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bekti.palupi@unej.ac.id Bioethanol is a renewable energy used to reduce dependence on fossil fuels,

which have negative impacts on the environment. Furthermore, Ulva sp. contains
high levels of carbohydrates, making it potentially suitable as a raw material for
bioethanol production. Therefore, this study aims to determine the optimal
decomposition process using the microwave-assisted hydrolysis method with an
acid solvent (H2SOa), by examining the effects of acid concentration, hydrolysis
time, and microwave power. Optimization was carried out using several
parameters such as hydrolysis time, microwave power, and the ratio of raw
materials to solvents. The ANOVA test results showed that the hydrolysis variable
parameter had a significant effect on the reducing sugar content obtained,
evidenced by the R? value of 0.9892. The highest reducing sugar content of 19.71
mg/mL was produced under the operating conditions of 15 min hydrolysis time,
450 W microwave power, and 0.065 g/mL ratio of raw material to solvents.

Keywords: bioethanol; hydrolysis; microwave-assisted hydrolysis; reducing
sugar; Ulva sp.

Abstrak

Bioetanol merupakan bentuk energi terbarukan yang digunakan dalam mengurangi ketergantungan terhadap
penggunaan bahan bakar fosil yang menimbulkan berbagai dampak negatif terhadap lingkungan. Ulva sp.
mengandung karbohidrat yang tinggi sehingga berpotensi sebagai bahan baku produksi bioetanol. Penelitian ini
bertujuan untuk mengidentifikasi konsentrasi asam, waktu hidrolisis, dan daya microwave untuk mendapatkan
proses dekomposisi yang optimal menggunakan metode microwave-assisted hydrolysis dengan pelarut asam
(H2SO4). Optimasi dilakukan dengan menggunakan beberapa parameter seperti waktu hidrolisis, daya
microwave, dan rasio massa bahan baku terhadap volume pelarut. Hasil uji ANOVA menunjukkan bahwa
parameter waktu, daya, serta rasio bahan dan pelarut pada proses hidrolisis berpengaruh signifikan terhadap
kadar gula pereduksi yang diperoleh, yang didukung oleh nilai R? sebesar 0,9892. Kadar gula pereduksi
tertinggi pada penelitian ini yaitu sebesar 19,71 mg/mL pada parameter kondisi operasi berupa waktu hidrolisis
selama 15 menit, daya microwave 450 W, dan rasio massa bahan baku terhadap volume pelarut 0,065 g/mL.
Kata kunci: bioetanol; gula pereduksi; hidrolisis; microwave-assisted hydrolysis; Ulva sp.
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1. Introduction

As Indonesia continues to witness
advancements and progress in multiple
areas, including population growth,
transportation  sector expansion, and
technological developments, the demand
for fuel energy in the country has
experienced a consistent rise year after
year [1,2]. According to the World Energy
Agency, the world's demand for energy
will increase by wup to 45% or
approximately 1.6% annually by 2030.
However, the primary energy supply is still
dominated by the use of fossil fuel energy
which contributes to increased carbon
dioxide gas emissions and significant
changes to climate instability [3-5]. Carbon
emissions originating from the burning of
carbon compounds such as carbon dioxide
(CO2), diesel, and other fuels are the
biggest contributors to climate change,
leading to a rise in the earth's temperature
[6]. To reduce dependence on fossil fuels,
efforts must be made to develop biomass
conversion into bioethanol [7-9].

Bioethanol is a form of renewable
energy that has various advantages, such as
a high octane rating, easy-to-obtain raw
materials, and environmental friendliness
[10, 11]. Meanwhile, macroalgae have
been considered the 3™ generation of
biomass for the production of bioethanol
and other forms of biofuels due to their
high carbohydrate content of up to 60%
[12-14]. This innovation certainly supports
government  programs  related  to
accelerating the development of new
renewable energy with targets of fulfilling
23% and 31% of the total national energy
demand in 2025 and 2050 respectively
[15].

Ulva sp. commonly known as sea

lettuce is a type of macroalgae commonly
found in Indonesian waters [7, 16]. It has a

morphology consisting of small cells
which are colonies in the form of branched
filaments and its vegetative cell division
occurs in more than one area. Furthermore,
Ulva sp. belongs to the Chlorophyta
division because it contains high
chlorophyll content, evidenced by its green
leaves [17,18]. It also  contains
carbohydrates, protein, lipids, and ash of
up to 50.34%, 25.69%, 2.31%, and 21.66%
respectively [19]. The high carbohydrate
content has the potential to be used as a
raw material for bioethanol through the
role of bacterial and yeast microorganisms
[20-22]. Several species of Ulva sp. with a
high carbohydrate content include Ulva
fasciata (43.0%), Ulva lactuca (54.3%),
Ulva pertusa (52.3%), and Ulva rigrida
(53%) [23]. Bioethanol yields based on
various biomass sources are presented in
Table 1 [24].

Table 1. Bioethanol yield from various
biomass sources

Biomass Yield (L/ha)
Sorghum 3.050 - 4.070
Corn 3.460 - 4.020
Beet sugar 5.010 - 6.680
Cassava 3.310
Corncob 3.460 - 4.020
Algae 46.760 - 140.290

One of the main steps in the
conversion of macroalgal biomass into
chemicals and  biofuels is  the
deconstruction of complex carbohydrates
into sugars [25, 26]. Reducing sugars
include monosaccharides such as fructose,
glucose, and galactose, as well as
disaccharides namely maltose and lactose.
However, they do not include
polysaccharides such as starch and sucrose
[27]. Hydrolysis is a step used to break
down the algae cell wall and convert
complex carbohydrates into simple sugars,
which will then be fermented to produce
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ethanol [28]. Conventional hydrolysis
processes generally use concentrated
strong acids [29, 30]. These strong acids,
such as hydrochloric acid (HCI) or sulfuric
acid (H2SOg4), have several drawbacks,
including negative impacts on the
environment, long reflux times, and low
yields due to very fast decomposition. [29,
31].

The relatively slow hydrolysis
process can be overcome by using
microwave assistance [32, 33]. The use of
microwave irradiation can increase the rate
of carbohydrate hydrolysis into glucose by
50-80% [34, 35]. Furthermore, microwave
heating shortens the hydrolysis time and
reduces energy consumption, making it
effective in preventing the formation of
other unwanted products [11, 31, 36].
Pretreatment of algae biomass using a

microwave at a power of 360 W for a
relatively short time of 5-10 min exhibited
optimal conditions for the release of
organic compounds [37, 38]. Various
previous studies regarding the hydrolysis
of Ulva sp. are shown in Table 2.

Based on the background in Table 2,
further study is needed on the production
of biomass-based bioethanol raw material
in the form of Ulva sp. commonly found in
Indonesian waters. Therefore, this study
aims to determine the  optimal
decomposition process of Ulva sp. with the
Microwave-Assisted Hydrolysis (MAH)
method using an acid solvent (H2SOa).
Optimization was  performed  with
parameters of hydrolysis time, microwave
power, as well as the ratio of materials to
solvents.

Table 2. Studies on Hydrolysis of Ulva sp.

Raw Materials Methods and Results

Ref

Ulva reticulata
content of 27.30 g/L
Ulva reticulata

Acid hydrolysis with 2% H,SO,4 (150°C, 50 min) yielded a reducing sugar  [39]

Acid hydrolysis with H2SO4 2% v/v (75—150°C, 30 min) yielded a [21]

reducing sugar content of 2.3—23.7 g/L.

Ulva lactuca Hydrothermal hydrolysis by autoclaving (121°C, 30 min) yielded a [40]
reducing sugar content of 2.9%

Ulva lactuca Acid hydrolysis using H.SO. ( with concentrations of 2, 3,5, and 5%; for [41]
60, 90, and 120 min, at 121°C) yielded a reducing sugar content of 29,050
mg/L

Ulva rigrida Acid hydrolysis using H.SO.and HCI (0-10% v/v, autoclaved for 30, 45, [12]
and 60 min) yielded a reducing sugar content of 342 mg/g

Ulva fasciata Enzymatic hydrolysis with cellulase 2% v/v in a volume of 20 mL of [42]
sodium acetate buffer (36 h incubation, 45°C, 150 rpm) yielded a reducing
sugar yield of 206.82 + 14.96 mg/g

Ulva lactuca Acid hydrolysis with 4% H,SO, (80°C, 120 min) yielded a sugar yield of [43]
155 mg/g

Ulva sp. Acid hydrolysis with 2% H,SO. (autoclaved 121°C, 30 min) yielded a [26]
sugar yield of 225 mg/g

Ulva sp. Acid hydrolysis with 4% H,SO,4 (121°C, 20 min) yielded a reducing sugar ~ [19]
content of 21.1%

Ulva sp. Hydrolysis with the addition of polyoxometalate (POM) in the microwave  [44]
(4-10 min, 140°C) yielded a sugar content of 349-435 mg/g

Ulva prolifera Enzymatic hydrolysis using S. cerevisiae at pH 4.8, temperature 50°C, 48  [45]
h, yielded reducing a sugar content of 0.42 g/g

Ulva fasciata Enzymatic hydrolysis with cellulase (sodium acetate buffer pH 4.8, 45°C, [46]

36 h) yielded a reducing sugar content of 20.6 g/L
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2. Research Methods
2.1 Tools and Materials

The tools used in this study were a
blender (Philips-HR2115), 100 mesh sieve
(CBN), container, analytical balance
(OHAUS-PX224), measuring cup (Pyrex),
Erlenmeyer (Pyrex), round bottom flask
(DURAN), condenser, microwave
(Electrolux-EMM2308X), model 752AP
UV-Vis spectrophotometer, metal spatula,
dropping pipette, measuring pipette, vials,
micropipette and tip, test tube and rack,
cuvette. Meanwhile, the materials used
were Ulva sp. (from the Cemara Indah
Beach area, Situbondo, East Java),
aquadest, sulfuric acid (H2SO4) 98% p.a
(Smartlab), 3,5-dinitrosalicylic acid p.a
98% (Sigma Aldrich), anhydrous glucose
p.a (Merck), potassium sodium tartrate
(Kna-Tartrate) p.a (Pudak), and technical
2M NaOH solution (ROFA).

2.2 Methods

The procedures followed included
the pretreatment, the hydrolysis, and the
analysis stage for reducing sugar levels, as
well as statistical analysis using the
Response Surface Methodology (RSM) as
shown in Figure 1.

Ulva sp. pretreatment stage began
with a washing process to remove sand and

Ulvasp. —™ proreatment

Microwave Assisted Hvdrolvsis ‘

L

Analvsis of reducing sugar levels

v

Optimization and statistical

Figure 1. Study procedure

other impurities. Subsequently, it was
conventionally dried in direct sunlight for
2-3 days, until the mass reached a constant
value and obtained a texture that could be
easily crushed [47]. The water content used
was 10%, then Ulva sp. was reduced in
size by grinding using a blender. The
sample was filtered using a 100 mesh sieve
[41], yielding a powder with a uniform size
of 0.147 mm.

Furthermore, the hydrolysis process
was conducted using sulfuric acid (H2SOa).
The series of tools used during the process
included a microwave as shown in Figure
2. Ulva sp. powder was weighed with
variations in the ratio of the mass to the
volume of solvent between 0.03-0.1 [19,
21]. An analytical balance was used to
measure the powder, and 100 mL of 2%
(v/v) sulfuric acid solution (H2SO4) was
added [39][21]. The hydrolysis process
was carried out using a microwave with a
power of 150-450 W [37] over a period of
5-15 min [38]. Afterward, the hydrolyzate
results were cooled in the beaker glass
until room temperature was reached. The
hydrolyzate was then filtered using filter
paper to separate the filtrate from the
residue. The filtrate obtained was placed
into a vial for further testing of reducing

sugar levels.

Figure 2. MAH process toolset
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2.3 Analysis of Reducing Sugar Levels

The analysis of reducing sugar levels
was carried out using a reagent in the form
of 3,5-dinitrosalicylic acid (DNSA) and a
spectrophotometer.  Absorbance as a
quantitative analysis was assessed based on
the Lambert-Beer Law [48] which states
that "The amount of visible light radiation
(ultraviolet, infrared, etc.) absorbed or
transmitted by a solution is an exponential
function of the concentration of the
substance and the thickness of the
solution™ [49]. The absorbance obtained
showed the ratio of the absorbed light to
the incident light intensity. The resulting
absorbance value was directly proportional
to the concentration of the substance
contained in the sample [50].

DNSA is an aromatic compound that
reacts with reducing sugar to form 3-amino
5-nitrosalicylic acid characterized by a
reddish-orange color change [31]. The
testing stages included sample preparation,
preparing DNSA reagents, creation of
glucose standard solutions and curves, as
well as determining reducing sugar levels.
The hydrolyzed sample was filtered using
filter paper to separate it from the residue.

To prepare the DNSA reagent, 1 g of
DNSA was added to 20 mL of 2M NaOH
and then homogenized. Separately, 30 g of
KNa Tartrate was dissolved in distilled
water and the two solutions were
homogenized using a hotplate with a
magnetic stirrer. The solution was placed
in a 100 mL volumetric flask and added
with distilled water to the limit and further
homogenized. The homogeneous solution
was then placed in a 100 mL reagent bottle
[51].

Standard glucose solutions were
made in concentrations of 200, 300, 400,
500, 600, and 1000 ppm. A total of 0.5 mL
of glucose solution was added to 0.5 mL of

DNSA reagent and 1 mL of distilled water
in a test tube. The glucose solution was
homogenized and heated in a water bath
(boiling water) for 5 min. It was then
cooled to room temperature, added with
distilled water to a final volume of 5 mL,
and homogenized. Absorbance values were
measured using UV-Vis spectrophotometry
at a wavelength (L) of 540 nm. Afterward,
a standard curve was made to determine
the linear regression equation which was
used in  determining the sample
concentration [51].

The reducing sugar levels were
tested by taking 3 mL of the sample
solution into a test tube and adding 0.5 mL
of DNSA reagent along with 1 mL of
distilled  water. The mixture was
homogenized and heated in a water bath
(boiling water) for 5 min. It was then
cooled at room temperature, added with
distilled water to a final volume of 5 mL,
and then homogenized. Absorbance
measurements were carried out using UV-
Vis spectrophotometry at a wavelength (L)
of 540 nm [39, 52].

Table 3. Variation of Ulva sp. hydrolysis data

No A B C
' (mins) (W) (g/mL)
1 10 150 0.1
2 5 150 0.065
3 10 450 0.1
4 15 150 0.065
5 5 300 0.03
6 15 450 0.065
7 10 300 0.065
8 10 300 0.065
9 10 150 0.03
10 5 300 0.1
11 15 300 0.1
12 15 300 0.03
13 10 300 0.065
14 10 450 0.03
15 5 450 0.065
16 10 300 0.065
17 10 300 0.065
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2.4 Data analysis

Data analysis used the Design Expert
software version 13, adapted to the
Response Surface Methodology (RSM)
approach and the Box-Behnken Design
(BBD) model [53] for 17 runs. Table 3
shows that A is the hydrolysis time (min),
B is the microwave power (W), and C is
the ratio of the mass of the raw material to
the volume of solvent (g/mL).

3. Results and Discussion
3.1 Results of Reducing Sugar Levels

To determine the reducing sugar
levels, the standard glucose curve was
initially derived to ascertain the most
suitable linear regression equation. This
curve was obtained by measuring the
absorbance of standard solutions at various
concentrations of 200, 300, 400, 500, 600,
and 1000 ppm. Based on the curve in
Figure 3, a linear regression equation was
obtained for y = 0.0004x - 0.0117, with an
R? value of 0.9937.

The results of reducing sugar levels
obtained from the hydrolysis of Ulva sp.
using the MAH method are presented in
Table 4. As shown in the table A, B, and C
represent the hydrolysis time, the
microwave power, and the ratio of the
mass of the raw material to the volume of
the solvent. The highest reducing sugar
content of 19.71 mg/mL was obtained at
operating conditions of 15 min hydrolysis
time, 450 W microwave power, and 0.065
g/mL ratio of raw material mass to solvent
volume. Meanwhile, the lowest value of
1.67 mg/mL was obtained at similar
operating conditions of 5 min, 300 W, and
0.1 g/mL respectively. Kolo et al. [21]
produced a lower reducing sugar content
compared to this study, with a value of 2.3
g/L or equivalent to 2.3 mg/mL when
hydrolyzed using H2SO4 at 75°C. This

variation was probably due to differences
in operating conditions used in the
hydrolysis process.

0.40

0.35 - A
y =0.0004x - 0.0117 ;

0304 R%=0.9937

0.254

0.20 4

Absorbance

0.154

0.10 4

0.05 4 -

0.00 ||

-0.05 T T T T T T T T
-200 0 200 400 600 800 1000 1200

Concentration (ppm)

Figure 3. Glucose standard solution curve

Table 4. Reducing sugar levels in the filtrate

hydrolyzed by Ulva sp.
Reducing
No A B C sugar
' (min) (W) (g/mL) levels
(mg/mL)

1 10 150 0.100 3.31
2 5 150 0.065 4.37
3 10 450  0.100 5.04

4 15 150 0.065 7.3
5 5 300 0.030 4.73
6 15 450  0.065 19.71
7 10 300 0.065 5.24
8 10 300 0.065 5.37
9 10 150 0.030 3.68
10 5 300 0.100 1.67
11 15 300 0.100 7.74
12 15 300 0.030 18.81
13 10 300 0.065 5.24
14 10 450  0.030 19.23
15 5 450  0.065 4.16
16 10 300 0.065 6.89
17 10 300 0.065 6.22

3.2 The Effect of Parameters on Reducing
Sugar Levels

Figure 4 is a graph showing the
effect of each variable used in the
hydrolysis process of Ulva sp. including
hydrolysis time, microwave power, and
mass ratio of raw materials to solvent
volume on the reducing sugar content.
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Based on the results, the concentration of
reducing sugars was strongly influenced by
hydrolysis time, as shown in Figures 4(a)
and 4(b). There was an increase in the
reducing sugar from 4.37 mg/mL to 7.3
mg/mL along with an extended hydrolysis
time from 5 to 15 min, at similar
microwave power and the ratio of material
to solvent conditions.

Figure 4(a) shows that the highest
reducing sugar yield was obtained after 15
min of hydrolysis time. This was consistent
with Ngamput & Herrani [54] which used
variations of hydrolysis time namely 15,
30, 45, and 60 min. The results obtained
showed an increase in ethanol content.
This was because the longer the hydrolysis

Reducing sugar content (mg/mL)

Reducing sugar content (mg/mL)

5 01

(b)

C: Ratio of raw materials to solvents (g/mL)

process, the more carbohydrates were
degraded into reducing sugars (glucose)
[41].

Figures 4(a) and 4(c) also show that
the higher the microwave power, the
greater the reducing sugar content
produced. This was in accordance with the
studies conducted by Kumar et al. [37] and
Kavitha et al. [55] with varying microwave
power of 90—-630 W. The results showed
that 2 phases of organic release occurred,
namely in the range of 90-270 W (minor
phase) and 360-630 W (major phase). In
the major phase, there was a significant
increase in the release of organic matter
[37, 55].

Reducing sugar content (mg/mL)

27

B: Microwave power (W) 210 0,08 »
C: Ratio of raw materials to solvents (g/mL)

150 0.1

(©)

Figure 4. Variable relationship to reducing sugar content between (a) hydrolysis time (min) and
microwave power (W); (b) raw material mass ratio to solvent volume (g/mL) and hydrolysis
time (min); (c) raw material mass ratio to solvent volume (g/mL) and microwave power (W)
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Based on Figures 4(b) and 4(c), the
ratio of the raw material in the form of
Ulva sp. to solvent (H2SOg4) indicated that
the higher the ratio, the lower the reducing
sugar content produced. Hydrolysis
treatment with a ratio of 0.03 g/mL (3 g
Ulva sp. in 100 mL H2SO4) for 5 min
yielded a reducing sugar content of 4.73
mg/mL. Meanwhile, in the treatment with
a ratio of 0.1 g/mL solvent (10 g Ulva sp.
in 100 mL H2SOa), the reducing sugar
level was reduced to 1.67 mg/mL. This
was attributed to the high ratio of
ingredients which reduced the
homogeneity of Ulva sp. powder in the
MAMH process. The insufficient amount of
liquid and high viscosity caused by the
high ratio of ingredients posed a challenge
to the decomposition reaction, leading to a
decrease in the yield of reducing sugars.
These results were in line with Dave et al.
[56] stating that a higher dose of
macroalgae reduced its homogeneity with
the solvent, thereby prolonging the
hydrolysis time [57].

3.3 Analysis of Variance (ANOVA)
Analysis of variance was used to
determine the effect of a combination of
process variables on the resulting response
[58]. The results obtained from the analysis
are shown in Table 4. The parameters were
considered significant when the p-value
(probability) was <0.05 or 0=5% according
to a predetermined level of significance
[58]. In this study, the p-value for the
model was <0.001 indicating that the
variable hydrolysis time, microwave
power, and the ratio of raw material mass
to solvent volume had an effect on the
reducing  sugar  content  obtained.
Furthermore, the lack of fit demonstrated
the level of deviation or inaccuracy of the
model. The p-value for the lack of fit was>
0.05 indicating not significant results [59].
The p-value obtained for the lack of fit was
0.2483 (not significant) implying the
suitability of the response to the model.

Table 5. ANOVA test results

Sum of

Mean

Source df F-value p-value
Squares square
Model 526.41 9 58.49 70.91 <0.0001 significant
A- Hydrolysis time 186.53 1 186.53 226.15 <0.0001
B- Microwave power 108.63 1 108.63 131.70 < 0.0001
C-Ratio of raw 102.89 1 102.89 124.74 <0.0001
materials to solvents
AB 39.82 1 39.82 48.27 0.0002
AC 16.04 1 16.04 19.45 0.0031
BC 47.75 1 47.75 57.89 0.0001
A? 13.01 1 13.01 15.77 0.0054
B? 7.51 1 7.51 9.10 0.0195
c? 1.99 1 1.99 241 0.1642
Residual 5.77 7 0.8248
Lack of Fit 3.60 3 1.20 2.20 0.2301  not significant
Pure Error 2.18 4 0.5441
Cor Total 532.18 16
A = hydrolysis time; B = microwave power; C = raw material mass ratio to solvent volume
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The R? value obtained was greater or
closer to 1 indicating a better model [59].
The results of the ANOVA analysis
presented in Table 5 show that R? was
0.9892, implying a significant relationship
between hydrolysis time, microwave
power, and the ratio of the mass of the raw
material to the volume of solvent with the
reducing sugar content obtained. The
Adjusted R? and Predicted R? values were
considered  reasonable  because  the
difference was <0.2.

Table 6. Fit Statistic

R? Adjusted Predicted  Adeq
R? R? precision

0.9892 0.9752 0.8855 26.8875

Mathematically, the equation model
for determining reducing sugar content is
shown in Equation (1). A positive
parameter coefficient indicated an increase
in the value of the reducing sugar content,
and vice versa. Based on the results, the
ratio of the mass of the raw material to the
volume of solvent did not significantly
affect the reducing sugar content, as
indicated by the negative equation
coefficient.

The  suitability  between  the
experimental data and the model is
demonstrated based on the porosity plot
graph in Figure 5.

Y =579 + 483A + 3.69B — 3.59C +

3.15AB — 2.00AC - 3.46BC + 1.76A?
+1.34B% + 0.6878C%........ooovvvvvvvrvereeeeen (1)
where,
Y = reducing sugar content (mg/mL)
A = hydrolysis time (min)
B = microwave power (W)
C = raw material mass ratio to solvent volume
(9/mL)

References
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Predicted

T T T T T T
[ 5 10 15 20 25
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Figure 5. Comparison of model data with
experimental data

4. Conclusion

In conclusion, the optimization of the
hydrolysis process of Ulva sp. using the
MAH method, with the Response Surface
Methodology (RSM) model of the Box-
Behnken Design (BBD), has demonstrated
the significant impact of hydrolysis time
(min), microwave power (W), and the ratio
of the mass of the raw material to the
volume of solvent (g/mL) on reducing
sugar levels. This conclusion is further
supported by the ANOVA test, which
yielded an R? value of 0.9892. The highest
reducing sugar content of 19.71 mg/mL
was achieved by employing a hydrolysis
time of 15 min, microwave power of 450
W, and a ratio of raw material mass to
solvent volume of 0.065 g/mL.

Acknowledgments

The author is grateful to the Institute for
Research and Community  Service
University of Jember for providing
Beginner Lecturer Grants for this study.

[1] Paminto, A. K. (2020). Analisis Dan Proyeksi Kebutuhan Energi Sektor Transportasi Di

Indonesia.  Jurnal Energi dan
10.29122/jel.v16i2.4801

Lingkungan  (Enerlink), 16(2), 51-54. doi:

This work is licensed under the CC BY-NC-SA
(http://creativecommons.org/licenses/by-nc-sa/4.0/ )

CHEESA, 6(1), pp 13-25, 2023 | 21


http://creativecommons.org/licenses/by-nc-sa/4.0/

Bekti Palupi”, Muhammad Rizalluddin, Kiki Septianti, Istiqgomah Rahmawati, Boy Arief Fachri, Meta Fitri
Rizkiana, Helda Wika Amini

Optimization of Ulva sp. Decomposition using H2SO4 with Microwave-Assisted Hydrolysis Method as
Feedstock of Bioethanol

(2]

3]
[4]

[5]

(6]
[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[19]

[16]

[17]
(18]

[19]

[20]

[21]

[22]

Azhar, M., & Satriawan, D. A. (2018). Implementasi Kebijakan Energi Baru dan Energi
Terbarukan Dalam Rangka Ketahanan Energi Nasional. Administrative Law and Governance
Journal, 1(4), 398-412. doi: 10.14710/alj.v1i4.398-412

Pertamina. (2020). Pertamina Energy Outlook 2020, 1-128.

Khan, H., Khan, I., & Binh, T. T. (2020). The heterogeneity of renewable energy consumption,
carbon emission and financial development in the globe: A panel quantile regression approach.
Energy Reports, 6, 859-867. doi: 10.1016/j.egyr.2020.04.002

Raheem, A., Prinsen, P., Vuppaladadiyam, A. K., Zhao, M., & Luque, R. (2018). A review on
sustainable microalgae based biofuel and bioenergy production: Recent developments. Journal
of Cleaner Production, 181, 42-59. doi: 10.1016/j.jclepro.2018.01.125

Nugroho, D., & Rianto, A. (2022). Strategi Indonesia Dalam Mengurangi Emisi Karbon
Dioksida (CO2) Di Masa New Normal. Prosiding lImu Pemerintahan, 1(1), 228-242.

Habibah, F., Budi, S., Kusuma, W., & Wijayati, N. (2016). Produksi Substrat Fermentasi
Bioetanol dari Alga Merah Gracilaria verrucosa. Indonesian Journal of Chemical Science, 5(1),
36-41. Retrieved from http://journal.unnes.ac.id/sju/index.php/ijcs

Palupi, B., Fachri, B. A., Rahmawati, |., Rizkiana, M. F., & Amini, H. W. (2020). Pretreatment
of tobacco stems as bioethanol raw material: The effect of temperature and time using chemical
method. AIP Conference Proceedings, 2278(October). doi: 10.1063/5.0014558

Kostas, E. T., White, D. A., & Cook, D. J. (2020). Bioethanol Production from UK Seaweeds:
Investigating Variable Pre-treatment and Enzyme Hydrolysis Parameters. Bioenergy Research,
13(1), 271-285. doi: 10.1007/s12155-019-10054-1

Aiman, S. (2014). Perkembangan Teknologi Dan Tantangan Dalam Riset Bioetanol Di
Indonesia. Jurnal Kimia Terapan Indonesia. doi: 10.14203/jkti.v16i2.16

Yoo, G., Park, M. S., & Yang, J. W. (2015). Chemical Pretreatment of Algal Biomass.
Pretreatment of Biomass: Processes and Technologies. Elsevier B.V. doi: 10.1016/B978-0-12-
800080-9.00012-8

ElHarchi, M., Kachkach, F. Z., & EIMtili, N. (2018). Optimization Of Thermal Acid
Hydrolysis For Bioethanol Production From Ulva Rigida With Yeast Pachysolen Tannophilus.
South African Journal of Botany, 115, 161-169. doi: 10.1016/j.sajb.2018.01.021

Dave, N., Selvaraj, R., Varadavenkatesan, T., & Vinayagam, R. (2019). A critical review on
production of bioethanol from macroalgal biomass. Algal Research, 42(June), 101606. doi:
10.1016/j.algal.2019.101606

Dominguez, H., & Loret, E. P. (2019). Ulva lactuca, A Source of Troubles and Potential
Riches. Marine Drugs, 17(6). doi: 10.3390/md17060357

Pribadi, A. (2020). Forum Kehumasan Dewan Energi Nasional: Menuju Bauran Energi
Nasional Tahun 2025. Retrieved from
https://ebtke.esdm.go.id/post/2021/04/09/2838/forum.kehumasan.dewan.energi.nasional.menuj
u.bauran.energi.nasional.tahun.2025.

Ardinata, R. A. & Manguntungi, B. (2020). Inovasi Pemanfaatan Ekstrak Alga Hijau Ulva sp
dari Pantai Luk,Sumbawa Sebagai Kandidat Antibakteri Terhadap Salmonella thypi dan
Staphylococcus aureus. Jurnal TAMBORA, 4(3), 1-6. doi: 10.36761/jt.v4i3.785

Nur, O. (2014). Chlorophyta. Implementation Science, 39(1), 1-24.

Ramdan, M. R., & Nuraeni, E. (2021). Identifikasi Morfologi Ulva intestinalis dan
Acanthophora spicifera di Kawasan Pantai Tanjung Layar, Sawarna, Bayah, Kabupaten Lebak,
Banten. Tropical Bioscience: Journal of Biological Science, 1(1), 1-10.

Margareta, W., Nagarajan, D., Chang, J. S., & Lee, D. J. (2020). Dark fermentative hydrogen
production using macroalgae (Ulva sp.) as the renewable feedstock. Applied Energy,
262(December 2019), 114574. doi: 10.1016/j.apenergy.2020.114574

Jaya, D., Setiyaningtyas, R., & Prasetyo, S. (2018). Pembuatan Bioetanol Dari Alga Hijau
Spirogyra Sp Bioethanol Production From Green Algae Spirogyra sp. Eksergi, 15(1), 16-19.
Kolo, S. M. D., Presson, J., & Amfotis, P. (2021). Produksi Bioetanol Sebagai Energi
Terbarukan Dari Rumput Laut Ulva Reticulata Asal Pulau Timor. ALCHEMY Jurnal
Penelitian Kimia, 17(2), 159. doi: 10.20961/alchemy.17.2.45476.159-167

Rilek, N. M., Hidayat, N. & Sugiarto, Y. (2017). Hidrolisis Lignoselulosa Hasil Pretreatment
Pelepah Sawit (Elaeis guineensis Jacq) menggunakan H,SO, pada Produksi Bioetanol.

CHEESA, 6(1), pp 13-25, 2023 | 22

This work is licensed under the CC BY-NC-SA
(http://creativecommons.org/licenses/by-nc-sa/4.0/ )



http://creativecommons.org/licenses/by-nc-sa/4.0/

Bekti Palupi”, Muhammad Rizalluddin, Kiki Septianti, Istiqgomah Rahmawati, Boy Arief Fachri, Meta Fitri
Rizkiana, Helda Wika Amini

Optimization of Ulva sp. Decomposition using H2SO4 with Microwave-Assisted Hydrolysis Method as
Feedstock of Bioethanol

[23]

[24]

[25]

[26]

[27]

[28]

[29]

(30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Industria:  Jurnal Teknologi dan Manajemen Agroindustri, 6(2), 76-82. doi:
10.21776/ub.industria.2017.006.02.3

Offei, F., Mensah, M., & Thygesen, A. (2018). Produksi Bioetanol Rumput Laut: Seleksi
Proses Ulasan tentang Hidrolisis dan Fermentasi. doi: 10.3390/fermentasi4040099

Ozgimen, D. & Inan, B. An overview of bioethanol production from algae. (2015). Biofuels-
Status and Perspective, 141-162.

Greiserman, S., Epstein, M., Chemodanov, A., Steinbruch, E., Prabhu, M., Guttman, L.,
...Golberg, A. (2019). Co-production of Monosaccharides and Hydrochar from Green
Macroalgae Ulva (Chlorophyta) sp. with Subcritical Hydrolysis and Carbonization. Bioenergy
Research, 12(4), 1090-1103. doi: 10.1007/s12155-019-10034-5

Jiang, R., Linzon, Y., Vitkin, E., Yakhini, Z., Chudnovsky, A., & Golberg, A. (2016).
Thermochemical hydrolysis of macroalgae Ulva for biorefinery: Taguchi robust design
method. Scientific Reports, 6(June), 1-14. doi: 10.1038/srep27761

Zelvi, M., Suryani, A., & Setyaningsih, D. (2017). Hidrolisis Eucheuma Cottonii Dengan
Enzim K-Karagenase Dalam Menghasilkan Gula Reduksi Untuk Produksi Bioetanol. Jurnal
Teknologi Industri Pertanian, 27(1), 33-42. doi: 10.24961/j.tek.ind.pert.2017.27.1.33
Kusmiyati, K., Heratri, A., Kubikazari, S., Hidayat, A., & Hadiyanto, H. (2020). Hydrolysis of
microalgae spirulina platensis, chlorella sp., and macroalgae ulva lactuca for bioethanol
production. International Energy Journal, 20(4), 611-620.

Aniriani, G. W., Apriliani, N. F., & Sulistiono, E. (2018). Hydrolysis of Polycoxarida Xylane
Straw Using Strong Acid Acid Solution for Basic Materials of Bioetanol Production. Jurnal
limiah Sains, 18(2), 113-117.

Roni, K. A. (2015). Pembuatan Bioethanol dari Tanah Gambut dengan Proses Hidrolisis Asam
Kuat. Berkala Teknik, 5(1), 801-813.

Kolo, S. M. D., & Edi, E. (2018). Hidrolisis Ampas Biji Sorgum dengan Microwave untuk
Produksi Gula Pereduksi sebagai Bahan Baku Bioetanol. Jurnal Saintek Lahan Kering, 1(2),
22-23. doi: 10.32938/slk.v1i2.596

Rokhati, N. (2017). Pengaruh Pretreatment Iradiasi Microwave Pada Hidrolisis Kitosan
Dengan Enzim Cellulase. Jurnal Aplikasi Teknologi Pangan, 6(1), 7-11. doi:
10.17728/jatp.212

Darojati, H. A. (2017). Prospek Pengembangan Teknologi Radiasi Sebagai Perlakuan
Pendahuluan Biomassa Lignoselulosa. Jurnal Forum Nuklir, 11(2), 71. doi:
10.17146/jfn.2017.11.2.5313

Kolo, S. M. D., Wahyuningrum, D., & Hertadi, R. (2020). The Effects of Microwave-Assisted
Pretreatment and Cofermentation on Bioethanol Production from Elephant Grass. International
Journal of Microbiology, 2020. doi: 10.1155/2020/6562730

Kostas, E. T., Beneroso, D., & Robinson, J. P. (2017). The application of microwave heating in
bioenergy: A review on the microwave pre-treatment and upgrading technologies for biomass.
Renewable and Sustainable Energy Reviews, 77(November 2016), 12-27. doi:
10.1016/j.rser.2017.03.135

Santoso, B., Nabilla, A., Rahayu, S., Bondan, A.T., & Selpiana, S. (2020). Ekstraksi minyak
biji ketapang menggunakan microwave pretreatment: pengaruh massa biji ketapang dan waktu
radiasi. Jurnal Teknik Kimia, 26(2), 80-87. doi: 10.36706/jtk.v26i2.543

Kumar, M. D., Kaliappan, S., Gopikumar, S., Zhen, G., & Banu, J. R. (2019). Synergetic
pretreatment of algal biomass through H202 induced microwave in acidic condition for
biohydrogen production. Fuel, 253(March), 833-839. doi: 10.1016/j.fuel.2019.05.066

Yu, K. L., Chen, W. H., Sheen, H. K., Chang, J. S., Lin, C. S., Ong, H. C,, ...Ling, T. C.
(2020). Production of microalgal biochar and reducing sugar using wet torrefaction with
microwave-assisted heating and acid hydrolysis pretreatment. Renewable Energy, 156, 349—
360. doi: 10.1016/j.renene.2020.04.064

Kolo, S. M. D., Obenu, N. M., dan Tuas, M. Y. C. (2022). Pengaruh Pretreatment Makroalga
Ulva Reticula Menggunakan Microwave Irradiation Untuk Produksi Bioetanol, 16(2), 212—
219. doi: https://doi.org/10.24843/JCHEM.2022.v16.i02.p12

CHEESA, 6(1), pp 13-25, 2023 | 23

This work is licensed under the CC BY-NC-SA
(http://creativecommons.org/licenses/by-nc-sa/4.0/ )



http://creativecommons.org/licenses/by-nc-sa/4.0/

Bekti Palupi”, Muhammad Rizalluddin, Kiki Septianti, Istiqgomah Rahmawati, Boy Arief Fachri, Meta Fitri
Rizkiana, Helda Wika Amini

Optimization of Ulva sp. Decomposition using H2SO4 with Microwave-Assisted Hydrolysis Method as
Feedstock of Bioethanol

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]
[50]

[51]

[52]

[53]

[54]

[55]

[56]

Sandra, O. A., Nugroho, W. A., & Yulianingsih, R. (2015). Studi Pengaruh Pretreatment
Hidrotermal Terhadap Fermentasi Simultan Pada Rumput Laut (Ulva Lactuca) Menjadi
Bioetanol. Jurnal Bioproses Komoditas Tropis, 3(1), 68-72.

Poespowati, T., & Mahmudi, A. (2018). Optimization Of Acid Hydrolysis Process On
Macroalga Ulva Lactuca For Reducing Sugar Production As Feedstock Of Bioethanol.
International Journal of Renewable Energy Research, 8(1), 466-475. doi:
10.20508/ijrer.v8i1.7069.97322

Trivedi, N., Gupta, V., Reddy, C. R. K., & Jha, B. (2013). Enzymatic Hydrolysis And
Production Of Bioethanol From Common Macrophytic Green Alga Ulva Fasciata Delile.
Bioresource Technology, 150, 106-112. doi: 10.1016/j.biortech.2013.09.103

Wu, Z. Z., Li, D. Y., & Cheng, Y. S. (2018). Application of ensilage as a green approach for
simultaneous preservation and pretreatment of macroalgae Ulva lactuca for fermentable sugar
production. Clean Technologies and Environmental Policy, 20(9), 2057-2065. doi:
10.1007/s10098-018-1574-7

Tsubaki, S., Oono, K., Hiraoka, M., Ueda, T., Onda, A., Yanagisawa, K., & Azuma, J. I.
(2014). Hydrolysis of green-tide forming Ulva spp. by microwave irradiation with
polyoxometalate clusters. Green Chemistry, 16(4), 2227—-2233. doi: 10.1039/c3gc42027b

Li, Y., Cui, J., Zhang, G., Liu, Z., Guan, H., Hwang, H., ...Wang, P. (2016). Optimization
Study On The Hydrogen Peroxide Pretreatment And Production Of Bioethanol From Seaweed
Ulva  Prolifera  Biomass. Bioresource  Technology, 214, 144-149.  doi:
10.1016/j.biortech.2016.04.090

Hebbale, D., Bhargavi, R., & Ramachandra, T.V. (2019). Saccharification of macroalgal
polysaccharides through prioritized cellulase producing bacteria. Heliyon, 5(3), e01372. doi:
10.1016/j.heliyon.2019.e01372

Ramachandra, T.V., & Hebbale, D. (2020). Bioethanol from macroalgae: Prospects and
challenges. Renewable and Sustainable Energy Reviews, 117(September 2019), 109479. doi:
10.1016/j.rser.2019.109479

Winahyu, D. A., Retnaningsih, A., & Aprilia, M. (2019). Penetapan Kadar Flavonoid Pada
Kulit Batang Kayu Baru Dengan Metode Spektrofotometri UV-VIS. Jurnal Analisis Farmasi,
4(1), 29-36.

Putri, L. E. (2017). Penentuan Konsentrasi Senyawa Berwarna KMnO4 Dengan Metoda
Spektroskopi UV Visible. Natural Science Journal, 3(1), 391-398.

Gusnedi, R. (2013). Analisis Nilai Absorbansi dalam Penentuan Kadar Flavonoid untuk
Berbagai Jenis Daun Tanaman Obat. Pillar of Physics, 2, 76-83.

Lastriyanto, A. & Aulia, A. I. (2021). Analisa Kualitas Madu Singkong (Gula Pereduksi, Kadar
Air, dan Total Padatan Terlarut) Pasca Proses Pengolahan dengan Vacuum Cooling. Jurnal
llmu Produksi dan Teknologi Hasil Peternakan, 9(2), 110-114. doi: 10.29244/jipthp.9.2.110-
114

Galung, F. S. (2021). Analisis Kandungan Karbohidrat (Glukosa) Pada Salak Golla — Golla.
Journal of Agritech Science, 5(1), 10-14.

Hidayat, I. R., Zuhrotun, A., & Sopyan, I. (2020). Design-Expert Software sebagai Alat
Optimasi Formulasi Sediaan Farmasi. Majalah Farmasetika, 6(1), 99-120. doi:
10.24198/mfarmasetika.v6i1.27842

Ngamput, H. M. A., & Herrani, R. (2019). The Effect Of Differentiation Of Hydrolysis Time
Towards Ethanol Levels Produced Through Ulva Lactuca Fermentation. Journal of Physics:
Conference Series, 1241(1). doi: 10.1088/1742-6596/1241/1/012010

Kavitha, S., Rajesh Banu, J., Kumar, G., Kaliappan, S., & Yeom, I. T. (2018). Profitable
ultrasonic assisted microwave disintegration of sludge biomass: Modelling of biomethanation
and energy parameter analysis. Bioresource Technology, 254(December 2017), 203-213. doi:
10.1016/j.biortech.2018.01.072

Dave, N., Varadavenkatesan, T., Selvaraj, R., & Vinayagam, R. (2021). Modelling Of
Fermentative Bioethanol Production From Indigenous Ulva Prolifera Biomass By
Saccharomyces Cerevisiae Nfccil248 Using An Integrated Ann-Ga Approach. Science of the
Total Environment, 791, 148429. doi: 10.1016/j.scitotenv.2021.148429

CHEESA, 6(1), pp 13-25, 2023 | 24

This work is licensed under the CC BY-NC-SA
(http://creativecommons.org/licenses/by-nc-sa/4.0/ )



http://creativecommons.org/licenses/by-nc-sa/4.0/

Bekti Palupi”, Muhammad Rizalluddin, Kiki Septianti, Istiqgomah Rahmawati, Boy Arief Fachri, Meta Fitri
Rizkiana, Helda Wika Amini

Optimization of Ulva sp. Decomposition using H2SO4 with Microwave-Assisted Hydrolysis Method as
Feedstock of Bioethanol

[57] Kim, D. H., Lee, S. B.,, & Jeong, G. T. (2014). Production of reducing sugar from
Enteromorpha intestinalis by hydrothermal and enzymatic hydrolysis. Bioresource Technology,
161, 348-353. doi: 10.1016/j.biortech.2014.03.078

[58] Sabathani, A., Widjanarko, S. B., & Yuwono, S. S. (2018). Optimasi Durasi Dan Rasio Bahan
Per Pelarut Ekstrak Daun Pepaya Untuk Uji Aktivitas Antibakteri. Jurnal Teknologi Pertanian,
19(3), 193-206. doi: 10.21776/ub.jtp.2018.019.03.6

[59] Ramadhani, R. A., Riyadi, D. H. S., Triwibowo, B., & Kusumaningtyas, R. D. (2017). Review
Pemanfaatan Design Expert untuk Optimasi Komposisi Campuran Minyak Nabati sebagai
Bahan Baku Sintesis Biodiesel. Jurnal Teknik Kimia dan Lingkungan, 1(1), 11. doi:
10.33795/jtkl.v1il.5

CHEESA, 6(1), pp 13-25, 2023 | 25
This work is licensed under the CC BY-NC-SA
(http://creativecommons.org/licenses/by-nc-sa/4.0/ )



http://creativecommons.org/licenses/by-nc-sa/4.0/

