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FOREWORD BY DEAN FACULTY OF SCIENCE AND
TECHNOLOGY, UNIVERSITAS AIRLANGGA

Assalamualaikum Wr. Wb. Ladies and Gentlemen,

On behalf of all member of The Faculty of Science and
Technology, Universitas Airlangga, It gives me a great pleasure to
extend my warm welcome to the participants of the International
Collaboration Seminar of Chemistry and Industry, we call CoSCI
2016, now is held in Hotel Santika Premiere Gubeng Surabaya. It is
an Honor and Joy for us to able to host of this special international
collaboration seminar, which partisipant come from various
countries including Indonesia, Japan, Germany, Taiwan, Australia, Malaysia, Singapore and
Irak, where all participants have a chance to present and discuss our knowledge about
development of basic and applied science of chemistry. The International Collaboration
Seminar of Chemistry and Industry 2016 is organized as implementation of existing
collaboration among Airlangga University with some world-class universities in the word, in
order to promote the development of science and their prospects in industry application.

Ladies and Gentlemen, basic chemical scienceplays an pivotal rolein the development of
advance chemical kowledge and is become basic for development of chemicalapplied science
and has grown very rapidly into more specified fields, including biochemistry as basic of
genetic enginering, material science,medicinal chemistry, computational chemistry and
Biotechnology.Hopefully, this seminarprovides a great opportunity for lecturers, researchers
and industries to build better communications between university and industry is one of the
best ways to share the development of research in the applied science which will be used in
industries.

Ladies and Gentlemen, finally let me congratulate to all of you once again for organizing and
participating in this seminar. Also to the committee member, moderator, editor board,
sponsors and participants for your kind contributions, I would like to express my gratitude for
all the hard work on the succeeding this Seminar.

In this ocassion, I also would like to give my appreciation to all speaker, especially keynote
speaker from Japan, Germany, Taiwan, Australia, Malaysia, Singapore and Indonesia of the
seminar for joint to make conference a success. Hopefully the new friendship and new
collaboration will start from this moment, and hopes to become a real cooperation for
industry.

Thank to Allah SWT for His blessing so far. Wassalamu’alaikum  Wr. Wb.

Prof. Win Darmanto, M.Si, Ph. D
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FOREWORD BY CHAIRMAN DEPARTMENT OF CHEMISTRY,
UNIVERSITAS AIRLANGGA

Distinguished, Ladies and Gentlemen,

The first time I would like to extend the warmest greetings and
welcome to all distinguished speakers and participantsin the
international conference “ Collaboration Seminar of Chemistry and
Industries” (CoSCI-2016)

It is a pleasure for our institution to be host of the seminar, which
means that we can facilitate the realization of the dissemination of
research results among researchers in various institutions both academics and industries, as
well as the possibility of the establishment of cooperation with each other.

Through this international seminar, I wish that all the participants get fruitful discussion  and
it  should  promote  local  and  international  collaboration  as  an integral aspect of the
research. I would like also to express my appreciation to all the committees for their support
to this seminar

Thank You very much for participation in the CoSCI 2016

Sincerely Yours,

Dr. Purkan, M.Si
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FOREWORD BY CHAIRMAN OF COSCI 2016

Assalamu’alaikum warohmatullohi wabarokatuh,
Distinguished guest, speaker, participants.
All welcome to 1st International conference: Collaboration
Seminar on Chemistry and Industry (CoSCI) 2016.

I am so pleased to see so many participants from universities and
industries, all in one place. The CoSCI Organizing Committee have
worked very hard to prepare an outstanding conference. This
conference aims to give researchers the opportunity to share their
research achievements with their colleagues from universities and industries and to promote
closer collaboration between universities and industries.

To my knowledge, so far there is no yet a significant collaboration between researchers in
universities with the industries, especially in related with development of join research
resulting excellent products that can then applied in industries. This is one of the important
reasons why this conference is held.

We hope that this conference will be held every two years and give a significant contribution
to the mutual collaboration among researchers and industries. Your strong support and active
participation have made the CoSCI a record breaking event. The spectrum of topics is very
current and broad.

I would like to express my sincere gratitude to speakers who spend their time to give a lecture
in this conference. Also, the organizing committee members who have been working very
hard to prepare this conference.
Finally, I would like to thank companies and institutions that have given valuable sponsorship
and support.

The   Organizing   Committee   members   is   committed   to   provide   maximum
hospitality. Please feel free to ask questions to them. We are here to serve you. Enjoy  your
participation  in  the  1st   CosCI  2016  and  memorable  time  visiting Surabaya. We hope
you return next two years with even more colleagues for the
2nd CosCI 2018.

Thank you. Have a wonderful day.
Wassalamu’alaikum warohmatullohi wabarikatuh.

Dr.rer.nat. Ganden Supriyanto, M.Sc
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Lead (II) Selective Electrode Based on S-Methyl N-
(Methylcarbamoyloxy) Thioacetimidate as a Sensing Material

Qonitah Fardiyah*, Atikah, Linda Noviana, Shilza Eka
Department of Chemistry, Faculty of Mathematic and Natural Science, Brawijaya University, Jl. Veteran

Malang 65145
*)Email: fardiyah@ub.ac.id; qfardiyah@yahoo.com

ABSTRACT

The construction and performance characteristics of a novel lead (II) membrane sensor based on a new S- methyl N-
(methyilcarbamoyloxy) thioacetimidate has been developed. S- methyl N-(methyilcarbamoyloxy) thioacetimidate,
namely methomyl, was chosen as ligand in membrane electrode. It was selected due to its tendency to form a stable
chelates with any heavy metals ions of environmental concern. This methomyl is used as ionopore and mixed with
polyvinylchloride (PVC) and dioctylphtalat (DOP) dissolved in tetrahydrofuran (THF) (1:3 w/v) to form an
electrode membrane sensor. Basic characteristics of lead (II) selective electrode were examined in Nernst factor,
limit of detection, linear concentration range, response time, and life time. The immersion time of membrane is 60
minutes, apply in methomyl : PVC : DOP = 17 : 17 : 66 (% w/w) membrane composition. The design sensor
exhibited a wide linear response with a slope of 29.26 mV per decade over range of 8.054 x 10-6 M to 10-1 M
concentration. The electrode shows a response time of 60 seconds. The proposed electrode can be used for at least
two month or 73 days.

Keywords: lead (II), sensor, potentiometric, PVC membrane, methomyl

INTRODUCTION

Lead is one of chemical elements classified as
heavy metals [1]. Lead can accumulates in air,
water, soil and in food products, so on. Lead react
with other compounds to form various lead

compounds such as lead oxide (PbO), lead chloride
(PbCl2), and others. Lead may enter to the body
through breathing and food. Consumption of lead
in large quantities directly causing tissue damage.

Lead exposure in baby and children causing brain
damage, growth retardation, kidney damage and
hearing loss, whereas an excessive lead exposure in
adults causeing increased of blood pressure and
impaired digestion [2]. Lead accumulates in the
body is quite dangerous than not digested in the

excretory system consequently can accumulate in
the body and may cause central nervous system,
kidney function, inhibiting the formation of

Figure 1. Determination of membrane immersion time optimization
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hemoglobin, and can affect the level of intelligence
(IQ) in children [3].

One of the popular method of lead analysis is
atomic absorption spectrophotometry (AAS)
methods. The advantages of this method are bit
sample needed, analyze ability at low
concentrations, high sensitivity and quick
relatively. However, this methods has drawbacks
for sample analysis of which can not be used for
field analysis and require different cathode lamps
for different metals. Furthermore, the AAS
methods less practical when used for analysis in the
field. Therefore, these obstacles can be overcome
using other simple methods such as potentiometry.
Potentiometric methods commonly used is using
the Ion Selective Electrode (ISE). Ion Selective
Electrode is a working electrode that is able to
measure selectively against certain ion. Potential
that will measurably changed reversibly reactivity
of ions determined [4]. Ion Selective Electrode is a
very important part in the electrochemical sensor
system, this is because the sensor tip contains an
active material (ionophore) which the
thermodynamic and kinetic events [5].

Lead (II) selective electrode have been
developed by M. Ghaedi et al, 2011 [6] by using
organic materials as ionophores. Other membrane
support material used is Polyvinylchloride (PVC),
dibutylphthalate (DBP). From the obtained results,
the Nernst factor generated price of 25.79 mV per
decade, the concentration range 10-6 - 10-1 M, the
detection limit of 4.0 x 10-7 M with a response time
of 10 seconds. Nernst Factor resulting from these
studies are still not close to the theoretical price
(for the divalent ion is equal to 29.58 mV / decade
of concentration) that need to be modified
membrane of  Lead (II) selective electrode to
produce Nernstian electrode.

Based on the results of previous studies, needs
to be further developed lead (II) selective electrode
with modification of ionophores.  In this study,
ionophores used are S-Methyl-N
(Methylcarbamoyloxy) Thioacetimidate.  This
compounds was selected as ionophores due to
interact very strongly to metal ions and have a

tendency to form a stable chelate with heavy metals
ions of environmental concern [7].

The membrane electrode consist of mixture a
methomyl as  ionophore, polyvinylchloride (PVC)
and dioktilftalat (DOP) dissolved in
tetrahydrofuran (THF) solvent (1:3 w/v). Variables
of this research consist of immersion time and
composition of the membrane. Basic
characterization of lead (II) selective electrode
were examined included: Nernst Factor, limit of
detection, linear concentration range, response
time, and life time.

EXPERIMENTAL
Materials and Equipment

The materials used in this study are S-Methyl-
N-(Methylcarbamoyloxy) Thioacetimidate
Pb(NO3)2 p.a. (E.Merck), dioktilftalat (DOP)
(sigma), polyvinylchloride (PVC) (sigma),
tetrahydrofuran (THF) (E.Merck), HNO3 65% (v/v)
p.a. (E.Merck), alcohol 96% (v/v)   and aquadest.
Equipment used in this study are : lead (II)
selective electrode based on S- methyl N-
(methyilcarbamoyloxy) thioacetimidate have in
characterization, electrode Ag/AgCl type HI5313
Hanna, potentiometer (Schoot Geräte CG model
820), pH meters (Hanna), alligator clamps,
analytical balance (Adventurer AR model 2130),
centrifuges, whatman No.40 filter paper, oven,
desiccator, the sample bottles, hot plate, and glass
equipment

Fabrication lead (II) selective electrode based on S-
Methyl-N-(Methylcarbamoyloxy) Thioacetimidate

Manufacture of membranes is done by mixing
the constituents of the membrane which include S-
Methyl-N (Methylcarbamoyloxy) Thioacetimidate,
PVC and DOP. After it was dissolved with THF
with a ratio of  1: 3 (% w / v). Membrane coated on
Pt wire with a thickness of 0.3-0.5 mm followed by
heating at 50 ° C for 12 hours. Platinum wire that
has been coated membrane is cooled and immersed
with a solution of Pb (NO3)2 1.5 M.

Optimization of membranes composition and
membrane immersion time



The proceeding of International Conference Collaboration
Seminar of Chemistry and Industry

3
Fardiyah et al.

CoSCI 2016
October 5-6th, 2016
Surabaya Indonesia

A lead (II) selective electrode based on S-
Methyl-N (Methylcarbamoyloxy) Thioacetimidate
made with certain variations in composition coated
on Pt wire. The electrode with certain composition
used to measure potential of solution Pb(NO3)2 with
variation concentration 1x10-8, 1x10-7, 1x10-6,
1x10-5, 1x10-4, 1x10-3, 1x10-2, 1x10-1 M. The
electrode immersion in a solution of Pb(NO3)2

saturated with a variety of immersion time 10, 30,
50, 60, 80 and 120 minutes. Then used to measure
the potential of the solution of Pb (NO3) 2 solution
with a concentration of 1x 10-1, 1x10-2, 1x10-3,
1x10-4, 1x10-5, 1x10-6, 1x10-7, 1x10-8 M.

Basic characterization of lead (II) selective electrode
based on S-Methyl-N-(Methylcarbamoyloxy)
Thioacetimidate.

Determination Nernst factor is done by
measuring the Nernst potential lead (II) selective
electrode on the variation of the concentration of

the test solution and using the electrode Ag / AgCl
electrode as a comparison. Processed measurement
data and extrapolated into the relationship between
log activity of lead graph with the measured
potential (mV) to obtain the Nernst Factor, linear
concentration range, and the limit of detection.
Determination of response time was done by
measuring potential test solution with an interval of
10-180 seconds. Determination of long service life
done to determine how long the Lead (II) selective
electrode based on  S-Methyl-N
(Methylcarbamoyloxy) Thioacetimidate can be
used are shown on the Nernst factor price obtained
on unit time.

RESULT AND DISCUSSION
Fabrication lead (II) selective electrode based on S-
Methyl-N-(Methylcarbamoyloxy) Thioacetimidate

Active material or ionophore  in the fabrication

Figure 2. Determination of the concentration range and limit of detection

Figure 3: Determination of life time Lead (II) selective electrode based on S-Methyl-N-(Methylcarbamoyloxy)
Thioacetimidate
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of membrane lead(II) selective electrode is
important. Membrane composition have been effect
to the Nernst factor produced. In this study which
used methomyl as ionophore membrane and using
other support material of membrane that some
plasticizers DOP, and PVC as polymer matrix were
dissolved in THF solvent. S-Methyl-N
(Methylcarbamoyloxy) Thioacetimidate was
selected as ionophore membrane because this
compounds can interact very strongly to metal ions
and have a tendency to form a stable chelate with
heavy metals ions of environmental concern .

Optimization of membranes composition and
membrane immersion time

In the determination of the optimum
composition of the building blocks of membranes
obtained the optimum composition methomyl:
PVC: DOP are 17: 17: 66 (% w / w) where the
resulting Nernst factor approaching the theoretical
value (29.58 mV / decade concentration of divalent
ions) is 29.26 mV / decade of concentration.
Measurements on 3 variations of membrane
composition showed that approaches the theoretical
Nernst factor compositions the ionophores
membrane has the most, it affects the ability of the
coated wire Lead (II) ion selective electrode
because the more ionophore in Lead (II) selective
electrode then the more lead is bound within the
membrane so that when the Nernst factor
measurements produced a more theoretical
approach. The optimum immertion time is done by
immersing the membrane into the Pb(NO3)2

saturated with the goal of bringing the membrane
with a cation lead to be measured potential and
produce Lead (II) selective electrode based on S-
Methyl-N (Methylcarbamoyloxy) Thioacetimidate.
See Figure 1

The results obtained in 60 minutes to have a
value of Nernst factor 28,2 mV per decade that
approaches the theoretical Nernst factor. In the 60
minutes into the show membrane optimum
immersion time. Determination of optimum
immersion time can be seen from the resulting
Nernst Factor in 10-20 minutes membrane was not
dissociate completely so the resulting Nernst factor
has not approached theoretical Nernst value factor.
In the 65-120 minutes to the resulting value of the
Nernst factor decreases, this caused that membrane
was saturated.

Basic characterization of lead (II) selective electrode
based on S-Methyl-N-(Methylcarbamoyloxy)
Thioacetimidate

The basic characterization of coated wire lead
(II) ion selective electrode with Nernst factor
approaching the theoretical value that is 29.26 mV /
decade of concentration. Linear concentration in
this study from the 10-6 to 10-1 M with a limit of
detection 8.054 x 10-6 M, equivalent to 1,669 ppm
of lead. The determination of the concentration
range and limit of detection can be see in Figure 2.

Response time for lead (II) selective electrode
based on S-Methyl-N (Methylcarbamoyloxy)
Thioacetimidate resulted is  60 seconds. It shows
that the electrode has a quick response time
relatively. the resulting graph (Figure 3.) can be
seen that in the first 0-10 days resulting Nernst
Factor was stable approaching the theoretical value
(29.58 mV / decade of concentration), but when it
gets to 65 days showed a Nernst factor prices began
to fall from the threshold exposure limits. However
lead (II) selective electrode based on S-Methyl-N
(Methylcarbamoyloxy) Thioacetimidate can still be
used because the price of R2 is close to 1. This
means that the correlation of data with one another
did not find, but on days 65-73 Nernst Factor
values are no longer Nernstian this can happen
because the lead (II) selective electrode based on
methomyl prolonged contact with water acting as
the solvent in the test solution. Water is the solvent
of the test solution will be entered into the pores
methomyl fill gaps that should be filled with lead.
Therefore, when the measurement of lead cation
interactions that exist in solution and lead cations
that exist at the membrane interface can not work
optimally so as to produce the value of the Nernst
factor away from the theoretical value.

CONCLUSIONS

Based on the research that has been done can be
concluded that the optimum composition of the
CW-ISE Lead (II)-based on pyrophyllite obtained
by comparison methomyl: PVC: DOP = 17 : 17 :
66 (% w/w). The optimum immertion time for Lead
(II) selective electrode based on S-Methyl-N
(Methylcarbamoyloxy) Thioacetimidate was in 60
minutes. As for the basic characterization Lead (II)
Selective electrode based on S-Methyl-N
(Methylcarbamoyloxy) Thioacetimidate produces
Nernst Factor of 29.26 mV / decade of
concentration, with a linear concentration range
from 10-6 to 10-1 M lead (II) and it was able to
detect cations lead up to 8.054 x 10-6 M or
equivalent to 1,669 ppm of lead. It had response
time of  60 second and could be used for 73 days.
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ABSTRACT

EDTA (Etilendiamintetraasetat) is one of the food additives that commonly used in various processed food products.
Maximum using of EDTA in foods should be limited. As food additives EDTA is given as Na2H2EDTA, Na2CaEDTA,
and NaFeEDTA. The commonly methods for EDTA content determination have been used are spectrophotometric
and chromatographic methods with UV-Vis spectrophotometry and HPLC, but those are couldnot analyze the total
contents of EDTA. Needed an alternative method to determine the contents of EDTA in food ingredients. This paper
describe a method of total EDTA content determination in Na2H2EDTA-Na2FeEDTA and  Na2H2EDTA-
Na2CaEDTA-NaFeEDTA mixture. Determination of total EDTA contents has been done with titrimetric method with
murexide as  indicator. Based on the results, recovery percentage have reached of total EDTA content determination
in Na2H2EDTA-NaFeEDTA  mixture is 91.4%  and recovery percentage have reached of total EDTA content
determination in Na2H2EDTA- Na2CaEDTA-NaFeEDTA  mixture is 85.8%

Keywords: Na2H2EDTA, Na2CaEDTA, NaFeEDTA, titrimetric,

INTRODUCTION

EDTA salt ,Na2H2EDTA, NaFeEDTA and
Na2CaEDTA often added to some processed food
products as a sequestrant. The maximum EDTA
content in processed food limited by the National
Agency of Drug and Food of the Republic of
Indonesia Number 18 Year 2013, the maximum
content is 33-1000 mg/kg (1). Previously, research
on EDTA content determination in foodstuff had
been carried out by using UV-Vis
spectrophotometer (2), the method could be used to
determine  EDTA in the form Na2H2EDTA only,
the other methods had been developed in EDTA
determination method using HPLC equipped with
UV-Vis as detector, was developed by Shimadzu
Food Product, however, the determination of
EDTA content using HPLC instruments are very
expensive(3). This research will be described a
method of the total EDTA content determination in
a mixture of Na2H2EDTA- NaFeEDTA and
NaFeEDTA Na2H2EDTA- Na2CaEDTA mixture by
titrimetric method.

EXPERIMENTAL
Chemical and instrument

Analytical balance, sentrifugator (KOKUSAN
H-103n), Spectrophotometer UV-Vis(JASCO),

Atomic Absorption Spectrophotometer (AAS),
spektronik-20, test tubes, magnetic stirer, watch
glass, Erlenmeyer 100 mL, beaker glass, measured
glass, pipette volume, filler, universal indicators.
The chemicals used are 5M NaOH solution, 98%
HNO3 solution, NaFeEDTA.3H2O,
Na2H2EDTA.2H2O powders, Co(NO3) .6H2O,
distilled water, aqua demineralization, and
murexide.

Determination of total EDTA content in the mixture of
Na2H2EDTA and NaFeEDTA

The basic solution are Na2H2EDTA,
NaFeEDTA. Na2H2EDTA 10,000 ppm solution is
prepared by dissolving 1.291 grams in 100 mL of
demineralized water. NaFeEDTA 4,000 ppm
solution prepared by dissolving 0.584 grams
NaFeEDTA in 100 mL of demineralized water.
NaFeEDTA-Na2H2EDTA 400:400 ppm mixture
prepared by mixing and diluting of the basic
solution. Decomposition of NaFeEDTA have done
by following procedure, sample solution mixture
was put in a flask of 50 mL, diluted with aqua
demineralization up to the mark, then, NaOH 5M is
added until saturated. The precipitate is separated
by centrifugation at 3,000 rpm for 10 minutes.
Then, the supernatant is filtered to separate the
pellet .Determination of EDTA in the sample
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mixture have done by following procedure, 5 ml of
supernatant  put in  25 ml flask, pH of the
supernatant was set at 4,  3 drops of indicator
murexide added to the sample  and diluted with
aqua demineralization up to 25 mL. Then, 5 ml of
solution put in Erlenmeyer, titrated with a solution
of Co(NO3) 2 until the color changes from pink to
purple.

Determination of total EDTA concentration in the
mixture Na2H2EDTA- Na2CaEDTA-NaFeEDTA

The samples used is the mixture of
Na2H2EDTA, Na2CaEDTA, and NaFeEDTA, the
proportion of the sample Na2H2EDTA:
Na2CaEDTA: NaFeEDTA is 400: 400: 400 ppm.
Titrant solution used is Co (NO3)2 solution, the
Co2+ content of the titrant have standarized with
AAS method (Khaira, 2014). To determine EDTA
total content, 15 mL sample taken and
decomposited to precipitate Fe3+ ions.
Decomposition is accomplished by the addition of
NaOH 5 M. Supernatant separated by
centrifugation using sentrifugator. Fe3+ content of
supernatant was determined with atomic absorption
spectrophotometer (AAS), then 5 mL of
supernatant was conditioned at  pH= 4,3 drops
murexide indicator was dropped and then  diluted
to 25 mL, then 5 ml of dilution product titrated
using Co(NO3)2.

RESULTS AND DISCUSSION

Determination of EDTA content in this study
was conducted in two stages, first,  decomposition
of NaFeEDTA in the sample solution, this process
according the following reaction equation:

Scheme 1. Decomposition of NaFeEDTA

NaFeEDTA (aq) + 3NaOH (aq) →
Fe(OH)3 (s) + 3Na+ (aq) + EDTA4-(aq)   (4)

Decomposition of  NaFeEDTA was done by
adding NaOH,  Fe(OH)3 were separated by
centrifugation method, this process resulting
supernatant and pellet. The Fe3+ content of
supernatant measured using atomic absorption
spectrophotometry, it’s appears that after this
process, the Fe3+ content of supernatant decreased
from 1379.7 ppm to 1.5230 ppm. After
NAFeEDTA decomposition process,  supernatant
was separated titrated with Co(NO3)2 as titrant,
titration have done at pH= 4, the titration process
following the reaction below

Scheme 2. Determination of EDTA as [Co(EDTA)]2-

reaction

Co2+(aq)  +  H2[EDTA]2-(aq) [Co(EDTA)]2-

(aq) + 2H+(aq)

(5)

Supernatant was-titrated with Co(NO3)2,

recovery percentage of total EDTA content
determination of Na2H2EDTA -NaFeEDTA
mixture is 91%. Endpoint of the titration marked
with a color changes of  murexide as indicator. The
color changes at the end point of titration is from
burgundy red color to the red color, indicates that
the Co2+ ion  has reacted with murexide to forming
Co-murexide complex. The recovery percentage of
EDTA content determination  via  H2CoEDTA
complex formation is not satisfied, this fact is
caused by the difficulty on the end point
observation. At the beginning of  the titration,
murexide give a purplish red color and when the
endpoint reached, Co –murexide complex formed,
the color of this complex is red.  The murexide and
Co-murexide complex color looks almost similar,
so that the color change before and after the end
point becomes difficult to observe. The clarity of
end point observation analyzed based on the λ max
measurement of murexide, Co-murexide complex
and H2CoEDTA absorption curve measured by
UV-Vis Spectrophotometer, that the λ max
absorption of  H2CoEDTA is 514 nm, Co-murexide
513 nm and murexide 521 nm, by this observation
it appears there are overlapping between murexide,
Co-murexide and H2CoEDTA absorption curve.

Figure 1. Absorption Curve of murexide, Co-murexide
and H2CoEDTA

Determination of total EDTA content of  the
mixture of Na2H2EDTA: Na2CaEDTA:
NaFeEDTA have done in two step, decomposition
of NaFeEDTA and determination of EDTA content
by titrimetric method, the recovery percentage have
reached is 85.8%, this recovery percentage is not
satisfied. The low percentage of recovery was
achieved may be due to the incompleteness of
precipitation and separation process of Fe3+ ions,
most of Fe 3+ will precipitate as Fe(OH)3, but a
small portion of Fe3+ remain in the supernatant, this
incompleteness of the process before, reducing the
H2EDTA2-, which will be titrated to form
H2CoEDTA,  was formed. The reducing of
H2EDTA2- in the system reducing the Co2+ ions
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needed, as a result EDTA contents were measured
through complex formation H2CoEDTA will be
smaller than the actual contents. The higher
contents of EDTA in the sample, titration error
becomes larger and the smaller the recover
percentage achieved. Titration of H2CoEDTA
complex formation is performed at pH = 4, titration
at this pH can trigger the formation of a stable
complex compounds NaFeEDTA. Based on the
percent recovery was achieved, the determination
of total EDTA concentration in the Na2H2EDTA-
NaFeEDTA mixture is higher than the
determination of total EDTA concentration in
Na2H2EDTA- Na2CaEDTA-NaFeEDTA mixture,
this fact may be due to  the availability of
Na2CaEDTA in the mix. H2CoEDTA complex
formation from NaH2EDTA easier than
H2CoEDTA complex formation from Na2CaEDTA,
Na2CaEDTA complex is stable, although their
stability is lower than NaFeEDTA stability, so can
be failure on Ca2+ replacement  by Co2+ process
that will be reducing the titrant needed, the titrant
needed not equivalent with the EDTA content

CONCLUSION

The total EDTA content of Na2H2EDTA-
NaFeEDTA  and  Na2H2EDTA- Na2CaEDTA
NaFeEDTA  mixture can be determined with
titrimetric method

Determination of total EDTA content has been
done with several stages, (1) decomposition of
NaFeEDTA (2) the determination of EDTA content

as H2CoEDTA with titrimetric method, the
recovery percentage have reached of EDTA
content determination in Na2H2EDTA-NaFeEDTA
mixture is 91.4%  and recovery percentage have
reached of EDTA content determination in
Na2H2EDTA- Na2CaEDTA NaFeEDTA  mixture is
85.8%
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ABSTRACT

A stick chemical sensor using dithizone to detect mercury in pharmacheutical preparations has been
developed. Dithizone reagent was reacts with mercury(II) to form complex that can be observed from the
color changing from green to orange. In this research, it is obtained optimum dithizone concentration is 0,01%
at pH 4. Sensor selectivity was tested by adding Pb2+. It gives significant interference to this sensor at

concentration ratio 1:1. This sensor has a precision value of 3,6% with the limit of detection 4,6 x 10
-3

ppm,
and accuracy is 97,2%. Linearity was showed by the correlation coefficient (R2) is 0,997 from standard
solution,  while the sensitivity obtained from the slope of the standard solution is 0,1166/ppm.

Keywords : mercury, dithizone, chemical sensor, pharmaceutical

INTRODUCTION

Mercury (Hg) is a metallic element that occurs
naturally in the environment. There are three
primary categories of mercury and its compounds:
elemental mercury, which may occur in both liquid
and gaseous states; inorganic mercury compounds,
including mercurous chloride, mercuric chloride,
mercuric acetate, and mercuric sulfide; and organic
mercury compounds. [1].

The usage of Hg has been popular in human
and environment aspects nowadays. In some years
Hg has been used in medical, agriculture, and
industrial aspects. In medical aspects, Hg has been
used for the theraphy of sipilis. Many methods for
analysis of mercury have been developing such are
synthesized ionophore [2], synergistic catalytic
effectof gold nanoparticles (AuNPs) and Hg using
an ultrasensitive colorimetric [3], phosphonic acid
based polymeric fluorescent sensor [4],
development of a visual optode sensor [5], cold-
vapor atomic absorption spec-trometry (CV-AAS),
spectrophotometry, anodic stripping vol-tammetry,
energy dispersive X-ray fluorescence (EDXRF)
andhigh-performance liquid chromatography
hyphenated with induc-tively coupled mass
spectrometry (HPLC-ICPMS) [6-14] have been
reported for the Hg(II) measurement. These
measurement have a high cost. In this study, a
simple chemical sensor that is more practical,
inexpensive, sensitive, and selective to detect the
presence of mercury in pharmaceutical preparations
(medicines) using dihtizone reagents with dipstick
technique was made by dipping Whatman paper

into a dithizone reagents and measurement by UV-
Vis spectrometry.

Dithizone reagents will react with mercury and
give yellow to orange compound depending on the
concentration of mercury. Sticks chemical sensor
can be used as a form of screening an analyte in a
particular sample both qualitative and
semiquantitative. Qualitative test done by looking
at the color changes on the surface of the stick.
While the semiquantitative test done by looking at
the intensity of the resulting color and color
intensity compared to the color series produced by
varying mercury standard solution concentrations.
Change the color of the sticks chemical sensor
from colorless to yellow is caused by reaction of
mercury with dithizone. These color changes occur
due to the formation of complex compounds of
mercury-dithizone.

EXPERIMENTAL

2.1 Material Instrumentation
This research used dithizone (C13H12N4S),

CH3COOH, CH3COONa, NaH2PO4.2H2O, NaOH,
CHCl3, Pb(NO3)2, HgCl2, Whatman paper no. 1,
destilled water, UV-Vis spectrophotometry
Shimadzu-1800, pH meter eutech instrument.

2.2 Analytical Parameters Optimization

2.2.1 Determination of the Maximum Wavelength
Dithizone Reagents

As much 1 mL of dithizone reagents 0.01% was
taken and put in a 10 mL volumetric flask then
added CHCl3 to mark and then shaken until
homogeneous. The solution wasmeasured by UV-
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Vis spectrophotometer to obtain maximum
wavelength of dithizone CHCl3 was used as blank.

2.2.2 Determination of the Optimum pH, Maximum
Wavelength, Optimum Concentration of
Complex Hg (II) -Dithizone

Into a separating funnel was filled with 5 mL
CHCl3, then successively as added with the
standard solution of 100 ppm Hg2+ as much as 1
mL, 0.01% dithizone solution in 1 mL and 2 mL of
buffer solution pH 3, then extracted by means
whisk for 30 minutes. The organic phase (in the
bottom layer) was transferred into a 10 mL
volumetric flask. The solution left in the separating
funnel was added with 3 mL solvent CHCl3 then
re-extracted by shaking for 30 minutes. The
organic phase (located in the bottom layer) was
transferred into a flask which already contains the
results of the previous extraction, then added
CHCl3 to mark and shaken until homogeneous. The
solution absorbance was measured using UV-Vis
spectrophotometer. The same procedure was
carried out for addition of a buffer at pH 4, 5, 6, 7,
8 for determining optimum pH, and then it makes
corelation between pH with absorbance. The
optimum pH was can be used to next procedure to
determine maximum wavelength and optimum
concentration of the complex Hg(II)-dithizone with
the same prosedur based on above. The maximum
wavelength was measured from 380 until 780 nm.
The optimum absorbance was meant a optimum
wavelength from complex compounds Hg (II)-
dithizone. The optimum concentration using
dithizone solution with concentration 0.003; 0,004;
and 0.01%. Then it makes corelation between pH
with absorbance.

2.2.3 Preparation of Sticks Chemical Sensor
Whatman size of 5 cm x 10 cm was prepared. A

total of 2 mL dithizone reagents as a results of the
above procedure was filled into petridis then
Whatman was inserted until the entire section of
the paper submerged for 20 minutes. Whatman
which already contain reagents was cut to a size of
1 cm x 1 cm and placed on the supporting material
in the form of photo paper, using glue so that the
resulting chemical sensors such as universal
indicator stick form.

2.2.4 Preparation of Color Intensity Hg-Dithizone
Into a 100 mL glass beaker Hg2+ standard

solution with a final concentration of 1 ppm at
optimum pH was added with 3 drops of ethanol,
then stirred with a magnetic stirrer and then

chemical sensor was dipped for 20 seconds, The
change of chemical sensor color was then captured
by camera. The same procedure was done for Hg2+

standard solution of 2,3,4,5 ppm.

2.2.5 Determination of Chemical Sensor Selectivity
The selectivity test was conducted by the

addition of Pb2+ ion. A 1 mL  of 10 ppm Hg2+

standard solution was added with 1 mL of 10 ppm
Pb2+ standard solution in order to obtain
concentration ratio of Hg2+ / Pb2+ at 1: 1. Then
chemical sensor was dipped into a solution. The
color intensity obtained was compared with the
color intensity of Hg2+ concentrations of the same
solution without the addition of Pb 2+, in order to
know the effect of  Pb2+ addition. The same
procedure is performed for Hg 2+ / Pb 2+ 1: 0, 1:10
and 1: 100.

2.2.6 Comparison With Spectrophotometry Method
Into 6 pieces separating funnel, each filled with

5 mL of solvent CHCl 3, then into each of the
separating funnel successively added to the
standard solution of 100 ppm Hg 2+ as much as 0.0;
1.0; 2.0; 3.0; 4.0 and 5.0 ml, then each added a
solution ditizon excess of 0.01% and 2 mL of
buffer solution pH optimum, then extracted by
shaking for 30 minutes. The organic phase (located
on the bottom layer) was transferred to 10 mL
volumetric flask. The solution left in the separating
funnel was added with 3 mL solvent CHCl3 then
re-extracted by shaking for 30 minutes. The
organic phase (located in the bottom layer) was
transferred to a flask already containing the
extracted earlier, then added with CHCl3 to mark
and shaken until homogeneous. The solution was
analyzed using UV-Vis spectrophotometer. The
data obtained is used to create a standard curve
between concentration of Hg 2+ and absorbance and
then used to test the validity.

2.2.7 Sample Analysis
A total of 0.05 grams of the drug sanpicilin was

dissolved with distilled water and added with 1 mL
of standard solution of 3 ppm Hg2+, then wet
digested using HNO3 1N and heated to a
temperature of 300 °C. After a clear solution, the
sample is filtered. Furthermore, the sample was
neutralized using 1N NaOH and transferred into a
10 mL volumetric flask. Sensors that have been
prepared, dipped into the sample and the color
formed compared to the sequence of colors.
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RESULT AND DISCUSSION

Determination of the dithizone maximum
wavelength was done by measuring absorbance
dithizone 0.01% solution in chloroform using UV-
Vis spectrophotometer. Blank used was
chloroform. The results of measurements of
maximum wavelength of 0.01% dithizone
compounds Fig 1 shows that dithizone has
maximum wavelength 605 nm. While
determination of optimum pH was conducted to
determine the optimum formation condition of
complex Hg(II) -dithizone.

In this study, determination of the optimum pH
was carried out using a 1 mL solution of 100 ppm
Hg2+ with variations in pH 3, 4, 5, 6, 7, and 8 and
reagent dithizone 0.01%. Blank used are CHCl3,
dithizone reagent, and a buffer solution with
different variations. The color change is from green
to orange. Results of the determination of the
optimum pH Fig 2 shows that at pH 4 is an
optimum pH of complex Hg (II) -dithizone because
it produces the highest absorbance. At pH 5, 6, 7,
and 8 decreased absorbance value, because
theoretically based on the constant solubility
product (Ksp) of Hg(OH)2 3,6 x 10-26 possible for
Hg(II) to form Hg(OH)2, so the concentration of Hg
2+ form complexes with dithizone will decrease and
cause the absorbance value decreases.

While the determination of the maximum
wavelength of complex Hg(II) -dithizone was done
by measuring the maximum absorbance of the
reaction between 1 ppm Hg2+ and 0.01% dithizone
reagents at optimum pH. Blank used is a mixture of
CHCl3, 0.01% dithizone reagents and buffer

solutions of each variation. Complex Hg(II)-
dithizone will yield an orange solution, then
maximum wavelength of complex Hg(II)-dithizone
was determined UV-Vis spectrophotometry at a
wavelength of 380-780 nm. Hg(II)-dithizone
wavelength is 494.5 nm, and it can be seen at
Figure 1. Wavelength of complex compound has
shifted to a lower wavelength when compared with
the maximum wavelength of dithizone.

The optimum concentration of the dithizone can
not be distinguished visually but an increase in
absorbance take place when the dithizone
concentration of 0.002% to 0.01%. Therefore it can
be concluded that the concentration of the dithizone
reagents affect the formation of complex Hg(II)-
dithizone. Thus, the optimum concentration of
dithizone was considered 0.01%.

Rows of color intensity is made to be used as a
reference in the analysis of Hg2+ both qualitatively
and semiquantitatively. Range of Hg2+

concentrations used in the development of color
intensity of this series is the same as the
development of standard curve (1, 2, 3, 4 and 5
ppm) Fig 3. Fig 3 shows that the intensity of the
color complex Hg(II)-dithizone become
increasingly apparent with increasing
concentrations of Hg2+. Because of the ability of the
metal to form a complex with the dithizone.

0 ppm 1 ppm 2 ppm 3 ppm 4 ppm 5 ppm

Figure 3. The series colour of  Hg2+ stick intensity
sensor

The sample used in this study is sanpicilin drug.
Sanpicilin drug is suspected to contain mercury so
that it becomes a choice in this study to analyze the
samples. Sanpicilin drug sample was weighed 0.05
grams and then dissolved in destilled water then
adds across standard with the addition of Hg2+..
Once matched with a series of color seen that the
samples that have been added to the standard
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solution so that the concentration of Hg 2+ 3 and 5
ppm in color similar to the color sequence of
complex Hg (II) -ditihzone 3 and 5 ppm. It can be
concluded that the sanpicilin used to test the
application method does not contain Hg2+ ions.

The result from the research can be validated
using some parameters such as precision, accuracy,
and limit of detection. Based on research , the value
of coefficient of variation (precision) is 3.6531%,
the limit of detection (LOD) is 4.6738 x 10-3 ppm,
linearity value of 99.7, its value amounted to 0,97
accuracy, and sensitivity values obtained from the
standard curve slope is equal to 0.1166 / ppm Table
1, 2, and 3.

Table 1 Validation parameters of method
Validation parameter Result

Limit of detection 4.6738 x 10-3 ppm
Linearity 0,997
sensitivity 0.1166 / ppm

Table 2 Data of the coefficient of variation

Table 3 Data of accuracy
The actual

concentration
(ppm)

Measurable
concentration

(ppm)
Accuracy (%)

1 1.0823 92.39
3 3.0274 99.09
5 4.9944 100.11

Average 97.20

CONCLUSION

Based on this research, we have successfully
developed a stick chemical sensor using dithizone
to detect mercury in pharmacheutical
preparations.The optimum concentration of
dithizone in the development of chemical a stick
sensors to detected mercury in pharmaceutical
preparations is 0.01%, and the optimum pH is 4.
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ABSTRACT

The development of chemical sensor of melamine with diazotitation reaction using naphthylethylenediamine has
been done. The objectives of this research are to know the chemical sensor capability with diazotitation reaction
using reagent naphthylethylenediamine for melamine analysis, to determine optimum reagent of chemical sensor,
and also to determine validity method. Melamine is reacted with NaNO2 and hydrochloride acid in acidic solution to
form diazonium salt and then added with naphthylethylenediamine reagent to form azo compound that gives colored
complex. The best result of optimum reagent for chemical sensor is NaNO2 8.10-3 M, HCl 9 N and
naphthylethylenediamine 8.10-5 M. Respon time of chemical sensor is very quick with reaction condition of
temperature is less than 15°C and pH is in acid condition. But, the stability and durability chemical sensor is low,
the color is sharpeless and easily loss. The maximum of wave length is 549 nm. Standard of deviation and precision
are 0,0612 and 16,06% respectively. Linearity of chemical sensor in concentration of 8.10-6 up to 8.10-5 M. Limit of
detection is 2,21 ppm, sensitivity 640,4 L/mol and recovery is 96,83%.

Keywords : Sensor, Melamine, naphthylethylenediamine, Milk

INTRODUCTION

Milk is a basic need that is very essential. In
babies, the largest food intake found in dairy
products. Scandal addition of melamine in
imported Chinese powdered milk products has
shocked some countries, such as Asia, Europe,
America, including Indonesia. As in the Reuters
reports, the victims not only in China, in Taiwan
there are three toddlers and one positive women
suffering from kidney stones. Even a two year old
baby is showing symptoms of kidney disease. Later
in Hong Kong, has reported five children showed
signs of kidney disease. It was shown after
consuming milk production China [1].

Melamine is an organic compound with the
chemical formula C3H6N6. Melamine has the
IUPAC name 1,3,5-triazine-2,4,6-triamine, and
contains 66% nitrogen which is a toxic chemical
that is commonly used to manufacture plastics,
fertilizers and cleaning products. Melamine is a
white solid form with a molar mass of 126.12
g/mol and a boiling point of 350°C. Melamine is

soluble in water, glycol, glycerol, pyridine, very
slightly soluble in ethanol, insoluble in ether,
benzene, and carbon tetrachloride [2].

Melamine, commonly used as a protective
material as plastic resin fire and this, added to the
milk during processing as if to increase the protein
content because during this time the protein content
assessed by analysis of total nitrogen content.
Based on the information on the WHO website,
mixing melamine to milk is milk adulteration
practices. Manufacturer of adding water to raw
milk so that the milk will be many. After becoming
more dilute, of course, the concentration of protein
in the milk will go down. In order for protein
content remains high, it is added melamine. User
enterprises generally check raw milk protein
content of milk by testing the levels of nitrogen.
Because melamine is rich in nitrogen compounds
(66% melamine is nitrogen), the addition of
melamine to raw milk will increase the levels of
nitrogen, up to as if the protein content is also high
[3].

Analysis of melamine requires an analytical
method which has high sensitivity and selectivity.
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The measurement technique used to analyze
melamine includes glassy carbon electrode [4],
High Performance Liquid Chromatography
(HPLC) [5], Gas Chromatography–Mass
Spectrometry (GC-MS) [6], a variation of liquid
chromatography (hydrophilic liquid
Chromatography, HILIC) combined with
Ultraviolet (UV) [7]. Advantages of these methods
are that it can produce high levels of melamine in
milk quickly and accurately. But for the general
public is difficult to use and requires substantial
investment and high operating costs. Therefore, the
development of the new analysis method of
melamine is strongly required which are low
operational costs, high sensitive, selective, simple
and easy to be used by everyone. Therefore, for the
analysis of melamine need to develop new
techniques and methods that require operational
costs are quite low but has high sensitivity and
selectivity of chemical sensors which method is
simple so easy to use everyone.

Melamine having a primary amine group
attached to an aromatic ring diazotized using
HONO (derived from NaNO2 with HCl) which
would produce a diazonium salt. The salt when
reacted with naftiletilendiamin produce compounds
that are purple. In this study, created a chemical
sensor in the form of a solution to detect the
presence of melamine. These reagents are expected
to be sensitive to melamine. The analysis of
melamine in liquid samples can be done by adding
reagents Hono and naftiletilendiamin certain
volume into the sample. Fluid samples containing
melamine will react with Hono through diazotizing
reaction, then reacts with naftiletilendiamin. The
concentration of melamine in the sample solution
will be proportional to the intensity of the color
purple are formed and compared with the color
intensity of a reaction between melamine
naftiletilendiamin with standard solutions.

MATERIALS AND METHODS
Materials

The chemicals used in this study included
melamine (C3H6N6), NaNO2, HCl,
naphthylethylenediamine solution, distilled water.
All materials used were pure analytical grade.

Instrumentation
Instruments used was UV-Vis

Spectrophotometer Shimadzu-1700.

Preparation of reagent
Melamine (0.1250 g) was weighed

quantitatively and dissolved in water while heated
then the solution was quantitatively transferred to a
250 mL volumetric flask and made up with
distilled water to mark and whipped until
homogeneous.

Melamine solution 4.10-4 M was prepared by
pipetting 10,0 ml of melamine standard solution
4.10-3 M and was diluted with distilled water in a
100 mL volumetric flask and made up and shaken
until homogeneous. Then standard solution with a
concentration 0,8.10-5; 1,6.10-5; 2,4.10-5; 4.10-5;
5,6.10-5 and 8.10-5 M were created.

NaNO2 (138 mg) was weighed quantitatively
and dissolved in distilled water. The solution was
transferred to a 250 mL volumetric flask and made
up with distilled water to mark and whipped until
homogeneous. Then standard solution with a
concentration of 8.10-4 M; 8.10-5 M were created.

Concentration optimization of
naphthylethylenediamine and NaNO2/HCl

A 5.0 mL of standard solution containing
melamine was pipetted and put in a 25 mL
volumetric flask. Distilled water was added to a
solution of melamine consecutive NaNO2 and HCl
at temperatures <15°C then added
naphthylethylenediamine reagent so that the
concentration of melamine, NaNO2, HCl and
naphthylethylenediamine each 8.10-5 M. Then
variation of the concentration of melamine:
NaNO2, HCl, naphthylethylenediamine was created
by 1:1; 1:3 and 1:9. The same procedure was done
for various concentration 8.10-3 and 8.10-4 M.

Data Comparative With UV-Vis spectrophotometry
A series of melamine solution; 0,8.10-5; 1,6.10-

5; 2,4.10-5; 4.10-5; 5,6.10-5 and 8.10-5 M was reacted
with NaNO2, HCl, and naphthylethylenediamine at
the optimum concentration. Absorbance of the
solution was measured by UV-Vis
spectrophotometer at the maximum wavelength.
Then standard curve was made where the
concentration as the x-axis and absorbance as the
y-axis.

Determination of Melamine in Milk with Standard
Addition Method

Accurately, it was weighed 1000 mg the milk
and put in a centrifuge tube quantitatively, then
added with 5 ml of standard solution of melamine
with 6 variations of concentration that are 0,8.10-5;
1,6.10-5; 2,4.10-5; 4.10-5; 5,6.10-5 and 8.10-5 M.
Then milk with the addition of melamine was
added with 1.5 ml TCA evenly through stirring to
precipitate the protein.

Determination of Validation Parameter
The determination of variation coefficient of

sample was done with three replications. Then the
absorbance of each sample was measured by using
UV-Vis spectrophotometer and the value of the
standard deviation (standard deviation = SD),
coefficient of variation (CV) and the detection limit
were determined. Linearity was obtained from
standard curve of standard solution. The sensitivity
is obtained from the slope of the standard curve



The proceeding of International Conference Collaboration
Seminar of Chemistry and Industry

16
Rukman et al.

CoSCI 2016
October 5-6th, 2016
Surabaya Indonesia

equation. Accuracy is obtained by calculating the
recovery of known melamine concentration levels.

RESULT AND DISCUSSION

The maximum wavelength of melamine-
naftiletilendiamin complex compound was
determined by measuring the absorbance of the
complex compounds. Measurements were taken at
various concentrations, while the pH used is at
acidic pH because diazotitazion reaction only takes
place at acidic conditions with temperatures around
0°C. In this study NaNO2 and HCl were used to
form diazonium ions, and then added naphthyl
ethylenediamine to form complex compounds. The
maximum wavelength was obtained from those
measurement using UV-Vis spectrophotometer at a
wavelength of 450-800 nm. The maximum
wavelength of melamine-naphthylethylenediamine
complex solution was used to develope the
standard curve of melamine at a concentration of
8.10-3 M NaNO2, HCl 9 M, and
naphthylethylenediamine 8.10-5 M. The formation
of a complex between melamine-
naphthylethylenediamine produces purple
compound. This complex response time is very
fast, but the stability and durability is low. It is
because the complex is dependent on the
temperature and acidic conditions. The results of
the study can be seen in Fig.1. Based on the
pictures, the maximum wavelength of melamine-
naphthylethylenediamine complex compound is
549 nm. Absorbance measurement of the complex
of melamine-naphthylethylenediamine the visible
area will lead to the absorption of radiation by the
complex of visible light so that it will raise the
energy of the ground state to an excited state,
followed by the excitation of electrons of orbital
bonding and non-bonding orbital into the anti-
bonding orbital. Electron excitation of bonding and
non-bonding orbital to orbital anti-bonding occurs
between N on melamine with N in
naphthylethylenediamine diazonium ion that has
been shaped first by the addition of NaNO2 with
HCl.

Figure. 1 The maximum wavelength of melamine-
naphthylethylenediamine complex.

Determination the optimum reagent
concentration of NaNO2, HCl and
naphthylethylenediamine in this study used a
variation of concentration 8.10-5; 8.10-4 and 8.10-3

M. In addition, the optimization was done by the
addition of excess reagent. The most significant
change in chemical sensors was at the time of
addition of reagents with each concentration 8.10-3

M. Only the addition of this reagent, will form a
color also in the form of water without melamine.
In a variation NaNO2 concentration 8.10-3 M, 9 M
HCl, and naphthylethylenediamine 8.10-5 M
intensity of the color change is not too high. This is
because the conditions are not too acidic and it can
degrade performance naphthylethylenediamine
reagent to form a bond with the azo compound
melamine. But the difference in the color of the
blank water with melamine samples are quite
different, so that the chemical sensors with NaNO2

concentration 8.10-3 M, 9 M HCl, and
naphthylethylenediamine 8.10-5 M was selected for
use in the determination of the color intensity of the
series.

This standard curve was made from reagent
naphthylethylenediamine 8.10-5 M. In this
experiment, a solution of melamine with various
concentrations 0,8.10-5; 1,6.10-5; 2,4.10-5; 4.10-5;
5,6.10-5 and 8.10-5 M were used. The results of this
study can be seen in Table 1 which shows the
results of the average absorbance of the three
replications in a solution of melamine-
naphthylethylenediamine. The standard curve
graph based on average absorbance of melamine
and naphthylethylenediamine complex can be seen
in Fig.2. From the calibration curve, the linear
regression equation is y = 640,4x + 0.348 with a
correlation coefficient R2 = 0.963. The standard
curve was then used to determine the detection
limit, linearity and accuracy.

Table 1. Absorbance of melamine complex with
naphthylethylenediamine in water
No. Concentration (M) Absorbance n=3
1. 0,8.10-5 0,3482
2. 1,6.10-5 0,3590
3. 2,4.10-5 0,3656
4. 4.10-5 0,3775
5. 5,6.10-5 0,3852
6. 8.10-5 0,3961
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Figure 2. Standard curve of melamin-
naphthylethylenediamine in water

The standard curve was also developed by
addition of standard melamine into milk because it
is difficult to find milk containing melamine on the
market. Standard solution of melamine in milk has
a concentration 0,8.10-5; 1,6.10-5; 2,4.10-5; 4.10-5;
5,6.10-5 and 8.10-5 M. The results showed the
average absorbance of the melamine-
naphthylethylenediamine in milk. Standard curve
of melamine in milk is shown on Fig.3. From the
calibration curve is obtained the linear regression
equation y = 430,4x + 0.303 with a correlation
coefficient R2 = 0.976. The resulting absorbance is
almost the same as the absorbance resulting in
measurements for pure melamine used in the
experiment.

Table 2. The absorbance of melamine milk-
naphthylethylenediamine in milk matrix
No. Concentration (M) Absorbance n=3
1. 0,8.10-5 0,3053
2. 1,6.10-5 0,3094
3. 2,4.10-5 0,3156
4. 4.10-5 0,3230
5. 5,6.10-5 0,3288
6. 8.10-5 0,3362

Figure 3. Standard curves of melamine-
naphthylethylenediamine in milk matrix

The result of the calculation of standard
deviation and coefficient of variation based on data
generated are 0.0612 and 16.06% respectively.
Small standard deviation indicates that the figures
observation is less scattered or nearly uniform.
Conversely, when the value of the standard
deviation greater then the numbers fluctuate widely
or further observations are not uniform. The
coefficient of variation for an experiment
conducted with both ranged between 15-20% for
bioanalytical and below 5% for non bioanalytical
research. If the coefficient of variation is too small
or too large, it is an indicator among others there is
an error in the measurement or recording, perhaps
even in the analysis of data and if the coefficient of
variation is too large, it can be due to the sample
size is too small or little.

The detection limit is determined using a
standard curve and linear regression equation is y =

640,4x + 0.348 with a correlation coefficient R2 =
0.963. The result of the calculation indicates that
detection limit is 1,75.10-5 M, which equivalent to
2.21 ppm. From the result of detection limits, it can
be seen that the sensor which consists of a mixture
of NaNO2, HCl and naphthylethylenediamine is
quite sensitive. Because normally the levels of
melamine found in milk ranged from 0.09 mg/kg of
milk up to 619 mg/kg of milk, equivalent to 0.09
ppm up to 619 ppm levels.

Levels of melamine in the range of 8.10-6 to
8.10-5 M provide proportional correlation between
the concentration of melamine with an absorbance
value. The levels of melamine above 8.10-5 M
shows the absorbance values are not linear, then it
then causes the regression coefficient decreases and
the value of linearity reduced. Based on linear
regression obtained from the graph, the sensitivity
of the developed sensor is 640.4 L/mol. Accuracy
was obtained from the standard curve by taking
three concentrations of melamine standard solution
in the small concentrations, middle, and large (ie
8.10-6 M, 4.10-5 M and 8.10-5 M). Recovery
obtained of chemical sensors in this study is
96.83%. It can be conluded that the results of
measurements in this study is accurate, since the
value of recovery is close to 100%.

CONCLUSION

We have successfully demonstrated that
chemical sensors by using
naphthylethylenediamine as complexing reagent to
detect melamine can be developed. From the
present study it can be concluded that this method
has simple methodology, easy work-up, short
reaction times, low cost, and accurate.
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ABSTRACT

Coconut shell activated carbon was used as adsorbent in batch experiment for COD removal
from dairy waste simulated waste water. This research concerned adsorption kinetics of COD
removal from several activation periods of coconut shell. Classical adsorption kinetic,
traditional and innovative Pseudo kinetic was observed in this research. The coconut shell was
physically activated in two steps. First step was activation in 500oC and the second step was
220oC. This research focused on secondary step of physical activation in 1, 2, and 4 hours in
220 oC. Coconut shell also activated with chemical activation using H3P04. 20 g of coconut
shell activated carbon added in reactor contained 10 l dairy simulated wastewater. The contact
time of coconut shell and dairy simulated waste water was 15 d in batch reactor. The
regression coefficient of the kinetic models of 1, 2, and 4 hours were followed the pseudo
second order kinetic model. The highest coefficient  relation value was 1 h activation period,
r2=0.989.

Keywords:Activation periods, Adsorption Kinetic, Activated Carbon, COD

INTRODUCTION

Indonesia is one of the largest coconut
producing countries in Asia. Indonesia is able to
produce 16.846 million tons of coconut. All the
components in a palm tree can be used. It includes
wood, leaves, and fruit. The greatest utilization is
on its fruit. In 2008, produced 61 million tons of
coconuts in the world, and 85% came from Asia,
including Indonesia. The large utilization of
coconuts will produce waste that is great as well,
especially waste coconut shells. Coconut shell
waste will accumulate and not worth if it is not
processed into something more valuable.In fact,
Indonesia as well as the largest producer of coconut
in Asia [1].

One of ways to reduce coconut shells waste is
to utilize coconut shells for the wastewater
treatment process. Waste coconut shells can be
used as an adsorbent to remove organic matter in
the wastewater treatment process. Coconut shells
need to be processed first before being made into
activated carbon as adsorbent by carbonization and
activation process [2]. .In the carbonization
process, the volatile material will be removed and
the activation process was conducted to form the
pores and also increase the surface area of activated

carbon from coconut shells [3]. In this research, we
used several activation periods for the coconut
shells. There are 1, 2, and 4 hour at 220oC. The
properties of the coconut shells activated carbon
are high number of pore and surface area as well as
high adsorption capacity [4].

Wastewater which has a high organic matter
content can degrade the quality of water bodies.
Organic materials contained in wastewater must be
removed. Organic matter will reduce the oxygen
dissolved in the water body for the degradation
process [5]. Organic matter in wastewater can be
measured by chemical oxidation  using potassium
dichromate called Chemical Oxygen Demand
(COD).

Coconut shells activated carbon as adsorbents
proved capable of removing organic matter in
waste water. Some studies suggest that activated
carbon from coconut shells capable to remove
organic material in the form of Chemical Oxygen
Demand (COD). According to Cruz et al. [6], who
used coconut shells activated carbon in the
anaerobic treatment, the effluent reached a removal
of 73% of the organic matter in COD terms. Han
[7] stated that the wastewater treatment using
anaerobic reactor with activated carbon coconut
shells at the OLR of 4-8 g /L.days able to remove
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COD by 80%.Meanwhile, according to Akram and
Stuckey [8] stated that the wastewater treatment
using activated carbon media by the Organic
Loading rate of 4-16 g / L.hari, capable of
removing COD by 98%. The results of the
Olafadehan, et al. [9] also produces 98% COD
removal using coconut shells activated carbon as
adsorbent.

When the adsorption of COD using coconut
shells activated carbon is concerned,
thermodynamic and kinetic aspects should be
involved to know more details about its
performance and mechanisms. Except for adsortion
capacity, kinetic performance of a coconut shells
activated carbon is also of great significance for the
pilot application. From the kinetic analysis, the
solute uptake rate, which determines the residence
time required for completion of adsorption
reaction, may be established. Also, one can know
the scale of an adsorption apparatus based on the
kinetic information.

At present, adorption reaction models have bee
widely developed or employed to describe the
kinetic process of adsorption [10]. There are
several adsorption reaction models, such as zero
order rate equation, pseudo first order rate
equation, and pseudo second order rate equation.
This research aims to observe the adsorption
kinetics equation of COD removal from several
activation periods of coconut shells activate carbon.

EXPERIMENTALS
Preparation of Adsorbents

The coconut shells charcoal was prepared from
locally industry. The charcoal was crushed until
they had a same size at 20 mesh (0,3 cm as
diameter). Then, the charcoal was washed using
demineralized water to eliminate dirt from its. The
coconut shells activated carbon were prepared in
two steps. The first step was chemical activation
and the second step was physical activation. In the
chemical activation process, 50 g of the coconut
shells charcoal was agitated with 250 g of aqueous
solution containing 10% H3PO4 by weight. The
chemical activation and coconut shells charcoal
were homogenously mixed at 85oC for 4 h in a
mixer. After mixing, the coconut shells charcoal
slurry was dried under vaccum at 110oC. The
second process was physical activation. The
coconut shells from the first step was heated to
200oC for about 1, 2, and 4 hours. After cooling,
the activated carbon was washed successively
several times with hot water until the pH became
neutral and finally with cold water to remove the
excess phosphorus compounds.

Simulated Wastewater
About 2 g NH4Cl, 1 g KH2PO4; 0,05

MgSO4.7H2O; 0,038 g CaCl2; 2 g NaHCO3 were

prepared for 1 litre dairy milk simulated
wastewater [11]. Thel 1 mL inoculum from
slaughter house was used for 100 mL dairy milk
simulated wastewater. The Chemical Oxygen
Demand (COD) concentration of dairy milk
simulated wastewater was 4000 mg/l.

The Batch Adsorption Experiments
The batch reactors were prepared from LDPE

which had volume 15 L. There were 2 area in the
inside of reactors, the 10 L of reactor's volume was
the dairy milk simulated wastewater and the 5 L
was a void area. This reactor was operated in
anaerobic condition. The outlet point was placed at
13 cm of height reactor. The porous bag contained
coconut shell activated carbon was placed at the
bottom of reactor. The coconut shells activated
carbon was contacted with dairy milk simulated
wastewater for  16 days in the anaerobic reactor.
The reactors were monitored every 2 days. The
schematic of reactor can be seen at Figure 1.

Figure 1. Illustration of Reactor

15 cm

26 cmOutlet for sampling Simulated
wastewater

Activated
carbon

Figure 1 Ilustration of reactor

RESULTS AND DISCUSSION
Effect of Activation Time in COD Adsorption

Activation process of coconut shell was
recommended to improved the adsorption capacity
of adsorbent [12, 13]. Increasing the activation time
was assumed can increasing the pores of adsorbent
. It caused increasing the ability to removed the
pollutant. [14, 15]. Activation time in physical
activation increased the ability of adsorbent for
COD adsorption after 16 days incubation (Figure
2). Adsorption capacity was measured by compared
the concentration at time-0 and concentration at
time-t (equation 1).  1 hour activation time effected
to adsorption capacity. In other side, the adsorption
capacity of 2 and 4 hours activation time had
similar adsorption capacity. It indicated that
increasing 2 to 4  hours activation time had
stationer performance in activation capacity.= ( )

(1)

where: Co, Ce, qe as TAN concentration at t=0; as
TAN concentration after adsorption process; as
adsorption capacity at equilibrium, respectively.
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Figure 2. Effect of activation time to adsorption capacity

Effect of Contact Time in COD Adsorption
Contact time was contact duration between

adsorbent and adsorbate. Figure 3 illustrated that
the early 4 days, the adsorption capacity of 2 hours
activated time of coconut shell was fluctuated. In 6
to 16 days, the adsorption capacity in the range
140-175 mg/g. It was similar with stationer
position  after 6 days. The stationer position in
adsorption capacity represented that adsorbent was
saturated [16]. The degradation of COD in
anaerobic reactor contain media was influenced
with adsorption capacity of media and
microorganism activity inside wastewater. The
slowly process of COD degradation also caused the
slowly process of organic compound degradation
in anaerobic reactor [17].

Figure 3. Effect of contact time to adsorption capacity

Simple Adsorption Kinetic
The adsorption kinetic was used to determined

the residence time to complete the adsorption
reaction. Adsorption kinetic also used as scale
information for pilot scale. There are several
adsorption kinetic to predict the adsorption
performance in batch studies. Zero order kinetic
was the simple adsorption kinetic. Figure 4
represented  that the determination coefficient from
zero order kinetic was less than 0.8. It was
indicated that the zero order kinetic was unsuitable
for COD adsorption. Zero order reaction indicated
that adsorption rate was independent from reactant
[18]. It means that the increasing of adsorption time
will not effect to adsorption rate. The adsorption
rate for zero order kinetic in equation (2)  [19].

Zero order kinetic model :
Ct=-k0.t+A0 (2)

where Ct is the COD concentration (mg/L) at time t
(d) and calculated by Ct=C0(1-(φt/100)); φt is the
removal of COD (%) at time t (d); k0, was the zero
order constants respectively; A0, was constanta.

The another types of simple kinetic reactions
were first and second order reaction (Equation 3
and 4). The first order reaction described that the
rate of change Ct was proportional with reagent
was given in certain contact time. Meanwhile, the
second order reaction indicated that the change of
Ct was propotional to one concentration squared, or
to the product of two concentration,
First order kinetic model :

lnCt = -k1.t+A1 (3)
Second order kinetic mo :

1/Ct = k2.t + A2 (4)

Figure 4. Zero order kinetic models in variation
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Where Ct is the COD concentration (mg/L) at
time t (d) and calculated by Ct=C0(1-(φt/100)); φt is
the removal of COD (%) at time t (d); k1, and k2 are
the first order and second order reaction rate
constants respectively; A1, A2 are constanta.

Figure 5 represent the low coefficient relation
(R2) in first order kinetic reaction, under 0.8 for all
activation time of coconut shell. The coefficient
relation increased when activation time of coconut
shell also increased. Nevertheless, the maximum of
coefficient relation at coconut shell in 4 hours
activation  time only  0.519. Actually, Von
Sperling [18] recommended first order kinetic for
wastewater treatment because first order described
the removal of organic matter and the decay of
pathogenic microorganism such as research of
Wong & Springer [20] used a first order kinetic
model in anaerobic ponds.
This research presented that simple kinetic reaction
was unsuitable for the reaction of activated coconut
shell to removal organic matter.  Von Sperling [18]
added that stabilization of organic matter removal
can described with pseudo reaction. Simple kinetic
reaction has limitation to figured out the removal
process of high concentration of organic matter.
This research treated around 4000 mg/l of organic
matter in which it was represented in COD value.

Pseudo Kinetic Reaction
Pseudo First and second reaction were the

another kinetic reaction for adsorption. This kinetic

reactions were used to  solved the limitation of
classical kinetic. Lin et al [19] successfully used
pseudo reaction to describe COD removal. The
pseudo reaction based on the hypothesis that the
reactions related to substance was occurred in
surface of adsorbant. The equation of pseudo
reaction was shown at equation  (5)  and (6).
Pseudo first order:

log (Cr,max – Cr,t) = log Cr,max – K1.t (5)
Pseudo second order:

t/Cr,t = t/(K2. (Cr,max)2) + t/Cr,max (6)

Where Cr,t (mg/l) and Cr,max (mg/l) are the
concentration  of COD removal at t and the
maximum concentration of COD removal, k1 and
k2 were the  pseudo first and second constant,
respectively.

Figure 8 Shown that pseudo second order
reaction more fittet to described COD removal
rather than Pseudo first reaction. Even, many
researcher recommended pseudo first order suitable
for wastewater [21, 22]

The R2 values were above 0.9 for all adsorbent
activation time from linear regression.This
evidence indicated that pseudo second order more
suitable for COD removal. It was similar with Lin
et al [19] research.  It proved that COD removal
was fitted with assumption that  the valent forces
involving ion exchange between organic compound
and component ions at activated coconut shell
[21].

Figure 5. First order kinetic models in variation of activation time

Figure 6. Second order kinetic models in variation of activation time
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Actually, regarding on theory of Qiu et al[21],
Pseudo second order was not suitable for activated
carbon from coconut shell such as Wen et al [23]
used zeolite as non polar adsorbent also fitted with
pseudo second order in ammonium adsorption
process. Pseudo second order also had limitation
unsuitable described adsorption process for organic
pollutant onto non polar polymeric adsorbent.
Activated carbon from coconut shell was non polar
adsorbent. It adsorbs non polar molecules better
than polar molecule [22]. Research of Joseph and
Chinonye [24] using Kola Nut Activated Carbon to
adsorb  dyestuffs also fitted with pseudo second
order reaction.  It indicated that the wastewater in
this research was dominated with non polar
molecule. It also shown that pseudo secondary
order kinetic fitted to non polar adsorbent in which
the adsorbent have valent forces with adsorbate.
Organic substance removal usually easily adsorbed
with media from  natural adsorbent [24, 25].
Polarity of adsorbant and adsorbate were
influenced factors of valent forces between both of
them.

CONCLUSIONS

The simple kinetics and pseudo kinetic were
compared to find the best fitted model of COD
adsorption using activated coconut shell in 1, 2,
and 4 h activation time. The adsorption process was
observed in 16 d. Extend the duration of activation

time until 4 h was not increased the adsorption
capacity of COD. Activated coconut shell easily
saturated when removed COD only 6 d contact
time. The best fitted adsorption kinetic for COD
removal using activated coconut shell was pseudo
second order reaction.
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ABSTRACT

This research aims to synthesize and characterize complex compound of copper(II)-2,4,5-triphenylimidazole. This
complex compound synthesized by reacted copper(II) from CuCl2.6H2O and 2,4,5-triphenylimidazole ligand with
stoichiometric copper(II):2,4,5-triphenylimidazole = 1:2. The complex was synthesized and characterized by UV-Vis
spectroscopy, IR spectroscopy, N2 adsorption-desorption, and thermal gravimetric analyzer (TGA). This research
obtained solid yellow green. Characterization of compound are 309 nm and 243 nm, vibration Cu-N band appears
at 493 cm-1 which supports the formation of Cu-N bond. This clearly proves the coordination of imidazole to metal
ions through this N atom and stability thermal this compound up to 250 °C.

Keywords: copper(II), 2,4,5-triphenylimidazole, complex compound, characterization.

INTRODUCTION

Complex compounds are the one which plays
an important role in human life. These compounds
are formed because of the bond between a ligand
that acts as an electron-pair donor (Lewis base)
with a central metal ion (metal) that act as electron-
pair acceptors (Lewis acids). Nowadays, the
development of science complex compounds more
rapidly.

Copper(II) complexes of imidazole are of great
pharmacological interest and importance as several
of them present a wide spectrum of effects,
including, anticancer, antibacterial, and antifungal
[1,2,3]. The copper(II) complexes of imidazole was
showed an interesting inhibition of the growth of
all Gram-positive bacteria and fungi tested at
concentrations of 12-50 µg/ml [3]. Low IC50 means
the compound has high activity, high CC50 means
the compound has less toxicity, and high selectivity
indices (SI) means the compound has high
possibility of the drug. Therefore, in this study the
synthesis and characterization of complex
compounds Copper(II)-imidazole so that later can
be used as a drug.

EXPERIMENTAL
Materials

Chemical reagents used in this research is the
copper(II)chloride hexahydrate (CuCl2.6H2O)
(Merck 99.0%), N,N-dimethylformamide (DMF)

(Merck 99.8%), 2,4,5-triphenylimidazole ligand
(Sigma-Aldrich 90%), and ethanol (Sigma-Aldrich
96%).

Synthesis of complex compound
Complex compound synthesis was performed

using a mole ratio. Copper(II)chloride hexahydrate
reacted with 2,4,5-triphenylimidazole ligand in a
DMF [4] as much as 2 ml. The complex compound
solution was inserted into the bottle autoclave,
stirred for 3 hours and heated to a temperature of
120° C. The complex was separated from the
reaction mixture by filtration, washed with ethanol
and dried [5].

Figure 1. UV vis Spectra of complex compound Cu(II)-
2,4,5-triphenylimidazole
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UV-Vis spectroscopy
The complex compound was dissolved in DMF

and determined its spectrum in the visible region
(200-700 nm).

Infrared spectroscopy
The complex compound dispersed in KBr with

the ratio of 1: 100. Complex compound and KBr
were mixed then shaped into pellets with
compressed using hydraulic pressure up to a
thickness of 0.01 mm to 0.05 mm. Pellets thus
formed is then placed in the holder and spectra was
recorded in the area of wave numbers 400-4000
cm-1 with spectral separation of 2 cm-1.

Thermal gravimetric analyzer (TGA)
TGA analysis was used to determine the

thermal stability of complex compound using
Mettler-Toledo TGA, procedures performed with
10 mg of sample and included in the holder.
Complex compound was heated at a rate of 10
°C/min from a temperature of 0 °C to 800 °C under
a nitrogen atmosphere.

RESULT AND DISCUSSION

Wavelength of complex compound

The electronic spectra of the copper(II)
complex with 2,4,5-triphenylimidazole ligand are
presented in figure 1. The absorbance was showed
at 310 nm. This is not consistent with the theory,
the color of compound that absorbs the wavelength

of the complementary color, this compound has a
green yellow color, so that the complex compounds
that absorb wavelengths in the complementary
color is red (620-750 nm), this metal complex can
be attributed to intra and inter ligand transitions
which has merged with the metal-ligand charge
transfer transitions dM  π*N-ligand [6]. Transitions
of d-d are not observed due to the very low
concentration of metal complex in the leachate [7].

Functional groups of complex compound
Infrared spectra of Copper(II) complex with

2,4,5-triphenylimidazole ligand are presented in
figure 2. The C=N stretching frequency is observed
at 1640 cm-1, N-H whereas two fairly strong bands
at 3443 and 3038 cm-1, C-N stretching frequency in
1176 cm-1. The bands at 621 cm-1 are assigned to
C-H bending vibrations. The C-H aromatic was
showed at 697 cm-1, N-H wagging vibration was
present at 734 cm-1 and peak at 1441 cm-1 is
assigned to the symmetric C=N-C=C stretching
vibration. Cu-N band appears at 493 cm-1 which
supports the formation of Cu-N bond [8]. This
clearly proves the coordination of imidazole to
metal ions through this N atom [7].

Stability thermal of complex compound
The thermo gram of Cu(II) complex with 2,4,5-

triphenylimidazole showed in figure 3. In this
research weight loss corresponds to that of the
complex which have been found to decompose in
the temperature range of 250-360 °C. The complex
compound has stable up to 250 °C. Decomposition
of imidazole occurs only after 200 °C [9].

CONCLUSIONS

This research obtained solid yellow green.
Wavelength of compound are 310 nm, vibration
Cu-N band appears at 493 cm-1 which supports the
formation of Cu-N bond. This clearly proves the
coordination of imidazole to metal ions through
this N atom and stability thermal this compound up
to 250 °C.
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ABSTRACT

The extracts of Piper crocatum, Pisonia alba spanoghe, Chrysophyllum cainito L., Ipomea batatas L., Mirabilis
jalapa L., and Curcuma domestica Val. have been studied for inhibition of UV radiation. The various solvent was
applied, i.e. methanol, ethanol and demineralized water using maceration method. The behavior of the extracts on
inhibition of UV-Vis radiation have been characterized by fluorescence spectrometry. The fluorescence spectra
obtained that the excitation wavelength of water extracts of Piper crocatum, Pisonia alba spanoghe, Chrysophyllum
cainito L., Ipomea batatas L., Mirabilis jalapa L., and Curcuma domestica Val. are 200-300 nm, 200-350 nm, 200-
400 nm, 325-350 nm, 320-350 nm and 320-350 nm, respectively. The emission wavelength of water extracts of Piper
crocatum, Pisonia alba spanoghe, Chrysophyllum cainito L., Ipomea batatas L., Mirabilis jalapa L., and Curcuma
domestica Val. are occur at 300-750 nm, 650-720 nm, 350-750 nm, 650-700 nm, 620-720 nm and 620-700 nm,
recpectively. The extracts of Piper crocatum, Pisonia alba spanoghe, Chrysophyllum cainito L., Ipomea batatas L.,
Mirabilis jalapa L., and Curcuma domestica Val. are in methanol and ethanol also give similar spectra. These
results indicate that combination of the extracts obtained will absorb at all UV radiation area which causes skin
aging (i.e. UV-A (320-400 nm), UV-B (290-320 nm) and UV-C (200-290 nm)) then emit the energy at near infra-red
region (>750 nm). Therefore, the combination of the extracts has high possibility to be used as a sunscreen that can
protect the skin completely from harmful UV radiation.

Keywords: sunscreen, UV radiation, plant extract, fluorescence, skin aging.

INTRODUCTION

Skin aging are classified into intrinsic aging
(chronology) and extrinsic aging (photoaging) [1].
Intrinsic aging caused by the aging process in
accordance with human life and correlated with
genetic factor. Intrinsic aging causes the skin
became wrinkled and pale. Whereas, extrinsic skin
aging caused by external factor such as UV
exposure. UV exposure in long term causes
degeneration of skin collagen [2], pathological
disorders of skin such as erythema, edema,
hyperpigmentation, prematurely aged, and skin
cancer [3].

UV rays are classified into UV-A (320-400
nm), UV-B (290-320 nm) and UV-C (200-290 nm)
[3]. The distribution of UV rays on the earth are
90% of UV-A, 5% of UV-B and 5% of UV-C. The
percentage of UV rays which entering on the earth
surface based on the thickness of ozone layer [4].
In the recent years, the depletion of ozone layer
causes an increasing of UV exposure on the earth
surface. Hung and Chi Feng was reported that UV-
A is an important factor on the radiation of UV-B
rays [5].

The mechanism of UV radiation on the skin
involves free radical and reactive oxygen species
(ROS) [6]. The natural antioxidant can be drained
by them, and causes reactive oxidative stress. ROS
is a singlet oxygen [7], superoxide, peroxide,
hyperoxide and ICAL RAD hydroxyl [8]. UV-B
with UV-A produce superoxide, either directly or
using enzyme activation [6]. The effect of UV-B on
the DNA causing the formation of cyclobutane
pyrimidine dimers (CPDS) and low pyrimidine (6-
4) pyrimidine (6-4 PPs) photoproducts. If the
changing was not repaired, the DNA mutation on
the epidermis cell lead to skin cancer [9]. It
encourages the researcher to explore correlation
between the application of sunscreen and skin
cancer [10].

The sunscreen that commonly used only protect
the skin from UV-B rays [11]. It makes the damage
from UV-A rays cannot be prevented and causing
ROS will demolish the natural antioxidant from the
skin [12]. Based on US Food and Drug
Administration (FDA) on the June 14, 2011,
sunscreen should be containing antioxidant
compound which gives protection from UV-A and
UV-B rays [13]. The adding of antioxidant on the
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sunscreen is recommended, because it can be
minimalizing of skin damage which causes of
sunlight exposure. The sunlight exposure make the
endogen antioxidant amount loss significantly [14].

-carotene, one of carotenoid compound, is
reducing effective singlet oxygen which has high
antioxidant activity [15]. The effect of carotenoid
protective can protect (ex-vivo and in vitro) the
skin from UV-A, UV-B and infrared rays [16]. But,
skin penetration still have problem from the
development of sunscreen which contain
antioxidant [4]. Some of sunscreen product causes
toxicity risk or allergic on the skin. The plasma and
urine on human body which uses sunscreen that
containing antioxidant was detected containing
benzo-3-phenone. It means that the sunscreen was
containing the molecule which can be diffused on
the human skin [17]. The diffusion process of the
molecule from sunscreen on the skin was occurring
because the molecular size. The molecular weight
and lipophilicity of the compound on sunscreen has
important role on the skin penetration and
sunscreen production [11].

Phytochemical from plants can be used as
sunscreen material and protect the skin from UV
radiation [2]. Polyphenol plants have ability to
clean the strong radical on the human body [3]. In
the recent years, the ability of polyphenol plants
towards UV rays give a big attention on the
research area [18]. The utilization of plants extract
such Punica granatum, Melissa officinalis, L. [3],
Anemarrhena asphodeloides rhizome [2], and
Blackberry as sunscreen, have been reported.
Flavonoid and phenylpropanoid content on the
Melissa officinalis, L. makes the ability as an
antioxidant. On the 2016, Pérez-Sánchez promote
the extract of Melissa officinalis, L. as a sunscreen
which can be preventing from UVB-oxidative
stress and the damage of DNA on the skin [3].

Piper crocatum, Pisonia alba spanoghe,
Chrysophyllum cainito L.[19], Ipomea batatas
L.[20], Mirabilis jalapa L. [21], and Curcuma
domestica Val. [22] contains flavonoid and
polyphenol compound which can be acted as
antioxidant [23]. In this research, the effect of skin
protection towards UV rays from the extract of
Piper crocatum, Pisonia alba spanoghe,
Chrysophyllum cainito L., Ipomea batatas L.,
Mirabilis jalapa L., and Curcuma domestica Val.
will be studying based on fluorescence analysis.

MATERIALS AND METHOD
Extraction of plants

The leaves of Piper crocatum, Pisonia alba
spanoghe, Chrysophyllum cainito L., Ipomea
batatas L., Mirabilis jalapa L. and rhizome of
Curcuma domestica Val. obtained at Institut
Teknologi Sepuluh Nopember. The leaves and

rhizome were dried at 60°C for 48 hours and
mashed into powder. 0.4 gram of the powder was
extracted by maceration method using 2 mL of
solvents for 6 hours. In this study, we use 3
solvents, i.e., demineralized water, 98% methanol,
and 98% ethanol which purchased from the local
market. The filtrate from extraction process was
separated and freeze drying for 24 hours. The
extract of plants are ready to analyze using
fluorescence spectrometry. Coding of the plant
extracts conducted to simplify the analysis process
and presented at Table 1.
Table 1. List of the plants that has been extracted
Plant Solvent Code of

sample
Piper
crocatum

Demineralized water
Methanol
Ethanol

A1
A2
A3

Pisonia alba
spanoghe

Demineralized water
Methanol
Ethanol

B1
B2
B3

Chrysophyllum
cainito L.

Demineralized water
Methanol
Ethanol

C1
C2
C3

Ipomea
batatas L

Demineralized water
Methanol
Ethanol

D1
D2
D3

Mirabilis
jalapa L.

Demineralized water
Methanol
Ethanol

E1
E2
E3

Curcuma
domestica Val.

Demineralized water
Methanol
Ethanol

F1
F2
F3

Characterization of plants extract using fluorescence
spectrometry

The extracts of Piper crocatum, Pisonia alba
spanoghe, Chrysophyllum cainito L., Ipomea
batatas L., Mirabilis jalapa L., and Curcuma
domestica Val. (Table 1) were characterized by
fluorescence spectrometry (Perkin Elmer).
Excitation of the extract was measured at range of
wavelength of 200-500 nm. While, the emission of
the extracts was carried out from 200 to 800 nm.

RESULTS
Characterization of water extract using fluorescence
spectrometry

The ability of Piper crocatum (A1), Pisonia
alba spanoghe (B1), Chrysophyllum cainito L.
(C1), Ipomea batatas L. (D1), Mirabilis jalapa L.
(E1), and Curcuma domestica Val. (F1) extract to
block the UV rays was measured by fluorescence
spectrometry (Fig 1). Based on the spectra of
excitation and emission, the extract of A1, B1, C1,
D1, E1 and F1 was indicated to prevent the
radiation of UV-C, UV-B, UV-A and visible. It is
due to the component on the A1, B1, and C1
extracts have ability to absorb at 200-300 nm (UV-
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C and UV-B radiation region). Whereas, the
component on the D1, E1, and F1 extracts have
ability to absorb at 300-350 nm (region of UV-A
radiation). The prevention of visible rays from the
extract was caused by emission on > 350 nm.

Fig 1. Fluorescence spectra of excitation (a) and
emission (b) of piper cromatum (A1), Pisonia alba
spanoghe (B1), Chrysophyllum cainito L. (C1),
Ipomea batatas L. (D1), Mirabilis jalapa L. (E1)
and Curcuma domestica Val. (F1) extract using
demineralized water as solvent.

Characterization of methanol extract using
fluorescence spectrometry

Fig 2(a) shows that the A2, B2, and C2 extracts
have a good potential to block UV-C radiation. It is
due to the extracts have ability to absorb at more
than 240 nm. Whereas, the extract of F2 has a good
potential to block UV-B because has ability to
absorb at 280-320 nm. The excitation of D2 and E2
extract appear at UV-A region (> 320 nm).

The emission of A2, D2, E2, and F2 extract on
Fig 2(b) indicate that the extracts have ability to
block visible rays and near infrared rays. The
radiation of UV rays more dangerous than visible
rays. But, the component of sunscreen which has
ability to block visible rays will be giving good
effectively of sunscreen. The effectiveness of
sunscreen not only based on the compound which

can block the rays, but the antioxidant component
on the extract have good role on the sunscreen [11].
Antioxidant component on the methanol extracts
was obtained from Curcuma domestica Val
rhizome (C2). Nakayama et. al., explain that the
isolation of curcuma compound from Curcuma
domestica Val. rhizome using methanol as solvent
has a good stability of antioxidant than using
ethanol [24].

Fig 2. Fluorescence spectra of excitation (a) and
emission (b) of piper cromatum (A2), Pisonia alba
spanoghe (B2), Chrysophyllum cainito L. (C2),
Ipomea batatas L. (D2), Mirabilis jalapa L. (E2)
and Curcuma domestica Val. (F2) extract using
methanol as solvent.

Characterization of ethanol extract using fluorescence
spectrometry

Ethanol extract of F3 indicate to block UV-B. It
is due to the excitation of F3 extract was at 280-
320 nm (Fig 3(a)). Whereas, A3, B3, C3, D3 and
E3 were excited at 325-350 nm. It shows that the
ethanol extracts have a potential as sunscreen, but
the ability of the extracts only to block UV-B and
UV-A rays.

Fig 3(b) shows that the extracts have ability to
block visible and near infrared rays. It because of
the extracts can absorb at 500-725 nm. Therefore,
the ethanol extract less effective to be used as
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sunscreen. It is because the extract cannot block
UV-C rays.

Fig 3. Fluorescence spectra of excitation (a) and
emission (b) of piper cromatum (A3), Pisonia alba
spanoghe (B3), Chrysophyllum cainito L. (C3),
Ipomea batatas L. (D3), Mirabilis jalapa L. (E3)
and Curcuma domestica Val. (F3) extract using
ethanol as solvent.

DISCUSSION

According to the results, all extracts have been
shown to have the potential to be used as a
sunscreen. However, each extracts have different
region of absorption and emission. It means that if
we combine the whole extracts as raw material for
sunscreen will be obtained the material that can
protect a longer area. Combination of the extracts
can improve protection for UV rays.

In addition, the antioxidant component on the
sunscreen can be minimalizing the skin damage
which caused of sunlight exposure. The sunlight
exposure causes the endogen of antioxidant amount
on the skin was releases significantly [15]. That
compound contained in the water extract of plants.
The water extract is rich in flavonoid and
polyphenol compounds which has function as
antioxidant [19]. Furthermore, the compound of
ZnO in the sunscreen can be replace with the
compound in the methanol extracts.

CONCLUSION

Combination of the water, methanol and
ethanol extracts of Piper cocatum, Pisonia alba
spanoghe, Chrysophyllum cainito L., Ipomea
batatas L., Mirabilis jalapa L.,and Curcuma
domestica Val. have a potential to block UV-C (<
320 nm), UV-B (290-320 nm), UV-A (> 320 nm),
visible (350-700 nm) and near infrared (< 750 nm)
rays. Therefore, the extracts can be used as natural
sunscreen.
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ABSTRACT

Nanofiber membrane from cellulose acetate was produced by electrospinning technique using a dope solution with
ratio of 15% cellulose acetate, 8% formamide, and 77% acetone. The result showed that the optimum conditions
were reached on solution with flow rate at 0.1 μL.h-1, high voltage of 10 kV using a drum or cylinder-shaped
collector with its distance of 10 cm and the optimum time at 5 hours. Optimum characteristic of nanofiber membrane
include the thickness of membrane was 0.32 mm, hydrophilicity of the membrane was positive hydrophilic with the
contact angle smaller for less than 5 minutes, the results of pore size was less than 1 μm, the mechanical strength of
the membrane in terms of stress was 0.00245 MPa, strain about 2.1209 and 1.15777 x 10-5 GPa of Young's
Modulus. Nanofiber membrane applied in creatinine and urea hemodialysis process resulting from kinetic assay
results of the membrane. The membrane had a flux value of 9,171.974 L.m-2.h-1 and removal of creatinine by
98.65% and urea by 87%.

Keywords: Nanofiber membrane, cellulose acetate, electrospinning, hemodialysis, creatinine, urea

.

INTRODUCTION
Kidney failure is a case where the kidney

functionally impaired. And the most effective way
to treat on patients is hemodialysis. The principle
of hemodialysis is transfer the patient's blood
through dialyzer occurring diffusion and
ultrafiltration, then the blood back into the patient's
body. In the process in dialyzer, blood and fluid
dialyzer separated by a dialysis membrane. The
dialysis membrane must have strong mechanical
properties, efficiency, and also does not require the
addition of chemicals in the separation process
(Edward et al., 2008). The dialysis membrane in
the form of nanofiber can be made from a variety
of organic materials (polymers) such as
polysulfone and cellulose acetate. Cellulose acetate
is used as a dialysis membrane because it has
hydrophilic properties that hold fouling in
hemodialysis and had good permeability and
thermostability.

In the previous research that have been done by
making cellulose acetate nanofiber membranes
with template synthesis method (Zelenski et al.,
1998), and phase inversion method (Indarti et al.,
2013) but the membrane was shown under
performance, such as pore size of the membrane is
big when used as hemodialysis membranes can
allow other molecules to pass through the
membrane. So, it would require another method or
technique such as electrospinning techniques to
improve its perfomance by measuring the thickness

of the membrane, mechanical tests, and test
morphology with SEM instrument then nanofiber
membrane was applied to the hemodialysis urea
and creatinine.

MATERIALS AND METHODS
Reagents and materials

Acetone, cellulose acetate, formamide, NaOH,
ethanol, creatinine, picric acid, urease,
phenolftalein indicator and urea.

Instrument
Erlenmeyer with TS glass stopper, magnetic

stirrer, hot plate, Nachriebe 600 electrospinning,
Autograph AG-10 TE Shimadzu, UV-Vis
Spectrophotometer Mapada UV-6100PCS and
Scanning Electron Microscopy (SEM).

Dope Solution Preparation Procedure
Preparation of dope was produced with a ratio

of 15% cellulose acetate, 8% formamide, and 77%
acetone. Cellulose acetate put into the Erlenmeyer
and mixed with acetone, then it placed on a hot
plate and stirred using a magnetic stirrer. Then it
was added formamide and stirred again for about 2
hours until a homogeneous solution. After a
homogeneous solution was left to stand for one
night to remove air bubbles arising from the
dissolution process.

Electrospinning Process Procedure
Dope solution was put into syringe and fed with

high-voltage electricity and a collector membranes
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which made of metal horizontally against the
spinneret (Christoforou and Doumanidis, 2010).
The cable clamp of power supply clipped on
spinneret and other wires clipped to the collector.
After passing through spinnerets, dope solution
attracted to the collector and becomes solid
nanofiber.

Dope solution was treated with varying flow
rate of 0.1, 0.3, 0.5 and 0.7 μL.h-1, varying the
voltage of 5, 10, 15 and 20 kV and also varying the
duration of 1, 3, 5, and 7 hours. In addition, it was
treated with varying distance of the needle to
collector of 5, 10 and 15 cm. The collector also be
varied with drum-shaped or cylindrical and flat
shape. These obtained the optimum nanofiber
membrane.

Characterization

The thickness of the membrane.
Membrane thickness measurement using a

screw micrometer with a precision of 0.01 mm.
There were 2 scales on micrometer screw which
were main scale and Nonius scale. Measurements
were clamping membrane and read the scale.

Hydrophobicity and Hydrophilicity test.
Dropped off aquadest about 10 µL to membrane

with distance 10 cm. Then observed every minute
until the water was completely absorbed into the
membrane and water droplets were photographed.
This determination was made by determining the
contact angle of water that has dripped onto the
membrane.

Figure 1. Membrane on drum collector

Mechanical test of Membranes.
Sample dried by oven at 80-90°C temperature

within 2 hours. Then the membrane dripped with
0.1 M NaOH and then soaked with ethanol at a
ratio of 1: 4 overnight. After that, it heated back in
the oven for an hour at a temperature of 80-90°C
(Ma et al., 2005). After that tested the tensile where
the membrane was clamped by autograph
instrument. The membrane was then withdrawn at
a speed of 1 cm.min-1 until the break.

Morphology of membranes
. Determination of cellulose acetate membrane

morphology using Scanning Electron Microscope
(SEM). Membrane dried and it was cut to a certain
size and then dipped into liquid nitrogen for a few
seconds. Then the membrane cut to the size of 1x1

cm. Then the membrane attached to the specimen
chamber for observation SEM.

Figure 2. The results of the membrane with a variation
of 1, 3, 5, and 7 hours (Left to right).

Flux.
Determination of flux value can be determined

using a dead end method. The resulting membrane
compacted beforehand in order to obtain a constant
flux. Then the membrane used for separation of
urea and creatinine separately. The dead-end tube
was closed and pressurized at 0.2 atm. After the
compaction process was complete then the flux
values measured with distilled water volume
collected for an interval of 20 minutes.

Rejection.
Urea and creatinine solution used as the feed

were 50 mmol.dl-1 or 0.05 M and 2 ppm. The
volume of feed before passing through the
membrane and the permeate volume after passing
through the membrane would be collected in a
separate container. Then in phase feed and
permeate each were taken 15 ml and tested
quantitatively measured with a UV-Vis
Spectrophotometer to determine the concentration
of urea and creatinine in the sample and permeate.
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RESULTS AND DISCUSSION
Nanofiber Membranes CA

CA nanofiber membrane made using
electrospinning technique. Dope solution passed
through a spinneret hole and subsequently drawn
using electrostatic energy with high electric voltage
direct current (DC) then the fibers collected on the
collector (Herdiawan, 2013). To obtain optimum
CA nanofiber membranes were optimized
collector, flow rate, voltage, distance between
collector and spinneret and duration optimization.

Collector Optimization
The results can be seen in Figure 1 that the

nanofiber membranes were collected on the drum
collector produced a thicker membrane than the flat
collector and evenly to all parts of the surface of
the membrane while the yield on flat collector
gathered at the center so just the central part is

thicker than the other side. Therefore, the optimum
results obtained when using the drum or cylinder-
shaped collector.
Figure 1. Membrane on drum collector

Flow Rate Optimization
Based on the flow rate optimization has been

done, the faster the flow rate, more the dope
solution is wasted. This is because the electricity
current supplied unable to pull the dope solution on
Taylor cone formed quickly. The force of gravity
also affects the flow rate optimization. As research
conducted Taylor (1969) in which the shape of a
cone at the end of the spinnerets cannot be
maintained if the flow rate of dope solution is too
large and also research conducted by Megelski et
al. (2002) in which the effect of the flow rate of the
polymer solution shows that the fiber diameter and
pore size increase with increasing flow rate.
However, the flow rate of the high number of
visible defects, due to the inability of fiber to be
completely dry before it reaches the collector.

Table 1. CA Membrane for distance of the needle to collector 5, 10 and 15 cm.
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Inability to dry fibers can also lead to the formation
of ribbon-like fiber compared than a cross-section
fiber. Therefore, the flow rate of 0.1 μL.h-1 as the
optimum rate that is effectively used resulting
solution cause of efficiency of not wasted dope
solution.

Time Optimization
The results of nanofiber membrane pore size

can be seen in Figure 2 where the membrane was
processed by the electrospinning technique at a
longer time produce a thicker membrane. As same
as the results of research Gorji et al. (2011) showed
that increasing duration of the process of making
the membrane, the membrane would get thicker.

Figure 2. The results of the membrane with a
variation of 1, 3, 5, and 7 hours (Left to right).

Distance of the Needle to the Collector Optimization
Results of making membranes with these

optimizations can be seen in Table 1.
Shown in Table 1 that the optimal membrane

was using a distance of 10 cm. The distance was
too distant or too close greatly affect the diameter
and morphology of the membrane. This is due to
the effect of a long or absence tylor cone formed to
reach the collector and forming the membrane so
that the deposition rate and the rate of evaporation
of the polymer solution greatly affects the
morphology of the membrane (Bhardwaj et al.
2010).

Table 2 CA membrane with voltage variations of 5, 10, 15 and 20 kV
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High Voltage Optimization
The result of making membranes in

optimization voltage which can be seen in Table 2.
Table 2 CA membrane with voltage variations

of 5, 10, 15 and 20 kV
In Table 2 shows that the optimal cellulose

acetate membrane is by a voltage of 10 kV with a
distance of 10 cm using a flow rate of 10 µL.h-1 for
2.5 hours.

Characterization

The Thickness of Membrane
The thickness of the membrane resulting in an

optimization voltage, duration and needle to
collector distance shown in Figure 3. It shows that
the longer time spent in making nanofiber
membrane CA, it produces a thicker membrane.
This is due to the longer time spent in the process
of electrospinning, the more the polymer solution
can be deposited on the membrane so that the
membrane produced thicken.
Figure 3 the thickness of CA membrane

The voltage and distance optimization’s results
seen in the visible produces a different thickness
however when it measured quantitatively using the
tool, it produces the same thickness. It is because
when the electrospinning process was only done for
2.5 hours so that the thickness of the membrane at
each other is almost the same. The duration could
affect the thickness of the resulting membrane.

Hydrophobicity and Hydrophilicity
Hydrophilicity of the membrane surface

evaluated from the results of water contact angle
measurements. Low water contact angle showed
high hydrophilicity of the membrane surface and
vice-versa (Haitao et al. 2009). Results of
determination hydrophobicity and hydrophilicity
can be shown in Figure 4.

From Figure 4 shows that the  decrease arch of
water so it can be concluded that the membrane is
hydrophilic. This was due to the structure of
cellulose acetate contained hydroxyl groups (OH)
that is polar so that membranes can absorb water
and cause the contact angle of water decreased
(Amri et al., 2015).

Figure 4 hydrofobicity and hydrofilicity of CA
membrane

Mechanical Test of Membrane
Nanofiber membrane heated below the melting

point up to dry so that the nanofiber membrane is
bonded to one another and retaining the
morphology. If using a temperature above the
melting point (210°C) can easily destroy the
material (Ma et al., 2005). After heated to a
temperature of 80-90°C, the membrane was
dropped with 0.1 M NaOH and soaked with a
solution of ethanol and distilled water in the ratio 1:
4 for 24 hours. The function of this treatment is to
remove the acetyl group contained in the cellulose
acetate through the hydrolysis reaction (Ma et al,
2005). Once it rinsed with distilled water and then
dried.

A test conducted to determine the mechanical
properties of the membrane strength of the force
applied to the membrane broke. The parameters
used to determine the mechanical properties of the
membrane were tension, strain and Young's
modulus. Rated stress, strain, and young modulus
of the membrane at each other was shown in Table
3.

Table 3 Value of stress, strain and young’s modulus
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In Table 3 shows that the membrane by voltage
10 kV has a higher stress than others. This was due
to the membrane 10 kV has a tight pore structure
and has a distance between the molecules of the
membrane meeting others and thus required a
higher voltage than other membranes. Membrane
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with 20 kV was not carried out due to tensile test
was formed nanofiber membrane is very thin and

easily broken even by small force and in order to
that it is not possible to do the tensile test.

Furthermore, to stretch the membrane with a
voltage 10 kV has a strain value smaller than the
membrane with other. This is because the
membrane 10 kV has a pore size that is not easily
changed. Membrane good is a membrane that has a
value of strain is relatively small due to the small
elastic properties (Callister, 2010). Then for the
membrane with 10 kV has value of Young's
modulus higher than other membranes. This was
due to the membrane 10 kV has a higher stress
value and the strain that is lower than the others.
However, when seen from the table that the
Young's modulus of cellulose acetate membranes
has a relatively small value because on each
membrane has a relatively low stress value and
strain value is relatively high so as to produce
young's modulus values were relatively small
because of the value of stress, strain and Young's
modulus of the membranes can be influenced by
the structure, composition and defects in the
membrane. So from the results of measurement of
mechanical of cellulose acetate membranes
optimum membrane against the value of stress,
strain and Young's modulus is membranes with 10
kV.

Seen from the time variation of the membrane,
the longer time is pore membrane can produce a
big tight so that when tensile tested to breaking
produces a large stress. For the measurement of
strain of the time variation shown in Figure 5.
Increasing the value of the strain caused by the
increasing number of hydrogen bonds so that the
viscoelastic response was increased so that it can
be concluded from the results of the stretch, CA
nanofiber membranes with a long time is a
membrane that is elastic. In Young's modulus
measurement results depends on the type of
material (material composition) used. The value of
Young's modulus of the membrane is smaller than
a pure CA Young's Modulus value. This decrease
was due to membrane given the influence of
temperature or heat in preparation before the tensile
test so that the lower value of Young`s Modulus.
The higher the working temperature of the
material, the smaller the value of Young's modulus
(Dieter, 1986).

Figure 5. Measurement results a) tension b) strain and c)
Young's modulus versus time.

Figure 6. Morphology structure of membrane cellulose acetate, (a) Morphology membrane 10 kV, (b) Morphology
membrane optimization (Christoforou et al. 2010), (c) Morphology membrane 5 hours optimization..
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Morphology of Membrane
Determination the morphology structure of

cellulose acetate membrane can be determined by
using instruments Scanning Electron Microscope
(SEM). The results of SEM test aims to determine
the structure of the membrane surface obtained.
SEM test results of cellulose acetate membranes in
optimum condition indicated is presented in Figure
6.

Seen from Figure 6 shows the uniformity of the
nanofiber produced on cellulose acetate membranes
by electrospinning technique and the size of
produced nanofiber membranes for less than 1 µm.
Also seen in Figure 5 that the fiber nanofiltration
are formed scattered evenly, tightly and
homogeneous (Cristoforou et al. 2010). Nanofiber
membrane with a time of 5 hours and voltage 10
kV summed up as membrane optimal than other
variations due to the uniformity of the fiber
membrane that allows for the molecule creatinine
and urea can be through the membrane.

Kinetic Test of Membrane
Flux. Flux used a dead-end method. The flux

value produced from cellulose acetate membrane
was at 9171.974 L.m-2.h-1. These big results
depended on the feed solution is inserted and get
pressurized. Membrane missed all the feed
solution. It shows that the membrane was
hydrophilic because it could quickly pass all of the
feed solution. Cellulose acetate in its structure had
a hydroxyl group (OH), which was polar so that the
membrane was hydrophilic. Besides the membrane
has a very thin thickness so that the feed solution
will be faster flow.

Rejection.
The results of the rejection at urea and

creatinine hemodialysis were 13% and 1.35%.
These results, based on the calculation of the
absorbance concentration permeate solution against
data regression curve creatinine standard solutions.
It means that a reduction in urea after passing
through cellulose acetate membranes by 87% and
creatinine retained by the membrane at 1.35% so
the reduction in creatinine after passing through
cellulose acetate membranes by 98.65%. The
amount of urea and creatinine that can pass through
the membrane because the membrane pores are so
numerous and hydrophilic membranes.

CONCLUSIONS

Based on the results of research on the
manufacture of nanofiber membrane made of
cellulose acetate can be concluded that:
The use of electrospinning technique was effective
in producing of nanofiber membranes for having a
particle size or morphology corresponding
approximately less than 1 μm, the mechanical
strength of the membrane amounted to 0.00245

MPa of stress, strain at 2.1209, and a Young's
modulus of 1.15777 x 10-5 GPa. Nanofiber
membrane was not yet applicable in creatinine and
urea hemodialysis process resulting from kinetic
assay results of the membrane. The membrane had
a flux value of 9,171.974 L.m-2.h-1 and removal of
creatinine by 98.65% and urea by 87%.

The various optimizations performed starting
from the optimization of flow rate solution,
collectors, duration, voltage and distance of needle
to collector of nanofiber membrane obtained
optimum flow rate 0.1μL.h-1 with a drum or
cylinder-shaped collector during the optimal time
of 5 hours by a voltage 10 kV and a distance of 10
cm.
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Abstract

Propolis has been considered as antioxidant, antibacterial, antinflammatory substances. These bioactive activities
due to rich in polyphenolic compounds, flavonoids, peptides etc.  This study mainly uses natural beehives from East
Java, Indonesia to get propolis extracts as primary material. It focused on the composition of propolis. The propolis
extracts have phenolic and flavonoid compounds.

Key words : propolis, phenolic, flavonoid, Ultrasonicated Assisted Extraction.

INTRODUCTION

Propolis contains many bioactive compounds
such as resinous compounds, balms, beeswax,
aromatic essential oil and bee pollen. Propolis also
contains amino acids, trace elements and at least 38
bioflavonoids including the presence of benzyl
caffeat [1]. Propolis also contains some amino
acids such as alanine, valine, glycin, leucin and
others. It has also been reported that propolis
contains some essential vitamins [2]. These
bioactive compounds cause the bioactivities of
propolis such as antioxidant, antibacterial, antiviral
etc.

Propolis extract can be obtained by some
methods, for examples, nanofiltration, supercritical
fluid extraction [3] and ultrasonic-assisted
extraction [4]. Ultrasounic-assisted extraction is an
extraction method which uses the principle of
sound wave. It is one of new extraction method.
Ultrasounic-assisted extraction (UAE) can be
considered as a useful alternative for solid sample
pretreatment (propolis extraction) because the
energy imparted facilitates and accelerates some
steps, such as dissolution, fusion, and leaching,
among others. In addition, extraction process using
UAE spend less time than other extraction
methods. Operating cost of  UAE is low, it can
produce more extracts depend on the characteristic
of material, more simple and take a short time of
extraction process [5].

EXPERIMENTAL
Materials

Raw materials used in this experiments are
natural beehives. Other reagents used such as
ethanol 95 %, gallic acid, folin-ciocalteau reagents,
Na2CO3, quercetin, NaNO2, H2SO4, and NaOH.

Extraction Process.
The crushed beehives (25 g) were mixed with

20 mL of ethanol (95% v/v). Various amplitudes
and operation time were studied by Design-Expert
software with Response Surface Methodology
(RSM). Amplitudes that are used are from 60 to
100 % and variation of operation time from 15 to
45 minutes at 60°C under continuous stirring (150
rpm). The solution was then filtered, collected and
stored overnight at 4 °C. The resultant solution was
further filtered, and the prectecipitate was washed
with cold 95% (v/v) ethanol. The filtrate was
evaporated at 50°C, giving a resinous brown
product. The borwn colored filterate was further
disintegrated in 10 mL of water, containing 8% w/v
of L-lysine by mixing for 30 min at 50°C. The
propolis extracts were stored at -20 °C in dark for
further studies [6][7].

Quantifications of Phenolics Content
A mixture of 1.0 mL of the sample, 5.0 mL of

Folin-Ciocalteau reagent diluted in water (1:10)
was incubated for 5 min at room temperature
followed by addition of 4.0 mL of 0.4 M Na2CO3
solution, leaving to rest for 2 h in dark. The results
were read on a spectrophotometer at 765 nm and
gallic acid was used as reference [8].

Quantifications of Flavonoids Contens
This analysis consisted by mixing 0.4 mL of the

sample with 9.6 mL of distilled water, 1.2 mL of
0.2 M sulphuric acid, and 1.2 mL of 3 M sodium
nitrite and 1.2 mL of 10 % sodium hydroxide. After
15 min of  incubation of this mixture at room
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temperature (25 °C), the absorbance of the samples
was measured in a spectrophotometer at 395 nm.
Flavonoid quercetin was used as reference.

RESULTS AND DISCUSSION
Extraction Process

The moisture content of dry beehive was
determined before the extraction process. This
extraction process using Ultrasonic assisted
extraction (UEA) method in variation of amplitude
and time. The amplitude was in range 60 % to 100
% and the time was in the range  of 15 to 45
minutes, respectively. The optimum condition was
obtained by using Response surface methodology
(RSM) design software. The maximum temperature
of extraction was 60 °C because propolis can easily
be degradated in the temperature more than 60 °C
[6]. The objective of evaporating extracts is to
reduce ethanol content. Evaporating temperature
was 50°C to prevent the degradation of propolis
extract. L-lysine was added to enhance the
solubility of protein contents in propolis extracts.
The final results of propolis extracts kept in 4 °C
temperature and without presence of the light due
to propolis extract can easily be degradated if it
placed in room temperature with the presence of
the light.

Phenolics Content
The composition of compounds that containing

in propolis are as key candidate for evaluating
propolis quality. Phenolic content for each extract
from different run was determined. Gallic acid was
used as standard. Measurement of absorbance was
replicate for three times. From this measurements,
the highest phenolics content was 10.81 ± 0.10
μg/g dry beehive. The extraction amplitude and
time conditions for the propolis extract with highest
phenolic content are 100 % and 31.35 minutes. It’s
mean that high amplitude will produce propolis
extract with high phenolics content. according to
this experiments, increasing amplitude will produce
propolis extract that contain high phenolic content.
However, time does not has affect in phenolic
content of propolis extract. Another study of
phenolic content of propolis that quantify phenolic
content of Portugal propolis in methanol solvent
[9]. who quantification of. Propolis samples got
from two different places, Bornes and Fundao and
the phenolic content were 329 mg/g and 151.mg/g,
respectively.

Flavonoids Content
Flavonoids content were determined by using

quercetin as reference. All propolis extracts were
determined the flavonoids content. The results
show that the sample at condition which are 100 %
of amplitude and 31.35 minutes of time extraction
has the highest flavonoid content (0.45 ± 0.01 μg/g
or 0.45 % of dry beehive). From the previous

results of phenolic content, it can be concluded that
the  sample has high phenolics and flavonoids
content. The highest amplitude will produce
propolis extract with extraction time around 31.35
minutes. The flavonoids content of propolis extract
will increase by increasing of amplitude condition.
But, time does not has effect in flavonoids content.
Flavonoids content of propolis from different
countries have been studied. For example
flavonoids content of Romanian propolis [10].
They studied flavonoid content using two different
ethanolic extracts of propolis and  two different
methods of determination. Other  propolis extracts
which had been determined the flavonoids content
are Taiwan, Brazil and China [11]. The results of
flavonoids content measurement of propolis in the
same material may vary depend on what solvent
that use for extraction and method that use to
determine flavonoids content.

CONCLUSIONS

Propolis ectracts were obtained by extracting
the natural beehives. The extraction method used
was ultrasonic-assisted extraction with variation of
amplitudes and times of extraction. The highest
value of phenolics and flavonoids content were
obtain at 100 % of amplitude and 31.35 minutes of
time extraction. The highest phenolics and
flavonoids content are 10.81 ± 0.10 μg/g dry
beehive and 0.45 ± 0.01 μg/g dry beehives,
respectively.
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Abstract

The superabsorbent nanocomposite synthesis of sodium alginate with nanocrystal size as the back bone
on copolymerization process using acrylic acid, acrylamide monomer and bentonite inorganic particles
as filler. The characterization nanocomposite of sodium alginate -poly (AA-co-AM)/bentonite
superabsorbent as slow release fertilizer by FTIR show presence of the strong peaks Si-O stretching at
1000 cm-1 and  Al-O stretching at  500 cm-1 are characteristic peaks of bentonite. The strong peaks at
1680 cm-1 due to the influence of N-H group from urea in nanocomposite. XRD patterns of
nanocomposite have semi-crystalline with crystalline index is a 62.12 % and obtained size particle 90.6
nm. The surface morphology  nanocomposite of sodium alginate-poly (AA-co-AM)/bentonite  with SEM
look more rough and pores, due to the addition of bentonite, which are useful in the process of
absorption of water and urea. The best swelling capacity by addition 15% bentonite in formulation
obtained for water 576 g/g and urea 629 g/g. The release capacity obtained  for 10 days to water 77.9 %
and urea 60.66 %. This result is quite satisfied to applied for slow release fertilizer

Keywords: superabsorbent, nanocomposite, , sodium alginate, slow release fertilizer, release capacity

INTRODUCTION

Fertilizer is one of the important input materials for
the plant. However, most of the the applied amount of
common fertilizers can not reach the plant, but it is
washed off by rain and irrigation water [1,2]. The plants
can not absorb all the fertilizers applied, approximately
40-70% of nitrogen, phosphorus 80-90%, and 50-70%
potassium can not be absorbed by plants. The part of lost
fertilizer not only causes large economic losses but also
very serious environmental pollution. The use of slow
release fertilizers is a new trend to save on fertilizer
consumption and to minimize environmental pollution
[3,4]. Because of slow release fertilizers are designed to
gradually release fertilizer to the plant at a rate coincides
with the nutritional needs of plants [5,6].

At the sametime, water is one of the main factors that
important the production of agriculture, so it is very
important to use the water resource efficiently. The
research on the use of superabsorbent as water
management materials for agricultural applications has
attracted great attention. Superabsorbent polymers are
cross linked hydrophilic polymers that can absorb water,
or other liquids up to hundreds of times their own weight
[7]. The ability of the superabsorbent to absorb water
increased with increasing hydrophilic groups attached to
the polymer main frame. Based on the properties of
superabsorbent are widely used to control the release of
the absorption and release of water and fertilizer in

agriculture [8]. In agricultural uses especially in arid
areas, the use of superabsorbents causes to increase the
water holding capacity and therefore the fertility of the
soil [9]. Therefore, the soluble fertilizer absorbed or
fertilizer coated by the superabsorbent formulation will
be a slow-release fertilizer the ideal [10].

The majority of conventional superabsorbents are
made from synthetic hydrophilic polymers such as poly
acrylic acid or copolymer of poly Acrylamid. However,
the poor degradability in soil, this will cause serious
environmental problems.  The need for using safe
environmentally, so that the research on the synthesis of
degradable superabsorbent is continuously increasing.
The composites of superabsorbent eco-friendly and
biodegradability were made from some natural polymer
materials, such as starch, cellulose, chitosan and alginate
[11,12]. Alginate based superabsorbents prepared by
graft polymerization with acrylic acid and acryl amide
monomers onto a chain of alginate has been widely used
in agriculture [13,14].

Introduction of inorganic into superabsorbent
polymer is an effective way to develop materials with
good functions. In many previous studies,
montmorillonite, kaolin dan attapulgite, have been used
to fabricate superabsorbent composites. The
incorporation inorganic mineral can not only reduce
production cost, but also to increase swelling ability, and
thermal stability of corresponding superabsorbent
composites [14,15,16]
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In this research, the synthesis of nanocomposite used
sodium alginate as backbone, acrylic acid, acrylamide as
monomer, potassium peroxodisulfate as initiator, N'N-
methylene bisakrilamida as crosslinking agent and
inorganic bentonite as filler material. Characteristics of
polymer functional groups of nanocomposite
superabsorbent with fourier transform spectroscopy
infrared (FTIR), surface morphology with scanning
electron microscopy (SEM) and diffraction pattern with
x- ray diffraction (XRD). Swelling and release capacity
nanocomposite of sodium alginate -poly (AA-co-
AM)/bentonite superabsorbent expected can be applied
to control slow release of water and fertilizer.

EXPERIMENTAL
Material

Brown algae used in this work was obtained from
Banten Indonesia as sources of sodium alginate (Na-
Alg). Acrylic acid, Acrylamide (Nippon Shokubai) used
as a monomer, Potassium  persulphate (KPS; Merck) as
initiator, N,N'-methylenebis- acrylamide (MBA; Sigma)
as crosslinking, ammonium chloride (Merck), Potassium
dihydrogen phosphate (Merck), Urea (Merck) was used
as the absorbate and Bentonite as filler (Sigma).

Synthesis of Superabsorbent Nanocomposite
The synthesis of nanocomposite refers to research

Rashidzadeh et al, 2014 [14]. the sodium alginate
extracted from brown algae with the size of the
nanocrystal was dissolved in distilled water, then added
the bentonite suspension was stirred for 6 hours. The
solution fed into the reactor three neck flasks equipped
with mechanical stirrer, reflux condenser, thermometer,
and nitrogen gas. After being purged with nitrogen gas
flowed for 30 minutes to remove dissolved oxygen, and
heating to 600C in a water bath, then added a solution of
5 ml of potassium persulfate (KPS) as the initiator,
acrylamide (Aam), acrylic acid (AA) monomer and N,
N'metilenabisakrilamida (MBA) into the reactor. The
water bath was heated slowly to 700C and kept for 4 h to
complete polymerization. Nanocomposite
superabsorbent product was dried in oven at 500C until
its weight is constant. The composition of the materials
variation used in synthesis of superabsorbent
nanocomposite can be seen in Table 1. Table 1
Composition of the superabsorbent nanocomposite

Swelling Capacity of the superabsorbent nanocomposite
Superabsorbent dried (0.5 g) dipped in water and urea

solution at room temperature until get equilibrium.
Superabsorbent already absorb adsorbate removed and
allowed to constant weight. Swelling capacity (Se) is
calculated by the equation (1):(%) = 100 (1)

Where:

WS (g) is the weight of the swollen sample, and Wd (g) is
the initial weight of the dry sample.

Release Capacity of the superabsorbent nanocomposite
The swelling nanocomposite superabsorbent dipped

into 200 mL of distilled water at room temperature to
reach equilibrium. Capacity release is calculated by the
equation (2):(%) = 100 (2)

Where:

W0 (g) is the weight of the initial sample, and Wt (g) is
the sample weight of every time.

RESULTS AND DISCUSSION
Analysis of Functional groups by FTIR

The FTIR spectra of  the copolymers of poly- acrylic
acid-co-acrylamide are shown in Fig1a, it appears that
the O-H stretching peak at 3200-3400 cm-1 and the  N-H
bands at 1600-1700 cm−1 are related to the overlapped
stretching vibration of the carbonyl groups of AA and
AAm. Fig 1b is the spectra of nanocomposite of sodium
alginate -poly (AA-co-AM)/ bentonite shown presence
of the strong absorption peaks around 1000 cm-1 (Si-O
stretching) and around 500 cm-1 (Al-O stretching) are
characteristic peaks of bentonite. The nanocomposite
which have absorbed urea can be seen in Fig 1c show
sharper peaks at 1680 cm-1 due to N-H of urea have get
into nanocomposite

Fig 1. Spectra of FTIR,  a. Poly (AA-co-AM), b.
Nanocomposite of sodium alginate -poly (AA-co-AM)/
bentonite and c. Nanocomposite absorb urea.

Analysis of Crystallinity Index by XRD
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Fig 2. XRD pattern of a. Sodium alginate isolation, and b.
Nanocomposite of sodium alginate -poly (AA-co-AM)/
bentonite

Figure 2a is the diffraction pattern of sodium alginate
can be seen two crystalline peaks at 2θ = 13.360, 2θ =
22.220 and one amorphous peak at , 2θ = 8.120, then
calculated its crystalline index is 35.62%. This shows
that the sodium alginate isolation has semi-crystalline
structure and

particle size of cellulose calculated by scherrer’s law
obtained 54.6 nm. The sodium alginate isolation with the
size of nanocrystals will be used for the synthesis of
nanocomposite. The XRD patterns of nanocomposite of
sodium alginate -poly (AA-co-AM)/ bentonite (b) can be
seen one crystalline peak at 2θ = 9,970, this peak derived
from peak of bentonite as inorganic and one amorphous
peak at 2θ = 6.220, crystalline index obtained is 62.12%.
This shows that the superabsorbent nanocomposite
sodium alginate has semi-crystalline structure and
particle size of superabsorbent nanocomposite sodium
alginate obtained 90.6 nm.

Analysis of Surface Morphology by SEM
Figure 3a shows that the morphology of the surface

of poly (AA-co-AM) can be seen from the surface of the
copolymer have pores that are small, uniform surface
distribution and more homogeneous. In Figure 3b can be
seen the morphology sodium alginate poly (AA-co-AM)
have more pores, rough and heterogeneous than Fig 3a, it
due to the sodium alginate was added as a backbone so
that more porous. In Figure 3c can be seen the
morphology nanocomposite of sodium alginate -poly
(AA-co-AM)/ bentonite superabsorbent looks more and
big pores than Fig 3b , it due to addition of bentonite will
increase swelling and release process of water and urea.

Fig. 3 Micrograph a. Poly (AA-co-AM), b. Sodium alginate
poly (AA-co-AM), c. Nanocomposite of sodium alginate -poly
(AA-co-AM)/ bentonite

Swelling Capacity of Nanocomposite Superabsorbent
Examination of the swelling capacity of the

superabsorbent important to be done for a variety of
applications such as agriculture. The results of the
swelling capacity of the water and urea at equilibrium,
variety of samples of superabsorbent nanocomposite can
be seen in Figure 4.

Fig. 4. The swelling capacity of various samples

In Figure 4 can be seen the swelling capacity for
water and urea of a wide variety of compositions that is
sodium alginate, MBA, bentonite, acrylic acid and
acrylamide monomer. The best swelling capacity is SA3,
the composition of the SA3 nanocomposite is 3% sodium
alginate, 0.75% MBA, 15% bentonite, 6 gram acryl
amide and 7 gram acrylic acid obtained the swelling
capacity to water 576 g/g and urea 629 g/g. The more
sodium alginate as the back bone so that the active
groups that can be draw water into superabsorbent is also
increasing. The use of bentonite from 10 to 15% showed
an increase in the capacity of the swelling water and
urea, it is caused  repulsive forces between the surface of
the nanocomposite COO- ions  is negatively charged
with  the surface bentonite negatively charged led to
increase the distance between the network so that the
water and urea absorption increase[12].

Release Capacity of Nanocomposite Superabsorbent
In application as the slow release fertilizer,

nanocomposite which has swelling water and urea, then
performed testing of release capacity in water, the
experiment was measured until reach equilibrium. The
capacity of the release of water and urea to SA3
nanocomposite can be seen in Figure 5.

Fig. 5. The Release capacity to water and urea
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In Figure 5, it can be seen the release of water and
urea the trend increases with increasing time, until the
second day of a high release rate and increase until 10
days, obtained release capasity 77.9 % for water and
60.66 % for urea. This result is quite satisfied to applied
for slow release superabsorbent.

CONCLUSION

Superabsorbent nanocomposite was succesfully
synthesized by free radical polymerization method. The
addition of bentonite on the superabsorbent can increase
the swelling capacity and good release capasity. This
result is supported from FTIR spectra showed that the
incorporation of bentonite superabsorbent matrix. It can
also be observed by XRD diffraction pattern. The results
of surface morphology by SEM seen with the addition of
bentonite, the structure superabsorbent nanocomposite
will be more porous. It was due to increase the
absorption of water and urea in the superabsorbent
nanocomposite. The capacity of release quite well up to
day 10 th for urea 60.88% and water 77.9 %, which
means fertilizer and water are still in nanocomposite.
Finally, the superabsorbent nanocomposite prepared in
this work have a good release capacity, thus reducing the
loss of fertilizer and can withstand water, can be applied
in agricultural.
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ABSTRACT

Nowadays the epidemiology of degenerative diseases have reached a point of particular concern, since
degenerative desease becoming a major mortality cause in almost all over the world. The imbalance of
free radicals and antioxidants in the body whether due to normal bodily process or modern lifestyle
preferences leads to degenerative cell alterations, which then disrupts the function of tissues or organs.
Dietary intake of antioxidants is in someways of importance to prevent degenerative diseases.
Haematococcus pluvialis, a rich source of astaxanthin, which is known to have good antioxidant
properties, is already applied in most antioxidant supplements. This research aims to discover the
potential synergism of astaxanthin. As a such, the research is to encourage future researchers on
developing the most effective formula of astaxanthin with other pigments.

Keywords: antioxidant, astaxanthin, Haematococcus pluvialis, supplement, synergism

DEGENERATIVE DISEASES AS A
MAJOR MORTALITY CAUSE

Degenerative disease is the most common death
cause, even more so in modern countries. Some
examples of degenerative diseases are heart
disease, stroke, diabetes mellitus, and hypertension.
Degenerative diseases are resulted from a
continuous process based on degenerative cell
changes, affecting tissues or organs, which
increasingly deteriorates over time, whether due to
normal bodily wear or lifestyle choices such as lack
of exercise or bad eating habits. Modern lifestyles
can be a trigger for degenerative diseases. Despite
being caused by normal occurrences such as
normal bodily wear, exercise, and eating habits,
degenerative diseases have become a major
mortality cause. Human death percentage caused
by these diseases are reported to become more and
more significant each year.

Figure 1 shown the most apparent death cause
by around 13% is ischaemic heart disease, followed
by stroke at 12% and both chronic obstructive
pulmonary disease and lower respiratory infections
following at 6% [1]. In that figure, it is shown that
major death causes are causes are caused by
degenerative diseases, which are heart disease,
stroke, obstructive pulmonary disease, cancer,
diabetes mellitus, and hypertension, which
altogether makes 39% of world death cause in
2012.

These diseases are caused by imbalance of
radicals and antioxidants in the body. Free radicals
come from normal essential metabolic processes in
the human body or from external sources such as
exposure to X-rays, ozone, cigarette smoking, air
pollutants, and industrial chemicals. Free radicals
are formed continuously in cells as a consequence
of enzymatic process such as those involved in the
respiratory chain, in phagocytosis, or in
prostaglandin synthesis and non-enzymatic
reactions of oxygen with organic compounds as
well ionizing reactions [2]. Industrial chemicals
and air pollutants are two things almost impossible
to erase from our life these days. They exist in fast
foods, packaged foods, even room freshener,
instant beverages, snacks, everything. Air
pollutants come from motorized vehicle residues,
industrial waste, cooking, etc.
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Fig 1. Percentages of Death Causes in 2012 based
on GHO report [1]

Human body usually has a natural process in
scavenging the free radicals we retrieve from our
daily life, but since the amount of pollution, added
by other lifestyles, is much higher, the
neutralization process becomes slower, and thus,
this ends up damaging our body more than it
should have.

The desire to have a higher life quality and to
keep our body healthy has significantly prompted
to society to consume supplements to balance
bodies’ nutritional needs. To ward off free radicals,
antioxidant is needed. Antioxidant will scavenge
free radicals by inhibiting them from attacking
body tissues and cells. Some of well-known dietary
antioxidants are ascorbates, tocopherols and
carotenoids. There are also a lot of natural
antioxidants sources such as fruits and vegetables,
seeds, cereals, berries, wine, tea, onion bulbs, olive
oil and aromatic plants [3].

HAEMATOCOCCUS PLUVIALIS AS
NATURAL SOURCE OF
ASTAXANTHIN

Haematococcus pluvialis is the richest source of
natural astaxanthin and it has already been
cultivated at industrial scale [4]. Astaxanthin
belongs to xanthophyll group which has the main
function as antioxidants. The antioxidant properties
of astaxanthin is ten times stronger than those of β-
carotene. Astaxanthin consists of 40 carbons joined
together with both single and double bonds (3,3'-
dihydroxy- β, β -carotene-4,4'-dione) [5]. Fig 2
shows the chemical structure of astaxanthin.

Fig 2. Chemical structure of astaxanthin

Astaxanthin has been widely used in food
industry, medicine, health supplements, and
aquaculture [6]. Most dietary supplements employ
H.pluvialis as the source of astaxanthin whereas
aquaculture industries prefer to cultivate P.
rhodozyma [7].This pigment has a bright red color
from the long, conjugated double chains at the
center of the compound. This structure allows
astaxanthin to have stronger antioxidant properties
than other carotenoids. [5] The mechanism of its
antioxidant properties is by protecting cells from
oxidation by scavenging singlet oxygens, then
releasing the excess energy in the form of heat.
Astaxanthin can stop oxidation since it has free

radical neutralizing properties. With this structure,
electron decentralization – that can reduce the
amount of reactive oxygens – happens [6]. Due to
these properties, it is highly potential to use H.
pluvialis as a natural source of antioxidant. The
selection of H.pluvialis as the astaxanthin source is
from the high astaxanthin concentration comparing
to the other sources i.e. Salmonidae with the
concentration ranging from 0-37 mg/kg, and the
Crustacean family ranging from 10-1160 while the
concentration of astaxanthin in H. pluvialis ranges
around 10,000-30,000 mg/kg. [6]

TRACING THE ANTIOXIDANT-
RICH WITH ASTAXANTHIN
PIGMENT

To trace the distribution of product containing
astaxanthin that is sold in market, a survey was
carried out by browsing through 5 online shops that
sell supplement.

Fig 3. Product types containing astaxanthin

In the market, there hasn’t been much use of
astaxanthin, especially in the form of processed
foods or beverages. The main usage is as an
antioxidant supplement (79%) to tackle free
radicals due to UV radiation and as bioactive
compound in anti-aging cream, with one product
using astaxanthin to stimulate hair growth. All the
producers are found to be originated in USA. Fig 3.
shows the percentages of each products containing
asthaxanthin found in online market.
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Fig 4. Supplements composition in market

Fig 4. shows the composition of commercial
products containing astaxanthin. The supplements
containing pure astaxanthin compose as much as
83% of the total products, leaving only 17% for
supplements with combinations. The combinations
are krill (9%) as the highest number followed by
spirulina, carotenoid blend (containing zeaxanthin,
lutein, cyanidin 3-glucoside, and meso-zeaxanthin)
taking 4% of the total products count.

SYNERGISTIC POTENTIAL OF
PIGMENT COMBINATION

The antioxidant activity of astaxanthin is ten
times stronger compared to β-carotene. Based on
market data, we observe that the use of astaxanthin
is not only applied as a lone antioxidant, but it
combined with spirulina, carotenoid, and krill. The
synergistic effect of pigments has been researched
on and reported by scientists. A research shows that
mixtures of carotenoids were more effective than
the single compounds, with the synergism effect
most pronounced when lycopene or lutein was
present. The superior protection of mixtures may
be related to specific positioning of different
carotenoids in membranes [9]. In another research,
binary and ternary combination of quercetin, lutein,
caffeic acid, chlorogenic acid, gallic acid and
rosmarinic acid was found to able to influence the
antioxidant ability [10]. It is also proven that a
combination of β-carotene and α-tocopherol results
in an inhibition of lipid peroxidation significantly
greater than the sum of the individual inhibitions
[11].

ASTAXANTHIN EXTRACTION FROM
H. PLUVIALIS

The equipment used in astaxanthin extraction is
beaker glass for extraction, Whatman 0,2 μm
NYLON filter membrane, Rotary Evaporator IKA

RV 10 Basic D, Shimadzu (Japan)’s, UV-VIS
Spectrophotometer UV-1700 PharmaSpec, HPLC-
20 AD (Shimadzu, Japan), and ultrasonic from
Mosonic USA. The main materials used were
Haematococcus pluvialis Flotow microalgae. The
biomass of H. pluvialis was obtained from PT.
Setia Kawan Abadi in the form of dried cells.
Ethanol, acetone, methanol, and acetonitrile,
KH2PO4, K2HPO4, nitrogen gas, and purified water
were used for extraction procedure. The extraction
was accomplised in a dark room to minimalize the
degradation of pigment. Extraction method by
sonication at the frequency of 32 kHz and bulk
temperature range of 30-40°C is safe enough for
the pigment. Variables set are the variation of
solvents: 100% ethanol, ethanol-water (50:50 v/v),
and ethanol-water (25:75) v/v

First, 1 gram of H. pluvalis powder was
weighed in watch glasses, then poured into a
beaker glass and is added with 5 ml of solvent. The
sonication process was done for 1 minute. The
sonication method results in the formation of micro
hot spots in the solution, so every one minute, the
sonication process was interspersed with
cooling for one minute. This process was
repeated for three times. After that, the supernatant
was separated from the pellets and was strained by
using Whatman 0,2 µm filter membrane. The
pellets were then saluted again in 5 ml of solvents
and the process is repeated. The strained
supernatant was then kept in a flask to be
evaporated with a Rotary Evaporator (IKA RV 10
Basic D). The astaxanthin pigment produced was
then dried with nitrogen gas and kept in a freezer of
-20°C in temperature. The crude pigment extract
was then subjected to antioxidant assay. Free
radical scavenging activity of different solvent in
extraction were measured by 1,1-diphenyl-2
picrylhydrazyl (DPPH).

RESULTS AND DISCUSSION

Astaxanthin identification using
Spectrophotometry produces an absorption spectra
with its main peak corresponding to astaxanthin at
482 nm and one small peak at 670 nm. The peak at
670 nm wavelength shows the presence of
chlorophyll in the pigment extract [12]. The spectra
profile in Fig. 5 shows that the absorbance value
increases in the presence of pure ethanol, ethanol-
water (50:50, v/v), and ethanol-water (25:75, v/v)
as solvent proportional to the amount of extracted
astaxanthin. The value of absorbance in different
types of solvent were 0.1523, 0.1031 and 0.1001
respective to pure ethanol, ethanol-water (50:50,
v/v), and ethanol-water (25:75, v/v).

83%

4%
4%9%

pure spirulina carotenoid blend krill
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Fig. 5. Spectra profile extract of H. pluvialis in various
solvent

The antioxidant activity of astaxanthin
extracted from H. pluvialis microalgae in ethanolic
solution was determined using DPPH method. This
assay provides an easy method to rapidly determine
the antioxidant activity of astaxanthin. The color
change in the astaxanthin-DPPH solution from
purple to yellow causes a decrease in absorbance
due to the reduction of the antioxidant compounds
in astaxanthin. The percentage of antioxidant
activity (%AA) also gives different results based on
solvents used. The value of astaxanthin’s
antioxidant activity in different types of solvent
were 21.51%, 18.8%, and 15.65% respective to
pure ethanol, ethanol-water (50:50, v/v), and
ethanol-water (25:75, v/v). Studies has also
reported that xanthopylles (astaxanthin, lutein, and
xeazanthin) have antioxidant effect to prevent
oxidative stress [13,14].

CONCLUSION

Astaxanthin is a potential antioxidative
compound that can be isolated from H. pluvialis.
The highest value of antioxidant activity was
obtained in pure ethanol solvent. It has been known
that astaxanthin show antioxidant activity and has
good effect on human health. Astaxanthin itself
also has a synergistic effect with spirulina,
carotenoid, and krill. The innovation of astaxanthin
use as a natural source of antioxidant still needs to
be researched further, especially related to  the
most effective formula of astaxanthin in
combination with other antioxidative pigments.
Finding the combination and formula that has the
optimal synergistic effect is extremely important in
order to obtain the highest antioxidant activity
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Abstract

A cyclic voltammetry of carbon nanoporous paste electrodes modified by ferrocene (Fc) in hydroquinone solution
have been studied. The object of this research to predict of reaction mechanisms hydroquinone  at carbon
nanoporous paste electrodes modified surface. The modified carbon nanoporous paste electrode shows excellent
electrocatalytic activity with higher conductivity toward the oxidation of hydroquinone (HQ) in phosphate buffer
solution (pH=7.0) between -0.3 to 1.0 V. The separation of oxidation and reduction peak (ΔE) is decreased from 547
to 353 mV and peak the anodic currents for the oxidation of hydroquinone are greatly increased at modified carbon
nanoporous paste electrode. The peak current obtained on carbon nanoporous paste electrodes modified was two
time higher than obtained on bare electrode. A anodic oxidation of HQ (in pH=7.0) at the Fc-modified carbon
nanoporous paste electrode occurred at low overpotensial and treatment of the voltammetric data showed that it
was a purely diffusion-controlled reaction with the involvement of two electron in the rate-determination step.
Conclusion of the research show that followed quasi-reversible chemical reaction mechanism.

Keywords: cyclic voltammetry, hydroquinone, ferrocene, carbon  nanoporous electrode.

INTRODUCTION

Hydroquinone  (HQ)  is  an  important  organic
compound  that  is widely  used  in  many  fields
such  as  pharmaceutical,  antioxidant, dye,
photography  and  cosmetic  industries. Also  HQ
is  considered  as  an  environmental  pollutant  by
the  US  Environmental Protection  Agency (EPA)
and  the  European  Union  (EU)  for  the  high
toxicity  and  low  degradability  in the  ecological
environment [Hu et al, 2012].

Cyclic voltammetry (CV) is perhaps the most
versatile electroanalytical  technique for the study
of electroactive species. . Cyclic voltammetry is
often the first experiment performed in an
electrochemical studv of a compound,  a biological
material, or an electrode surface. The effectiveness
of CV results from its capability for rapidly
observing the redox behavior over a wide potential
range. The resulting voltammogram is analogous to
a conventional spectrum in that it conveys
information as a function of an energy scan. A
cyclic voltammogram is obtained by measuring the
current at the working electrode during the
potential scan. The current can he considered the
response signal to the potential excitation sienal.
The voltammoaram is a disolav of current (vertical
axis) versus potential (horizontal axis). Because the
potential varies linearly with time, the horizontal
axis can also be thought of as a time axis. This is
helpful in understanding the fundamentals of the
technique (Kissinger & Heineman, 1983).

The relationship to concentration is particularly
important in analytical applications and in studies
of electrode mechanisms. The values of Ipa and Ipc
should  be identical for a simple reversihle (fast)
couple. Electrochemical irreversibility is caused by
slow electron exchange of the redox species with
the working electrode. Electrochemical
irreversibility is characterized by a separation of
peak potentials greater than indicated by eqn
(Kissinger & Heineman, 1983).

To improve the performance of carbon
nanoporous paste electrodes, it can be modified.
Modifications of  working electrode by ferosen.
Ferrocene (Fc) and its derivatives are widely used
in electrochemistry because of their good stability
in solution and rapid response to many
electroactive substances (Kamyabi & Aghjanloo
(2009). This research to predict of reaction
mechanisms hydroquinone at carbon nanoporous
paste modified electrodes surface with optimation
of working electrode composition and variation of
the scan rate.

EXPERIMENTAL
Instruments and Reagen

Cylic voltammetry (CV) were carried out on a
potensiostat edaq e-corder 201 (model ed201) with
software Echem versi 1.5. A three-electrode system
was used with an carbon nanoporous paste
electrodes modified by ferrocene as working
electrode, Ag/AgCl reference electrode and
platinum wire counter electrode. A digital pH
meter was applied for the preparation of the buffer
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solution, which was used as supporting electrolyte
in the voltammetric experiments.

Ferrocene and hydroquinone were from sigma
and were  used as received. All the other chemicals
were of analytical-reagent grade used directly
without further purification. Double distilled water
was used to prepared buffer and reagent solution.
The supporting electrolyte used in all experiments
was 0.1 M phosphate buffer solution.

Carbon nanoporous paste electrode can be
prepared by mixing carbon nanoporous powder
with as appropriate amount of parafin pastilles. A
portion of the composite mixture was packed into a
tube that connected to the end of a carbon
nanoporous paste electrode. The tip of the electrode
was polished with a weighing paper. The modified
electrode was prepared by mixing unmodified
composite with Fc (modifier mass fraction, w (Fc)
= 1.0%) and then homogenized by spatula. The
modified composite was then used in the same way
as the unmodified electrode for analysis
hydroquinone 1mM in phosphate buffer solution
between -0.3 to 1.0 V at variation scan rate 10, 20,
40, 50, 80, 100,200 and 250 mV/s.

RESULT AND DISCUSSION

Figure 1 shows the typical cyclic
voltammogram of hydroquinone in a pH = 7.0
phosphate buffer solution at bare CPE and a
ferrocene (w(Fc) = 1.0%) modified CPE between -
0.3 to 1.0 V at scan rate 100 mV/s in 1 mM
hydroquinone solution. This figure illustrates the
cyclic voltammetric responses of a bare carbon
paste electrode (curve B and D) and Fc-modified
CPE (curves A and C) without and with
hydroquinone solution 1 mM respectively.

Figure 1. Cyclic voltammogram: at bare carbon
nanoporous paste electrode (CPE) (D) in the absence, (B)
in the presence of hydroquinone 1 mM; and at 1% Fc-
modified carbon paste electrode (C) in the absence, (A)
in the presence of hydroquinone 1mM; supporting
electrolyte, 0.1 M phosphate buffer (pH= 7.0); scan rate
100 mV/s.

At the surface of the unmodified electrode the
direct oxidation of hydroquinone produces a pair of
redox peaks were observed for hydroquinone 1mM.
The oxidation and reduction peak potentials
occurred at 410 and -137 mV, respectively. Under
the identical conditions, the ferrocen modified CPE
gives increased peak currents to hydroquinoe. A
well-defined redox wave of hydroquinone was
observed with the anodic peak potential at 297 V
and the corresponding cathodic peak potential at -
63 mV. So, the peak separation was smaller than
that at the bare CPE, and further, substantial
increases in peak current were also observed due to
the improvements in the reversibility of the
electron transfer processes. This suggests an
efficient oxidation reaction of hydroquinone at the
Fc modified CPE. By using Fc as an electron
mediator in the matrix of the modified electrode,
the overpotential for the anodic oxidation of
hydroquinone becomes considerably lower.

The separation between the peak potentials (for
a reversible couple) is given by:

ΔEp =  Epa - Epk    =
. ……(1)

The peak separation can be used to determine
the number of electronstransferred, and as a
criterion for a Nernstian behavior. Accordingly, a
fast one-electron process exhibits a ∆Ep of about
59 mV (Wang, 2006). From the equation 1 The
peak separation (∆Ep )for this research 353 dan
547 for unmodified an modified  respectively.

Current generated on the electrodes modified
two times higher than the electrodes without
modification. this indicates the presence of ferosen
accelerate the electrochemical reaction the
modified electrode has a good stability in aqueous
solutions. The results show that the modified
electrode has a good stability in aqueous solutions.
(Kamyabi & Aghajanloo, 2009).

The amount of ferrocene in the carbon
nanoporous paste has a significant influence on the
voltammetric response of the modified electrode.
This is shown more distinctly in Figure 2A, which
cyclic voltammogram dan a plot of peak current
vs. the modifier mass fraction, w(Fc) at figure 2B.
As this figure illustrates, the oxidation current for
hydroquinone 1 mM increases gradually with
modifier, and at w(Fc) = 0.8% the oxidation current
achieves a maximum and then decreases with a
further increase of the modifier mass fraction. This
occurs may be, due to a decrease in the carbon
nanoporous content in the paste and, consequent
reduction of the conductive electrode area. The
selected electrode composition is the composition
of the electrode 1%, carbon nanopori 0.6 grams and
0.3 grams of paraffin pastilles.
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Figure 2. cyclic voltammogram on hyroquinone 1mM
solution (A) and effect modifier fraction w/%, on the
peak current for hydroquinone 1 mM in phosphate buffer
solution (pH = 7.0) (B); scan rate 100 mV/s.

Catalytical mechanism that is compatible with
the observed behavior is:

Fc Fc+ + e-

Fc+ + HQ

Fc + HQ (quinone)0
Fc + HQoks + H+

Fc + HQ(quinone)0 + H+

The overall chemical reaction is as follows:
2Fe 2Fe+ + 2e-

2Fe+ + DA 2Fe + HQox

In other words, the rate-determining step is a
one electron transfer step followed by a fast one
electron process to give HQox as a final product.

Figure 3. Dependence of Ipa/Ipk (A) and ΔE (B) of
hydroquinone 1mM in phosphate buffer solution on
different composition of electrode at scan rate 100 mV/s.

Carbon paste electrode modified with ferosen
1% shows the separation of cathodic and anodic
peak potential is the smallest as well as the
comparison Ipa /Ipk approach to 1 as compared to
other compositions. This suggests that electrode
produces the best electron transfer mechanism as
shown in figure 3 (A) and 3 (B).

Kinetic aspects and mechanistic of
electrocatalytic oxidation and reduction of
hydroquinone at the surface of a modified electrode
studied from variation of scan rate. Scan rate can
influence the current responses of hydroquinone
and corresponding electrochemical parameters
could be deduced from the relationship between
scan rate of potential sweep and current responses
of hydroquinone. The dependence of oxidation and
reduction peak current of hydroquinone 1 mM on
scan rate at the Fc-modified CPE in 0,1 M
phosphate buffer (pH = 7), was illustrated in Figure
5 (A) and (B). As the scan rate increased; the
oxidation and reduction peak current increased
with coefisien correlation (R2) 0,9133 dan 0,931
respectively. The Ipa was directly proportional to
the square root of potential scan rate, ν1/2, over the
range of 10–250 mV/s. This result indicates that the
overall electrochemical reaction of hydroquinone at
the modified electrode might be controlled by the
diffusion of hydroquinone as well as by a kinetic
process.

Figure 4. Dependence of the cyclic voltametric response
at modified carbon nanoporous paste electrode on sweep
rate in 0.1 M phosphate buffer (pH = 7.0) containing
hydroquinone 1 mM. Scan rate: over the range of 10 –
250 mV/s.

In addition, with increasing scan rate, the
catalytic oxidation peak potential (Epa) shifts to
more positive values and there is a linear
correlation between the peak potential and the scan
rate, as is illustrated in Figure 6.
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Figure 5. Dependence of the catodic peak current (Ipc)
(A) and anodic peak current (B) of hydroquinone 1 mM
on variation of scan rate range 10 – 250 mV/s.

Figure 6. Dependence ΔE of hydroquinone 1mM in
phosphate buffer solution on different scan rate.

CONCLUSIONS

In this paper, a simple methode was used to
studied reaction mechanisms hydroquinone  at
carbon nanoporous paste electrode modified by
ferrocene (Fc) which showed good electrocatalytic
effect to the redox reaction of hydroquinone. The
electrochemical response of hydoquinone on
carbon nanoporous paste electrodes modified
surface was a diffusion-controlled quasi-reversible
process with two electrons and two protons
involved.
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ABSTRACT

Protease enzyme performs proteolysis, which is catabolism of protein by hydrolysis of the peptide bonds. Alkaline
protease has various applications in industrial products and processes, such as detergent, food, pharmaceuticals
and leather. The objective of our work is to isolates Bacteria and macro-algae from Tanjung Tiram beach. Enzyme
protease extracellular produced from bacteria, when cultured with 1% milk non-fat, and enzyme protease
intracellular produced from macro-algae. The enzyme was activated and stabilized by relatively high salt
concentrations (> 0.2 M). Enzyme activity was temperature optimum 500C, pH optimum 8, and salt concentration 1
M NaCl. The activity was stable up to 300C, from pH 8 to pH 9.

Keywords: bacteria, enzyme, macro-algae, marine, protease

INTRODUCTION

Proteases (EC.3.4) are a distinct subgroup of
hydrolytic enzymes which catalyze the cleavage of
peptide bonds in protein substrates. Depending on
their mode of action and catalytic mechanism,
proteases are divided into four major groups
including: serine, cysteine, metallo- aspartate and
threonine. They are widely distributed in plants,
animals and microorganisms.

Protease have importance in both commercial
and physiological fields. For industrial production
of the proteases micro-organisms are preferred so
that large scale production of enzymes can be
achieved. Bacillus, Aspergillus, Pseudomonas etc.
are the organisms that produce protease. Proteases
are widespread in nature, microbes serve as a
preferred source of these enzymes because of their
rapid growth, the limited space required for their
cultivation and the ease with which they can be
genetically manipulated to generate new enzymes
with altered properties that are desirable for their
various applications [1]. Screening of proteases
producing bacteria symbion algae from different
ecological environments can result in isolation of
new alkaline proteases with unique physiochemical
characteristics [2].

Since the majority of industrial processes are
accomplished under harsh conditions, it would be
of great importance to enjoy microbial enzymes
that demonstrate optimal activities at wide ranges

of pH, temperature and salt concentration.
Microorganisms inhabiting in hypersaline
environments are a remarkable source for
producing such enzymes. They are expected to
have specific proteins presenting characters which
are different from proteins produced by organisms
from non-saline environments.

Few interesting studies have been presented on
fungi, microalgae and protozoa as associates of
macroalgae [3, 4, 5, 6]. Detailed knowledge of the
interaction of algae with their associated microbes
and among microbes on algal surfaces and tissues
is still lacking [7, 8].

It was suggested that the proteolytic activity
may play a significant role in the symbiotic
relationship between the bacterium and the algae.
Furthermore, proteases are utilized in several
commercial processes, including brewing, cheese
making, and as detergent additives. In this paper
we aimed to isolate newer source of extracellular
protease from the local marine sample at Tanjung
Tiram Beach Southeast Sulawesi to potential
application of the proteases for industrial
applications.

EXPERIMENTAL
Isolation and identification

Algae samples were collected from different
regions of Tanjung Tiram Beach, Southeast
Sulawesi, Indonesia and screened for protease
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producing microbes. The collection was performed
in plastic containers and transferred to laboratory at
room temperature and the process of isolation was
initiated immediately. The selected strain was
identified using morphological tests.

Isolation and preparation of protease enzyme
The algae, approximately fifty grams (50g) in

amounts, were washed separately and then soaked
in distilled water at room temperature. After that,
all algae were finely powdered in a pre-chilled
mortar and mixed with chilled 10mMTris-HCl
buffer at pH 7.0 for 3 hours. The extracted mixtures
were filtered were centrifuged at 6000 rpm for 10
minutes. The collected supernatant was used for
purifications.

The algae were soaked in saline water. Serial
dilution was done for isolation of organisms.
Halophilic medium  consisting of Zobell agar
plates. For bacteria the Petriplates were incubated
at room temperature for 24 hours. The obtained
colonies were checked for cultural characteristics,
morphology. Both the isolates were checked for the
production of protease on skim milk agar plate [9].

The collected supernatants were saturated with
solid (NH4)2SO4 for overnight precipitation. After
precipitation, they were centrifuged at 7000 rpm
for 30 min. The collected precipitated were
dissolved in 10 nm Tris-HCl buffer (pH 7) and
dialyzed against the same buffer and finally
centrifuged at 5000 rpm for 10 min. The
supernatant was used as crude enzyme for the assay
of activity of enzyme and characterization.

Screening for Protease Enzyme
The crude enzyme was screened for protease

production using skim milk agar medium. Plates
were incubated for 24-48 h at room temperature.
The clear zone around the streak was evaluated as
protease producers.

Parameters for Protease Enzyme
The influence of different temperature and pH

on proteolytic activity of the crude enzyme was
determined by medium Zobell, at various pH for 2
days.

RESULT AND DISCUSSION

In the present study, algae were collected from
Tanjung Tiram beach. Bacteria from macro-algae
were serially diluted and spread plated. About four
dominant morphologically distinct colonies were
selected and pure cultured by repeated streaking on
the Zobell agar plates. The isolated bacterial strains
were screened for protease producing ability on
skim milk agar. The zone formation around the
streak of bacterial growth was identified as the
positive protease, which may be due to hydrolysis
of casein (Table 1).

Table 1. Characterization Enzyme from Bacteria
and Algae

Microorganisms/
Algae

Purification
enzyme

Clear
zone
(cm)

Isolate 1
Crude extract 0.20
(NH4)2SO4 0-
30%

0.57

(NH4)2SO4 30-
60%

0.50

(NH4)2SO4 60-
90%

0.53

Algae 1
Crude extract 1.20
(NH4)2SO4 0-
30%

1.20

(NH4)2SO4 30-
60%

1.40

(NH4)2SO4 60-
90%

1.09

The salt tolerance of the isolate was studied at
various NaCl and KCl concentrations. The results
were shown in (Figure 1). It was found that the
tested strain has the ability to tolerate up to 0.5 M
NaCl and 0.5 M KCl concentration.

Fig.1 Effect of salt on protease activity on KCl and
NaCl
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One would expect the extremely halophilic
bacteria to be proteolytic because they occur in
protein-rich salt brines and they cause salted fish to
spoil. Our results show that some Halobacterium
strains do form a true extracellular proteinase, but
that different strains vary in proteolytic activity.

The effect of a change in pH on enzyme
activity is shown in Fig 2. As with temperature,
each enzyme has an optimum pH. If pH increases
or decreases much beyond this optimum, the
ionisation of groups at the active site and on the
substrate may change, effectively slowing or
preventing the formation of the enzyme substrate
complex. At extreme pH, the bonds which maintain
the tertiary structure, hence the active site, are
disrupted and the enzyme is irreversibly denatured.

pH played an important role in the enzyme
production. In the present study the pH optimal of
protease activity was studied at different pH
ranging from 6 to 9. The highest protease
production was observed in pH 8 for algae. Below
and above that pH the enzyme activity was found
to be decreased. The obtained results were
presented in (Figure 2).

Figure 2 Effect of pH on protease activity

Enzymes have an optimum temperature. This
is the temperature at which they  work  most
rapidly.  Below  the  optimum  temperature,
increasing temperature  will  increase  the  rate  of
the  reaction.  This is because temperature increases
the kinetic energy of the system, effectively
increasing the number of collisions between the
substrate and the enzyme’s active site.
Temperatures above the optimum will lead to
denaturation. This occurs because the hydrogen
bonds and disulphide bridges which maintain the
shape of the active site are broken. Thus, enzyme
substrate complexes can no longer be formed.

Temperature also played an important role in
activating and inactivation of enzymes. Each
enzyme has an optimum temperature for maximum
enzyme activity. In the present study, the effect of
temperature on protease production was studied
with various temperatures ranging from 30 - 60℃.

The obtained results were noted in (Figure 3). The
protease activity is relatively stable in the
temperature range 40℃ for Bacillus subtilis (0.232
U/ml).).The enzyme activity was found to be
decreased above and below those temperatures for
both strains. The present investigation showed that
Bacillus subtilis produced maximum protease at
50ºC.

Figure.3 Effect of temperature on protease activity

Proteases are important enzymes obtained
from marine microorganisms and algae which
synthesis bioactive compounds. Screening was
performed and maximum proteolytic activity was
revealed. Enzyme from isolate 1 has tolerated up to
0.5 M NaCl and 0.5 M KCl concentration. Whereas
optimization of pH revealed that enzyme protease
from isolate 1 and algae, exhibited to increase at
pH 8. Temperature optimum enzyme protease at
500C.

CONCLUSIONS

Various bacterial isolates and algae from
Tanjung Tiram Beach were studied for protease
producing activity. Proteolytic activity was
measured for high enzyme producing algae and
marine bacteria.
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ABSTRACT
This research was initiated by comparing the specific activity of bromelain from core and flesh extract of pineapple
(Ananascomosus) after fractionation using ammonium sulfate followed by dialysis. In the ammonium sulfate
fractionation, precipitation of the crude enzyme was conducted by using different range of ammonium sulfate
concentration. Fraction 3 (50-80%) showed the highest specific activity both for the core and flesh of pineapple. The
pineapple core has a specific activity (0.30 U/mg protein) higher than the flesh (0.21 U/mg protein). After dialysis,
the core fraction (0.33 U/ mg protein) also showed higher specific activity than flesh fraction (0.24 U/mg protein).
The core fraction has the purify level 141.58 fold compared to crude extract. Fraction of the core has higher thermal
stability than the fraction of the flesh. The optimum temperature and pH of this enzyme was 37oC and 7.0.
Proteolytic activity of this enzyme was inhibited by EDTA, Hg2+, Cu2+ with the inhibition value of 29.33%, 13.88%
and 6.43% respectively and was activated by Ca2+ and Na+ with activitation value of 1.62% and 1.95% respectively.

Keywords: bromelain, pineapple, proteolytic activity, specific activity.

INTRODUCTION

Indonesia is the fifth largest pineapple producer in
the world. Pineapples contain a group of proteolytic
enzyme, namely called bromelain. This enzyme is used
in many therapeutic applications and was known has
antithrombic effect that can reduce clumping of platelets
(antiplatelet), formation of plaques in the arteries and
blood clots. All these effects are useful in the treatment
of cardiovascular diseases. (Bhattacharya, 2008).

These enzyme break down a protein by breaking a
peptide bond and produce a more simple peptide.
Bromelain enzyme was found in all plant tissues of
pineapple. The enzyme found in pineapple stem (EC
3.4.22.32) is sulphydrylic and the sulphydryl group is
essential to the proteolytic activity (Arshad, et al, 2014).
About half of the protein in the pineapple contains
bromelain protease. The benefits of bromelain is quite
extensive in the field of pharmacology and the food
industry, stimulate many researchers to learn more. The
research about bromelain in pineapple plants have been
started since 1894 until today. Various ways of isolation
has been done to get bromelain from pineapple with the
best enzyme activity (Neta, et al, 2012).

In this experiment the crude bromelain was extracted
from pineapple core and flesh. This enzyme was then
isolated and purified through several stages.The initial
stage of this research was separation of crude enzyme by
fractionation using ammonium sulfate followed by
dialysis. The next step was determination the proteolytic
and specific activity. The effects of inhibitor and
activator were also determined.

EXPERIMENTAL
Enzyme Extract

The pineapples that were used in this research were
obtained from Mount Cisalak, Cijeruk, Bogor. Crude
enzyme was prepared by making pineapple core or flesh
puree using 0.2 M phosphate buffer, pH 7.0 at 4°C and
then filtered. The filtrate had been centrifuged at 6000
rpm for 15 min at 4°C. The supernatant obtained from
each sample was crude bromelain extract. The crude
bromelain was stored in a refrigerator to be used as a
source of enzyme.

Fractionation of Enzyme with Ammonium Sulfate
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The crude bromelain was fractionated by using
ammonium sulfate at different range of concentration (0-
20%, 20-50%, 50-80%). About 150 ml of crude enzyme
extract was put in a beaker glass which was placed in a
salt ice bath. The crude enzyme was slowly added by
ammonium sulfate (0-20%) with constant stirring using a
magnetic stirrer. After the addition of salt was
completed, the stirring process had been continued for 20
minutes. The solution was then allowed to settle
overnight in the refrigerator. The solution was
centrifuged (6000 rpm) for 15 minutes at 4oC and the
precipitate was dissolved in 0.2 M phosphate buffer, pH
7.0.

Dialysis
The enzyme solution was put into a cellophane bag.

The cellophane bag was then immersed in a solution of
0.05 M phosphate buffer, pH 7.0. The dialysis was taken
place at 4°C using ice salt bath by constant stirring. The
buffer was changed for every 2 hour.

Protein and Enzyme Activity Assay
The protein concentration was determined by Lowry

Method. The enzymatic activity assay was perfomed by
Kunitz method using casein as substrate at 37°C for 30
minutes. The enzyme was inactivated by adding 3 ml of
5% TCA. The solution then had been incubated in ice
water bath for 30 minutes.

Determination of Optimum pH and Temperature
For determination of optimum temperature, reactions

were conducted at 30°C, 35°C, 37°C, 40°C and 45°C.
Meanwhile the pH variations used were 6.0, 6.5, 7.0, 7.5
and 8.0 using 0.2 M phosphate buffer (pH 6.0-8.0).
Sample solution had been incubated at 37°C for 30
minutes. The enzyme was inactivated by adding 3 ml of
5% TCA.

The Effect of Various Compounds on Bromelain Activity

This experiment was conducted to determine the
effect of various compound on the proteolytic activity of
bromelain. The compounds used in this study were Hg2+

(HgCl2), Cu2+ (CuSO4), Ca2+ (CaCl2), NaCl and EDTA
0.01 M. The enzyme solutions containing the compounds
were incubated at 37oC for 10 minutes, incubation was
continued for 30 minutes after the addition of substrate.
The enzyme was inactivated by adding 3 ml of 5% TCA.

Determination of Thermal Stability
Determination of thermal stability of bromelain was

examined by incubating the enzyme and substrate for 15
minutes at various temperature. The temperature
variations used were at 40oC, 45oC, 50oC, 55oC, 60oC,
65oC, 70oC, 75oC and 80oC. The enzyme was inactivated
by adding 3 ml of 5% TCA.

Fraction
Volume

(ml)

Total Specific
Activity
(U/mg)

Purification
FactorActivity

(U)
Protein

(mg)
Pineapple Core

Fraction 1
(0-20%)

1.5 11.76 212.25 0.04 23.87

Fraction 2
(20-50%)

4.5 28.83 684.25 0.05 18.14

Fraction 3
(50-80%)

1.5 16.86 54.75 0.30 132.65

Pineapple Flesh
Fraction 1
(0-20%)

6 34 589 0.05 29.51

Fraction 2
(20-50%)

5 31.6 743.61 0.06 21.73

Fraction 3
(50-80%)

2 16.66 78.55 0.21 108.47

Table 1.Purification of The Crude Enzyme by using Ammonium Sulfate
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RESULTS AND DISCUSSION

Crude bromelain extract from pineapple core and
flesh has been purified by fractionation using ammonium
sulfate, followed by dialysis. Crude enzyme obtained
from the core and flesh pineapple have a specific activity
of 0.0023 U/mg and 0.0019 U/mg protein respectively.
The results of crude enzyme purification using
ammonium sulfate with different of range concentrations
produced enzyme fractions that have different proteolytic
activity and protein content (Table 1). Fraction 2 of
pineapple core has higher proteolytic activity than
fraction 1 and 3, while fraction 2 and 1 has higher
protein content than fraction 3. In the pineapple flesh
fraction 1 shows higher proteolytic activity than fraction
2 and 3. Based on these data, it was known that fraction
3 obtained from pineapple core or flesh have the highest
specific activity with the value of 0.30 U/mg and 0.21
U/mg respectively and the purity level of 132.65 and
108.47 fold compared to the crude enzyme. In this study,
fraction 3 of pineapple core has higher purity level than
pineapple flesh and then further purified by dialysis.

Table 2 shows that the specific activity before and
after dialysis. The fraction 3 from the pineapple core
after dialysis has higher specific activity than pineapple
flesh. This is because in dialysis some proteins that has
molecular weight less than bromelain can pass through
the cellophane membrane. The specific activity of
bromelain from pineapple core is 0.33 U/mg protein with
a purity level of 141.58 fold to the crude enzyme extract.
While the specific activity of bromelain from pineapple
flesh is 0.24 U/mg with a purity level of 122.21 fold
compared to extract of crude enzyme.

Determination of the Optimum pH
Determination of optimum pH was conducted only

for bromelain from pineapple core after dialysis, because
it has the highest specific activity. Figure 2 shows that

the effect of pH against enzyme activity of bromelain.
The enzyme activity of bromelain increase with the
increasing of pH and above pH 7.0 the enzyme activity
decrease. The optimum pH obtained in this research is
7.0 with the enzyme activity value of the bromelain is
6.51 U/ml. In this research, Bresolin (2013) found that
the optimum pH of bromelain isolated from pineapple
peel was 7.0. Wuryanti (2004) also reported on her
research that the optimum pH of bromelain obtained
from pineapple core is between pH 6 until 8.

Determination of Optimum Temperature

Fraction
Volume

(ml)

Total Specific
Activity
(U/mg)

Purification
FactorActivity

(U)
Protein

(mg)
PineappleCore

Fraction 3
Before Dialysis

2 16.86 54.75 0.30 132.65

Fraction 3
After Dialysis

3 32.15 97.8 0.33 141.58

PineappleFlesh
Fraction 3

Before Dialysis
2 16.67 78.56 0.21 108.47

Fraction 3
After Dialysis

3.5 28.86 120.75 0.24 122.21

Table 2.The Result of Dialysis on Bromelain Enzyme

Figure 1. Comparison of Specific Activity of Each Stage on the
Pineapple Core and Flesh
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Enzyme activity is affected by temperature. In this
research, determination of optimum temperature was
also conducted only for bromelain from pineapple core
after dialysis, because it has the highest specific activity.
Figure 3 shows that the effect of temperature on enzyme
activity of bromelain. The enzyme activity of bromelain

increase with the increasing of temperature and above
37oC the enzyme activity decrease. The optimum
temperature obtained in this research is 37oC with the
enzyme activity value of the bromelain is 12.52 U/ml. In
this study bromelain has the highest activity at 37°C and
decreased at temperatures around 40°C, but still has

activity at a temperature of around 45°C (6,47 U/ml).

The Effect of Inhibitors and Activators against Bromelain
Activity

The effect of Ca2+ and Na+ showed an increase of
proteolyticbromelain activity. It could be assumed that
the calcium ion is a positive modulator which can
facilitate the interaction between substrate and enzyme
(Table 3). Hg2+ and Cu2+ that a heavy metal ion act as
inhibitor. This enzyme activity is also inhibited by
EDTA.

This result shows that bromelain from pineapple core
has a higher thermal stability than the flesh.If the
temperature is higher than 37oC, the enzyme will be
denatured. Denaturation caused by changes of the
enzyme active site that can decrease or eliminate the
activity of the enzyme. (Zusfahair et al, 2014).

Test of Thermal Stability on Enzyme Solution
Determination of thermal stability was needed to

determine the effect of temperature changes on structure
stability of bromelain. Bromelain from pineapple core
was more stable than bromelain from pineapple flesh at
the range temperature of 40-55ºC (Figure 4).  The
bromelain from pineapple core completely inactivated at
80ºC, while bromelain from pineapple flesh completely
inactivated at 70ºC.

This result shows that bromelain from pineapple core
has a higher thermal stability than the flesh.If the
temperature is higher than 37oC, the enzyme will be
denatured. Denaturation caused by changes of the
enzyme active site that can decrease or eliminate the
activity of the enzyme. (Zusfahair et al, 2014).

Compound
(0,01 M)

Activation
(%)

Inhibition
(%)

HgCl2 - 13.88

CuSO4 - 6.43

CaCl2 1.62 -

NaCl 1.95 -

EDTA - 29.33

Figure 2.The Effect of pH on BromelainActivity Figure 3. The Effect of Temperature on Bromelain Activity

Figure 4.Termal Stability of Bromelain on the Pineapple Core and Flesh

Table 3.Effect of compound on Enzyme Activity
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CONCLUSIONS

Partial purification of bromelain has been quite
successful and indicated by the increasing value of
bromelain activity. The pineapple core has higher
specific activity than pineapple flesh in each
process. Bromelain from pineapple core was
inhibited by EDTA, Hg2+ and Cu2+, while activated
by Ca2+ and Na+. Bromelain can be classified into
cysteine protease and it was indicated by increasing
its activity in the presence of calcium. The
optimum pH and temperature obtained in this
research were 7.0 and 37oC. Core-bromelain was
more on a higher temperature than flesh-bromelain.
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ABSTRACT

A research on the synthesis and characterization of complex compounds of Zn (II)-EDTA as antialgae compound is
applied to the cooling water industry. This research aims to determine the activity of complex compounds of Zn (II)-
EDTA against algae that live in the water cooling water. The activity antialgae assay of comple compound of Zn(II)-
EDTA with UV-Vis spectrophotometer method and dry cell weight method. Complex compound of Zn (II)-EDTA
made with mole ratio of ZnCl2: Na2EDTA is 1:1. Complex compound of Zn (II)-EDTA analyzed using UV-Vis
spectrophotometer and FTIR spectrophotometer. The results of UV-Vis spectrophotometer analysis showed that the
complex compounds of Zn (II)-EDTA has a maximum wavelength at 752 nm. While the results of FTIR analysis
showed  Zn-O vibration absorption at wave number 478.35 cm-1 and Zn-N vibration absorption at wave number
516.92 cm-1. In the activity antialgae assay of complex compound of Zn (II)-EDTA made with a concentration of 5
ppm, 10 ppm, 50 ppm and 100 ppm. The test results showed that the activity of complex compounds of Zn (II) -EDTA
can kill green algae and brown algae. Of the four concentrations of complex compounds of Zn (II)-EDTA, green
algae and brown algae can be killed optimally at a concentration of 50 ppm.

Keywords: complex Zn(II)-EDTA, cooling water, antialgae, green algae, brown  algae

INTRODUCTION

One of the main needs of the industry that is
often used during the production process is that
water is used as cooling water (cooling water).
Water used as cooling water should have a low
dissolved solids content, free of microorganisms,
especially fungi and moss, and not corrosive
(Widiasa et al, 2005). In industrial cooling systems
are typically used to use an open circulatory
system. The heat contained in the cooling water is
released into the air by direct contact. As a result,
cooling water contaminated by microorganisms
from the air, such as algae. If this is allowed, then
the cooling machine will have corrosive and
lumutan, so that the cooling process becomes less
than the maximum and the production process will
be disrupted. The presence of microorganisms in
cooling water must be addressed immediately, so
as not to cause further problems. In this study, to
address the problem of the growth of
microorganisms in cooling water used complex
compounds of Zn (II) -EDTA. According Patent
No. 2002098231 AI, there is a water treatment
agent and water treatment methods to inhibit,
reduce and prevent the formation of algae and
bacteria growing in the water. One of these is Na 2
EDTA complexed with the metal to prevent
bacteria and algae growing in the water. EDTA

compound selected because previous research has
described that the ligand has the ability EDTA
chelating agent capable of forming complex
compounds are very stable with divalent metal ions
(Satroutdinov et al, 2000) and can be dissolved in
water (Tarasov, 2011). Oligodinamik Zn metal has
properties that power on the metal which at small
concentrations can kill microbes such as bacteria
and algae. Synthesized in this research instrument
is characterized by UV-Vis spectrophotometer and
FTIR spectrophotometer. And a complex
compound of Zn (II) -EDTA tested their activity
with perpendaran method and the method of dry
cell weight.

EXPERIMENTAL SECTIONS

This study begins with the synthesis of complex
compounds of Zn (II) -EDTA. Zn mass that
weighed as much as 1.3637 grams and the mass of
EDTA that weighed as much as 3.3820 gram. Then
the metal Zn and EDTA ligands each dissolved in
distilled water. Furthermore, the two solutions were
mixed and stirrer for 1 hour while heated with a
low temperature. Stirrer and heating process was
stopped when the volume of the solution up to a
third of the initial volume. Then the solution was
cooled and then filtered using a filter paper to
obtain sediment and filtat. The filtrate obtained is
muted and kept then recrystallized. Crystals formed
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analyzed characteristics of the instrument UV-Vis
spectrophotometer and FTIR spectrophotometer.

Complex compound Zn (II) -EDTA tested its
activity against cooling water samples containing
algae. Previously tested samples of cooling water
has been added commercial compounds that seyton
10 ppm and complex compounds Zn (II) -EDTA
with a concentration of 5 ppm, 10 ppm, 50 ppm,
100 ppm, and there is a cooling water samples that
did not get any additions. Then all samples in a
shaker for 24 hours. After 24 hours, test the activity
of compounds in complex samples. First, the
complex compounds tested by the  UV-Vis
spectrophotometer method. UV-Vis
spectrophotometer method to determine the
concentration of algae are still alive in the sample.
After 24 hours, all the samples was measured its
absorbance at a wavelength of 590 nm to 550 nm
green algae and brown algae for. The second
activity test was conducted using dry cell weight.
This method is used to determine the dry weight of
algae cells whether alive or dead in the sample.
After the shaker for 24 hours, the sample was
filtered using filter paper. The filter paper is then
dried by in oven at low temperature for 1 hour.
After 1 hour, the filter paper is cooled and then
weighed to determine the weight of the dry cell.

RESULT AND DISCUSSION
Maximum Wavelength Characteristics and Functional
Groups Complex Compounds of Zn (II) -EDTA

The wavelength maximum and functional
groups of complex compounds of  Zn (II) -EDTA
presented in Table 3.1 and Figure 3.1.

Tabel 3.1 The wavelength maximum compound of
ZnCl2, Na2EDTA  and complex compounds of Zn(II)-
EDTA

Compounds
The wavelength
maximum  (nm)

ZnCl2 652,00

Na2EDTA 472,50

Zn(II)-EDTA 752,00

Complex compound of Zn (II) -EDTA showed
absorption in visible region is at 752.00 nm. This
shows that the new compounds are formed, which

is a complex compound of Zn (II)-EDTA. The
emergence of a wavelength at 752.00 nm showed
bathochromic shift, namely the absorption peak
shifts towards larger wavelengths. Their
bathochromic shift caused by the structure of
complex compounds of Zn (II) -EDTA have a
chromophore group (C = O bond) and auxochrome
group (OH group) derived from the ligand EDTA.
Clusters that causes a complex compound of Zn
(II) -EDTA can absorb light in the visible region /
visible (Hendayana, 1994).

Figure 3.1. FTIR result of Na2EDTA dan complex
compounds of Zn(II)-EDTA

Figure 3.2a Absorbance Green Algae with Addition
Complex Compounds Zn (II) -EDTA and Without
Addition

Figure 3.2b Comparison Green Algae with Addition
Complex Compounds Zn (II) -EDTA 50 ppm and
Compound Seyton 10 ppm.
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Based on the results of the spectra in Figure 3.1
can be seen the inception of the formation of a
complex compound of Zn (II) -EDTA can be seen
from the emergence of cluster vibration Zn and Zn-
O-N. Where in the spectra, vibration Zn-O group
appeared at a wave bilangam 478.35 cm-1.
According to the literature vibration Zn-O group
will appear at wave number 486 cm-1 (Palomino,
2006). And vibration groups Zn-N in spectra
appears at wave number 516.92 cm-1. According to
the literature vibration Zn-N group will appear at
wave number 570.93 cm-1 (Setiyani R, et al,
2015).

The Anti Algae Activity Assay Complex Compounds Zn
(II) -EDTA with UV-Vis Spectrophotometer Method

The result of the activity of complex
compounds of Zn (II) -EDTA against green algae
and brown algae with UV-Vis spectrophotometer
method can be seen in Figure 3.2a, 3.2b, 3.2c and
3.2d.

Figure 3.2d Comparison Brown Algae with Addition
Complex Compounds Zn (II) -EDTA 50 ppm and
Compound Seyton 10 ppm

Based on Figure 3.2a, 3.2b, 3.2c and 3.2d can
be seen that for 14 days, a complex compound of
Zn (II)-EDTA showed a decrease in the
concentration of algae that are still alive. And when
compared with seyton compound, a complex

compound of Zn (II)-EDTA more effectively kill
algae, both green algae and brown algae.

The Anti Algae Activity Assay Complex Compounds Zn
(II) -EDTA with  Dry Cell Weight Method

The result of Anti-algae activity of complex
compounds Zn (II) -EDTA with dry cell weight
method are presented in Figure 3.3.

Based on Figure 3.3, for cooling water samples
by addition of complex compound Zn (II) -EDTA
can be seen that on the first day to the second day
of the algae growth has increased slightly. Then on
the third day until the seventh day there was an
increase significant growth. In these conditions, the
algae undergo cell division to the maximum so the
growth is fast. While on the eighth day until the
fourteenth day of the growth of algae began to
decline slowly. In this condition, the algae began to
decline cell division until eventually all cells die
because they can not perform cell division again.
For a sample by adding Seyton and without the
addition of any given growth chart continues to
increase the number of cells. This means that with
a given sample without adding anything then algae
will grow continuously without being hampered
growth. While the sample is given Seyton
compound also experienced continued growth
despite being inhibited growth. This is because the
compound Seyton added ability to kill algae less
leverage than with the ability of the algae to grow
every day.

CONCLUSION

The complex compounds of Zn (II)-EDTA has
the characteristics of long. Maximum wave 752 nm
and Zn-O functional groups on the uptake vibration
478.35 cm-1 as well as the functional groups Zn-N
on the absorption of vibration 516.92 cm-1.
Complex compounds of Zn (II) -EDTA activity
killing algae green and brown algae at
concentrations of 50 ppm to percentage inhibition
of 62.4% in green algae and 76.2% on brown algae.

Figure 3.2c Absorbance Brown Algae with Addition
Complex Compounds Zn (II) -EDTA and Without
Addition

Figure 3.3 Grafik Berat Sel Kering Alga
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Abstract

In order to get provide insight how to develop methodology in the partial leaching for assessment of metal contents,
we investigated of Fe content in the geochemical fraction sediment in Sendang Biru Beach. Samples were leached
using HNO3 (2-10 M), time contact (15-180 minutes), and varied volume of optimum condition in the leached HNO3

(10-100 mL) using reflux method to dissolve Fe in carbonate and sulfide phase due to anthropogenic effects. After
leaching, filtrate samples were measured by Atomic Absorbance Spectroscopy (AAS). The optimum condition partial
leached of Fe content showed 50 mL of HNO3 8M in time contacted of 180 minute were higher comparing with aqua
regia (standard partial leaching). This optimum condition of leached Fe in sediment can be used as alternative
method for assessment of Fe content in Sendang Biru Beach in the future.

Keywords: Partial Leaching, Fe, Sediment, Sendang Biru Beach

INTRODUCTION

Sediment in the geochemical fractions is a
chemical fossil consisting of anthropogenic and
natural sources (Wijaya et al. 2012, Wijaya et al.
2013). Sediment has the ability to adsorb heavy
metal. Heavy metal in sediment is warmly topic
due to its adverse effects on biological systems,
causing a variety of diseases and disorders. One of
the most common heavy metals is iron (Fe) which
is an essential heavy metal. According to Yoon et
al. 2006, essential heavy metals are those which are
required by the organism for biological processes,
but excessive quantities can be toxic. Health
problems caused by excess levels of Fe in humans
include vomiting, diarrhea, and cardiovascular
disease.

Partial leaching is very important in the
analytical chemistry method to determine and
analyze of surface sediment in the beach accurately
and precision. Akan, et al (2012) has conducted
research on the assessment of water pollutants and
sediment samples in Lake Chad, Baga, North East
Nigeria. One of the parameters analyzed is Fe
concentration in sediments be destructed using
aqua regia (a mixture of HNO3 : HCl ratio of 1: 3)
and 30% H2O2. The addition of 30% H2O2

potentially cause the explosion in highly
temperature and reduce of Fe conten measurement.
The use of aqua regia as a solvent cannot leach
metals in the overall analysis (Kisser, 2005).
Furthermore, the presence of HCl solution can also
precipitate other metals that cause deviations in

analytical results. In the research that has been
done, there is no information on the effectiveness
analysis of the sediment samples. Effectiveness
analysis methods are expressed by validation
leaching method with standard partial leaching.
The accuracy and precision of the determination of
Fe content is influenced by leaching process. It is
necessary to optimize the leaching process through
the selection of the solvent and the leaching
conditions.

As a solvent, HNO3 is a strong oxidizing
reagent which can leach metals contained in
environmental media (Ahn et al., 2011). Fe can be
leached in a solution of HNO3 due to its high
solubility. HNO3 is also used as a standard blank to
measure Fe in samples using AAS. Soluble Fe
metal is a form of metallic Fe located in sediment
in the mobile and exchangeable fractions (Wijaya
et al. 2013). Here, a series of tests were made to
determine the optimum conditions for the leaching
of sediments with HNO3 as the solvent.  This
alternative method of leaching of Fe in optimum
conditions for HNO3 will be compared with aqua
regia without the addition of a solution of H2O2 in
order to prevent explosive.

EKSPERIMENTAL
Materials

The sediments used in this study were obtained
from Sendang Biru Beach, East Java, Indonesia is
located at point 8o43’ S and 112o68’E. Sediment
samples were obtained via sediment grabber. The
chemicals used in this study are: Powder
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Fe(NO3)3.9H2O grade, HNO3 (pa),  HNO3 solutions
(2M; 4M; 6M; 8M, and 10M), HCl (pa), and
distilled water.

Methods
The partial leaching process was conducted

using reflux method at temperature of 85oC as
follows: (1) Preparation of sediment samples, (2)
Testing leaching solution HNO3 in  various
concentrations (2; 4; 6; 8; and 10M), (3) Testing
the leaching using a solution of HNO3 with various
decomposition times (15; 30; 60; 120; 150; and 180
minutes), (4) Testing variations of the volume
HNO3 at the optimum concentration (10; 25; 50;
75; and 100 mL), (5) Comparing Fe leached using
the optimum condition with aqua regia. All of
filtrates in the leached solution in 0.5 g sediment
were measured using AAS Shimadzu AA-6200
under standard operating conditions having
r>0.999. Instrumental parameters of Fe was used
the acetylene (2.3 L/min), air (17 L/min),
wavelength (288.3 nm), slit width (0.2 nm), lamp
current (30 Ma) and detection limit of Fe (5 µg/L).
The reproducibility in the measuring in the leached
solution was found to be at 95% confidence level.

RESULTS AND DISCUSSION
Effect of varied concentration HNO3

Partial leaching was tested from the smallest
concentration to higher concentration for maximal
leaching Fe ions in the matrix surface sediment.
HNO3 was chosen due to its high solubility to
dissolve Fe ions. The effect of differing
concentrations of HNO3 solvent on the leaching of
Fe metal in sediment was tested. The optimum
concentration of HNO3 is chosen to consider the
smallest concentration of HNO3 to leach a
maximum concentration of Fe in sediment. As
shown in Figure 1, the concentration of Fe is
directly proportional to the increase in the
concentration of HNO3 at various concentrations
from 2M to 8M. The ion of H+ exchanged ion of
Fe3+ in the leached sediment at optimum at HNO3

8M. In other hand, the leached of Fe decreased at
10M due to the higher competitive of matrix ions,
such as Mg and Ca ions contained in the sediment
samples.
The chemical reaction of HNO3 with Fe
contaminants in the sediment can be written as
follows:
3Fe2+(aq) + HNO3(aq) + 3H+(aq)

3Fe3+(aq) + NO(g) + 2H2O(l)

Fe(s) + HNO3(aq) + H+(aq)

Fe3+(aq) + 2H2O(l) + NO(g)

Fe3+(aq) + HNO3(aq) + 3H+(aq)

Fe3+(aq) + NO(g) + 2H2O(l)

Using solvent of HNO3 can leach Fe releasing
Fe in acid soluble fraction. The source of Fe in the
geochemical fraction in sediment was caused the
precipitation or co-precipitation as Fe-carbonate
and Fe-dolomite or carbonate phase. Other source
of Fe came from sulfide minerals including pyrite,
sphalerite, and chalcopyrite due to the weathering
waste piles. HNO3 8M accurately leached maximal
ion of Fe in the carbonate and sulfide fraction in
sediment Sendang Biru Beach.

Effect of time contact
This study investigated at variations time

contact to determine the effect on the leached Fe
from the sediment. HNO3 possibly could release Fe
ions becoming passive in the several times (Svehla,
1979). Leaching was performed with the time
contact variations in order to choose the accurately
time for leaching Fe and prevent over time caused
the passive Fe ions.

The optimum leaching time is the shortest time
of decomposition that can leach Fe to provide a
maximum concentration of Fe. The concentration
of Fe is directly proportional to the longer leaching
time contact with variations of 15, 30, 60, 120, and
150 minutes using HNO3 8M, respectively. The

0.0
0.1
0.2
0.3
0.4
0.5
0.6
0.7

0 5 10 15

Fe
 (p

pm
)

HNO3 (M)

0

0.2

0.4

0.6

0.8

1

0 50 100 150 200

Fe
 (p

pm
)

Time (minutes)

Figure 1. Relationship between of HNO3 concentration
(M) with leached Fe

Figure 2. Relationship between time contact
(minutes) with leached of Fe (ppm) in the sediment
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research data of the influence of variations of
leaching times on the concentration of leached Fe
in the sediment can be seen in Fig. 2.

In the relatively short time of leaching from 15
to 120 minutes, the HNO3 possibly leached of Fe in
sediment in the carbonate phase and then from 120
to 150 minutes the HNO3 attacked Fe in the sulfide
phase. The leaching of HNO3 revealed to contact of
ion active Fe in sediment from 15 to 150 minutes
and then after 150 minutes ion of Fe undergoing
passive. The condition optimum of time contact at
150 minute, the HNO3 can leach maximal ion of Fe
in the geochemical fraction of sediment Sendang
Biru Beach.

Effect of volume HNO3 8M
Variations on the volume of an 8 M HNO3

solution is measured to see how the number of
mole of H+ ions that are exchanged with mole of Fe
ions in the fraction of sediment. The optimum
volume of 8 M HNO3 solution is chosen to
investigate the minimum volume that is used to
dissolve Fe with a maximum output. The research
data on the effect of variations of volume of 8M
HNO3 solution on the leaching of Fe in the
sediments can be seen in Fig. 3.

Mole of Fe in leached solution is directly
proportional to mole of H+ from HNO3 8M in the
volume of 10, 25, 50, 75 and 100 mL, respectively.
As shown in Figure 3, the volume from 10 to 50 ml
of HNO3 8M increases the leached Fe in sediment.
At higher volumes of the 75 and 100 mL, leached
Fe concentration decreased. The optimum volume
identified is 50 mL HNO3 8 M.

Comparison of Decomposition of Fe in Sediment Using
Aqua Regia with HNO3

Aqua regia is a mixture volume of solute HNO3

and solute HCl in the ratio of 1:3. Aqua regia is
standard partial leaching of Fe in geochemical
fraction sediment. Aqua regia was compared to the

optimum values for concentration, time, and
volume of a HNO3 solution obtained from the this

experiments to determine which is the more
optimum solvent for leaching Fe in sediment. The
reaction equation of the dissolution of Fe in aqua
regia is as follows:

The research data can be shown in Figure 4 and
Table 1. The experiment shows a higher
concentration of Fe was obtained by using 50 mL
of 8M HNO3 solution at 150 minute (optimized
condition) compared to their optimized condition
of aqua regia. In order to compare the effective
leaching solution to leach Fe in sediment, we
calculated the leached Fe using optimized
condition of HNO3 with aqua regia. As shown in
Table 1, Leaching solution of HNO3 could leach 72
ppm comparing with aqua regia (60 ppm) in 0.5
gram in sediment. This optimum condition of
leached Fe in sediment can be used as alternative
method for assessment of Fe content in Sendang
Biru Beach in the future.

CONCLUSIONS

Based on this research can be concluded that
the partial leaching in optimum conditions was
obtained at 50 mL of 8 M HNO3 and the leaching
time contacted for 150 minute. The content of Fe in
sediment in optimized condition leaching of HNO3

solution was more efficient than using aqua regia.
This method of partial leaching in optimized
condition can be used for assessment of Fe content
in the sediment Sendang Biru Beach in the future
associated with human health
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No. Leaching

Solution

Optimized

Condition

Fe in solution

(ppm)

Fe in sediment

(ppm)

1. HNO3 8 M 50 mL, 150 minutes, 85oC 0.72±0.05 72 ppm

2. Aqua regia 50 mL, 150 minutes, 85oC 0.60±0.07 60 ppm

Table 1. The calculation of leached Fe in sediment
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ABSTRACT

Callicostella prabaktiana is one species of the moss , orders Hookeriales, family Hookeriaceae. So far
there has been no research on bioactive compounds C. prabaktiana. The objective of this research  to
know the bioactive compounds the moss C. prabaktiana. Gametophyte of the moss  are cleaned, dried,
and made into a powder, then extracted with hexane, ethyl acetate, and methanol by maceration method.
The identification of bioactive compounds by using Gass Chromatography Mass Spectra (GC-MS). The
results showed that the extract of n-hexane, ethyl acetate, and methanol C prabaktiana each containing
21, 26, and 17 compounds. The dominant component is hexadecanoic acid and neophytadiene

Key words: Callicostella prabaktiana, bioactive compounds

INTRODUCTION

Recently the use of plants as herbal remedies to
increase significantly. This is due to plant
containing the bioactive compounds [1,2,3]. The
plant is used as an antimicrobial, antiinflammatoy,
analgesic, antiseptic, anti-tumor, antioxidant,
fungicide, nematicide, pesticides,
hypercholesterolemic, antihistaminic,
antiandrogenic,etc[4]

Callicostella prabaktiana is one species of the
moss , orders Hookeriales, family Hookeriaceae.
Based on literature review, there has been no
research on bioactive compounds of Callicostella
prabaktiana. The objective of this research  to
determine the bioactive compounds of the moss
Callicostella prabaktiana by Gass Chromatography
Mass Spectra (GC-MS).  GC-MS is the best
technique to identify bioactive compounds
alkaloids, terpenoids, long-chain hydrocarbons,
alcohols, esters, amino acids and nitrogen
compounds, and others [5].

EXPERIMENTAL
Collection of Plant Material

C. prabaktiana wass collected from Cangar
forest, Batu, East Java, Indonesia, and the moss
identified and voucher specimen was deposited  in

the Department of Biology, Faculty of Science and
Technology, Airlangga University.

Preparation of Exract
The moss of C. prabaktiana was washed with

running water and dried. Dry moss plants is made
in the form of a powder by cutting. Powdered plant
material was extracted using maceration method.
Solvents used are n-hexane, ethyl acetate and
methanol. Each volume of solvent used was 400

Figure 1. Chromatogram profile of n-hexane
extract of C. prabaktiana
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ml. Maceration repeated three times. Identification
of bioactive compounds using GC-MS analysis.

RESULTS AND DISCUSSION

Based on the chromatogram profile of extract n-
hexane, ethyl acetate and methanol C. prabaktiana
consists of 21, 26, and 17 peaks (Figure 1, 2, 3).
This is  showed that the extract of n-hexane, ethyl
acetate and methanol consist of 21, 26, and 17
compounds.

Figure 2. Chromatogram profile of ethyl acetate  extract
of C. prabaktiana

Figure 3. Chromatogram profile of ethyl acetate  extract
of C. prabaktiana

Identification of compounds each extract of  n-
hexane, ethyl acetate, and methanol can be seen on
tables 1,2, and 3. Based on the identification,  the
dominant component is hexadecanoic acid and
neophytadiene.

Table 1.Phytocomponents identified in the n-hexane
extract of the  moss Callicostella prabaktiana

peak Retention
Time

Compound Area
(%)

1 4.15 Naphthalene 2.52

2 7.03 Butylated

Hydroxytoluene

3.16

3 7.16 14-Beta-H-Pregna 0.52

4 7.48 14-Beta-H-Pregna 2.72

5 7.52 Nonahexacontano

ic acid

0.73

6 7.57 14-Beta-H-Pregna 1.11

7 7.64 14-Beta-H-Pregna 1.43

8 7.73 14-Beta-H-Pregna 2.58

9 8.00 14-Beta-H-Pregna 6.72

10 8.03 Tetrahydroxycycl

opentadienone

2.97

11 8.11 3,6-Epoxy-

2H,8H-pyrimido

3.30

12 8.61 Cyclohexyl 2-

Methyelenebutan

yl

9.87

13 9.31 Phenol 2.27

14 9.92 2,5-furandone 7.66

15 10.89 Hexadecanoic

acid

12.78

16 11.16 1,2Benzenediol 2.92

17 11.76 1,2-

Benzisothiazole

11.88

18 11.90 Cyclooctacosane 10.69

19 15.29 1-Dotriacontanol 7.29

20 15.59 Heptadecene-(8)-

Carbonic acid-(1)

3.95

21 16.57 Bicyclo(2,2,1)hep

t-2-en-7’-yli

2.93
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Table 2. Phytocomponents identified in the ethyl acetate
extract of the  moss Callicostella prabaktiana
peak Retention

Time
Compound Area

(%)
1 2.42 3,4-furandiol 0.41

2 3.89 Hexane, 1-

isopropylidenecyclop

0.78

3 4.15 Naphthalene 0.56

4 6.42 Decane, 2 methyl- 0.87

5 6.67 Vulgarol B 0.62

6 6.81 Methanesulfonamide 0.67

7 6.95 7-Hydroxy-3-(1,1-

dimethylprop-2

0.87

8 7.65 Camphane hydrate 0.55

9 8.47 Oxiranepentanoic

acid

0.60

10 8.61 Delta 8p menthen 3,4

diol

1.98

11 8.71 Trans2 nonadecene 0.77

12 8.93 Cis 8-(N-pyrrolidyl)-

2,2,5,5-t

0.74

13 9.31 1-Hexadecene 4.57

14 9.83 Neophytadiene 24.01

15 10.11 4-Tetradecyne 3.57

16 10.34 Neophytadiene 7.07

17 10.90 8-Acetyl-3,3-

epoxymethanol

4.01

18 11.16 7,9-Di tert-butyl-1-

oxaspiro

1.55

19 11.30 Benzenepropanoic

acid

1.91

20 11.73 n-Hexadecnoic acid 14.31

21 11.90 Cycloeicosane 8.17

22 12.75 Heptenoic acid 7.35

23 13.81 9-Octadecanoic acid 1.55

24 14.47 1-Ditriacontanol 4.23

25 15.30 Cis-2-nonadecene 4.86

26 15.50 Oleic acid 3.43

Table 3. Phytocomponents identified in the
methanol extract of the  moss Callicostella
prabaktiana

peak Retenti
on

Time

Compound Area
(%)

1 2.47 1,2-Propandiol, 3 chloro 5.58

2 3.15 Delta 2 tetrazaboroline 2.99

3 6.30 Cyclopropanecarboxylic

acid

4.44

4 6.84 Cytidine 16.9

4

5 7.81 Thiosulfuric acid 4.78

6 8.43 Tetrahydroxycyclopentadie

none

1.82

7 8.73 Cyclotriadecane 4.12

8 9.82 Neophytadiene 7.55

9 9.92 2-docosanol 6.63

10 10.34 1-docosanol 3.79

11 10.90 4-dimethylhydrazonometh 2.93

12 11.73 n-hexadecanoic acid 22.6

1

13 12.17 Oleic acid 2.85

14 14.40 Cyclopentadecanone 3.78

15 15.30 Cis, trans-farnesal 4.09

16 15.59 Heptadecene-8-carbonic

acid

3.12

17 19.52 8-acetyl-3,3-epoxymethano,

6,6,7

1.98

The ethyl acetate extract of Guiera senegalensis
containing 9-hexadecanoic acid (20.93%). This
compound has potential as pesticides, and
antibiotics [6]. The n-hexane extract of Epaltes
divaricata containing n-hexadecanoic acid and
neophytadiene [7]. The  extracts metanol of
Wattakaka volubilis containing hexadecanoic acid
[1]. Neophytadiene is reported to be an
antibacterial activity, headache, reumatism, and
some skin diseases [8,9].

CONCLUSIONS

The extract of n-hexane, ethyl acetate, and
methanol C prabaktiana each containing 21, 26,
and 17 compounds. The dominant component is
hexadecanoic acid and neophytadiene
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ABSTRACT

Fusarium solani is one of the pathogenic fungi which causes stem rot disease on dragon fruit. Synthetic fungicides
are commonly applied to control the pathogen. However, it may cause environmental and health problems. The
extract of several higher tropical plants were proven to possess antifungal activity, one of which was rain tree
(Samanea saman Jacq.). This study aims to determine the effectiveness of ethanol and water extracts of the leaf of
rain tree in inhibiting the growth of F. solani and analyze the compounds in the ethanol extract. The effectiveness of
ethanol extract of the leaf of rain tree against F. solani was performed in vitro by a diffusion well method and that of
water extract was done in vivo by spraying rain tree leaf extract into the stem of dragon fruit inoculated the spores
of F. solani. Analysis of compounds in the ethanol extract of rain tree was performed by phytochemical analysis.
Ethanol extract of the leaf of rain tree could inhibit the growth of F. solani with an inhibition diameter of 30.0 mm
on day 5 of incubation and MIC of 0.9 % with an inhibition of 8.12 mm in diameter on day 3 of incubation. The
ethanol leaf extract significantly inhibited the fungal radial growth, sporulation, and the total biomass. Compared to
control, water extract of rain tree at a concentration of 2.5 % (w/v) was able to inhibit the growth of F. solani in
vivo.  The effectiveness of the extract was comparable to synthetic fungicide (antracol ) at concentraction of 0.2 %).
According to phytochemical analysis, the compounds in the ethanol extract of the leaf of rain tree were alkaloid,
flavonoid, phenolic compounds, tannin, triterpenoid, and steroid.

Keywords: Rain Tree, Samanea saman Jacq., Antifungal Activity, Fusarium solani

INTRODUCTION

In recent years, dragon fruits have been
developed in Indonesia, especially Bali, because
they have high commercial valuable fruits. Dragon
fruit is commonly consumed as fresh fruit as
satiation, because the water level is high enough
that approximately 90.20% of the weight of the
fruit with the sugar content reaches 13-18 briks.
The content of other nutrients: carbohydrates (11.5
g), acid (0.139 g), protein (0.53 g), fiber (0.71 g),
calcium (134.5 mg), phosphorus (8.7 mg),
magnesium (60.4 mg) and vitamin C (9.4 mg). The
exotic fruits also contain vitamins B1, B2 and B3.
Dragon fruit was classified as horticultural
products that is beneficial to health. It contains a
lot of fiber. The fiber can bind carcinogens causing
cancer and facilitate the digestive process. Dragon
fruit is also used for balancing sugar levels in the
blood [1].

Dragon fruit orchard developed in Sobangan
village, Badung Regency, Bali has an area of 2
hectares consisting of 9,600 plants of white dragon
fruit, 2,000 plants of super red dragon fruit, and

1,200 plants of red dragon fruit. Dragon fruit plants
in the garden can not produce fruit to the
maximum, but only produced about 20 tons per
year, while the market demand quite a lot of, so
supply of dragon fruit in supermarkets in Bali
brought in from outside Bali. This is due to the
presence of pathogens that attack these plants,
particularly fungal pathogen that resulting in stem
rot disease.

There were various diseases on dragon fruits
that have been reported. Hawa et al. [2] reported
that stem rot disease on dragon fruit was caused by
Fusarium semitectum, Fusarium moniliforme, and
Fusarium oxysporium. Meanwhile anthracnose
disease was caused by Colletotrichum
gloeosporioides [3]. Rita et al. [4] reported that
pathogenic fungus causing stem rot diseases on
dragon fruit in Bali was Fusarium solani. In
addition, black spot caused by Alternaria sp., wilt
disease caused by Fusarium oxysporium, stem
blight caused by Diplodia sp., Ascochyta sp., and
Phoma sp., speck blight  caused by Nectriella sp.
have reported by Wang et al. [5].
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One of the alternative measures to control the
disease is the use of botanical pesticides that
containing plant extracts as an active ingredient.
This botanical pesticide is considered to be an
environmentally friendly measure. Botanical
pesticides do not cause resistance to pests because
the active ingredient is composed of several
compounds and most of them are biodegradable
under natural condition [6].

Biodiversity of plants provide opportunities for
the development of botanical fungicides in
controlling fungal pathogens. Some scientist
studied the effect of different plant extracts to
fungal growth. Aba-Alkhail [7] used the extracts of
Allium sativum (garlic), Cymogopogon proximus
(lemongrass), Carum carvi (caraway), Azadirachta
indica (neem), and Eugenia caryophyllus (clove) to
inhibit the growth of Fusarium oxysporum f. sp.
lycopersici. El-Assiuty et al. [8] utilized
Cymbopogon proximus to control toxigenic fungi
Aspergillus flavus and Fusarium vertiillioides.
Fawzi et al.[9] utilized cinnamon, bay leaves,
avocado and ginger in controlling the fungus
Alternaria alternata and Fusarium oxysporum.

Many extracts of higher plants have been
studied and showed remarkable antifungal
activities against plant fungal pathogens. In this
study, 30 plant extracts were tested for their
antifungal activity against the causal fungus of
stem rot disease on dragon fruit grown in Bali. The
result showed that the extract of rain tree (Samanea
saman (Jacq.) was the most active in inhibiting the
fungal growth on PDA medium. Prasad et al. [10]
reported that rain tree leaf extract could inhibit the
growth of Candida albicans at a concentration of
10 mg/mL. Phytochemical screening showed the
presence of tannins, flavonoids, saponins, steroids,
cardiac glycosides, and terpenoids in the leaves of
rain tree. Ukoha et al. [11] reported the tannins in
the ethyl acetate fraction (TEA) rain tree pod
extract showed the highest activity in inhibiting
Candida albicans. Rita et al. [12] reported that
total flavonoid and phenolic contents of rain tree
leaf n-butanol extract have a positive correlation to
its activity in inhibiting the growth of Escherichia
coli and Staphylococcus. Meanwhile, Suteja et al.
[13] stated that isoflavon with a hydroxy groups at
C-5 and C-7 in rain tree leaf butanol extract was
able to inhibit the growth of Escherichia coli.

Although the use of plant extracts in the control
of pathogenic fungi have been carried out, but
specifically for the control of fungal pathogens on
dragon fruit has not been widely studied. This
study aims to determine the effectiveness of
ethanol and water extracts of the leaf of rain tree in
inhibiting the growth of the causal fungus of stem
rot disease and to reduce the incidence of stem rot
disease on dragon fruit. In addition, secondary

metabolites in ethanol extract of rain tree leaf were
very worth to identify.

EXPERIMENTAL
Plant Material

Rain tree leaves were collected around
Denpasar Bali and dried at room temperature. The
dried samples subsequently were milled to a
powder.

Fungal Isolate
Pure culture of Fusarium solani was obtained

from the Laboratory of Biopesticide, University of
Udayana that was maintained at 4°C. The fungal
isolate was then grown on potato dextrose agar
(PDA) on a Petri dish and incubated at room
temperature (27 + 2oC) before use for further test.

Extraction
Around 1 kg of rain tree leaf powder was

extracted with 10 L of ethanol 70% for 24 hours at
room temperature (27 + 2°C). The same procedure
was applied to get the water extract, but it used
water as solvent. The extracts were kept for 24 h at
4°C, filtered through Whatman No. 1 filter paper,
evaporated to dryness under vacuum, and stored at
4°C until use for antifungal test and phytochemical
analysis. Water extract was done in the same
procedure.

Antifungal Activity Test
Antifungal activity of ethanol extract of rain

tree against the main fungal pathogens of stem rot
disease was done by diffusion well methods.
According to Ardiansyah [14], if the diameter of
zone of inhibition  20 mm, the inhibition was very
strong; 10-20 mm: strong inhibition; 5-10 mm:
moderate inhibition; and <5 mm: weak inhibition.
Several tests were performed in this experiment
such as determination of minimum inhibitory
concentration (MIC) of the crude extract; the
effects of extract on the fungal colony growth on
PDA, sporulation and biomass formation in the
liquid medium.

Determination of Minimum Inhibitory Concentration
The suspension of Fusarium solani (200 L)

was spread on melted PDA medium in a laminar
flow. After the medium become solid, diffusion
well was made using cork borer (5 mm in
diameter). Into the well, 20 l ethanol extract of
rain tree leaf was applied at concentrations of
0,2%, 0,4%, 0,8%, 1,0%, 2,0%, 3,0%, 4,0%, 5,0%,
10,0% (w/v). For control, 20 l sterile distilled
water containing 0.2% Tween-80 was used. Three
Petri dishes were prepared for each concentration.
The cultures were then incubated for 48 h in the
dark under room temperature. The formation of
inhibition zone around the diffusion well was
observed and was used to determine the antifungal
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activity. The lowest concentration in which the
ethanol extract of rain tree leaf produced inhibition
zone is known as minimum inhibitory
concentration (MIC).

Effect of Extract on Colony Growth
The ethanol leaf extract of rain tree at various

concentrations (0.5%, 1%, 2% and 4%, w/v) were
put on Petri dishes and mixed with 10 mL melted
PDA medium. The sterile distilled water containing
0.2% Tween-80 was used as control. The Petri
dishes were shaken gently to allow the extract to
distribute evenly. After the medium solidified, a
mycelia plug (5 mm in diameter) of Fusarium
solani taken from the edge of a 3-day old culture
was put in the center of the PDA. Three Petri
dishes were prepared for each concentration. The
cultures were incubated for 7 days in the dark
under room temperature. The diameter of fungal
colony was measured daily. The inhibitory activity
to the radial growth (IR) was determined according
to the following formula: [15](%) = 100

……………….. (1)

where: IC = inhibitory activity to the colony
growth

dc = average increase in mycelia growth in
control plates

dt = average increase in mycelia growth in
treated plates.

Effect of Extract on Sporulation
Spores were harvested in sterile distilled water

from a culture maintained in slant PDA. The
suspension was passed through a filter paper
(Whatman No.2) to separate the spore and mycelia
or hypae. As much as 200 L spore suspension
(2x105 spores mL-1) was added into 10 mL potato
dextrose broth in a test tube containing various
concentrations of rain tree leaf extract, i.e. 0%,
0.5%, 1%, 2% and 4% (w/v). The cultures were
incubated in the dark under room temperature for
five days. The number of spores were counted
using haemocytometer under light microscope. The
inhibitory activity to the spore formation (IS) was
calculated according to the following formula: [16](%) = 100

……………….. (2)

where: IS = inhibitory activity to the sporulation
dc = spore’s density on control (without

extract treatment)
dt = spore’s density with extract treatment.

Effect of Extract on Fungal Biomass
The determination of the effect of rain tree

extract on fungal biomass was done in 100 mL
potato-dextrose broth (PDB) medium that was

placed in a 200-ml Erlenmeyer flask. The extract
was added into the flask at concentration varied
from 0%, 0.5%, 1%, 2% and 4% (w/v). The
medium was then inoculated with 1 ml of spore
suspension (the spore density was 2x105 spores
mL-1). The final volume of the culture was 100 mL
with five flasks for each concentration. The
cultures were incubated in the dark for 8 days
under room temperature. The biomass was
harvested through centrifugation at 5,000 rpm for 5
minutes. The pellet (biomass) was taken and placed
on glass filter paper and dried in an oven at 60oC
until constant weight. The inhibitory activity
against the fungal biomass (IB) was calculated
according to the formula: [16](%) = 100 ……………..

(3)

Where: IB = inhibitory activity to the fungal
biomass

wc = dry weight of biomass on control
(without extract treatment)

wt = dry weight of biomass with extract
treatment.

Phytochemical Analysis
Phytochemical analysis was performed on

ethanol extract of leaf of rain tree. The extract was
tested for the presence of alkaloids, triterpenoids,
steroids, flavonoids, phenols, glycosides, saponins,
and tannins using detection reagent compounds
[17].

Effectiveness of Water Extract of the Leaf Rain Tree to
Control Stem Rot Disease on Dragon Fruit

Rain tree leaf water extract with various
concentrations of 0.0, 0.5; 1.0; 1.5; 2.0; and 2.5%
(w/v) were tested in this experiment to control stem
rot disease. The extract treatment was allocated
according to the randomized block design (RBD)
with 4 replications for each concentration.  One
month-old dragon fruit plants grown in
polyethylene bags filled with cultural medium
(fertile soil: compost, 3:1) under green house were
artificially inoculated with the spore’s suspension
of Fusarium solani (0.5 mL per plant). The
inoculation sites were wounded with 5 needles
prior to the inoculation. Treatment with plant
extract was done a day after inoculation. The
extract of respective concentration was evenly
sprayed onto the surface of the plant using sprayer.
Observation was done every day to determine the
disease incidence. The disease incidence was
determined according to the following formula:(%) = 100 …….. (4)

Where: DI = Disease incidence
dp = The number of diseased plants
di = The number of inoculated plants



The proceeding of International Conference Collaboration
Seminar of Chemistry and Industry

Rita et al. 81

CoSCI 2016
October 5-6th, 2016
Surabaya Indonesia

RESULTS AND DISCUSSION

The minimum inhibitory concentration (MIC)
of ethanol extract of the leaf of rain tree against
Fusarium solani on PDA was 0.9% with diameter
of inhibition by 8.12 mm on day 3 of incubation.
The extract significantly (P<0.05) suppressed the
growth of colony of F. solani on PDA medium.
Treatment with extract at concentration of 1%
inhibited the colony growth by 48.35%, while the
treatment with extract at concentration of 4%
inhibited the colony growth by 93.95%. Results of
this study showed that the higher the concentration
of extract, the higher the inhibitory activity (Table
1).

Table 1. Inhibitory activity of ethanol extract of rain tree
leaves against the colony growth of Fusarium solani

Extract
concentration

(%, w/v)

Diameter of
fungal

colony (mm)

Percent of
inhibition

0 71.67 a* -
0.5 71.00 a 0.91
1 37.00 b 48.35
2 14.67 c 79.54
4 4.33 d 93.95

*Values followed by the same letters in the same
column are not significantly different according to
the Duncan’s Multiple Range Test at P<5%.

The treatment with ethanol extract of rain tree
leaf effectively inhibited the formation of spore of
F. solani. Treatment of the extract at a
concentration of 0.5% significantly (P <0.05)
inhibited the formation of spores by 19.05%, while
no spore formation occurred when the fungus was
treated with extract at concentration of 4% (Table
2).  The ethanol extract at concentration of 0.5 to
4.0% significantly (P<0.05) inhibited the biomass
of F. solani in PDB medium. Treatment with
extract at a concentration of 0.5% was able to
inhibit the biomass by 30.41%, whereas treatment
at a concentration of 4% was able to inhibit the
biomass by 97.68% (Table 3).

Al-Reza et al. [18] evaluated the antifungal
activity of essential oils (1000 ppm) and flower
extracts of Cestrum nocturnum L. (1500 mg / disc)
against Botrytis cinerea, Colletotrichum capsici,
Fusarium oxysporum, Fusarium solani,
Phytophthora capsici, Rhizoctonia solani, and
Sclerotinia sclerotiorum. The inhibition
concentration of the essential oils was ranging from
59.2 to 80.6%, while the inhibition of flower
extracts was from 46.6 to 78.9%. The MIC of the
essential oils and the flower extracts was 62.5-500
and 125-1,000 mg mL-1.

Table 2. Inhibitory activity of ethanol extract of rain tree
leaves against spore’s  formation of Fusarium solani

Extract Spore’s Percent of

concentration
( %, w/v )

density ml-1

(x 105 spores)
inhibition

0 69.33 a* -
0.5 55.67 b 19.05
1 29.67 c 56.99
2 2.33 d 96.67
4 0 d 100.00

*Values followed by the same letters in the same
column are not significantly different according to
the Duncan’s Multiple Range Test at P<5%.

Table 3. Inhibitory activity of ethanol extract of rain tree
leaves against biomass of Fusarium solani

Extract
concentration

(%, w/v)

Dry weight
of biomass

(mg)

Percent of
inhibition

0 360 a* -
0.5 250 b 30.41
1 183.33 c 48.97
2 116.67 d 67.50
4 8.33 e 97.68

*Values followed by the same letters in the same
column are not significantly different according to
the Duncan’s Multiple Range Test at P<5%.

Bajpai and Kang [19] reported that the essential
oil of Magnolia liliflora DESR. with a
concentration of 62.5 mg/mL could inhibit
completely the formation of spores of Fusarium
solani. Hadi and Kashefi (2013) conducted a study
on the effects of some medicinal plants against
Fusarium oxysporum Schlecht spore formation in
vitro. Cinnamomum zeylanicum, Mentha piperita,
Allium hirtifolium, and Allium sativum extracts
showed maximum inhibition of spore formation in
each 1,000, 1000, 1000, and 500 ppm after 8 days,
while the formation of spores at least have occurred
in each of 1000, 100, 100 and 25 ppm after 10 days
on PDB medium. Siripornvisal [20] reported that
ajowan oil with concentrations of 120-480 mg mL-1

had a significant inhibitory effect on the biomass of
3 strains Fusarium oxysporum, including F.
oxysporum f.sp. lycopersici, F. oxysporum f.sp.
cubense, and F. oxysporum f.sp. capsici, pathogens
of tomato, banana, and chili wilt diseases.

The inhibition of ethanol extract of rain tree leaf
on the growth of F. solani was caused by
antifungal active compounds contained in the
leaves of rain tree. According Pelczar et al. [21],
the mechanism of antimicrobial substances in
killing or inhibiting the growth of microbes was to:
(1) damage the microbial cell wall, resulting in
lysis or inhibit the formation of the cell wall in
growing cells, (2) changing the permeability of the
cytoplasmic membrane which causes the leakage of
nutrients from within the cell, for example by



The proceeding of International Conference Collaboration
Seminar of Chemistry and Industry

Rita et al. 82

CoSCI 2016
October 5-6th, 2016
Surabaya Indonesia

phenolic compounds, (3) cause denaturation of
cells, and (4) inhibit the enzyme action in the cell.

Phytochemical test of the extract showed that
the ethanol extract of rain tree leaves contain
alkaloids, flavonoids, phenolics, tannins,
triterpenoids, steroids, and saponins. Prasad et al.
(2008) [10] reported that rain tree leaves contain
tannins, flavonoids, saponins, steroids, cardiac
glycosides, and terpenoids. Raghavendra et al. [22]
reported the presence of alkaloids in the leaves of
rain tree. While Ferdous et al. [23] reported the
presence of lupeol and epilupeol (triterpenoids
group) obtained from n-hexane fraction.

The activity of rain tree leaf to control
Fusarium solani was probably caused by flavonoid
and tannins. The activity of flavonoid as antifungal
was probably caused by its ability to bind the
fungal proteins by forming hydrogen bonds
between the OH group on the C atom number 3 or
carbonyl group (C number 4) with the amino
groups of the fungal protein, so the composition of
the fungal cell wall was disrupted. This was
confirmed by Amjad et al. [24] which states that
the antifungal activity of flavonoid was due to their
ability to form complexes with proteins of
extracelluler and soluble protein, whereas the
lipophilic flavonoid may probably interfere fungal
membranes. According to Cushnie and Lamb [25],
there were different mechanisms for different
flavonoid, such mechanisms included inhibiting the
synthesis of nucleic acids, the cytoplasmic
membrane function, and energy metabolism. The
mechanism involved the interaction between the
fungal enzymes with flavonoid. Enzyme was an
active protein that consists of various amino acids,
resulting in the formation of hydrogen bonds
between the amino acids, it caused the flavonoid
enzymes activity to be disturbed.

Mailoa et al. [26] reported the antimicrobial
activity of tannin extract of guava leaves against
microbial pathogens. The results showed that the
inhibitory activity of tannins on five microbial
pathogens was different. This was because the
composition of the microbial cell wall five
microbes was different. The results showed that the
tannin extract can inhibit the growth of Escherichia
coli, Pseudomonas aureginosa, Staphilococcus
aureus, Aspergillus niger and Candida albicans.

Treatment with various concentrations of the
water extract showed significant effect (P <0.05) to
the incidence of stem rot disease on dragon fruit as
presented in Table 4 and Figure1.  The disease
incidence of control (K) was 91.25%, Treatment
with  concentration of 0.5; 1.0; 1.5; and 2.0 showed
the incidence of the disease respectively for 62.50;
36.25; 21.25; and 15.00%, the highest among other
treatments, while no disease incidence was
observed on dragon fruit plant treated with extract

at concentration of 2.5%. This treatment was
comparable to the treatment with synthetic
fungicide (Propineb) at concentration of 0.2%
(recommended concentration).

Table 4. Effectiveness of water extract of rain tree
leaf to suppress stem rot disease on Dragon Fruit

Treatment Disease incidence (%)
K (control) 91.25 a*
A (0.5%) 62.50 b
B (1.0%) 36.25 c
C (1.5%) 21.25 d
D (2.0%) 15.00 d
E (2.5%) 0 e

F (synthetic fungicide,
0.2%)

2.50 e

*Values followed by the same letters in the same
column are not significantly different according to
the Duncan’s Multiple Range Test at P<5%.

Figure 1.  Bar chart of stem rot disease incidence (%) on
dragon fruit with and without treatment of water extract
of rain tree leaves

This result suggested that water extract of the
leaf of rain tree potentially can be used to control
the stem rot disease on dragon tree caused by F.
solani. This measure can be considered as a safe
and environmentally friendly control method in
order to minimize the use of synthetic fungicides.

CONCLUSIONS

Based on the results of research and discussion,
it can be concluded that the leaf extract of rain tree
effectively inhibited the growth of Fusarium solani
and reduce the incidence of stem rot disease on
dragon fruit. The ethanol extract of rain tree leaves
contain alkaloids, flavonoids, phenolics, tannins,
triterpenoids, steroids, and saponins.
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