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Abstract. Bioethanol is alternative renewable energy typically obtained from glucose through a
fermentation process using Saccharomyces cerevisiae. In the bioethanol fermentation process using
yeast, there are several inhibiting factors, such as a high concentration of substrate, ethanol as the
product, and nutrients. The present study aimed to investigate the effect of fermentation time (12-
72 hours), immobilized carrier size (sizes of 0.5 cm?®, 1 cm?, and 1.5 cm®), and medium pH (3.0, 4.0,
and 5.0) on the ethanol fermentation process using immobilized yeast in jackfruit (Artocarpus
heterophyllus) seeds and subsequently to compare its performance with a free cell system. The
highest ethanol concentration (89.15 g/L) with a yield of 96.92% was obtained by immobilizing
yeast in jackfruit seed at a fermentation time of 72 hours, carrier size of 0.5 cm3, and medium pH
of 5.0. When compared to the free cell system fermentation under identical operating conditions,
immobilized yeast in jackfruit seed obtained 1.41 times higher ethanol concentration. Jackfruit seed
also led to a higher ethanol concentration compared to other S. cerevisiae carriers. Altogether, our
findings imply that jackfruit seed has great potential as a carrier of S. cerevisiae in the process of
fermenting glucose into ethanol.

Keywords: ethanol fermentation, Saccharomyces cerevisiae, immobilization, jackfruit seed

INTRODUCTION

With the issue of depletion of fossil fuels
and the rising demand for energy due to
human population and activities growth in

the forthcoming, the energy sector faces a
serious and challenging problem. In addition,
fossil fuels also play a significant role in global
warming impact (Yanto et al. 2019). These
challenges have stimulated interest in
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discovering sustainable alternative energy to
substitute fossil energy (Ong et al. 2011). The
topic of renewable energy has been
extensively studied by many scientists over
the planet and applied in some
circumstances, one of the sustainable
renewable energies is bioethanol (Megawati
et al. 2022). The use of alternative energy as
a substitute for fossil fuels can minimize the
energy crisis and lower greenhouse gas
emission production, which is excellent to
assist in the realization of climate change
targets (Jayed et al. 2011).

Bioethanol is an alcohol compound with a
hydroxyl group derived from glucose. It is
one of the potential alternative energies
produced by biomass and fermentation
processes (Li and Cheng 2020). Bioethanol is
expected to have a critical role in the
transportation sector as a substitute for
gasoline in the upcoming. The use of
bioethanol as a substitute for fuel has several
advantages, including 35% higher oxygen
content and lower emissions compared to
fossil fuels (Verma et al. 2019). Its use has also
been developed in over forty countries
(Huang et al. 2020).

In general, bioethanol is produced by an
anaerobic fermentation process that employs
yeast (Saccharomyces cerevisiae) (Sudhakar et
al. 2020). Bioethanol made from glucose
substrate derived from food starch,
agricultural waste, and algal biomass is
known as first-generation, second-
generation, and third-generation bioethanol,
respectively (Megawati et al. 2021).

In the process of fermenting glucose into
ethanol, there may be some inhibitions in S.
cerevisiae cells. Nugraheni and Mastur (2017)
reported that inhibition occurs while the
concentration of glucose (as the main
substrate) was more than 125 g/L, resulting in
a decline in the amount of dissolved oxygen

in the fermentation medium. Ethanol as a
fermentation product can also inhibit the
yeast cells themselves and cause yeast living
cells to enter the death phase more quickly
(Tesfaw and Assefa 2014). Immobilization is a
technique for producing bioethanol in which
the yeast cells will be trapped in a matrix or
membrane so that the moving cells and their
growth can be protected, and hence the
substrate can be converted optimally into the
product (Santos et al. 2018). Compared to
free cells, immobilized cells were more
resistant to inhibitory effects, medium pH at
extreme ranges, and higher temperatures
(Homaei et al. 2013). Research on the
immobilization of S. cerevisiae has been
broadly studied in bioethanol production.
Yeast cell immobilization on sodium alginate
films can increase bioethanol products
compared to free cell yeast (Damayanti et al.
2021).

Besides, the immobilization method with
sodium alginate produces a 17% greater
ethanol vyield than the free cell system
(Kumoro et al. 2021). Meanwhile, the
immobilization in the matrix made from
biomass was reported that the concentration
of bioethanol could be increased up to 1.4
times in the immobilization of yeast cells in
the cashew apple bagasse compared to the
free cell system (Pacheco et al. 2010) and 2.24
times higher than free cells system with
immobilization of yeast cells in the sorghum
bagasse (Yu et al. 2007).

Jackfruit (Artocarpus heterophyllus) is a
tropical agricultural plant widely grown in
many tropical areas, such as Indonesia.
Jackfruit production in Indonesia reaches
720,208 tons annually and produces between
57,600 and 108,000 tons of seeds annually
(Jayus et al. 2016). Jackfruit seeds are
frequently not regarded to have any
economic value, and currently, in Indonesia,
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they are only used as fertilizer base material,
a little is used as animal feed, and even
disposed of as agricultural waste. Jackfruit
seeds are reported to have a good
nanoporous structure (Chaudhary et al,
2020). This makes the interaction between
the substrate and products among the
jackfruit seed carrier easier. With great
structure, it can be expected that jackfruit
seeds can be wused as a carrier for
immobilization of the yeast S. cerevisiae in
ethanol fermentation.

Hitherto, there is no research yet on the
immobilization of yeast S. cerevisiae in
jackfruit seeds in bioethanol production. The
aim of the present study was to investigate
the effects of immobilization of S. cerevisiae
in jackfruit seeds and compare the result with
the free cell system. Through this study, it is
expected to obtain information about
optimum conditions with a low production
cost of bioethanol production as an attempt
to develop environmentally-friendly
sustainable renewable energy.

MATERIALS AND METHOD

Materials

The main materials used in the study were
S. cerevisiae, jackfruit seeds, and glucose. S.
cerevisiae was obtained from instant dry yeast
producer “Fermipan®” (Indonesia). Jackfruit
seeds were collected from plantation
production around Semarang (Indonesia),
and glucose as the substrate used for the
fermentation process was purchased from
Merck ® (Germany).

Method
Immobilized carrier preparation

Jackfruit seeds were prepared, washed,
and soaked in distilled water for an hour
before being dried in an oven at 50 °C for two

hours. Subsequently, the outer skins of the
jackfruit seeds were stripped and cut into
cubes (sizes of 0.5 cm?, 1 cm3, and 1.5 cm?).
The treated jackfruit seeds were then stored
in a sealed container for the immobilization
process.

Immobilization process

As many as 0.5 g of instant dry yeast of S.
cerevisiae was inoculated in a medium of 125
mL distilled water comprised of 5 g/L yeast
extract (Microgen®, India); 5 g/L glucose
(Merck®, Germany); 5 g/L (NH4)2SO4
(Merck®, Germany); 5 g/L MgSO4 (Merck®,
Germany); and 5 g/L peptones (Oxoid®, the
USA). The medium was sterilized using an
autoclave at 121 °C for 30 minutes. The Broth
was incubated aerobically at 30 °C for 24
hours. After the inoculation process, the
immobilization  technique  was  then
performed, which the procedure referred (Yu
et al. 2007). 17 g of the treated jackfruit seeds
were put in the inoculation broth, followed by
the soaking process at a temperature of 30 °C
for 24 hours.

Fermentation process

Jackfruit seeds that had been soaked in
the inoculation broth were filtered and used
for the fermentation in a 125 mL distilled
water medium with 180 g/L glucose as the
main substrate. The fermentation medium
contained 2 g/L of peptone, 1 g of yeast
extract, and 2 g/L of glucose. Like the
preceding stage, the fermentation medium
was sterilized in an autoclave at 121 °C for 30
minutes. Fermentation was carried out
anaerobically by adding an airlock fermenter
at a temperature of 30 °C for 72 hours, and
samples were withdrawn at 12 hours intervals
to analyze the concentration of ethanol and
residual glucose.
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Ethanol analysis

The ethanol concentration analysis was
executed using the Conway method with a
UV-Vis spectrophotometer (Sriariyanun et al.,
2019). Absolute ethanol was dissolved in
distilled water with a concentration of 0.5-6
g/L. 0.10 g of KoCr207 (Merck®, Germany)
was dissolved in 2.5 mL of distilled water and
12.5 mL of H2SO4 (Merck®, Germany) in a 25
mL volumetric flask and cooled to room
temperature.  Subsequently, 1 mL of
dichromate acid solution was diluted to 10
mL, and 5 mL of the solution was taken to be
inserted into the center of the Conway dish.
The outside of the Conway dish was filled
with 5 mL of ethanol solution (0.5-6 g/L) and
1 mL of 20% Na2COs (Merck®, Germany)
solution. The Conway was sealed and heated
in the oven at 50 °C for two hours. To obtain
a linear regression equation, a calibration
curve regarding the relationship between the
concentration of standard ethanol solution
and the absorbance value was made. The
absorbance value obtained in the
fermentation sample was converted into a
linear equation to determine the
concentration of ethanol.

Glucose analysis

Glucose analysis referred to the phenol-
sulfuric method (Masuko et al., 2005). 1 mL of
standard glucose solution (0.1-0.5 g/L) was
reacted in a test tube with 1 mL of 5% phenol
(Merck®, Germany). Thereafter, the solution
was added with 5 mL of H2SOs (Merck®,
Germany), stirred, and cooled at room
temperature. The solution was heated using a
water bath at 90 °C for five minutes.
Absorbance was measured using a UV-Vis
spectrophotometer with maximum
wavelength. The absorbance result was
drawn as a standard curve between glucose
concentration and absorbance value to

obtain a linear regression equation. The same
treatment was carried out on the fermented
samples and was read using a linear equation
to acquire the value of glucose concentration.

Calculation ethanol yield

The results of the fermentation of glucose
into ethanol can be calculated as the
production vyield. Ethanol yield can be
expressed as the value of ethanol
concentration per concentration of total
glucose as substrate and is expressed in Eq.

(MN:

yield (%) =

Concentration of ethanol (%)

x100%

0.511 x Concentration of total glucose (%)

(M
RESULTS AND DISCUSSION

Effect of fermentation time

In the current study, the effect of
fermentation time on the ethanol
concentration and glucose residue was
studied. The fermentation process using the
immobilization size of 1 cm?® jackfruit yeast
was incubated at 30°C and pH 5.0 for 72
hours. The effects of fermentation time on
glucose and ethanol concentrations are
depicted in Figure 1.

Figure 1 shows that with the prolonged
fermentation time, the glucose concentration
gradually decreased to 13.31 g/L at the end
of fermentation. This phenomenon may be
linked with the possibility of glucose as the
main substrate was being consumed by the
trapped yeast S. cerevisiae in the jackfruit
seed matrix for metabolism and growth.
Significant glucose depletion occurred in the
first 12 hours of fermentation. This may be
due to the fact that the yeast cell was already
in the log phase, so the yeast cell grew rapidly
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and consumed glucose as the main substrate
and converted it into ethanol. This condition
was also supported by the remarkable
increase of ethanol concentration up to 80.19

g/L with a yield of 87.16%.
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Fig. 1: The effects of fermentation time on

ethanol concentration using immobilized

yeast.

At the end of the fermentation time, the
ethanol concentration obtained was up to
89.12 g/L with a yield of 96.81%. Meanwhile,
in the 12-72 hours of fermentation, the
ethanol concentration as the product tended
to be constant, which was possibly caused by
yeast cells having entered the stationary
phase due to the depletion of glucose as the
main substrate (Mohd Azhar et al. 2017).
Moreover, ethanol as a fermentation product
from glucose is one of the cell growth
inhibitors and can reduce fermentation
activity (Zhang et al. 2015). However, the
immobilized yeast cells can protect against
ethanol and increase the number of living
cells compared to the free cell system (Zhu et
al. 2018). This finding is also in line with the
research conducted by Martini et al. (2011) on
sugar by S
cerevisiae immobilized in rice hulls and Malik

the fermentation of

et al. (2021) on cotton stalk lignocellulosic for
bioethanol production.

Effect of ethanol

concentration and residual glucose

carrier size on

Jackfruit seed size used for carrier S.
cerevisiae was also investigated for its effect
on the concentration of ethanol and residual
glucose. At this stage, the seed size varied
from cubical 0.5 cm?, 1 cm3, and 1.5 cm?.
Figure 2 depicts the effects of jackfruit seed
on ethanol and glucose concentration.
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Fig. 2: The effects of the size of carrier
jackfruit seeds on ethanol concentration
using immobilized yeast

Figure 2 illustrates that the size difference
in the carrier of yeast S. cerevisiae affects the
ethanol concentration produced. The carrier
size 0.5 cm? produced the highest ethanol up
to 89.12 g/L during 72 hours of fermentation.
The difference in ethanol concentration at the
size of 1 cm? carrier was insignificant (p<0.05)
compared to the 0.5 cm? carrier size. On the
other hand, glucose consumption in the 0.5
cm? and 1 cm?3 carrier size was also very rapid,
and the final glucose concentration for each
carrier size at the end of fermentation was
801 g/L and 10.06 g/L,
Nevertheless, at the carrier size of 1.5 cm?, the

respectively.

difference in ethanol concentration was
slightly significant (p>0.05) and recorded the
lowest ethanol concentration. This condition
was also corroborated by glucose as the main

substrate consumed by yeast, which
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decreased by 25%.

Generally, glucose is the main component
as a nutrient for yeast cells to grow and
reproduce the cell. This may be due to the
smaller particle size of the jackfruit seed as a
carrier, which reduces the contact surface
area and makes it easier for the medium to
enter the carrier matrix so that yeast cells will
be more grow rapidly and active in
consuming glucose into ethanol product
(Hussain et al. 2015). Thus, the trapped yeast
will lack nutrients and cannot grow optimally.
This finding aligns with research conducted
by Adelabu et al. (2019) on bioethanol
production from corn straw substrate with
yeast immobilization in Mucuna urens matrix,
which found that the larger the size of the
beads resulted in a reduction in the
productivity of ethanol up to 27%. However,
the smaller carrier size was not investigated
in this study.

Effect of medium pH on the fermentation
process

In this stage, the effect of medium pH (3.0-
5.0) on the bioethanol fermentation process
was studied. The yeast cells trapped at 0.5
cm? were employed anaerobically at 30°C for
72 hours. The effect of medium pH on the
concentration of bioethanol and residual
glucose is illustrated in Figure 3.

Figure 3 demonstrates that the highest
glucose concentration reached up to 86.67%
within 12 hours at the medium pH of 5.0.
Research conducted by Lee et al. (2011) also
found that S. cerevisiae immobilized on
calcium alginate could consume up to 90%
glucose in just 19.5 hours. This indicates that
at optimum medium pH conditions, glucose
as the main substrate could be consumed
rapidly for the growth of the cell.

Besides, the medium pH also affects the
productivity of ethanol. This experiment's

results showed that the highest ethanol
concentration occurred at the medium pH of
5.0 with a concentration of 89.15 g/L or when
the vyield reached 96.92%. The ethanol
concentration decreased along with the
decrease in the pH of the fermentation
medium. In the research conducted by
Bouaziz et al. (2020) using date seed as
substrate, the highest ethanol concentration
obtained was 21.57 g/L after six hours of
fermentation. At the pH of 5.0, the medium
also produced ethanol rapidly in the first 12
hours of fermentation time. This may be
correlated with enzymes in yeast cells that
play an essential role in the fermentation
process.

Yeast S. cerevisiae has optimum conditions
for growth in the pH range of 4.0-5.0 (Liu et
al. 2015). At a medium pH of 5.0, glucose
could be rapidly consumed by cells for their
growth and metabolism processes and
converted into ethanol and carbon dioxide. In
a more acidic medium pH (3.0), hydrogen
ions could change cell membrane structure,
causing not optimal enzyme functioning (Lin
et al. 2014).
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Fig. 3: The effects of pH medium on ethanol
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Furthermore, under extreme conditions,
enzymes composed of proteins could be
easily denatured and cause damage to yeast
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cells (Ezugwu et al. 2015). With the
immobilization of cells into jackfruit seed,
yeast will be more resistant to acidic
conditions and can still carry out growth and
metabolism, as evidenced by glucose which
can still be converted into ethanol. This is in
accordance with several pertinent studies
about immobilized cells, which are more
resistant in acidic or alkaline pH mediums
than free cells (Beniwal et al. 2018).

Comparison of immobilized yeast and free
cells system in the fermentation process
A comparison of immobilized cells and
free cells system in the fermentation of
glucose into bioethanol was investigated in
this study. The glucose substrate used for
fermentation was 180 g/L, operating
conditions at pH of 5.0 and 30 °Cfor 72 hours.
As seen in Figure 4, fermentation using
immobilized yeast on jackfruit seeds
produced 43.16% higher ethanol
concentration than the free cell system at the
end of the fermentation process. In addition,
the immobilized yeast will convert glucose
into ethanol more rapidly, as evidenced by
the faster glucose concentration depletion
occurs. This difference may be due to the
yeast trapped in the jackfruit seed carrier,
which is more resistant to the conditions of
the fermentation medium. According to
Rattanapan et al. (2011), immobilized yeast
cells can protect cells from the possible
presence of toxins in the fermentation
medium. Other than that, Maiorella et al.
(1983) reported that a high concentration of
glucose feed substrate could also inhibit
yeast S. cerevisiae, resulting in less optimum
cell work. In the entrapped yeast cell, glucose
will be absorbed gradually in the jackfruit
seed carrier so that the yeast cell work and
cell growth will be more optimum. Ethanol, as
the main product in the fermentation

process, also inhibits yeast cells which cause
cells to go into the death phase more rapidly
(Zhang et al, 2015). With a carrier that
protects cells from contact with ethanol
caused, the cells can still grow and develop
optimally. A similar result was reported by
Kumoro et al. (2021), in which the
fermentation process using yeast
immobilized on sodium alginate beads led to
a greater ethanol concentration of 17% than
the free cell system. Meanwhile, Zhu et al.
(2017) found 18% greater ethanol yield using
immobilized S. cerevisiae in
polyethyleneimine grafted collagen fibers for
synthetic glucose fermentation. In general,
the yeast S. cerevisiae immobilized in jackfruit
seeds has excellent potential to be developed
on a larger scale in the bioethanol production
process with higher productivity ethanol and
decreased contamination or inhibition.
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Fig. 4: Comparison of immobilized yeast and
free cells system on glucose fermentation.

Comparison of immobilized S. cerevisiae
in jackfruit carrier with another carrier

The results of the optimum immobilization
of ethanol yield in this study were compared
with other carrier types using similar yeast (S.
cerevisiae) and glucose as the main
substrates. The comparison of carrier types is
presented in Table 1.
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Table 1. Comparison of various carrier types
in ethanol fermentation immobilization

Carrier type Ethanol yield
Jackfruit seed (this study) 96.92 %
Rice hulls 62.7%
(Martini et al., 2011)

Ceramics 86.20 %
(Diana et al., 2014)

Sodium alginate 96.68 %
(Kumoro et al., 2021)

Microtube array membrane 48.00 %

(Chen et al., 2015)

According to Table 1. the carrier of
jackfruit seeds in the ethanol fermentation
process with the immobilization technique
produces the highest yield of 96.92%. This
indicates that carriers with biomass as
materials can work more effectively when
compared to carriers with non-biomass
materials. Desimone et al. (2003) observed
that high carbohydrate concentrations in
carrier types could protect the hydrate layer
around yeast from ethanol. Jackfruit seed
contains carbohydrates of roughly 19 g/100
g of dry base (Waghmare et al. 2019). The
ethanol yield in the treatment of using a
jackfruit seed as the carrier in the present
study was better than a carrier with non-
biomass materials. Not less important,
careers with non-biomass materials require
relatively high processing costs, so the
ethanol  fermentation  process  using
immobilization with jackfruit seed can be a
new exciting finding with low-cost
production and optimum yield and at the
same time, support sustainable agricultural

waste treatment.

CONCLUSION

Our results revealed that the jackfruit seed
has great potential and is feasible to be a
carrier of S. cerevisiae in the process of
fermenting glucose (180 g/L) into ethanol.
The results showed that immobilizing yeast in
jackfruit seed at a 72 hours fermentation
time, carrier size of 0.5 cm?, and pH medium
of 50 obtained the highest ethanol
concentration of 89.15 g/L or yield of 96.92%.
Yeast immobilization in jackfruit seed had
been shown to protect yeast cells from
moderately acidic environmental conditions.
Immobilized yeast in jackfruit seed produced
ethanol 1.41 times higher than the free cells
system. Our finding is expected to assist in
the production of bioethanol as alternative
renewable energy while at the same time
utilizing agricultural waste. Additionally, the
less pretreatment needed in the career makes
the cost of producing ethanol more effective
on a larger scale without sacrificing ethanol
productivity.
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