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Bioethanol is an alternative energy source that is increasingly needed along with the
depletion of petroleum stocks. Bioethanol can be produced by utilizing various wastes,
including jackfruit peel and a mixture of crude cellulose enzymes from Trichoderma
reesei and Aspergillus niger as well as fermentation using Saccharomyces cerevisiae and
Zymomonas mobilis. This study aimed to compare the production of bioethanol using S.
cerevisiae and Z. mobilis in fermented jackfruit peel with a mixture of crude cellulose
enzymes from T. reesei and A. niger. The experimental design used a completely
randomized design with the ratio of crude cellulase enzymes from T. reesei and A. niger
as independent variables (0:0), (1:0), (0:1), (1:1), (1:2), (2:1), (1:3), and (3:1) as well as
sugar and ethanol content as dependent variables. The sugar content was determined
using the DNS method, while the ethanol content was determined using an alcoholmeter.
Data analysis used one way ANOVA assisted by SPSS 16. The results showed that the
highest sugar content (14.21 percent) was obtained in the ratio of crude cellulase enzymes
T. reesei and A. niger (1:3), while the highest ethanol content (3, 16 percent) at a ratio of

1: 2 and fermented using Z. mobilis.

1. INTRODUCTION

Fossil fuels, primarily oil, coal, and natural gas, are the
primary energy source for most businesses and remain the
world's primary raw materials for energy production.
Currently, fossil fuels dominate the international energy
industry, worth approximately 1.5 trillion dollars [1]. These
resources, however, are no longer considered sustainable, and
their availability has decreased significantly [2]. These fuels
have negative environmental consequences, such as global
warming due to greenhouse gas emissions [3]. As a result,
alternative energy sources that are renewable, sustainable, and
ecologically benign, such as bioethanol, are required [4].

Bioethanol can be produced from cellulose and glucose-
based biomass, such as starch-containing biomass (corn,
cassava, and sorghum), sugar-containing biomass (molasses
and sap), and cellulose-containing biomass (cassava, rice
straw, bagasse, and jackfruit peel) [5]. Jackfruit peel is still
underutilized and ends up as waste. Jackfruit peel includes
15.87 percent carbs, 38.69 percent cellulose, and 1.30 percent
protein [6]. Typically discarded, the jackfruit's peel has the
potential to be used to produce bioethanol. Jackfruit peel
contains approximately 14.74 percent sugar, making it suitable
for use as bioethanol [7]. Cellulolytic microorganisms capable
of producing cellulase enzymes, such as Trichoderma reesai
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and Aspergillus niger, are required to produce bioethanol from
cellulose-containing materials. Trichoderma reesei can
degrade cellulose and starch to glucose by the production of
cellulolytic enzymes, specifically endoglucanase and
exoglucanase, which hydrolyze cellulose [8]. Trichoderma
reesei may also manufacture endo-1,4-glucanase and exo-1,4-
glucanase enzymes in quantities up to 80%, albeit at a lower
rate than Aspergillus niger [9]. Aspergillus niger is capable of
producing large amounts of -glucosidase, as well as endo-1,4-
glucanase and exo-1,4-glucanase. Additionally, exo-1,4-
glucanase will cleave the cellulose chain's ends and generate
cellobiose. The resulting cellobiose will be converted to
glucose molecules by -glucosidase [9]. The conversion of
cellulose by T. reesei and A. niger produces glucose, which
can employ in the fermentation process to make bioethanol.
Microorganisms such as Saccharomyces cerevisiae and
Zymomonas mobilis carry out the sugar fermentation process.
S. cerevisiae offers several advantages over other microbes
used in the bioethanol production process, including being
more ecologically friendly, versatile, easy to procure, and
resistant to high alcohol content interactions [10]. Zymomonas
mobilis ferments more specifically than yeast [11]. This study
aimed to compare the amounts of bioethanol fermented
jackfruit peel to crude enzymes T. reesei and A. niger after
ratio treatment.


https://crossmark.crossref.org/dialog/?doi=10.18280/ijdne.170420&domain=pdf

2. MATERIAL AND METHODS
2.1 Preparation sample

On JI. Ipda Tut Harsono, in the Umbulharjo sub-district of
Yogyakarta, jackfruit peel is processed to be powered. The
Food & Nutrition Culture Collection (FNCC) at the University
of Georgia provided cultures of Trichoderma reesei,
Aspergillus niger, Saccharomyces cerevisiae, and Zymomonas
mobilis.

Trichoderma reesei and Aspergillus niger strains were
cultivated on PDA (with ingredients 5 g of PDA powder, and
100 mL of distilled water) and cultured for seven days at room
temperature [12]. Zymomonas mobilis cultures were cultivated
on NA medium (0.42 g of NA media and 15 mL of distilled
water) and incubated at room temperature for 24 hours [13].

2.2 Preparation of nutrient solutions

3 g urea powder per liter, 10 g (NH4)>SO4 powder per liter,
3 g KH,>PO4 powder per liter, 0.5 g MgSO4 powder per liter
7H,O powder, 0.5 g/L calcium chloride H,O L employs an
analytical balance. Combine all of the above components in a
200 mL beaker glass and top with 100 mL aquadest. All
ingredients were thoroughly mixed using a sterilized glass
stirrer [14].

2.3 Production of the cellulase enzyme

Each 250 mL Erlenmeyer was filled with 5 grams of
jackfruit peel powder and sealed with 25 mL of nutrient
solution. Sterilization of the mixed medium Suspended A.
niger cultures were cultivated at room temperature for eight
days. In contrast, another Erlenmeyer was cultured for T.
reesei and incubated for six days at room temperature. Each
result of the incubation was added to 100 mL of an 80 percent
tween solution and agitated at 150 rpm for 120 minutes at
room temperature. Centrifuge the solution for ten minutes at
3000 rpm. Employed the resulting supernatant as a crude
enzyme extract [14].

2.4 Jackfruit peel fermentation using crude enzymes

200 grams of jackfruit peel powder was placed in an
Erlenmeyer, followed by 1,600 mL of distilled water (three
replicates), and then brought to a boil. Filtration of the
decoction separates the substrate from the cooking water.
Divided the substrate into 48 100 mL fermentation bottles. The
addition of crude enzymes T.reesei and A.niger at a
concentration of up to 10% according to the treatment with
variations (0:0); (1:0); (0,1), (1:1), (1:2), (2:1), (1:3), (3:1)
using a measuring pipette aseptically three times (48 bottles of
fermentation), then stirred with a sterile glass stirrer. Covering
the fermentation bottles with sterile cotton and lining them
with aluminum foil, incubating them at 37°C for 24 hours. The
sugar content of the hydrolysis products was determined using
the DNS technique [15].

2.5 Saccharomyces cerevisiae with Zymomonas amobilis
treatment

Hydrolysis findings using crude enzymes (24 bottles)
combined with a 10% culture of S. cerevisiae cultured for 72
hours [17]. Additional 24 bottles of fermentation + 10%
culture of Zymomonas immobilis fermented for 96 hours [16].
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Distilled the fermentation products of Saccharomyces
cerevisiae and Zymomonas amobilis, and the resulting
bioethanol is quantified using an alcohol meter [17].

3. RESULT

3.1 Sugar levels in the peel of jackfruit before and after
pretreatment with NaOH

Based on the research, we found various of the sugar levels
in the peel of jackfruit before and after pretreatment with
NaOH (Table 1).

Table 1. Jackfruit peel substrate sugar content

Replication Reducing sugar content
Before After
Pretreatment (%)  Pretreatment (%)
1 8.33 9.18
2 9.35 10.29
3 11.06 9.72
Average 9.58 9.73

After crude enzyme treatment, the sugar content of jackfruit
peel substrate is as Figure 1.
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Figure 1. Reduced sugar levels after treatment with rasio of
blend crude cellulase enzyme T. reesei & A. Niger

The same letter within each column do not differ
significantly (p > 0.05) according to the Duncan test.

Sugar Content of Jackfruit Peel Following Fermentation
with Saccharomyces cerevisiae in Figure 2.
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Figure 2. Reduced sugar levels after treatment with ratio

Saccharomyces cerevisiae



The same letter within each column do not differ
significantly (p > 0.05) according to the Duncan test.

After Fermentation with S. cerevisiae, the ethanol content
of jackfruit peel substrate was measured. Based on the results
of the study, the measured ethanol content was as follows
(Figure 3).
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Figure 3. Bioethanol levels after treatment with
Saccharomyces cerevisiae

The sugar content of jackfruit peel following treatment with
Zymomonas mobilis is as follows (Figure 4).
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Figure 4. Reduced sugar levels after treatment with
Zymomonas mobilis

Bioethanol levels in jackfruit peel following treatment with
Zymomonas mobilis is as follows (Figure 5).

The same letter within each column do not differ
significantly (p > 0.05) according to the Duncan test.

3.5 ~ c
3
2.5
2
1.5
1

Bioethanol level (%)

o
n

(0:0 (2:0) (0:1) (1:1) (1:2) (2:1) (1:3) (3:2)

rasio of blend crude cellulase enzyme
T.reesei & A.niger

Figure 5. Bioethanol levels after treatment with Zymomonas
mobilis
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4. DISCUSSION

4.1 Sugar levels in the peel of jackfruit before and after
pretreatment with NaOH

Sugar content was determined before and after pretreatment
to assess the ability of cellulose to be delignified/broken down,
resulting in higher sugar content after pretreatment. According
to Table 1, the outcomes of lowering sugar content before and
after pretreatment were 9.58 percent and 9.73 percent,
respectively. These findings indicate that the sugar
concentration increased. Pretreatment removes lignin from
lignocellulose and hydrolyses cellulose and hemicellulose into
simple sugars to enhance the amount of sugar that will turn
into bioethanol later [18].

4.2 Sugar levels after treatment with ratio of blend crude
cellulase enzyme T. reesei & A. niger

According to the research findings, the sugar content of the
jackfruit peelsubstrate after crude enzyme treatment ranges
between 10.03 percent and 14.21 percent (Figure 1). The
control sugar content was lower than the sugar content of all
treatments. All crude enzyme treatments affected the sugar
content since all calculation values were greater than the
control sugar level. The treatment with the greatest sugar
content, treatment 6, had a crude enzyme ratio of 7. reesei: A.
niger 1:3 and a sugar range of 14.21 percent. While treatment
1 had the lowest sugar content of all treatments, with a crude
enzyme ratio of T. reesei: A. niger 1:0 of 10.40 percent. The
crude 7. reesei: A. niger 1:3 ratio produced the largest sugar
content due to an increase in the activity of the crude enzyme
Aspergillus niger, which is capable of producing high
glucosidase [19]. The causal factor is decreased enzyme
activity due to the lowest sugar content using the crude
enzyme 7. reesei: A. niger 1:0; The causative factor is the
absence of crude enzymes from 4. niger (0), so that only crude
enzymes from 7. reesei work so that the ability to convert
cellulose into glucose is not optimal, besides that sugar levels
also decrease due to glucose that has been hydrolyzed a lot so
that sugar levels tend to be low. down or constant [19].

4.3 The Sugar Content of Jackfruit Peel Following
Treatment with Saccharomyces Cerevisiae

According to the research results on the sugar content of
fermented jackfruit peel substrate by Saccharomyces
cerevisiae, shown in Figure 3, the average sugar content of
fermented jackfruit peel substrate ranged between 10.02
percent and 14.73 percent. Treatment 4 had the greatest
fermented sugar content, with a crude Trichoderma reesei:
Aspergillus niger 1:2 ratio of 14.73 percent. Meanwhile, the
lowest fermented sugar content was 10.27 percent when
treated with a 1:0 ratio of crude enzyme T. reesei: A. niger.
This is due to treatment 1 ratio of crude enzyme T. reesei: A.
niger 1:0, crude enzyme from A. niger is not available (0), so
that only crude enzyme from 7. reesei works, conversion of
cellulose to glucose is not optimal, resulting in low reducing
sugar content (10.27%).

4.4 The sugar content of jackfruit peel following treatment
with Zymomonas mobilis

According to the research results on the sugar content of



fermented jackfruit peel substrate by Zymomonas mobilis,
shown in Figure 4. The inclusion of 10 mL of Zymomonas
mobilis altered the result of each treatment in terms of sugar
reduction. The reducing sugar content produced after Z
mobilis treatment indicated that the highest reducing sugar
content was 10.46 percent in the P2 treatment with a 1:1 ratio
of A. niger to T. reesei and the lowest average sugar content
was 8.44 percent in the P6 treatment with ratio of A. niger to
T. reesei (1:3). Between pre- and post-fermentation with Z.
mobilis, the sugar level reduced from 11.99 to 10.46 percent.
The decreasing sugar levels the following fermentation was
caused by Z. mobilis utilizing the sugar content of the
fermentation medium to produce new cells and form ethanol
[20]. According to Rahmadani et al. [21], Zymomonas mobilis
eats sugar to generate bioethanol as the main metabolite. Apart
from being transformed into bioethanol, sugar serves as a food
source for bacteria to survive and reproduce.

4.5 Bioethanol levels in jackfruit peel following treatment
with Zymomonas mobilis

According to Figure 5, the ethanol content is between 1.04
percent and 1.32 percent. The greatest ethanol level was 1.32
percent in T. reesei and A. niger (1:1). Meanwhile, the control
(T. reesei and A. niger 0:0) had the lowest ethanol
concentration, at 1.04 percent. This finding is lower than that
of a previous study [22, 23], which determined the ethanol
content of jackfruit peel after treatment with water (2 percent).
This yield was similarly lower than that of 25 grams of
manganese seeds (4.78 percent) and 45 grams of manga seeds
(1.48 percent) fermented with S. cerevisiae [24]. It could
explain thelow ethanol content in this study because the longer
the fermentation duration, the fewer microorganisms are
created. As more bioethanol is formed, but fewer nutrients are
available, the bioethanol produced is oxidized to carboxylic
acid [20].

The maximum concentration of bioethanol was found in the
crude enzyme A. niger: T. reesei (2: 1) ratio of 3.16 percent.
In the ratio of crude enzyme A. niger: T. reesei, the lowest
bioethanol content was 0.92 percent (1: 0). The average
ethanol produced in this investigation was between 2-3%. The
amount of bioethanol acquired in this study is greater than that
achieved in previous research [23]; the ethanol content created
from jackfruit peel is approximately 2% when yeast
Saccharomyces cerevisiae is used. According to the study [25],
the maximum amount of ethanol was produced using
Saccharomyces cerevisiae, and the addition of 20% salt was
2%. It is consistent with the remark made by Fatimah et al. [26]
that employing Z. mobilis bacterium is more successful than
using Saccharomyces cerevisiae for creating higher ethanol
levels.

The results of the measurement of the average pH after
fermentation showed an increase from pH 7 to pH 8 (alkaline).
The increase or decrease in the pH value was caused by A.
niger and T. reesei cells not only consuming reducing sugars
as nutrients for growth but also as producers of other products.
Pangaribuan et al. [27] state that the increase in pH in a
treatment can be caused by microorganisms, because
microorganisms not only convert reducing sugars into
bioethanol but also consume reducing sugars as nutrients to
help metabolism. In addition, it can also produce organic acids
so that it can increase or decrease pH. Meanwhile, according
to Sadzvirani et al. [28, 29], this is because the enzyme has
ampholytic properties, which means that the enzyme has a
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dissociation constant in the acid group and the base group.

5. CONCLUSION

This study indicates that the ratio of crude enzymes
Aspergillus niger and Trichoderma reesei affects the sugar and
bioethanol content of fermented jackfruit peel (Arthocharpus
heterophyllus Lamk.) when Saccharomyces cerevisiae and
Zymomonas mobilis are used. The maximum sugar
concentration was 14.73 percent in the treatment of crude
Trichoderma reesei: Aspergillus niger 1:2 ratio. The ratio of
Aspergillus niger to Trichoderma reesei crude enzymes
affects the bioethanol concentration of jackfruit peel. The
greatest bioethanol concentration was 3.16 percent when crude
enzyme (Aspergillus niger: Trichoderma reesei 2: 1) was
fermented with Zymomonas mobilis. The bioethanol
concentration of fermented jackfruit peel produced by
Zymomonas mobilis was significantly higher than that
produced by Saccharomyces cerevisiae.
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