighted
and placed. Soon after applying heat, the
thermometer will register movement and
steam will come out of the top vent. When
the thermometer reading turned stable, the
temperature was read. Example: The
reading is 100 degrees and three tenth =
100.3 degrees, the calculating dial was
taken and move the circular sliding part
until the division 100.3 degrees is directly
opposite the zero of the fixed graduation.
This is the temperature reading for water to
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be used for this set of calculations. The

ebulliometer body was moved carefully
away from the burner. The thermometer
was removed and was set aside on a soft
surface. The stopcock was used to drain the
water and rinsed carefully. The stopcock
was opened, and the boiler was emptied, it
was rinsed with some sample to be tested,
that was poured out again and it was blew
through upper tube to clear away the
condensed steam. 50.0mL sample was
poured into the boiler by using the sample
measure, and was filled up to the particular
mark. The thermometer was placed in
proper opening, the condenser was filled
with cold water, and heat as previously
discussed. The mercury was raised and
stabilized; and until the mercury is
motionless the reading was not taken. For
example- the thermometer was read as
99.7, and the comparison of this figure on
the scale, read 0.6 degrees. This means that
the tested sample has 0.6% of alcohol by
volume.

2.6 Optimization of conditions for
bioethanol production

2.6.1 Production of bioethanol in papaw
peel medium

Fermentation medium (100mL) was
inoculated with Saccharomyces cerevisiae
(1.0g) and incubated at 30°C for 24h.
Ethanol production was monitored.

2.6.2 Effect of incubation period

Media were prepared by mixing the
substances at the appropriate level in the
liquid fermentation media. The medium
was set at pH 6.0 and inoculated with yeast
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inoculums (1.0 grams/100ml)  and
incubated at 30°C at 100rpm. The set-ups
were incubated at incubation periods of 6h,
12h, 18h, 24h, 30h & 36h.

2.6.3 Effect of volume of sulfuric acid

Media were prepared by mixing
substances at the appropriate level in the
liguid fermentation media. Different
volumes of 0.5M sulfuric acid (10ml,
20ml, 30ml, 40ml, 50ml, 60ml, 70ml and
80ml) were added to the 10.0g of substrate
and the acid hydrolysis was carried out
with heat treatment for 30 minutes. The
medium was inoculated with yeast
inoculum (1.0 grams/100ml)  and
incubated at 30°C at 100rpm for 12 hours.

2.6.4 Effect of nitrogen source

Fermentation media were prepared by
taking different nitrogen sources (Soybean
flour, mung beans flour, corn flour and
peptone) in a concentration of 1.5
grams/100mL. The experiment was
continued and ethanol production was
measured using ebulliometer method.

2.6.5 Effect of amount of nitrogen source
(soybean flour)

Acid hydrolysis was carried out. Media
were prepared by mixing all the substances
with different amounts of soybean powder
(0.5 1.0, 15 2.0 and 2.5 gram/100mL)
with 10.0g of papaw peel mixture in liquid
fermentation media. The mixture was
inoculated with yeast inoculum (1.0
grams/100ml) and incubated at 30°C at
100rpm for 12 hours.

2.6.6 Effect of ratio of the fermenting
solution: air space



Utilization of bioethanol generated from papaw peel waste for hand sanitizer production

Acid hydrolysis was carried out. Media
were prepared by mixing substances at the
appropriate level in the liquid fermentation
media. The medium was set at different
ratio values such as 1:10, 1:05, 3:10, 2:05
and 1:05 with the fermenting solution. It
was inoculated with yeast inoculum (1.0
grams/100ml) and incubated at 30°C at
100rpm for 12 hours.

2.6.7 Effect of inoculum size

Acid hydrolysis was carried out. Media
were prepared by mixing the substances at
the appropriate level in the liquid
fermentation media. Different amount of
yeast inoculum (2.5, 5.0, 7.5, 10.0, 12.5
gram/ 100mL) was added in the media and
incubated at room temperature (30°C) at
100rpm for 12 hours.

2.6.8 Effect of substrate concentration

Acid hydrolysis was carried out.
Fermentation media were prepared by
mixing all the substances present in
fermentation media in appropriate amount.
Different amount of substrate (5g, 10g,
15¢, 20g and 25g) was added to the liquid
fermentation media. The fermentation
medium was inoculated with yeast
inoculum (1.5 grams/100ml) and
incubated at 30°C at 100rpm.

2.6.9 Effect of pH of the medium

Acid hydrolysis was carried out. Media
were prepared by mixing already
optimized substances at the appropriate
level in the liquid fermentation media. The
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medium was set at different pH values
namely 4.0, 5.0, 6.0, 7.0 and 8.0 and
inoculated with yeast inoculum (1.5
grams/100ml) and incubated at 30°C at
100rpm for 12 hours.

2.7 Distillation of end product

After the optimization the resulting end
product was distilled using distillation
assembly for 4-6 hours (Chitranshi and
Kapoor, 2021).

2.8 Antibacterial activity

Agar well diffusion method was used to
determine the antibacterial activities of
distilled bioethanol extract which was
produced from papaw fruit peel mixture. 4
strains of human pathogenic bacteria were
used for this study. They were Escherichia
coli, Staphylococcus aureus, Bacillus spp.
and Pseudomonas spp. Nutrient agar plates
were made by pouring appropriate amount
of nutrient agar into sterilized petri dishes.
1.0 ml of fresh bacterial culture was
pipetted into the center of a sterile Petri
dish and spread using a spreader. Wells
with 6.0mm diameter were made using a
sterile cork borer in the nutrient agar
plates. Then, 100 pl of bioethanol extract
was added to wells and the plates were
incubated at 37°C for 24 h. Antibacterial
activity was detected by measuring the
zone of inhibition that appeared after the
incubation period (Omar et al. 2013).

2.9 Statistical analysis

All the experiments were made in
triplicates and the mean values were used
to plot the graphical representation.
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Statistical analyses were performed using

Minitab 18.1 Version. The data were Before Before | After the
analyzed using one way ANOVA. Tukey’s the acid the optimizati
multiple comparison tests were used to hydroly ferment | on of
determine significant differences at p < sis ation fermentat
0.05. (After ion
hydroly | condition
3 RESULTS & DISCUSSION sis) s
. . . 3,5- 0.24 0.42 0.17
3.1_Product|or1 of bioethanol in papaw Dinitro moldm moldm? | moldm=
fruit peel medium salicylic
The amount of ethanol produced from the acid
papaw peel mixture was 0.6% under non- method(a
t 540nm)

optimized conditions after 24 hours of

fermentation. Sugar concentrations before 3.2 Effect of the incubation period

the commencement of the experiment and
after optimization of the fermentation
process, was measured by using 3, 5-
Dinitro salicylic acid method and
tabulated in Table 01.

The bioethanol production after 6h, 12h,
18h, 24h, 30h and 36h of fermentation by
yeast were 0.36%, 0.80%, 0.70%, 0.60%,
0.28%, and 0% respectively (Figure 01).
There was a significant difference with 12h
of fermentation period in relation to
alcohol yield, and consequently, it was
decided to experimentally use 12h as the
incubation period for future experiments.
Short fermentation time causes inadequate
growth of microorganisms within the
fermentation medium that results in
inefficient fermentation. Long
fermentation time causes an inhibitory
impact on microorganism’s growth due to
the presence of a higher concentration of
ethanol in the fermented broth. (Asmamaw
etal. 2014; Hossain et al. 2011; Nadir et al.
2009). High level of alcohol concentration
leads to inhibition of ethanol production by
inactivating the growth of S. cerevisiae in
the media (Zabed, et al. 2014). Total sugars
present in the medium decreases with time
due to the consumption of sugars by yeast
cells. Furthermore, ethanol vyield is
decreased due to incomplete substrate
consumption by yeast cells (Hosny, et al.

The process of ethanol production is a two-
step process. Acid-hydrolysis converts
cellulose to glucose sugars by hydrolysis
(saccharification) and the resulting sugars
can be converted to ethanol by
fermentation. Papaw fruit peel contains a
larger amount of crude fibers that can be
converted into simple sugars for
fermentation. The purpose of acid
hydrolysis is to convert polysaccharides
(cellulose  and  hemicellulose) and
disaccharides (sucrose and maltose) into
simple  sugars (glucose) for the
fermentation, in order to produce
bioethanol (Iranmahboob, et al. 2002).

Table 01: Sugar concentration measurements
before & after the fermentation by
using 3, 5-Dinitro salicylic acid
method (Miller., 1959)
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2016). Production of ethanol in a
continuous process by S,.cerevisiae
reduced with a longer cultivation time
(Azhar, et al. 2017).

3.3 Effect of acid on hydrolysis

When the volume of the acid is
60ml/100ml, the ethanol vyield was
significantly increased by 1.09 times
(2.30% to 2.50%). Control setup without
acid hydrolysis shows significantly lower
amount (0.17%) of ethanol production
when  comparing with  hydrolyzed
substrates (Figure 02). This shows that
polysaccharides and disaccharides were
converted into simple sugars through acid
hydrolysis that was used for fermentation
process. Sulfate is a nutrient present in the
fermentation medium. Therefore, sulfuric
acid is used for acid hydrolysis, which can
be easily removed from the medium after
the  incubation  period.  Excessive
concentrations of strong acids lead to the
reduction in monomeric sugars and
inhibition of fermentation by producing
toxic compounds (Agustini et al. 2019).
Therefore, diluted sulfuric acid (0.5M) was
used in this study. The duration of the
hydrolysis process is also an important
factor. Penetrating cells for a long time
may reduce the bioethanol yield. (Harun et
al. 2009). Acid hydrolysis is effective at
the temperature range between 100- 200
°C. Hence, 60ml/100mL of sulfuric acid
was chosen for further studies.

3.4 Effect of nitrogen source

When different nitrogen sources such as
soybean flour, corn-flour, peptone, and
mung bean flour were used in the
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fermentation media, significantly higher
ethanol production (1.53%) was witnessed
in the medium containing soybean (Figure
03) than the other nitrogen sources.
Soybean is rich in nitrogen content.
Organic & inorganic nitrogen sources in
the fermentation medium increase the
growth of S. cerevisiae (Marti and Olmo,
2008).

3.5 Effect of the concentration of the
nitrogen source

When the amount of soybean powder was
used as 1.0g/100ml, the ethanol yield was
significantly increased by 1.54 times (from
1.50% to 2.30%, Figure 04) than the non-
optimized amount of soybean powder
(1.59/100ml).  Fermentation  medium
containing 1.0g of soybean powder yielded
significantly higher ethanol production
than other concentrations. A higher
concentration of nitrogen may inhibit the
growth of yeast in the fermentation
medium & this will lead to a decrease in
ethanol production. Hence 1.0g/100ml of
nitrogen source (soybean flour) in the
fermentation media was chosen for further
studies.

Nitrogen supplements are mandatory for
the enhancement of growth of yeast cells
(Marti and OIlmo, 2008). Adequate
amounts of nitrogen should be used to
supplement the medium. Suitable nitrogen
sources can reduce the formation of
inhibitory by-products and this increases
the bioethanol yield (Adnan, et al., 2014).
Lack of nitrogen supplements leads to less
yeast biomass production which can result
in sluggish fermentation. This reduces the
bioethanol yield (Henschke and Jiranek.
1993; Alexendra and Charpentier. 1998).
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3.6 Effect of ratio of the fermenting

solution: air space

When different ratio of volumes of
fermentation solutions (50ml, 100ml,
150ml, 200ml, and 250ml) were chosen,
significantly higher ethanol production
was obtained with 100ml of fermentation
solution (1.25 times, from 0.80% to
1.00%) than the  non-optimized
fermentation solution of 200ml (Figure
05). Volume of fermentation solution has a
direct effect on fermentation rate and
microbial cells as this determines the ratio
of air space in the fermenting solution.
Generally, this ratio expresses the amount
of oxygen present in the media.

Fermentation of simple sugars into ethanol
by yeast cells is an anaerobic process. But
yeast cells have a potential to take up the
oxygen. Presence of larger amount of
oxygen (if the ratio is high) in the medium
can lead the yeast cells engaging in aerobic
respiration process. This leads to complete
fermentation of sugars with decreased
amount of ethanol yield and the release of
carbon dioxide. Also, if the oxygen content
is too low (if the ratio is low) this can
reduce the viability of the yeast cells
(Rosenfeld et al. 2003).
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3.7 Effect of inoculum size

When different amounts of yeast inoculum
(0.5g, 1.0g, 1.5g, 2.0g, 2.5g) were chosen,
significantly higher ethanol production
was obtained with 1.5g of the amount of
inoculum (1.2 times, from 1.00% to
1.20%) than the non-optimized amount of
substrate of 1.0g (Figure 07). The
concentration of added inoculum in the
fermentation media does not have a
significant influence on final ethanol
production, but it affects the sugar
consumption rate by yeast cells
(Laopaiboon et al. 2007). Hence 1.5
9/100mL of yeast inoculum was chosen for
further studies. When yeast inoculum is
increased cells grow rapidly with increase
in fermentation time. This results in the
higher ethanol production. When the
inoculum size reaches a certain range of
ethanol production - its maximum level -
ethanol production can be decreased. This
is due to the depletion of nutrients and
immediate consumption of sugars by yeast
cells (Hosny, et al. 2016).
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3.8 Effect of amount of substrate (raw
fruit peel mixture)

When different amounts of raw fruit peel
mixture (5g, 10g, 15g, 20g and 25g) were
chosen, significantly higher ethanol
production was obtained with 15.0g of the
amount of substrate (1.25 times, from
1.20% to 1.50%) than the non-optimized
amount of substrate of 10g (Figure 07).
The amount of substrate has a direct effect
on fermentation rate and microbial cells.
Generally, the fermentation rate is going to
be enlarged with the rise in substrate
concentration up to a definite level.
However, the surplus sugar concentration
can exceed the uptake capability of the
cells of microorganisms resulting in a
gradual rate of fermentation. Ethanol
production can reach a higher level
according to the initial sugar concentration
used (Laopaiboon et al, 2007). Hence
15.0g substrate in the fermentation media
was chosen for further studies.
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3.9 Effect of pH of the medium

When the pH of the media was kept at 5.0,
the ethanol yield was significantly
increased by 1.48 times (from 2.50% to
3.70%) than the non-optimized control pH
6.0 (Figure 08). The management of pH
have a direct influence on the growth of
microorganisms used for the fermentation
process and conjointly on their cellular
processes (Kasemets et al. 2007; Pirselove
et al. 1993). The H+ concentrations in the
fermentation broth will be ready to amend
the entire charge of the plasma membrane
as to moving the porosity of some essential
nutrients into the cells. Once the
fermentation medium becomes more
acidic, the fermentation rate conjointly will
increase. Enzymes made by yeast to
ferment aldohexose may need customary
conditions made for acidic conditions.
Yeast cells are more tolerant to acidic
conditions than basic conditions. The
organic and inorganic chemicals employed
in the media may be responsible for the
change in the pH of the media due to the
different ions released. Hence, pH of the
fermentation media was chosen as 5.0 for
further studies.
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Figure 08: Effect of different amounts of fruit peel mixture on bioethanol production from
papaw fruit peel juice using Saccharomyces cerevisiae.
(Different alphabetical letters show significant differences between the mean
values.)
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Figure 09: Effect of different pH on bioethanol production from papaw fruit

peel mixture using Saccharomyces cerevisiae.
(Different alphabet letters show significant differences between the mean values.)
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3.10 Anti -bacterial activity

The results revealed that the ethanol that is
produced using the fermentation of papaw
peel can efficiently suppress the growth of
selected Dbacterial strains which are
considered as human  pathogenic
microorganisms. A maximum zone of
inhibition was observed within the
Escherichia coli (15.4mm) (Figure 09).
The different hypothesis suggests different
mechanisms of anti-bacterial action.
Organic compounds are bounded (by
hydrogen bonding and hydrophobic
bonding) to the protein molecules that are
found in the biological membranes. This
bonding is followed by the partition in the

18 -

154A
16

Inhibition zone (mm)

O N B O ®

14 - 12¢C
12 - 10.6D
: I I

lipid bilayer. Perturbation of membrane
permeability is consequent to its expansion
and elevated fluidity by causing the
inhibition of enzyme in the embedded
membrane. Furthermore, this causes
disruption of biological membranes and
destruction of electron transportation and
perturbation of the cell wall. Ethanol has
the capacity of killing bacterial strains by
the process of denaturation (Kapilan &
Anpalagan, 2015). Alcohol molecules bind
with the fat membrane of the bacterial cell
and the cell are consequently vulnerable.
This leads to the leakages of bacterial cells
that finally results in their death (Ingram.
1990, Kapilan & Thavaranjit. 2009).

1488

Eschericia coli

Pseudomonas Staphylococcus

Spp. .
Bacterial species

Bacillus spp.
spp.

Figure 10: Antibacterial activity of ethanol against selected human pathogens.
(Different alphabetical letters show significant differences between the mean

values.)
4 CONCLUSIONS

The Carica papaya (papaw) peel waste is
an effective substrate for bioethanol
production using baker’s yeast. After
optimization of nitrogen sources, culture
conditions, and media composition, the
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bioethanol  yield was significantly
increased (6.2 times, from 0.60% to
3.70%) than the non-optimized conditions.
All the bacterial strains that were used for
this study (Escherichia coli,
Staphylococcus aureus, Pseudomonas
spp., and Bacillus spp.) showed inhibition
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zones thus, they were sensitive for the
bioethanol extract. Fungal and viral
responses of the bioethanol extract require
to be studied to determine whether this
bioethanol extract could be used as a
potential hand sanitizer.
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