126

| &) Indonesian Journal of Science and Education

Eé'&:'iy Volume 08, Nomor 01, 2024, pp: 26-41
S W p-I1SSN:2598 —5205, e-ISSN: 2598-520, DOI: 10.31002/ijose.v8i1.1085
IJOSE e-mail: ijose@untidar.ac.id, website: https://journal.untidar.ac.id/index.php/ijose/index

OPTIMIZATION OF CHLOROPHYLL EXTRACTION FROM ULVA SP. WITH
ULTRASOUND-ASSISTED LIQUID BIPHASIC SYSTEMS METHOD

Susilowati?, Fakhri Arkaan Humaidi®, Boy Arief Fachri®, Bekti Palupi?, Zuhriah Mumtazah®, Meta
Fitri Rizkiana?, Helda Wika Amini9, Istigomah Rahmawati®,

University of Jember, Kalimantan Street No.37, Tegalboto, Sumbersari, Jember, Telp. (0331) 330224
e-mail: dsusilowatilial@gmail.com, Pfakhriarka715@gmail.com, “fachri.teknik@unej.ac.id,
Dpekti.palupi@unej.ac.id, Pzuhriahmumtazah@unej.ac.id, "metafitririzkiana@unej.ac.id,
9heldawikaamini@unej.ac.id, Vistigomah.rahmawati@unej.ac.id

Received: October, 11" 2022 Revised: March, 301" 2024 Accepted: April, 13" 2024

ABSTRACT

Ulva sp. is a type of green algae that is easily found in the shallow seas of Indonesia and contains various
bioactive compounds. Chlorophyll is a bioactive compound that functions as a natural dye, free radical
scavenger, and antioxidant in the body. Chlorophyll extraction with conventional methods requires a
relatively long time and large amount of solvent. In this research, chlorophyll extraction from Ulva sp.
with the Ultrasound-Assisted Liquid Biphasic System (UALBS) method. Ulva sp. as much as 2.5 grams
mixed in acetone solvent, added K;HPQO, solution, and carried out the sonification process in a dark
room. The extraction process performs at a parameter range of 5-15 minutes, ratio 0.05-0.1 g/mL, and
60-100 mesh particle size. The extracted filtrate was added with petroleum ether and distilled water to
form a biphasic condition. The extracted chlorophyll was analyzed with chromatography and
spectrophotometry method. Antioxidant activity was analyzed using the DPPH method. The optimum
result of Ulva sp. chlorophyll extraction at an extraction time of 10 minutes, the ratio of solids to solvent
was 0.1, the particle size of 60 mesh produced a yield of 1.88% with chlorophyll a 20.12%, chlorophyll b
21.59% and total chlorophyll 41.71%, and the percentage inhibition 45.32%.
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INTRODUCTION

The quantity of green algae in
Indonesia is very abundant. One of its
types is Ulva sp., also known as sea lettuce
(Gazali et al., 2019). Ulva sp. is a type of
algae from the class of green algae
(Chlorophyceae) (Nome et al., 2019)
which has had speedy and seasonal growth
for almost a year (Chemodanov et al.,
2017). Habitat of Ulva sp. lots are found
on the eastern coast of Indonesia, such as
Bali, the beaches of Sanur, Serangan,
Sawangan, Nusa Dua, and Nusa Penida.
Indonesia is an archipelagic country with a
broader sea area than land, with a ratio of
3:1 (Adha Ardinata & Manguntungi,
2020). One potential wealth of Indonesia's
oceans, namely algae, provides advantages
in terms of productivity, abundant raw
materials, no seasonal variations, and ease
of extraction (Windyaswari et al., 2019).

Ulva  sp. contains  bioactive
compounds such as vitamins B1, B2, B12,
C, phenols, tocopherols, and chlorophyll
(Yunita et al., 2018). Specifically, Ulva sp.
contains chlorophyll a, chlorophyll b, and
B-carotene with successive levels of
2.18%, 4.64%, and 0.72% (Magdugo et al.,
2020). In addition, Ulva sp. can produce
antioxidants with levels of 11.82%
(Pangestuti et al., 2021).

Chlorophyll is a green dye pigment in
the chloroplasts of living things that can
carry out photosynthesis (Aryanti et al.,
2016). Green algae themselves have the
characteristics of containing dominant
chlorophyll a and b pigments, are
cosmopolitan, and can be found in semi-
aquatic  environments (Harmoko &
Sepriyaningsih, 2020). Chlorophyll a has a
less polar nature with a blue-green color,
while chlorophyll b is polar with a yellow-
green color (Novitasari & Adawiyah,
2018). Chlorophyll is a natural coloring
agent in food, a free radical scavenger, and
an antioxidant. Recently, algae processing
has begun to be developed into various
types of medicinal ingredients, organic
fertilizers, fish feed, animal feed, heavy
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metal absorbents, food supplements,
cosmetics, biodiesel, alternative sources of
bio-pigments, antioxidants, and also has
the potential to replace plastic base
materials (Dwimayasanti & Kurnianto,
2018; Ghazali & Nurhayati, 2018; Suparmi
& Sahri, 2009).

Extraction is a technique of separating
a substance into solid or liquid materials
using the help of a solvent. The factors that
affect extraction include temperature, time,
particle size, number of process steps,
solvent flow rate, solvent viscosity, solvent
type, and solvent concentration, as well as
the ratio between solvent and material
(Yunita et al., 2018). There are two
methods that are often used in extraction,
namely conventional and modern methods.
Conventional  methods  consist  of
maceration and Soxhlet while modern
methods consist of Ultrasound Assisted
Extraction (UAE) and Microwave Assisted
Extraction (MAE). Using conventional
extraction methods requires longer time
and requires large amounts of organic
solvent (Ramadhan et al., 2022). Apart
from that, extraction processes using high
temperatures such as microwave assisted
extraction (MAE) can cause problems for
several types of thermolabile algae (Essa et
al., 2018). This can occur because the
extraction conditions are too extreme in
temperature, pH and time which causes
significant depolymerization in the Ulva sp
extraction process (Mo’o et al., 2020).
Based on these problems, an extraction
technique using the Ultrasound Assisted
Extraction (UAE) method was used. which
is able to bind chlorophyll in Ulva sp. by
maintaining good quality in a short time
and producing high vyields while still
maintaining the concept of energy
efficiency by using as little organic solvent
as possible.

UAE is an extraction technique using
the help of ultrasonic waves for some time
which results in the formation of bubbles
and cavitation (Chemat et al., 2016). The
cavitation process periodically deforms the
cell wall so that the release of chlorophyll
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compounds occurs more easily and quickly
to the solvent (Essa et al., 2018).
Ultrasound Assisted Extraction (UAE) is
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also widely used to extract the bioactive
compounds in Ulva sp. presented in table 1
as follows:

Table 1. Extraction of UAE on Ulva sp.

Raw materials

Solvent Extraction Conditions

Target Compound

Reference

Ulva lactuta

Ulva sp.

Ulva lactuta

Ulva rigida

Ulva lactuta

Ethanol T =25° C, raw material
and solventratio=1:5
g/mL, t = 60 minutes.
T =25° C, raw material
and solvent ratio=1:
10 g/mL, t =120
minutes.
T ="70° C, raw material
and solvent ratio=1:
20 g/mL,t=90
minutes, frequency =
40 kHz.
T =37° C, raw material
and solventratio=1:
10 g/mL, t =120
minutes, frequency =
40 kHz.
Hexane and T = 55° C, raw material
methyl tertbutyl and solventratio=1:6
ether g/mL, t = 140 minutes,
size 0.15 mm, moisture
content 5%.

NaOH 1M

NaOH 0.05 M

methanol

Quercetin

Proteins and phenolics

Ulvan

Phenolics and
Flavonoids

Fatty acids and fatty
acid methyl esters

(Rashad et al., 2021)

(Kazir et al., 2019)

(Ramadhan et al.,
2022)

(Kumar et al., 2020)

(Kalavathy &
Baskar, 2019)

Liquid Biphasic System (LBS) is a
type of method for separating two phases
of a solution using the addition of salt to
speed up the process. The chlorophyll
content that comes out of the cell wall
from the bottom liquid phase will be
selectively adsorbed on the surface of the
gas bubbles and carried up to the surface
(Sankaran et al., 2018). The common salt
solvent used is KoHPQ4, a type of organic
solvent that can reduce the solubility of
chlorophyll (Elise et al., 2021). The
biphasic method can quickly and
efficiently separate chlorophyll from the
solvent compared to  conventional
extraction methodsm (Khoo et al., 2020) .

Ultrasound Assisted Extraction (UAE)
method in extracting bioactive compounds,
which has been widely studied, needs to be

studied regarding the development of a
combination of extraction methods to
increase chlorophyll activity in Ulva sp..
The combination of these extraction
methods is Ultrasound-Assisted Liquid
Biphasic Systems. This method is the latest
modified extraction technique combining
ultrasonic extraction with the biphasic
separation method, which can provide an
extraction and recovery process for
bioactive compounds that is more efficient,
fast, environmentally friendly, and
produces high yields as a simple process.
(Khoo et al., 2020; Sankaran et al., 2018).
Extraction studies that have been carried
out using the Ultrasound-Assisted Liquid
Biphasic Systems (UALBS) method are
shown in table 2 as follows:
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Table 2. Ultrasound-Assisted Liguid Biphasic Systems Extraction of various feedstocks

Raw

Target

. Solvent Extraction Conditions Reference
Material Compound
Olive leaf (NH4)2S04 T = 45° C, raw material and solvent ratio = 1:20 Polyphenols (W. Wang et al.,
and etanol g/mL, t = 15 minutes, pH = 6.7 2021)
Spirulina PEG 4000, Frequency=20 kHz, power=750 w, Pigment- (Chia et al., 2020)
platensis K2HPO4, amplitude=20-30%, t sonification=3-12 minutes, Proteins
and KH2POs ratio of solvent to raw material=1:0.5 — 1:1.5, air
rate=75-175 cc /minute, t flotation =3-12
minutes, biomass loading =0.1-0.6 g.
Spirulina PEG and PEG concentration=200-400 g/L, salt  C-phycocyanin (Chew et al., 2019)
platensis K2HPO4 concentration 200-350 g/L, ratio of solvent to

substance=1:0.7 — 1:1.5, pH=6-9, t flotation =

1.5-9 min, frequency=35 kHz, amplitude=40%.

Chlorophyll can be obtained through
the extraction process. The effectiveness of
the extraction process depends on the type
of solvent used (Agustina et al., 2018).
Chlorophyll is insoluble in water but has
good solubility in ether, acetone, ethanol,
methanol, benzene, and chloroform
(Sumiati, 2021). Using conventional
extraction methods such as maceration
requires a longer time and a large amount
of organic solvent (Ramadhan et al.,
2022). In addition, the extraction process
uses high temperatures, such as Microwave
assisted extraction (MAE) can cause
problems for some types of thermolabile
algae (Essa et al., 2018). This can occur
because the extraction conditions are too
extreme at temperature, pH, and time
which causes significant degradation in the
Ulva sp. extraction process (Mo’o et al.,
2020). Based on these problems, an
extraction technique is needed that can
bind chlorophyll in Ulva sp. by
maintaining good quality in a short time
and producing high vyields while still
maintaining the concept of energy
efficiency by using as few organic solvents
as possible.

Based on a literature search, increased
chlorophyll extraction from Ulva sp. using
the Ultrasound-Assisted Liquid Biphasic
Systems method has yet to be widely
studied. This study aims to determine the
time, the ratio of raw materials Ulva sp. to
solvents, and optimal particle size to
produce statistical models and yields of
Ulva sp. chlorophyll extract.

METHOD

Materials

The tools used were a sonicator
(CSBJZQFS-150N0001V2), analytical
balance (MSA225S-100-DU), UV-Vis
spectrophotometer (752AP), drying oven
(WGL-125B), blender (PHILIPS HR-
2115), sieve (CBN) 60, 80 and 100 mesh.
The material used is Ulva sp. obtained
from the northern coastal waters of
Situbondo, East Java which harvest during
the dry season in August 2022, acetone
(technical Smart-Lab) as a solvent,
K>HPOs as a biphasic agent, petroleum
ether (technical Smart-Lab) and aquadest.

Procedure
Material Preparation
Material preparation is done by

washing, draining, and baking Ulva sp. at
60°C for 5 hours to dry (Puspita et al.,
2021). After the baking, size reduction is
carried out using a blender and sieved at
60, 80, and 100 mesh (Widyaningsih et al.,
2016).

Ultrasound-Assisted  Liquid
Systems (UALBS) Extraction

Ultrasound-Assisted Liquid Biphasic
Systems extraction was carried out by
adding 2.5 grams of Ulva sp. powder and
0.3 g/mL of K2HPOj4 solution into acetone
(25, 33.3, or 50 mL) and connected to a
sonicator. The extraction process is carried
out in a dark room. The extraction results
were filtered to separate the filtrate and
residue. The filtrate was added 8 mL of

Biphasic
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petroleum ether solution and 15 mL of
distilled water to form 2 liquid phases. The
upper phase, rich in chlorophyll content, is
separated and put in the oven to remove
the solvent (L. Wang et al., 2021). The
chlorophyll extract was baked at 45°C,
referring to research (Puspita et al., 2021)
with modifications to keep the chlorophyll
content from being degraded.

Parameters

The parameters observed in this study
were extraction time (5 - 15 minutes)
(Nazarudin et al., 2020), the ratio of Ulva
sp. to acetone (0.05 — 0.1 g/mL) (Cadar et
al., 2022; Nazarudin et al., 2020), and the
particle size of Ulva sp. (60, 80, and 100
mesh) (Yan et al., 2021). The effect of
these parameters was observed on the yield
response of chlorophyll extract.

Data Analysis

The optimization and statistical
analysis process are carried out with the
help of Design Expert 13 software. The
method used is the response surface
method with Box Behnken Design for
three process parameters: extraction time,
the ratio of solids to solvent, and the
particle size of Ulva sp.. A total of 14
experiments will be carried out for process
optimization. The effect of extraction
parameters on extract yield will be
observed using analysis of variance
(ANOVA)  with  Design  Expert’s
application. The extracted yield is a
function of the process parameters.

Water Content Analysis

Testing the percentage of water
content in the powder sample Ulva sp. can
be done using the thermogravimetric
method, namely the determination of water
content using heating in an oven with a
temperature range of 105-110°C. This test
was observed from the weight of the
sample powder produced after heating to
show a constant weight. After heating, the
powder is weighed when the sample has
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been cooled in a closed container for £ 30
minutes. Initial weight (A) used Ulva sp.
powder as much as 1 gram as a sample.
While the final weight (B) of Ulva sp.
when reaches constant. The following is an
equation for calculating the percentage of
water content (Syahidah et al., 2022):

(A; B) 100 @

Water Content(%) =

Chlorophyll Analysis
Measurement of chlorophyll in Ulva
sp. performed using a UV-Vis
spectrophotometer. The wavelength of the
chlorophyll extract was measured using the
Arnon method at 645 nm and 663 nm
(Sumiati, 2021). The following equation
does calculation of chlorophyll content:
Chlorophyll a (mg/L) = (12.7 x OD (2)
663) — (2.69 x OD 645)
Chlorophyll b (mg/L) = (22.9 x OD (3)
645) — (4.68 x OD 663)
Total chlorophyll (mg/L) = 20.2 (4)
(OD 645) + 8.02 (OD 663)

Chlorophyll analysis using the Thin
Layer Chromatography (TLC) method was
carried out using a 2x8 cm TLC plate.
Ulva sp. extract results were taken a few
milliliters and then spotted on the TLC
plate using a capillary tube. Furthermore,
the color and density of each spot are
recorded and analyzed qualitatively (Aisoi,
2019).

Antioxidant Activity Test
Antioxidant analysis refers to (J. R.
Hidayati et al., 2020), 3 mL of chlorophyll
extract was added to 1 mL of 0.1 mM
DPPH and incubated at room temperature
for 30 minutes in the dark. After
incubation, a UV-Vis spectrophotometer
measured the absorbance at a wavelength
of 515 nm. An antioxidant analysis is
formulated as follows:
Acontrol - Asample (5)
Asample
Acontrol 1S the absorbance of the control
(DPPH without SampIE), and Asample is the

%Inhibition =
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absorbance of the test sample (extract
sample and DPPH solution). Antioxidant
activity can be seen from the percentage of
inhibition. The higher the percentage of
inhibition indicates the higher the content
of antioxidant activity in the sample (Latief
etal., 2013).

RESULTS AND DISCUSSION

Ultrasound-Assisted  Liquid Biphasic
System (UALBS) Extraction Method

The process of extracting chlorophyll
from Ulva sp. has two stages: a solid-
liquid extraction stage of extracting the
chlorophyll core content from the raw
material and a liquid-liquid extraction
stage to separate the chlorophyll from
xanthophyll in the solvent. Chlorophyll
extraction on Ulva sp. was performed
using the Ultrasound Assisted Extraction
(UAE) method with acetone solvent.
Research (Sumiati, 2021) showed that
chlorophyll extraction using acetone
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solvents gave higher levels of total
chlorophyll than ethanol solvents. This
extraction method is assisted by ultrasonic
waves, which can cause the formation of
bubbles in the solvent resulting in
accelerated rupture of the cell wall to
release intracellular components in the
solvent (L. Wang et al., 2021). Adding
K2HPO4 solution is carried out in the
extraction process as a chlorophyll
solubility-reducing agent that can create a
biphasic condition. Furthermore, the
extraction process is carried out in an
ultrasonic  box under dark room
conditions, so the chlorophyll content is
not degraded.

The process of separating chlorophyll
from the solvent was carried out using
liquid-liquid extraction with petroleum
ether and distilled water as solvents. The
extraction results will separate the acetone
solution, which is rich in chlorophyll, into
the upper phase and distilled water as the
lower phase, as shown in Figure 1 below:

=

Chlorophyll extract

Ultrasonic extraction Formation of a
result biphasic state

i

Solvent

Figure 1. Biphasic condition on extraction

The petroleum ether will rise to bind
chlorophyll in the upper phase, and
acetone will dissolve in the lower phase
along with distilled water. Separation of
the two phases occurred with the upper
phase containing chlorophyll and the
lower phase containing xanthophyll. This
separation occurs because chlorophyll has
more hydrophobic properties, so it tends
to dissolve in non-polar solvents such as
petroleum ether (Santos et al., 2018). In
contrast, less hydrophobic xanthophyll

will dissolve in more polar solvents such
as acetone and aquadest. The chlorophyll
extract that has been separated is then
heated in the oven at 45°C to evaporate
the solvent to obtain a thick chlorophyll
extract.

The results of the extraction process
are referred to as yields analyzed and
show that the highest yield content was
achieved at 1.88%, which was carried out
under 10 minutes extraction time, the raw
material to solvent ratio of 0.1, and
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particle size of Ulva sp. 60 mesh.
Research on chlorophyll extraction on
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Ulva sp. that has been carried out can be
compared according to table 3 below:

Table 3. Results of chlorophyll extraction from Ulva sp. on various sources

Raw Material Target Solvent Method Operating Conditions  Yield , mg/L Reference
Compound
Ulva Chlorophyli 96% alcohol The ratio of material 6,79 (Samad et al.,
Maceration  to solvent=1:5, t=5 2021)
days.
Ulva flexuosa  Chlorophyll a Ethanol 96% T=27°C, t=1 hour, 17.6x£0.9 (Fabrowska et
UAE al., 2017)
Chlorophyll b 20.1+1.0
Ulvalactuca Chlorophyll a n-hexane, T=27°C, t=3x24 9.216+0.103  (J. R. Hidayati
ethyl acetate, M . hours et al., 2020)
aceration
and
methanol
Ulva sp. Chlorophyll a Acetone The ratio of material 20.13664 (ThISh
Chlorophyll b UALBS to solvent = 1:10, 21.58672 research)
Total t=10 minutes, 41.71012
Chlorophyll particle size 60 mesh.

Based on Table 3 shows that the
extraction of chlorophyll on Ulva sp. the
ultrasound-Assisted  Liquid  Biphasic
System (UALBS) method, gives a higher
yield and the fastest extraction time
compared to other methods. This happens

because the effectiveness of ultrasonic
waves in extraction is combined with a
liquid-liquid separation called biphasic
which makes the chlorophyll purification
process in solvents faster (Martins et al.,
2021).

Effect of extraction process parameters on extraction yield
The results of data analysis of the effect of extraction process parameters (time, ratio, and
particle size) on the extraction yield are presented in the graph below:

Yield (%)

B: ratio of raw materials to solvents (g/mL)

(@)

Yield (%)

A: time (minute)

B: ratio of raw materials to solvents (g/mL)

(b)

Figure 2. Relationship between raw material to solvent ratio (g/mL) and extraction time
(minutes) to yield (%) at (a) 80 mesh ; (b) 100 mesh

Effect of time parameter on yield
Operation parameters of chlorophyll
extraction from Ulva sp. were analyzed
using the Design Expert 13 application,
including time (minutes), the ratio of

substance to solvent (g/mL), and particle
size of Ulva sp.. The graph shows the
correlation between time, substance to
solvent ratio, and extraction results yield.
The extraction conditions were Kkept
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constant at the mass of Ulva sp. 2.5
grams, 100% amplitude, 0.3 g/mL
KoHPOs  solution, and 45°C  oven
temperature to evaporate the acetone
solvent in the extract to obtain a thick
chlorophyll extract. The longer the
extraction time, the effect of increasing
the extraction yield. This is also according
to research from (Ananingsih et al., 2020;
Budiastra et al., 2018) which states that
the longer the extraction time, the longer
the contact between the powder and the
solvent which results in more rupture of
the Ulva sp. cell wall. Bubbles formed by
ultrasonic waves cause this rupture. This
is what causes the resulting extraction
yield to increase with increasing time.

The effect of the ratio of raw materials
to solvents on yield

Based on the graph shows that the
greater the ratio of raw materials to
solvents used, the effect of increasing the
resulting extraction vyield. This is
consistent with the theory that the
intensity of ultrasonic waves imposed on
the intracellular tissue of higher materials
can cause fragmentation so that the
resulting yield increases. This effect is
also in line with research conducted by
(Buanasari et al., 2019; Cadar et al., 2022;
Fachri et al., 2022).

Effect of particle size parameters on
yield

Ulva sp. particle size as an extract
material has a significant effect on the
extraction yield. The higher the particle
size, the smaller the size of the Ulva sp.
powder. Based on the graph, the higher
the particle size has a decreasing effect on
the yield produced. This decrease in
extraction yield is in line with research
(Sayoga et al., 2020) which states that the
extracted chlorophyll yield reaches a
maximum at 60 mesh size and decreases
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at 80 mesh. This decrease is caused by the
excessive amount of solids obstructing the
flow of the interaction process between
solvent and solid (Sayoga et al., 2020).

Water Content Analysis

Water content is a parameter used to
determine the dryness of Ulva sp. powder.
to be extracted. Testing the water content
using the thermogravimetric method with
a temperature range of 105-110°C until a
constant sample mass is obtained
(Syahidah et al., 2022). Figure 3 shows a
graph of the mass of Ulva sp powder
samples which has reached a constant so
that the water content obtained at particle
sizes of 60, 80, and 100 mesh,
respectively is 14.548%, 15.207%, and
16%. The results of Ulva sp.'s water
content from testing follow the general
average water content wused in the
extraction process of 15% (Borsali et al.,
2020).

Water content of Ulva sp. test

—8—60mesh 80mesh 100 mesh

Figure 3. Graph of the mass of the water
content test sample

Statistical Analysis

Analysis of Variance (ANOVA) then
analyzed total chlorophyll content data to
prove that the parameters used in the
extraction process can affect the total
chlorophyll yield. The results of ANOVA
are presented in Table 4 below:
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Table 4. Results of ANOVA analysis

Source p-values
Model 0.0067 significant
A- Time 0.0047
B- Ingredient and Solvent Ratio 0.0049
C- Particle Size Ratio 0.0469
Lack of Fit 0.3594 Not significant
Pure Error
Total Cast

Parameters can be said to be
significant if the probability value (p-
value) from the results of the analysis is <
0.05 or 5%, and the value of lack of fit is
if the p-value is > 0.05 (Sari et al., 2020).
The resulting p-value is 0.0067, so it can
be said that the parameters of extraction
time, particle size, and the ratio of Ulva
sp. with a significant solvent or effect on
the response, namely chlorophyll yield
(Rohmah et al., 2022). In comparison, the
p-value for lack of fit is 0.3594 or 35.94%
which indicates that it is not significant.
Lack of fit is a deviation or discrepancy
between experimental data and predictive
model data. The p value>0.05 indicates
that the model adequately describes the
experimental data and there are no
deviations from the model (Pertiwi, 2018;
Rahmawaty & Sutanto, 2014).

R? is the coefficient of determination
which shows the influence of variables X1
and Xz on variable Y (Khumaedi, 2016).

R? value from the research results can be
stated according to the model if the value
exceeds 0.75 or is close to 1 (Fachri et al.,
2015; Haryani et al., 2019; Marjoni et al.,
2015; Yingngam et al., 2020). The
ANOVA results yield an R? value of
0.9761, indicating that the model follows
the research results. The resulting R2
adjusted value of 0.9222 indicates a strong
relationship between the parameters of
extraction time, Ulva sp. particle size, and
Ulva sp. ratio with dissolving to yield
chlorophyll (Rohmah et al., 2022). The
regression equation in this study can be
written as follows:

Yield = 0,43 + 0,36A — 0,48B — 0,18C — (6)

0,63AB — 0,29AC + 0,65BC — 0,4C?

Based on the existing equations, all
parameters statistically affect the total
yield chlorophyll content. The relationship
between experimental data and model data
is presented in Figure 4 below:

Predicted
|

Figure 4. The relationship between exAﬁgrimental data and model data
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The picture above shows that the model for
the prediction graph of experimental data
with model data is very accurate. There is a
strong correlation between experimental
data and model data. The distance between
the data and the trendline shows the
accuracy of the data. The closer the data is
Extraction yield optimization
Optimization is a search technique for
operating conditions based on
predetermined parameters and provides
profitable results. Optimization was
carried out using the Respond Surface
Methodology, which  obtained the
optimum value at 14.23 minutes, the ratio
of material to solvent was 0.08, and the

Chlorophyll analysis by Thin Layer
Chromatography (TLC) method
Pigment analysis using the Thin Layer
Chromatography (TLC) method serves as
a qualitative test to determine the presence
of chlorophyll content in the extract of
Ulva sp. From the results shown in Figure

5, the dominant color is green. The green
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to the line, the more accurate the data will
be (Yilmaz & Tavman, 2017). Based on
this research, the actual data is obtained
close to the data model, so the data plot
will touch the line, as evidenced by the R?
value of 0.9992.

particle size of Ulva sp., 75.25 mesh
produces the most optimal and profitable
yield of 0.78% and desirability of 1.000.
Desirability is a determinant of the
optimum value point, the closer to the
value 1, the closer it is to the desired
optimum condition point value (B.
Hidayati et al., 2020).

color indicates chlorophyll content in the
Ulva sp. extract (Aisoi, 2019; Pratiwi et
al., 2015; Rosang & Wagey, 2016). Based
on research (Aisoi, 2019), chlorophyll a
has a more intense green color, while a
bright green color indicates the presence
of chlorophyll b with the order
chlorophyll an at the top.

Figure 5. Results of chlorophyll analysis using the Thin Layer Chromatography (TLC)

Arnon method chlorophyll analysis

This test aims to determine the
chlorophyll content in the Ulva sp. extract
quantitatively. The extraction process was
performed at optimum conditions, namely
at 10 minutes, the raw material to solvent
ratio of 0.1, and a particle size of 60 mesh.
The extraction solvent used is acetone, so
the appropriate chlorophyll calculation
method is the Arnon method. Based on the
results of the analysis of chlorophyll
content in the Ulva sp. using a

method

spectrophotometer, the Optical Density
(OD) value is obtained as follows:

Table 5. Absorbance value of chlorophyll
extract Ulva sp. in acetone solvent

Optical Density (OD) value
645nm 663 nm
Acetone 1.324 1.866

Solvent Type

Analysis of the content of chlorophyll a,
chlorophyll b, and total chlorophyll was
carried out using the Arnon method as
shown in the following table:
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Table 6. Levels of chlorophyll a,
chlorophyll b and total chlorophyll in the
extract of Ulva sp.

Chlorophyll Content (mg/L Fresh Weight)
Solvent
Type Chlorophyll  Chlorophyll ~ Total

a b Chlorophyli

Acetone 20.14 21.50 41.71

Based on research on Ulva Lactuca L.
chlorophyll extraction, which had been
carried out previously using the
maceration method by (Negreanu-Pirjol et
al., 2020), it produced 16.35 mg/L
chlorophyll a and 8.59 mg/L chlorophyll
b, (Samad et al., 2021) produced a total
chlorophyll of 6.79 mg/L. The results of
extraction using UALBS method showed
a higher chlorophyll content than the
maceration method, so this method proved
to be more optimal in the extraction of
chlorophyll in Ulva sp..

CONCLUSION

Based on the research results, it can be
concluded that the optimum conditions for
chlorophyll extraction from Ulva sp. were
achieved at an extraction time of 10
minutes, a material to solvent ratio of 0.1
g/mL, and a particle size of 60 mesh,
which gave the highest yield value of
1.88%. The higher the yield produced, the
more chlorophyll that can be extracted and
benefited from it. Modifying the ultrasonic
extraction and biphasic separation methods
shows the effectiveness of being faster,
more efficient, and produce higher yields
than conventional methods like
macerations. However, high accuracy is
required in separating the upper and lower
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Analysis of Antioxidant Activity

Analysis of antioxidant activity used
the DPPH method, which refers to
(Tristantini et al., 2016). The percentage
of inhibition is a parameter of high or low
antioxidant activity in samples with a
DPPH control solution. The higher the
percentage of inhibition, the higher the
antioxidant activity (Latief et al., 2013).

Based on the analysis, the inhibition
percentage of Ulva sp. of 45.32%. The
percentage of antioxidant activity of Ulva
sp. obtained did not differ much from the
inhibition percentage in the study (B.
Hidayati et al.,, 2020) by 46% and in
research (Samad et al., 2021) by 51%. The
resulting inhibition percentage was even
higher than the study (Cadar et al., 2022),
which had a percentage of 38% with the
same Species.

phases in biphasic conditions so that
chlorophyll can be extracted optimally.
Researchers suggest that further extraction
and analysis be carried out regarding the
effect of yield on the mass of Ulva sp. and
more solvent volume.

ACKNOWLEDGE

The author would like to thank the
Ministry of Research, Technology and
Higher Education for the grant through the
University of Jember Research Grant.
Ladies and gentlemen, lecturers of
Chemical Engineering, University of
Jember, as supervisors and examiners,
which we appreciate.

Indonesian Journal of Science and Education, Volume 8, Nomor 1



REFERENCES

Adha Ardinata, R., & Manguntungi, B.
(2020). Inovasi pemanfaatan ekstrak
alga hijau Ulva sp dari Pantai
Luk,Sumbawa  sebagai kandidat
antibakteri terhadap Salmonella thypi
dan Staphylococcus aures. Jurnal
Tambora, 4(3), 1-6.

Agustina, E., Andiarna, F., Lusiana, N.,
Purnamasari, R., & Hadi, M. 1. (2018).
Identifikasi senyawa aktif dari ekstrak
daun jambu air (Syzygium aqueum)
dengan perbandingan beberapa pelarut
pada metode maserasi. Biotropic : The
Journal of Tropical Biology, 2(2),
108-118.

Aisoi, L. E. (2019). Analisis kandungan

klorofil ~ daun jilat  (Villebrune
rubescens Bl.) pada  tingkat
perkembangan berbeda. Simbiosa,
8(1), 50.

Ananingsih, V. K., Budianto, V. &
Soedarini, B. (2020). Optimasi suhu,
waktu, dan rasio bahan pada
Ultrasound-Assisted Extraction Butter
Biji Pala (Myristica fragrans). Jurnal
Teknologi Pangan dan Gizi, 19(2),
131-144.

Aryanti, N., Nafiunisa, A., & Willis, F. M.
(2016). Ekstraksi dan karakterisasi
klorofil dari daun suji (Pleomele
Angustifolia) sebagai pewarna pangan
alami. Jurnal Aplikasi Teknologi
Pangan, 5(4), 129-135.

Borsali, S., Baaloudj, A., & Kerfouf, A.
(2020). Biochemical study of Ulva
lactuca and Cystoseira stricta from
Mostaganem  coastline  (Western
Algeria).  Ukrainian  Journal  of
Ecology, 10(4), 116-121.

Buanasari, Febrianto, Y., Cholifah, &
Chakim, A. (2019). Potensi metode
Ultrasonic-Assisted Extraction (UAE)
dalam mengekstrak senyawa aktif dari
bahan alam. Jurnal Farmasi dan Sains
Indonesia, 2(1), 106-111.

Budiastra, 1. W., Sutrisno, & Abdulazis, A.
(2018). Pengaruh amplitudo dan lama
eksitasi gelombang ultrasonik terhadap

137

produktivitas ekstraksi oleoresin pala.
Prosiding Seminar Nasional
PERTETA 2018, 145-152.

Cadar, E., Negreanu-Pirjol, T., &
Negreanu-Pirjol, B.-S. (2022).
Antioxidant and antibacterial potential
of Ulva lactuca species from
Romanian Black Sea Coast. European
Journal of Medicine and Natural
Sciences, 5(1), 26.

Chemat, F., Rombaut, N., Sicaire, A. G.,
Meullemiestre, A., Fabiano-Tixier, A.
S., & Abert-Vian, M. (2016). A
review : Ultrasound assisted extraction
of food and natural products.
Ultrasonics Sonochemistry, 1-64.

Chemodanov, A., Jinjikhashvily, G.,
Habiby, O., Liberzon, A., Israel, A,
Yakhini, Z., & Golberg, A. (2017). Net
primary productivity, biofuel
production and CO2 emissions
reduction potential of Ulva sp.
(Chlorophyta) biomass in a coastal
area of the Eastern Mediterranean.
Energy Conversion and Management,
148, 1497-1507.

Chew, K. W., Chia, S. R., Krishnamoorthy,
R., Tao, Y., Chu, D. T., & Show, P. L.
(2019). Liquid biphasic flotation for
the purification of C-phycocyanin
from Spirulina platensis microalga.
Bioresource Technology, 288(April).

Chia, S. R., Chew, K. W., Leong, H. Y.,
Manickam, S., Show, P. L., & Nguyen,
T. H. P. (2020). Sonoprocessing-
assisted solvent extraction for the
recovery of pigment-protein complex
from Spirulina platensis. Chemical
Engineering  Journal,  398(May),
125613.

Dwimayasanti, R., & Kurnianto, D. (2018).
Komunitas makroalga di perairan
Tayando-Tam , Maluku Tenggara.
Oseanologi dan  Limnologi  di
Indonesia, 3(1), 39-48.

Elise, C. Y., Syafrizayanti, S., & Salim, M.
(2021). Pemurnian Fikosianin dari
Spirulina platensis dengan Metode

Indonesian Journal of Science and Education, Volume 8, Nomor 1



Liquid Biphasic Flotation (LBF) dan
Penentuan Aktivitas Antioksidannya.
Jurnal Riset Kimia, 12(2).

Essa, H., Fleita, D., Rifaat, D., Samy, S., &
El-Sayed, M. (2018). Towards
optimizing the conventional and
ultrasonic-assisted  extraction  of
sulfated polysaccharides from marine
algae. IOP  Conference  Series:
Materials Science and Engineering,
464(1).

Fabrowska, J., Messyasz, B., Szyling, J.,
Walkowiak, J., & teska, B. (2017).
Isolation  of  chlorophylls and
carotenoids from freshwater algae
using different extraction methods.
Phycological Research.

Fachri, B. A., Abdilla, R. M., Rasrendra, C.
B.,, & Heeres, H. J. (2015).
Experimental and modelling studies on
the uncatalysed thermal conversion of
inulin to 5-hydroxymethylfurfural and
levulinic acid. Sustainable Chemical
Processes, 3(1), 1-11.

Fachri, B. A., Palupi, B., Rahmawati, I.,
Rizkiana, M. F., & Amini, H. W.
(2022).  Ekstraksi  protein  dari
Spirulina Sp dalam pelarut etanol
terbantukan gelombang ultrasonik.
Jurnal Hasil Penelitian Universitas
Jember, 1, 73-81.

Gazali, M., Nurjanah, N., & Zamani, N. P.
(2019). Skreening alga hijau Halimeda

opuntia (Linnaeus) sebagai
antioksidan dari pesisir Aceh Barat.
Jurnal llmu Pertanian Indonesia

(JIPI), 24(3), 267-272.

Ghazali, M., & Nurhayati, N. (2018).
Peluang dan tantangan pengembangan
makroalga non budidaya sebagai
bahan pangan di Pulau Lombok.
Jurnal Agrotek Ummat, 5(2), 135-140.

Harmoko, H., & Sepriyaningsih, S. (2020).
Keanekaragaman mikroalga
Chlorophyta di sungai kasie Kota
Lubuklinggau  Provinsi ~ Sumatera
Selatan. Quagga: Jurnal Pendidikan
dan Biologi, 12(1), 52-56.

Haryani, S. T., Triastinurmiatiningsih, S, B.
L., & Sayyidah, I. N. (2019). Kadar
fenolik dan aktivitas antioksidan

38

ekstrak etanol rumput laut coklat
(Padina australis). Fitofarmaka, 9(1),
5-10.

Hidayati, B., Baharuddin, & Wahyudi, R.
(2020). Analisis kelembaban udara
pada proses dehumidifikasi kentang
menggunakan  sistem  refrigerasi.
Austent, 12(1), 1-5.

Hidayati, J. R., Yudiati, E., Pringgenies, D.,
Oktaviyanti, D. T., & Kusuma, A. P.
(2020). Comparative  study on
antioxidant activities, total phenolic
compound and pigment contents of
tropical Spirulina Platensis, Gracilaria
Arcuata and Ulva Lactuca extracted in
different solvents polarity. E3S Web of
Conferences, 147.

Kalavathy, G., & Baskar, G. (2019).
Synergism of clay with zinc oxide as
nanocatalyst  for  production  of
biodiesel from marine Ulva lactuca.
Bioresource Technology,
281(February), 234-238.

Kazir, M., Abuhassira, Y., Robin, A,
Nahor, O., Luo, J., Israel, A., Golberg,
A., & Livney, Y. D. (2019). Extraction
of proteins from two marine
macroalgae, Ulva sp. and Gracilaria
sp., for food application, and
evaluating digestibility, amino acid
composition and antioxidant properties
of the protein concentrates. Food
Hydrocolloids, 87(February 2018),
194-203.

Khoo, K. S., Chew, K. W., Yew, G. Y.,
Manickam, S., Ooi, C. W., & Show, P.
L. (2020). Integrated ultrasound-
assisted liquid biphasic flotation for
efficient extraction of astaxanthin from
Haematococcus pluvialis. Ultrasonics
- Sonochemistry, 67.

Khoo, K. S., Leong, H. Y., Chew, K. W,
Lim, J.-W., Ling, T. C., Show, P. L., &
Yen, H. W. (2020). Liquid biphasic
System: A Recent Bioseparation
Technology. Processes.

Khumaedi, E. (2016). Pengaruh disiplin dan
motivasi  kerja terhadap kinerja
pegawai pada dinas sentra operasi
terminal PT.Angkasa Pura Il. Jurnal
llmiah Manajemen dan Bisnis, 2(1),

Indonesian Journal of Science and Education, Volume 8, Nomor 1



68-69.

Kumar, Y., Singhal, S., Tarafdar, A,
Pharande, A., Ganesan, M., &
Badgujar, P. C. (2020). Ultrasound
assisted extraction of selected edible
macroalgae: Effect on antioxidant
activity and guantitative assessment of
polyphenols by liquid chromatography
with tandem mass spectrometry (LC-
MS/MS). Algal Research,
52(October), 102114.

Latief, M., Tafzi, F., & Saputra, A. (2013).
Aktivitas antioksidan ekstrak metanol
beberapa bagian tanama kayu manis
(Cinamomum Burmani) asal kabupaten
kerinci  provinsi jambi. Prosiding
Semirata FMIPA Universitas
Lampung, 233-236.

Magdugo, R. P., Terme, N., Lang, M.,
Pliego-Cortés, H., Marty, C., Hurtado,
A. Q., Bedoux, G., & Bourgougnon,
N. (2020). An analysis of the
nutritional and health values of
Caulerpa racemosa (Forsskal) and
Ulva fasciata (Delile)—Two
chlorophyta collected from the
Philippines. Molecules, 25(12).

Marjoni, M. R., Afrinaldi, & Novita, A. D.
(2015). Kandungan Total fenol dan
aktivitas antioksidan ekstrak air Daun
Kersen (Muntingia calabura L.) Total
content of fenol and antioxidant
activity of the aqueous extract of
cherry leaf (Muntingia calabura L.).
Jurnal Kedokteran Yarsi, 23(3), 187—
196.

Martins, M., Oliveira, R., Coutinho, J. A.
P., Faustino, M. A. F., Neves, M. G. P.
M. S., Pinto, D. C. G. A., & Ventura,
S. P. M. (2021). Recovery of pigments
from Ulva rigida. Separation and
Purification Technology,
255(September 2020).

Mo’o, F. R. C., Wilar, G., Devkota, H. P.,
& Wathoni, N. (2020). Ulvan, a
polysaccharide from Macroalga Ulva
sp.: A review of chemistry, biological
activities and potential for food and
biomedical applications.  Applied
Sciences.

Nazarudin, M. F., Isha, A., Mastuki, S. N.,

39

Ain, N. M., Ikhsan, N. F. M., Abidin,
A. Z., & Aliyu-Paiko, M. (2020).
Chemical composition and evaluation
of the a-glucosidase inhibitory and
cytotoxic properties of marine algae
ulva intestinalis, halimeda macroloba,
and sargassum ilicifolium. Evidence-
based Complementary and Alternative
Medicine, 1-13.

Negreanu-Pirjol, T., Sirbu, R., & Mirea, M.
(2020). Antioxidant activity correlated
with  chlorophyll  pigments and
magnesium content of some green
seaweeds. European Journal of
Medicine and Natural Sciences, 3(1),
107.

Nome, W., Salosso, Y., & Eoh, C. B.
(2019). Analisis metabolit sekunder
dan kandungan nutrisi dari makroalga
hijau (Chlorophyceae) di perairan
Teluk Kupang. Jurnal Aquatik, 2(1),
100-112.

Novitasari, A. E., & Adawiyah, R. (2018).
Perbandingan pelarut pada ekstraksi
total klorofil daun mangkokan dengan
metode spektrofotometri. Jurnal Sains,
8(15), 16-20.

Pangestuti, R., Haq, M., Rahmadi, P., &
Chun, B. S. (2021). Nutritional value
and biofunctionalities of two edible
green seaweeds (Ulva lactuca and
caulerpa racemosa) from indonesia by
subcritical water hydrolysis. Marine
Drugs, 19(10).

Pertiwi, M. G. (2018). Aplikasi Response
Surface Methodology ( RSM ) untuk
meningkatkan kuat tekan paving block
dengan campuran abu ampas tebu.
Artikel llmiah Tugas Akhir, 1-15.

Pratiwi, R., Wahyuni, N., & Alimuddin, A.
H. (2015). Uji Fotostabilitas TiO2 -
Klorofil Dari Mirkoalga (Chlorella
sp.). Jurnal Kimia Khatulistiwa, 4(3),
59-64.

Puspita, D., Merdekawati, W., & Mahendra,
A. P. S. (2021). Penurunan konsentrasi
klorofil krim sup Caulerpa racemosa
yang dikeringkan dengan vacuum
driying oven. Jurnal Teknologi
Pangan dan Gizi, 20(2), 94-101.

Rahmawaty, F., & Sutanto, H. T. (2014).

Indonesian Journal of Science and Education, Volume 8, Nomor 1



Penerapan metode permukaan respon
untuk optimalisasi proses sealing pada
pengemasan produk makanan jelly.
Jurnal llmiah Matematika, 3(1), 1-6.

Ramadhan, W., Uju, U., Hardiningtyas, S.
D., Pari, R. F.,, Nurhayati, N.,, &
Sevica, D. (2022). Ekstraksi
polisakarida ulvan dari rumput laut
Ulva lactuca berbantu gelombang
ultrasonik pada suhu rendah. Jurnal
Pengolahan Hasil Perikanan
Indonesia, 25(1), 132-142.

Rashad, S., EI-Chaghaby, G., Lima, E. C.,
& Simoes dos reis, G. (2021).
Optimizing the ultrasonic-assisted
extraction of antioxidants from Ulva
lactuca algal biomass using factorial
design. Biomass Conversion and
Biorefinery.

Rohmah, F. U., Rahmawati, A., Rizkiana,
M. F., & Susanti, A. (2022).
Optimization of extraction of bioactive
compound from pegagan leaves using
ethanol solvent with microwave-
assisted extraction method (MAE).
Journal of Biobased Chemicals, 2(1),
40-52.

Rosang, C. I, & Wagey, B. T. (2016).
Penentuan Kandungan Pigmen klorofil
pada lamun jenis Halophila ovalis di
Perairan Malalayang. Jurnal Pesisir
Dan Laut Tropis, 4(1), 15.

Samad, G. P., Sanger, G., Kaseger, B. E.,
Salindeho, N., Montolalu, R. I, &
Makapedua, D. M. (2021). Kandungan
pigmen dan aktivitas antioksidan
rumput laut Ulva dan Caulerpa. Media
Teknologi Hasil Perikanan, 9(3), 131-
134.

Sankaran, R., Show, P. L., Lee, S. Y., Yap,
Y.J, & Ling, T. C. (2018). Integration
process of fermentation and liquid
biphasic flotation for lipase separation
from Burkholderia cepacia.
Bioresource Technology, 250, 306-—
316.

Santos, J. H. P. M., Capela, E. V., Boal-
Palheiros, I., Coutinho, J. A. P., Freire,
M. G., & Ventura, S. P. M. (2018).
Aqueous biphasic systems in the
separation  of food  colorants.

|40

Biochemistry and Molecular Biology
Education, 46(4), 390-397.

Sari, B. L., Triastinurmiatiningsih, T., &
Haryani, T. S. (2020). Optimasi
Metode Microwave-Assisted
Extraction (MAE) untuk Menentukan
Kadar Flavonoid Total Alga Coklat
Padina australis. ALCHEMY Jurnal
Penelitian Kimia, 16(1), 38.

Sayoga, M. H., Wartini, N. M., &
Suhendra, L. (2020). Pengaruh ukuran
partikel dan lama ekstraksi terhadap
karakteristik ekstrak pewarna alami
daun pandan wangi (Pandanus
amaryllifolius R.). Jurnal Rekayasa
Dan Manajemen Agroindustri, 8(2),
234.

Sumiati, S. (2021). Penggunaan pelarut
etanol dan aseton pada prosedur kerja
ekstraksi total klorofil daun jati
(Tectona grandis) dengan Metode
Spektrofotometri. Indonesian Journal
of Laboratory, 4(1), 30-35.

Suparmi, & Sahri, A. (2009). Mengenal
potensi  rumput laut : kajian
pemanfaatan sumber daya rumput laut
dari aspek industri dan kesehatan.
Sultan Agung, XLI1V(118), 95-116.

Syahidah, A., Intan, A., Tari, N.,, &
Widyastuti, R. (2022). Sifat kimia dan
organoleptik bubuk teh bunga rosella
merah (Hibiscus sabdariffa Linn.)
dengan variasi waktu pengeringan
oven Chemical and organoleptics of
red rosella tea powder (hibiscus
sabdariffa Linn) with drying time
variatios. 2(1), 46-56.

Wang, L., Cai, C., Liu, J., & Tan, Z. (2021).
Selective separation of the homologues
of baicalin and baicalein from
Scutellaria baicalensis Georgi using a
recyclable ionic liquid-based liquid-
liquid extraction system. Process
Biochemistry, 103(February), 1-8.

Wang, W., Yang, J.,, & Yang, J. (2021).
Optimization of ultrasound-assisted
aqueous two phase extraction of
polyphenols  from olive leaves.
Preparative Biochemistry and
Biotechnology, 51(8), 821-831.

Widyaningsih, W., Pramono, S., Widyarini,

Indonesian Journal of Science and Education, Volume 8, Nomor 1



S., & Sugiyanto, S. (2016). Skrining
fitokimia ekstrak etanol Ulva lactuca
L. dengan metode kromatografi lapis
tipis. Media Farmasi: Jurnal lImu
Farmasi, 13(2), 199-211.

Windyaswari, A. S., Elfahmi, E,
Faramayuda, F., Riyanti, S., Luthfi, O.
M., Ayu, I. P., Pratiwi, N. T. M.,
Husna, K. H. N., & Magfirah, R.
(2019). Profil fitokimia selada laut
(Ulva lactuca) dan mikro alga filamen
(Spirogyra sp) sebagai bahan alam
bahari  potensial  dari  perairan
Indonesia. Kartika: Jurnal Ilmiah
Farmasi, 7(2), 88-101.

Yan, Y., Zhou, H., Wu, C., Feng, X., Han,
C., Chen, H., Liu, Y., & Li, Y. (2021).
Ultrasound-assisted  aqueous  two-
phase extraction of synephrine,
naringin, and neohesperidin from
Citrus  aurantium L.  fruitlets.
Preparative Biochemistry and
Biotechnology, 51(8), 780-791.

Yingngam, B., Chiangsom, A., & Brantner,
A. (2020). Modeling and optimization
of microwave-assisted extraction of
pentacyclic triterpenes from Centella
asiatica leaves using response surface
methodology. Industrial Crops and
Products, 147(February), 112231.

Yilmaz, T., & Tavman, S. (2017). Modeling
and Optimization of Ultrasound
Assisted Extraction parameters using
response surface methodology for
water soluble polysaccharide
extraction from hazelnut skin. Journal
of Food Processing and Preservation,
41(2).

Yunita, N. L. G. D., Wrasiati, L. P.,, &
Suhendra, L. (2018). Karakteristik
senyawa bioaktif ekstrak selada laut
(Ulva lactuca L.) pada konsentrasi
pelarut etanol dan lama ekstraksi.
Jurnal Rekayasa Dan Manajemen
Agroindustri, 6(3), 189-195.

Indonesian Journal of Science and Education, Volume 8, Nomor 1

41



