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FOREWARD

Welcome to the 1st International Conference on Green Technology
and Design. This conference takes place in Bandung, 4th
December 2019 and become our first international conference in
green technology and design.

It is our responsibility to contribute in the national development
and sustainability, the Institut Teknologi Nasional (Itenas)
Bandung through its Lembaga Penelitian dan Pengabdian kepada
Masyarakat (LP2M) conducts this conference and draws upon the expertise of wide
range of knowledge.

The ICGTD 2019 conference aims to promote research in the field of Green Energy,
Green Building Green Automation, Green Transportation, Sustainability
Environment, Green IT and Green Design, and to facilitate the exchange of new ideas
in these fields among academicians, engineers, junior and senior researchers,
scientists and practitioners. It also includes the plenary, keynote and invited
speakers.

On behalf of Organizing Committee, it is a great pleasure to welcome you in Itenas
Bandung and look forward to meeting you at ICGTD2019.

Warm regards,

Chair
Dr. Ir. Nurtati Soewarno M.T.
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Abstract—Many alternative methods which are often
referred to as green methods have several advantages when
compared to conventional methods. Some of these advantages
are the use of fewer solvents, shorter extraction times, and
their application can be carried out at lower temperatures.
These advantages will produce bioactive compounds in large
quantities without destroying biological activities. In addition,
alternative methods are also better at isolating the desired
compound and reducing the formation of unwanted by
products and reactions. Some of the advantages of the green
method are the use of fewer solvents, shorter extraction times,
and their application can be carried out at lower temperatures.
These advantages will produce bioactive compounds in large
quantities without destroying biological activities. The
advantage of the ultrasonic extraction is the use of low
temperatures. Also as to maintain perishable compounds with
high temperatures and prevent overall structural damage. The
equipment designed consists of several parts, each of which is
designed according to needs. The parts are signal-generator,
system settings and modes, power booster, ultrasonic
transducer and tank. The setting system functions to adjust the
frequency, power gain and pre-set modes. Installed modes
consist of ON-OFF mode, Alternate Frequency mode,
Alternate Power and a combination of frequency and power.
Sonic electronic control system that is designed consists of a
signal generator with a variable frequency. The signal
generator output is fed to an amplifier whose gain is variable,
so there is a combination of frequency and amplitude that can
be adjusted. After the frequency and amplitude are set, it is
then fed to a power amplifier that will drive the transducer
with a fixed frequency and amplitude, with enough power. The
controller functions to regulate the voltage, frequency and
stability of the system. The installed mode that was previously
set is saved in the control system. The sonication system is
designed to have an ultrasonic frequency range from 20 kHz to
100 kHZ with pre-set and self-regulated modes based on
previous experiments.

Keywords—ultrasonic, multimode,
cleaning

seaweed, frequency,

I. INTRODUCTION

Products with various contents of bioactive compounds
are experiencing an increase in the number of enthusiasts
because of its potential in improving health. One such
product is seaweed, which in addition to consumption, can
also be used as a functional product because of its bioactive
compound content [1]. Seaweed has been used as a source of
food since 3000 BC. In addition, seaweed can also be used as
medicine [2]. Now, seaweed has become part of daily food,
especially in countries in East Asia. Seaweed environmental

Probo Y. Nugrahedi
Food Technology
Soegijapranata Catholic University
Semarang, Indonesia
probo@unika.ac.id

conditions are classified as extreme so that seaweed has a
self-protection mechanism in the form of secondary
metabolite production that has the ability of bioactivity [3].
Some of these bioactivity abilities are anti-aging, antioxidant,
antimicrobial, anti-poliferative, anti-inflammatory,
antidiabetic, and neuroprotective activity [4]. Seaweed
antioxidant sources come from the polyphenol content,
especially phlorotannin. Phlorotannin is the largest
polyphenol group in brown seaweed formed from several
phloroglucinol units[5].Bioactive compounds in seaweed can
be extracted with conventional methods and with new
alternative methods. Conventional methods include
extraction using Soxhlet, solid-liquid extraction, and liquid-
liquid extraction. The disadvantages of conventional
methods are the use of too many and often toxic solvents and
long extraction times [6].

Meanwhile, alternative methods which are often referred
to as green methods have several advantages when compared
to conventional methods. Some of these advantages are the
use of fewer solvents, shorter extraction times, and their
application can be carried out at lower temperatures. These
advantages will produce bioactive compounds in large
quantities without destroying biological activities. In
addition, alternative methods are also better at isolating the
desired compound and reducing the formation of unwanted
byproducts and reactions [7].

Aim of this research is design a sonication system that
suitable for several kind of food, especially for scaweed. The
equipment have to set with different frequency, amplitude
dan presentable mode.

II. ULTRASOUND EXTRACTION

A. Green Extraction Method

An extraction method can be called a green method if it
fulfills some of the principles below [8]. These principles
are not rules but innovative examples that can be followed.

1. Innovation using alternative resources from plants
2. Use alternative water-based or agro-solvents
innovative

3. Reduce energy consumption with

technology
4. Reduce waste production

5. Reduce operating units and use safe and controlled
processes

ICGTD -1



6. Leads to extracts that are not denatured and
biodegradable and without contaminants

Some of the advantages of the green method are the use
of fewer solvents (usually able to achieve a ratio of
materials and solvents of 1: 100 for conventional methods)
[9], shorter extraction times, and their application can be
carried out at lower temperatures . These advantages will
produce bioactive compounds in large quantities without
destroying biological activities. In addition, alternative
methods are also better at isolating the desired compound
and reducing the formation of unwanted byproducts and
reactions [10].

B. Ultrasound Assisted Extraction

UAE is an extraction method that is assisted by the use
of ultrasonic waves. Ultrasonic waves are waves with
frequencies above the human hearing capacity that is
between 20 kHz to 100 kHz [11]. Unlike electromagnetic
waves, ultrasonic waves are mechanical waves that can
penetrate solid, gas and liquid media. When passing through
the liquid media, the waves will cause negative pressure in
the liquid. Then if the pressure exceeds the tensile strength
(tensile strength) of the liquid, bubble formation will occur.
Cavitation or bursting of bubbles can occur when bubbles
are in high ultrasonic fields [12]. As a result of cavitation is
the rupture of particles so that it helps the release of
bioactives from the biological matrix. This increases the
efficiency of extraction due to an increase in mass transfer
by an internal diffusion mechanism [13].

Ultrasonic devices that can be used for extraction are
divided into 2 types namely ultrasonic water bath (indirect
sonification) and ultrasonic probes (direct sonification). The
difference between the two is the operating conditions and
how ultrasonic waves affect the sample. For ultrasonic water
baths, they usually operate at a frequency of 40-50 kHz and
at a power of 50-500 W and the sample is submerged in an
ultrasonic bath. Whereas ultrasonic probes usually operate at
a frequency of 20 kHz only and the sample is not
submerged, but the probe is submerged in the sample.

The advantage of the UAE is the use of low
temperatures so as to maintain perishable compounds with
high temperatures and prevent overall structural damage). In
addition, the UAE can use a variety of solvents that are only
needed in small amounts so that they are environmentally
friendly. When compared with conventional methods, the
time required for extraction with ultrasonic is less and the
yield produced is more so that the extraction runs efficiently
. Then the costs needed for the tools tend to be smaller than
other alternative methods.

C. UAE Application

The large ultrasonic cleaner is a wonderful industrial
ultrasonic parts cleaner tank. It has very wide applications
both in commercial and industrial parts cleaning and
degreasing. Especially for massive cleaning work the
production lines in factories. In general, there are specific
applications as follows. Commercial Large Ultrasonic Parts
Cleaner including musical instruments and lab equipment
such as laboratory instruments and glassware cleaning. And
medical instruments cleaning in hospitals. And it is a
wonderful large ultrasonic parts cleaner for golf clubs. In
Electronic and Optical Industry, producing the PCB circuit
board, PC motherboard and optical parts cleaning. In Auto
Parts Cleaner for automotive Maintenance, Ultrasonic is

using for parts cleaner of carburetors, engine parts, fuel
injectors, filters and diesel injectors. Ultrasonic also applied
on Gun Parts Cleaner for weapons production. It is good for
cleaning various gun parts, such as pistol parts, rifle parts,
and bullets cleaning. Hardware Industrial Cleaning and Parts
Degreasing use ultrasonic for precision bearing parts, sealing
parts, machine tool accessories cleaning, etc.

Application of UAE use for extraction of bioactive
compounds from seaweed showed that it is usually used
mainly for the extraction of polyphenolic compounds. The
samples used were seaweed consisting of several species
including Hormosira banksii, Ascophyllum nodosum,
Laminaria hyperborea, Ecklonia cava, Sargassum muticum,
Codium tomentosum, Osmundea pinnatiefa, and Laurencia
obtuse.

From some of the literature obtained, it can be seen that
the ultrasonic frequencies that are often used are in the range
of 20-50 KHz. While the variation of the power used ranges
from 150 to 750 watts. Extraction of polyphenol compounds
from brown seaweed Hormosira banksii was reported by
Dang et al., (2017). The parameter conditions observed were
frequency of 50 kHz, power of 150-250 W, use of 70%
ethanol by 50 mL, temperature of 30-50 ° C and extraction
time for 20-60 minutes. From these various parameter
conditions, the optimum yield of polyphenols of 23.12 + 1.01
mg / g db was obtained using a power of 150 W, a
temperature of 30 ° C and an extraction time of 60 minutes.

Kadam et al., (2014) reported the extraction of various
bioactive compounds such as polyphenols, phosocytes, and
uronic acid in brown seaweed species Ascophyllum
nodosum. The parameter conditions used were a frequency
of 20 kHz, a power of 750 W, the use of a distilled water and
HC1 0.03 M of 40 ml and an extraction time of 25 minutes.
In the literature, there is no mention of the temperature used.
Under these parameter conditions, the optimum yield of
polyphenols, phosocytes, and uronic acids was 139.73 mg
GAE / g db; 86.63 mg / g db; 117.44 mg / g db. The solvent
used to produce the optimum yield is 0.03 M HCl.

Two species of brown seaweed, Ascophyllum nodosum
and Laminaria hyperborea, were observed by Kadam et al.
(2015) to determine which species produced the largest yield
of polypnol and laminarin. The parameter conditions used
are the same for both species, namely frequency of 20 kHz,
power of 750 W, use of solvents in the form of 200 mL
aquades and 0.03 M HCI and extraction time for 15 minutes.
In that study, there was no mention of the extraction
temperature used.

Of the two species observed, the optimum yield of
polyphenols and laminarin was found in Laminaria
hyperborea of 0.365 = 0.039 mg / PGE db and 6.240 +
0.008% db. The results were obtained using 0.03 M HCl as a
solvent. Whereas with the same parameter conditions, the
optimum yield of polyphenols and laminarin in Ascophyllum
nodosum species was 0.156 + 0.014 mg / PGE db and 5.822
+0.343% db.

III. METHOD

The equipment designed consists of several parts, each of
which is designed according to needs. The parts are:

e  Signal generator
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e System settings and modes
e Power booster

e Ultrasonic Transducer

e Tank

The function of each system can be described as follows.
The signal generator is designed to generate sinusoidal
signals with frequencies that vary from below 20 kHz to 100
kHz. Frequency is generated by sinusoids which are near
pure with constant amplitude. The frequency is regulated by
the system settings provided to the operator and comes from
automatic mode with a predetermined pattern.

The setting system functions to adjust the frequency,
power gain and pre-set modes. Installed modes consist of
ON-OFF mode, Alternate Frequency mode, Alternate Power
and a combination of frequency and power. The power
amplifier functions to produce a signal with a larger current
for the ultrasonic transducer. Large power is needed to
produce ultrasonic vibrations that will produce the expected
amount of bubbles. Ultrasonic transducer functions to
produce vibrations with frequencies that are in accordance
with predetermined settings. The resulting vibration must be
able to vibrate like a container, so as to produce enough
bubbles. The reservoir is made of stainless steel which is able
to vibrate with ultrasonic frequencies. The thickness of the
material is designed so that the power transmitted through
the transducer can vibrate the body wall.

BOWL

Transducer

Power Power
Amplifier Amplifier

G 1r

Microcontroller

4 04 4 ¢

Frequency Amplitude Timer Mode

Fig. 1. Sonication System

Yakut et.al se power unit to produces an amplitude-
modulated signal across the transducers, where envelope of
the modulated signal has 100 Hz, but the carrier frequency is
28 KHz. The maximum voltage observed across the
transducers on their experiment is about 600Vpp. Dynamic
range of voltage value changes between 500V and 600V
during cleaning operation [14].
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Fig. 2. Amplitude Modulation Sonication System

Sonic electronic control system that is designed consists of a
signal generator with a variable frequency. The signal
generator output is fed to an amplifier whose gain is variable,
so there is a combination of frequency and amplitude that
can be adjusted. After the frequency and amplitude are set, it
is then fed to a power amplifier that will drive the transducer
with a fixed frequency and amplitude, with enough power.
The controller functions to regulate the voltage, frequency
and stability of the system. The installed mode that was
previously set is saved in the control system.

Generator Variable Amplifier

\/‘\ N

Power Amplifier Transducer

Q

¢

Sensor

Controller

Fig. 3. Electronic Control System

The automatic mode provided can be set or the existing
mode. The following are examples of the modes installed in
the system. ON-OFF mode will produce a signal with a
frequency of 28 kHz which will be active periodically every
one millisecond. Alternate frequency mode will produce
outputs with frequencies that alternate between 20 kHz and
40 kHz. Power alternate mode will produce power mode
which alternates between full and half power mode.
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Fig. 4. On Off Mode
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IV. CONCLUSION

The sonication system is designed to have an ultrasonic
frequency range from 20 kHz to 100 kHz with pre-set and
self-regulated modes based on previous experiments. Mode
of sonication design can be set based on seaweed
characteristics. Signal processing can be applied to controller
in order to obtain optimum cleaning for seaweed before
further process.
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