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WELCOME MESSAGE
On behalf of the organizing committee, I extend my hands to invite you to the 5th Annual
Basic Science International Conference (BaSIC 2015).
Being its fifth year, the organization of this year is a milestone for the annual Basic Science
International Conference. Sitting quietly behind this milestone is a long history that records
the evolution of this annual meeting. The conference was initiated on 2000 by the Faculty of
Science of Brawijaya University under the humble name of National Conference of Science
(Seminar Nasional Kemipaan). The conference then expand and change its name into Basic
Science Seminar. Starting from 2006, the conference has continuously invited international
participants. On 2011, the conference adopted the present name and expanded its scope to
international. For more than ten years, the conference has facilitated the communication
between scientists across disciplines in science.
Science is advancing rapidly and enables us to reveal and comprehend how this universe
works. The scientists are naturally rewarded by the excitement to discover new things that
bring them closer to the answer of their curiosity, while at the same time continuously
providing contribution to human race in form of knowledge. The long contribution from the
works of scientists around the world has brought us to a deeper knowledge, where the
boundaries dispute between science disciplines become an obsolete issue. By promoting
collaboration across disciplines, we will further extend the opportunity to discover an
innovation, gain better understanding, and enhance the advancement of science body.
This event is aimed to promote scientific research activities by fellow scientists in Indonesia
and overseas, in a hope to build and strengthen networks and collaborations.

With best regards,
Dr.Sc. Lukman Hakim
Conference Chairperson
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On behalf of the Faculty of Mathematics and Natural Sciences, we are very pleased to
welcome you in the Fifth Annual Basic Science International Conference. By conducting this
conference, we can communicate our research, solving our problems and strengthening our
collaborations. Thus, let us give our gratitude to the keynote speakers.
•
•
•
•
•
•
•
•

Prof. Hideki Tanaka (Okayama University, Japan)
Prof. Aulanni’am (Brawijaya University, Indonesia)
Prof. Frederic Merienne (Informatique et Image at Arts et Metiers ParisTech, France)
Prof. Fahrul Zaman Huyop (Universiti Teknologi Malaysia, Malaysia)
Prof. Shoji Motomizu (Okayama University, Japan)
Prof. Edy Tri Baskoro (Institute Technology Bandung, Indonesia)
Prof. Isao Kadota (Okayama University, Japan)
Prof. Duangjai Nacapricha (Mahidol University, Thailand)

Many thanks to invited speakers for delivering and sharing his competencies.
Thanks to all oral presenter, contributor for poster session and all of the participant for your
attention, support and contribution for this conference. By providing this proceeding, we can
follow-up our collaboration in research between us.
Last but not least many thanks to the steering and organizing committee chaired by Dr.Sc.
Lukman Hakim for the great work to succeeding this conference.

Prof. Dr. Marjono, M.Phil
Dean Faculty of Science, Brawijaya University
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Abstract – Modification of PET surfaces with end-functionalized polymers prepared from RAFT
polymerization were investigated. Monomers of styrene (St), was used as model monomer, and 2lactobionamidoethyl methacrylate (LAMA) were polymerized by RAFT polymerization technique
using succinimide-CTA (Suc-CTA) as RAFT agent. The controlled molar masses and narrow
polydispersities of end-functionalized polymers were characterized by size exclusion
chromatography (SEC). PET surfaces were aminolized first by polyethylenimine (PEI) before
grafting process. The amine functions on PET surfaces were characterized by contact angle
measurements and X-ray photoelectron spectroscopy (XPS). Decreasing of contact angle between
aminolized PET surfaces and a droplet of water occured (from Ɵ ref = 64° to Ɵ = 48°). Then
grafting of PS and poly-LAMA as end-functionalized polymers on aminolized PET surfaces were
prepared by “grafting-to” technique. The change of surface properties after grafting process was
characterized by contact angle measurements. Grafting of PS on aminolized PET surfaces obtained
the increasing of contact angle (Ɵ = 63°) because of their hydrophobic properties. In otherwise,
grafting of poly-LAMA on aminolized PET surfaces obtained the decreasing of contact angle (Ɵ =
39°) because of their hydrophilic properties.

1. INTRODUCTION
Polymers have became an essential thing in our daily life especially for polyethylene terephtalate (PET) type. In
general, this polymer was used in packaging industry such food and drinks, cosmetics, household chemicals, toiletries,
and pharmaceuticals [1]. Based on their broad applications, treatments of functional PET surface with reactive groups
or environment-sensitive groups have attracted much attention [2]. It was very usefull to eradicate microorganisms such
as bacteria that have a strong tendency to develop on surfaces, giving rise to a complex and strongly adhering microbial
community named “biofilm”.
Surface modification by grafting end-functionalized polymers have much developped. The inert nature of most
commercial surface such PET caused it must undergoes surface prior to attachment of a bioactive compounds from endfunctionalized polymers [3]. Surface modification by grafting end-functionalized polymers is the main principal in this
work. One of the advance polymerization technique which prepared the well-defined polymers with precisely designed
molecular architectures and predictable molar masses was reversible addition-fragmentation chain transfer (RAFT)
polymerization [4]. This is the most recent of the living/controlled free radical methodologies. By adjusting the
structure of the RAFT agent, the functional groups can be easily introduced into the chain of the polymers [5].
Therefore, we designed the PET surfaces using poly-2-lactobionamidoethyl methacrylate (poly-LAMA) and
succinimide based CTA (Suc-CTA) as RAFT agents to achieve antibacterial properties.

2. METHODS
2.1 Chemicals
Monomers of styrene was purified under reduced pressure before use. While the monomer of 2-lactobionamidoethyl
methacrylate (LAMA) were synthesized as reported in literature [6]. Succinimide-CTA (Suc-CTA) as RAFT agent was
prepared as reported in literature [7-8]. 2,2’-azobis-(isobutyronitrile) (AIBN) was used as initiator for polymerization of
styrene and 4,4’-azobis-(4-cyanovaleric acid) (ACVA) was for polymerization of LAMA. PET films of melinex OD
with surfaces thickness 175 μm were traited by aminolysis with polyethylenimine (PEI). Before it, films were washed in
mixture solution of ethanol/acetone (1/1 v/v) for at least 1 h then dried with argon gases. All other chemicals such as 2methyl-1-propanethiol, carbon disulfide (CS2), aqueous NaOH solution, acetone, chloroform, HCl,
tricaprylmethylammonium chloride, N-hydrosuccinimide (NHS), dry dichloromethane, dicyclohexyl carbodiimide

1

(DCC), lactobionic acid, methanol, trifluoroacetic acid (TFA), 2-aminoethyl methacrylate hydrochloride, triethylamine,
hydroquinone, and dimethyl formamide (DMF), were used without further purification.

2.2 Procedures
2.2.1 RAFT Polymerization
RAFT polymerization was prepared by solubilize suc-CTA (30.4 mg, 0.09 mmol) and 2,2’-azobis-(isobutyronitrile)
(AIBN, 1.4 mg, 0.009 mmol) into styrene (1 mL, 8.7 mmol). The solution was stirred at temperature 80 °C in different
times. Polymer solution was precipitated in 100 mL cold methanol, then filtrated and dried under vacum. The similar
methods was also applied in polymerization of 2-lactobionamidoethyl methacrylate (LAMA, 469 mg, 1 mmol) in
solution of H2O/DMF (5/1 v/v) with ACVA as intiator ([LAMA]:[Suc-CTA (5)]:[ACVA] = 100:5:1).

2.2.2 Surface Modification of PET
Surface modification of PET consists two steps, aminolysis reaction then followed by “grafting-to” of endfunctionalized polymers in aminolized PET surfaces. For the first step, a pair of washed PET films were added to tubes
containing of polyethyleneimine (PEI) 11.6 % in methanol. Then, it was thermostated at temperature 50 °C in different
times. The solution was removed from the films by washing with methanol in then dried in vacum at ambient
temperature. The films were analysed by contact angle measurements of water. For the next step, PS (50 mg, ~0.025
mmol) were added to tubes containing 5 mL solution of THF/triethylamine (98/2, v/v). A film of aminolized PET
surfaces was added to the tubes then stirred at ambient temperature for 2 days. The aminolized PET surfaces was
analysed by contact angle measurements of water to see the difference of surface properties before and after of
treatment. The similar methods was also applied in “grafting-to” of poly-LAMA using the solvent of
water/triethylamine (9/1, v/v) at 40 °C for 2 days.

2.2.3 Characterization
The molar masses and polydispersities of all formed polymers were determined by Size Exclusion Chromatography
(SEC). THF/Et3N (98/2, v/v) was used as the eluent at a flow rate of 1.0 mL min-1 operated at 30 °C. Special treatment
just for poly-LAMA that needs to be protected with acetyl groups before solubilize in THF. PS standard was used for
sample measurements. Determination of structure were recorded by 1H NMR spectra of the polymers were recorded on
350 MHz nuclear magnetic resonance intrument, using TMS as the internal standard. Surface modification of PET was
characterized by X-ray photoelectron spectroscopy (XPS) and drop shape analysis (DSA). The water dropped was 3 μL.
An Kα X-ray source was used. In DSA, a drop of water was used to measure the contact angle in aminolized PET
surfaces.

3. RESULTS AND DISCUSSION
3.1 RAFT Polymerization
RAFT polymerization of styrene as monomer model was promoted using Suc-CTA. From this polymerization, we got
the linear relationship between between number-average molecular weight (Mn,exp) and monomer conversion from
NMR yields as shown in Figure 3.1. It indicated that Suc-CTA could play an essential role as RAFT agent in
controlled/living radical polymerizations of St.

Figure 1 Relationship between molar masses (Mnth and Mnexp) and polydispersities (PDI) to the monomer
conversion
As the Suc-CTA was success to be used in RAFT polymerization of styrene, the next polymerization of glycomonomers
LAMA also used this RAFT agent. The polymerization was initiated by ACVA, as shown in Figure 3.2.
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Figure 2 RAFT polymerization of LAMA
After we acetylated poly-LAMA analysed using SEC, we got the monomer conversion 100 %, theoritical molar mass
(Mnth = 47250 g/mol) and experimental molar mass (Mnexp = 9300 g/mol). The polydispersities (PDI) of the polymer
was 1.88, it’s still less than 2.00. It means that Suc-CTA can be used in the RAFT polymerization of LAMA.

3.2 Surface Modification of PET
PET surfaces were prepared by aminolysis reactions with polyethylenimine (PEI). This treatment was proposed to give
the amine functions on PET surfaces. The aminolized PET surfaces will be very reactive to incorporate covalently the
ester bonds of end-functionalized polymers in grafting process. In the aminolysis reaction of PET with PEI at 50 °C
during 24 h, we observed the decrease of water contact angle from 64.4° to 48.4°. It means that amine groups from PEI
have been succesfully attacked by carbonyl groups on PET surfaces.
PS and poly-LAMA as end-functionalized polymers were grafted on aminolized PET surfaces by “grafting-to”
technique. Grafting of end-functionalized polymers on aminolized PET surfaces was characterized by contact angle
measurements, as shown in Table 3.11. Both of PET surfaces either were grafted by PS or poly-LAMA show the
difference of contact angle with aminolized PET surfaces without grafting (PET reference, Ɵ = 48°). Although, grafting
of PS and poly-LAMA on aminolized PET surfaces still didn’t reach the angle contact of standard hydrophobic and
hydrophilic materials (Ɵhydrophobic = 110°) [9] and (Ɵhydrophilic = 14°) [10]. Preliminary results of “grafting-to” obtained
the conditions which need to be optimized.
Table 1 Grafting of PS (in the solution of THF/Et3N (98/2, v/v)) and poly-LAMA (in the solution of CH3OH/Et3N
(9/1, v/v)) on aminolized PET surfaces by “grafting-to” technique
Grafting of

Time (h)

Temperature (°C)

ƟH2O (°)

PS

48

ambient

63.3 ± 2.9

poly-LAMA

24

40

39.1 ± 3.2

4. CONCLUSIONS
End-functionalized polymers have been prepared by RAFT polymerization technique. A new RAFT agent prepared
from succinimide compounds was designed and used to mediate homopolymerizations of styrene and LAMA.
Controlled molar masses and narrow polydispersities were observed by SEC.
Surface modification of PET also have been prepared by aminolysis reactions. PET surfaces was incorporated with
amine groups from PEI. The hydrophilic properties of aminolized PET surfaces was observed by contact angle and
XPS. Grafting of PS on aminolized PET surfaces obtained the increasing of contact angle (Ɵ = 63°) because of their
hydrophobic properties. In otherwise, grafting of poly-LAMA on aminolized PET surfaces obtained the decreasing of
contact angle (Ɵ = 39°) because of their hydrophilic properties. As the comparison, the water contact angle with
aminolized PET surfaces without grafting is equal to 48°. By these results, modification of PET surfaces with endfunctionalized polymers prepared from RAFT agents can be proposed to antibacterial tests.
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Abstract – This research is about the mechanical properties of sorghum starch bioplasticsmodified chitosan with sorbitol PVA plasticizer concentration. The Method of sorghum starch
preparation - with modifications sorbitol PVA 1ml, 1,5%, 2%, 2,5%, 3%, and 3,5%, the best
formulation used 70wt% starch and 30wt% chitosan, and then do the heating, stirring and molding
of bioplastic. The characterization of bioplastics is biodegradation test, water uptake, mechanical
testing, Scanning Electron Microscope (SEM), and FTIR. The result show that with increasing
sorbitol showed the increasing tensile strength and water uptake. The best results in the addition of
sorbitol bioplastics is 2.5 ml sorbitol PVA with water uptake 96.47%, tensile strength 80.625 MPa,
elongation 12.58% and a Young's modulus of 6.40 MPa. The length of the resulting
biodegradation is 16 days to degreded by microorganis(100%) in efective Microorganism 4.
Results of SEM analysis showed the surface of the bioplastics looks homogeneous with bioplastic
polymer crosslinked starch-chitosan but there are still air bubbles, pores and cracks. Based on
FTIR testing shows the resulting plastic has hydrophilic properties which can be seen the presence
of OH groups at wave number 2630.30 cm-1, hydroxide group (OH), and esters (COOH). The
presence of these functional groups showed the plastic has good degradable characteristic.

1. INTRODUCTION
Plastics worldwide demand continues to increase, almost every product using plastic as packaging. Every year 100
million tons of plastic are produced for various industrial sectors[1]. Plastics that are used today are synthetic polymers
of petroleum that have limited number and can not be renewed. So it needed an alternative solution of plastic material
that available in nature in large quantities and cheap but capable of producing the same power that is bioplastics [2].
Bioplastics are plastics or polymers which naturally can be easily degraded by microorganisms decomposition.. The
main component is a constituent of starch amylose and amylopectin sorghum [3]. In this study used sorbitol as a
plasticizer. In this study will look for the optimum conditions for the concentration of plasticizer in the manufacture of
bioplastics. In addition, the plastic is also expected to have good mechanical properties that can serve as a protective
food against mechanical influences from the environment. Shrimp shell waste is a potential source of chitosan, namely
biopolymers commercial potential in various fields of industry [4]. The solution that can be given with the problems
above is an innovative research that can improve the mechanical characteristics of sorghum starch plastics and chitosan
so that it can be used as like as commersial plastics. The purpose of this study is analyzing the effect of sorbitol and
PVA concentration to degradation time, water uptake, elongation, tensile strength, and young’s modulus of plastic
sorghum starch and chitosan. Usefulness for applied research environment is expected to contribute creative and
innovative ideas that can be used to preserve the environment, development of science and technology among
researchers, practitioners and the public in the field of biotechnology.

2. METHODS
2.1 Chemicals
The materials used are sorghum, chitosan with DD 99,4%, HCl, HCl 7N, Acetic acid (CH3COOH) 2%, 60% NaOH,
silver nitrate (AgNO3), acetone, ethanol 70%, sulfuric acid, sorbitol, PVA powder, distilled water, NaOH 1 N, I2-KI 1%,
3.5% NaOH, acetone (Merck), H2SO4 1 M.
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2.2 Procedures
Sorghum Seeds is conditioning to increase the yield of sorghum flour. This process is done by adding water 25% of
1000 g then sorghum milling used satake milling machines to separate the skin of sorghum for 1 minute [5]. Making
bioplastics through the following stages: sorghum starch and chitosan were weighed with a mass ratio of 7: 3 (g/g).
Starch solution and chitosan solution was prepared by adding distilled water in accordance with the amount of volume
that has been calculated on a separate measuring cup, measuring cup starch solution in 500 mL and 20% chitosan
solution with the addition of acetic acid in 50 ml measuring cup until the volume of 15 mL. starch-chitosan solution
then added plasticizer sorbitol by the variation of 1%, 1.5%, 2% to 2.5%, 3%, and 3.5% of the volume of chitosan
starch mixture of 100 ml. Heated water bath with temperature 95°C. 500 ml measuring cup containing starch and
chitosan solution was placed in a water bath and then stirrer. Chitosan solution was added and stirred (mix) for 25
minutes at 50 rpm. Then added with sorbitol on starch-chitosan solution and stirred until homogeneous. A total of 50
mL of solution is poured into the mold, then the mold is ovened at T = 60 ° C for 6 hours. After drying in an oven,
plastic removed from the mold. Then for testing and characterization is test water resilience with methods [6] with the
initial weigh the sample (Wo), then put into a distilled water for 10 seconds, then weighed and the weighing procedure
is repeated until a final weight of the constant sample [7]. Biodegradation test made by soaking the samples bioplastics
in Effective Microorganism 4 (EM4). Morphological analysis by SEM (Scanning Electron Microscope) JEOL JSM6360LA [8]. Then the Mechanical test Bioplastics Includes tensile strength, elongation and elasticity (Young's modulus).
Tensile strength testing process is done by using the tools and Lab strength Mes Tensolab type 5000 in the laboratory of
Engineering. Analysis of functional groups with FTIR (Fourier Transform Infrared Spectroscopy) [9]. The result will be
obtained diffractogram relationship between the intensity of the wave number. FTIR spectra were recorded using a
spectrophotometer at room temperature.

3. RESULTS AND DISCUSSION
The results of the implementation of bioplastics with 6 variations of concentrations of sorbitol as presented in Figure 1.
Higher concentration of sorbitol plasric increasingly visible yellowish color.

(a)

(b)

(c)

(d)

(e)

(f)

Figure 1 The results of the bioplastics synthesis with the addition of a wide variety of sorbitol-PVA (a) 1%
(b) 1.5% (c) 2% (d) 2.5% (e) 3% (f) 3.5%
Based on the biodegradation test results obtained from observations to all parts of bioplastics decompose ranged
between 16 days in Effective Microorganism 4 (EM4). if compared to the standard international plastics (ASTM5336)
the length of degraded (biodegradation) for PLA plastic from Japan and PCL from the UK [10]. This is because EM4
containing bacteria used for fermentation of the Lactobacillus, fermenting fungi, actinomycetes photosynthetic bacteria,
phosphate solvent bacteria, and yeast [11]. The biodegradation process through the process of anaerobic and aerobic.
Based on the water absorption test results, the best conditions on the water absorption of the plasticizer concentration is
2.5%. Based on the data obtained it can be concluded that the chitosan has been able to modify the properties of starch
but not entirely well as plastic still tend to absorb 96.7% water, it is also influenced by the presence of OH groups on
the plastic hydroxide which causes bioplastics still hydrophilic [12]. Then for mechanical characteristic of bioplastic,
tensile strength is one of the test to determine the maximum stress a material influenced by the concentration of
plasticizer, while the plasticizer used in this study, namely sorbitol. Effect of plasticizer concentration on tensile
strength of bioplastics in this study, shown in table 1.
Table 1 The mechanical characteristics of bioplastic
Sorbitol persentage
(%)
1.0
1.5
2.0
2.5
3.0
3.5

Tensile strength (Mpa)

Elongation (%)

Young’s Modulus (Mpa)

52.525
50.85
62.250
80.625
46.95
30.625

15.98
18.04
11.69
12.58
13.58
18.975

3.29
2.81
5.32
6.40
3.45
1.62
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Figure 2 Relationship between sorbitol concentration with mechanical characteristics
Based on Figure 2 shows the young's modulus, tensile strength, and elasticity of bioplastics modified chitosan with
plasticizer sorbitol. The highest of young's modulus is in 2.5% concentration of plastisizer and the young's modulus
decreased with increasing of plasticizer concentration but in concentration of 3% decrease young's modulus. Young's
modulus decreased as the number of sorbitol this was due to sorbitol plasticizer is a substance that is added to increase
the elasticity of a bioplastic material, the greater concentration of the plasticizer. High concentration of sorbitol which
causes a deficiency in tensile strength and Young's modulus of bioplastics, but the cause of good elasticity for
bioplastics [12]. Then for the surface morphology analysis or SEM (Scanning Electron Microscope) showed in Figure 3.
Based on the test results of SEM with variable composition of sorghum starch-chitosan-sorbitol (7: 3: 2.5%) shows that
the surface of the molecular structure of sorghum starch bioplastics looks cross link and cracks that occurred in the
bioplastics that caused by the chitosan fibers sufficiently large particle size is 20-30 mesh so perfectly insoluble. The
picture also shows a less smooth surface and porous. Smooth surface, indicating that the film is less homogeneous.
There are also a wavy surface of bioplastics as well as air bubbles due to the stirring form less homogenous.

(a)

(b)

(c)

Figure 3 SEM of bioplastic surface with formulation 7: 3 and sorbitol concentration of 2.5% with a
magnification 10,000 X (a), 5000 X (b), and 500 X (c)
Analysis of Functional Groups Bioplastics with FTIR (Fourier Transform Infrared Spectroscopy) as an analysis
conducted to determine the functional groups on the polymer. FTIR spectra generated examples are presented in Figure
4.

Figure 4 FTIR test results of bioplastics
Identification of functional groups in the sample based on the position of absorption bands in the spectrum shown in
Figure 4. From the FTIR results show that the process of making bioplastics is a physical mixing process in the
presence of hydrogen interactions between chains [13]. This hydrogen bonding occurs when a molecule of O or N
atoms contained in chitosan interacts with the H atom of amylose, amylopectin or of chitosan itself. Chitosan can
improve the mechanical characteristics of ioplastics by forming hydrogen bonds between chains so that the bioplastics
becomes denser and stiffer [14]. Based on Figure 4 can be seen that the functional groups on bioplastics is a
combination of specific functional groups are present in each of the components of bioplastics. Based on this it was
clear that bioplastics produced have relatively the same group with its constituent components so that it can be
concluded that the plastic is formed still has hydrophilic in the wave number 2630.30 cm-1. In addition to the hydroxide
group (OH), there are also ester (COOH). The presence of these functional groups showed a plastic film can be
degraded well [15].
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4. CONCLUSIONS
The addition of sorbitol PVA increase the mechanical chatarteristics of sorgum-chitosan bioplastics with optimum

concentration of 2.5% sorbitol with water uptake 96.47%, tensile strength 80.625 MPa, elongation value of 12.58% and
a Young's modulus of 6.40 MPa. The length of the resulting biodegradation is 16 days. The results of SEM analysis of
bioplastics shows bioplastic polymer surface looks homogeneous with crosslinked starch-chitosan but there are air
bubbles, pores and cracks. Based on FTIR test shows the resulting plastic has hydrophilic characristics which can be
seen the presence of OH and ester groups (COOH).
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Abstract – Ni-Zn substituted M-type barium hexaferrite were prepared by sol-gel method,
followed by variation sintering at temperature 650, 750, 850, 950, and 10500C, using barium
nitrate, ferrite nitrate,citric acid, and ammonia solution as the starting materials. TGA/DSC, VSM,
SEM, FTIR and XRD were employed to investigate the influence of doping Ni-Zn on the magnetic
and structure properties of the samples. The coersivity (Hc) and saturation magnetization (Ms) of
doped ferrites decreases by the increase in Ni-Zn doping. Minimum coersivity and saturation
magnetization achieved in this study was 1200 Oe and 84,89 emu/g for x = 0.6 sample in
temperature sintered 9500C, respectively.

1. INTRODUCTION
Recently, M-type barium hexaferrite has attracted the attention of scientists because they are widely used as microwave
absorbers, aircraft, permanent magnets, magnetic recording media, and stealthy technique [1]. The attractive properties
of these materials are high saturation magnetization, high remanence, high coercivity, electrical resistivity, high
chemical stability, strong uniaxial anisotropy and high natural resonance frequency [2]. Modified barium hexaferrites
are promising materials for microwave absorbers with high saturation magnetization but low remanence magnetic
stealthy technique applications. M-type barium hexaferrite is a unique absorbing material due to their relatively high
magnetic losses as used in the high frequency range.

2. METHODS
2.1 Chemicals
Analytical grade of Ba(NO3)2, Fe(NO3)3·9H2O, Zn(NO3)2, Ni(NO3)2·6H2O, and citrit acid are used as raw materials.
The chemicals are weighed and mixed according to determined proportion.

2.2 Procedures
The solution was heated on the water bath at 800C for the formation of gel. The gel so obtained was further heated at
2500C for 3 h and Self combustion occurred. After autocombustion, the combustion product powders were sintered (650,
750, 850, 950, and 10500C) for 3h to form the desired phase in ambient atmosphere.

3. RESULTS AND DISCUSSION
In order to determine ﬁnal temperature of hexagonal phase formation, TG/DTA analysis was performed on the assynthesized powder; the results of the test for sol–gel self combustion synthesis are shown in Fig. 1. Dehydration,
decomposition and sintering are common processes known to occur during heat treatment [3] The TG curve exhibits
two mainly distinct mass loss steps. The initial weight loss of 70% from room temperature to 1800C is due to removal
of absorbed water, which is accompanied by a large endothermic peak around 1800C in the DSC curve, corresponds to
the loss of the residual water and volatiles. The second mass loss of 2% between 180 and 2500C exhibited as an abrupt
fall in the TG plot is an evidence of the citrate decomposition during the self-combustion process, which is
accompanied by the weak exothermic peak in the DSC curve corresponding to the metal oxidation. The combustion
temperature was determined as 2400C, the 2% mass loss is due to the oxidation reaction of the residual carbon. At
around temperature 7000C, additional weight reduction of approximately 0.5 % might be attributed to crystallization of
barium ferrite nano particles.
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Figure 1 TGA/DTA pattern of BNZFO hexaferrite for x = 0.6
Figure. 2 shows the XRD pattern of the powders which are sintered at 650, 750, 850, 950, and 1050 0C for 3 h in air.
The powder sintered at 650, 750 0C showed peak appropriating to that of Fe304 and BaFe2O4. The phase of BaFe12O19
could be showed for samples sintered above 8500C. The lattice parameters (a and c) are found to be concentration
dependent. However, the change in parameter a is much less signiﬁcant than in c [Table 1]. The parameter c increases
from temperature 7500C (23.211 A) to 8500 (23.218 A) and then decrease with increasing temperature.
Table 1 Lattice constants (a and c), and Unit cell
volume (V) for samples.
x

Temp
(0C)

a (A)

c (A)

unit cell
volume

0.4

650

-

-

-

0.4

750

5.89

23.211

696.97

0.4

850

5.88

23.218

695.34

0.4

950

5.89

23.215

696.74

0.4

1050

5.88

23.200

695.10

Figure 2 XRD pattern of BNZFO
hexaferrite for x = 0.6
Fig. 3 show the morphology of barium hexaferrite powder which was doped with NiZn (x = 0,0.2,0.4,0.6, and 0.8) at
9500C for 3 h.The particles of hexagonal in structure and are not uniform in size. The diagonal lengths of the hexagonal
particles vary from 700 to 900 nm. Relatively higher calcination or sintering temperatures are the reasons for larger
average grain size achieved for these M-type hexagonal ferrites. Larger sized grains are also known to cause higher
MW absorption.
Moreover, the grain size was larger, for the ferrites substituted with Ni 2- and Zn2- concentration above x = 0 (average
grain size about, 800 nm) than that of the pure ferrite (average grain size about, 600 nm). It might be attributed to the
Ni2- and Zn2- ions which were substituted in the ferrite. This result agrees well with XRD data where the cell parameters
(a and c) increase with increasing Ni2- and Zn2- contents, which results in increasing the unit cell volume. The substitute
of ion Ni2- and Zn2- showed with EDX results, which Fig. 3 showed increasing ion Ni2- and Zn2- contents.
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Figure 3 SEM-EDX image of the samples x = 0, 0.2, 0.4, 0.6, and 0.8.
From FTIR spectra analysis, the information regarding attached molecular bands or presence of functional groups,
which are remains of chemicals used in the synthesis process, can be identiﬁed [4]. FTIR Spectra for the samples are
shown in Fig.4 (C=O) stretching vibration of the carboxylate group CO -2 was showed at 1400-1500 cm-1. Absoroption
band at 535 and 580 cm-1 were the chareacteristic bond of the barium hexaferrite compound [5].
Table 2 The Value of Peak from FTIR result of the
samples annealed at temperature 9500C
Peak List
Distortion
of lattice
M-O
570.97

x

Temperature
(0C)

0

950

M–O
Stretching
(Tetrahedral)
540.8

0.2

950

536.01

566.96

1457.05

0.4

950

538.95

565.81

1457.95

0.6

950

539.0294

566.9933

1444.483

0.8

950

538.17

574.14

1467.02

C=O
stretching
1460.69

Figure 4 FTIR spectra of the samples
annealed at temperature 9500C.
Frequency band in the formation of tetrahedral and octahedral clusters, which indicated the presence of M-O (metaloxygen) stretching band in ferrites [6]. The band at 1632 cm-1 which was observed even in high-temperature annealed
samples was associated with stretching vibration in hydrogen-bonded OH groups [7]. These results were in good
agreement with the XRD and TG behaviors.
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Figure 5 M–H hysteresis loop of the samples with (a) different temperatures and (b) different NiZn
subtituties
The magnetic hysterisis loops for BNZFO composites are shown in Fig. 5. This indicated of value of Ms and Hc
of samples are found to decreace with increasing NiZn substitution. However, the decrease of Ms is not
steep.This reduction in coercivity is because of the reduction in magne- tocrystalline anisotropy (Ha). It is
known that in hexaferrites the contribution of the bipyramidal (2b) and octahedral (4f2) sites in
magnetocrystalline anisotropy is more than those of other sites, although the participations of other sites are
not negligible [8].
Table 3 Ms, Mr, and Hc for Sampels with x = 0.4
Temp.
(0C)

Table 4 Ms, Mr, and Hc for Sampels
with temperature 9500C

Ms
(emu/gr)

Mr
(emu/gr)

Hc
(T)

x

Ms
(emu/gr)

Mr
(emu/gr)

Hc
(Oe)

750

77.69

43.62

2200

0.2

95.48

55.91

2300

850

78.55

44.41

2300

0.4

95.45

51.29

2000

950

95.45

51.29

2000

0.6

84.89

39.62

1200

4. CONCLUSIONS
BaNixZnxFe12-2xO19 hexaferrite was prepared by a sol gel method with x = 0, 0.2, 0.4, 0.6, and 0.8. X-ray diffraction
patterns revealed that, at low temperature, the annealed samples were amorphous with some intermediate phases but
with increasing annealing temperature, barium hexaferrite was completely crystallized. The saturation magnetization
(84.89 emu/gr) and coercive force (1200 Oe) decreased continuously with increasing Ni-Zn concentration.
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Abstract – BiFeO3 was successfully synthesis by sol-gel method using iron sands as beginning
materials. In this experiment, BiFeO3 was doped by Ni with various content x = 0.1, 0.2, and 0.3.
Samples were characterized by XRD to explore phase formation. DTA/TGA was used to analyze
samples weight loss as function of temperature and MPMS SQUID Magnetometer was used to
analyze magnetic properties of samples. Heat treatment using calcinations at 400 0C for 1 hour then
at 6500C for 1 hour has gained a higher phase purity of BiFeO3 up to 80,8%. While heating with
flowing nitrogen or by Ni Doping has led to lower BiFeO3 phase content. Magnetic properties of
Ni-doped BFO significant increase compared pure BFO.

1. INTRODUCTION
Multiferroic is material that combines many properties like ferroelectric, ferroelastic, ferromagnetic and ferrotoroidic in
one phase formation. Multiferroic also referred to as a magnetoeletric because most researchers have focused on their
magnetic and electric properties [1]. BiFeO3 known as BFO is one of the few magnetoelectric materials because under
Curie temperature of about 1100 K, BFO shows simultaneous piezoelectricity, pyroelectricity and ferroelectricity and
show G-type cycloid spin structure in its rhombohedral structure properties in room temperature because of Neel
temperature at 655K [2]. Because of this reason, BFO is possible to used for magnetoelectric equipment such as
memory devices, sensors, satellite communications and optical filters. A 70-nm film shows both an enhanced
ferroelectric polarization (90 μCcm−2) and a substantial magnetization (1μ0/Fe) [3].
Iron sands from Indonesia was contained up to 47 % iron oxide and the use of iron sands in the study have been
successfully synthesized in a nano-ferrofluid, nano-hematite and nano-magnetite. Furthermore, iron sands were used
as basic precursor to obtain nano-multiferroic BiFeO3. There is a lot of method to synthesis BFO like liquid mixing, coprecipitation [5], hydrothermal and microemultion [6] but it is difficult to obtain high purity of BFO. Primary concern
is avoiding impurities in order to obtain single phase multiferroic materials [7]. Secondary phase accompanying the
formation of BiFeO3 is Bi2Fe4O9 and Bi25FeO40. This secondary phase also contributed to the magnetoelectric properties
of BFO multiferroic but the lack of support in practical use for causing the leakage current [8]. This work was focused
on preparation of BiFeO3 nanopowders at low temperature by using sol-gel method. Sol-gel method was successfully
applied for fabrication materials with high purity including BFO. Also we use Ni as dopan on BFO to analyze the
influence of magnetic properties when Ni substitute Fe in BFNO.

2. METHODS
2.1 Chemicals
Chemicals that used in synthesis BFO and BFNO using sol-gel method were HCl Merck 37 %, NH4OH Merck 25%,
HNO3 Merck 65%, Bi2O3 Fluka 98%, Nickel Nitrate Merck 99%, Acetic Acid SAP 100% and Ethylene Glycol SAP
100%.

2.2 Procedures
Extract iron sands was dissolve in HCl at ~ 70 °C under constant stirring and the solution was added by NH 4OH.
Around half an hour black precipitates were formed and indicated Fe 3O4 was formed. Precipitates washed with aquades
DM and then dried at 80°C for 20 hours. Red powders Fe 2O3 formed with calcinations under temperature 800°C for 2
hours. Double co-precipitation was used in order to get Fe2O3.H2O. This phase dissolve in HCl or HNO3 easily.
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Fe2O3.H2O and Bi2O3 dissolved in HNO3 to form a solution of ferrite nitrate and bismuth nitrate respectively. Solutions
were mixed and stirred at a constant speed and temperature 60 oC. Acetic acid and ethylene glycol were added in the
solutions as catalyst. The resultant solution was transparent, blackish red, and clear. The BFO xerogel powder can be
obtained by drying the precursor solution at 85°C for 24 hours. The powders were given heat treatment with variation
atmosphere, temperature, and holding time. At synthesize BFO doped Ni (BFNO), Nickel Nitrate SAP 99% powders
dissolved in distilled water and then mixed with ferrite nitrate and bismuth nitrate. The same way as BFO is applied to
obtained BiFe(1-x)NixO3. Thermo-Gravimetric Analyzer (TGA) to determine thermal behaviors of dried gel. The samples
were heated at a rate 10˚C/min up to 1100˚C under air flow. XRD (XmA was used to identified phase formations of the samples. The magnetic properties (M–H curve) were observed by
MPMS SQUID Magnetometer.

3. RESULTS AND DISCUSSION
According the result of XRF (X-ray Fluorosense), Fe2O3.H2O was successfully synthesised by co-precipitation method
using iron sands as starting materials. It is contain of iron (Fe) as much as 94.6 %, Ti 2,02 % and Al, Eu, Rb, V, Mn, Ca,
P, and Cr 3,2%.

(a)

(b)

Figure 1 (a) DTA/TGA of dried gel BFO sample with 10 % Ni doping (b) XRD pattern of BFO undoped.
Figure 1a shows the DTA/TGA curve of dried gel of BiFe 0.9Ni0.1O3. The exothermic reaction with a largest weight loss
(41%) in the temperature range between 27 and 373˚C could be assigned to the broke of gel network and combustions
of the organic materials like water evaporation, nitrogen molecules NO3- and combustions of COO-, CH2, CO2, CO32from acetic acid and ethylene glycol during synthesize process. The collapse of gel network could be possible in
forming new phase and crystallization at temperature range 400 and 825˚C and a tiny weight loss occurring. After that,
the sample weight increase in temperature range 825 and 1030˚C. This is happen because the sample was reacted with
more oxygen in air. Acetic acid added in sol gel method acts as catalyst during polymeric-hydrolysis and keeping the
stable sol considering Fe and Bi atoms have different hydrolysis rate. Hydrolysis rate of Bi element in solution is
quicker than Fe element because different electronegativities of Bi (2.02) and Fe (1.83). Ethylene glycol acts as
chealating agent for obtaining stable sol.
Figure 1b shows XRD Pattern of BFO powders without doping from two step calcination at 400˚C for 1 hours and
650˚C for 1 hour. The volume fraction of BiFeO3 in this sample is 80.8 % volume. Calcination of sample at 400 ˚C
makes decomposition of organic compounds and nitrogen molecules so that the only remaining is Bi2CO3O2 and iron
oxide. When calcined at a temperature 600˚C BFO phase formation occurred. The reaction of two compounds at a
sufficient temperature will produce a reaction as follows.
Bi2CO3O2 + Fe2O3  2BiFeO3 + CO2..................................................................................................... (1)
The result of XRD shows that there is still secondary phase appear like Bi24Fe2O39 and Bi2O2.5 The impurities could be
occur because first, Bi component evaporate so easily at the beginning of calcinations because bismuth salts have low
decomposition. After that, Bi2O2.5 component appears when reacted with oxygen in atmosphere. The valence of Fe ion
in the impurity is related with leakage current if BiFeO3 used as electrical component.
Doping has known as strategy to reduce impurity. On this experiment, Ni as known ferromagnetic element was selected
as dopan. The radii of Ni2+ (0,690) was so close with Fe3+ (0.645). There is still secondary phase when BFO doped Ni
(Fig. 3) and volume fraction of BFO decrease with increasing Ni concentration. The secondary phase increase because
Ni2+ has a tendency establishing tetrahedron structure NiO4 while Fe3+ has a tendency establishing octahedron structure
FeO6. Beside that, the valence of Ni ion with Fe ion is different (Fe 3+ > Ni2+) could caused oxygen vacancy to make the
crystal still neutral.
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(a)

(c)

(b)

Figure 2 XRD Pattern of BiF(1-x)NixO3 calcinations at 700˚C for 1 hours. (a) Comparation of XRD Pattern
BFNO with x=0,1; x=0,2; x=0,3 (b) Shifting peaks of BFNO (c) Peak unity.
BiFeO3 peak shifts slightly to right (Fig. 2b) with increasing of concentrate of Ni doping and the unity peak (Fig. 2c), it
is caused by atomic substituted (Ni substitute Fe). Radius Ni smaller than Fe, when Ni substitute Fe in crystal structure,
the peak slightly to right. Ni also inhibits the formation of BiFeO 3 phase during heat treatment. Hysteresis curve
perfectly formed with a narrow width. These curves were obtained using a MPMS SQUID magnetometer with a
maximum external field of 5 T. This curve shows that the BFO sample does not have the saturation state as
superparamagnetic material. This magnetic properties is the contribution of BiFeO3 phase and secondary phase of
Bi24Fe2O39. Magnetic remanence Mr value and coercive field Hc of the sample was 0.0436 emu / g and 68.537 Oe.

Figure 3 (a) Hysteresis curve of BFO (b) BFNO with 10% Ni doping using MPMS Magnetometer

4. CONCLUSIONS
Iron sands successfully can be used as basic material for producing BiFeO 3 multiferoic by sol-gel method with using
double low temperature calcination. Gradually heating method can successfully obtain BiFeO3 phase 80.8%. Increased
concentration of Ni doping will inhibit the formation BiFeO 3 phase. Magnetic properties of BFO with Ni doped
increase up to eight times than BFO without Ni doping.
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Abstract – Analcime zeolite has been synthesized with kaolin as raw material with hydrothermal
process, without calcination to converted kaolin into metakaolin. Kaolin was used as Si and Al
source, NaOH as kation source (alkalinity), LUDOX as another Si source, and water. The standard
recipe which was used was X Na2O : Al2O3 : Y SiO2 : 132 H2O. X values were varied from 2,6
until 5,3 and Y values were varied from 3,54 until 7. Crystallization time was 24 hours with 150oC
for the temperature. The material which was produce was characterized by XRD, FTIR, SEMEDX (with element mapping). Analcime was formed at all variety of NaOH but there is another
phase (Na-faujasite). And it was only formed at Si/Al ratio 7 and 3.54, but not only analcime just
also others zeolite were formed too. The size of analcime which was formed is 6 µm and the
morphology is traphezohedral.

1. INTRODUCTION
Zeolite is porous crystal typically consisting of Si, Al, O atom. There are 190 kinds of framework type code for only
known structures zeolite. , zeolitic silicates and phosphate in 2010 (Niwa, 2010). One of them is analcime. Analcime is
a type of zeolite which has 4-6 rings in the framework, with small Si to Al ratio. Analcime has irregular channel system
formed by 8-rings (Ghobarkar, 2003). Analcime is natural zeolite. But the distribution in the earth is not same. So the
synthesis of it is still important.
Zeolite can be synthesized by kaolin as raw material. Kaolin is mineral which has high silica and alumina. Kaolin is
mainly composed by kaolinite with chemical formula Al 2O3. 2SiO2. 2H2O. Kaolin has structure silica sheet and
alumina sheet, alternately and form kaolin (Chandrashekar, 1997). Kaolinit can be used as raw material for zeolite
synthesis, but before it kaolin has to transform into metakaolin as reactive species. The transform will be happened at
the 700-1000oC (Jhonson, 2014). Some zeolite which synthesis from metakaolin are X and A zeolite (Akolekar, 1997),
beta zeolit (Haibo, 2013), hydroxysodalite zeolite (Mansoor, 2011) and analcime (Atta, 2012).
Based from Atta’s (2012) data, Frans (2013) had been synthesis analcime zeolite with kaolin as Si and Al source
directly, without calcination process as pretreatment for kaolin. Ludox was added for additional amount for Si, because
the amount of Si in kaolin is not enough for synthesis. NaOH was added for cation source (alkalinity). And from the
result he get the lowest temperature for hydrothermal process is 150 oC, and aging time 72 hours and crystalization time
24 hours. In this study we reported synthesis of analcime using kaolin as Si and Al source, to complete the recipe we
used LUDOX as another source of Si. Kation source came from NaOH. The method of synthesis was hydrothermal
process. The influent of NaOH and Si to Al ratio was investigated. The morphology of analcime and it’s element
characterization was investigation too.

2. METHODS
2.1 Chemicals
Chemical which is used for this experiment is, Bangka’s kaolin (3,54 SiO 2 : 1 Al2O3), NaOH powder (99,9%, Merck),
LUDOX (SiO2 colloid, Sigma Aldrich), KBr (p.a. , Merck) and aquadest.

2.2 Procedures
In the zeolite synthesis recipe (for example 2.6 Na2O:Al2O3:7SiO2:132H2O), the kaolin was used as the only source of
alumina and partly silica. To complete the amount of silica, LUDOX was used. All of it was mixed by stirrer for 8 h,
and then aged for 72 h. The experiment was performed in a stainless steel autoclave. After the completion of the
reaction at 150 °C for 24 hours, the product was cooled to room temperature, and neutralized by aquadest and separate
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from water with centrifuge. Product was dried at 120 °C for 24 h. The studies were carried out by varying the NaOH
amount (2.6, 3.275, 3.95, 4.625, and 5.3 mol) and Si ratio was 7. The effect of Si to Al ratios was also explored by
varying the Si2/Al2O3 ratios from 3.54 to 7 mol and NaOH ratio 2.6 mol.
The bulk structures of the samples were examined using Philips Analytical XRD (Philips Analtycal X’pert). The X-ray
diffraction (XRD) patterns were recorded from 10 to 55° at a step size of 0.040° using Cu radiation. Diffractogram was
analyzed by Match! software (version 2.3.3., Crystal-Impact) with using COD updated September, 23 th 2014. Fourier
transmission infrared (FTIR) spectra were collected using infrared spectroscopy (Shimadzu) using Potassium Bromide
(KBr) as the diluent and binder. The corresponding wavelength of resulting infrared adsorption by the samples were
measured. The morphology of the samples was examined using SEM (Bruker). Elemental composition of the samples
was determined using SEM EDX with element mapping.

3. RESULTS AND DISCUSSION
Hydrothermal reaction shown zeolite forming, this can be seen on figure 1. There are peculiar peaks for aluminosilicate
compound. The peaks are at the wavelength 1026.06 cm-1 for assymetric stretching TO and at 437,81 cm-1 for T-O
bending vibration. The other zeolites shown the same thing.

Figure 1 FTIR spectrum for NaOH varies
Synthesis with NaOH varies gave conclude analcime was formed at all NaOH ratios, but the pure analcime was in ratio
2.6. The higher amount of NaOH, the higher amount of another phase, Na-Faujasite. This same with Kohoutkova
(2007) which synthesized analcime with higher NaOH and it made Na Faujasite as the result. Figure 2 shows the higher
NaOH the more Na-Faujasite will form.

Figure 2 XRD patterns for NaOH varies
Ratio increasing also caused the increasing of intensity at peculiar peak of analcime, just like shown by table 1, this
happened because the size of analcime particular become smaller (high crystalinity). It is caused the higher amount of
OH anion, the more soluble kaolin will be. High alkalinity makes the polimerisation degree of silicate anion is
decrease, `and speeds up polimerisation of polysilicate and aluminate anion, nucleation and induction period in
cryztalization of zeolite become short (Johnson, 2014). But there is decreasing of intensity, this happen because another
phase was formed.
Table 1 Intensity of Main Peak
Zeolite
Angle O2Theta
Peak High (Count)
1
25,96
7748,08
2
25,89
7665,72
3
25,92
8244,54
4
25,91
7457,62
5
25,89
6347,83
Varies of Si to Al ratios changed the type of synthesized zeolite. Figure 3 shows that. Zeolit which synthesized not just
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analcime, but also Na-P1, LTA and Sodalite, it’s same with Kohoutkova (2007) which resulted zeolite with small Si to
Al ratio. The synthesized zeolite which we got have peculiar process for each zeolite hydrothermal process. The factor
is Si to Al ratio for the framework, alkalinity for balancing the zeolite charge, water for filler at the synthesis process,
aging condition and temperature and time of crytalization.

Figure 3 XRD patterns for Si to Al ratio
SEM showed the morphology of analcime (zeolite 1) which we got was trapezohedral with size was 6 µm, just like in
the figure 4. It is same with Yuan (2014) result. But the analcime didn’t synthesis by hydrothermal process and using
pure chemical as raw material. Same result was shown by Atta (2012). But there are many crystal defects. The
trapezohedraal shape was not perfet. It was happened because the existing of other cations. Other cations were detected
by SEM-EDX and mapping element. The existing of others cation happen because of kaolin used. Kaolin is not pure
silica and alumina, it have other impurity like Fe, Mg, Ca K, etc . It was supported by Hegazy et all’s (2010)
experiment, Ti and V analcime have oktahedra structure and make the trapezohedral shape become distorted. The
others cation make lattice of AlO4 was changed.
a

c

b

Figure 3 Morphology of Zeolite 1 (a) analcime with trapezohedral shape (b) analcime with CaO bulk
(c) mapping element
Figure 4 showed, there is bulk of CaO. In mapping element result, the bulk composed by Ca and O, wthout Si and Al.
The mapping showed too Si/Al ratio 1.49-1.55, it is so far than the recipe which has 7. It show there are more silica
didn’t become zeolite framework and soluble with water after hydrothermal process

4. CONCLUSIONS
The higher of NaOH amount the higher of cristalinity but the amount of the other phase become high too. Si to Al ratio
bring reaction to form other species of zeolite.
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Abstract – The Cu-Sn composite is one type of material for military application especially for
frangible bullet. Unlike conventional bullet, frangible bullet is designed to disintegrate when it hits
rigid surface and to minimize richocet than conventional bullet. The manufacturing process of Cu10wt% Sn composite is prepared powder metallurgy method with sintering temperature variation.
Sintering was performed with variation of 200˚C, 300˚C, 400˚C, 500˚C, and 600˚C
respectively. The secondary phase (Cu3Sn, Cu6Sn5, Cu41Sn11, Cu10Sn3) was identified. The
increasing sintering temperature will further improve the mechanical properties. This improvement
are affected by the value of intermetallic compounds and the amount of porosity.

1. INTRODUCTION
Frangible bullet is one type of bullet designed to disintegrate when it hits rigid surface and to minimize richocet. In
general, according to Joys [1] the density required for frangible bullet is in range 7,1-8,5 g/cm3 with hardness value
should be in range 54-119 HV and compressive strength 31-310 MPa for commercial frangible bullet [2]. Referring to
bullet characteristics, frangibility of a bullet can be influenced by mehcanical properties, dimensions, and the shape of
the bullet [3]. Alloying Cu-Sn powders would produced the surface of the Cu particles fragile thus it could increase the
frangibility. Because when the melted Sn will wetted the Cu powders and formed fragile layer [4]. Cu-Sn composite
are prepared by powder metallurgy process with several stages include the characterization of powders, mixing,
compacting, and sintering. Principle in the metal powder forming is compacting the powder as desired then heating it
below its melting temperature. Sintering is performed to obtain better bond on powder metallurgy product [5].

2. METHODS
Cu and Sn powder having the size 63 µm and 40 µm respectively. Then, the powder was weighed Cu-10 wt%Sn in
weight fraction. Cu and Sn powder was mixed using magnetic stirrer for 30 minutes with ethanol for polar solvent.
After the powder is mixed homogenously, compacting process is performed at 600 MPa, begin with zinc stearate
lubricating with die lubricating method. Sintering process was performed with temperature variation of 200, 300, 400,
500, and 600˚C with constant holding time for 30 minutes using nitrogen atmosfer with horizontal furnace. The sinter
density measurement was conducted using Archimedes principle measurement. The samples were characterized by
XRD, SEM, hardness test (using Rockwell on F scale method), and compressive test. For microstructure evaluation, the
samples were cross-section cutted. A solution of 3 g FeCl3, 50 mL water, 25 mL HCl, and 100 mL of ethanol were used
to etch and reveal the structure.

3. RESULTS AND DISCUSSION
3.1 Microstuctural of Cu-Sn Composite
Analysis of the morphology with backscatter electron detector performed on all samples aim to determine what phase is
formed and how their distribution at different sintering temperature treatment. In Fig. 1 shows the phase that may have
formed on the Cu-Sn composite with temperature variation.
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Figure 1 Microstructure mapping of Cu-10wt% Sn composite at a) non sintering; b) 200˚C; c) 300˚C; d) 400˚C;
e) 500˚C; f) 600˚C
Fig. 1 shows the results of mapping and analysis microstructure of Cu-10wt% Sn composite at various temperatures.
From the picture above shows that increasing temperatures followed by increase in intermetallic compounds marked the
narrowing dark gray area (Cu matrix) and increase diffusion rate. Increasing diffusion rate of Cu element (red areas)
and Sn element (green areas) can be seen from the image mapping analysis. It is seen that at 200˚C (Fig. 1b) red and
green areas are still assembled in respective areas. While in Fig. 1f red area has spread almost all over the green areas
and vice versa. In addition, qualitative analysis of the diffusion rate showed a similar increasing with diffusion rate in
Fig. 1. Forming different phases is influenced by diffusion rate, Ficks'I Law indicates that increasing of temperature, the
diffusion rate is increased. Because the increasing temperature, the diffusion rate is also increased. This will trigger a
diffusion in Cu matrix. Where the temperature acts as driving force, the increasing of temperature will increase the
driving force so that the thrust generated will be higher and accelerate the diffusion rate [5].
Table 1 Diffusion rate of Cu-10wt% Sn composite
Temperature (˚C)

Diffusion rate (m2/s)

200

6,87 x 10-17

300

1,24 x 10-14

400

2,82 x 10-11

500

4,39 x 10-9

600

2,77 x 10-7

20

Figure 2 Etched microstructure Cu-10 wt% Sn composite at a) EDAX analysis 200˚C;
b) intermetallic compound Ɛ and ɳ; c) EDAX analysis 600˚C; d) intermetallic compound δ
In Fig. 2 it can be observed that intermetallic compounds Cu3Sn (Ɛ), Cu6Sn5( ɳ), and Cu41Sn11(δ) have formed at 200
and 600˚C. In Fig. 2b Ɛ area with granules flat area shaped while the ɳ with nodular shaped. This is in accordance with
studies conducted by Banovic [4] where Cu3Sn phase region form fine-grained platelet and Cu6Sn5 phase form nodular
grain. In Fig. 2d Cu41Sn11 area intermetallic compounds (δ) are in irregularly shaped in large blocks. Correlating this
result with Han et al [6] Cu41Sn11 phase region has form block with a large size. To ensure further it is necessary to
evaluate using EDAX analysis in areas believed be intermetallic compounds. In Fig. 2a point 2 shows Cu 3Sn
intermetallic compounds areas with composition of Cu 61.13 wt% and Sn 38.87 wt%, while point 3 shows the Cu6Sn5
intermetallic compounds area with composition of Cu 39.07 wt% and Sn 60.93 wt%. In Fig. 3 point 2c shows Cu41Sn11
intermetallic compounds area with composition of Cu 66.56 wt% and Sn 33.44 wt%. When compared with phase
diagram data there is a match with a relatively very small difference. Morphology of Cu6Sn5 intermetallic compounds
in Fig. 2b is due to the diffusion mechanism. Growth Cu6Sn5 formed by thermal grooving mechanism as occurs Banovic
research [4]. This is consistent with the theory by German [5] at this stage the progressive growth will occur in the
grains tend to form a nodule. Growth of Cu3Sn and Cu6Sn5 intermetallic compounds are also formed on research by
Widyastuti [7]. So it can be said that the composite Cu-10wt% Sn intermetallic compound was formed Ɛ, ɳ, and δ
phases.

3.2 Mechanical Properties of Cu-Sn Composite
Fig. 3 indicates that there is improvement the mechanical properties of Cu-10wt% Sn composite due to increasing
sintering temperature. Increasing the value of the mechanical properties cannot be separated from appearing
intermetallic compounds in Cu-Sn composite. The characteristics of intermetallic compounds are strong, hard, and
brittle thus it will affect the mechanical properties values of Cu-Sn composite. In agreement with the theory raised by
Grathwohl and Warren where hardness would increase along with the presence of a second phase (intermetallic
compound) and smaller the grain size [5]. In addition, this was due to the higher density of the sinter and density, the
higher the value of the compressive strength of the composite Cu-10wt% Sn. This raises the bonds between the particles
becomes stronger with increasing heating temperature thus increasing its mechanical properties. The strengthening
mechanism occur with precipitate strengthening mechanism. The strengthening mechanism arises because the
intermetallic compounds that exist in the Cu matrix. Intermetallic compounds will precipitate in Cu matrix. Precipitates
formed will caused stress on the crystal lattice in Cu matrix. Increasing the temperature, intermetallic act as precipitates
more homogeneous in Cu-Sn composite. So it can be said Cu matrix lattice will occured stress resulting strength and
hardness of the composite Cu-Sn higher.
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b)
a)
Figure 3 Graph influence of sintering temperature on a) compressive strength - hardness;
b) compressive strength - modulus of elasticity of Cu-10wt% Sn composite

4. CONCLUSIONS
The Cu-10 wt% Sn composite have been successfully prepared by powder metallurgy method. Cu3Sn, Cu6Sn5, Cu41Sn11,
Cu10Sn3 intermetallic compounds was formed. The increasing sintering temperature will further improve the mechanical
properties. With the highest values of hardness, compressive strength and modulus of elasticity are 63.42 HRF; 617.82
MPa; and 76.59 GPa. This improvement are affected by the value of intermetallic compounds and the amount of
porosity.
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Abstract – (The research of the potential of coal in Tanatideung district, as many as 3 villages had
been undertaken. This district is a division of Bulungan district before, which is now part of North
Borneo. The island of Borneo contains very much coal, because of its history, that the area was
once a swamp area and is tectonically stable region.
The study was conducted by using geophysical methods, namely the method of geoelectrical
resistivity, Schlumberger configuration. DC electric current is injected into the earth, then the
potential difference is measured. Potential difference and resistance which were obtained, either
from calculation or from direct measurements, were then processed by using software IP2WIN.
Measurements were carried out as many as 59 points sounding.
The analysis showed that, an indication of the spread pattern of coal is not evenly distributed in all
places. The depth of coal in the village of Tana Lia varied between 0.5 to 47 meters from the
surface of the local topography. While the thickness of the coal has varied between 0.4 and 35
meters. For Tangkudacing Village, coal distribution patterns are local. Depth of coal varies
between 1 to 10 meters of the surface local topography, whereas coal thickness varies between 0.8
to 30 meters. For Menjelutung village, the potential of coal is very nice, with a marked continuous
coal seams. The pattern of spread of coal is almost evenly in all places, while its depth varies
between 3.8 to 43 meters from the ground with coal thickness between 2.6 to 21 meters.

1.

INTRODUCTION

The island of Borneo is currently located on the Southeast edge of the great Eurasian plate. North of the island is
bordered by the South China Sea which is the edge of the ocean basins, in the eastern part of the Belt Active
Philippines and the Philippine Sea Plate, and in the south by the system of the Banda Islands and the Sunda. While in
the West, it is bounded by the Sunda Shelf and in part by the continental crust of the Malay Peninsula which the age is
Paleozoicum to Mesozoicum. In the north, east and south of Big Block of Borneo, it is surrounded by the plate
boundaries and active island arc during the Tertiary to the present, and on the west by the exposure area which is
considered as the border of the continent.
Kalimantan can be divided into several tectonic provinces, from East to the West. In the Noth part of this island, it is
dominanted by Crocker -Rajang-Embuluh complex, which the result of the sunduction during Kapur and Eosen to
Miosen. This complex consists of turbidite sediment that extends from northeast to form mountains Schwaner, and the
deposition of the younger volcanic arcs into shallow to deep marine basin. Such deposits were low metamorphic and
deformed during the Cretaceous to Tertiary subduction, also was intruded at the end and after the subduction of the
Sintang Group during the Oligo-Miocene.
Melawi-Ketungau and Kutai Basins were formed along the southern edge of the complex during the Late Eocene and
separated from this complex by the melange zone - ophiolit Loepar-Lubok Antu and Boyan. Several outcrops of
Cretaceous marine sediments indicate that this basin approached the front arc basin until Bows Schwaner. Kutai Basin
evolved throughout the Makassar expansion system, while Melai and upper-Ketungau Kutai Basin closer to the front
arc to Tertiary volcanics arc [1].
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Figure 1 Layout of tectonic and sedimentary basins in Borneo
Eastern edge of the Barito basin is formed by ophiolit Meratus. This happened during the Middle Cretaceous [2], the
possibility for the northwest-trending subduction (current coordinates).

2.

GEOELECTRICAL METHODS

Geoelectric resistivity (resistivity) method is a method of estimating subsurface conditions by utilizing the electric
current, which is injected into the earth through two current electrodes, then the potential difference that occurs will be
measured using two potential electrodes. From the results of current and potential difference measurements for each
particular electrode distance, it will be determined the variation of the resistivity of each layer below the measuring
point (the point of sounding). Resistivity method is based on the fact that the majority of the electrical current supplied
to the soil, can reach at a certain depth and increase in size with increasing distance between the electrodes, so that if a
pair of electrodes is enlarged, the potential distribution on the surface of the earth will be getting bigger with varying
resistivity values [3].
The flow of electric current conduction in the rocks / minerals are classified into three kinds, namely conduction
dielectric, electrolytic conduction and electronic conduction. Dielectric conduction occurs when the rocks / minerals has
the dielectric properties to the flow of electric current (charge polarization occurs when material electrified).
Electrolytic conduction occurs when rocks / minerals are porous and the pores are filled with electrolytic fluids. In this
condition the electrical current is carried by electrolyte ions. In addition, Electronic conduction occurs when rocks /
minerals have many free electrons, so that the electric current flowed in rocks / minerals by free electrons.

3.

APPARENT RESISTIVITY

Earth is assumed to have homogeneous isotropic properties (consisting of a single layer). With this assumption, the
measured resistivity is the actual resistivity, and does not depend on the electrode spacing. In fact, the earth consists of
layers with the different types resistancy, so that the measured potential is the influence of these layers. Then the
measured resistivity value is the total value of the layers. It is especially for wide spaced electrodes. The apparent
resistivity is as follows:
a 

where

4.

a

K V
I

is the Apparent Resistivity, depending on the spaced electrodes.

FIELD DESIGN

The field measurenet is constructed as figure 2:

Figure 2 Electrode configuration for the Potential and current
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P = Potential , C= Current, I = Current injected
The measurement used Schumberger configuration as seen in the Figure 3
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Figure 3 Schlumberger Configuration
This configuration uses the r1=R2= na dan r2=R1= a(n+1), therefore the equation for the apparent resistivity is

a  nn  1a

V
I

Where:

a 

Apparent resistivity of the Schlumberger configuration (Ωm)

K = πn(n+1)a = geometry factor (m)
I
= Injected current (mA)
V = Potential different ( mV )
This method is quite accurate and easy in the data aquisition.

5.

FIELD SITE MEASUREMENT

The research was conducted in the area of East Kalimantan, namely Tanatideung District. At this location it is often
found coal seams. The aim of the research is to determine and map the thickness of the coal seam. If the thickness is
known, the slope of the layers are also known, as well as the area is also obtained, it would be expected the volumes of
coal that can be taken to be used as energy.

6.

RESULTS AND DISCUSSION

Based on the geological map, the location of the investigation is located above the Tabul Formation. This formation
consists of clay stone, mudstone, sandstone, limestone and coal on top. Based on the presence of fossil fragments, the
estimated age of the formations is Late Miocene. This rock is deposited in shallow marine environments through the
delta. The thick of the formation is about 600 m (taken from the geological map Tarakan sheet). Based on the
geological data, reviewed the literature and the results of field measurements, it is obtained that the resistivity value for
the area measured above is in the Tabel 1.
Tabel 1 Resistivity value for the rock in the Tabul Formation
______________________________________________________________________________________
Resistivity (ohm meter)
Rock
______________________________________________________________________________________
0-10
Claystone
10-50
Sandy claystone, clayed sandstone
50-500
Sandstone
500- 4000
Coal
>4000
Limestone
______________________________________________________________________________________
There were three villages that were investigated in this occasion, namely Tana Lia, Tangkudacing and Manjelutung
Villages. The result of the measurement indicated that only one village that showed good deposit for the coal was
Manjelutung Village.
Menjelutung village (area)
Menjelutung area has great potential for coal with continuous layer of the coal marked. Based on the results of the
investigation and the modeling, the deployment patterns of the coal is obtained almost evenly in all places. The depth of
coal varies from 3.8 to 43 meters from the ground with a thickness varies between 2.6 and 21 meters. In accordance
with the geoelectric survey, the thickest of the coal was found in MJ 5 point, which is at coordinates 3.66436 ° N
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117.20826 ° E. Formation coal is almost evenly in all location. This is expected due to the crease with moderate force,
so that the coal layer is almost evenly in all places. Model subsurface from the geophysical investigation is Figure 4.

Figure 4 subsurface geology Model and coal trap at Manjelutung village using geoelectric resistivity investigation
Black color is the indication of the coal. It is shown that tahe layer of the coal is almost continous in all area.

7.

CONCLUSSION

Geoelectric measurement results show that coal seams are found not only one layer, but could stripes alternating and
multiple layers. The layer is not continuous in all directions, but have a certain stance and tilt. Modeling results of the
investigation and dispersal patterns of coal in the Tana Lia area is not evenly distributed in all places. Depth of coal
varies from 0.5 to 47 meters from the local topography surface. Based on the result, the thickness of coal varies from
0.4 to 35 meters. When the coal is observed from the spread vertically and horizontally, coal at this location is estimated
to form the lens. This indicates, that the coal trap at this location was formed in the delta environment. In addition, the
coal trap in Tangkudacing village is also not continous, which is like lens. The coal in this location is probably formed
in the delta environment as well. While the coal in Manjeletung area, the potenscy is very good. The trap is continous,
and the thickness is quite good, varies between 3.8 and 43 meters. Because the condition is continous, it is predicted
that this layer was caused by structural process, namely fold with modeate energy.
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Abstract – Study with entitled Vulnerability of Karangkates Dams Area By Means Of Density
Contrast Parameter to Anticipate Energy Sustainability has been done. The study was conducted
aimed to obtain information on the vulnerability of two parts area of Karangkates dams, i.e. Lahor
dam area which was inaugurated in 1977 and Sutami dam area which was inaugurated in 1981.
Three important things as reasons for the need of this study are: 1). The age of the dam is already
36 years old for the Lahor dam and 32 years old for the Sutami dam, 2). Geologically, the location
of the dam is closed together to the Pohgajih local shear fault, Selorejo local fault, and Selorejo
limestone-andesite rocks contact plane, and 3). Karangkates dam is one of the important Central
Electricity Generating Power Plant PLTA with the generating power of about 400 million KWH
per year from a total of about 29.373MW installed in Indonesia.
Geographically, the data acquisition of gravity in this study was conducted at coordinates
(112.36463oBT;-8.20230oLS) until (112.46630oBT;-8.09964oLS) by using Gravity meter of
Lacoste and Romberg instrument. Gravity Data acquisition was conducted in the radial direction
from the dams with the diameter of about 11.4 km and the distance between the measurement
points in the range of 500 m. The data acquisition results obtained distribution of the total gravity
field value in the range of 1760 mGal to 1814 mGal. After correction for eliminating the influence
of tidal effect due to the rotation of the earth and the moon, drift correction to eliminate the
influence of drift, basestation correction to equate the value of inter-loop gravity, tie correction to
get the value of gravity on the actual measuring point [10],and normal gravity G using the formula
of the IAG (International Association of Geodessy) that is GRS(Geodetic Reference System) of
1980 on the WGS84 (World Geodetic System 1984) to compare the value of gravity
measurements with ellipsoida or sferoida reference, then obtained free air anomaly. From free air
correction, the data which was originally located on the sferoida reference was taken to the
topography. From the free air correction is already a rough idea can be seen in spatial location of
an anomaly to be searched, which tends toward the existing of Selorejo-Kalirejo fault. Zero
crossing analysis show the existing of weak zone at Selorejo-Kalirejo fault and Pohgajih- North
Kalirejo strike slip fault. Bouguer correction (and terrain) to account for the influence of the
topography, the advantages and disadvantages of mass confirm the spatial anomaliy position.
Overlapping the contour maps of free air and Bouguer anomaly to local geology map show the
existing of Selorejo-Kalirejo fault. Zero crossing analysis show the existing of weak zone at
Selorejo-Kalirejo fault and Pohgajih- North Kalirejo strike slip fault. The structural modelling of
AA' cross section from Bouguer anomaly show the depth of structure is 76 km with density
contrast of body 1 and body 2 are 0.04 and 0.17 respectively. Mean while, the structural
modelling of BB' cross section from residual anomaly show the depth of structure is 4.6 km with
density contrast of body 1 and body 2 are 0.005 and 0.01 respectively.

1. INTRODUCTION
Karangkates dams is located in the village of Karangkates, Sumberpucung district, Malang regency. Karangkates dams
consists of two parts, namely the Lahor dam which was inaugurated in 1977 and Sutami dam which was inaugurated in
1981. In addition to functioning as hydro power plant (PLTA), Karangkates dams also serves as a tourist spot with
various facilities in this area. Karangkates Dams is the national second dams that built by Department of Civil (PU)
after Jatiluhur dam which located in Purwakarta, West Java. In addition to built as hydro power plant, thisi dams also
serves to control of flooding and irrigation for the local area. As hydro power plant, Karangkates dams able to
contribute power of about 400KWH/year from total needs about 29. 373 MW installed in all Indonesia area in the last
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five years [1].
Hypothetically, based on geological maps, Karangkates hydro power plant located adjacent to the area of contact
between the andesite lava and limestone as well as shear fault which is located at around Pohgajih [2]. The geological
conditions will cause in local site becomes unstable compared to the surrounding. Some findings on the surface (out
crop) of this condition has been found in the type of cracks along the rail lines and cracks and subsidence of the road
which is located around the dams. For the case occurred in the village of Karangkates because of a shift or movement is
great enough land around the year 1999. It was about 78 families, forced to flee to House of Jasa Tirta Transito for
about 2 weeks. Cause of the movement of the surface, almost all houses of Ledok village cracks [3, 4]. Indications of
the cracks also occurred at around of the railway line [5].
Based on the all things at above, then at this research would be done the research activity with entitled "Detection of
Karangkates dams fractures and leakages as rescue effort to anticipate energy sustainability". This paper with entitled "
Vulnerability Of Karangkates Dams Area By Means Of Density Contrast Parameter To Anticipate Energy
Sustainability " is a part of the research results. The general objectives to be achieved in this research is the safety
condition of the dams in order to support energy sustainability. Three important things as reasons for the need of this
study are: 1). The age of the dam was 36 years old for Lahor dam and 32 years old for Sutami dam, 2). Geologically,
the location of the dams are closed together to the Pohgajih local shear fault, Selorejo local fault, and Selorejo
limestone-andesite rocks contact plane, and 3). Karangkates dams is one of the important hydro power plant PLTA
with the generating power of about 400 million KWH per year from a total of about 29.373MW installed in Indonesia.
In this research, an integrated geophysical methods of magnetic, gravity, and geoelectric will be applied for the purpose
of detection of the andesite-limestone rocks contact plane area in the first year, geological structure of faults in the
second year, and the impact of geological activity on the surface (near surface) in the type of slope, subsidence, and
dam leakage in the third year respectively. Magnetic method was done by measuring the magnetic properties of natural
susceptibility contrast from the contact plane area. Gravity method will done by measuring the gravity of the nature of
the dominant structure of fault structures based fault density contrast. While the geoelectric method will done through
the injection of electrical current into the earth for further measurement of the resistivity contrast response through
Ohm's law calculation. Thus the comprehensive informations of Karangkates dams safety as one important hydro
power plant in Indonesia will be obtained as the rescue efforts and energy sustainability. In this paper will be delivered
a part of this research results with using gravity method, included qualitative and quantitative interpretations.

2. METHODS
Overall, this research was conducted through a series of activities, which include data acquisition, processing, and
interpretation of data including structural modeling of andesite-limestone contact plane area. However, in this paper will
discuss the all part of the research of gravity method. The main equipment that used in this research is a Gravity Meter
La Coste & Romberg Model G. Data acquisition was done on the zone Karangkates dams (Sutami and Lahor dam) and
its surrounding with area measuring 11.4 km x 11.4 km or 130 km2 approximately with the base station is the central
point of the Karangkates dams. Gravity data acquisition was done by measuring the distance between points vary
because the location is also very varied topography. However, as the reference were used of distance between the point
of around 500 m. From the data acquisition activity were obtained amount of 143 gravity data.
Data processing was done by applying various corrections to the data acquisition field [6] i.e. tide, drift, base stations,
normal or latitude, free air, Bouguer, and terrain. Interpretation was done through both qualitative and quantitative
approaches. Qualitatively, the interpretation is aim to obtain the horizontal boundaries of the anomaly targets.
Qualitative interpretation aims to locate the boundaries of the anomaly was done by considering the density gradient
contours, dipole pairs, and zero crossing. Qualitative interpretation must also using judgment of geological map on the
local sheet to get the interpretation that valid the local circumstances. Quantitative Interpretation aims to get the
parameters of dimensional structure of the subsurface anomaly sources that done by modeling [8;,9;10]. Quantitative
interpretation aims to get the dimensions of the rock causes of anomalies that include top depth, bottom depth, and the
structure of anomalies in the horizontal direction (XY). Quantitative interpretation of the research was conducted using
the approach of polygonal for arbitrary shape body [9;10] on the cross section of residual anomaly for the 2.5dimensional body.

3. RESULTS AND DISCUSSION
After correction for eliminating the influence of tidal effect due to the rotation of the earth and the moon, drift
correction to eliminate the influence of drift, basestation correction to equate the value of inter-loop gravity, tie
correction to get the value of gravity on the actual measuring point,and normal gravity G using the formula of the IAG
(International Association of Geodessy) that is GRS(Geodetic Reference System) of 1980 on the WGS84 (World
Geodetic System 1984) to compare the value of gravity measurements with ellipsoida or sferoida reference, then
obtained free air anomaly. From this last correction, the data which was originally located on the sferoida reference was
taken to the topography. From the free air correction is already a rough idea can be seen in spatial location of an
anomaly to be searched, which tends toward the existing of Selorejo-Kalirejo fault. Zero crossing analysis show the
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existing of weak zone at Selorejo-Kalirejo fault and Pohgajih- North Kalirejo strike slip fault. Bouguer correction (and
terrain) to account for the influence of the topography, the advantages and disadvantages of mass confirm the spatial
anomaliy position.
Interpretations were done through both qualitative and quantitative approaches. Qualitatively, the interpretation is
intended to obtain the boundaries of the anomaly [6;11]. In the qualitative interpretation, the boundaries of the anomaly
was done by considering the density gradient contours, dipole pairs, and zero crossing. Besides, it also used the local
geological map of sheet location, in this case is a sheet of Blitar [2]. Based on the density gradient contours and zero
crossing, can be estimated that there weak zone as effect of the existing of Selorejo-Kalirejo fault and Pohgajih- North
Kalirejo strike slip fault a source of local anomalies in the local site.
Quantitative interpretation is needed to find structural in the depth. Figure 1.a shown the cross section of AA' on
Bouguer anomaly contour. Meanwhile Figure 1.b shown the cross section of BB' on residual anomaly contour. The
2.5D modelling result of AA' and BB' can be seen at Figure 2.a and 2.b respectively.

(b)

(a)

Figure 1. Cross section. (a). On Bouguer anomaly (AA'), (b). On residual anomaly (BB').
By means of the 2.5D modelling result (Figure 2.a) was shown that the fault of Selorejo-Kalirejo take effect about 76
km of depth. The fault (weak zone) located at west side of Karangkates Dam with the density contrast value is 0.04 and
the host rock density contras value is 0.17. By means of the 2.5D modelling result (Figure 2.b) was shown that the
shallow effect of the fault of Selorejo-Kalirejo and Pohgajih- North Kalirejo strike slip fault take effect about 4.6 km of
depth with density contrast value are -0.005 for body 1 and 0.01 for body 2 respectively.

(a)
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(b)
Figure 2. The 2.5D modelling result of: (a). AA', (b). BB' respectively.

4. CONCLUSIONS
Based on the research by using gravity method that has been done so as the aims of this research can be conclude:
1.The Gravity, free air anomaly, Bouguer anomaly, and residual anomaly values distributed in the range of 1760 mGal
until 1814 mGal, 74 mGal until 134 mGal, 56 mGal until 96 mGal, and -1.8 mGal until 1.6 mGal respectively.
2.The free air and Bouguer anomaly overlapping on local geology shown that anomaly contour and local structure was
correlated. Both anomaly shown the exsistance of Selorejo-Kalirejo fault in the North East - South West that entend
from Selorejo to Kalirejo. With the upper part (U) is located at the west of Tmcl (Campur Darat) formation, and Tmw
(Wuni). Meanwhile the down part (D) is located at the east of Tmw (Wuni) and Tmcl (Campur Darat) formation too.
3.Residual anomaly shown the shallow anomaly that correlated to weak zone. Zero crossing shown the existence of
weak zone at the above of Selorejo-Kalirejo fault and Pohgajih-North Kalirejo strike slip fault.
4.The modelling result of AA' are the bottom of depth is 76 km with ∆=0.04 for body 1 and ∆=0.17 for body 2.
5.The modelling result of BB' are the bottom of depth is 4.6 km with ∆=-0.005 for body 1 and ∆=0.01for body 2.
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Abstract – Although condensation reaction of furfural and acetone widely studied, the selective
formation of the product as monomer (C8) and dimer (C13) hitherto unexplored. By varying the
methods using reflux and autoclave oil batch reactor, selective formation of C8 and C13 is
observed. Reaction under reflux gave dimer C13 as main product. Reversely, reaction by autoclave
reactor produced monomer C8 as major product in similar reaction condition.

1. INTRODUCTION
Currently, fossil fuel petroleum contributes more than 40% of energy demand. Because of the non-renewable resources
becomes less plentiful, it is becoming important to identify renewable material as an alternative energy [1]. The
development of chemical process using whole abundant lignocellulosic material is the key interest. The so-called biobased chemical, furfural, is one of the most valuable building blocks accessible from biomass. Owing aldehyde
functional group, furfural can be transformed into chemicals and fuels by subsequent aldol condensation, hydrogenation
and deoxygenation reaction. Among these reaction, aldol condensation is the most useful methods for the formation of
new C–C bonds, gives α,β-unsaturated ketone [2].
Many aldol condensation reactions are industrially produce using homogenous base catalyst, such as sodium hydroxide.
However, this process leads to additional disposal cost. The use of heterogeneous catalyst as solid base catalyst can
simplify the reaction and reduce production cost. Alkali and alkaline earth oxides have been reported as active catalysts
for aldol condensation. The activity of these solid base catalysts have been tested in liquid phase using organic solvent
or in vapor phase [1]
Aldol condensation between furfural and acetone have been widely reported to give 4-(2-furyl)-3-buten-2-one
(monomer, C8) and 1,5-bis-(2-furanyl)-1,4-pentadien-3-one (dimer, C13), the potential precursor for diesel fuel [3–5].
The reaction is carried out, either in liquid or gas phase using catalytic bed-reactor or other experimental methods.
However, there is no report for selective formation of each product from different experimental methods. Here, we
report the selective formation of monomer and dimer from condensation reaction of furfural and acetone by modifying
the reaction methods using reflux and autoclave batch reactor.

2. METHODS
2.1 Chemicals
Furfural, with a purity of >98% was obtained from Sigma-Aldrich used without distillation. High-purity nitrogen gas
(>99.99%) from local vendor was used without further purification. Magnesium nitrate hexahydrate (Mg(NO3)2.6H2O),
aluminum oxide (-Al2O3) were supplied by Merck Germany. Acetone, methanol, ethanol, and dichloromethane are
from Merck Germany. Magnesium oxide (MgO) was obtained as technical grade and activated before used. Ethyl
acetate and N-hexane for column chromatography was technical grade and used after distillation.

2.2 Procedures
Condensation reaction was carried out by reacted furfural and acetone in 1:1 mol ratio using MgO as catalysts. Furfural
(1 mL; 12.1 mmol) and demineralized-water (40 mL) put into flask and added with acetone (0.9 mL; 12.1 mmol) and
MgO (0.2 g) refluxed for 1, 4, and 6 hours under N2. The similar reaction was carried out using autoclave oil batch
reactor. MgO (0.4 g) was activated ex situ by heated in oven at 150oC for 1 hour prior to reaction. Furfural, acetone and
activated MgO put into reactor then added with 5 ml of water and heated at 80oC for 2, 4, 6, 8, 10, and 12 hours. After
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reaction, the mixture was separated from catalysts and the organics extracted using dichloromethane. The excess of
solvent removed in vacuum and the crude products was analyzed using UV-Vis and FT-IR. The separation of
condensation products was conducted by column chromatography and elucidated by 1H and 13C-NMR.

3. RESULTS AND DISCUSSION
Condensation product between furfural and acetone gave 4-(2-furyl)-3-buten-2-one (1) and 1,5-bis-(2-furanyl)-1,4pentadien-3-one (2). The mechanism formation of 1 and 2 is explained by consecutive sequence reaction (Scheme 1).
Begin with the abstraction of -H atom of acetone by the heterogeneous base catalyst (MgO) to form a carbanion that
consecutively attacks the carbonyl group of the adsorbed furfural molecule. In this step, -hydroxyl ketone intermediate
expected to be formed; but, in this work, these compound never observed among the reaction products. It is assumed
that the unstable intermediate rapidly dehydrated to 1. In parallel, further attack of second acetone molecule to
carbanion intermediate is chemically feasible leading to diacetone alcohol and mesityl oxide, but the rate is significantly
lower than that of furfural-acetone reaction [6]. In similar ways, 2 were obtained by initial abstraction of -proton from
1 followed by attacks the carbonyl group of another adsorbed molecule. Surface processes of furfural and acetone
condensation over basic mixed oxides have been report by Faba (2012) [7].
The prolonged of C=C exocyclic of monomer 1 and dimer 2 was simply identified by ultraviolet measurement showed

Scheme 1 Consecutive reaction for aldol condensation of furfural and acetone
by bathochromic shift. The transition of π orbital to excited state (π → π*) in 1 gives λmax at 319nm and 2 at 368 nm
(Figure 1), similar with the published result by Huang et al. (2012) [8]. This effect is progressive as the number of
conjugated alkene increases.
The condensation was first carried out using MgO catalyst in the presence of water under reflux for 1, 4, and 6 hours. It

319 nm

a

b

368 nm

319 nm
368 nm

Figure 1 UV-Vis spectrum of adduct products reacted by (a) reflux and (b) autoclave oil batch reactor

was noticed that condensation reaction didn’t occur without the presence of water as polar solvent. Combination of
water/ethanol and pure methanol gave no result. According to this phenomenon, the reaction using closed-vessel reactor
(autoclave) was also investigated under water solvent. The selective formation of 1 and 2 under reflux and autoclave
were then investigated from various reaction times, that is 1–12 hours. The yield and absorbance of 1 and 2 under both
methods (a and b) is summarized in Table 1.
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Table 1 Ratio of 1 and 2 from condensation of furfural and acetone using MgO catalysts
entry

reaction
time (h)

1
2
3
4
5
6
7

1
2
4
6
8
10
12

crude yield
(%; w/w)
42.92
80.0
96.25
-

Reflux (a)
UV-Vis (Abs)
1; C8
2; C13
0.59
0.45
0.63
1.14
0.55
0.88
-

Autoclave (b)
UV-Vis (Abs)
crude yield
(%; w/w)
1; C8
2; C13
92.24
0.75
0.18
10.34
1.27
0.29
50.0
1.10
0.18
73.28
1.39
0.29
98.28
0.85
0.43
99.14
0.63
0.55

Excellent yield were obtained in the condensation (10–99%) by prolonged the reaction time until 12 hours using
autoclave (entry 7b). For comparison, the reaction using reflux for 6 hours gave similar crude yield, that is, 96.25%
(entry 4a). The selective formation of 1 and 2 by reflux and autoclave reaction is obviously detected by UV-Vis
spectrophotometry (Figure 1). In Table 1 (entry 1a) showed the reaction for 1 hour gave 1 and 2 in comparable ratio.
By increasing reaction time to 4 hours (entry 3a) and 6 hours (entry 4a) showed the increasing ratio of dimer 2 over
monomer 1. The increasing of reaction time was not only increasing the crude yield but also increasing the formation of
dimer 2. In contrast, reaction under autoclave showed different type reaction. From entry 2b–7b, the crude yield of
condensation reaction increased, followed by increasing ratio of monomer 1 suppressed the formation of dimer 2.
Reaction under reflux produced 1,5-bis-(2-furanyl)-1,4-pentadien-3-one (2) selectively. In contrast, reaction by
autoclave afforded 4-(2-furyl)-3-buten-2-one (1) as major product. It is interesting that different experimental method
proceed to selective product formation. Reaction using autoclave (pressure-controlled) should be decreasing the boiling
point of solvent then condensation may occur in vapor-phase. Conventional reflux using thermal heating raise
temperature of solvent to its boiling point and condensed the solvent in liquid-phase. Further study about the selectivity
of 1 and 2 under different methods is in progress.

Figure 2 Characterization of carbonyl on furfural and condensation products using FT-IR
Structure elucidation of 1 and 2 conducted by Fourier Transform Infra Red (FT-IR) as follows. The IR spectrum of C–H
aldehyde on furfural assigned as fermi-doublet at 2849-2812 cm–1; the C=O detected at 1672 cm–1. The condensation
product 1 and 2 have a C=C conjugation adjacent to carbonyl, then delocalization of electrons on C=O group reduces
the double bond character causing absorption at lower wavenumber at 1620 cm–1 compare to furfural (Figure 2).
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1,5-bis-(2-furanyl)-1,4pentadiene-3-one (2)

4-(2-furyl)-3-buten-2-one (1)

Figure 3 2D NMR (HMQC) of condensation product 4-(2-furyl)-3-buten-2-one (1); 1,5-bis-(2-furanyl)-1,4pentadien-3-one (2)
Separation of 1 and 2 from the reaction mixture was performed by open column chromatography using SiO 2 and
hexane/ethyl acetate (9:1) as eluent. No differences in retardation value (Rf) between furfural and product 1 and 2, but
the spot profile is different when irradiated using 356 nm UV lamp [9]. Structure determination of the product by 1Hand 13C-NMR (2D) showed an excellent correlation with compound 4-(2-furyl)-3-buten-2-one (1) and 1,5-bis-(2furanyl)-1,4-pentadien-3-one (2) (Figure 3).

4. CONCLUSIONS
Selective formation of 4-(2-furyl)-3-buten-2-one (1) from the condensation of furfural and acetone under autoclave oil
batch reactor was observed. Further condensation product, a dimer, 1,5-bis-(2-furanyl)-1,4-pentadien-3-one (2) detected
as main product when the reaction carried out under reflux. The longer the reaction time increasing product yield and
formation of dimer 2 become significant.
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Abstract – The performance of Dye Sensitized Solar Cell (DSSC) is based on the dye as a
sensitizer. Natural dye has become an alternative to expensive and inorganic sensitizer because of
its low cost, easy attainable, abundance in supply of raw materials and no environment threat.
Various component of plant such as leaf, seed, flower, and fruit can be used as sensitizer. In this
research DSSC was fabricated using extract of sweet potato, black glutinous rice, and young teak
leaf as its sensitizers and ZnO material as its semiconductor. ZnO was synthesized using
hydrothermal method at 100oC for 24 hours of holding time. The ZnO gel was coated on the
conductive side of FTO substrate using spin-coating machine and then the ZnO on FTO calcined
at various temperature (500oC, 550oC, and 600oC) for 30 minutes. The counter electrode was
Pd/Au that sputtered on the conductive side of FTO glass for 90 minutes and the electrolyte
solutions were mixed iodine (Iˉ) and tri-iodide (I3ˉ). Scanning Electron Microscopy (SEM), X-Ray
Diffraction (XRD), and Brunauer-Emmet-Teller (BET) were used to characterize the morphology,
structure, and active surface area of ZnO respectively. Keithley instrument was used to measure
the efficiency of solar cell. According to XRD and SEM characterizations, ZnO had hexagonal
structure and morphology. The extract of black glutinous rice had high absorbance of 4.990 and
the most stable absorbance at visible light spectrum of 300 – 600 nm. The efficiency measurement
using Keithley instrument shown DSSC using ZnO that calcined at 550oC and black glutinous rice
dye had the highest efficiency of 0.00974% with open circuit voltage of 0.447625 V, short circuit
current density of 0.736 A/m2, maximum voltage of 0.25255 V, maximum current density of 0.384
A/m2, and maximum power density of 0.097018 W/m2.

1. INTRODUCTION
DSSC is an inexpensive Solar Cell (SC) which has attracted much attention recently as one solution to overcome
energy crisis. ZnO is a semiconductor material having a wide energy band gap of 3.37 eV making it suitable for DSSC
material [1]. Inorganic and organic dyes are used as sensitizers to convert solar energy into electrical energy. Inorganic
dyes show better capabilities in converting the visible light into electrical energy, yet the prices are more expensive.
Organic dyes from natural resources could be the alternatives to reduce the price. In this research DSSC was prepared
from ZnO synthesized via hydrothermal process followed by calcination. Three different natural dyes from purple
sweet potato, black glutinous rice and young teak leaf were applied as the sensitizers. Materials characterization
towards ZnO and natural dyes and electrical measurements towards the DSSC were performed to observe the
correlations between material structure and DSSC performance.

2. METHODS
2.1 Chemicals
Zinc chloride (ZnCl2) and ammonia (NH4OH) were produced by Merck. Pottasium iodide, iodine, and acetic acid were
bought from PT. Sumber Utama Kimia Murni. Polyethylene glycol was bought from PT. Brataco. Ethanol was
manufactured by PT. Smart Lab Indonesia.

2.2 Procedures
ZnO was synthesized by hydrothermal method at 100 oC for 24 hours to form ZnO gel. 4 gram ZnCl2 (Merck) was
diluted in 4 ml NH4OH and 10 ml distilled water. The mixture was manually stirred well and then kept in a
hydrothermal chamber in the form of 150 ml sealed Teflon-lined autoclave which placed inside a muffle furnace at
100oC for 24 hours. A little amount of ZnO gel was observed by DSC/TGA to determine the properly temperature of
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calcination. The rest of ZnO gel was spine-coated on 2 cm x 2 cm of FTO glass as the semiconductor at spine-coated
speed of 500 rpm for 30 seconds and continued at 2000 rpm for 90 seconds and calcined at 500oC, 550oC, and 600oC for
30 minutes [2]. The temperatures were chosen by DSC/TGA measurement. The dyes were prepared by extracting 13
gram of each purple sweet potato, black glutinous rice, and young teak leaf using organic solvent which is the
combination of 21 ml ethanol, 4 ml acetic acid, and 25 ml distilled water [3]. The solutions were kept for 24 hours and
filtered to get the dye solutions. The dye solutions were observed the absorbance value using UV-Vis
Spectrophotometer. The electrolyte solution was prepared by mixing 0.8 gram KI 0.5 M with 10 ml polyethylene glycol
(PEG) 400 and added by 0.127 gram I 2 and then stored in a sealed bottle. The counter electrode (anode) was prepared
by sputtering the FTO glass with Pd/Au for 90 minutes.
The FTO glass that coated by ZnO material (cathode) was sensitized by immersing into dye solutions for 30 minutes.
The ZnO layers were scratched 5 mm width from each FTO edge for electrical connection and rest of 1 cm 2 of area as
an input area. DSSC was assembled in a sandwich by placing the dye-sensitized side face to face with another Pd/Au
sputtered side. The two piece of FTO glasses were clamped onto the opposite sides by two paper clips. The electrolyte
was dropped in the space between the two FTO glasses. The DSSC was measured the open circuit voltage (Voc) and
open circuit current density (Jsc) by Keithley Instrument under halogen light with an input power of 1000 W/m 2. The
DSSC efficiency was calculated as the ratio of maximum DSSC maximum power density (Pmax) to solar power input.

3. RESULTS AND DISCUSSION
The TGA/DSC characteristic of ZnO gel under thermal treatment was shown by Figure 1. The measurement was carried
out to determine the suitable temperatures of calcine the ZnO gel to form crystalline material. The TGA graph shows
the first mass loss 14.90% from 30oC to 145oC and the second mass loss 22.51% from 145 oC to 188oC. The twice mass
loss correspondent with the first and the second endothermic reaction respectively due to evaporation, including water
bond, HCl, and NH4OH [4]. ZnO continued loss its mass 39.51% from 200 oC to 450oC due breaking chemical water
bond, advanced volatile evaporation, and starting of crystalline form. Mass loss 13.06% from 450 oC to 560oC and
0.14% from 560oC to 600oC due ZnO crystalline forming and phase changing that proved by exothermic reaction.
According to the DSC/TGA graph, the calcinations process of ZnO gel was carried out at 500 oC, 550oC, and 600oC
[2].Figure 2 shows the XRD patterns of ZnO calcinate at different temperature of 500oC, 550oC, and 600oC. All the
three XRD patterns matched well with ZnO of hexagonal structured based on JCPDS Card No. 80-0075. The XRD
intensity trend increasing when temperature of calcination increase. Three dominant peaks were noticed at 2θ of 34.38o,
36.21o, and 31.73o which corresponded with (002), (101), and (100) plane respectively. The crystalline size of ZnO
calcined at 500o, 550oC, and 600oC samples were 81.53 nm, 81.56 nm, and 101.93 nm respectively. They were
calculated by Debye Scherrer equation.

Figure 1 The TGA/DSC graph of ZnO gel of hydrothermal method
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Figure 2 The XRD patterns of ZnO calcined at 500oC, 550oC, and 600oC
Figure 3 shows UV-Vis spectra of purple sweet potato, black glutinous rice, and young teak leaf as the dyes of DSSC.
The absorbance of purple sweet potato dye in visible light spectrum 300 – 600 nm in violet – orange color range, black
glutinous rice dye in visible light spectrum 300 – 550 nm in violet – green color range. The absorbance of young teak
leaf dye in visible light spectrum 270 – 400 nm and 450 – 600 nm in violet and blue – orange range respectively.

Figure 3 The absorbance of dyes
The SEM images of ZnO calcined at different temperature of 500 oC, 550oC, and 600oC were shown in Figure 4. The
ZnO crystalline shape was hexagonal according the SEM images. ZnO calcined at 500 oC had 2.07 – 2.65 μm of the
diameter of crystal and 2.18 – 3.16 μm of ZnO height (Figure 4(a)). Then, ZnO calcined at 550oC had 3.03 – 4.51 μm of
the diameter crystalline and 5.44 – 8.04 μm and 5.44 – 8.07 μm of ZnO height (Figure 4(b)). ZnO calcined at 600oC had
4.72 – 5.12 μm of the diameter crystalline and 4.51 – 6.68 μm of ZnO height (Figure 4(c)). The ZnO 600oC had the
biggest size of diameter. The increasing of calcinations temperature gave more energy for the sample to grow into
crystal with larger size.

(a)

(b)

(c)
o

Figure 4 SEM images of ZnO calcined at temperature (a) 500 C, (b) 550 C, and (c) 600oC
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Table 1 The efficiency of DSSC from different dyes and temperature of calcination
Dyes

Calcined
Temperature (oC)
500
550
600
500
550
600
500
550
600

Purple sweet
potato
Black glutinous
rice
Young teak leaf

Voc (V)

Jsc (Am-2)

Pmax (Wm-2)

0.401
0.448
0.345
0.315
0.328
0.342
0.174
0.099
0.109

0.118
0.736
0.441
0.129
0.455
0.409
0.128
1.468
0.355

0.0228
0.0970
0.0612
0.0162
0.0602
0.0592
0.0117
0.0336
0.0144

Efficiency
(%)
0.0023
0.0097
0.0061
0.0016
0.0060
0.0059
0.0011
0.0033
0.0014

Black glutinous dye had the highest electrical performance due high absorbance and stable visible light spectrum range.
The highest efficiency was produced by DSSC black glutinous rice dye with ZnO calcined at 550 oC of 0.0097% (Voc=
0.448 V and Jsc= 0.736 Am-2). The efficiency from DSSC with different dyes and temperature of calcinations were
shown in Table 1 and Figure 5.

Figure 5 The efficiency curve from different dyes and temperature of calcination

4. CONCLUSIONS
DSSCs have been successfully prepared from ZnO material of hexagonal structure and black glutinous rice as dye with
550oC temperature of calcinations that produced that produced the highest efficiency of 0.0097% (V oc= 0.448 V and
Jsc= 0.736 A/m2) due to high active surface area.
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Abstract –The aim of this research was to investigate the effect of temperature on hydrogen
storage capacity of Zeolite Templated Carbon (ZTC) after K2CO3 activation. The storage capacity
measurement has conducted at temperature of 30oC, 40oC, and 50oC with pressure of 1; 1.5; 2 and
3 bar. ZTC activated by K2CO3 was a material with high porosity of 1.145 cc/g and large surface
area, 1441.335 m2/g. The results showed that hydrogen adsorption capacity at tempature of 30 oC,
40oC, 50oC with pressure of 1 bar was 3.206, 2.885 and 2.458 wt.%, respectively. Adsorption
temperature affected the amount of hydrogen adsorption capacity. The hydrogen adsorption
capacity was decreasing when the adsorption of temperature was increasing. In addition,
adsorption temperature affected van der Waals interaction between molecules of hydrogen and
carbon surface.

1. INTRODUCTION
Hydrogen is a clean fuel and only giving water as the mainly product on its combustion in air. However, on-board
storage of hydrogen still remains a challenge. Various methods for storing hydrogen including gaseous, liquid and solid
state storage have been suggested. The important methods for storing hydrogen in solid materials include: (i) storage in
metals and alloys; (ii) storage in complex hydrides; (iii) storage by trapping; and (iv) storage in microporous materials,
such as carbons, metal-organic frameworks, polymers, zeolitic materials, etc [1]. Among the best known microporous
solids, the zeolites have the advantage like high stability, low cost and have a variety of porous structures. Zeolites are
highly crystalline alumino-silicate materials with crystallographically well-defined channels and cavities. Template
synthesis is a promising technology for preparing activated carbon (AC) samples with large surface area and relatively
uniform porous structure [2]. This paper reports the hydrogen adsorption in a TC prepared using zeolite Y as a
template. Zeolite-Y templated carbon (ZTC) has shown quite high storage capacity for hydrogen through physical
adsorption. In order to improve the properties of ZTC, it needs to be activated by K 2CO3. In this research, adsorption
temperature effect on hydrogen storage capacity of ZTC after activated by K2CO3 were investigated. The storage
capacity was measured at 30°C, 40°C and 50°C at the pressure of 1; 1.5; 2 and 3 bar.

2. METHODS
2.1 Chemicals
The chemicals used in this research were NaAl2O3, Na2SiO3, NaOH (99% p.a), succrose (98%, Fluka), H2SO4 (98%
p.a), high purity N2 gas (HP) (99,99% N2), HCl (37%, SAP), HF (48%, p.a),and K2CO3 (99,99%, p.a).

2.2 Procedures
Synthesis of ZTC was prepared by impregnation method, which divided into three stages, namely, impregnation of
sucrose to zeolite-Y, carbonization of templates, and removal of template zeolite [3-5]. The materials were activated
chemically by K.CO3 with the impregnation K2CO3/carbon ratio of 1.5. Activated carbon was characterized by XRD,
SEM, and N2 adsorption-desorption. The hydrogen adsorption capacity test was conducted by gravimetric method. The
sample weight was recorded every minutes until no additional mass. It was carried out at temperature of 30°C, 40°C
and 50°C with pressure of 1; 1.5; 2 and 3 bar.

3. RESULTS AND DISCUSSION
Zeolite-Y used as a template and the ZCT synthesized at succrose/zeolite ratio of 12.5:10, were characterized using
XRD. Fig. 1 shows XRD patterns of zeolite-Y, composite carbon-zeolite, ZTC and ZTC after activation. From the Fig.
1a, it indicates that zeolite-Y was successfully synthesized, which showed by characteristic peak at 2θ = 6°. This peaks
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show the characterization peaks of Zeolite-Y, according to the JCPDS No. 11-0672. Carbon/zeolite composite at Fig. 1b
has characteristic peaks of zeolite-NaY, which was indicated by the same highest intensity peaks, especially at 2θ = 6°
[3]. It shows that carbon has already formed zeolite pore structure without affecting or damaging the crystal structure of
zeolite-NaY. ZTC after washing process at Fig. 1c, shows peak at 2θ = 6° and plane (111), which indicates an
orderliness of carbon as a result of zeolite-Y replication. Otherwise, there are weak graphitic peaks in ZTC at 2θ = 25°
and plane (002). Those peaks indicate that graphitic carbon was formed [4]. The graphitic carbon has not been able to
replicate the template of zeolite-Y. As a result, the graphitic carbon has not orderly formed.

Figure 1 XRD patterns of a) zeolite-Y, b) composite carbon/zeolite, c) ZTC and d) ZTC after activation
At this research, ZTC was activated chemically with K2CO3 in order to increase surface area and alter the micro form of
mesoporous carbon or graphitic carbon, which spread in material surface. Activation has conducted with K2CO3 (g)/
carbon (g) increment ratio of 1.5, which has optimal result of activation process, according to the previous research [5].
This ratio resulted a material with highest micropore volume, 0,697 cc/g, compare to other materials at different ratio
[5]. Increasing of micropore formation could lead to increasing of adsorption capacity. Fig. 1d shows that after
activation process of ZTC, carbon still maintained the replication of zeolite-NaY, otherwise some orderliness structure
of zeolite-NaY had damaged due to activation process with K2CO3. Hence, intensity peaks of ZTC after activation at 2θ
= 6° decreased. Besides, intensity peaks of graphitic carbon decreased and almost visible. It signify that K2CO3
activation at ZTC actively has been able to form new pore at graphitic carbon layer [5].
Fig 2 presents SEM images of zeolite-NaY, ZTC before activation and ZTC after K2CO3 activation. SEM images of
synthesized zeolite-Y has an octahedral crystal form with particle size between 0.5-0.8 µm (Fig. 2a). The morphology
of ZTC in Fig 2b shows the ZTC replicated octahedral crystal of zeolite-Y. However, there is ZTC grafitic which was
the ZCT with no octahedral form. The ZCT grafitic has not been able to replicate the zeolite-Y structure owing to selfcondensation of carbon. Consequently, part of sucrose derivate outside zeolite-Y template has not been able to diffuse
into zeolite-Y template pores, then deposited on the external surface of zeolite-Y template during carbonization process.
Fig. 2c shows that K2CO3 activation could increase the replicaton of zeolite-Y, which was shown by the increase of
octahedral structure and the roughness morphology of ZTC. As a result, the surface area of ZTC with K2CO3 activation
increased.
a

b

c

Figure 2 Micrograph SEM a) zeolite-Y, b) ZTC before activation and c) ZTC after activation by K2CO3/ carbon
at ratio of 1.5
N2 adsorption-desorption characterization was used to compare ZTC surface characteristic espesially surface area and
pore structure, before and after hydrogen adsorption. Table 1 presents the surface area of ZTC activated by K2CO3 after
hydrogen sorption decrease from 1441.335 m2/g to 387.596 m2/g showing that hydrogen has already filled empty pore
of ZTC. At temperature of 30°C and pressure of 1 bar, ZTC pores have been able to adsorb 0.0152 mmol/m2 of
hydrogen gases. It means that ZTC pores has filled by 0.0152 mmol of adsorbate hydrogen per unit area of adsorbent.
Total pore volume and micropore volume of ZTC activated by K2CO3 after hydrogen adsorption process decreased.
Total pore volume decreased from 1.145 cc/g to 0.222 cc/g, while micropore volume decreased from 0.697 cc/g to
0.187 cc/g. This results showed that hydrogen gases more likely filled the micro-pore. It is because hydrogen gas
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molecule size is 0.29 nm and suitable pore size for hydrogen adsorption is 0.7 – 0.9 nm, whereas the zeolite-Y
replicated ZCT have micropore size of 0.7 nm – 1.3 nm. [7]. This fact is supported by the fact preported at previous
research [7], that the optimum pore size of adorbent for hydorogen adsorption is 0.65 – 0.9 nm.
Table 1 Physical properties of the ZTC activation by K2CO3/ carbon at ratio of 1.5
(a) before hydrogen adsorption and (b) after hydrogen adsorption
Sample

Surface Area
BET (m2/gr)

Total Pore
Volume
(cc/gr)

Micropore
Volume
(SF) (cc/gr)

Average pore
diameter
(BET) (nm)

References

ZTC activated by K2CO3/
carbon at ratio of 1.5 after H2
adsorption

1441.335

1.145

0.697

3.177

[6]

ZTC activated by K2CO3/
carbon at ratio of 1.5 before H2
adsorption

387.596

0.222

0.187

2.295

Result

Results of hydrogen adsorption on the ZTC are presented in Fig 3 and Table 2. In Fig 3 shows that in 5th minutes to
25th minutes, the adsorption capacity of hydrogen increased sharply. It might be due to the fact that the hydrogen gases
as adsorbat fill the abundant vacant adsorbent sites. Conversely, at 25th minutes until 55th minutes, the hydrogen
adsorption increased slowly then levelled off and attained equilibrium at 45th minutes until 75 th minutes. It is because
the adsorbent sites has already filled by hydrogen gases in previous time and then approached constant when reached
the equilibrium. At saturation state, there was a possibility that hydrogen gases would be able to escape from adsorbent
pore and lead to the decrease of adsorbate mass [6].

Figure 3 The curve of hydrogen adsorption pattern of zeolite templated carbon that activated by K2CO3/carbon
ratio of 1.5 at (a) 1; (b) 1.5; (c) 2; and (d) 3 bar
Table 2 Hydrogen adsorption capacity (%w) of ZTC activated by K2CO3/carbon at
ratio of 1.5
Temperature (°C)
30
40
50

1
3.206
2.885
2.458

Hydrogen adsorption capacity (%w)
Preassure (bar)
1,5
2
3.393
3.553
2.832
2.939
2.511
2.538

3
3.821
3.207
2.619

Increasing in adsorption temperature would lead on decreasing of hydrogen adsorption and the adsorption capacity
would tend to decrease. This is due to van der Waals interaction between hydrogen molecule and adsorbent surface.
This kind of interaction will become weaker along with temperature increase. At high temperature, hydrogen molecule
will move more quickly and van der Waals interaction between adsorbent-adsorbate will decrease [7].

4. CONCLUSIONS
Based on the results presented in this study, it can be concluded that ZTC activated by K 2CO3 has good performance for
hydrogen storage at 30 °C and 3 bar of pressure, although the hydrogen storage capacity lower than standard of DoE.
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Abstract – The effect of the pot-stand height on the thermal efficiency of biomass stove UB has
been investigated. The pot-stand height, which reflects the separation distance between the potbase and the stove table were varied three times, namely 2 cm, 4 cm and 6 cm. The thermal
efficiencies were measured using water boiling method. It was found that the pot stand height of 6
cm provides the lowest thermal efficiency whereas the height 2 cm yields the highest efficiency.
The mechanism of heat transfer also will be analyzed and discussed.

1. INTRODUCTION
Currently the biomass combustion still provides the basic of energy resources for cooking and heating in the rural
households of many developing countries. In general, biomass energy usage by means of direct biomass combustion is
characterized by low energy efficiency and higher emission of air pollutants. Consequently developing countries are
now much more seriously suffering from increasingly rapid deforestation and health problem due to indoor air
pollution.
Biomass fuels used in traditional energy systems could provide a much more extensive energy service than at present
stage if they were burnt by using better and much more efficient combustion devices. For example, the new stove
designs can improve the efficiency of biomass use for cooking by a factor of 2 to 3 compared to the three brick open
fire- or traditional stoves [1]. Thus, the amount of biomass to be provided in this case could be potentially reduced by
only one third to the half of the current usage using. One of the new stove design shall be considered is the gasification
cook stove, which implements the micro gasification processes for improving the combustion.
Gasification is the process of converting solid fuels, such as wood, agricultural residues or coal into a combustible gas.
A biomass gasification cook stove consists of (i) primary reactor or container into which fuel is fed along with a limited
(less than its stoichiometric need or amount required for complete combustion) supply of air and, (ii) gas fuel
combustor which is directly positioned above the reactor [2]. Heat for gasification is generated through partial
combustion of the feed material. The resulting chemical breakdown of the fuel and internal reactions result in a
combustible gas usually called producer gas or smoke. The heating value of this gas is in the range of 4-6 MJ/Nm3, or
about 10-15 % of the heating value of natural gas. Producer gas is a mixture of the combustible gases hydrogen (H2),
carbon monoxide (CO), methane (CH4) and the incombustible gases carbon dioxide (CO2) and nitrogen (N2). The
actual gas composition may vary considerably depending on fuel type and gasifier design.
The biomass stove UB is a stove that uses improved gasification principle to convert the solid biomass to gases and
then burns the produced gas/smoke by using the excessive secondary air [3,4]. The result is fire which is much cleaner
than fire produced by direct combustion. This high combustion efficiency is gained after implementing the pre-heating
of primary air and counter-flow secondary air against the direction of smoke in order the much better mixing between
smoke and secondary air can be obtained. An independent tests performed by Geres showed that the thermal efficiency
of the UB-stoves may reach as high as 49%, and is the highest efficiency among the gasifier stove ever developed [5].
Though the efficiency of UB stove is high, it is still possible to optimize the heat transfer from the stove to the pot. It
has been done by performing a series experiments on the effect of variation distance between stove table and the pot.
We found that larger separation distance can lead into lower heat transfer, while on the other hand, if the distance is too
narrow, the fire will release much more smoke.
This paper will address the experimental results on thermal efficiency of biomass stove UB as a function of separation
distance between the stove and the base of pot stand. Other issues such as emission levels are not yet addressed and
will be a subject of the next experiments.
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2. METHODS
The experimental setup for determining the efficiency is schematically shown in Fig. 1.

Figure 1 Schematically diagram of the experimental setup.
The fuels used were Kaliandra pellet, obtained from Solar Park Indonesia in Wonosobo, Mid Java. The amount of water
to be boiled were varied 3 times, i.e. 3 liter, 4.5 liter and 6 liter, and each treatment was repeated twice. The water
temperatures were recorded in every minute. The residual fuels and charcoal were collected and weighted. The
calculation of the stove efficiency then performed by using Water Boiling Test (WBT) version 4.2.3 described
elsewhere [6].

3. RESULTS AND DISCUSSION
Fig 2 shows the measured water temperature as a function of time. The left side stands for amount of initial water of 3
liter, while the right side for that of 4.5 liter. For both curves, the black curve with boxes represent the results of the pot
stand’s height of 6 cm, the red ones with solid triangles for that of 4 cm and the green ones with solid circles for potstand height of 2 cm. The results of 6 liter water were not shown since the behavior of the curve was similar.

Figure 2 The evolution of water temperature as a function of time, left for water volume 3 liter, and right for
4.5 liter.
It can be seen that in general, the pot-stand height of 2 cm provides the quickest time to boil the water, while that of 6
cm results into the longest time. For example, for water volume of 3 liter, the time used to boil the water the pot standheight of 3 cm differs by around 10 minutes from that of 6 cm, while for water volume 4.5 liter, the time difference
increases to around 12.5 minutes. For water volume of 6 liter, the time difference for boiling water further increases to
15 minutes.
It is known that heat transfer is proportional to the cross-section of the heated area. The flame generated by the
combustion of biomass fuel in UB-stove has height between 10 to 30 cm, and it depends on the intensity of the fire.
Strong fire intensity usually has higher flame, but with the cross section of the flame is larger at the bottom. This is
presumable due to a non-linear effect, which causes self focusing of fire and vortical motion of the flue gas. Since the
flame temperature at the central is higher but has less pressure than those at the peripheral, the gases from the peripheral
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are then attracted to the central part. As results, a taller pot-stand will produce narrower spot size on the bottom of the
pot. However, larger separation distance between the stove table and the base of pot stand could lead into loose contact
between flame and the pot-base and the flame is also more subjected to turbulence due to condition of air outside the
stove. Consequently, heat loss is in general will be larger. This should explain why the thermal efficiency drops as the
pot-stand is made higher.
It is also seen that in the first few minutes, the water temperature rises steadily at relative constant gradients and then
become flattened when the temperature of water reaches boiling temperature. It indicates that at lower temperature, the
heat was significantly absorbed by pot, while the heat loss is low. At higher water temperature, losses due radiation and
convection become more significant, due to the increasing temperature difference between pot and ambient air
temperature.
The overall efficiency of the stove is defined as heat being absorbed by water divided by the total biomass energy that is
released during the combustion. We found that the calculated overall efficiencies were 31.1%, 26% and 21 % for pot
stand heights 2 cm, 4 cm and 6 cm, respectively.

4. CONCLUSIONS
As conclusion, we have performed a series of experiment determining the effect of separation distance between the
stove table to the base of the pot on the overall efficiency. We have found that larger separation distance can lead into
larger heat loss of fire to air. The optimal separation distance between the stove table and the pot is recommended to be
between 1.5 - 2 cm.
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Abstract – Due to the needs of light metal for energy saver, it is necessary to develop materials
with higher specific compressive strength such as aluminum foam. There are several methods to
make aluminum foam for instance metal casting and powder metallurgy. However, metal casting
method has limitation due to its difficulty to stabilize foaming process. Therefore, it is important to
develop aluminum foam using metal casting method and foaming agent that economically used
such as Calcium Carbonate (CaCO3). Previous studies [1][2] reported about compressive strength
of aluminum foam, but effect of CaCO3 powder and alumina (Al2O3) as foaming stabilizer on the
foam strength was not studied yet. In this study, aluminum foam was made by metal casting
method. Materials were aluminum alloy A6061, CaCO3 as blowing agent and Al2O3 powder as
foam stabilizer. Variations of CaCO3 powder were 0, 1, 3, and 5% of weight. Meanwhile, weight
ratio of alumina powder and CaCO3 powder is 1:2. Compressive strength test was conducted using
a universal testing machine. It is found that that the higher content of CaCO 3 powder can increase
the mean porosity of A6061 foam. However, the mean porosity tends slightly decrease in
specimens with 3% of weight and above, due to the increase of alumina powder as foam stabilizer.
Meanwhile, there is the decrease of compressive strength of A6061 foam but if the specific
compressive strength of the foam was calculated, it gives higher specific compressive strength
with the increase of CaCO3 powder content in A6061 foam.

1. INTRODUCTION
Light structure becomes needs of humanity to be one of solutions to world problem such as energy crisis. Light
structure in automobile will need less energy to move the car, so it can reduce oil fuel consumption. There are many
ways to construct light structure such us polymer composite materials, metal composite materials and new low-density
alloys metal. Other candidate is foam metal that can provide better integrity, stronger that can be presented with its
specific strength. Aluminum foam is one type of foam metals that has good corrosion resistant, and have high porosity
up to 70% and also relative density up to 0.03 gram/cm3 [1].
Aluminum foam process is still expensive, so the availability in the market is low. Therefore, it is a challenge to
develop and improve the manufacturing process of aluminum foam using metal casting process. Metal casting process
is one of the oldest manufacturing technologies that can produce products cheaper even in the high complexity
geometry of product [2]. However, there are some problems to produce aluminum foam using this method. An
alternative method to produce aluminum foam cheaper and easier is using a blowing agent such as calcium carbonate
(CaCO3) which is easily founded in the market with economically price. Blowing agent or foaming agent is a chemical
matter that can produce bubbles in foaming process to make porous materials such as aluminum foam. Aboaria et.al
studied about compressive strength of aluminum foam using CaCO3 powder as blowing agent [3]. Kevorkijan also
studied about aluminum foam using CaCO3 particulate as alternative blowing agent to produce low cost aluminum
foam [4], but the effect of CaCO3 powder and alumina (Al2O3) as foaming stabilizer [5][6] on the specific compressive
strength of aluminum A6061 foam was not studied yet. Therefore, it is essential to study about porosity and specific
compressive strength of aluminum A6061 foam using metal casting method with various CaCO 3 powder content as
blowing agent. This paper discussed the result of the study based on macro photographs, compressive test, and SEMEDAX analysis in composition analysis.

2. METHODS
Materials used in this study are: (i) commercial aluminum alloys A6061 as raw material of aluminum foam, (ii) calcium
carbonate (CaCO3) with weight percentage of 0, 1, 3,and 5; (iii) alumina (Al2O3) powder as foam stabilizer with weight
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ratio to calcium carbonate is 1:2. Mixing of calcium carbonate powder and alumina powder was using a twin cell
chucked on a lathe machine with revolution speed of 240 rpm in 30 minutes.
Stir casting method was applied to produce specimens of aluminum A6061 foam. Pouring temperature of aluminum
A6061 during adding of blowing agent was 750°C. The first mixture process was done manually for 2 minutes. The
second mixture process was conducted using stir casting method with revolution speed of 550 rpm for 2 minutes. Then,
foaming process began and aluminum A6061 foam specimens were cooled in the room temperature.
Specimens of compressive strength test were prepared by cutting aluminum A6061 foam into the cube form with
dimensions of 30 mm  30 mm  30 mm. Then, the specimens were polished with water resistant emery paper grade
#800, #1000, and #1200 before compressive strength test. Specimens were applied with compressive force using a
universal testing machine with cross head speed of 2 mm/minute until the specimens were compressed up to 5 mm
height from initial height of 30 mm.
Archimedes’ principle [7] was used to determine the porosity of aluminum A6061 foam and apparent density of the
foam. SEM-EDAX analyzer was used to determine composition of aluminum A6061 foam for porosity analysis.
Compressive strength was obtained by dividing maximum compressive force during the test with initial area of
specimen. Specific compressive strength was calculated by dividing compressive strength of specimen with its
apparent density that obtained by Archimedes’ principle.

3. RESULTS AND DISCUSSION
Figure 1 shows photographs of aluminum A6061 foam with calcium carbonate 1% and 3% of weight. It is found that
foaming process was done well and some bigger pores exist on the specimen with calcium carbonate 1% of weight as
shown in Fig.1(a). In the specimen with higher content of calcium carbonate, the big pore sizes become smaller
compared to that of specimen with less content of calcium carbonate. However, some areas contain no pore. It seems
that porosity of specimen is lower in the higher content of CaCO 3. In order to confirmed that, porosity test was done and
the result shown in Figure 2(a).
Figure 2(a) illustrates the relationship between CaCO3 content and porosity. It is found that porosity of the foam is
around 10 times higher than that of bulk aluminum A6061. However, the increase of CaCO3 content slightly reduced
the porosity of the foam. It occurred because with the increase of CaCO 3 content, the content of alumina (Al2O3) also
increase with ratio of Alumina and CaCO3 is 1:2. Since density of Al2O3 is higher that aluminum, density of the foam
with higher content of CaCO3 also increase, which means porosity of the foam with higher content of CaCO 3 decreases.
Meanwhile, effect of adding CaCO3 on compressive strength of the foam can be seen in Fig.2(b). It can be seen that by
adding CaCO3 1% of weight reduced the compressive strength which is almost

(a)

(b)

Figure 1 (a) Aluminum A6061 foam with CaCO 3 1% of weight (b) Aluminum A6061 foam with CaCO3 3% of
weight.
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(a)

(b)

Figure 2 (a) Relationship of CaCO3 powder content and mean porosity of Aluminum A6061 Foam, (b)
relationship of CaCO3 powder content and mean compressive strength of Aluminum A6061 Foam.
one fifth of bulk aluminum A6061 compressive strength. It is due to the increase of porosity in the foam. However, in
the case of the foam specimens with higher content of CaCO3, the compressive strength increases. It occurred because
the content of Al2O3 that has higher density and hardness is higher than that of specimens with lower content of CaCO3
and affected the compressive strength of the foam.
In the application of materials in light structures, one of important parameters is specific strength of materials. The
higher specific strength means material with less density has higher strength. In the case of aluminum A6061 foam, in
order to find the specific compressive strength of the foam, the compressive strength of each type of specimens was
divided by its apparent density. As the result, Fig.3 shows effect of CaCO 3 content in the foam on the specific
compressive strength of the foam. It is found that by adding CaCO3 powder up to 5% of weight can increase specific
compressive strength of aluminum A6061 around 36%. As shown in Fig.2(a), the higher content of CaCO 3 increases
porosity of the foam, but the porosity of the foam slightly decreases in the specimen with CaCO3 content of 3% of
weight above. It means that density of the specimen become higher, but

Figure 3 Relationship of CaCO3 powder content and mean specific compressive strength of Aluminum A6061
Foam.
it is still lower than that of bulk aluminum A6061. This condition makes specific compressive strength of aluminum
A6061 foam increased.
According to the results in this study, it was confirmed that CaCO 3 powder as blowing agent and Al2O3 as foaming
stabilizer can produce aluminum A6061 foam. The highest specific compressive strength was achieved in the specimen
with CaCO3 5% of weight.
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4. CONCLUSIONS
From this study about porosity and specific compressive strength of aluminum A6061 foam with varied CaCO 3 powder
as blowing agent, it can be concluded that:
1. The higher percentage of weight of CaCO3 powder in aluminum A6061 foam increases porosity in the specimen
with CaCO3 1% of weight and slightly decreases porosity in the specimen with percentage of CaCO 3 weight above
3% due to the increase of Al2O3 as foam stabilizer agent.
2. The higher content of CaCO3 powder in aluminum foam has lower compressive strength compared to that of bulk
aluminum A6061, but increases specific compressive strength of aluminum A6061 foam.
3. The adding of Al2O3 powder as foam stabilizer agent can increase the density of aluminum A6061 foam and affects
the specific compressive strength.
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Abstract – Lithium Ferro Phosphate Carbon composite (LFP/C) had been synthesized using high
energy ball milling solid state method. Natural iron sand magnetite Fe3O4 was used as Fe-source in
LFP/C. Calcination temperature of the sample was varied from 400, 500, and 600°C. The formed
phases and its composition were analyzed based on XRD pattern. The dominant identified phase at
400°C was diphosphate LiFeP2O7, and the others phases were nasicon Li3Fe2(PO4)3 and hematite
Fe2O3. As the temperature getting higher the diphosphate phase LiFeP2O7 transform to nasicon
Li3Fe2(PO4)3.The chemical bonds, lattice vibration and other structural features of the sample were
investigated using FTIR spectroscopy in range of 1400 – 400 cm-1. Specific vibration modes in
LFP-1 to LFP-3 for each bonding were shown by the high intense in certain wavenumber.

1. INTRODUCTION
The demand of rechargeable batteries, lithium ion batteries has increased significantly. Unfortunately several lithium
batteries such as LiCoO2, LiNiO2 are toxic and not environmental benign [1]. Fe-based material can be used as active
materials Lithium Ferro Phosphate (LFP) in lithium ion batteries to replaced it. The LFP has attracted manufacturer
interest due to high theoretical charging capacity, environmental friendly, good cycle stability and excellent thermal
stability [3]. In spite of this recognition LFP has low electrical conductivity. Citric acid as a carbon source was added
into LFP to overcome this disadvantages.
Research using natural iron sand Fe3O4 as Fe sources to form LFP/C precursor are still wide apart. Some divalent and
trivalent Fe-sources such as FeC2O4.2H2O, Fe (CH3COO)2, FeSO4, and Fe(NO3)3 had been practiced [1][3]. However
those materials are expensive and even some of them are toxic.
Based on the authors preliminary study using XRF the natural iron sand in Tanah Laut Kalimantan contained 98% Fe,
while by using XRD it was found that the natural iron sand contained magnetite Fe 3O4. Fe3O4 composed of FeO.Fe2O3
which have trivalent Fe3+ in Fe2O3 and divalent Fe2+ ion in FeO. As varies the authors concern, no work has been
reported to occupy natural iron sand Fe3O4 as Fe sources to form LFP/C. In addition natural iron sand Fe3O4 have good
electrochemical performance and have low cost production. In this work, the authors tried to explore the potential used
of natural iron sand Fe3O4 as Fe sources in LFP/C.
Many method have been used to make LFP/C such as coprecipitation, solvothermal, hydrothermal and freeze
granulation [1], but some of them are rather complicated. In this study LFP/C was synthesized by simple method, solid
state synthesize using high energy ball milling.

2. METHODS
2.1 Synthesis of Precursor
LFP/C compounds were prepared by high energy ball milling method. The materials beeing used are Li2CO3,
(NH4)2HPO4, and Fe3O4 with 3:6:2 mole comparison. 5% weight citric acid as carbon sources was added to these
materials to enhance electron conductivity and to avoid oxidation of Fe ion. Then 5ml alcohol was poured into milling
jar and milled together in 300rpm rotation speed, during 3 hours. The formed precursor dried at 100C, after that
variation calcination temperature applied on the sample.

2.2 Characterization
Thermal properties of the sample was investigated using DSC-TGA to determine the variation temperature will be
given to the sample. The calcination temperatures were varied in the range of (400-700C) to observe the formed phases
of Lithium Ferro Phosphate Carbon composite (LFP/C). The sample before getting heat treatment named LFP-0, while
the samples had been calcinated in 400, 500, and 600C named LFP-1, LFP-2, and LFP-3 respectively. XRD was
adopted to identify crystalline phases on the samples. The chemical bonds, structural properties and lattice dynamic
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examined by Fourier Transformed Infrared Spectroscopy FTIR. The crystalline phases and its composition in XRD
pattern were analyzed using Search Match software qualitatively and Rietica quantitatively.

3. RESULTS AND DISCUSSION
3.1 DSC-TGA Analysis
Thermal properties of LFP/C was analyze by using DSC-TGA in room temperature until 1300°C. Heat flow diagram in
figure 1 shows that there is a thermal phenomenon in range temperature of 400°C until 700°C. This is indicate that in
this range temperatures there is phases transformation that showed by change in thermal properties based on heat flow
diagram.

Figure 1 DST-TGA curve of Precursor LFP/C

3.2 XRD Analysis
Figure 2 shows XRD pattern of the samples before and after getting some different thermal temperature. XRD pattern
of a sample before thermal treatment applied symbolized as LFP 0. XRD pattern of a sample in temperature 400, 500,
and 600°C symbolized by LFP-1, LFP-2, and LFP-3 respectively.

Figure 2 XRD Pattern of Sample LFP/C
Phases composition of LFP-0 are 75.4: 16.9: 7.7 % weight comparison for (NH4)2HPO4: Fe3O4: Li2CO3 respectively.
The formed phases in temperature 400, 500, 600°C are trigonal Fe2O3, monoclinic LiFeP2O7 and Li3Fe2(PO4)3, with the
composition can be seen in table 1.
Table 1 % Weight Phase Composition of LFP/C after Calcinated
Sample
LFP-1
LFP-2
LFP-3

Diphosphate (LiFeP2O7)
58.28
32.57
-
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Nasicon (Li3Fe2(PO4)3
12.06
47.89
85.72

Hematite (Fe2O3)
29.66
19.54
14.28

After being calcined the formed phase is different with the initial phase. The magnetite Fe3O4 transform to Hematite
Fe2O3. The majority formed phases in 400°C (LFP-1) is diphosphate LiFeP2O7 [2]. As the temperature increased,
diphosphate phase LiFeP2O7 reduce gradually and turn to nasicon Li3Fe2(PO4)3. In higher temperature 600°C (LFP-3)
the dominant phases formed is nasicon Li3Fe2(PO4)3 85.72%, no diphosphate LiFeP2O7.

3.3 FTIR Analysis
Lattice dynamics of phosphate-based materials LFP-1, LFP-2, and LFP-3 were observed by FTIR spectroscopy.
Nasicon Li3Fe2(PO4)3 is built from anion framework Fe2(PO4)3 in which lithium situated in interstitial void in this
framework [2]. The basic crystallography unit in diphosphate LiFeP 2O7 is P2O7 aion with 2 main PO4 tetrahedral
bridging POP angle. Modes in diphosphate consist of PO3 and POP, and double bond PO [4]. In LFP-1 mode vibration
located at 1227 assigned to terminal P2O74- ions stretching mode [3]. IR band appear at 764 which is attributed to
stretching modes of P-O-P bridges. The width and intense modes observed in 949 are due to normal vibration and
bridging oxygen atom with alkali ion. Asymmetric stretching vibration of PO3 appear in 1126 with the highest intense
in LFP-1, so in LFP-2. Nasicon framework Fe2(PO4)3 consist of octahedral FeO6 and tetrahedral PO4. The vibration
octahedral FeO6 occurs below 450cm-1, vibration valence bond PO43- group observed in range (400-700 cm-1). Splitting
peak at 1026, 1038, and 1072 are attributed to coupling vibration of PO4 in nasicon that is not observed clearly in LFP-1.

Figure 3 XRD Pattern of Sample LFP/C
More broadening band observed in LFP-1 and LFP-2 show more variation vibration because of more phase formed. In
LFP-3 there are two phase so the peak intense can be differ clearly, even in XRD pattern of LFP-3 show less peak with
the high crystallinity.

4. CONCLUSIONS
Varied calcination temperature applied on the sample determine the phase and the composition amount. Analyze result
on XRD pattern obtain more diphosphate phase LiFeP2O7 at 400°C (LFP-1), in the higher temperature this phase
gradually decreased and transform to nasicon Li3Fe2(PO4)3 until at 600°C (LFP-3) the diphosphate phase vanish. The
FTIR fingerprint for each samples show varied intense absorbance in any wavenumber. In the high wavenumber region
IR bands are resolved the highest intensity in 1227, it is attributed to terminal stretching mode of diphosphate anion
P2O7. The nasicon show 3 splitting peak at 1026, 1038, and 1072 are due to coupling vibration of PO4.
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Abstract - Membrane is a main component of a fuel cell that serves as a separator between the
cathode and anode as well as a proton conductor medium. In this study, chitosan composite
membrane/silane-modified montmorillonite has been synthesized by phase inversion method.
Montmorillonite (MMT) has been modified with cetyl-trimetyl-ammonium bromide (CTAB) and
3-glycidoxypropyltrimethoxysilane (GPTMS). FTIR results showed that the modification of MMT
with GPTMS has been successfully carried out. In addition, the FTIR results showed that the
modified montmorillonite was bound to the chitosan matrix. The water uptake and methanol
permeability of the composite decreased with the increase of CTAB added to the modification of
the size of MMT.

1. INTRODUCTION
Direct Methanol Full Cell (DMFC) is a type of fuel cell which uses methanol as proton sources. The most important
component of the DMFC system is the membrane. A good membrane should have a high proton conductivity and low
methanol permeability [1]. Composing an organic substance with an inorganic compound is one of the method used to
obtain the membrane with good performance [2]. In this study, chitosan was used as the organic matrix and
montmorillonite was used as an inorganic filler. Changes in characteristic and performance of the membrane due to
changes in the size of the inorganic filler particles was observed. The membrane was characterized using FTIR, SEM
and methanol permeability equipment.

2. METHODS
2.1 Chemicals
Extracted chitosan originated from the skin of tiger shrimp with DD = 76%. Montmorillonite Na-MMT K-10, cetyltrimetyl-ammonium bromide (CTAB), and (3-glycidyloxypropyl) trimethoxy silane (GPTMS) were purchased from
Sigma Aldrich. Sodium hydroxide, acetic acid, methanol, hydrochloride acid, and N, N - dimethyl formamide (DMF),
H2SO4 were purchased from Merck. De-ionized water was used in all experiments.

2.2 Procedures
2.2.1 Size Modification of MMT
MMT size modifications has been conducted using ratio of MMT:CTAB = 1:1 and 1:2 (% w) in 0.04 M HCl solution.
The mixture sonicated at a temperature of 80 °C for 120 minutes. The sediment obtained was separated from the filtrate
and washed with hot water while stirring with a magnetic stirrer for an hour [3]. The sediment then calcined at 550 °C
for 6 hours. The MMTs obtained was labeled as MMT1 (1:1) and MMT2 (1:2). The neat of MMT was labelled as MMT
K-10. Scanning Electron Microscope (SEM) was used to determine the surface morphology of MMTs.
2.2.2 Surface modification of MMT
The surface of MMT was modified by silane according to the procedure describe in the literature [4]. Montmorillonite
and 3-glycidyloxypropyl) trimethoxy silane 10% were dissolved in dimethyl formamide and then stirred at room
temperature for 6 h. Subsequently, the homogenous solution put into oven at 60 ᴼC for 24 h. The reaction to be
continued at 100 ᴼC for 1 h and then at 120 ᴼC for 2 h. After that, 1 M HCl was added to the dry products at 80 ᴼC for
24 h.
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2.2.3 Synthesis of Composite Membrane
75 g 2.0 wt. % aqueous solution of acetic acid was equally divided into two portions. 1.5 g chitosan powders were
dissolved in one portion of acetic acid solution at 80 ᴼC. A certain amount of MMT was dispersed in the portion of
acetic acid solution by ultrasonic treatment for 30 min. Subsequently, two portions of solution were mixed, and stirred
at 80 ᴼC for 30 min. Then, ultrasonic treatment and stirring were carried out alternatively, each for 30 min. After
thorough degasification, the mixture was cast onto clean glass plate and dried at room temperature for 72 h. Next, 1N
sodium hydroxide solution was added to the dry membranes in the petri dishes several times. The neutralized
membranes were washed several times with deionized water and soaked in H 2SO4 solution 2M for 24 h [5]. The IR
spectra (4,000 to 500 cm-1, resolution 4 cm-1), as well as water uptake and methanol permeability properties of
chitosan/MMT composite membrane before and after silane modification were then analysed.

3. RESULTS AND DISCUSSION
3.1 Size Modification of MMT
Modification of the size of MMT with CTAB was conducted by sonication method. SEM results show a change in the
size of the MMT. MMT1 and MMT2 size changes with increasing mass ratio of CTAB. Figure 1 shows the average
particle size of MMT K-10, MMT1 and MMT2 and the values are 6, 3 and 1 µm, respectively
a

b

c

Figure 1 Scanning electron micrographs of (a) MMT K-10, (b) MMT1 and (c) MMT2
3.2 Surface modification of MMT
MMT surface modification process with silane coupling agent aims to improve the interaction between chitosan matrix
with MMT filler. Silane binding method on the surface of montmorillonite called silylation reaction. Silylation process
consists of four steps, i.e., hydrolysis, condensation, silane binding and deformation of epoxy groups. FTIR results (Fig.
2) shows that the silane has successfully bound to the surface of MMT. It is shown the emergence of a new peak at
2797 cm-1 and 1468 cm-1 which are the stretching and bending vibrations of -CH2 groups on the silane [6].

Figure 2 FTIR spectra of (a) MMT K-10 and (b) silane-modified MMT 3.3 Synthesis of Composite Membrane
Synthesis of chitosan/silane-modified MMT composite membrane was carried out with phase inversion method. The
resulting membrane is transparent and homogeneous which indicates chitosan and MMT was well mixed. This was
confirmed by the results of FTIR chitosan membrane/silane-modified MMT composite. Peak at 3377 cm-1 wave number
is -OH group of stretching vibration. In addition, the peak in the region
of 1620 and 1528 cm -1 are the peak of bending
vibration of -C=O group and -NH2 of chitosan. The peak at 2921 cm-1 and 1016 cm-1 regions are the stretching vibration
of -CH2 and -Si-O of silane-modified montmorillonite (Fig. 3) [7].
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Figure 3 FTIR spectrums of chitosan/silane-modified MMT composite membrane 3.4 Water uptake
and methanol permeability
The water uptake of the material decreased with the decreasing particle size of MMT. This could be due to the smaller
free volume which will increase membrane rigidity, thereby reducing the ability of the membrane to absorb solvents
such as water molecules [8]. The water uptake data of each membrane is shown in Table 1. Methanol permeability is an
important parameter in DMFC applications. If a membrane have high permeability of methanol it will degrade the
performance of DMFC. In this study, chitosan/silane-modified MMT composite membrane have methanol permeability
between 1.2-5.1x10-7 cm2.S-1. Methanol permeability of the composite is lower than that of Nafion membrane of
2.7x10-6 cm 2.S-1 [9]. MMT particle size affects the value of the methanol permeability composite membranes. The
smaller MMT particle size, MMT spreading on chitosan matrix more evenly and can increase winding pathways of
methanol permeation [10]. Modification of MMT with GPTMS improve compatibility between chitosan and MMT thus
increasing membrane rigidity to absorb solvent molecules [5].

Table 1 Water Uptake and Methanol Permeability
No
1
2
3

Membrane Composite
Chitosan/MMT K-10
Chitosan/MMT1
Chitosan/MMT2

Water Uptake (%)
30.46
24.17
15.92

Methanol Permeability (cm2.S-1)
5.10×10-7
2.87×10-7
1.21×10-7

3. CONCLUSIONS
Chitosan/silane-modified MMT composite membrane is transparent and homogeneous. The addition of CTAB affects
the particle size of MMT. Modification of MMT with CTAB and GPTMS 10% can reduce the value of water uptake
and methanol permeability. Lowest methanol permeability values obtained at the MMT modified using CTAB in ratio
of 1:2 at 1.21x10-7 cm2.S-1.
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Abstract – Zeolite mordenite has been successfully synthesized from kaolin without calcine and
rice husk ash as raw materials by hydrothermal method at 175°C. The influence of alkalinity and
time crystallization were studied. The obtained sample were characterized by powder X-ray
diffraction (XRD) and fourrier transform infrared (FTIR). The result showed that product with
highest cristallinity was obtained from sample with ratio Na 2O/SiO2 0.15 and time crystallization
for 48 h. Increase of alkali content can accelerate reaction time but favored to form quartz.

1. INTRODUCTION
Zeolite are porous material with a three-dimensional framework structure of crystalline aluminosilicate that forms
uniformly sized pores and commonly reffered as molecular sieves [1]. Crystalline aluminosilicate zeolites are made of
group IA and group IIA elements such as sodium, potassium, magnesium and calcium [2]. According to International
Zeolite Association (2014), there are 218 zeolite framework type codes that have been discovered. Although many type
of zeolite framework structure have been identified, only a few of them have found practical application. Amongst
them, mordenite (framework MOR), one of the high-silica zeolites, is an industrially important zeolite used in
adsorption separation and in catalysis such as cracking, alkylation and hydrocracking [3]. Traditionally, zeolite are
synthesized from sodium silicate and sodium aluminate [2,4]. However, other aluminosilicate rich materials such as
kaolin, rice husk ash and fly ash have also been used [5-7]
Kaolin clays are alumina-silicate minerals with crystal structure comprised of weakly bound layers. The absence of
strong layer-layer binding facilities easy cleavage. Highly reactive kaolin phase, metakolin, was reported to have
produced at 900 °C and used for synthesis of pure phase zeolites [8]. According to Youssef et al. [9] kaolinite-based
zeolites were using cheap natural materials compared to conventional system, where pure sodium silicate and sodium
aluminate were used. Hence, kaolinite-based system is more cost efficient. Rice husk is an abundantly available
agricultural waste material containing maximum amount of siliceous ash. Burning of rice husk in air produces rice husk
ash (RHA) containing 85-98% silica. The burnt rice husk causes environment pollution and health hazard [10].
Utilization of RHA have been reported for the synthesis of hydroxy sodalite [11], and ZSM-5 [12].
Zhang et al reported the correlation of size mordenite crystals with different aspects compotition ratios [13]. Kaolin
was used as Si and Al source for synthesis mordenit has been reported [14]. Mordenite crystallite were synthesized by
hydrothermal transformation of Na-magadiite, in the presence of tetraethylammonium and sodium ions, and potassium
hydroxide. These cations were required in order to obtain pure mordenite [15]. Nanocrystals of mordenite were
synthesized in the absence of organic template [16]. The main purpose of this work was to study effect alkalinity and
time cryztallization on free template mordenite synthesis using kaolin without calcination and rice husk ash as raw
materials.

2. METHODS
2.1 Chemicals
Kaolin, rice husk ash, sodium hydroxide (SAP Chemicals) and distilled water were used as the starting materials for the
synthesis of mordenite zeolite. Kaolin as silica and alumina source was obtained from Bangka Belitung, Indonesia. Rice
husk ash as additional silica source was obtained from residual waste of brick kilns. Silica content in rice husk ash was
94%.

2.2 Procedures
A gel with composition xNa2O:100SiO2:2Al2O3:1800H2O (x = 10, 15, and 20) was prepared. First, NaOH were
dissolved in water. To this solution kaolin were added, and mixture was stirred until dissolution. Thereafter, rice husk
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ash were added under stirring. Finally H2O were added. The mixture was stirred for 8 h and aging for 12 h at room
temperature. The resultant synthetic mixture hydrothermally heated at 175°C with variation of crystallization times i.e.
12, 24, 48, 96 and 144 h. Powder XRD pattern of the dried solid were recordered by JOEL JDX-3530 X-ray Diffract
meter, with database PDF from ICDD and CuKα radiation to know the crystalline structures of product. Infrared spectra
were recordered on Shimadzu Instrument Spectrum One 8400S using the KBr pellet technique.

3. RESULTS AND DISCUSSION
Zeolite mordenite was successfully synthesized from kaolin and rice husk ash as raw material using hydrothermal
method. The formation of zeolite mordenite was identified by the diffraction pattern. The XRD pattern of the samples
containing mordenite are shown in Fig. 1. Typical peaks of mordenite at 2θ = 6.5°, 9.7°, 13.8°, 19.6°, 22.2°, 25.6°,
27.6° was observed. From XRD pattern of sample with time criztallization 24 h confirming phase for zeolite mordenite.
But phase of cristobalite at 2θ 21.9° from rice husk ash still exist until time crystallization 96 h. With longer time
crystallization decrease phase cristobalite but increase phase quartz at 2θ 26.5°.
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Figure 1 XRD pattern of rice husk aash (a), kaolin (b) sample synthesized with Na2O/SiO2 0.15 and time crystallization 12 h
(c), 24 h (d), 48 (e), 96 (f), 144 (g).

The result was obtained from FTIR coincide with XRD pattern of samples. The FTIR transmission spectra for sample
are shown in Fig. 2. A set of strong intensity peaks at 1224 cm-1 and 1046 cm-1 are ascribed to the vibration of external
TO4 (T = Al, Si) and antisymmetrical stretching vibration of the tetrahedral (T-O bonds), respectively. Absorption band
of 628-789 cm-1 correspond to the characteristic vibration of symmetrical stretching of Si (Al)-O bonds, and the
bending of O-Si (Al)-O is interpreted at 437 cm-1.
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Figure 2 FTIR spectra of sample synthesized with Na2O/SiO2 0.15 and time crystallization 12 h (a), 24 h (b), 48 (c), 96 (d),
144(e).
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Figure 3 XRD pattern (a) FTIR spectra (b) of sample synthesized with Na2O/SiO2 0.1 (i), 0.15 (ii), and time crystallization
24h.

In organic free template system, the hydrated sodium ion acts as the inorganic template. As strong mineralization agent,
OH- ions can dissolve the solid material into gel, and induce the gel transform to liquid phase. In case of inorganic
materials which characterized by positive tetrahedron with Na+ central body in his positive tetrahedral model, Na+ plays
as role as positive templating agent instead of organic templates through enhancing nucleation process which leads to
forming smaller crystals [17, 18].

4. CONCLUSIONS
Kaolin as source of Si and Al and rice husk ash as additional Si source is promising raw materials for mordenite
synthesis. Mordenite was successfully synthesized by hydrothermally at 175°C. Increasing Na content can accelerate
formation mordenite and decrease cristobalite phase but increase quartz phase. Long time crystallization are more
favorable to mordenite phase formation.
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Abstract – Rhenium-188 or Rhenium-186 labeled compounds have been widely used as
therapeutic radiopharmaceuticals for cancer. Formation of Re-tetrofosmin involves rhenium with
oxidation state of 5 and the molecular structure is Re-dioxo-tetrofosmin. Complex compound of
Re(V)-oxo-gluconate can be used as a precursor for the formation of Re(V)-dioxotetrofosmin and
other Re(V)-ligand through ligand exchange. Optimation of rhenium-oxo-gluconate synthesis has
been carried out by varying mole ratio of gluconate to perrhenate and reaction time, in which 188Re
was added to perrhenate solution as radiotracer. Stability study of Re-oxo-gluconate at room
temperature and elevating temperature was carried out by observing the decrease in radiochemical
purity within several hours. Radiochemical purity of Re-oxo-gluconate was analysed using 2
systems of paper chromatography with Whatman-3 paper as stationary phase, and acetone and
saline as mobile phase respectively. The experiment with various mole ratio between 2500 to
6000 showed that the mole ratio of 6000 gave the highest yield of 87.43% (SD=3.01%). The result
of experiment with various reaction time showed that the optimum reaction time was 1 hour.
Storage at room temperature and elevating temperature resulted in decreasing radiochemical purity
of 10% (within 3 hrs) and 30% (within 1 hour) respectively. Re-dioxo-tetrofosmin was obtained
through ligand exchange reaction with the yield of 92.1%. The result showed that Re-oxogluconate has been successfully synthesized with high yield but low stability.

1. INTRODUCTION
Radiopharmaceuticals for detecting heart disease are commonly used in nuclear medicine in Indonesia, two of
them are technetium-99m sestamibi (99mTc-MIBI) and 99mTc-tetrofosmin.
In-vivo stability of 99mTc
radiopharmaceuticals can be predicted through biodistribution during the use, but ideally it has been studied previously.
Radiochemical stability of 99mTc-tetrofosmin can be studied rather than chemical stability, because it can only be
obtained in a very small concentration which making it impossible to be analysed using chemical instruments. Since
molecular structure of Re-tetrofosmin is assumed to be the same as that of Tc-tetrofosmin, Re-tetrofosmin can be used
as a model to study in-vitro stability of Tc-tetrofosmin [1, 2, 3, 4].
Rhenium and technetium have similar chemical properties since they belong to VIIB group in periodic table
known as transition metals, so they have similarity especially in terms of the ability to form complex compounds with
ligands. Non radioactive rhenium is available in nature rather than technetium, so that chemical properties and stability
of rhenium tetrofosmin can be studied using chemical instruments. Therefore rhenium can be used as a model to study
and predict the behavior of technetium radiopharmaceutical vivo [5, 6].
Rhenium and technetium in the reduced state are relatively unstable and easily reoxidised by oxygen in the air or
solution, so the interference of oxygen has to be minimized. Reducing agent such as stannous chloride is required in
higher amounts and the addition of antioxidant such as ascorbic acid is sometimes required. As of technetium, rhenium
has oxidation state of 0, +1, +2, +4, +6 and +7, from which the most stable state is 7 and the most widely used is 5.
Rhenium has higher potential of oxidation than technetium, making it more difficult to reduce its oxidation state
proceed with the formation of Rhenium complex compound. To accomplish the reaction, stannous chloride as reducing
agent is required in higher amount and the reaction is carried out in an atmosphere of nitrogen or argon to avoid the
presence of oxygen which can oxidize Sn (2+) and reoxidize Re (5+) to Re (7+). Complexation of Tc(V)-dioxotetrofosmin or trans-diokso Tc (V) difosfin is usually slow and unstable but can be accelerated and stabilised by the
addition of co-ligand that serves as transchelator such as sodium D-gluconate, then the process of ligand exchange
(gluconate will be replaced by tetrofosmin) can be accelerated by increasing the concentration of tetrofosmin or heating
[7, 8, 9, 10].
Protocol for synthesizing Tc-tetrofosmin is available in several journals but it can not be applied to Re-tetrofosmin,
so for this purpose it needs another approach. Re-oxo-gluconate is commonly used as a precursor for synthesising
Rhenium complex compound with oxidation state of 5. Since oxidation state of Re in the compound of Tc-tetrofosmin
is also 5 so the reaction of Re with tetrofosmin can be carried out using Re-oxo-gluconate pathway. For this purpose
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radioactive rhenium either 186Re or 188Re can be added as a tracer.
The yield of synthesis is represented by percentage of radiochemical purity or radiolabeling yield which is used as
test parameter. The radiochemical purity of both Re-oxo-gluconate and Re-dioxo-tetrofosmin was analysed using paper
chromatography, thin layer chromatography and Sep-Pak C18 column [7, 9].

2. METHODS
2.1 Chemicals
Material used are tetrofosmin (ABX), sodium D-gluconate (Sigma-Aldrich), stannous chloride dihydrate (SigmaAldrich), glacial acetic acid (Merck), sodium acetate (Merck), nitrogen gas (high purity, medical grade) , ammonium
perrhenate (Merck), a solution of perrhenate 188Re obtained from 188W / 188Re generator (PTRR-Batan), acetone,
methylene chloride, physiological NaCl solution (saline) and other materials.

2.2 Procedures
Re-gluconate synthesis was performed by reacting sodium gluconate 0.5 M (in 0.2 M sodium acetate solution) with
an amount of potassium perrhenate (solution of 1 mg / ml in water) added with 0,1 mCi of 188Re as a tracer and solution
of SnCl2 dihydrate (20 mg/ml in 10% acetic acid) as reducing agent, allowed to stand in 1-2 hours. The reaction carried
out in a sealed container with a nitrogen gas atmosphere for 15 minutes and then the atmosphere containing N2 gas is
maintained by covering the container with a balloon that was developed with N2 gas [7, 9].
Re-oxo-gluconate formation was identified by paper chromatography using Whatman-3 paper as stationary phase
eluted with acetone (system 1) and saline (system 2). In system 1 Re-oxo-gluconate and Re-oxide (rhenium colloid)
retained at the point of origin (Rf 0) while perrhenate eluted to the front at Rf 1. In system 2, Re-oxo-gluconate and
perrhenate (free perrhenate) eluted to the front at Rf 0.8 while ReO2 colloids retained at the point of origin (Rf 0) [7,
9]. .
Radioactivity of the product in the chromatograms was measured by Gamma Management System (GMS) and TLC
scanner (Bioscan). Optimation of the synthesis was done by varying the amount of gluconate and reaction time,
whereas the stability of the complex compound was observed within several hours both with and without heating.
Transchelation process or formation of Re-dioxo-tetrofosmin was carried out by mixing Re-oxo-gluconate with
aliquot of tetrofosmin, heating at 95C for 15 minutes and allowed to cool for 30 min. The yield was measured by thinlayer chromatography using TLC-SG strips as stationary phase and mixture of acetone-dichloromethane (35: 65) as
mobile phase, in which Re oxide colloid retained at the base at Rf 0 while perrhenate or free Re eluted at Rf 1 and Redioxo-tetrofosmin eluted to the middle of the strips at Rf 0.5.

3. RESULTS AND DISCUSSION
Synthesis of 188Re-oxo-gluconate using non-carrier-added 188Re (does not contain non-radioactive Re) resulted in
a low yield of 188Re-oxo-gluconate of 68.5% , but the yield increased to 92.4% after using twice amount of stannous
chloride. It conformed the result according to Noll et al [7, 9] that the yield is around 80-90%. Radiochemical purity of
the product was analysed using paper chromatography detected by radiochromatography scanner with in-line gamma
detector.
In the same experiment in which the reaction time was varied at 1, 1.5 and 3 hours, resulting in radiochemical
purity of Re-oxo-gluconate with no significant difference between reaction time of 1 and 1.5 hours, i.e 82.28% (SD=2),
but using reaction time of 3 hours the radiochemical purity decreased slightly to 79.14% (SD=4.35%), as can be seen in
Figure 1.

Figure 1 The stability of Re-oxo-gluconate observed within 3 hours
The slight decline in the radiolabeling yield of Re-gluconate indicated that the addition of reaction time did not lead to
an increase in the yield but even lowered the stability of complex. This suggests that Re-gluconate compound has
relatively low stability, so that Re (V) was reoxidized back to Re (VII). Thus the optimal reaction time for the synthesis
of Re-gluconate is 1 hour.
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Instability of Re-oxo-gluconate was also observed when the reaction mixture was heated at 95C for 15
minutes and then incubated up to 1 hour, in which the radiochemical purity decreased from 89.26% to 59.5%
(Figure 2). This was caused by disruption of the stability of the complex by heat so that a small portion of Re (V) was
reoxidized into Re (VII) or perrhenate.

Figure 2 Decreasing in stability of Re-oxo-gluconate with and without heating
The same experiment using carrier added 186Re (perrhenate Re-186 solution which contained non-radioactive Re by
an amount equal to the previous experiment) resulted in a high yield of Re-oxo-gluconate i.e 96.1% radiochemical
purity with 3.9% of perrhenate impurity. The use of carrier-added 186Re which contained 15 mg/ ml of non radioactive
Re in a volume of 0.7 ml provided higher yield compare with that using 188Re which total volume was 1.6 ml, this was
due to the more concentrated reaction mixture which cause sufficient contact between reactant molecules resulting in a
greater probability of reaction. The experiment using no carrier-added 188Re showed slightly lower yield compared with
that of 186Re, because of moderate volume of reaction mixture (Figure 3).

Figure 3 Radiolabeling yield of Re-oxo-gluconate using various rhenium
Re-oxo-gluconate obtained from the optimised condition of reaction was used to synthesise Re-dioxo-tetrofosmin,
resulted in 92.4% (SD=2.06, n=3) yield of Re-dioxo-tetrofosmin. Tetrofosmin required for the reaction was in excess
with mole ratio of 2000 times to the mole of potassium perrhenate used. The process was carried out by heating the
reaction mixture in 15 minutes followed by incubating for 30 minutes in room temperature.

4. CONCLUSIONS
Formation of Re-oxo-gluconate was obtained with high yield in 1 hour, but the stability is low. The amount of
sodium D-gluconate as ligand should be in excess due to the slow reaction.
Re-dioxo-tetrofosmin can be synthesised in high yield from transchelation process of Re-oxo-gluconate, in which
the amount of tetrofosmin as the main ligand has to be in excess.
This method can be applied to synthesize other Re(V)-ligand complexes with a slight modification in the reaction
condition. It is suggested to add an antioxidant such as ascorbic acid to increase the stability of Re-oxo-gluconate in the
next experiment.
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Abstract – We report the solid polymer electrolyte batteries. Polymer electrolyte made with basic
ingredients Bleduk Kuwu mud and chitosan-PVA with each concentration of 0 wt %, 5 wt %, 15
wt %, 25 wt %, 35 wt % and 45 wt %. Making batteries is done by using a polymer electrolyte that
has the highest ionic conductivity value. Ionic conductivity of the polymer electrolyte values were
obtained at the highest addition of chitosan-PVA 35 wt %, is equal to 9.2 x 10-5 S cm- 1.
Measurement which includes the value of ionic conductivity, Scanning Electron Microscope
(SEM). The result can be inferred from morphological structure that looks homogeneous polymer
electrolyte, has a structure that amorphous, as well as the interaction between the functional groups
of the constituent materials. The characteristics of the battery generates a voltage of 1.53 volts
with current of 1.29 mA.

1. INTRODUCTION
The battery is the main source of energy is the most practical used in the world today. The battery market in 2007 has
reached 50 billion U.S. $ and in 2010 an increase of 74 billion U.S. $[1]. The main components of the battery consists
of 3 parts, the anode , cathode and electrolyte [2]. The anode is the battery component that acts as a negative electrode,
the cathode as the positive electrode , and an electrolyte or ionic conductor as a provider of tools for transferring ions,
which generally consists of a liquid electrolyte and solid electrolyte [3]. Liquid electrolyte type has a weakness among
vulnerable to leaks and easily burn if exposed to sparks and toxic nature, whereas for electrolytes with solid form
(solid) more secure, easier to use, free of leaks dna can be made with smaller dimension such as a thin layer [4]. [5].
However, the use of a very wide polyethylene into a very serious environmental problem, because this material is a
hard component degraded by nature. All this has a lot to do some research on batteries, lithium manganese oxide
battery that is as cathode, LiTiAl (PO4) 3 as an electrolyte and graphite as the anode. On the other hand, natural gas
mud from bleduk kuwu still can not be addressed properly [6]. Though Bleduk Kuwu mud soil contains a lot of
minerals [7] that can be used for future energy resources. Chitosan is a biological product that is cationic, non-toxic,
biodegredable, biokompatible and insoluble in water [8]. Chitosan in this case acts as a matrix polymer and based on
[9] H+ ions and dispersed in the solvent CH3COO chitosan and can be mobilized under electric field. Therefore, the
composition of the particular development needs as well as raw materials in the battery electrolyte that has optimum
lifetime and resistance-sintering heat stable so it does not easily explode when exposed to fire, the use of Bleduk Kuwu
mud as a raw material in the manufacture of dry cell polymer electrolyte in batteries effective and efficient with the
addition of chitosan modification .

2. METHODS
2.1 Tools and Materials
The tools used in the manufacture of polymer electrolyte include magnetic stirrer, oven, analytical balance,
thermometer, mortar, pestle and cup steam. While the materials used in the manufacture of the polymer electrolyte is
Bleduk Kuwu Grobogan mud pasta, chitosan with a degree of deacetylation (DD) obtained 92.14 %, acetic acid
(CH3COOH), polyvinyl alcohol (PVA), CMC, distilled water, NaCl, and NH 4Cl.

2.2 Preparation of Polymer Electrolyte
Preparation of polymer electrolyte of Bleduk Kuwu mud with the addition of chitosan materials, begins with
preparation of powder activated sludge Bleduk Kuwu mud, that is done by draining the pasta Bleduk Kuwu mud Bleduk
Kuwu in a desiccator with silica gel at a temperature for 3 days. Then paste slurry was heated in an oven at a
temperature of 50° C. Subsequently smoothed using a mortar and pestle until homogeneous. Subsequent treatment
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Bleduk Kuwu mud powder mixture with acetic acid (CH3COOH) and NaCl in the ratio 2:3. Then dried with the
desiccator until homogeneous. Then added a mixture of chitosan-PVA (40wt% chitosan : 60wt% PVA) [10] were
homogenized at temperature of 80°C, using a modification of the provision of varied 0wt% to 45wt%. Then it added
with the mixture of CMC and NH4Cl with ratio 1:10 of Bleduk Kuwu mud powder activated. The homogenized
mixture conditioning with a temperature of 70°C. After the mixture with room temperature then was added with NaCl
1 %. All subsequent homogeneous composition molded with glass cup, then dried in an oven for 25 minutes at 70°C
and drying at room temperature (25 ± 10°C). Polymer electrolyte that has been formed, then performed a visual
documentation and a variety of testing, such as ion conductivity [12], SEM (Scanning Electron Microscopy) [12]. Based
on the reference to the battery [13], the polymer electrolyte with highest ionic conductivity values are used for the
manufacture of batteries. The technique to make the battery that is done is to incorporate into the polymer electrolyte
used battery casings that had previously been emptied and cleaned. Battery stability and comparison with commercial
battery voltage is measured through a closed system to connect the battery to the LED [11]. Commercial batteries and
battery used in the measurement of as much as 2 pieces, which are connected in series. In addition to the changes made
visual documentation mud flame and color changes to existing polymer electrolytes every 4 hours [13].

3. RESULTS AND DISCUSSION
Ionic conductivity is an important parameter in the determination of a polymer electrolyte. These measurements are
used to assess the contribution of different groups of ions in the existing materials. Addition effect of chitosan-PVA
polymer electrolyte for ion conductivity Bleduk Kuwu mud produced can be seen in Figure 1.

Figure 1 Ionic conductivity of polymer electrolyte values Bleduk Kuwu mud with the addition of various
chitosan – PVA
Based on the figure 1, values of ionic conductivity can be seen that the polymer electrolyte without the addition of
chitosan-PVA has the lowest conductivity values, 2.53 x 10-10 S cm- 1. While the addition of chitosan - PVA with
optimum conductivity value condition on 35wt% with 9.2 x 10-5 S cm-1. The increase of ionic conductivity is suspected
of increasingly high number of ions and the mobility of the ions that exist. According to [15], ionic conductivity in
polymer electrolytes are generally influenced by the number of ions that move and the movement of these ions. It is also
suspected due that Bleduk Kuwu mud salinity level is very high, thus increasing the mobility of ions in the electrolyte
medium. In general it can be stated that the resulting polymer electrolyte have standardized, because of the specific
conductivity according to [2] is 10-7 - 10-3 Ω - 1 cm – 1. SEM analysis of the cross section of the polymer electrolyte is
presented only on the polymer electrolyte samples with the highest conductivity value 35wt % chitosan - PVA.
Morphologically, the surface of the polymer electrolyte in the form of powder looks smooth and homogeneous
(uniform) and no visible clumps are formed and inclined porous. This indicates that the two polymers, especially
chitosan and PVA soluble and homogeneous with powder activated sludge of Bleduk Kuwu. The morphology of the
polymer electrolyte powder samples Bleduk Kuwu mud with the addition of chitosan - PVA best (35wt %) can be seen
in Figure 2.

Figure 2 SEM polymer electrolyte of Bleduk Kuwu mud material with the highest ion conductivity
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Figure 3 Comparison of Voltage and Current Bleduk Kuwu Mud and Commercial Battery
Based on the Figure 3., The battery characteristics are performed using an open circuit voltage, where in the battery is
not connected to the electronic device, for the measurements were made every 12 hours for 7 days. Voltage is the
potential difference or the value difference between the two electrodes [2]. The resulting value of the output voltage
Bleduk Kuwu Mud batteries stable at 1.53 Volt to 1.28 Volt with current of 1.29 mA. Whereas commercial battery 1.61
Volt to 1.37 Volt with current of 2.25 mA. The value of the Bleduk Kuwu battery voltage that already found had been
standardized according to [15] for the carbon- zinc battery that is equal to 1.5 V. However , the polymer electrolyte
battery with Bleduk Kuwu mud powder has other advantages that are more environmentally friendly because it uses
chitosan and PVA as a polymer electrolyte additives that can be degraded by nature and it is more flexible. In addition,
other advantages are the low operational costs and raw materials of Bleduk Kuwu mud are abundant.

4. CONCLUSIONS
The addition of chitosan - PVA polymer can increase the ionic conductivity with optimum conditions at 35wt % and
ionic conductivity value of 9.2 x 10-5 S cm-1. The structure of the polymer electrolyte is good, because it has an
amorphous phase. The characteristics of the resulting polymer electrolyte battery has power stability with a power of
1.53 V with current of 1.29 mA.
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Abstract – The combination of PVA-Pectin-GA membrane for acetic acid permeation has been
studied. Permeation by using the combination of PVA-Pectin-GA membrane, in which PVAPectin mol ratio is 1:2, with addition of glutaraldehyde to form the crosslink at n=120. Addition of
pectin is expected to increase the flux of acetic acid, so that the condition of equilibrium is reached
faster. That membrane composition is the optimum composition that exhibits the highest acetic
acid flux value at permeation time range for 12 hours. The output of characterization suggest that
combination of PVA-Pectin-GA membrane is non-porous membrane. The addition of GA to PVA
membrane can increase the tensile strength and decrease the sweeling degree. While the addition
of pectin to cross-linked PVA membrane with GA can increase the flux, decomposition
temperature and swelling degree of membrane, but it decrease the tensile strength of membrane.
Based on this research, it can be concluded that combination of PVA-Pectin-GA membrane is
capable of increasing acetic acid flux until 1.44 times than PVA membrane.

1. INTRODUCTION
Acetic acid is an important industrial commodity that be used in the chemical synthesis of vinyl acetate ethylene, as a
catalyst in the esterification of alcohol and a water-saving cleaning. Acetic acid is formed synthetically or naturally
through fermentation by bacteria such as Acetobacter genus and species of Clostridium acetobutylicum. Fermentation
methods have been developed in the industrial, due to safe operating conditions (temperature required is room
temperature), does not require high pressure (atmospheric pressure), and abundant raw materials. Raw materials of
acetic acid fermentation can be obtained from agricultural waste or biomass potential to be developed as molasses,
juice, rice straw, corn, wheat, sago, and potato. Glucose content in agricultural waste or biomass is very high that can
be degraded to acetic acid or other organic solvents such as acetone, n-butanol and ethanol.
Batch method widely applied in industrial fermentation because it can produce high levels of ethanol. However, this
system is less efficient because it takes a long time the whole operation, ie to discharge, washing, and sterilization
reactor repeatedly. To make the fermentation process more efficient, there are some things that must be met, such as:
reducing the negative effects of the product to improve the effectiveness (by way reduction products constantly during
fermentation), increase the productivity (by way perform continuous fermentation), and purification products [1].
In continuous systems, drainage substrate and product retrieval conducted continuously (continuous), or when the
product was obtained after the limiting substrate concentration has reached almost fixed / equilibrium. In this case,
substrate and inoculum can be added together so that the continuous exponential phase can be extended [2]. Making
continuous product at any time intended that the fermentation process occurs continuously, because if the concentration
of the product has reached the maximum concentration limits (12%) cause the death of inoculum / yeasts, resulting in
the production of ethanol or organic solvents to be obstructed or stopped. One way to take continuous product is the
product flow through a membrane that is permeable to the products to be separated from the fermentation system.

2. METHODS
2.1 Chemicals
The chemicals used in this research is the quality extra pure or pro analysis Merck, except specifically stated: acetic
acid, NaOH, distilled water (Laboratory of Analytical Chemistry UB), pectin (from citrus brands for WAKO pure
chemical industries), PVA, glutaraldehyde (GA), and filter paper.

2.2 Procedures
The cross-linked combination of PVA-Pectin membrane with glutaraldehyde was made by mixing pectin into the Petri
dish (ø= 5 cm) that contains PVA 2% so obtained mol ratio of PVA-Pectin = 1: 2, then it was stirred for a day up to
homogeny. Cross-linking process was held by adding catalyst of 1% acetic acid and glutaraldehyde 35% into the
mixture of membrane for formed n (number of cross linked monomer) = 120. Then it was re-stirred for 30 minutes.
After being left at room temperature for a day, then it was put in the oven at 80 oC for 5-6 hours. Finally, the
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temperature was lowered up to 40 oC for a day to remove the remaining water.

2.3 Permeation of Acetic Acid
The equipment used in this study is a set of permeation cells can be seen in Figure 1. Feed (source) used a sample of 6%
acetic acid, is inserted into the feed chamber. While the receiver chamber filled with aquabidest. Permeation operating
temperature used is room temperature. Permeation done with stirring until the samples reached equilibrium
concentration in the feed phase and phase receiver. acetic acid concentration in the feed phase and permeate phase can
be determined by taking a sample of 0.2 mL of each phase every 2 hours and then analyzed the concentration using a
Refractometer and Spectrophotometer UV.

Figure 1 Permeation Cell

3. RESULTS AND DISCUSSION
3.1 Characterization of Membrane
SEM micrograph shows that either PVA or PVA-Pectin-GA membrane are non-porous/ dense membrane.
Actually, the non-porous membrane has some pore, but as the size of pore is too small, so it is called non-porous or
dense [3]. Fourier Transform Infra Red (FTIR). Mechanical properties of PVA membrane can be improved by
adding glutaraldehyde, to prevent become swelling [4]. The presence of glutaraldehyde is expected will generate the
formation of crosslink either intra or intermolecular PVA, because hydrophilic of PVA is very high. The aim of pectin
addition in the basic polymer of PVA is to generate the membrane with mixture component having functional group
that can form a bond with ABE. The bond is hydrogen bond that has same polarity with acetic acid that will be
separated or permeated. Because of permeation is done based on solution-diffusion, so the similarity of polarity
between membrane and permeated component can accelerate the component permeation process (exhibit high flux
value). Tensile Strengh (TS). The result of TS measurement of PVA, PVA-GA and PVA-Pectin-GA membranes are
presented in Table 1. The addition of cross-linking agent of glutaraldehyde leads to the increasing of TS from 9.9 MPa
to 12.9 MPa. This may due to glutaraldehyde able to form crosslink with PVA polymer either intra or intermolecular
polymer. The formed crosslink will increase with the increasing of glutaraldehyde addition, so membrane will be more
rigid and not easy to be swelling (lowering the swelling degree). On the other hand, TS of PVA-Pectin-GA membrane is
lower than PVA-GA membrane. The decreasing of TS from 12.9 MPa to 10.7 MPa due to pectin as hydrophilic
compound is easy to attract the water molecule. The attraction of water molecule by pectin occurs through formation of
hydrogen bond between –OH group of pectin molecule and atom H of water molecule. Amount of bonded water depend
on the number of free –OH group in pectin molecule [5]. Swelling degree (%S). On the whole studied membrane, the
addition of cross-linking agent GA leads to the decreasing of swelling degree about 35-45%, means that cross-linked
membrane become stronger therefore it is hard to be swelling. This result is supported by the increasing of TS in crosslinked membrane (Table 1). The decreasing of swelling degree and increasing of TS are caused by crosslink either intra
or intermolecular of PVA, as explained previously. Instead, the addition of pectin leads to the increasing of swelling
degree to whole studied membrane and solvent, each of water 32%, The solvent ability to enter among the space in
pectin structure leads to the increasing swelling degree and decreasing TS of membrane containing pectin. Polymer type
of PVA and Pectin, both are hydrophilic and easy to be swelling when there is polar solvent. The increasing of swelling
degree of membrane gives negative impact to membrane selectivity and permeation retention because it will increase
swollen and plasticized.
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Table 1 The tensile strength, Fmax and Swelling degree of PVA, PVA-GA and PVA-Pectin-GA membranes
%S
Tensile Strengh
Fmax
Membrane
Aquadest
Acetic Acid
(MPa)
(N)
322.1
479.4
PVA
9,9±1.6
4.0±0.6
PVA-GA n=120

12.9±2.7

3.2±0.7

209.9

300.4

PVA- Pectin (1:1)-GA n=120

10.7±1.1

3.8±0.4

277.0

388.6

3.2 Permeation and Flux of Acetic Acid
The result of acetic acid permeation in three membranes were compared, PVA, PVA-GA and PVA-Pectin-GA,
is shown in Figure 2. The levels of acetic acid in receiver phase will increase with the longer time to reaches the
permeation equilibrium condition in which the sample concentration in receiver phase can’t be increase or constant [6].
The permeation curve describes the equilibrium condition of three samples were studied on the permeation time until 32
hours.

Figure 2 The use of three comparable membranes (PVA, PVA-GA and PVA-Pectin-GA membrane) for Acetic
Acid Permeation
The mixture to be separated is a function of the concentration of the components contained in the mixture. flux value
depends on the feed composition. The difference in concentration between the feed chamber and receive chamber also
cause permeation of molecules through the membrane. Permeation of molecules occurs from high concentration to low
concentration, so that the acetic acid will move from high concentration to low concentration. In general, the
permeation rate will increase if the mixture is rich permeate [7]. Acetic acid can through PVA blend membrane-pectinGA because of the influence of water and acetic acid as a plasticizer of the membrane. At low concentrations of acetic
acid, water may increase the permeation of acetic acid by lowering the energy required for the course of acetic acid
diffusion through the membrane. In figure 2, acetic acid permeation through blend membrane PVA-Pectin-GA reach
equilibrium faster than the PVA and PVA-GA membranes.
Calculation of the flux from three comparable membranes on acetic acid permeation can be seen in table 2. Flux value
is calculated at permeation time 12 hours, it is permeation time nearly equilibrium condition. Comparison of the very
high flux values indicate that PVA-Pectin-GA membrane is proper to be recommended on acetic acid permeation.
Acetic acid permeation across the membrane by forming hydrogen bonds between acetic acid and hydroxyl groups of
PVA. The addition of pectin into the basic PVA membrane will increase the amount of hydroxyl and carbonyl group in
the membrane. Both of these groups are called active group because it is able to form hydrogen bond with acetic acid,
so it can pass through the membrane.
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Table 2 Comparison of the flux values of three comparable membranes are PVA, PVA-GA and PVA-Pectin-GA
on acetic acid permeation
membrane
t=12 hours
%C
2

Fluks (L/m .h)
Comparison of
membranes to PVA

PVA

PVA-GA

PVA-Pectin-GA

7.59

9.29

10.89

0.91

1.12

1.31

1

1.22 times

1.44 times

4. CONCLUSIONS
The output of characterization suggest that combination of PVA-Pectin-GA membrane is non-porous membrane. The
addition of GA to PVA membrane can increase the tensile strength and decrease the sweeling degree. While the
addition of pectin to cross-linked PVA membrane with GA can increase the flux of acetic acid permeation untill 1.44
times than PVA membrane, decomposition temperature and swelling degree of membrane, but it decrease the tensile
strength of membrane.
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Abstract – δ-guaiene is a second main component of patchouli oil after patchouli alcohol which
can be derivatized as an ether compound at a tertiary carbon position. This etherification reaction
can be performed by a kind of catalytical reaction using acid and metal as catalyst. This research is
focus on the comparing the two catalytical reation to synthesis for ether compound from δ-guaiene
as starting material and using two different catalysts such as H2SO4 and FeCl3/p-TsOH.H2O. The
results of the esperiment show that the catalyst of H2SO4 producing ether compounds as much as
0,45% and the catakyst of FeCl3/p-TsOH.H2O produce ether compounds as much as 1,25% from
chromatogram GC-MS. Although, it is an unusual catalytical reaction using an alkene, but the
experiment show that the method of etherification with FeCl3/p-TsOH catalyst is an effective
methods than using H2SO4.

1.

INTRODUCTION

On preperation of ether compounds usually use alkohol or alkyl halide as convential starting material. The kind of such
reaction will be substitution pathway. But, the addition reaction one can put a nucleophile after an electrophile add to
double bond of alkene and produce an stabil carbocation. This intermediate of the carbocation can also be produced
from δ-guaiene, the second main component of patchouli oil after patchouli alcohol.

Figure 1 -guaiene
Theoritically, this compound react with eletrophilic reagent, such as sulfuric acid and produce a tertiary carbocation
both at endo and exo-cyclic double bonds. Further reaction, logically a nucleophile such as H 2O, CH3OH, ect., will
attack to the most stabil carbocation [1]. This reaction will result a kind of product that depend on the added nucleophile.
The derivates of guaiene will be an ether, a new compound analog with t-butyl methyl ether whic can be applied in
blended fuel, such as gasoline to increase octane number [2]. The reseach will conduct to etherification reaction that
can be performed by homogeneous catalyst of H2SO4 [3] and metal catalyst of FeCl3 [4] with -guaiene as starting
material. The the result of the experiment in the research show that the reaction using FeCl 3 will be more effective
catalyst than H2SO4.

2.

METHODS

2.1 Chemicals
The starting material used in this experiment is δ-guaiene, isolated from fractional distillation of patchouli oil. The
reagent are methanol (JT Baker), ethanol (Merck), FeCl3 (Smart Lab Indonesia), p-TsOH.H2O (Sigma-Aldrich),
chlorobenzene (Merck), H2SO4 98% (Merck), MgSO4 (Merck), except NaHCO3 (sodium bikabonate), Nitrogen gas,
dichloromethane (DCM) and water.
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2.2 Procedures
Reaction was carried out with excess alcohol mole ratio compared to δ-guaiene. For H2SO4 catalyst system, the reaction
was performed in solvent of athanol with the mole ratio between δ-guaiene an ethanol was 1:2. Whiles, for the FeCl3
catalyst system, the mole ratio between δ-guaiene and methanol was 4:16 in the solvent chlorobenzene with the
precense of p-TsOH.H2O [4]. The mixtrure of the system was refluxed at at 76-78oC for 9 hours untill the mixture looks
homogen solution. Whiles, for the FeCl3 catalyst system was refluxed at 80oC for 24 hours. After the reaction was
complete, the crude product was neutralized with NaHCO 3 and extracted with dichloromethane. The extract was dried
with magnesium suphate anhydrous prior to GC-MS analysis. The product of reaction was analyzed by using GC-MS
Shimadzu QP-2010S completed with capillary colomn of Rtx-5MS, and carrier gas is helium with total flow was at 20
ml/minute, oven temperature program was at 70o – 300oC and split ratio was at 38.4

3.

RESULTS AND DISCUSSION

This is likely unusual on preparation of ether compunds because the experiment used alkene, such as -guaiene and acid
solution as strating materials. From these data, the ether compounds formed by a metal catalyst (FeCl3) has a greater
percent area by 1.25%. Whereas for H2SO4 catalyst to form ether compound with percent area of 0.45%. This shows
that heterogeneous catalysts such as metal is a more effective catalyst.
From the figure 2, results reaction catalyzed H2SO4, ethyl δ-guaienil ether product that will have a molecular mass of
250 g/mr. Mass spectrometry indicates the molecular weight are at the peak 30 at % area of 0.45%. Then the catalyst
FeCl3/p-TsOH.H2O, methyl δ-guaienil product that will have a molecular mass of 236 g/mr. Mass spectrometry
indicates the molecular weight contained in the peak 3 with % area of 1.25%.
The results of the analysis by GC-MS is as below :
37 peaks

8 peaks

Ethyl δ-guaienil ether at peak 30

Methyl δ-guaienil ether at peak 3

(a)

(b)

Figure 2 Chromatogram GC and Mass Spectrometry a. H 2SO4 catalyst; b. FeCl3 catalyst

Table 1 (Table % area of guaienil ether)
Catalyst

Area

H2SO4
FeCl3/
p-TsOH.H2O

1608754

% Area
(%)
0,45

1749798

1,25

Results of the reaction that used H2SO4 show very low area (0,45%). Beside, the guaiene has steric hindrance at endo
cyclic carbocation, but also methanol or ethanol as reactant can react intramolecularly to form an ethene gas due to
undergo dehydration reaction. Theoritically, ethene gas formed when alcohol sulfates and acid reflux and then released.
This side reation leads to lower δ-guaiene concentration to be etherification reaction [5].
As for the catalyst FeCl3/p-TsOH.H2O, from the literature obtained yield percentage of ether was 86% with anhydrous
catalyst [4]. In this experiment, the ield percentage was at 1,25%. This is due to avoid of p-TsOH to be hydrated, so that
δ-guaiene can react with p-TsOH monohydrate and form the alcohol compound. From the results of GC-MS, which
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shows the chromatogram obtained alcohol compound of δ-guaiene at a retention time of 32.4 minutes and % area of
88.99% with a molecular mass of 222 g / mol.

4.

CONCLUSIONS

Of the final yield obtained, reaction catalyzed formation of ether compound FeCl3/p-TsOH have greater % area of
1,25%, while the reaction with H2SO4 catalyst is having % area of 0,45%. So, metal catalyst (heterogeneous) is more
effective than acid catalyst (homogeneous).
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Abstract - Process of gas liquefaction units on Floating Liquefied Natural Gas (FLNG) unit is
still very vulnerable to fire risks and other types of damage caused by gases released during
operation. It is necessary for the proper analysis of fire risk analysis on the system. Methods of
risk assessment Carried out According to the rules of the Application of Risk Assessment for the
Marine and Offshore Oil and Gas Industries. Hazard identification is done by using HAZOP,
frequency analysis with Fault Tree Analysis (FTA) and the value of the frequency of occurrence of
the possible repercussions of the release of gases Reviews such as Jet Fire, Flash Fire, explosion of
gas and gas dispersion using Tree analysis (ETA). Consequence Analysis with ALOHA software.
Based on the analysis of the frequency and consequence, the level of risk represented by the F-N
curve Refers to the standard UK offshore 1991. The results obtained from this study that the
potential impact of the type of jet fire Consequences are in acceptable condition, the risk of a gas
pipeline on the acceptable level. The Consequences of a very small possibility of a gas explosion
at a frequency value <10-6 and the Consequences of the gas dispersion can not cause toxic effects
in Humans due to the release of the gas is still under 50,000 ppm

1. INTRODUCTION
The potential of natural gas owned by Indonesia based on the status in 2008 reached 2.87 TCSF. With this, Indonesia
has a reserve to production (R/P) reaching 59 years [1]. However, the location is far from the mainland and piping
system is not a possible option as it will not only be able to transport the gas to the mainland and also not competitive.
The government of Indonesia is currently planning to exploit it by building Floating Liquefied Natural Gas (FLNG).
There are many things that must be considered in planning to build such a facility, one of which is the installation of gas
liquefaction process. As an installation built for natural gas processing, there are some technical and safety requirements
that must be in line with the specific nature of its process and the operating location of the facility [2]. Based on the
observation on the efforts done in to meet the safety requirements, it is found that appropriate risk analysis must be
conducted to ensure the sustainability of the facility.

2. METHODS
Table 1 Risk Assessment Method
Hazard Identification

Frequency Analysis

Consequence Analysis

Risk Evaluation

HAZOP, the keywords in
this process (how, low,
no, etc.) are used to find
out deviation proses based
on set parameters.

The frequency of system
failure is analyzed with
FTA, the frequency of
possible incidents with
analyzed with Event
Tree Analysis (ETA).

Estimating the
consequences by using
model simulation based
on scenarios with
ALOHA software.

The risk is represented in fN Curve based on
Acceptance Criteria UK
Offshore HSE, 1991

3. RESULTS AND DISCUSSION
3.1 HAZOP
In the identification process, the system is divided into subsystem or commonly called as node division to simplify the
process of analysing the identified system. In this node division, the system is divided into several subsystem after
which a team of researchers will evaluate them by using brainstorming method and a set of checklists [3].
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Table 2 Node Division
No.
1.
2.

Node.
Warm MCHE
WMR Accumulator

3.

CMR Separator

4.

Cold MCHE

Description
The process of cooling dry natural gas to make it easier to liquefy it.
WMR Accumulator is a series of multi-component system, which in this case
helps conditioning butane gas into two phases, namely liquid and vapour.
CMR Separator is a series of gas liquefaction system, where coolants (nitrogen
and ethane) which have been used were put into Warm MCHE.
A process that involves the liquefaction and sub-cooling of dry natural gas so
that it melts at a temperature of -162oC by using multi component refrigerants.
Table 3 HAZOP Node 1. Warm MCHE

STUDY TITLE
DRAWING NO
PART
CONSIDERED

DESIGN
INTENT

=
=

FLNG HASANUDDIN
DWG. NO.204.006.001

=

WARM MAIN CRYOGENIC HEAT EXCHANGER
1. BUTTERFLY VALVE
2. GLOBE VALVE

=

SOURCE

NODE :

3. REDUCER
4. FLOW TRANSMITTER
5. FLOW INDICATOR
6. GATE VALVE

NO

DEVIATION

SOURCE
BV-01
(20”)

1.

No flow

BV-02
(20”)

SHEET
1

7. TEMP.TRANSMITTER
8.TEMP.INDICATOR
9.PRESSURE
SAFETY
VALVE

=

1 of 4
P&ID

ACTIVITY :

PRE-COOLING
10.PRESSURE
TRANSMITTER
1. PRESSURE INDICATING

POSSIBLE CAUSES

CONSEQUENCES

SAFEGU
ARDS

if valve BV-01 and BV-02
blockage, gas line overpressure
which could lead to gas release
on flanged

overpressure on pipe, if pipe
rupture gas release leads to
Gas Dispersion and jet fire,
flash fire if any source of fire

1.Flow
transmitte
r/
indicator

RECOMENDATI
ONS
Seal on the flange
must be rigid, Seal
on the flange must
be insulated,
Provide automatic
cutoff valves for
line leaks

For the same as in Table 3. Of all the nodes or subsystem that will be generated identifying the parts or components that
may malfunction at any node or subsystem

3.2 Calculating Frequency
With an estimate of the value of database input hole size based on A Guide To Quantitative Risk Assessment for
Offshore Installation and the condition of the gas release rate and ignition probability due to pipeline leakage refers to
the International Association of Oil and Gas Producers Ignition Probability [4] and the process of release frequency [5].
As for the probability of occurrence of Flash Fire, Gas Explosion based on data from the Chemical Engineering
Transaction Vol.36,2014, the publication Risk Analysis of LNG Terminal [6]. After the failure frequency data is
obtained, the next step is calculating the frequency of failures of each node, in this simulation scripted failure of the
system can be seen in the image below (figure 2):

Figure 1 System failure/gas release scenario

Figure 2 FTA analysis for overpressure frequency with a diameter of the hole of 50mm, Node 1
Figure 3 shows the calculation of overpressure frequency with a 50 mm leak in node 1. Similar analyses were also
conducted with the assumptions of leak in each node. The result is as follows:
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Table 4 Calculation result of gas release frequency for each node
No.
1.
2.
3.
4.

Node.

Scenario

Warm MCHE
WMR
Accumulator
CMR Separator
Cold MCHE

Gas release
Gas release

Gas release frequency
50 mm
100 mm
200 mm
5.78E-04
1.912E-04
1.054E-04
3.97E-04
1.782E-04
2.29E-05

Gas release
Gas release

3.70E-04
5.22E-04

5.38E-05
1.63E-04

4.16E-05
1.198E-04

These values were then used to calculate the frequency of incidents, such as Jet Fire, Flash Fire, gas explosion and gas
dispersion. Using Event Tree Analysis (ETA), the frequency was calculated for each node with different ranges of leak
size. The result is as follows:
Immediate Ignition

Jet Fire

0.8

2.06E-05

Ignition

Open Atmosphere

0.0445

0.01

Flash Fire
5.14E-08

Delayed
Gas Release
5.78E-04

0.2
Congested Atmosphere

Explosion

0
No
Ignition

0.00E+00
Gas
Dispersion

0.9555

5.52E-04

Figure 3 The process of calculating the frequency of incidents with a leak size of 50 mm in Node 1 using
ETA method
With the same analysis, the same calculation was also conducted for each node with different sizes of leak

3.3 Consequence Analysis
Fire risk analysis due to a system failure was simulated using ALOHA (Areal Locations of Hazardous Area) software
and this gave the values of leak and the radius of fire and gas dispersion as an output. The simulated scenarios were Gas
Dispersion, Flash Fire, Gas Explosion dan Jet Fire with the pipes as the main source of leak. The simulation result was
then plotted to FLNG unit design as can be seen in the following figure:

Figure 4 The results of the simulation plot of jet fire in the liquefaction process with leakage of 50 mm
From the results of the simulation plot on the system on board, the number of people affected based on the
number people working on processing module/ other installations on FLNG can be found out.

3.4 Risk Representation
Value of frequency and consequences that result from the occurrence of incidents, are represented analyzed using the
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f-N curve based on UK Offshore HSE standard, 1991.

50 mm
100 mm
200 mm

Figure 5 The representation of f-N curve jet fire event in Node 1
4. CONCLUSIONS

1. Based on the hazard identification conducted, it was found that the risk of fire hazard that may occur in
the FLNG are Jet Fire, Explosion Gas and Gas Dispersion.
2. Simulation of fire hazard by using ALOHA software showed the following results:
a. For the possibility of jet fire, the fire spread distance of 50 mm, 100 mm and 200 mm leak scenario is 17 m 50 m with a total of 8 fatalities.
b. Gas Explosion is very unlikely to happen with a 200 mm hole on all nodes, but when it happens, it can
destroy the FLNG unit with an explosion reaching 644 m in distance.
c. Gas Dispersion with a maximum leakage of 50mm, 100mm, and 200mm can only release gas at 17,000 ppm
and create no harm, because it is only considered dangerous when the gas released is > 50,000 ppm.
3. Based on the plot of frequency and consequences analyses results which was in the form of f-N curve, the
chance for a jet fire to take place with a 50 mm hole is considered ALARP (As Low As Reasonably
Practicable), which means that this is a safe condition but mitigations can still be carried out. Some of the
possible mitigations that can be done are to add safety components to prevent overpressure in the pipe and
provide additional safety equipment for workers. Furthermore, a leak with a diameter of 100 mm and 200 mm
is considered acceptable.
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Abstract – Earthquake (EQ) is natural events that difficult to estimate the strength and impact.
Mitigation efforts like EQ early signs observation needed to minimize impact. Stress that occurred
before EQ cause change of material properties, such as electromagnetic (EM), electron content,
radon emission (radioactive), etc. Change of material properties cause anomaly of EM field and
radon concentration that observed as EQ precursors. EM and radon data obtained from Pelabuhan
Ratu Observatory. EM data processed by spectral density analysis to obtained polarization and
impedance on ultra low frequency spectrum. Radon data processed by statistical techniques on
daily average. Analysis results of EM and radon concentration data show the anomaly pattern are
decrease value of EM impedance, and increase value of radon concentration and magnetic
polarization. In case study, EQ on January 15th M 5 SR, September 24th M 4.8 SR and October 17th
M 5.2 SR, magnetic polarization anomalies appear in 8 to 14 days, impedance anomalies appear in
2 to 12 days, and radon concentration anomalies appear in 2 to 16 days before EQ. From span time
on case study that observed, anomaly of EM and radon concentration relatively short term.

1. INTRODUCTION
Earthquake (EQ) is one of natural phenomenon in lithosphere that difficult to estimate the strength and its impact for
society. Especially to minimize the impact for society, its need necessary mitigation, such as research and observation
about EQ early signs (EQ precursors), because the hypothesis is impossible if EQ occurred without early signs which
can be observed [1,2]. Physically (in lithosphere), if stress given to material (rocks in lithosphere), there are change of
material properties that can be monitored, such as electricity, magnetic, radon emission (radioactive), etc, its cause
microcrack and electrokinetic force in lithosphere and vibration on earth surface. Microcrack and electrokinetic force
cause change of physical value as anomaly of electromagnetic (EM) field and radon concentration that can be observed
as EQ precursors [2,3].
Electromagnetic wave penetrating power from to earth surface was proportional to crustal depth where seismic activity
occurs, so fluctuations of electrical conductivity in lithosphere can directly detected with polarization method and
transfer function, like observation with case study EQ in Aceh (December 2004) and Nias (March 2005) by Saroso et al
2006 [4]. Anomalies of radon concentration as EQ precursors occur when deformation of crustal area (EQ preparation
zone) released radon gas to air before decays. Its energy produce ionize atoms in atmosphere and changes of ions
composition in ionosphere [5,6] that recorded by radon sensor, so radon can be good indicator of tectonic activity.
From that conditions, conducted study to analyze pattern anomaly of EM and radon concentration before EQ occurred
[6,7].

2. METHODS
2.1 Data
EQ data which used as case study were EQ from BMKG with magnitude over than 4.5 and radius less than 300 km
from sensors [3]. Electromagnetic data obtained from Magnetotelluric (MT) sensors, while radon data also obtained by
monitoring equipment DURRIDGE RAD7 that collected continuously by sampling data every one hour [7], both
sensors installed at Observatory in Pelabuhan Ratu. Other data is Disturbance storm time (Dst) index from WDC
Geomagnetic Data Center, Kyoto University.
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Figure 1 Maps of EQ data and Sensor location in Pelabuhan Ratu Observatory

2.2 Procedures
EM data that consists of electric (Ex and Ey) and magnetic (Hx, Hy, and Hz) components processed by spectral density
analysis, so obtained average of daily magnetic polarization and EM impedance as comparison of electric to magnetic
components. Magnetic components processed by polarization ratio for the vertical and horizontal components (Hz/Hh)
as introduced by Hayakawa, et al., (1996) [2,3,4]. Analysis of polarization ratio use spectral analysis to convert signal
from time domain to frequency domain using wavelet transform DB5, then data filtered and analyzed at ULF spectrum
(f = 0.01 Hz). Data selected at 15:00 to 22:00 UTC to reduce noise due to human activities [2,4].
After get the spectral analysis value of each component (h and z), then polarization ratio of vertical to horizontal
(Hz/Hh) and horizontal to annual mean (Hh/Hht) performed, and also calculated the average of EM impedance (E/H).
This method is expected to analyze characteristics of EM signal on ULF spectrum and find anomalies that can used as
EQ precursors [2,3,4]. While the radon and Dst index data processed by statistical techniques (running average) on
daily average [6,8].

3. RESULTS AND DISCUSSION
Dst index need to be included at analyze EM parameters as EQ precursor. Its used to confirm global noise, especially
magnetic storms due to solar activity, that expressed by negative values indicate a decrease in the earth magnetic field
[1,8,9]. While, for analyze data related geochemical like radon concentration, very important to consider the
meteorological conditions in observation area, such as rainfall, its use to confirm whether radon anomalies that occurs
associated with change of rainfall or purely due to deformation process as EQ preparation. Ionization of radon becomes
central condensation of water vapor as ion hydration that formed which causes humidity decrease and temperature
increases. After radon reaching maximum concentration, by adjusting EQ time, radon flow will be reduced, back to
normal atmospheric conditions, humidity increases, and temperature decreases before EQ [6,7,9].
Based on previus research by Prayogo (2014) [1], Xuemin and Xuhui (2011), Yumoto (2009) [2,10] about EM and
Pakpahan (2014) [6] about radon, both produced analysis that EM and radon concentration that associated with EQ are
decrease value of EM impedance, and increase value of magnetic polarization and radon concentration. In this case,
increase of electric polarity at hypocenter and resistivity values approximated by square of EM impedance which
describes variation of resistivity at frequency 0.01 Hz. Increase or decrease value limit of each parameter was
determined by deviation standart of daily average of each parameters. In case study EQ on January 15th with magnitude
5 SR, anomaly with impedance method appeared on January 4th to 6th, anomalies Hz/Hh appeared on January 7th to 9th,
anomalies Hh/Hht appeared on January 6th to 7th, and radon anomaly appeared on January 12 th to 13th. EQ on September
24th with magnitude 4.8 SR, anomaly with impedance method appeared on September 4th, 5th, 9th and 10th, anomalies
Hz/Hh wasn’t found because very small increase, anomalies Hh/Hht appeared on September 4th, 5th, 9th and 10th, and
radon anomaly that very high appeared on September 17th to 18th. Radon anomaly that very high in middle last of
September means that there more than one seismic activity in lithosphere at the same time. It is evident with larger EQ
on October 17th. Beside that anomaly, EQ at October 17th also preceeded by anomaly that detected by impedance
method on October, 7th to 15th and increase of Hh/Hht at October 7th to 8th.
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(a)

(b)

(c)
Figure 2 Anomaly pattern of EM and Radon as EQ precursors before EQ on January 15 th (a), September 24th(b),
and October 17th (c)
Based on Figure 2, there ara some early physical signs before EQ occured despite the patterns tend to be inconsistent.
Some factor that affecting the anomalies likely epicenter location, length from sesnsor and depth of EQ. The most
clearly visible is radon anomalies befor EQ on January 15th and October 17th, both epicenter are on land. While analysis
for EM parameter show that not all methods produce anomalies, as seen in EQ September 24th and October 17th. The
anomaly only visible on impedance and polarization Hh/Hht.
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4. CONCLUSIONS
Conclusions of assesment for EM and radon concentration data is that both can be used as parameter to observe pattern
of EQ precursors. For 3 EQ as case study, its known that precursors are found on both parameters less than 50 days
before EQ, but tend to be inconsistent. In example, reduction of EM impedance in range of 12-21 days, increase of
magnetic polarization 8-20 days , and increase of radon concentration 7-30 days, all occured before EQ. Both anomalies
relatively short term, but the inconsistency is thought to be caused by position and location of epicenter and hyposenter
depth of EQ.
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Abstract - Indonesian was a part of Austronesian that called a nation of seafaring or riverman. In
Kalimantan, there are 12 sites of human settlement along of the Barito river, including the site
where the discovery Banjar’s boat (jukung sudur) artifacts was Panggadingan site. This study
improved a analysis of artifact archeological based on spectroscopy. The FTIR study of changes in
chemistry of jukung sudur. The our data shown that IR spectrum is not sharp band at 1735 (s) cm -1
as C=O stretching in lignin and hemicelluloses, and at 894 (w) cm -1 as C-H glucose ring. There
were a Fe-O on hematite that confirmed at 532,35 (w) cm-1 band and a progressive decrease in
holocellulose that a corresponding decrease in the intensities of lignin, cellulose and
hemicelluloses (at 2931,80 (s), 1627,92 (s, b), 1512 (w), 1427,32 (w), 1365 (w), 1265 (w) and
1056,99 (s) cm-1). The dating 14C, the age of was 2087 year ago and the Banjar’s boat artifact was
tangible culture. The XRF data are Mg ;Al ;Si; Fe; Ti; Cu and Zn. Based on result, the suggested
that there was Panggadingan site since prehistoric. The our human prehistoric indicated who have
been skill as human seafaring on Barito river.

1. INTRODUCTION
The Austronesian phenomenon is very unique and impressive in the world, This nation have the largest dispersal from
Madagascar to Easter Island and from Hawai'i to New Zealand or in the half the circumference of the earth, and
capable of living as “seafaring and/or “riverman” since on Early Holocene (10.000 BP), as like Bajo (South Celebes),
Orang Laut (Riau) or Dayak/Banjar (Kalimantan) ethnics today. The Austronesian terminology refers to the Greek, the
word australis and nesos meaning southern and islands, respectively. The Indonesian peoples was 80% of
Austronesian nation [1, 2, 3].
Indonesia has the highest forest biodiversity in the world after Brazil, but the biodiversity of dipterocarp rainforest is
highest. That is the main of raw material in the manufacture of wooden boats. Lechon and Curtet [4] 1998) have
mapped the distribution pattern of dipterocarp forest. The 90 % diversity was dipterocarp in Southeast Asia with about
60 % share in geopolitics Indonesia, 25 % in Malaysia, 10 % in the Philippines and the rest scattered in Madagascar ,
Sri Lanka South India , Burma and Indochina .
The part of Austronesia’s artifact archaeological was human settlement site at Barito river. There are 12 sites of human
settlement of Banjar at along of the Barito river, including the site where the Banjar’s boat (jukung sudur) artifacts was
discovery at Panggadingan site [5]. The research to artifacts of wooden boat by spectroscopy was conducted rarely,
except for the analysis of wood with a variety of treatment [,9, 11, 12, 13,14, 15]. Therefore, the research of artifact
archaeological was a crucial to recognized of culture of human prehistory. In this paper, we present a detail radiocarbon
dating, FTIR and XRF spectroscopic analysis of the chemical changes occurring in the Banjar’s boat artifact.

2. METHODS
The Fourier Transform Infrared (FTIR) spectra were recorded on Bruker Optic IFS66s/S interferometer equipped with
an attenuated total reflectance (ATR) unit. The range number waves was 650-4000 cm-1 and the typical experimental
condition utilized a resolution of 4cm-1, a velocity of 6-10 KHz, a gain of 16x, an apodization Black Harris 3-term, a
Mertz phase correction and zero filling 2, on a double sided, forward-backward acquisition mode. A KBr beam splitter
was used for the M-IR source. Subsequently, aliquots of approximately 2 mg artifact were ground and pressed into a
KBr pellet and the infrared spectra were measured on a Perkin Elmer Spectrum One instrument [6]. While XRF (X-ray
Fluorescence) was non destructive method [7]. The application advantage was compatibility for analysis of distinction
artifact as like Banjar’s Boat. The dating 14C of the artifact was performed at Isotope Application Lab, Indonesian,

81

National Atomic Agency, Jakarta. 50 gram of the sample was masked and reacted with hydrochloric acid (HCl) and
heated. The activity of 14C was detected by Liquid Scintillation Counter, TRI-CARB 1900TR. The oxalate acid
(H2C2O4) SRM 4990-C from National Bereau Standart, USA was used for standart. The age was calculated based on
standart method. Sampel yang digunakan Eusideroxylon zwageri (kayu uli) dan artifact jukung sudur [8].

3. RESULTS AND DISCUSSION
In general characterization of wooden artifacts by spectroscopy were influenced several aspects, among; fungi [,9, 10],
the irradiation [11, 12, 13, 14, 15] and the soil profile [16]. In this study, Banjar’s boat artifacts associated with some
aspects of the above. This was because the location of archaeological finds is in the open marsh area, in the village of
subdistrict Barabai Birayang Hulu Sungai Tengah , HST on the ordinate 2548 ° S and 115 450 ° E.
Figure 1. shawn that the overall intensity (A), a band artifact decreased significantly. This indicate that content
holoselulosa (lignin, selolosa and hemiselosa ) of artifact is down, except on band intensity at 532 cm -1 increases Fe-O,.
Band at 894 (w ) as CH on glucose and at 1735 (w) cm-1 as C = O on lignin, there is no band in the arftifact. In contrast
to the shrinkage intensity holoselulosa on artifacts, the discussion of the role of fungi in the IR spectra shift were carried
out by Padey and Pitmen (2003) [17]and other researchers [9/2, 10/3]. At Beech wood (Fogus sylvatica L.) and Scout
pine (Pinus sylvestaris L.) were inoculated with the fungus Coriolus versicolus, and Coniophora puteana impact on
increasing lignin content relative to carbohydrates. Wavenumber shift occurred in the band (at 1596 , 1505 , 1330, 1230 ,
and 1122 cm-1 in Beech; in 1596, 1511, 1268 and 1220 cm-1 in pine ) and confirmed by the decrease in band intensity of
carbohydrate at 1978, 1375, 1108 and 898 cm-1). In contrast to the impact of the above fungus, phanerochaete
chrysosporium for the two bands of wood that have an impact on the decrease in lignin content.
In Table 1. The band at 532 cm-1 confirmed the presence of Fe-O (hematite) in the artifact (2807 y. a). The role of this
hematite give a yellow or dark color on the surface of the artifact. The research discoloration of Abies alba wood
exposed to UV-Vis has been discussed by several researchers [11 ,12 ,13 ,14, 15]. Wood is good light absorber due to
the presence of several chromophores, e.g. phenolic, hydroxyl groups, aromatic skeleton, double bonds and carbonyl
group. The photochemical changes were lignin content and converted lignin some chromophores with carbonyl group,
in the range from 1600 to 1670 cm-1. The artifact appear dark color with a band at 1620 cm-1. Intensity changes occur in
the band 1509 cm-1 which confirmed the C = C stretching in aromatic structures in lignin and 897 cm-1 on glucose rings.
The FTIR signal area ratio [A1509/A896] shown the formation of ester on the surface of wooden artifacts.
532,35 (w)
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894 (w)

1735 (s)

b
a

Wavenumber (cm-1)

Figure 1 Evolution of 1900-1500 cm-1 region in FTIR spectra. Band of E. zwageri (kayu ulin) (a) and Banjar’s
boat artifact (b)
Table 1 FTIR absorption from spectra obtained for E. zwageri (kayu besi) and artifact.
Wavenumber (cm-1)

E. zwageri
3410,15 (s, b)
2931,80 (s)
1735 (s)
1627,92 (s, b)
1512 (w)
1427,32 (w)

Artifact (2087
3425,58 (s)
2924,09 (s)
1620,21 (s)
1512 (w)
1427,32 (w)

Band assignment

y.a )
OH stretching (hydrogen bonded) [18]
C-H stretching vibration in metyl and methylene [19, 20]
C=O stretching in lignin and hemicelluloses [19, 20, 22]
C=C aromatic ketones [20 ,21]
C=C stretching aromatic in lignin [22]
CH bending related to structure of cellulose [20]
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1365 (w)
1373 (w)
C-H deformasi vibration; O-H bending vibration in lignin [20,22].
1265 (w)
1226 (w
C-O of guaiacyl unit in lignin [20,22]
1056,99 (s)
1033,85 (s)
C-H aromatic [22]
894 (w)
C-H glucose ring [22-Dan]
532,35 (w)
Fe-O Hematite [ 16]
Information: s (strong), w (weak), b (broad), y. a (year ago).

(a)

(b)

(c)

Figure 2. The white color of fresh ulin wood (a), black color from Banjar’s boat (b) and Banjar’s boat (c)
The black and yellow natural of color is derived from ocher that has been used by prehistoric humans [16]. This color
has been used as a base material in the wood artifact, stone nd cave paintings. The spectras ocher is around at 535 and
470 cm-1 as F-O (hematite) and Fe-O (goethite ), respectively. The data dating 14C shown that the age is 2087 year ago
and the Banjar’s boat artifact was tangible culture (fig. 1). The determination of age to Banjar’s boat other was 3008±16
year ago, too [6].
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Figure 3 Activity (cpm : count per minute) of oxalate acid (a) and artifact Banjar’s boat from radiocarbon
dating
The age determination of Banjar’s boat from Museum Mangkurat was conducted by radiocarbon dating ( 14C). The
activity based on decay 14C, the calculated of age by equation (1) as follows
14

(1) Where Ao

14

is the standard C activity (cpm), At is C activity in the samples in time t (cpm), λ is the decay constant (year -1/s-1)
and t is the time (year/s) (Siregar,1992). The calculated in equation (1) with ( A 0 = 20.84 cpm ) and ( At = 16:19 cpm )
was obtained in 2087 year ago (y.a).The qualitative analysis used XRF, the material composition are Mg ;Al ;Si; P; K;
Ca; Fe; Ti; Cu and Zn. The black colour of artifact wooden have been confirmed as a Fe-O on hematite. Based on result,
the suggested that there was Panggadingan site since prehistoric. The construction and material wooden was very
impressive. The special wooden of material Banjar’s boat was cangal and ulin (kayu besi) from endemic forest of
Kalimantan. The human prehistoric indicated who have been have a skill as human seafaring on Barito river.

4. CONCLUSIONS
The origin of nation should be recognized based on a artifact archeological. The age of Banjar’s boat artifact was 2087
year ago. Where, there was a changes chemistry at band of 1735 (s) cm-1 as C=O stretching in lignin and hemicelluloses,
and at 894 (w) cm-1 as C-H glucose ring. The band of 532,35 (w) cm-1 on FTIR and species of Fe on XRF confirmed a
Fe-O on hematite and a progressive decrease in holocellulose in the Banjar’boat artifact.
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Abstract – Mangrove has the potential capability to accumulate heavy metals in the sediments and waters
around mangrove ecosystem. The purpose of this study are to measure the concentration of heavy metals
Cu and Pb in the organ parts (roots and leaves) of four mangrove species (Avicennia marina, Avicennia
alba and Soneratia alba) in Sarinah Island, Estuary of Porong River, Sidoarjo, East Java and to determine
the ability of these mangroves species to accumulate of heavy metals Cu and Pb. The data are sampled in
September 2014. Two individuals of mangrove trees from three sampling sites were taken particularly in
the part of roots and leaves. Concentration of heavy metals Cu and Pb in all samples was detected by
using Shimadzu AA-6800 Atomic Absorbance Spectrophotometer. The average concentration of Cu and
Pb in roots of Avicennia alba was 0,339 and 0,0710 ppm, while in the leaves was 0,149 and 0,0395 ppm.
The average concentration of heavy metals in Soneratia alba were 0,3005 ppm (roots) and 0,151 ppm
(leaves) for Cu and 0,0045 ppm (roots) and 0,0310 ppm (leaves) for Pb. Moreover, the concentration Cu
as well as concentration Pb in the roots and leaves of Avicennia marina was found 0,208, 0,179, 0,0044,
0,0044 ppm respectively.

1. INTRODUCTION
The developments of industrial areas in Sidoarjo cause some negative impacts, such as pollution. Industries using
heavy metals in their production processes such as steel, electronics equipment and chemical are potential to produce
liquid waste containing heavy metals which then are considerably accumulated into the river or the sea.
Heavy metal is a dangerous pollutant because of the properties of heavy metals which cannot be decomposed (nondegradable) and easily absorbed by organisms that are around [6]. If in an area is accumulated by heavy metal, the
metal will damage the environment and increase the toxic and persistent[2]. Heavy metal poisoning in humans cause
bad effects such as brain damage, demyelination, renal function decline and copper deposition in the cornea of the
eye[3].
Although many sources of pollutant inputs, mangroves have a high tolerance to heavy metals. This indicates that the
mangrove actively absorb heavy metals in their parts of bodies. It also shows how the cumulative effects of heavy
metals on one plant physiological conditions[10]. The purpose of this study was to measure the concentration of heavy
metals Cu and Pb in the organ parts (roots and leaves) of mangrove Avicennia marina, Avicennia alba and Soneratia
alba from Sarinah Island, Estuary of Porong River, Sidoarjo, East Java as well as to determine the ability of these
mangroves species to accumulate of heavy metals Cu and Pb.

2. METHODS
2.1 Sampling sites
Sample were collected at Sarinah Island Mangrove Ecosystem, Estuary of Porong River, Sidoarjo, East Java, Indonesia
(Figure 1). Mangrove species were sampled in September 2014. This Study is divided into three main stages, first
stage is measurement of water quality parameters such as temperature, salinity, pH and DO. Then Sampling sediments
of mangrove, mangrove roots, leaves of mangrove and sea water in the Study area. The final stage is measurement of
the concentration of heavy metals Cu and Pb in the sediment, leaves and roots of mangroves using Shimadzu AA-6800
Flame Atomic Absorbance Spectrophotometer.
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Figure 1 Sampling site :Sarinah Island Mangrove, Sidoarjo

2.2 Water Quality Measurements
Several water quality indication were measured such as pH, DO, salinity and temperature by using pH meter, DO meter,
Salinometer and Thermometer Digital. These in-situ measurements were taken at each sampling site with three
replications.

2.3 Heavy Metal Analysis of Mangrove Sample
Samples were taken from the root of the mangrove with tree height of 3-4 m. Taken root is the root of which are in the
sediment (Figure 2). Samples were taken using a cutter at each station performed three repetitions of 100 g was taken
from three different individuals with the distance of each tree ± 5-15m. Samples were obtained and taken to the
laboratory for analysis of heavy metals

Figure 2 The roots mangrove in Sediment
Root and leave samples of mangrove species were collected and washed with distilled water grade water before storage.
Sediments between the roots of the sampled mangrove plants were also collected. All samples were packed into plastic
bags, label and kept frozen until analysis
Samples of leaves and roots are dried using an oven at 105 ° C for 24 hours. Then add HNO3 and HClO4 using
Shimadzu AA-6800 Atomic Absorbance Spectrophotometer[2].

2.4 Heavy Metal Analysis of Sediment Sample
Sediment samples were taken with Ekman grab (stainless steel) and then stored in a cool box in order to condition the
temperature of the sample remained stable (4 ° C) until analysis. Fractionation of sediment with a hydrometer method.
Measurements of heavy metals (Pb, Cu and Zn) in sediments carried by AAS Shimadzu AA-6800 Flame.

2.5 Data analysis
Data concentrations of Cu and Pb in roots, leaves, sediment, and water is already known, this data is used to calculate
the ability of mangroves in accumulating heavy metals Cu and Pb by calculating the bioconcentration factor (BCF) and
bioaccumulation factor (BAC)[6]. BCF/BAC can be calculated with the formula is as follows:

BCF/BAC :
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3. RESULTS AND DISCUSSION
3.1 Concentration of Pb and Cu in Sediment
The heavy metal concentrations in sediment are shown in (Table 1).
Table 1 Concentration of Pb and Cu in Sediment

Concentration in Sediment
Pb
Cu
-1
0,064 mg.kg
0,300 mg.kg-1
-1
0,070 mg.kg
0,409 mg.kg-1
0,067 mg.kg-1
0,363 mg.kg-1
±0,002
±0,037

Minimal
Maximal
Mean
Stdev

The results measurement of water quality and sediment fractionation analysis showed that mangroves grow in normal
condition for estuarine areas (pH 7.10 to 7.46; 28.5 to 31oC temperature; salinity of 29 ‰; 0.71 to 1.42 mg of dissolved
oxygen). While sediment fractionation analysis results that the study sites are dominated by silt (14,22%) and clay
(85,78%). The heavy metal in water will be accumulated in sediment and absorbed by mangrove [8]. The results of
measurements of heavy metal concentration in the sediments showed that Cu is a metal with highest concentration
compared to Pb. The concentration of Cu in the sediment that is 0,300 – 0,409 mg.kg-1 while concentration of Pb is
0.064 to 0.070 mg.kg-1 The same pattern is also shown in the other research in Sidoarjo[1], where the concentration of
Cu in the sediment (0.83 to 1.31 mg.kg-1) is higher than the concentration of Pb (0.27 to 0.34 mg.kg-1 ).

3.2 Concentration of Pb and Cu in Mangroves
The heavy metal concentrations in organs of mangrove (Leaves and Roots) are shown in (Table 2).
Table 2 Concentration of Pb and Cu in Mangroves
Species

Concentration in
Leaves (ppm)
Pb
Cu

Concentration in
Root (ppm)
Pb
Cu

Avicennia alba

0,040

0,149

0,097

0,339

Soneratia alba

0,031

0,151

0,005

0,301

Avicennia marina

0,045
0,179
0,004
0,208
The concentration of heavy metal Cu and Pb in three mangrove species showed that Cu is found higher in mangrove
than Pb both in leaves and roots. There are two possible reasons for this circumtances: Firstly, Cu is likely to be higher
in the sediment then reduced concentration in roots and wane in the leaves. It is more suppressed in functionality and
usability of the Cu metal. Cu is needed by plants for growth and development. Cu is also useful for tissue growth on the
leaves for photosynthesis [10]. In addition, Cu is also beneficial as micronutrients required by mitochondria and
chloroplasts organs on leaves[9]. Secondly, it is known that Pb relatively low found in sediments, roots and leaves.
Usefulness of heavy metals Pb in organisms is not clearly known, the main source of heavy metals Pb in waters derived
from atmospheric transport, so that the amount of Pb in the water is lesser than Cu. In leaves, Pb can receive intake
derived from atmospheric transport, so that Pb in the leaves found in high concentrations[7].
Regarding the studied mangrove species, Avicennia marina accumulates the heavy metals more in its leaves than in its
roots. While Avicennia alba stores both Cu and Pb more in its roots than in its leaves. The concentration Pb in roots
about 0.004-0.097 ppm, then for Cu in roots ranged 0.208-0.339 ppm. The results performed by Heriyanto and
Subiadono Alas Purwo National Park also showed the same result. It was stated that the genus Avicennia more
absorbing Cu concentration (5.89 ppm) than Pb (0.006 ppm)[5].

3.3 Bioconcentration of Pb and Cu in Mangroves
The ratio BCF and BAC were assessed to find out how much the concentration of heavy metals from the environment
absorbed by roots and translocated to leaves [6]. BAC and BCF ratios were shown in (Table 3).
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Species

Table 3 BAC dan BCF Value of Pb and Cu in Mangroves
BAC leaves

BCF roots

(ppm)

(ppm)

Pb

Cu

Pb

Cu

Avicennia alba

0.587

0,418

1,443

0,932

Soneratia alba

0,453

0,411

0,065

0,887

Avicennia marina

0.685

0,482

0,062

0,553

BAC values for heavy metals Pb ranged from 0.453 to 0.685, while the BAC for Cu ranged from 0.411 to 0.482. BAC
values for Cu and Pb are found highest in Avicennia marina while BAC. Regarding BCF calculations, BCF on Pb
obtained from 0.062 to 1.143, while for Cu accumulated from 0.553 to 0.932.
Avicennia alba has the highest BCF values for Cu and Pb. BAC and BCF results in mangrove organ strongly influenced
by the concentration of heavy metals in mangrove organs and sediment. If the value of BCF and BAC is “1”, it will
indicate that the process of accumulation and translocation is occurred [5]. From the calculation of BAC and BCF can
be concluded that the species Avicennia alba is a good accumulator of heavy metals Cu and Pb in the roots, while the
species Avicennia marina is a good absorber of heavy metal Cu and Pnb in leaves. Research conducted by Faisal and
Yuli in 2013 also showed values A.marina BAC (.16 to .17) higher than the two other mangrove species (R.mucronata
and R.apiculata )(0.13 to 0.14))[4].

4. CONCLUSIONS
The qualities of water and sediment in the sampling sites were in good condition for mangroves. The results showed
that Avicennia marina accumulates Pb and Cu in high concentration its leaves, while Avicennia alba stores both heavy
metals Cu and Pb in high concentration in its roots. The calculation of BAC and BCF can be concluded that the species
Avicennia alba is a good accumulator of heavy metals Cu and Pb in the roots, while the species Avicennia marina is a
good absorber of heavy metal Cu in leaves.
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Abstract – Research on the potential of local insects as pollinator agent on dragon fruit
(Hylocereus undatus) in Nagrek, Bandung Regency has been done. This study was taken to
examine the role of local insects in pollination dragon fruit, thus reducing hand pollination. During
this study pollination success between artificial pollination and natural pollination by local insects
was compared. Based on the research results it can be seen that the local insects can be used as
dragon fruit pollinator agent.

1. INTRODUCTION
Dragon fruit (Hylocereus undatus) is one of fast growing exotic plant in term market demand. This fruit highly demand
as part of healthy fruit and is believed to be able to cure some diseases [1] [2]. Even though this fruit originated from
desert of Mexico, it able to grow in some part of Indonesia especially East Java [3][4][5]. However, production of local
dragon fruit still unable to fulfill local market demand. It is estimated that Indonesia imported around 5,200 tons from
Thailand and Vietnam, major producer of dragon fruit [6]. In order to reduce import volume it is necessary to increase
local dragon fruit production through opening of new plantation and improve plantation management. In this study,
observation on dragon fruit production outside East Java, as major production area, and improvement of fruit
production by pollination management was conducted.
Pollination is an ecosystem service which highly correlated with number of fruit produces by flowering plant. Most of
this service involving mutualism interaction between plant and various animal whereas plant need animal to ensure
reproduction success while animal harvest reward provides by plant [7][8]. Among those animals, insects had been
considered as the most important pollinator. Since this service based on plant animal interaction, thus information on
flowering time and insect activities are crucial to maintain good pollination services.
Dragon fruit grouped in the genus of Hylocereus, a cactus which resembles shade of woody plants [9]. Study showed
that flowering time of dragon fruit is affected by the duration of irradiation [10], while flowers are nocturnal flowers
and only open for one night. Flowers started to bloom between 6-7 o'clock in the evening and a fully opened at 10 pm
[11]. The time required from fertilization until the harvesting process is ± 30 days, with an average fruit weight around
200-800 grams [12]. However, study pollination of dragon fruit in Indonesia also not found. Thus, as first step to
develop local dragon fruit plantation management plan it is necessary to understand the interaction between dragon fruit
with local wild pollinator.
2. METHODS
2.1 Time and Research Area
The study was conducted atdragon fruit plantation "Nagrek Hills" located inNagrek, Bandung; from March to June
2014.
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2.2 Field Observation of Pollinators
Observation of pollinator conducted at two time frame 06.00 to 12.00 and 18.00 to 03.00. During observation all insects
visited was observed for 10 seconds then capture. Insect which left before 10 seconds also captured.Time of capture and
time spent in the flower were recorded for each sample. All samples then transport to Laboratory of Entomology School
of Life Sciences and Technology to be identified into species [13][14][15][16].Unidentified sampels were send to LIPI
Cibinong for identification.
Insects considered as pollinator when they spend more than 10 seconds in flower and harboured pollen in their body.
2.3Pollination Study
104 closed flowers were randomly selected and bagged with nylon mesh (Ø 1 mm). Those flowers divided into two
experiment groups hand pollination by human and insect pollination. Bag was removed when flowers bloomed and
flowers then pollinated based on experiment groups. Hand pollination group was flowers that pollinated by human help
while insect pollination was flowers that pollinated by insects. After pollination process had been carried out, flowers
covered again. Number of fruit produced were recorded and classified based on market demand, such as: the super class
(weight per fruit > 700 g) ; Class A (weight per fruit 400-700 g) , Class B (weight per fruit 300-400 g) , and Class C
(250-300 g/ fruit).

3. RESULTS AND DISCUSSION
3.1 Insect Visitors
In total 20 species insect found visited dragon fruit and insectvisitors species of day and night were different (Table 1).
However, only 30% of species could be considered as pollinator and most of them visited in the day period (80%).
Table 1 Insect Visitors And Pollinators Of Dragon Fruit
No

Species

Order

Time

Visitor/pollinator

1

Anax junius

Hymenoptera

06.00-08.00

Visitor

2

Xylocopa sp

Hymenoptera

08.00-11.00

Pollinator

3

Apis melifera

Hymenoptera

05.30-08.00

Pollinator

4

Camponotus spp

Hymenoptera

almost all time observation

Visitor

5

Pachycandyla sp

Hymenoptera

almost all time observation

Visitor

6

Camponotus pennsylvanicus

Hymenoptera

almost all time observation

Visitor

7

Camponotus herculeanus

Hymenoptera

almost all time observation

Visitor

8

Amegilla sp

Hymenoptera

07.00-10.00

Pollinator

9

Xylocopa pubescens

Hymenoptera

08.00-12.00

Pollinator

10

Leptinotarsa decemlineata

Coleoptera

18.00-23.00

Pollinator

11

Epilachna admibilis

Coleoptera

07.00-08.00

Visitor

12

Palomena prasina

Coleoptera

09.00

Visitor

13

Calosoma sp

Coleoptera

10.00-18.00

Visitor

14

Eurema sari

Lepidoptera

08.00-09.00

Visitor

15

Graphium sarpedon

Lepidoptera

08.00-10.00

Visitor

16

Junonia arithya

Lepidoptera

08.00-11.00

Visitor

17

Stratiomys adelpha

Diptera

07.00-10.00

Pollinator

18

Nitidulidae rufipes

Coleoptera

20.00

Visitor

19

Blattodae blattidae

Orthoptera

20.00

Visitor

20

Cactoblastis sp

Lepidoptera

19.00-02.00

Pollinator

21

Macrotermes gilvus

Isoptera

18.00-20.00 (rainy day)

Visitor

Based on observation of visitor insects it could be concluded that dragon fruit attracted insect just like most
angiospermae species [17][18][19]. The result indicated that dragon fruit might applied generalize pollination system
which benefited flowering plant with temporal pollen resources and pollen transfer efficiency [19].
Activities of most visitor insect was in the day while dragon fruit considered as nocturnal flower raised the possibility
that dragon fruit maintain reward for more than 12 hour which increased the possibility of visit by potential nocturnal
and diurnal pollinators [20][21][22][23][24][25][26][27][28][39]. This strategy could be strategy of flowers to expose to
most effective pollinator [30].
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Among all, Hymenoptera was the most dominant visiting insects as they seem attracted to nectar provided by flowers
(Fig.1). These group of insects considered as the most effective pollinator for many crops and plant due to their high
abundance and high visited rate[31][32]. Visitation rate of these insect group is determined by reward and their energi
demand. Based on this knowledge it could be assume that dragon fruit produce high nectar reward up to 12.00 as
Xylocopa and Apis, two bee species with highest energy demand, visited during that period. However, this hypotheses
should be tested in near future.
Observation on night time also showed Hymenoptera as the most dominant visiting insect represent by ant group (Fig.
1). There is probability ant were attracted to nectar produce by flower to attracted nocturnal pollinator. Whether
presence of ant influenced outcome of pollination is remain a question.

Figure 1 Proportion of insect visitors of dragon fruit flower during day and night

3.2 Pollination Study
Hand pollination produced more fruit with Class A and Super quality while insect pollination produced more lesser
quality fruit (Fig. 2). However, the difference between both type of pollination relatively small. It means that without
the help of human for pollination, dragon fruit flowers can attract pollinators to produce good quality fruit. This study
aggred with other study indicated importance of wild pollinators to maintain fruit production. This result also indicated
that local pollinator also able to pollinated exotic crop.

Figure 2 Proportion offruit based on market demand. Closed bar : insect pollination, Open bar : hand
pollination
Local insect diversity in an cultivated area could increase the amount of fruit produced [33][34][35][36]. In this study,
we only found two types of night insects Leptinotarsa sp and Cactoblastis sp. Meanwhile, according to Banuet [33],
dragon fruit flower visitor insects at night might hold the most important role in the success of natural pollination of
dragon fruit. In addition, the success pollination is also influenced by the deposition of pollen on the stigma, and the
presence of plant seed abortion as a mechanism for allocating energy [33]. Further studies are needed to test these
hypotheses in order to develop sustain and profitable local dragon fruit plantation.

4. CONCLUSSION
Local wild insects has a major role in the pollination of dragon fruit. However, it is necessary to improve the diversity
of wild pollinator through plantation management. Improving pollination service of plantation might reduce the human
role in dragon fruit pollination and increase the profit and production efficiency.
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Abstract – Direct planting propagules of Rhizophora apiculata (bakau) has been carried out in
December 2010 in the former ponds Barong Kecil, Banyuasin Peninsula, region of Sembilang
National Park (SNP), South Sumatra. The purpose of observation is to know when R. apiculata
first flowering. The observation were made periodically. In June 2014, observation appear that R.
apiculata has started flowering. Based on observation, then in case, it can take as long as 43
months from direct planting propagules for the first flowering. The average of plant high is 277 cm
and stem diameter is 4.23 cm.

1. INTRODUCTION
Phenology describes the occuring biological events that is, budding, flowering and fruiting of plant in relation to
seasonal climatic change [1] [2]. Mangrove phenology is important in understanding the past, present and future
response of mangrove species to impacts of climatic change [3]. The flowering season of R. apiculata was from July
until August [4]. Mangrove ecosystem is the largest habitat Sembilang National Park (SNP) Banyuasin Peninsula,
South Sumatra and is the largest mangrove area in Western Indonesia. Mangrove conditions in this region under
pressure and degradation from year to year. The main cause of mangrove destruction in the SNP is the cultivation of
ponds, especially in Banyuasin Peninsula [5]. No information about phenology of flowering of Rhizophora apiculata in
SNP. Research on phenology study Mangrove Restoration Area SNP in particular is to know when flowering R.
apiculata.
Basic data on phenology is very important to help when to collection of fruit/seed/mangrove propagules. During this
time, the benchmark used is the data that is valid in Bali and Lombok, while the hydrological characteristics and
different regions [6]. Mangrove phenology data for mangrove areas SNP, Banyuasin, South Sumatra yet available.
Provision of seeds in large quantities and highly qualified help or planting rehabilitation of degraded mangrove areas.
Thus will greatly assist the smooth and successful restoration projects. The benefits of this research is the availability of
basic data about when R. apiculata at SNP started flowering since planting propagules.
According to [7], flowering and fruiting occur throughout the year, the peak fruiting season for R. apiculata from
September to December, R. mucronata is from the month of July to November, and R. stylosa from October to
December. Environmental factors such as rainfall, air temperature and humidity affect flowering and fruiting on
mangrove forests. Starting time span of interest is growing to mature propagules is to the third species of R. mucronata,
R. apiculata and R. stylosa respectively are 18.85 months, 22.06 months and 21.70 months.

2. METHODS
2.1 Site study
Rainfall data obtained from the climatological station near the location of the observation. Total rainfall annual average
over a period 0f 10 years is more than 2,500 mm per year. Very high rainfall reached more than 3,000 mm occurred in
2001, 2005 and 2010. The cycle of monthly rainfall shows the dry months from May to September, and the wet months
on the next period. Overall, the air temperature did not show extreme fluctuations. During the period 2001-2010, the
average monthly minimum air temperature was 25.9 oC, and its maximum temperature was 28.4 oC. Average monthly air
temperature does not show an extreme increase during the dry season. To find out more details of the air temperature,
the daily temperature will be slightly higher in the dry season (October) compared with the rainy season (January). In
general, soil and water quality is quite good and support the needs of mangrove plants. Soil and water pH is at neutral
conditions, thus supporting the chemical processes that occur in the soil [8].
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2.2 Procedures
Observation survey conducted in June 2011-June 2014 at a pilot project in the Barong Kecil (02o09’ 659'' S; 104o53’
608'' E) Banyuasin Peninsula, SNP, South Sumatra. Phenological survey of R. apiculata conducted in mangrove plots
on former farm land SNP. Observations in the field include whether already started flowering, measured diameter and
height of the tree trunk. Documentation of R. apiculata used for descriptive discussion.

3. RESULTS AND DISCUSSION
Phenological survey of R. apiculata (bakau) conducted in mangrove plots on former pond, the mengrove demplot at the
first year of JICA-RECA restoration project in SNP [9]. That activity to find out the area can support growth of
mangroves related to restoration plan in the greenbelt area of Banyuasin Peninsula, SNP.
Propagules planting of R. apiculata implemented in December 2010 in the former pond in Barong Kecil, Banyuasin
Peninsula, SNP, South Sumatra. After about a month already seen one pair of leaves fully extended (Figure 1). In June
2014 observations appear that R. apiculata has started flowering. Based on observations, then in this case, it can take as
long as 43 months for the first time flowering (Figure 2). Starting time span of interest is growing to mature propagules
of 22.06 months R. apiculata [7].
One pair of leaves swelled after one month till planting propagules and seedlings ready for planting accretion phase one
pair every month [10]. After branching began to appear it will be followed by the emergence of stilt roots. Those roots
as one of adaptation for R. apiculata in their natural habitat [1].

Figure 1 (R. apiculata propagules planting (left) and one month later of the seedling (right)

Figure 2 (R. apiculata plant at July 2011 (left) and June 2014, first time flowering (centre and right)

4. CONCLUSIONS
The observation appear that R. apiculata has started flowering. Based on observation in SNP South Sumatra, it can take
as long as 43 months from direct planting propagules for the first flowering. The average plant high is 277 cm and stem
diameter is 4.23 cm.
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Abstract - This research goal is to know the number, density and stomata index of the corn leaf
wich is planted in its natural condition in Kisar Island, Southwest Maluku Regency. The leaf
sample was harvested at 65 days after planting. The leaf sample was taken from the first leaf above
the cob. The leaf preparation for the stomata observation uses the whole mount method. The leaf
was observed using Olympus BX 56 microscope. The observed variables included number of
stomata, the density of stomata, and the index of stomata. The data was analyzed using Analysis
of variance/ ANOVA) and Duncan multiple range test/DMRT) at the significance level of α 0,05%.
The ANOVA and DMRT was done by the assistance of SAS (Statistical Analysis System)
computer program version 9.0 (SAS Institute - NC Carry, USA). The result showed that the
highest number, density, and the stomata index were obtained from the Srikandi as a reference
variety and the lowest one in Waxy local corn cultivar. The variance analysis result shows that
there was a significant effect of the corn cultivar to the number, density and the stomata index.

1. INTRODUCTION
Stomata are holes or a tiny opening pore in leaf surface wich allows gas exchange between leaf and environment [1].
Another function of stomata is in transpiration process. The procees in wich the water was release from the plant body.
In a limited water condition, the plant has such certain mechanism to regulate the water availability through regulation
of the number of stomata in leaf surface. One of the environment conditions affecting the stomata density is drought
[1,2,3]. The stomata index is also one aspect required to be studied in the relationship with the plant adaptation in
environment condition of limited water.
When exposed to dry environment condition, the plant will give respond as one way of plant adaptation to this dry
condition. One way to understand the plant respond to this drought is by observing the individual level [4], and it can be
done by indentifying the anatomy characteristics [5]. The plant anatomy characteristic which is important to be
observed to know the relationship between the plant and the limited water availability like drought is the stomata in the
leaf including the number, density and the index of stomata [3]. The number or density of stomata can also vary
between the cultivars or varieties within a species [6]. According to Xu and Zhou [1] that the setting of stomata number
and density is one of the plant mechanism in adaptation to drought environment.
In relation with plant breeding goal, especially for the corn plant is to get the genotype or new variety which can adapt
to the environmental stress, so it is very required to know about the corn plant adaptation mechanism to drought. But, so
far, it has never been done any knowledge about the corn plant adaptation, especially the corn in Kisar Island,
Southwest Maluku to drought stress in anatomy level. The goal of this research is to know the number, density, and
index of leaf stomata on corn wich is planted in its natural condition in Kisar Island, Southwest Maluku (SWM)
Regency.

2. METHODS
The corn plantation is conducted in Yawuru village, Kisar island, SWM Regency. The used plant materials are six local
corn cultivars cultivated by the farmers and are gained from the farmers in Kisar Island, and also one variety of drought
tolerant recommended by the Cereal Crops Research Institute as the reference variety is Srikandi.
Randomized Block design was used in this research with three replicates. The leaf sample collection for the stomata
observation was conducted to the leaf harvested at the 65 days after planting. The leaf was taken is the first leaf above
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the cob. From the medium part of the leaf, a 1 x 1 cm peace was made from leaf edge to the middle for the whole mount
method. The leaf peace then put in the 70% of alcohol and stored until it is used for further treatment.
The leaf peace then fixed with fixative solution consist of Formaldehide (5m L) 70% of alcohol (90 mL), and acetic
acid (5 mL) for 12 days. The fixative was remove, and replaced with 5% solution of Natrium hydroxide for 2 days (48
hours). The NaOH then was discarded, and replaced with 10% of commercial whitening solution (Clorox) for 24 hours.
After that, the coloring is done with 1% of Safranin in 70% of alcohol for 1 minute, it is then followed with washing
into graded alcohol (70, 80, 90, and 100 %), each of which is for 3 minutes. The leaf peace then is stuck on an object
glass which has been dropped by Gliserine, covered with the cover glass. The observation and shooting of stomata
preparation are then conducted by using Olympus BX 56 microscope. The observed variables are the number, density
and index of stomata. The calculation of stomata density is done in three view fields by the 400 times of magnification
with the following formula [3,7,8]:
The stomata density per
The number of stomata in one view field pada
=
satu bidang pandang
view field (S)
The area of view field (mm2)
Then, the calculation of total stomata density obtained from the average calculation to the three view fields by the
formula:
S1+S2+S3
The stomata density =
N
After that, the calculation of stomata index (IS) was done with the following formula [1,3].

SI =

The number of stomata
The number of stomata + epidermis

× 100

The data obtained was analyzed by using analysis of variance (ANOVA), and followed by the Duncan multiple range
test/DMRT at the significance level of α 0,05%. The anova and DMRT was done by the assistance of computer
program of SAS-Statistical Analysis System version 9.0 (SAS Institute - NC Carry, USA).

3. RESULTS AND DISCUSSION
The observation result shows that there is no different in stomata type or shape between the local corn cultivar and the
reference variety. In general, the surface of bottom leaf consists of stomata and epidermis. The stomata structure from
outside to inside consists of subcidiary cell, guard cell and stomata pore. The guard cell is in the shape of halter and
arranged in parallel rows as the characteristics of corn leaf (Figure 1). The stomata are surrounded by the epidermis
which is arranged in parallel rows to the stomata. This is in line with Damayanti [9] wich stated that the parallel
venation system like in Gramineae, stomata and epidermis are arranged in parallel rows.
The calculation results of the number, density and stomata index (Table 1) shows that the highest value is obtained to
the Srikandi variety, which it has significant different to all local cultivars about the number and index of stomata, while
the lowest number, density and index of stomata was obtained to the Waxy local cultivar. At the variable of the number
of stomata, the Waxy cultivar has significant differences to the local cultivar of Rubby Brown Cob, Red Blood, Deep
Yellow, and White, and also to the Srikandi as the reference variety. At the variable of stomata density, all cultivars and
reference variety do not show any significant difference, while the variable of stomata index, all cultivar and reference
variety shows the signficant differences.
The differences of the number, density and index of stomata between each cultivar show that although they are planted
in the same environment, but each cultivar has different way in adaptation to the environment. The same results were
reported by Liao et al., [10] who find that different soybean cultivars provide a significant effect on the density and
index of stomata. This is in line with what stated by Sofro [11] that although growth in the same environment, but if
individual has different genotype, so the resulted respond will be also different. According to Roy [12], the performance
of a plant is determined by the genetic, environment factor, and the mutual interaction. So, it can be said that the local
corn cultivars in Kisar Island which are cultivated by the farmers have differences in genetic arrangements. This
different genetic arrangement then is expressed in the form of different phenotype, affected by the environment. So,
although these cultivars are planted in same environment, they have different phenotype performance regarding to its
stomata atributes.
If it is compared to the number, density and index of stomata between the local cultivar and Srikandi as a reference
variety, actually the Srikandi variety has higher number, density and index of stomata than the local corn cultivars. This
result shows that although Srikandi as reference variety recommended as drought tolerant variety by the Cereal Crops
Research Institute, but it has the lowest tolerance to drought based on the characteristics of stomata. In contrast, the
possibility of robustness potential to drought is shown by the local cultivars. Lestari [6] declared that there is a
relationship between plants which has robustness to drought with low stomata density. This is supported by Kusvuran et
al., [13], and Baloch et al., [14] who were found that drought tolerance of melon and wheat cultivars, has low density
of stomata number, index and density.
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Figure 1 Stomata of corn cultivars. A: Rubby Brown Cob, B: Red Blood, C: Waxy, D: Early Maturing
Yellow, E: Deep Yellow, F: White, G: Srikandi. Ep: Epidermis, sc: subsidiary cell, gc: guard cell. Bar =
20 µm
Table 1 The number, density, and stomata index of corn cultivar
The number of
The stomata density (total
The stomata index (%)
stomata
/mm2)
Ruby Brown Cob
10ab
18.65a
0.41bc
ab
a
Red Blood
11
17.41
0.44abc
b
a
Waxy
9
15.83
0.31d
b
a
Early Maturing Yellow
9
17.32
0.36cd
ab
a
Deep Yellow
10
17.24
0.40bcd
ab
a
White
11
17.14
0.48ab
a
a
Srikandi
12
19.46
0.52a
Cultivar

4. CONCLUSSION
Based on the result research, it can be concluded that the highest number, density and index of stomata is obtained from
the Srikandi as a reference variety and the lowest one is in the Waxy local corn cultivar. There is significant effect of
corn cultivar to the number, density and index of stomata.
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Abstract –The purpose of this research was fabrication of chromium (VI) as dichromate ion –
selective sensor using chitosan doped by dichromate anion as an electroactive material supported
by PVC (poly(vinyl chloride) matrix. The membrane containing protonated chitosan using acetic
acid 3%v/v in order to act as an anion exchanger, dioctyl phthalate (DOP) plasticizer and PVC in
the optimum ratio 4:34:62 (w/w) dissolved in tetrahydrofuran (THF) solvent (1:3 w/v) exhibits
optimum character for analysis measurement a good Nernstian slope of 29.40 mV/decade in
working concentration range of 1.10-4 to 1.10-1 M, giving a relatively fast response within 30 s and
reasonable reproducibility with the detection limit of 3,7 x 10 -5 M (8.0 ppm) in pH range of 1.0 –
4.0 and temperature of 20-40oC, The optimum soaking time in 0.1M K2Cr2O7 solution is 30
minutes, shows good selectivity towards Cr(VI) as dichromate anion over a number anions like
sufate and acetate.The life time of sensor was found to be 2 months (60 days).The assembly has
been successfully used as an indicator electrode in the potentiometric method to determine Cr(VI)
quantitavely in electroplating industry waste water sampels beside visible spectrophotometric
method.

1. INTRODUCTION
Chromium is an element widely used in industrial activities such as chrome plating and electroplating, metal
smelting and metallurgy to manufacture alloys, dye stuff industries, leather tanning and wood treatment. It exists in the
environment as Cr (III) and Cr (VI) oxidation states, which present different chemical properties. Cr (III) is a stable and
slightly soluble cation considered an essential microelement,while Cr (VI) is a soluble and mobile anion, known as a
highly toxic pollutant, with mutagenic and carcinogenic effects [1]. While chromium in its Cr (III) form is not
considered a toxic element and is required diet nutrient. In humans,Cr(VI)exposure caused carcinogen effect, severe
diarrhea and hemorrhage. Concentrations greater than 50 µg/L are prohibited for water supply. Due to the high
toxicity of Cr (VI), it is essential to determine Cr(VI) rather than the total chromium concentration using a rapid and
simple method that can be applied in industrial and environmental fields. The chemistry of Cr(VI) is very dependent on
the pH of solution. Under acidicconditions (pH=2-4) chromium ionis predominantly exist as HCrO4-and Cr2O72- and
under neutral or alkaline media it exist predominantly as chromate ion [1].Two sophisticated techniques viz., AAS and
ICP are generally employed for its determination. However, for analysis of large number of environmental samples, a
more convenient, fast, and low cost method, such as analysis by ion-selective sensors is required. As such a number of
chromium as Cr(VI) selective sensors have been prepared. However, the reported sensors exhibit signiﬁcant
interference to foreign ions, narrow working con-centration range, non-Nernstian response and high response time [2].
During the last decade, a number of studies have focused on properties of functionalized chitosan, a class of an
adsorbent, chelating agent and ion exchanger. Chitosan, a poly-[1-4]-D-glucosamine, is a derivative of chitin naturally
occurring polysaccharide found in insects,arthropods and crustaceans. It was also shown that chitosan can be used as
potent ionophores for the preparation of cations and also anions selective-sensors (ISE)[3,4]. The potentiometric
selectivy coefficients of ISEs sensitive to anion included Cr(VI) ion have been reviewed in detail. The application of
function so far, several experimental studies have demonstrated that the generation of a membrane potential of those
type of ISEs could be atributed to permselective ion transport across the liquid membrane/solution interface, i.e.,
charge separation through a preferential uptake of aprimary ion by a sensing element in the liquid membrane, leaving
its hydrophilic counter ion in an aqueous sample solution and usually exhibit the Hofmeister pattern with the largest
selectivity to lipophilic cations [5,6]. In this paper, we wish to introduce a highly Cr(VI) as Cr2O72- anion selective
potentiometric sensor based on a heterogeneous membrane of chitosan as ion carrier membranes l supportet by
polymeric polyvinyl chloride (PVC) of high molecular weight and and plasticizer dioctyl phthalate (DOP) then its
application for the determination of of Cr(VI) as dichromate anion in electroplating industrial wastewater as real
sample and their result was compare to standard visible spectrophotometric method using statistical regression
corelation test at 95 % confidence limit.
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2. METHODS
2.1 Chemicals
Chitosan powder with a degree of deacetylation 68% (w/w) is use as ionophore was protonated using acetic acid (3%),
polyvinyl chloride (PVC) of high molecular weight, dioctylphtalate (DOP) as a plsticizer were purchased from sigma,
tetrahydrofuran is products from E.Merck. Platinum wire (99,9% ;  0.5 mm) is products from Aldrich and RG-58
coaxial cable as connector ise to mv potentiometer. All other reagent used were of analytical reagent grade, and doubly
distilled water was used throughout. acetic acid glacial (96%), K2CR2O7 (E.Merck), HNO3 65% NaAcetate, K2SO4.

2.2 Procedures
2.2.1 Construction And Calibration Of The Electrodes
The membranes electrode was prepared by mixing thoroughly by dissolving protonated chitosan, PVC, DOP
plasticizer in THF solvent (1:2 v/w). This solution was deposited directly onto a platinum wire approximately 0.5 mm
in diameter and 10 cm in lenght whose tip had been melted in flame to form a spherical button was soldered to a length
of RG-58 coaxial cable, and the solvent was evaporated for approximately 30 minutes and then allowed to stand
overnight in the oven at 50oC. A membrane was formed on the platinum surface and the electrode was allowed to
stabilize overnight. Prior to use the electrode was initially conditioned by soaking it overnight in a 0.1M solution of
K2Cr2O7 to be measured. When not use, the electrode was store in air between use and reconditioning immediately
before using by soaking for at least 1 hour in a 0.1M solution of K2Cr2O7. The utility, composition of polymer
membrane, respon characteristic, and selectivity coated wire dichromate ion selective electrode (CWE) were
investigated. The electrode potential measurement was made under constant conditions by taking 25 mL of solution for
each measurement in a cell thermostated at 26  0.5 oC , immersing the electrode to a constant depth in the solution,
and stirring at a constant rate by means of a magnetic stirring bar. In all experiments the electrode potential
measurement was carried out from low concentration to high concentration. The electrode tip was rinsed with deionized
water and then immersed in one of the standar solution.

2.2.2 Determination of dichromate ion in electroplating industryal wastewater
Eectroplating industryal wastewater samples were taken from the Industryal electroplating in taken from 3 Industryal
electroplating as a whole amounted to 9 samples. Each wastewater sampel put in a polyethylene tubes. The samples
were immediately centrifuged and stored at 4oC. A 1.0 mL aliquot of the sample was transferred into a 10-mL
measuring flash and diluted with distilled water. For each analysis, the dichromate ion sensor and double –junction
Ag/AgCl reference electrode were immersed in the same solution, and the potential reading were recorded. A typical
potentiometric calibration plot was made by plotting the potential change against the logarithm [Cr2O72-] concentration.
The obtain calibration curve was used for subsequent determination of C2O42- in unknown samples. The results of
determination of Cr2O72- on both the visible spectrometric method and the potentiometric method using dichromate ion
sensors tested for their accuracy, precision using statistical regression corelation test at 95 % confidence limit.

3. RESULTS AND DISCUSSION
3.1 Influence Of Membrane Composition
The different aspect of membrane preparation based on protonated chitosan as ionophore containing different
PVC/plasticizer ratios were mix IN THF solvent (1:3 ratio v/w) were studied and the results are summarized in Table 1.
Table 1 Optimization Of Membrane Ingredients
Membran

Kitosan

PVC

DOP (∆dm (cal/cm3)1/2

Nernst Factor (mV/dec) LD (ppm)

A

4

34

62

1.44

29.40

8.0

B

4

32

64

1.46

29.17

10.24

C

5

34

61

1.52

26.87

11.09

From Table 1 revealed that the amount of ionophore, the nature of solvent mediator, the plasticizer/PVC ratio
significantly influence the sensitivity of ion selective electrodes. The data in Table 1 expressed that membrane with a
composition ratio of wt% PVC: DOP: the active ingredient Chitosan-dichromate = 34: 62: 4 in THF 1: 3 volume gives
Nernstian properties with prices Nernst factor of 29.4 mV / decade concentration, means that the optimum composition
meets the theoretical Nernst factor for divalent anion, because the active ingredient membrane forming a homogeneous
phase with membranes visible supporter of the smallest  dm price for the active ingredient chitosan [3,4]. Moreover,
addition of ionophore more than 5 % will however result in non Nernstian response of the dichromate ion CWE, most
probably due to saturation or non-uniformity of the membrane. Use of the DOP plasticizer as a solvent mediator for
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preparing a coated wire Cr(VI) as dichromate ion-selective electrode(dichromate ion CWE) need to fulfill four principal
criteria: high lipophilicity, solubility in the polymeric membrane (no crystallization) as well as no exudation (one phase
system) and good selectivity behavior of the resulting membrane. It should be noted that the nature of plasticizer
influences both the dielectric constant of the membrane and the mobility of ionophore and its complexed associatiated
with dichromate ion [5,6]. Thus, based on the result obtained on the optimazation of the membrane composition, the
membrane A with the optimized composition of percent ratio (w/w) of the active ingredient protonated chitosan dichromate: PVC:DOP = 4: 34: 62: 1 in THF 1: 3 volume was selected for preparation the polymeric membrane
electrode for dichromate ion. Nernstian responses obtained on the composition ratio of PVC / plasticizer 1.2 as obtained
by other researchers [4]. Specifications of the coated wire dichromate ion selective electrode base on protonated
chitosan- carrier and the results are summarized inTable 2
Table 2 Specifications of the coated wire dichromate ion selective electrode base on protonated chitosandichromate carrier
Properties
Sensitivity (Nernst factor)
Linier range (Cr2O72-,M)
Detection limit
Response time (1.10-4 to 1.10-1 M)
Selectivity order against foreign
ions
Conditioning time
Standard deviation of slope (within
electrode variation)
Life time
Working pH range
Temperature stability

Values/Range
29.4± 0.252 mV / concentration decade
1.10-4-1.10-1 M
3,7 x 10-5 M 6 (8.0 ppm)
30 seconds
Cr2O72-> SO42-> Acetate30 minutes
 0,1 (0,003 %)
two months( 60 days) still good
1-4
20-40oC

Electrode specifications listed in Table 2 states that dichromate ion CWE has a character that is optimal for the
potentiometric measurement of Cr(VI) as dichromate ion quantitave analysis. The potentiometric selectivity coefficient
for different an ions were determined as described earlier from the experimental data obtained using the fixed
interference method. The concentration of interfering anion was fixed at 10 -3 M and. the results are summarized in
Table 2. It is seen that electrode is very selective to dichromate ion (Cr2O742- ) because they not respond to the others ion which present in industryal electroplating wastewater ,and the observed selectivity pattern for proposed sensor
significantly same from the Hofmeister selectivity sequence (i.e. selectivity based on lipophilicity and charge density of
anions). However, the lipophilicity of the anion still plays an important role, and only the simultaneous consideration of
both the lipophilicity and interaction of the anion with chitosan allows one to explain the selectivity patterns. Therefore,
from Table 2 shows,ion exchange selectivity is mainly determined by two factors:i.e the charge of an ion and its
solvation, since the interaction between anions and ion exchange groups on chitosan is electrostatic [3-6]. As can be
seen from the table 2, the selectivity coefficients obtained for the proposed dichromate electrode are superior to those
reported for other anion listed in Table 2.
The prepared new coated wire dichromate ion selective electrode was satisfactorily applied to the determination of
dichromate ion cover from 9 industryal electroplating wastewater samples were examined at room temperature 27 
1oC.The analysis were performed by direct potentiometry using the standard curve technique. The results obtained are
summarized in Table 3. From Table 3 data reveal a good recoveries in all matrices were obtained. From this results we
can said that the proposed sensor was successfully applied to determining the dichromate content in industryal
electroplating wastewater samples.
To determine whether the visible spectrophotometric standard methods can be replaced by potentiometric method using
Coated wire Cr(VI) as Cr2O72- anion in electroplating wastewater samples, the measurement results of Cr2O72- in the
wastewater by the visible spectrophotometric and potensiometric method (Table 3), their correlation performed tested
using the regression equation as in (1). As the x-axis is the visible spectrophotometric standard method and the y-axis is
the potentiometric method. Calculation results obtained by the regression equation for water samples are:
Potentiometric method = 0,1007 + 1,037 SSA method

(1)

Equation 1 yield curve slope (b) = 1.037; point of intersection, intercept (a) = 0.100 and regression coefficient (r) =
0.880. Equation 1 said that the potentiometric method has a good correlation with the SSA standard method. Results
standard deviation calculation (S) obtained: Sy/x = 3,3.10-5; Sa = 2.9.10-10 and Sb = 0.0104. By using the appropriate t
value for the degrees of freedom (N-2) at 95% confidence limits were obtained 2.18 value of crossover point accuracy
(a) and slope (b) as follow: a = a  t.Sa = 0,1007  6,32.10-10 (2) and b = b  t.Sb = 1,037 0,023 (3).
Its mean that intersection of the results are not significantly different from the ideal value of 0 (both methods have the
same error) and the slope of the results are not significantly different from the ideal value of 1 (sensitivity of both
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methods are same). The value of a = 0.1007 was still within the limits of the interval 0  aSa and value of b = 1.060
was still within the limits of the interval 1. Its means that both methods are tested on Cr(VI) as dichromate ion
measurement applications in electroplating wastewater samples did not show such differences significantly. From this
results we can conclude that the prepared sensor could be used in the environmental monitoring of Cr(VI) as dichromate
ions inelectroplating wastewater samples as a alternative method replace to standard visible spectrophotometric method.
Table 3 Result of potentiometric and spectrophotometric determination of dichromate ion industryal
electroplating wastewater samples
industryal
electroplating
wastewater
samples
1

Dichromate ion (ppm)
from
spectrophotometric
method
16.65 ± 3.4.10-4

0.04

Dichromate ion
(ppm) from
potentiometric
method
17.67 ± 1.53

2

27.10 ± 1.5.10-4

0.02

26.67 ± 1.53

0.59

3

13.64 ± 1.9.10-4

0.02

13.56 ± 2.08

0.82

% Error

% Error
0.59

4. CONCLUSIONS
The membrne composition influenencing the Nernstian character of Cr(VI) as dichromate ion sensor. The membrane
with the composition of ratio of wt% the active ingredient Chitosan-dichromate: PVC: DOP= 4: 34: 62 dissolved in
THF solvent (1:3 w/v) was selected for preparation the polymeric membrane electrode for Cr(VI) as dichromateion and
can be use as chemical sensor for dichromate ion in the construction of coated wire Cr(VI) ion selective electrode which
has optimum characteristics for Cr(VI) as dichromate ion analysis. Method validation results showed that dichromate
ion CWE produced have optimum characteristics for sensor dichromate ions suitable for industryal electroplating
wastewater analysis provides of an accuracy of 98.72% and precision of 99.81%. This kind of CWE was successfully
applied to detect Cr(VI) as dichromate ion in industryal electroplating wastewater replace to the visible
spectrophotometric.
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Abstract - In intensive agriculture production, the matching of nutrient supply with plant demand
is an important challenge for establishing high yield and reduced environmental pollution. The
management of nutrition is the key factor to determine the yield and nutritional quality of
vegetables crops. Celery is one of the vegetable crops have high nutrient demand. However,
excessive in inorganic fertilizers inputs can cause nutrient salt accumulation in growing media. To
minimize the effect, using organic fertilizers is the best solution. This research aims is to analysis
celery growth and yield at the different basic materials of liquid organic fertilizers and doses. The
experiment was conducted at Research Farm of Agriculture Faculty, Jambi University. Liquid
organic fertilizers ingredient was analysis in BIOTROP, Bogor. This research was design in
Randomized Block Design (RBD) the factors were combination between basic materials of liquid
organic fertilizers (Leucaena leococepahla and Cromolaena odorata), and doses of liquid organic
fertilizers. All the treatment replicate 3 times. The treatments were without organic fertilizers but
inorganic fertilizers (NPK 16-16-16), Leucaena leococepahla doses 15.0 ml/plant/4 days,
Leucaena leococepahla doses 20.0 ml/plant/4 days, Leucaena leococepahla doses 25.0 ml/plant/4
days, Cromolaena odorata doses 15.0 ml/plant/4 days, Cromolaena odorata doses 20.0 ml/plant/4
days, Cromolaena odorata doses 25.0 ml/plant/4 days.The results showed that there were
significant effect between basic liquid organic fertilizer materials and doses on celery growth
parameters e.g., plant height, plant fresh weight and total leaf area. The combination of basic
materials Cromolaena odorata at doses 20.0 ml produces the highest yield, but not significantly
different with basic material Cromolaena odorata at doses 15.0 ml.

1. INTRODUCTION
New approaches to agriculture tends are to use environment friendly and safe product and there is an agreement that
the continuously use of inorganic fertilizer could reduce soil fertility, due to that fact, to increased of environment
quality, the best way is to integrated combined use of chemical fertilizers by nutrient management i.e., combined use
of chemical fertilizers with organic materials such as animal manures, crop residues, green manure are alternatives that
can substitute inorganic fertilizers. Using legume plant as basic main material in liquid organic fertilizers is an the
alternative to be useful in fertilization plants due to the beneficial effect of crop residue as basic materials of liquid
inorganic fertilizers. Several studies have also shown that the use of some plants as basic material of liquid organic
fertilizers is beneficial to soil, crops, and environment. Many research reported that Siam weed (Cromolaena odorata)
and lead tree (Leucena leucocephala) are two of some leguminous that have a potential use. Kaoutika [1] said that
Siam weed (Cromolaena odorata) is considered as a beneficial fallow plant rather than a weed because of its ability to
be a nutrient sink and its potential benefit to the crop as regular source of organic matter and nutrients after slashing; to
have a beneficial effect on exchangeable K concentration; to be used as green manure; to be better adapted as a fallow
plant on acidic soil than some leguminous.
Siam weed (Cromolaena odorata) and lead tree (Leucena leucocephala) are major invaded weed of field crops and
natural environments, but was reported have higher nutrient content in their biomass ( P and Ca content) and has a fast
decomposition rate and can improve quantity of soil organic matter [2]. Chandra and Gajanana [3] reported that
Cromolaena odorata leaves is a source of mineral element such as Ca, Na, K, Fe , Mn, and Zn. Santoso [4] reported
that, Cromolaena odorata biomass extract have a potential to be a bioinsecticide. Devi [5] research also reported the
potential of Cromolaena odorata as biopesticed. The research also report, Cromolaena odorata biomassa could increase
P viability and organic matter. Leucena leucocephala is a highly nutritious forage tree and its great variety of other
uses and usually use as green manure.
Celery is a highly value vegetables. These plants could growth both in highland and lowland area. The optimum
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temperature for celery growth and development in range 15-250 C. In this range celery could growth optimum. Celery
commonly use as a salad, flavoring in soups and stews, Celery usually use because of its characteristic aroma and
health benefits which include positive effect on lipid levels . Celery is one of vegetable that highly appreciated for its
fiber content and nutritional value. Several researches pointed to many factors towards enhancement of celery growth,
production and quality. One of the most important factors is the management of mineral nutrition. In fact, studies have
shown, excessive fertilizers inputs can cause nutrient salt accumulation in growing media. Too high salinity in growing
media could inhibit the growth of vegetables crops and decreased the nutritional quality. Studies have shown to get the
high yielding and safe product and not reduce soil fertility is the use of organic fertilizers. So, the aim of this
experiment was to determine the effect of basic materials and doses of organic liquid fertilizers on growth and yield of
celery.

2. METHODS
2.1 Materials
This research was conducted at the Teaching and Research Farm, Agriculture Faculty, Jambi University. Laboratory
analysis of plants held in Soil Laboratory, Faculty of Agriculture, University of Jambi. Complete analysis of a liquid
organic fertilizer ingredients made in BIOTROP, Bogor. Celery (Apium graveolens L.) variety Amigo was used as plant
materials.

2.2 Procedures
Treatments were arranged using a Randomized Block Design (RBD) with one factor, combinations of different basic
materials of organic fertilizers and the doses of organic fertilizers. All the treatment replicate 3 times. The treatments
were control (without organic fertilizers), but inorganic fertilizers (NPK 16-16-16), lead tree (Leucaena leococepahla)
doses 15.0 ml/plant/4 days, lead tree (Leucaena leococepahla) doses 20 ml/plant/4 days, lead tree (Leucaena
leococepahla) doses 25 ml/plant/4 days, Siam weed (Cromolaena odorata) doses 15 ml/plant/4 days, Siam weed
(Cromolaena odorata) doses 20 ml/plant/4 days, Siam weed (Cromolaena odorata) doses 25 ml/plant/4 days. The
celery plant harvested at 50 to 60 days after transplanting (harvesting date for marketable size). At the harvest time, ten
guarded plants were taken at random from the inner ridges and the data of plant height, leaves number per plant, leaf
area, and total fresh. All obtained data were statistically analyzed and the least significant difference (LSD) test was
used to compare means at the level of 5% of probability according to Senedcor and Cochran.

3. RESULTS AND DISCUSSION
3.1.

Plant Height.

Plant height is a parameter in celery that have a strongly related to weight [6]. In this research indicated that celery plant
heights were significantly affected by the application of varíes basic material and doses of liquid organic fertilizers
(Table 1). The most significant plant height was obtained by applying basic material Cromolaena odorata doses 20 ml,
but there no significantly effect with 15 ml. At 49 days after planting, the application of liquid organic fertilizers with
basic materials Cromolaena odorata doses 15 ml produced the greatest plant height, followed by doses 20 ml, while the
lowest plant height was obtained from the control within the weeks, as regards the treatments significant in plant heights
were observed week 6 and 7 (49 days after planting).
Table 1 The effect of basic material and doses of liquid organic fertilizers on the Celery plant height
Treatment of Liquid organic fertilizers with different
Days after planting
basic materials and doses
14
21
28
35
42
49
Leucaena leucocephala (doses 15.0 ml/plant/4 days) 10.8 ab 14.60 a
18.40 c
22.27 b 25.16 ab 26.76 ab
Leucaena leucocephala (doses 20.0 ml/plant/4 days) 11.13 ab 15.53 a
17.83 b
19.90 a
26.9 b
27.16 ab
Leucaena leucocephala (doses 25.0 ml/plant/4 days) 12.26 bc 16.70 b
16.90 b
20.63 a
23.26 a
25.56 a
Cromolaena odorata
(doses 15.0 ml/plant/4 days) 14.23 d
17.00 bc 18.87 c
22.33 b 26.63 b
29.8 c
Cromolaena odorata (doses 20.0 ml/plant/4 days) 14.33 d
16.60 b
19.57 c
24.77 c
27.6 b
28.56 bc
Cromolaena odorata
(doses 25.0 ml/plant/4 days) 13.93 cd 17.21 c
18.83 c
22.33 b 23.4 a
25.63 a
Control (N-P-K)
9.83 a
15.83 ab
15.83 ab
19.33 a
23.43 a
25.36 a
Note: Values within a column followed by the same alphabet are not significantly different at P ≤ 0.05 using Least
Significant Difference (LSD).

This result is agreement with the previous reports Krisna [7], plant height of celery greater in treatment with
Cromolaena ododrata as basic materials. Cromolaena odorata comparatively high nitrogen content, and its have a
positive effect on celery vegetative growth. Plant treated with NPK fertilizers (Control) grew fastest in the first three
weeks.The plant treated with organic fertilizers grew higher four and six week up to the end of the experiment. This is
consisten with the report of Adewole [8] in which it has demonstrated that inorganic fertilizers like NPK worsen soil
degradation resulting from loss of inorganic matter which leads to higher acidity, nutrient balance and low crop yield.
Liquid organic fertilizers with basic Cromolaena odorata have high nutrient level, Mg, Fe, B, dan S than Leucaena
leucocephala. This result is similiar with Ufere [9], the experiment with Okra plants treated with Cromolaena odorata
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as organic fertilizers could improved plant height. The same result was obtained with Santoso [4] experiment in
mustard.
The result obtained from nutrient analysis from liquid organic fertilizers with different basic materials are as shown in
Table 2.
Table 2 Mineral content of liquid organic fertilizer with different basic material types
Mineral content

Cromolaena odorata

Leucaena leucocephala

3,84
31,07
1,55
16,84
0,32
68,62
0,91
6,44
72,47
12,23
107,14

1,56
20,07
0,34
9,84
0,22
46,88
0,73
6,14
52,40
8,23
60,14

S (ppm)
691,75
Source :Research Center of Spices and Medicinal Plants.

573,13

N (%)
P (ppm)
K (%)
Na (ppm)
Ca (%)
Mg (ppm)
C-organic (%)
pH
Fe (ppm)
Mn (ppm)
B (ppm)

3.2 Number of Leaves per Plant.
The various of basic materials and doses of liquid organic fertilizers, significantly effect on celery number of leaves
(Table 3). The highest number of leaves was obtained at treatment Cromolaena odorata with doses 15 ml but the effect
it’s not significantly different with doses 20 and 25 ml, but between Cromolaena odorata and Leucena leucocephala in
all doses the effect have significantly difference. Some research indicate that a strong relationship between leaf number
and P content. Table 2 shows that Cromolaena odorata have a highly P in the substrat than Leucena leucocephla.
Increased leaf area implies higher light interception and dry matter product which in variably promotes plant growth.
Table 3 The effect of various basic materials and doses of liquid organic fertilizers on number of leaves
Days after planting

Treatment of Liquid organic fertilizers
with different basic materials and doses

14

21

28

35

42

49

Leucaena leucocephala

(doses 15.0 ml/plant/4 days)

14 b

25 b

33 a

49 b

53 b

50 b

Leucaena leucocephala

(doses 20.0 ml/plant/4 days)

13 ab

28 c

30 a

32 a

53 b

60 c

Leucaena leucocephala

(doses 25.0 ml/plant/4 days)

12 a

20 a

29 a

27 a

49 b

52 b

Cromolaena odorata

(doses 15.0 ml/plant/4 days)

20 d

24 b

40 b

49 b

75 d

75 d

Cromolaena odorata

(doses 20.0 ml/plant/4 days)

14 b

22 a

39 b

47 b

75 d

80 d

Cromolaena odorata

(doses 25.0 ml/plant/4 days)

16 bc

24 b

42 b

50 b

59 c

62 c

Control (N-P-K)
10 a
21 a
30 a
32 a
39 a
40 a
Note: Values within a column followed by the same alphabet are not significantly different at P ≤ 0.05 using Least
Significant Difference (LSD).

2. Plant Fresh Weight
The result was indicated that plant fresh weight was effected by the application of liquid organic fertilization. (table
4). Plant fresh weight described a biomass yield of plants. Significant increase in biomass yield was observed in the
treatment of cromolaena odorata at doses 15 ml as compared with control and tend to gave the highest biomass yield.
Table 4 The effect of various basic materials and doses of liquid organic fertilizers on plant fresh weight
Treatment of Liquid organic fertilizers
with different basic materials and doses

Day after planting

14
Leucaena leucocephala (doses 15.0 ml/plant/4 days)
1.817bc
Leucaena leucocephala (doses 20.0 ml/plant/4 days )
1.408a
Leucaena leucocephala (doses 25.0 ml/plant/4 days)
1.782b
Cromolaena odorata
( doses 15.0 ml/plant/4 days)
2.109d
Cromolaena odorata
( doses 20.0 ml/plant/4 days)
1.982cd
Cromolaena odorata
( doses 25.0 ml/plant/4 days)
1.648b
Control (N-P-K)
1.508a
Note : Values within a column followed by the same alphabet are
Significant Difference (LSD).
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21
28
35
42
5.047b
10.018c
25.878b
39.220bc
3.244a
10.879c
19.928b
40.280c
4.235b
9.328bc
21.474b
29.982b
7.818c
14.328d
37.428c
58.102e
5.249a
18.827e
33.470c
52.109d
3.281a
8.217b
20.194
39.428bc
3.004a
6.220a
13.478a
25.304a
not significantly different at P ≤ 0.05 using

49
55.470b
58.323b
52.104ab
73.340c
70.430c
57.314b
43.098a
Least

3. Celery Yield
The result presented in table 5 have revealed that various levels of liquid organic fertilizers had significant effect on the
celery yield. The highest yield was obtained by using liquid organic fertilizers with basic material cromolaena odorata
with doses 15 ml.
Table 5 The effect of various basic material and doses of organic liquid fertilizers on yield.
Treatment of Liquid organic fertilizers with different basic
Yield/Plant (g)
materials and doses
Leucaena leucocephala (doses 15.0 ml/plant/4 days)
291.45a
Leucaena leucocephala (doses 20.0 ml/plant/4 days )
349.95b
Leucaena leucocephala (doses 25.0 ml/plant/4 days)
275.98a
Cromolaena odorata
( doses 15.0 ml/plant/4 days)
437.9c
Cromolaena odorata
(doses 20.0 ml/plant/4 days)
455.01c
Cromolaena odorata
( doses 25.0 ml/plant/4 days)
348.65b
Control (N-P-K)
298.95a
Note : Values within a row followed by the same alphabet are not significantly different at P ≤ 0.05 using
Least Significant Difference (LSD).

4. CONCLUSIONS
The yield of celery and growth parameter was enhanced by the application of weed plant such as Cromolaena
odorata as basic material for liquid organic fertilizers as compared to the control treatment. Based on the result, it is
concluded that weed Cromolaena odorata and Leucaena leucocephala , both were able to support plant growth as
organic fertilizers.
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Abstract – Class Anthozoa is considered as the largest class of cnidarians which is well-known as
flower-like animals, such as the, sea pen, sea anemone, and coral. Anthozoan is one of common
components of the Madura beach ecosystems. Despite this, their species diversity in Madura
Island remains poorly understood. The aim of this research was to describe the diversity of
anthozoa of Madura Island, especially in the intertidal ecosystem. Observations were conducted in
14 research stations located along the northern and southern shores of Madura Island for the period
of April to November 2014. This study discovered that the diversity of Anthozoa in intertidal zone
of Madura Island consisted of 21 species which belong to nine genera, seven families and four
orders, namely orders of Actiniaria, Zoantharia, Pennatulacea, and Scleractinia; families of
Actiniidae, Boloceroididae, Zoanthidae, Pennatulidae, Poritidae, Siderastreidae, and Faviidae; and
genera of Anthopleura, Boloceroides, Zoanthus, Pteroeides, Porites, Alveopora, Coscinaraea,
Favia, and Diploria.

1. INTRODUCTION
Class Anthozoa consists of approximately six thousands species of cnidarians, hence it is considered as the largest class
in Phylum Cnidaria. This group comprises flower-like animals such as the, sea pens, sea anemones, and corals [1].
Research on Anthozoa such as soft corals, sea anemones, tube anemones and gorgonians have been carried out in
various places [1-7]. In addition, a study about hard corals was also done in Indonesia, namely in Nusalaut Island,
Central Maluku [8].
Madura is an Indonesian island which is located in the northeastern coast of Java. This island is about 4,078.67 km² and
includes smaller islands to the east and north. It is outcast from Java by the narrow Strait of Madura [9]. Anthozoa is
one of common components of the Madura beach ecosystems which is also can be found in the intertidal zone.
However, their species diversity in Madura Island, especially in the intertidal zone remains poorly understood. This
research aimed to describe the diversity of Anthozoa in intertidal zone of Madura Island.

2. METHODS
This research was conducted in 14 research stations located along the northern and southern shores of Madura Island for
the period of April to November 2014. Research stations located in the northern shores of Madura Island were Siring
Kemuning, Nepa, Seneng, Toroan, Tetehan, Pasean Batu Kerbuy, Pasean Dermaga, Badur, and Lombang, while the
research stations of southern areas were Gapura, Camplong, Jumiang, Polagan, and Modung. Specimens were identified
based on morphological characteristics of the colonies. The classification of Anthozoa referred to the World Register of
Marine Species-WoRMS (http://www.marinespecies.org/) [10-18].

3. RESULTS AND DISCUSSION
Based on observation and sampling on the intertidal zone of Madura Island, it can be reported that the Anthozoa of
intertidal zone of Madura Island comprises 21 species which belong to nine genera, seven families, and four orders as
summarized in Table 1. Some common species of the anthozoan were illustrated in Figure 1.
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Table 1 The summary of diversity of Anthozoa in Internal Zone of Madura Island

Figure 1 Some common anthozoans in intertidal zone of Madura Island
Order Actinaria found in the intertidal zone of Madura Island consisted of genus Anthopleura and Boloceroides. Those
anthozoan are often seen on the rocky beaches of Australia, Singapore, Galapagos and Mexico. Anthopleura is common
on rocky areas that are exposed even at tides. It is found in holes or crevices sometimes under boulders. Besides, these
anthozoans also found buried in sandy or muddy substratum as well as attached to stones or shells. Characteristics: It
has many tentacles arranged into 5 circles. Diameter with tentacles range from 1 up to 2 cm. One ring of tapering
tentacles have banded pattern. The oral disk which is relatively large compared to the tentacles usually patterned. The
color of entire animal is usually brownish and beige. It is a solitary polyp, although sometimes found in group.
Boloceroides was found attached in hard substratum of Madura Island, while in Singapore it was found in seagrass
areas on many of Singapore shores. Characteristics: Diameter including tentacles range 5-8 cm. There are lots of
tentacles (3-4 cm long) are thick at the base and tapering to slender tips. These hide the mouth and the small oral disk.
Some members have a white tape on the oral disk over the mouth. The pattern of tentacles are shades of brown at
general with darker brown or yellow bands [1, 3, 4, 7, 10, 11].
The member of zoantharia found in Madura Island is Zoanthus. This animals like a rug of mini flowers. These animals
are growing on stones, coral, and under sea grasses. It frequently seen on many of Singapore coast. Characteristics:
Colonies 10-15cm, every polyp about 1cm in diameter. The polyps are planted in a thin general tissue that is usually
covert by sediments, or joined as stolons. The long body column appear the small oral disk over the general tissue.
Tentacles short with rounded tips, normally in two rows. The oral disk is soft, without furrows. Madura’s zoanthus
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usually have green and brown tentacles. Body generally pale but oral disk and tentacles in a variety of colors, often the
tentacles are a contrasting color from the oral disk. [12, 19].
Madura’s pennatulacea ordo only have one spesies, Pteroides Sp. Pteroides commonly on slopes adjacent to reefs,
shallow-water sandy flats and also in deeper water. The tropical western Pacific is the place of highest diversity of these
species. Characteristics: Colonies stout and like feather. Symmetry of rachis bilateral entire [13].
Table 1. show that ordo scleractinia in Madura has three families and five genus. Porites and Alveopora are member of
poritidae ordo. Porites is a coral with mini corallites and polyps is among the most generally found hard corals on
many of Singapore beaches. Characteristics: Colony 10-20cm. Colonies are generally stone shaped with a soft surface
or with soft bumps. But the colonies can also be branching, lobed and encrusting. The mini corallites are shallow and
don't stand out of the surface. The place thus often appears smooth with a lot of mini pores. Polyps are very tiny (0.10.2cm) with short tentacles and short body columns. Colors seen such as brown, green, purplish yellow, blue, and even
pink. Moreover Alveopora usually on reef slopes in murky water. Characteristics: Corals zooxanthellate, columnar or
massive, with obviously long polyps exhibiting 12 tentacles at their end, which gives them the look of flower carpets.
At their base, densely packed corallites, the polyps and the immersed, from which they spread are about 5 cm in
diameter. Color predominantly grey or cream with partly green, pink, yellow, or white tentacles [14, 15]
The remain of member of ordo scleractinia in Madura are Coscinarea, Favia , and Diploria. Coscinarea most common
on reef slopes in Indo-West Pacific. Characteristics: Corals zooxanthellate; massive or columnar, encrusting to
foliaceous. Color light to dark brown, green or grey, cream. Favia colonies maybe a dominant species on reef back
boundaries. Characteristics are rounded or flat, massive. Color are many variety, with pale calices, often mottled.
Diploria has inhabit many marine environments, down to 40 m. Abundant to common in Bahamas, Florida and
Caribbean. Characteristics: Colonies form softly contoured plates to hemispherical domes, up to 1.8 m in diameter. The
surfaces of the colonies have long valleys, which are often connected and usually convoluted, except near the colony's
edge. Color are yellow-brown, green to brown and bluish gray; valleys often have a contrasting color [16, 17, 18].
Further on diversity’s study of anthozoa in intertidal zone of Madura Island can more detail until description of specific
species name. it can be done with identification of anthozoa’s anatomy like type of corallites and type of nematocyst.

4. CONCLUSIONS
The diversity of Anthozoa in intertidal zone of Madura Island report on 21 species, nine genera, seven families and four
ordo. Representing ordo Actiniaria , Zoantharia, Pennatulacea, and Scleractinia; families Actiniidae, Boloceroididae,
Zoanthidae, Pennatulidae, Poritidae, Siderastreidae, and Faviidae; and then genera Anthopleura , Boloceroides,
Zoanthus, Pteroeides, Porites, Alveopora, Coscinaraea, Favia, and Diploria.
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Abstract – Tectonic earthquakes need more detailed study because it has big influence of damage.
Seismic method that has been used by several researchers to show the subsurface structure of the
earth, tried to be applied in the area of Sumatra. Seismic tomography is a method of 3D local
model development on a subsurface structure using seismic wave. Data processing steps on
seismic tomography consist of the earthquake hypocenter determination using 1D model hypo71
software (Single Event Determination). 3D velocity distribution that consists of location of 3D
model determining using ray tracing algorithms, grid parameterization and inversion using LSQR
method (Least Square) and then it will be processed by using a 3D tomography inversion Local
Earthquake Tomography Lotos-12. The result show that in upper crust have Vp= 6.625 km/s and
Vs= 4.064 km/s, in lower crust have Vp=7.230 km/s and Vs is 4.269 km/s, in upper mantle have
Vp= 7.935 km/s and Vs=4.679 km/s. In the vertical plane, minimum Vp/Vs ratio obtainable in
depth 0 km until 55 km while high Vp/Vs ratio obtainable in depth 55 km until 110 km. 3D
tomography have anomaly variation of Vp and Vs in north Sumatra, south Sumatra and west
Sumatra that have negative anomaly and there is triplication effect with deviation for P wave and S
wave in Mentawai and Nias Island.

1. INTRODUCTION
Three tectonic plates; Indo-Australia plate, Pasific plate and Eurasia continent plate will formed earthquake trace and
volcanism trace that have major impact on spread distribution of earthquake in Indonesia[1]. Tectonic earthquakes need
more detailed study because it has big influence of damage. Seismic method that has been used by several researchers
to show the subsurface structure of the earth, tried to be applied in the area of Sumatra. Seismic tomography is a
method of 3D local model development on a subsurface structure using seismic wave [2]. Segmentation research
microplate Sumatra that has been done by several researchers previously shown that the possibility of a more detailed
division of tectonic segments which further contribute to the distribution of seismic areas [3]. In the science of
seismology, seismic methods are usually used to get a picture of the earth's surface form seismic waves. Seismic
tomography consists of two modeling process, that is forward (forward modeling) and inverse (inverse modeling). In
this study the authors used inverse modeling to obtain the velocity distribution in subsurface of rock structures. Objects
in this study are earthquakes in Sumatra that has been recorded by the earthquake monitoring stations, further
processing using tomography inversion Local Earthquake Tomography (LET) Lotos-12 was created and developed by
Koulakov (2009) with a consideration of inversion produce in Vp-Vp/Vs, a data structure more simple and have
detailed explanations then it can have correlation with existing geological data.

2. METHODS
2.1 Chemicals
Chemicals in this study is openssl-0.9.8k_win64 for clicking encript earthquake catalog data from WebDC,
JrdseedVer0.10.1 to transform seismic data format from *seed format into *SAC format, seisgram2k60 to pick P-wave
arrival times and S-wave arrival time, Hypo71 to relocate earthquake hypocenter which 3 types of input files are
needed. They are .INP file, .PRT file and .PUN file. .INP file which contains the station data includes the name of the
station, the location of the station and earth velocity model for the island of Sumatra, .PRT files which is the output file
and .PUN files which is punched files. Arcviewgis to describe the position of before and after relocation. Lotos-12 for
inversion tomography. Lotos-12 to tomography analysis.
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2.2 Procedures
Processing data methods are earthquake hypocenter determination using hypo71 software (Single Event Determination),
3D velocity distribution that consists of location of 3D model determining using ray tracing algorithms, grid
parameterization and inversion using LSQR method. Objects in this study are 71 earthquakes that happened in Sumatra
Island, which has been recorded by 35 earthquakes monitoring stations with magnitude 4.7 SR, and then it will be
processed by using a tomographic inversion Local Earthquake Tomography LOTOS-12 that has been developed by
Koulakov.

3. RESULTS AND DISCUSSION
There is anomaly variation of Vp and Vs around north of Sumatra, south of Sumatra and west of Sumatra that tend
have negative anomaly with maximum velocity deviation and have good resolution for P-wave and S-wave. This
negative anomaly located in Mentawai and Nias Islands. It caused by there is some faults type in that region, such as
Andaman fault, Batee fault, and Mentawai fault. Vp in upper crust about 6.525 km/s and Vs about 4.064 km/s, Vp in
lower crust about 7.230 km/s and Vs about 4.269 km/s. Vp in upper mantle 7.935 km/s and Vs about 4.679 km/s. The
minimum ratio of Vp/Vs is 1.695 and maximum ratio of Vp/Vs is 1.899. High Vp/Vs associated with cracks in rocks
containing fluid and high levels of water saturation. Absolute velocity anomaly P-wave and S- wave on the vertical
incision showed that the characters in the propagation of P-wave and S- wave there is little difference where the P-wave
character is able to spread in all mediums while character S-waves are not able to spread the fluid medium. However in
general the resulting cross section shows the similarity structure of rocks beneath Sumatra , this can be seen in the
resulting image. In the case of this study, Sumatra is estimated that there are several layers of upper crust at a depth of
about 0 km to 25 km , the bottom crust at a depth of about 25 km to 45 km and upper mantle at depths of more than 45
km (in this study the maximum depth is 130 km ). If seen in the figure, most of the earthquake accumulated in the
southern part of Sumatra because there are subduction zone, where the Australian plate and the Eurasian plate
subducting Australian plate subducting toward the Sunda plate. Some earthquake had accumulated in the northern part
of Sumatra because there are subduction of India towards the Eurasian plate, the Australian plate subducting plate
toward the Sunda plate.

a

b

c

d

e

f
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Figure 1 a, b is distribution anomaly P and S in horizontal, c is cross section, d, e, f is distribution anomaly
P and S in vertical, g, h is P and S absolute velocity, i is Vp/Vs ratio in horizontal, j is Vp/Vs ratio in
vertical

Figure 2 3D relocation hypocenter of Sumatra
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4. CONCLUSIONS
Amount of event earthquakes after inversion and parameterization is 50 events with a number of picking as much as
621 P-wave and S- wave picking, Vp in upper crust about 6.525 km/s and Vs about 4.064 km/s, Vp in lower crust about
7.230 km/s and Vs about 4.269 km/s. Vp in upper mantle 7.935 km/s and Vs about 4.679 km/s. The minimum ratio of
Vp/Vs is 1.695 and maximum ratio of Vp/Vs is 1.899. In 3D image obtained by the variation of Vp and Vs anomalies
around the northern part of Sumatra, South Sumatra and West Sumatra, which have a negative anomaly with a
maximum speed deviation for P-wave and S-wave contained in the Mentawai and Nias Islands, because in that area
there are several types of faults such as Andaman fault, Batee fault and Mentawai Batee.
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Abstract – Artisanal mining activity in the Talawaan-Tatelu region, North Sulawesi Province, has
lasted quite a long time since 1998. This mine applying the technique of amalgamation firstly, and
furthermore combined with cyanidation techniques. The waste of mine which containing high
mercury immediately thrown away without any prior processing. This waste entering the water
body of small rivers around it. This study aims to assess the effect of amalgamation and
cyanidation unit existence toward the level of bioaccumulation of mercury in Diplazium
esculentum that grow on the riverbank of the small river. Samples of water, sediment, and D.
esculentum has been taken as judgmental sampling on seven points along a small river close to the
amalgamation and cyanidation units as many as four temporal replications (weekly). Mercury
content in the samples was determined by the method of CVAFS (Cold Vapor Atomic
Fluorescence Spectrometry). The level of mercury bioaccumulation in D. esculentum was
calculated using bioconcentration factor (BCF, the ratio of chemicals in plants and water) and
bioaccumulation factor (BAF, the ratio of chemicals in plants and sediments). The data of mercury
BCF of D. esculentum are difference between stations, while there are no difference for mercury
BAF. Both mercury BCF and BAF in D. esculentum are varied between four temporal. Total mean
(± SE) of BCF i.e., 0.4413 ± 0.1357, while BAF i.e., 11,619.44 ± 2,426.96.

1. INTRODUCTION
The mining of Talawaan-Tatelu is a traditional gold mine located in two districts (Talawaan and Dimembe), North
Minahasa Regency, North Sulawesi Province, which is managed by the people since 1998. Prior managed by the
people, the mining was managed by Australia company, Aurora Mining Co. (hereinafter known as Archipelago
Resources Pty. Ltd.). The mining in this area originally used amalgamation and then combined with cyanidation
techniques [1]. Mercury which is used in the amalgamation technique in this mine is high. Worse yet, the use of
mercury haphazardly done without notice the environment conservation [2]-[3]. The waste of mine containing mercury
in high concentrations is directly channeled into small rivers and empties into the Talawaan River without processed
first [4]. This mining area is quite close to township residents [5]. Residents around Talawaan River often use the water
for bathing and washing [6].
One way that often used in remediate polluted environment is to involve the ability of plants to absorb toxicant from
the environment (phytoremediation). There are many plants that able to accumulate contaminants such as heavy metals
in high concentrations, known as hiperaccumulator plants [7]. The ability of plants to accumulate heavy metals from
the surrounding environment can be determined by the bioconcentration factor (BCF, the ratio of chemical compounds
in plants and water) and bioaccumulation factor (BAF, the ratio of chemical compounds in plants and sediment or soil)
[8]. This study aims to assess the effect of amalgamation and cyanidation unit existence toward the level of
bioaccumulation of mercury in Diplazium esculentum that grow on the riverbank of the small river.

2. METHODS
2.1 Research Design
This study was used a randomized block design with independent variables are the spatial and temporal factors. Spatial
factors consist of seven groups of sampling stations, each group taken four times as temporal replicates with a span of
four days. The dependent variable in this study was the bioconcentration factor (BFC) and bioaccumulation factor
(BAF) of mercury by D. esculentum plants. The BCF is calculated based on the ratio of mercury in plants and water,
while BAF based on the ratio of mercury in plants and sediments. The location of the seven sampling sites can be seen
in Figure 1. Samples of water, sediment, and plants taken by judgmental sampling [9].

116

Figure 1 A: Research location in the map of North Sulawesi, B: Seven spatial sampling station.
Description of the location of the seven stations for judgmental sampling consideration are presented below:
 1st station: upstream of small river, 6 units of amalgamation and cyanidation in radius of 500 m;
 2nd station: downstream side of 1st station (13,5 m), 3 units of amalgamation in radius of 25 m;
 3rd station: downstream side of 2nd station (14,6 m);
 4th station: downstream side of 3rd station (40 m);
 5th station: downstream side of 4th station (450 m), 1 unit of cyanidation in radius of 100 m;
 6th station: downstream side of 5th station (1 km); and
 7th station: downstream side of 6th station (250 m).

2.2 Mercury Determination
Determination of heavy metals in water, sediment, and plants carried out by a testing laboratory, Water Laboratory
Nusantara (WLN, PT. Water Laboratory Nusantara Indonesian, www.wln.co.id). This laboratory has been accredited as
a testing laboratory by the National Accreditation Committee (KAN) with registration number: LP-433-IDN. For the
determination of mercury (Hg) dissolved in water samples were used Cold Vapor Atomic Fluorescence Spectrometry
(CVAFS, USEPA-245.7, 2005) method, while in sediments and plants were used the reference method modified by the
Water Laboratory Nusantara (WLN-ML-WI -01).

2.3 Data Analysis
The data of BCF and BAF were analyzed using nonparametric statistics (Friedman test, α 5%) [10].

3. RESULTS AND DISCUSSION
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Figure 2 Mean of: A) BCF of seven sampling station; B) BCF of four temporal replication; C) BAF of
seven sampling station; and D) BAF of four temporal replication.
In general, the obtained results show different patterns between BCF and BAF, which BCF tended to decline from the
1st station to the 7th station (Fig. 2A), whereas BAF inclined upward (Fig. 2C). Furthermore, BCF (Fig. 2B) and BAF
(Fig. 2D) tend to fluctuate against temporal factors. The total mean (± SE) of BCF i.e., (11.62 ± 2:43) x 103; while BAF
i.e., (441.31 ± 135.66) x 10-3. Based on the results of Friedman test (α 5%), BCF of seven sampling stations are
different one and another (P value 0.042 < α 0.05) as ranked (Table 1), while the BAF are not differ (P value 0.068 < α
0.05).
Table 1 Mean rank of BCF and BAF based on sampling station
Sampling station
1st
2nd
3rd
4th
5th
6th
7th

BCF
6.25
5.25
4.75
3.50
4.00
2.75
1.50

BAF
1.63
3.38
3.50
3.25
5.50
4.75
6.00

Table 2 Friedman test (5%) of BCF and BAF
Test statistic
N
Chi-square
df
Asymp. Sif.

BCF
4
13.071
6
0.042
< 0.05
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BAF
4
11.758
6
0.068
> 0.05

Average value of total mercury BCF by D. esculentum grew up in the riverbanks of the small river near the
amalgamation and cyanidation unit is 11.62 x 10 3. This fact implies that under the conditions of the environment around
the mine these plants have the ability to absorb 1 kg of mercury from 11.62 kL of water. Furthermore, the mean value of
the total BAF is 0441, means that from 1 kg of mercury in sediment, the portion of 0441 kg can be absorbed by the
plant.
Friedman test results shows that there is the difference in BCF ranks of the seven sampling stations (Table 1) but no for
the BAF, implies that the existence of amalgamation and cyanidation unit at the mine site can affect the ability of D.
esculentum in accumulating mercury from water. Allegedly, the use of cyanide in gold processing plays a role in
increasing the ability of this plant to accumulate mercury, because the ability of cyanide as chelating agents of heavy
metals. The existence of a chelating agent can increase the solubility of the metal [11]-[12].

4. CONCLUSION
The existence of amalgamation and cyanidation unit at Talawaan-Tatelu mining plays a role in increasing the value of
mercury BCF by D. esculentum but does not for BAF value.
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Abstract – This study is to determine the subsurface structure around the area Gambar Wetan
temple using resistivity method. Resistivity method is one of the geophysical method that utilizes
the electrical properties of layers of rocks and minerals of the earth that can be detected in surface.
One type of geoelectric method is a method of geoelectric resistivity. This study aims to
determine the spread and depth of rock appointing up the temple on the sites Gambar Wetan
temple and as an information source for archaeological discovery of ancient objects buried in the
ground. Resistivity values are used to determine the constituent rock temple is the resistivity
value andesite. Data processing used RES2DINV software version 3.4 to display the data
inversion models. Resistivity inversion results obtained are very high value on the site temple
Gambar Wetan is very large resistivity anomaly big on track 3 which has a resistivity range
10.805-160.000 Ωm as andesite rock constituent allegedly part of the temple buried by the
eruption of Mount Kelud. Anomalous resistivity value is very low compared to the five tracks are
on track 5 which has a range of 1.779 to 7.000 Ωm resistivity as andesite. Spreading rock temple
with a large dimension are on the path toward the 5th page of the temple toward the east to
Gambar Wetan interpreted as a constituent part of the location of the main temple building.

1. INTRODUCTION
The building of the temple as part of the cultural life and witness history in the past wisdom is found in many areas of
Java and Bali. The temple can be arch-shaped building roofed and not roofed. The historic building is basically contain
cultural and religious values. As an example, namely the temple of Borobudur, Prambanan and several other major
temples. The government in this case the BPCP Trowulan Mojokerto working in the field of undertaking various
efforts to locate the site of the temple. Conservation efforts in the form of restoration without wasting historical values
such as Borobudur temple, Plaosan, Prambanan and so on. Many historical relics such as temples that have been found.
There are a lot of other temple sites that have not been discovered.
Excavation process of Gambar Wetan temple have a wide variety of constraints in terms of excavation at the site which
is hard, difficult research conditions in the determination dig box, so it is necessary to other disciplines to estimate the
distribution of rocks making up these ancient objects. Most of the area around the Gambar Wetan temple is an igneous
rock andesite. Efforts to rescue the site must first pay attention to important issues related to the effectiveness and
efficiency, the lack of information about the existence of the distribution of rock making up the temple buried in the
soil is the basis of this research needs to be done. One role of geophysics is to estimate the spread of archaeological
objects that are still hidden. Therefore, it needs to be measured by the method of mapping subsurface around the
suspected area are the remaining buildings of the temple so that the excavation process can be carried out without
causing damage and obtained significant results and efficient. Temple site Gambar Wetan an object studied using
resistivity method. In this context, the geophysical methods can help determine the presence and distribution of stone
temples that are still hidden based on differences in physical properties of rocks making up the temple of the
surrounding sandstone. Utilization of the method is expected to improve the effectiveness and efficiency of the
excavation and restoration efforts of a temple.
Application method of geoelectric resistivity has come to the field of archeology, archaeological objects in location
tracking discovery becomes easier and efficient with resisitivitas method. Resistivity method is one of the geoelectric
method that can be used to track the presence of archaeological sites in the past so that the excavation process does not
take a lot of cost and time. This method illustrates the difference in the value of the resistivity of the target rock with
environment.

2. METHODS
2.1 Research Location
The research was implemented in the temple Image Wetan, Sumberasri Village, District Nglegok, Blitar, East Java.
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Geographically, the study area is located at S070 58,084’ E1120 14,289 until S070 58,080’ E1120 14,351. When the
study is on 20-23 December 2014. The equipment used in this experiment is set Geolistrik resistivity consisting of
Geolistrik Digital, Cable roll 4 pieces, some iron stakes and ruler 100 m. Location of the study described in the program
GoogleEart as shown in figure (1) the following:

Figure 1 Regional Research Sites of Gambar Wetan Temple

2.2 Procedures
Stages of data acquisition is done by the method of Wenner configuration. The principle is to provide a voltage to the
electrodes P1 and P2, causing current to C1 and C2 so voltage and current applied, the resistance value will be obtained.
The ratio of the distance between the electrodes, the schematic position and measurements of voltage and current at the
electrode for Wenner configuration can be seen in the figure (3) below:

I
V

Figure 2 Schematic Arrangement Wenner Electrode Configuration
Apparent resistivity values obtained at the data collection stage. Therefore, it remains to be processed to become actual
resistivity values (true resistivity). Software used to change the apparent resistivity values into actual resistivity values
are RES2DINV software. Stages of data processing are as follows:
1. The calculation of the geometry factor (K) refers to the equation,

K w  2a

2. The calculation of the resistivity (ρ) of the measurement refers to the equation,

s  K

V
I

3. Change the measurement data format (Excel format into a format Notepad) in accordance with the applicable
procedures.
4. Inversion with RES2DINV software to obtain subsurface resistivity contour.
Field measurement data obtained serve as input to the software RES2DINV. The content contained in the subsurface
structure of the diinterpretsikan based color image depicting the resistivity distribution in the subsurface. The process of
data interpretation is done by looking at the characteristics of resistivity obtained from the modeling of software
RES2DINV based on a conversion table resistivity value of some types of rock. To support the interpretation that the
maximum resistivity data processing results correlated with data from excavation excavations at the site of the research
that has been done before.

3. RESULTS AND DISCUSSION
The data inversion results using software RES2DINV get contour display two-dimensional resistivity of the subsurface
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soil layer structure in the study area. Based on data processing using software version 3.4 RES2DINV obtained display
several variables: path length (m), the range of depth (m) and the value of the resistivity of materials / rock (Ωm) are
distinguished by different color for each type of material material / rock contained below the surface. Results inversion
of the 5 track is described as follows:

Figure 3 Contour Resistivity Inversion Model On Track 1

Figure 4 Contour Resistivity Inversion Model On Track 2

Figure 5 Contour Resistivity Inversion Model On Track 3

Figure 6 Contour Resistivity Inversion Model On Track 4

Figure 7 Contour Resistivity Inversion Model On Track 5
Based on the results of data processing and matching of two-dimensional cross section is interpreted that the Based on
the results of data processing and matching of two-dimensional cross section is interpreted that the identification of the
distribution of rock making up the temple Wetan Pictures are very large resistivity anomaly big on track 3 which has a
resistivity range 10.805-160. 000 Ωm (andesite) suspected archaeological objects as constituent rock temple buried due
to the eruption Kelud. Very low resistivity anomaly compared from the fifth track is on track 5 which has a range of
1.779 to 7.000 Ωm resistivity (andesite). Resistivity anomaly is imaged in red and purple. This is consistent with the
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theory that andesite has a higher resistivity value with its environment, approximately 170 to 450,000 Ωm. (Telford and
Sheriff, 1990). Team Heritage Preservation Hall East Java stated that the eastward that location is the main building of
the temple by the exposure and outcome initial excavation at the site of the temple Gambar Wetan.
Apparent resistivity is influenced by the type of rock that is under the surface. If the rock is hollow so small resistivity
value, whereas if the rock is more compact then the resistivity value will be greater. More compact rock will be more
difficult than the current drain rock hollow. Resistivity with depth can not be obtained directly relationships, because
they depend on the type of rock that contained beneath its surface. The relationship between a distance or the distance
between the electrodes of the depth can be seen in the results of the above inversion. From these results can be taken the
interpretation that the spacing a, the depth of which can be measured even deeper. Depth obtained is influenced by the
geometry factor, for Wenner configuration value geometry factor worth 2  a.

4. CONCLUSIONS
From the data analysis and discussion of conclusions can be drawn as follows, Prediction of rock making up the temple
can be influenced by processes at the surface. Process water content, temperature, porosity, which has a major influence
on the resistivity value in estimating andesite as a constituent constituent temple. Spread the rock temple with a large
dimension contained in the direction of the track 5 to the east of the temple courtyard Gambar Wetan interpreted as
constituent parts of the location of the main temple building.
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Abstract – Mosquitoes are still become source/vector of some diseases in beach area of Lombok
Island. Elimination can be done with some methods, however the use of bacteria as biopesticide is
environmentally friendly. One species have been used intensively is Bacillus sphaericus, that has
ability to kill Culex and Anopheles larvae. Until recently, there are minimal or no data available
regarding indigenous species of this bacteria that can be used to kill local strain mosquito larvae.
The aims of this research were to isolate Bacillus sphaericus from beach areas around Lombok
Island and to test their ability to kill mosquito larvae. Sampling was done at 20 points, determined
by the existence of village (kampung) and river or mangrove pool near beach (presumably
mosquito breeding habitat). Soil and sediment from those places were collected and stored in a
cool place until used. In laboratory, soil and sediment were heated to 80 oC for 30 minutes, then
spread onto NYSM solid medium. Incubation was done at 30 oC for 2x24 hours. Colonies grown
were checked for Gram positive, rod cell with terminal and swollen endospore. Colonies with
those morphological characters were tested on starch hydrolysis (should be negative), nitrate
reduction (should be negative) and catalase activity (should be positive). Positive isolates were
then cultured in NYSM liquid medium, incubated at 30 oC, 120 rpm shaking for 7x24 hours. The
culture in 10% v/v concentration then were used for bioassay against Culex larvae. Molecular
identification using 16s rDNA was done to confirm initial conventional identification. Seven
isolates of B. sphaericus (namely isolates A341, C25, E15, S891, S892, U236, and U313) were
collected from determined areas, which were shown morphological and biochemical characters as
mentioned above. Molecular identification was confirmed the species. Bioassay against Culex
larvae were shown very low toxicity, ranging from 5 % - 10 %. The low toxicity was due to their
genetic characters and/or unsuitable grow medium. Phylogenetic analysis showed these isolates
were clustered differently from known B. sphaericus (ATCC and toxic isolates). This indicated
that B. sphaericus isolated from Lombok Island are from different strain.

1. INTRODUCTION
Some important diseases are transmitted by mosquitoes, such as: malaria, dengue, filariasis and West Nile virus. Nearly
700 million people get a mosquito borne illness each year resulting in greater than one million deaths [1]. That is why,
mosquitoes should be controlled.
Larvae killing is one of integrated mosquito control procedures besides habitat modification and adult mosquito killing.
This can be done using synthetic larviside and/or biological agents such as fish and microbes. The using of B.
thuringiensis and B. sphaericus as biological agent to kill mosquito larvae is practiced worlwide for years [2]. Some
strains of B. sphaericus documented for its potential of killing mosquito larvae and safety in using it. Some countries
use B. sphaericus (in form of commercial product) altogether with other procedures to reduce mosquitoes [3].
However, there is very little information concerning B. sphaericus originated from Indonesia, especially from Lombok
region and its potential in killing mosquito larvae. Therefore, it is needed to explore the existence of this bacteria and
its entopathogenic characters, as a base to develop potential biological agent to be used in integrated mosquito control
approach.
The aims of this research are to isolate B. spahericus from soil/sediment on beach area around Lombok Island, to
measure toxicity B. spahericus isolated against 3rd instar Culex larvae, and to characterize of B. sphaericus isolated
based on biochemical feature, physiological features and molecular identification.
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2. METHODS
Twenty locations are determined for soil sampling points from the existence of places having village and pool/river
(predictably of a breeding habitat of mosquitoes) near beach area around Lombok Island. Soil (from 10 cm deep) were
collected using clean spoon and placed on sterile plastic bottle. The soil was resuspended using physiological saline
solution. Heat shock on soil suspension was done at 80 oC for 30 minutes and after that 100 uL of mixtures were spread
onto NYSM solid medium (consisting of Nutrien Agar supplemented with 5 g/L yeast extract, 203 mg/L MgCl 2, 10
mg/L MnCl2 and 103 mg/L CaCl2 [4]. The cultures then incubated at 30 oC for 2-3 days. All colonies grown were then
stained using Gram staining, searching for Gram positive rod that shows rounded terminal endospore. Colonies showing
this character were purified onto new NYSM agar using streak plate technique. Purified colonies are then subjected
onto preliminary identification test, ie. starch hydrolysis, nitrate reduction and catalase activity test. Suspected B.
sphaericus shows negative result in starch hydrolysis and nitrate reduction test; while positive result is seen in catalase
activity test [5].. Colonies with these characters then subjected onto next test and also stored at 5 oC in slant agar as
stocks.
The toxicity test is done using B. sphaericus isolates that grown 3x24 hours at 30 oC in NYSM broth medium based on
Dulmage et al. [6]. Twenty 3rd instar Culex larvae are prepared in petri dish filled with 180 mL sterile aquadest.
Twenty mililiters of suspected B. sphaericus in liquid medium then added to the petri dish, making 200 mL testing dish.
Negative control used are aquadest-only and 10% (v/v) culture medium (without bacteria) testing dish.
Molecular identification of potential B. sphaericus isolates is done in following procedures. B. sphaericus isolates are
grown 3x24 hours at 30 oC in LB (Luria Bertani) broth medium. The cultures were then spun at 3000 rpm for 15
minutes at 4 oC. Pellet was collected then subjected to DNA extraction procedure. Bacterial DNA is then amplified
using specific primer pair for 16s rDNA (27F: 5′-AGA GTT TGA TCM TGG CTC AG-3′; and 1492R: 5′-GGT TAC
CTT GTT ACG ACT T-3′) [7]. The Amplification parameter was as follows. Early denaturation is done at 95 oC for 3
minutes; denaturation at 95 oC for 20 seconds, primer annealing at 55 oC 50 seconds, elongation at 72 oC for 90 seconds
(this is done in 35 cycles); and closed by final elongation on 72 oC for 5 minutes. The result were purified for
sequencing procedure. The Sequences of 16s rDNA is analyzed using BLAST (blast.ncbi.nlm.nih.gov) for bacterial
sequence similarity/identity and phylogenetic tree is based on 16s rDNA sequences then constructed using MEGA v5
software [8]. Phylogenetic tree will be constructed between sequences from B. sphaericus isolated in this research and
sequence from B. sphaericus published in Gene Bank Library (www.ncbi.nlm.nih.gov/genbank/).

3. RESULTS AND DISCUSSION
From soil/sediment taken from selected location can be isolated 7 isolates, which showed characters of B. sphaericus.
Colony and cell morphology are presented below.

Figure 1 Colony and cell morphology of B. sphaericus isolate found around beach area of Lombok Island
Colony morphology was circular in form, raised in elevation, entire in margin and showing white-creamy colour.
Colony was shown after 2 days incubation at 30 oC. The cell was positive in Gram staining. Structure of terminal
edospore was shown after 3-4 days incubation. Cellular and biochemical characters are presented as follows.

125

Table 2 Cell morphology and biochemical characters of B. sphaericus isolates found around beach area of
Lombok Island
Isolat
A341

Gram
Cell form
L x W (um)
Aerobicity
Endospore
Endosp. Postn.

Isolat
Isolat
S891
S892
Positive
Rod
3.25 - 4.5 x 0.75-1.00 um
Strictly aerobic
Positive, swollen
Terminal

Characters

Isolat
C25

Isolat
E15

Starch Hydrolisis

Negative

Nitrate Reduction

Negative

Carbohidrate
Utilization

Negative

Catalase activity

Positive

Isolat
U236

Isolat
T212

The characters mentioned above agreed with characters mentioned in Bergey's Manual of Determinative Bacteriology
[5].
These isolates were grown from these locations (presented below). The characters of location are: never flooded with
seawater (in high tide or as a pool/salt dam), rich in organic matters (fallen leaves, branch, etc), shaded under canopy of
tree (small or big tree), never lit directly by the sun, and never touched by human activity (garden or plantation). It was
very difficult in Lombok beach area to get areas with those characters, as it is dominated with sand, rock and dry land.
The result would have been different if the search is continued in the middle of the island, where some forest still exist.

Figure 3 Location (tagged) of positive isolates of B. sphaericus at beach area around Lombok Island
The result of toxicity test of B. sphaericus against Culex larvae is presented below.

Percentage of Larval Death

12.00
10.00
8.00
Day 0

6.00

Day 1
Day 2

4.00

Day 3
2.00
0.00
U236

U313

S891

S892

T212

A341

C25

E15

B. sphaericus Isolates

Figure 4 Toxicity test of isolated B. sphaericus against Culex larvae.
This value was very low if compared to known toxic B. sphaericus reported elsewhere [3]. This could caused by genetic
attribute of the isolates (they were of mid-toxic strain) and/or protein toxin was not well induced during grow. Thus, this
still need further exploration.
Molecular identification by BLAST confirmed that all isolates were of B. sphaericus. However, phylogenetic tree
constructed from 16s rDNA sequences showed different cluster between isolated bacterium and known B. sphaericus
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stored in NCBI. The phylogenetic tree is presented here.
Bacillus sphaericus strain C3-41
Bacillus sphaericus strain 2362
Bacillus sphaericus strain IAB763
Bacillus sphaericus strain IAB769
Bacillus sphaericus strain IAB872
Bacillus sphaericus strain IAB881
Bacillus sphaericus strain KellenQ
Bacillus sphaericus strain SSII-1
Bacillus sphaericus strain IAB59
Bacillus sphaericus strain 2173
Bacillus sphaericus strain ATCC 14577
Isolat S891
Bacillus thuringiensis strain PLA
Isolat A341
Isolat U236
Isolat E15
Isolat C25
Isolat T212
Isolat S892
Bacillus megaterium strain A1-25c-21
Bacillus sphaericus strain 2314-2
Bacillus cereus strain 5YW6
Bacillus pumilus strain IARI-SL-6
0.5

Figure 5 Phylogenetic tree of isolated B. sphaericus from beach area of Lombok Island
All isolates were grouped differently from known B. sphaericus. Isolate S891 and A341 showed high similarity with
known B. sphaericus. Whereas isolates U236, E15, C25, T212 and S892 showed lower similarity with known B.
sphaericus. This indicated that isolate S891 and A341 were B. sphaericus. Isolates U236, E15, C25, T212, and S892
were likely of different strain of B. sphaericus or of different species closely related to B. sphaericus.
B. sphaericus is widely used in mosquito larvae control in some countries. This bacteria can control Culex and
Anopheles mosquito larvae, especially on area surrounded by waters (pool, lake, etc). The use of the bacteria is to
accompany other approaches applying chemical substances such as IGR (Insect Growth Hormone) and organophospate
compounds [2].
Toxicity of B. sphaericus is determined by two groups of genes. First group, Bin/Btx gene expressed in sporulating
stage as binnary protein (51 and 42 kDa) is the most toxic protein. This protein can cause receptor-specific leakage on
larvae's brush border in its midgut. Second group, Mtx gene or mosquitocidal toxin (100, 32 and 36 kDa) expressed in
non-sporulating stage. This protein has low toxicity. These two groups of protein (together or individually) will result in
larvae death [9].
In all area of the world, not all B. sphaericus strain has these two groups of toxin protein. Strains with binnary toxin
and/or mtx toxin, show medium high toxicity to mosquito larvae. Strain with only mtx toxin or no toxin at all show
medium to low toxicity [3].
This results presented here was small part of long and laborious research to find the local/indigenous strain of B.
sphaericus from Lombok Island. The potential bacterium can be used in integrated mosquito management against
mosquitoes in Lombok Island to accompany and control the use of chemical compounds in the field.

4. CONCLUSIONS
In this work, 7 entopathogenic bacteria isolates had been collected from soil on locations near beach around Lombok
Island, Indonesia. All isolates showed B. sphaericus characters mentioned in Bergey's Manual of Determinative
Bacteriology. Toxicity values of those isolates were below 10%, far lower than known isolates ever reported. Molecular
identification confirmed that all isolates were of B. sphaericus. Isolates S891 and A341 showed high similarity to
known strains of B. sphaericus, whereas Isolates U236, E15, C25, T212, and S892 showed lower similarity to known B.
sphaericus strains. These were likely of different strain of B. sphaericus or of different species closely related to B.
sphaericus.
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Abstract – The aims of this research were to obtain non polar (n-hexane) extract fraction from key
lime (Citrus aurantifolia) and kaffir lime (Citrus hystrix) leaf which has effectiveness as
biolarvicide. This research was an experimental research with a Completely Randomized Design
(CRD). Non polar extract fraction of Citrus aurantifolia and Citrus hystrix tested with
concentrations of 0 ppm, 500 ppm, 1375 ppm, 2250 ppm, 3125 ppm, and 4000 ppm against the 3 rd
instar larvae of Aedes aegypti. Every concentration was replicated five times. The number of
Aedes aegypti larvae mortality was calculated after 24 hours of treatment. Then, data of the dead
larvae were analyzed by probit. The results showed that non polar extract fraction from Citrus
aurantifolia has more toxic and effectiveness as biolarvicide with LC90 = 1,511 ppm compared
with Citrus hystrix which has LC90 = 2,885 ppm.

1. INTRODUCTION
Dengue haemorrhagic fever (DHF) is one of the global health problems in tropical area and an endemic disease in more
than 110 countries in the world [1]. Approximately 2.5 billion people live in endemic countries [2] and Indonesia is one
of the largest countries in the dengue endemic region [3]. On 2010, Indonesia became the first ranked country in
ASEAN by the highest number of cases in DHF and hyperendemic predicate [4].
DHF is caused by dengue virus and is contagious to human through Aedes aegypti [5]. The main causes of DHF
epidemic are uncontrollable reproduction and dispersal of Aedes aegypti as the disease vector [6]. Disease vector
controlling is currently prioritized as the means to prevent cases of DHF because the vaccines and effective antivirus
have not been available yet. The most effective and efficient means to controlling the disease vector is by eradication
while it is in larval stage [5].
The chemical mostly used for controlling Aedes aegypti larvae is temephos [7]. But recent researches reported that
Aedes aegypti larvae has become resistant to temephos in some countries [8, 9], include Indonesia [7]. Exposition to
synthetic chemical contents of temephos in long term may cause cancer [10] and also hazardous for environment [11].
This situation brings up researches regarding safer disease vector controlling for human and environment, especially
regarding biolarvicides using plants as its main component [12]. Secondary metabolite compounds from plants may be
potential as biolarvicide for mosquitoes, thereby this topic requires further investigation [13].
Citrus is one of the plants which have high economic value and popular [14]. The leaf of Citrus contain chemical
compounds which have roles as secondary metabolites such as essential oil, flavonoid, saponin, steroid, and terpenoid
[15, 16]. These compounds are toxic to mosquito larvae [12].
The leaf of Citrus are expected to be future alternative larvicide which is safer for human and environmentally friendly.
The aims of this research were to obtain non polar (n-hexane) extract fraction from Citrus aurantifolia and Citrus
hystrix leaf which has effectiveness as biolarvicide for 3rd instar larvae of Aedes aegypti through value of lethal
concentration 90% or LC90.

2. METHODS
2.1 Materials
Plant materials as follows: Citrus aurantifolia and Citrus hystrix leaf. Chemicals: n-hexane, distilled water, and Tween
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20. Materials for larvae colonization: Aedes aegypti eggs, catfish food, and mineral water.

2.2 Instruments
Instruments for making the extract, such as glass jar, erlenmeyer flask, glass funnel, filter paper, aluminium foil, and
rotary evaporator. Instruments for colonizing the larvae, such as plastic pan and plastic pipette with large end.
Biological test instrument, as follows analytical balance, measuring glass, plastic glass, glass stirrer, and hand counter.

2.3 Procedurs
This research was conducted in four stages, the first being collection and making of Citrus aurantifolia and Citrus
hystrix powdered leaf, the second is making leaf extract, the third is colonization of test mosquito larvae, the fourth is
biological testing. This research is a laboratory experiment with Completely Randomized Design (CRD) in Terpadu
Laboratory of Faculty of Science and Technology Airlangga University. One kilogram of Citrus aurantifolia powdered
leaf and one kilogram of Citrus hystrix powdered leaf were macerated with solvent n-hexane. After a week, the
macerates are filtered and evaporated using rotary evaporator. In this research, the fixed concentrations used are 0, 500,
1375, 2250, 3125, and 4000 ppm with each concentration replicated five times. Then the Citrus aurantifolia and Citrus
hystrix leaf were made into solutions according to said concentrations. The acquired condensed extract were weighed
(mg) as needed, then it was given 5 drops of Tween 20 before being diluted by distilled water. Besides, the control
group also used distilled water added with 5 drops of Tween 20. The volume of each extracts was measured 100 ml.
Then 20 of 3rd instar larvae of Aedes aegypti were placed inside each glasses. Then the exposure was conducted for 24
hours, and the dead mosquito larvae were counted and noted. The mortality data of 3 rd instar larvae of Aedes aegypti
then analyzed by SPSS 16.0 software using probit analysis for seeking LC 90 value.

3. RESULTS AND DISCUSSION
The results of biolarvicide activity testing from non polar extract fraction of Citrus aurantifolia and Citrus hystrix leaf
were analyzed by probit analysis using SPSS 16.0 software. The value of lethal concentration 90% (LC90) from non
polar extract fraction of Citrus aurantifolia leaf for 3rd instar larvae of Aedes aegypti has LC90 = 1,511 ppm and non
polar extract fraction of Citrus hystrix leaf has LC90 = 2,885 ppm. In the control group (without giving an extract) which
shows the percentage of mortality is 0%, means that the larvae mortality only affected by the extract.
Table 1 Interval of LC from Non Polar Extract Fraction of Citrus aurantifolia and Citrus hystrix Leaf
Non Polar Extract Fraction

LC90 (ppm)

Upper Bound (ppm)

Lower Bound (ppm)

Citrus aurantifolia

1,511

1,433

2,623

Citrus hystrix

2,885

2,434

3,758

Table 1 indicates that the LC90 value of non polar extract fraction of Citrus aurantifolia leaf is situated on 1,433 to
2,623 ppm interval, while the LC90 value of non polar extract fraction of Citrus hystrix leaf is situated on 2,434 to 3,758
ppm interval. It means that if extract solution is made between those concentrations interval, that extract would be able
to kill 90% (LC90) 3rd instar larvae of Aedes aegypti.
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Figure 1 Graph Comparison of LC90 from Non Polar Extract Fraction of Citrus aurantifolia and Citrus hystrix
Leaf
Steroid, terpenoid, and alkaloid compounds found in n-hexane solvent fraction [17, 18, 19, 20]. Saponin can be attracted
by non polar solvent fraction [22]. Steroid compounds affect mosquito larvae growth and simultaneously cause
irritation to its digestion system, causing anxiety symptoms, and death [22]. Saponin compound can irritate the mucous
of tractus digestivus, damaging its cell membranes, decreasing their appetite therefore the mosquito larvae will starve to
death. Terpenoid compounds are potential as larvacidal, terpenoid compounds of group limonoid can cause loss of
organ coordination to Aedes aegypti larvae [23]. Alkaloid compounds may work as stomach poisoning. Therefore,
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alkaloid can impair Aedes aegypti larvae digestive system [24]. Essential oil functions as respiratory poison [22] and
flavonoid can penetrate the cuticula of Aedes aegypti larvae then damages their cell membrane [23]. The morphological
after treatment of the died larvae was change such as a darker body, look longer and stiffer also head nearly severed
[25].

4. CONCLUSIONS
Non polar extract fraction from Citrus aurantifolia has more toxic and effectiveness as biolarvicide with LC90 = 1,511
ppm compared with Citrus hystrix which has LC90 = 2,885 ppm.
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Abstract – Hydrogenation is a common reaction method used in adding hydrogen to the
corresponding active side of a molecule. This reaction is normally catalyzed by palladium on
carbon and selective for molecules which have double bond or α,β-unsaturated keton on its
structure. Pentagamavunon-0 (PGV-0) has α,β-unsaturated keton on its molecule structure. PGV-0
is an analog of curcumin that has a wide range of biological activities. PGV-0 is not a
commercially available compound but a patented compound of Faculty of Pharmacy, Gadjah
Mada University. Curcumin furthermore has a metabolite called as Tetrahydrocurcumin (THC).
Related to THC, PGV-0 also has a metabolite named as Tetrahydropentagamavunon-0 (THPGV0). The synthesis of THPGV-0 has been done by using palladium on carbon as catalyst. Because
this is not a cheap catalyst for hydrogenation, alternative catalysts are employed for this kind of
hydrogenation. This research is aimed to study qualitatively Iron Chloride, Aluminum Chloride
and Zinc Chloride as catalysts on the synthesis of THPGV-0. The reactions were performed at
room temperature at several different mole equivalent ratios of catalyst to PGV-0. According the
results which were visualized by Thin Layer Chromatography, the best catalyst used was iron
chloride and this iron chloride is also as good catalyst for the conversion to its side products.
Although this catalyst is not as good as palladium/carbon for this kind of synthesis, it can be stated
that when the optimal condition is found these catalysts could be used for hydrogenation reaction.

1. INTRODUCTION
Almost hundreds of curcumin analogs have been successfully synthesised in Faculty of Pharmacy, Gadjah Mada
University through Curcumin Research Center (CRC). Some of these curcumin analogs have been patented in
Indonesia [1] and US [2]. The biological activities of them have also been evaluated such as antibacterial, antifungi,
anti-inflammatory, antioxidant, and anticancer.
Some of the compounds are being developed to form their tetrahydroforms. The compounds are categorised as
curcumin metabolite analogs. In order to make the tetrahydroform, the common hydrogenation method was applied by
using appropriate palladium (Pd) or platinum (Pt) catalysts. These tetrahydrocurcumin analogs were successfully
synthesised by using palladium on carbon as catalyst at 10 mole % ratio like scheme 1 below. The first tetrahydroform
that has been successfully made is Tetrahydropentagamavunon-0 (THPGV-0).[3] Its biological activity has been
evaluated as well. [4] The identification of side products was carried by using spectroscopy method. [5]
This research is aimed to evaluate the rule of catalyst in the synthesis of THPGV-0 [6] whether the catalysts of FeCl3,
AlCl3 and ZnCl2 will improve the yield of PGV-0. The evaluation is done qualitatively by monitoring the reaction by
TLC method.

O
H3CO
HO

O
OCH3

1

OH

Pd/C, H2
MeOH, r. t., 2h

H3CO
HO

OCH3
2

Scheme 1 Synthesis of THPGV-0 by using Pd/C as catalyst
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2. METHODS
2.1 Chemicals
Pentagamavunon-0 (PGV-0) from Curcumin Research Center (CRC), made from vaniline and cyclopentanone
according to published method. [7] Catalyst : Iron Chloride (FeCl3), Aluminium Chloride (AlCl3) and Zinc Chloride
(ZnCl2). TLC plate, silica gel, hydrogen gas and organic solvents.

2.2 Procedures
Synthesis of Tetrahydropentagamavunon-0 (THPGV-0)
Pentagamavunon-0 (PGV-0) is not a commercially available compound. It was obtained from the Synthetic Organic
Chemistry Laboratory, Faculty of Pharmacy, Gadjah Mada University.
PGV-0 (250 mg; 0.701 mmol) was put in a small flask and added methanol (3 mL) and catalyst. The hydrogen gas
balloon was blown into the flask. The reaction mixture was stirring for 5 h. This is an autoindicator reaction. The
reaction was stop when the yellow solution changed into colourless solution. The catalyst then was filtered and the
solvent was evaporated. Flash column chromatography was carried out to isolate the products. The structure elucidation
is based on data on our earlier publication in 2013.[6]

O
H3CO

OCH3

catalysts
(mole ratio),
hydrogen gas H3CO

O
OCH3

MeOH, r.t., 2 h

HO
2
1
Scheme 2 Synthesis of THPGV-0 by using different catalysts and mole ratios

HO

OH

OH

Mole ratio of catalyst
The catalysts are Iron Chloride (FeCl3), Aluminium Chloride (AlCl3) and Zinc Chloride (ZnCl2).
Table 1 Mol equivalent of catalysts used
Experiment

Mol Eq

Catalyst (Mol)

FeCl3 (mg)

AlCl3 (mg)

ZnCl2 (mg)

I

1:1

0.71

115.19

94.70

96.79

II

1:2

1.42

230.39

189.40

193.57

III

1:3

2.13

345.58

284.09

290.36

IV

1:4

2.84

460.78

378.79

387.14

V

1:5

3.55

575.97

473.49

483.93

The amount of catalyst used is not in 10% mole as usual but in 1 to 5 mole equivalent to PGV-0’s (1 : 1, 1 : 2, 1 : 3, 1 :
4, and 1 : 5). The reaction condition used was the same as by using 10 mole % of FeCl 3, AlCl3 and ZnCl2.

3. RESULTS AND DISCUSSION
In our previous result, it is described that when the reaction was conducted at 10 mole % of catalyst, only Pd/C catalyst
that produced THPGV-0. No one of FeCl3, AlCl3 and ZnCl2 catalysts produce THPGV-0 but they produced other side
products like proven by TLC profile below. All these side products structures have been elucidated and the structures
are like in table below.
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Figure 1 (a) TLC profile of reaction moxture when 10 mol % catalyst used (FeCl3, AlCl3, ZnCl2), CHCl3 : EtOAc
= 1 : 5, Rf (brown spot = 0.93; blue spot (I) = 0.6; white spot (THPGV-0) = 0.53; yellow spot (PGV-0) = 0.36;
green spot (IV) = 0.26; grey spot (V) = 0.16 and (b) Structure of each product molecules
To prove whether the increasing of mole equivalent of each catalysts from 1 ; 1 to 1 : 5 will improve the yield of
products obtained before, the TLC profile of them are like below (Figure 2).
From this qualitative study, no one of these kinds of catalyst can produce THPGV-0 (the wanted product, spot A). But
by improving the mole equivalent of each catalyst from 1 ; 1 to 1 : 5, we found some interesting results. Compared to
figure 1 as figure of when 10 mole % catalyst used, from the top brown, blue, yellow and grey spots, here in figure 2 we
observed different more spot, purple and grey spot. When mole equivalent used is 1 : 1, by using FeCl 3 as catalyst, five
spots were observed (brown, blue, yellow, green, purple). These appearance is the same as when mole equivalent 1 : 2.
But when mole equivalent used 1 : 3, 1 : 4 and 1 : 5, the purple spot was observed. While by using AlCl3 as catalyst,
four spots were observed (brown, blue, yellow, green) when mole equivalent of catalyst is 1 : 1. The grey spot was
observed when mole equivalents of catalyst are 1 : 2, 1 : 3, 1 : 4 and 1 : 5. These profile are seen the same when ZnCl 2
as catalyst, but brown, blue, yellow, green and grey spots were observed at all mole equivalent ratios.
The structure of brown spot has not been elucidated yet, blue spot is compound 3, 1,3-bis-(4-hydroxy-3methoxy)benzylcyclopentane and yellow spot is PGV-0. Green is compound 4, grey is compound 5 and purple possibly
another diastereomer of these alcohol products. The yield of each known products except compound for brown spot was
calculated. Although the yield of each are still not good but the highest yield obtained is for compound 3 when FeCl3
was used as catalyst at ratio of mole equivalent was 1 : 2. Actually according to the amount collected, the brown spot
compound was the highest but because the structure is not determined yet, the yield is not calculated.
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Figure 2 TLC profile of reaction mixture of each mole equivalents. A = THPGV-0, B = Reaction mixture of FeCl3,
C = Reaction mixture of AlCl3, D = Reaction mixture of ZnCl2, E = PGV-0 Rf (brown spot = 0.93; blue spot (I) =
0.6; white spot (THPGV-0) = 0.53; yellow spot (PGV-0) = 0.36; green spot (IV) = 0.26; purple spot = 0.23; grey
spot (V) = 0.16

4. CONCLUSIONS
a) FeCl3, AlCl3 and ZnCl2 basically can be used as catalyst for the hydrogenation of THPGV-0.
b) THPGV-0 was not observed in all experiments so far but all the side products appeared as the hydrogenation
products
c) The increasing of ratio of mole equivalents of FeCl3, AlCl3 and ZnCl2 still do not increase the yield of the products
significantly
d) The better ratio so far which gave high yield is when 1 : 2 mole equivalent of FeCl 3 used as catalyst
e) Need more experiments to prove this theory either need co-catalyst or higher ratio of mole equivalent of catalyst.
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Abstract – Lignin peroxidase (LiP) and manganese peroxidase (MnP) are enzymes involved in the
degradation of lignin in the white wood-rot fungus especially from Phanerochaete chrysoporium.
Some research suggests that both of enzymes can degrade textile dyes. Production of these
enzymes strongly influenced by the growth conditions and the type strains used. P. chrysoporium
ITB isolate have been identified based on ITS sequence, indicating that these isolate have
similarities as 99,6% with P. chrysosporium BKMF-176. P. chrysosporium BKMF-176 is known
to produce MnP and LiP with high activity. The aims of this study were determine LiP and MnP
profiles of P. chrysosporium ITB isolate in a medium that is specific to the peroxidase production.
MnP and LiP activity generated in the production medium containing sources of N with a variation
of 0, 10, 20, 30 and 40 mM at different conditions, namely: (a) without Tween-80 with shaking at
150 rpm, (b) was added Tween-80 with shaking at 150 rpm and (c) is added Tween-80 without
shaking determined using a spectrophotometer. The results showed that the LiP activity is higher
than MnP activity in all treatment conditions were studied. This indicates that Phanerochaetea
chrysosporium ITB isolates potential as the source of LiP. Highest LiP activity generated in the
media without Tween-80 with shaking at 150 rpm was 13.67 Unit/mL.

1. INTRODUCTION
Some research suggests that manganese peroxidase (MnP) and lignin peroxidase (LiP) able to degrade textile dyes
[1,2,3,4]. Peroxidase is suspected degrading azo dyes by oxidation of phenol groups contained in the azo dyes forming
radical compounds, further oxidation trigger the hydrolysis around the azo group. Through such mechanisms are not
produced aromatic amine compound as the main product [4]. Hence, dyes degradation enzymatically by peroxidase not
toxic. Unfortunately, this enzyme is still very expensive because of the limited knowledge about their production. This
condition is worsened by a lack of academic data on degradation characteristics, toxicity and structure degradation
products. As a result, the application of this method tends merely a scientific discourse alone. Phanerochaete
chrysosporium produce MnP, LiP and H2O2-producing oxidase enzyme system as its main extracellular proteins under
conditions of limited nitrogen, carbon and sulfur [5]. However, the production of the enzyme ligninolitik (MnP and
LiP) in P. chrysosporium is strongly influenced by the growth conditions and the strains used [6]. Microbiology
Laboratory ITB has a collection of isolates of P. chrysosporium since 1999. The isolate has been widely used for
numerous studies. Nevertheless LiP and MnP profiles of these isolates have not been studied. In this study will be
obtained LiP and MnP profile isolates. This information can be developed based on a formula or method for producing
LiP and MnP independently.

2. METHODS
2.1 Chemicals
All chemicals were reagent grade except Phanerochaete chrysosporium. The isolate was obtain from Microbiology
laboratory of Institute Teknologi Bandung, and was maintain at room temperature on PDA agar slant.

2.2 Procedures
Preparation of spore suspension:
P. chrysosporium inoculated in PDA agar slant for 14 days. Spores produced on the agar slant was extracted in four
milliliters of 0.02 % Tween-80, left to stand for 5 minutes, collected in sterile containers, vorteks for 10 minutes,
allowed to stand for 30 minutes, then filtered using sterile glass wool. The filtrate obtained is a homogeneous
suspension of spore with viability above 90 %.

Production of peroksidase (MnP and LiP)
Composition of production medium are: 1 X basal medium, 10 % glucose solution, 1 X trace elements, 0.01 %
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thiamine-HCl, 0.3 g/L veratril alcohol, 10 mg/L Mn (II), acetate buffer pH 4.5, and ammonium sulfate as a source of N.
The composition of the 10 X stock basal medium are 20 g KH2PO4, 5 g MgSO4.7H2O and 1 g CaCl2 per liter; 10 X
trace element: 3 g MgSO4.7H2O, 1 g NaCl, 0.1 g FeSO4.7H2O, 0,1 g CoCl2, 0,1 g ZnSO4.7H2O, 0,1 g CuSO4.5H2O, 10
mg AlK(SO4)2.12H2O and 1.5 g nitriloasetat per liter [7]. In this study LiP and MnP profiles generated were observed in
the three treatment conditions: (1) Production of MnP and LiP in production medium without adding Tween-80 and
shaking at 150 rpm, (b) adding 0.5% Tween-80 and shaking at 150 rpm and (c) adding 0.5% Tween-80 but without
shaking. Each treatment using N sources with variation of 0, 10, 20, 30 and 40 mM. Peroxidase production is done by
added the suspension of spores to each 100 mL Erlenmeyer flask containing 20 mL of media production in order to
obtain the initial spore number 1 x 106 spores/mL, incubated at 30 °C. At the 2, 4, 6, 8 and 10th day respectively
isolated crude extract enzyme. Isolation is done by way of growth media were centrifuged 10,000 rpm for 20 min at
4 °C. The filtrate is a crude extract enzyme. The filtrate was measured the LiP and MnP activity.

Measurement of enzyme activity
Determination of activity of MnP based on the ability of MnP to oxidize phenol red indirectly. Reduction in the amount
of phenol red was observed at a wavelength of 610 nm. A total of 250 µL of Na-succinate 200 mM, 250 µL of lactic
acid 200 mM, 100 µL of MnSO4 1 mM, 100 µL of phenol red 1 mM, 100 µL of albumin 1 % and 50 mL aquaDM
(mixture A), plus 100 µL enzyme solution, plus 50 µL of H 2O2 5 mM, shaken well. The reaction was stopped by
addition of 50 µL of NaOH 4 M. Absorbance of the solution was measured at a wavelength of 610 nm. Measurement
time interval of 0 and 5 minutes. As a control the same reaction performed with the same reagent composition with a
mixture but without the addition of H2O2 5 mM, so which added 100 µL of distilled water (mixture B). MnP enzyme
activity was calculated based on the difference in the activity of A minus B. One unit of MnP proportional to 1 mol of
product produced per minute [8].
Enzyme activity (U/mL) =
εmaks
= extinsic molar coefficient of fenol red (22.000M-1cm-1)
d
= depth of cuvet (cm)
Vtotal
= 1 mL
Venzim = 0,1 mL
t
= 5 minute
Determination of LiP activity based on the ability LiP oxidize veratril alcohols to veratril aldehydes. Veratril alcohol
does not absorb at 310 nm, while the strong absorbing veratril aldehydes with extinsic molar coefficient of 9300 M-1
cm-1. A total of 800 mL of 10 mM alcohol veratril, 1000 mL of 0.2 M tatrat acid and 1780 mL aquaDM put in a test
tube, adding 100 mL of enzyme solution. Absorbance was measured at a wavelength of 310 nm with a time interval of 0
and 5 min (X), then adding 320 mL of 5 mM H2O2, measured absorbance of the solution at 310 nm with a time interval
of 0 and 5 min (Y). LiP enzyme activity was calculated based on the difference in the activity of Y minus X. One unit
of LiP proportional to 1 mol of product produced per minute[9].
Enzyme activity (U/mL) =

:

εmaks = extinsic molar coefficient of veratril aldehydes (9300 M-1cm-1)
d
= depth of cuvet (cm)
Vtotal
= 4 mL
Venzim = 0,1 mL
t
= 5 menit

3. RESULTS AND DISCUSSION
Composition of production medium in this experiment is specific to induces the production of LiP and MnP [10, 5, 11,
12, 6]. Many researched shows that the optimum levels of nitrogen present in a certain range [3, 7]. The results of these
experiments indicated that both of the peroxidase can be generated but produced in different quantity, also the amount
of nitrogen influence LiP and MnP production levels from these strains. The results of these experiments indicated that
both of the peroxidase can be generated but produced in different quantity, also the amount of nitrogen influence LiP
and MnP production levels from these strains.
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Table 1 MnP and LiP activity on a variety of nitrogen level in condition without
Tween-80 and shaking at 150 rpm
Enzyme
activity
MnP

LiP

Nitrogen
level
0
10
20
30
40
0
10
20
30
40

2
3,441
-

4
2,581
-

Day
6
0,091
0,860
3,441
2,581

8
0,182
0,091
0,000
1,720
6,882
6,882
13,673
2,581

10
0,091
4,301
-

Table 1 shows that production of LiP is much higher than MnP in all variations of nitrogen level at condition without
Tween-80 and shaking at 150 rpm. Activity of MnP is very low, even be said that activity was not significant. Based on
Table 1 can be deduced that this strain will produce optimum LiP in 30 mM nitrogen at production condition without
Tween-80 and shaking at 150 rpm.
Table 2 shows at condition adding Tween-80 with shaking at 150 rpm found production of MnP better than LiP. MnP
activity was slightly higher than the previous condition while LiP activity decreased. Nevertheless produced MnP
activity remained low. Table 2 also shows that production of MnP and LiP optimum in 30 mM nitrogen at production
condition adding with Tween-80 and shaking at 150 rpm.
Table 2 MnP and LiP activity on a variety of nitrogen level
in condition adding Tween-80 and shaking at 150 rpm
Enzyme
activity
MnP

LiP

Nitrogen
level
0
10
20
30
40
0
10
20
30
40

2
-

4
0,182
0,091
8,602
-

Day
6
1,091
-

8
0,545
-

Table 3 MnP and LiP activity on a variety of nitrogen level
in condition adding Tween-80 but without shaking at 150 rpm
Day
Nitrogen
Enzyme activity
level
2
4
6
8
N0
0,545
0,000
N10
0,091
0,455
0,545
0,091
MnP
N20
0,000
0,273
N30
0,091
2,091
0,909
0,273
N40
0,182
N0
4,301
N10
1,270
LiP
N20
2,581
N30
N40
-

10
0,273
0,000
0,454
0,000
0,000
0,000

10
0,273
0,818
0,000
1,270
0,860

Table 3 shows the MnP can be produced with higher activity than two condition before but MnP activity consistently
remained lower than the LiP activity. These results indicated that of P. chrysosporium ITB isolates generates LiP much
higher than MnP although at different growth conditions. Allegedly this is LiP and MnP character profiles of P.
chrysosporium ITB isolate. This study is in line with the opinion that the ligninolytic enzyme production (MnP and LiP)
is strongly influenced by the growth conditions and the strains used. P. chrysosporium ATCC 24725 consistently
production MnP higher than LiP at growth condition with or without shaking but the other strains produce higher
LiP at shaking condition (P. chrysosporium ATCC 20696), produce higher MnP at without shaking condition (P.
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chrysosporium ATCC 34531). Based on the facts in the above experiment, it is more beneficial if this strain (P.
chrysosporium ITB isolate) used as a source of LiP enzyme because its activity is always higher in a variety of growing
conditions. The low activity of MnP produced from this strain will facilitate favorable purification step to obtain
purified LiP.

4. CONCLUSIONS
Phanerochaetea chrysosporium ITB isolate is potential source of lignin peroxidase (LiP). Highest LiP activity generated
in the media without Tween-80 with shaking at 150 rpm was 13.67 Unit/mL.
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Abstract –In recent years concentrate feeding has been the main factor affecting production in
feedlot cattle industry. The use of concentrate in feedlot is approximately 90% of the total feed
consumed. Although such feeding practive is relevant in boosting animal performance within a
short period of time, however, its application may induce a metabolic disorder in the rumen, i.e.
acidosis. Acidosis occurs when lactic acid and volatile fatty acid production rate are above their
clearance rate through absorption and passage to the subsequent gastro-intestinal tract. Rumen
mechanical stimulation (RMS) is a technology that may reduce such incidence although the results
so far are varied. Study just experimented in Indonesia with twenty Brahman crossbreed steers (ca.
267+4 kg) randomly allocated in four pens. fed in feedlot usual proportion and formulation (high
proportion of grower and finisher concentrate, King Grass, rice straw, green cut corn as roughage
with low proportion) on varies DM basis, following PT Mitra Catur Taruma feeding management.
Ten experimental steers in two pens will be orally administered with three RMS into rumen of
each animal using devices for administration as a treatment, and another as controls. Average feed
intake and nutrients, body weight, average daily gain and carcass evaluation are compared. The
results showed there were no significant differences (p>0.05) between two treatments (with or
without RMS) in measured.

1. INTRODUCTION
In recent decades concentrate feeding has been the main factor affecting production in feedlot cattle industry. Although
it has been suggested that a certain amount of roughage in the ration is necessary for maintenance of these rumen
functions, the use of concentrate in feedlot is approximately 90% of the total feed consumed or even more. This feeding
practice is relevant in boosting animal performance within a short period of time, but its application may induce a
metabolic disorder in rumen, i.e. acidosis. Acidosis occurs when lactic acid and volatile fatty acid production rate are
above their clearance rate through absorption and passage to the subsequent gastro-intestinal tract [1]. Varied grains as
main composition of concentrate feeding may induce its tendency [2].
Rumen mechanical stimulation (RMS) is a technology that may reduce such incidence although the results so far are
varied. The device has been developed since 1960th in same reasons at present with unsimilar design from its former
study even unrecognized as an attractive study in all this time. This technology initially would act to stimulating rumen
activity similar to stimulation by roughages [3] (pseudo-fiber), thus correcting some of feed problems and production
encountered when feeding with high energy rations to ruminant. Later RMS developed as an artificial mechanical
stimulating brush (commercially known as Rumenfibe: RF; Meiwa-Sangyo Co. Ltd, Kyoto, Japan) for stimulating the
physical function of rumen mucosa and utilized as a medical device for animals [4].
Former data showed that RMS improved the proportion of propionic acid to total volatile fatty acid (VFA), although
the total VFA itself was similar than that of control (without RMS administration) [5]. Feed intake, pH and rumination
behavior of Holstein steers also improved due to RMS administered in individual treatment than ruminant under field
flock [6]. However, administration of RMS on steers fed with concentrate and rice straw on 15-30% organic cell wall
basis did not improve rumination, ruminal fluid passage time, digestibility and rumen characteristics, [7] [8] but might
affect N-retention, passage rate and retention time on digestion and ruminal fermentation status if fed with high
concentrate [9] [10]. Meanwhile, RMS administration reduced methane production released from methanogenic
archaea which contained in rumen liquoir of Holstein steer, but did not improve on native Thai cattle [11]. The RMS
also tended to increase rumen contraction and chewing activity that indicated rumination capacity of Holstein steer
[12]. Through of all data, RMS can mitigate methane production by rumen fermentation status and made the best use of
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VFA nutrient into propionic acid [13] although significantly did not affect the ruminant performance and economically
feasibility yet. In the present study, an experiment was conducted in Indonesia to evaluate the effect of RMS on the
performance of beef cattle fed with low roughage diet.

2. METHODS
a.

Experimental Animal and Treatment

The experimented was carried out at PT. Mitra Catur Taruma Feedlot, Bogor, Indonesia, between dry and rainy seasons
at temperature about 30+40C and humidity around 67+18% in cooperation with Faculty of Animal Science, Bogor
Agricultural University and Meiwa Sangyo Ltd, Japan, from October 2014 to January 2015 (93 days) with 7 days of
adaptation period. Twenty Brahman cross bred steers (ca. 267+4 kg) were randomly divided into two treatments,
allocated in four pens which five steers installed in each pen. Ten cattle in two pens as control treatment were not
administered with Rumenfibes, and the other cattle in two pens as RF treatment were administered with three
Rumenfibes (Figure 1) for each cattle into cattle’s rumen using devices.

Figure 1 Rumenfibe® as RMS trough brush administration (Meiwa Sangyo. Ltd)
b.
Diet and Feeding
All animals were fed with 90% or more formulated concentrates (Starter, Grower and Finisher feed) and about 10%
roughages (green cut King grass, rice straw, and green cut corn) depends on growing and fattening phase based on DM
that presented in Table 1. Animals were monitored amounts of feed offered to animal two times a day at 8.00 and 15.00
with free access to water (ad-libitum).
Table 1 Chemical Composition of Feeds
Composition

Concentrate
GR

Roughage
FN

KG

CC

RS

-------------------------------------%-------------------------------------86,2
13,3
19,3
49,5

Dry Matter

88,5

Organic Matter

85,3

90,4

88,4

92,5

89,5

Crude Fiber

18,2

16,8

20,1

27,5

27,4

Crude Protein

13,6

14,4

14,6

6,4

6,3

Ether Extract

4,1

4,7

2,5

1,4

2,1

Ash

14,7

9,5

11,6

7,4

10,5

NFE

49,3

54,5

51,2

57,2

53,6

63,7
69,9
62,2
51,5
52,3
TDN*
Note: GR= Growing Feed; FN=Finishing feed; KG=King grass; CC=Green cut corn; RS : Rice Straw
NFE=Nitrogen free extract ;TDN=Total Digestible Nutrient.
*=National Research Council ,1984.
c.

Data Collection and Statistical Analysis
Feed intake was monitored as total feed intake and individual daily feed intake was expressed as average daily feed
intake. Bodyweight of each steer was weighed monthly (31 days/month). Consequently, average daily gain of
individual steer calculated from monthly change of weight. Feed conversion efficiency of each animal was estimated
from both body weight change in front and behind of experiment and total feed intake during experimental period.
Nutrient composition of roughages and concentrates were analyzed (Laboratory of Biotechnology and Biological
Resource Research Center of IPB; Institution of Seed Quality Testing And Feed Certification). Nutrient intake was
calculated from the amount of nutrients in feed consumed, particularly TDN [14]. Then, all collected data statistically
analized with Minitab 16. The statistical significance of differences between control and RF group was determined
using Student’s t-test at the level of P<0.05.
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3. RESULTS AND DISCUSSION
The chemical composition of the concentrate and roughage used in this experiment are expressed as nutrient intake. The
feed intake content of the concentrate and roughages on a dry matter (DM) basis with total dietary intake/steer during
the experimental period was 887 kg (814 kg concentrate and 73 kg roughage) in the control group and 883 kg (811 kg
concentrate and 72 kg roughage) in the RF group and have no differences between treatments. Thus, there were not
significant differences between treatments in all measured parameters after all that were presented at Table 2.
Table 2 Feed Intake, Body weight Performance, Feed Convertion Ratio (FCR) and Carcass in cattle without
(control) and with fiber brush administration (RF)
Item
Feed intake
Dry Matter (kg/day)
Organic Matter (kg/day)
Crude Fiber (g/day)
Crude Protein (g/day)
Ether Extract (g/day)
TDN (kg/day)
Final Body weigh (kg)
Average Daily Gain (kg/day)
Feed Conversion Ratio (kg DM/kg BW)

Control
9,71
8,55
1768,56
1313,07
409,87
6,38
453,3
1,98
4,92

+
+
+
+
+
+
+
+
+

1,02
0,14
187,69
137,16
42,26
0,66
27,43
0,28
0,80

RF
9,72
8,56
1770,12
1314,99
410,57
6,39
437,6
1,84
5,30

+
+
+
+
+
+
+
+
+

P value
1,11
0,14
201,27
150,52
46,61
0,72
28,55
0,30
0,94

0,827
0,830
0,894
0,782
0,751
0,804
0,227
0,296
0,344

Values are mean ± SD of each cattle.
The RMS through brush administration had no effect on dry matter intake of steer and its nutrient (crude fiber, crude
protein, extract ether, and TDN). Feed intake and nutrient intake did not show any significant difference between
control and RF treatment on dry matter (DM) basis. It indicates that RF treatment was unable to improve feed intake of
Brahman cross steer during the fattening phase. This result also supported by former experiment conducted to Thai
native steers (Bos indicuss) [11] and Holstein steers that RF treatment had no differences than control treatment and its
feed nutrient [15]. It was believed by high grain ration in feed composition containing high lactic acid that affect
digestibility in rumen [16] although RF treatment can improve rumination time and fluid passage of rate in the
rumen[10].

Figure 2 Growth Development of RF and Control treatment
RF treatment failed to boosting cattle performances such as body weight and average daily gain of Brahmancross steer
(P>0,05). Its happened by early stressed which caused by installation of RF using devices that affect cattles phisiologies
condition. This condition affect the length period of cattle adaptation and slowed the body weight gain caused of
nutrient lost by stressed metabolism and in the other side compensatory feeding was not fullfill to maintain its
requierment. Nutrient was directly related with the growth rate and the body composition during the development [17].
The energy was used to fulfill the requirement for maintaining, protein development and fat deposition.

4. CONCLUSIONS
Rumen Mechanical Stimulation through brush administration ca. Rumenfibe had no effect into nutrients digestibility,
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body weight growth, and average daily gain on dry matter basis fed with low roughage diet.
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Abstract – Trypsin-modulating oostatic factor (TMOF) has been sucessfully synthesised through
Fmoc-based solid-phase peptide synthesis (SPPS) method. The synthesis employed chlorotrityl
resin as solid support. A combination of N,N-diisopropylcarbodiimide (DIC) and ethyl 2-cyano-2(hydroxyimino)acetate (oxyma) was chosen as coupling reagent in the synthesis. Fmoc-aspartic
acid and Fmoc-tyrosine of TMOF were added onto peptidyl resin as t-Bu-protected amino acids.
The t-Bu group was removed following the resin cleavage by using TFA cocktail. The t-Bu-free
peptide was purified by using reversed-phase flash chromatography with octadecyl silane (ODS)
as stationary phase. TMOF was characterized by using ESI-MS and its purity was checked using
thin layer chromatography and analytical RP-HPLC. The synthesised TMOF was biologically
tested towards the cabbage pest Crocidolomia pavonana, showing a low activity at 1000 ppm.

1. INTRODUCTION
Trypsin-modulating oostatic factor (TMOF) (Figure 1), is a decapeptide (YDPAPPPPPP) that was first isolated from
ovaries of the female Aedes aegypty, and it was found to have an insecticidal activity towards the mosquito larvae.[1,2]
TMOF inhibits the trypsin- or chemotrypsin-like enzyme biosynthesis in mosquito. When TMOF is applied to
mosquito larvae, trypsin biosynthesis in the midgut of larvae or adults will be ceased.[3]
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Figure 1 Structure of TMOF (YDPAPPPPPP)
The lepidopteran Crocidolomia pavonana is known as cabbage pest in agriculture field. It is becoming enemies for
farmers including farmers in Indonesia. Currently, we are interested in studying TMOF and analogues for their
biological properties against C. pavonana. Since some Lepidoptera such as Heliothis virescens and Plutella xylostella
have been found to use trypsin to digest food,[3] the study is aimed to test if TMOF could also control trypsin
biosynthesis in C. pavonana.
Most studies of TMOF took advantage of TMOF that was isolated from female ovary of Aedes aegypty, while the
chemical synthesis of TMOF itself was rarely revealed. To provide the TMOF for this study, the chemical synthesis of
TMOF will be described in this paper.
Solid-phase peptide synthesis method was chosen over solution-phase peptide synthesis. Solid-phase peptide synthesis,
pioneered by Merrifield [4] is a useful method to overcome some of the problems inherent in solution chemistry and
has been applied to successfully synthesise several peptides, cyclopeptides, depsipeptides and cyclodepsipeptides.[5-7]

2. METHODS
2.1 Chemicals
Commercial-grade reagents and solvents were used without purification unless needed. All Fmoc amino acids were
purchased from Peptide Solutions Ltd. and Merck company.
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2.2 Procedures
Resin loading
To 2-chlorotrityl resin (1.0-1.6 mmol) was added dry dichloromethane (5 mL). The resin was shaken for 5 min and then
filtered. A solution of Fmoc-L-proline (0.50 mmol) that was previously treated with dry dichloromethane (4 mL) and
N,N-diisopropylethylamine (DIPEA) (1.25 mmol) was added onto resin. The mixture was shaken for 30 min, filtered,
and then washed with dimethylformamide (DMF) (2 x 2 min). A mixture of dichloromethane:methanol:DIPEA
(80:15:5/5 mL) was added and the mixture was shaken for another 10 min. The latter step was undertaken in two cycles.
The resin was then filtered and washed successively with 3 x 2.5 mL DMF and 3 x 2.5 mL dichloromethane. The resin
was dried in vacuo for 30 min by a stream of air to obtain dry Fmoc-propyl resin.
Fmoc deprotection
Fmoc-peptidyl resin was shaken with 25% dry piperidine in dry DMF (10 mL) for 30 min. The resin was then filtered
and washed with DMF and dichloromethane successively. The reaction was monitored by thin layer chromatography
where the successful Fmoc removal was shown with the absence of the compound spot on the thin layer
chromatography (TLC) plate under 254 nm Ultra Violet (UV) lamp.
DIC/Oxyma-mediated coupling
Fmoc-amino acid (4 eq.) and oxyma (4 eq.) were weighed in a dry vial and dissolved in a small amount of DMF. DIC
(4 eq.) was then added until the solution turns yellow. The solution was added onto dry peptidyl resin and shaken for
30 min. Coupling effectivity was tested by chloranil test. A positive result is shown by dark blue to green beads and a
negative result is shown by colourless to yellowish beads. If the coupling was done, the peptidyl resin was washed with
DMF and dichloromethane successively.
Resin cleavage
To the peptidyl-trichlorotrityl resin was added a cleavage cocktail of trifluoroacetic acid (TFA):1,2-ethanedithiol
(EDT):water (95:2.5:2.5/10 mL). The yellow resin turned bright red. The resin was then shaken for 1 h and then filtered.
The resin was washed subsequently with further cleavage cocktail (10 mL x 2) and dry dichloromethane (10 mL x 2).
The combined solution was evaporated and the resulting residue was dissolved in acetonitrile:water (1:1, 10 mL). The
crude solution (1 mg/1mL in 50% acetonitrile in water) was subjected to analytical Reversed Phase High Performance
Liquid Chromatography (RP-HPLC) and monitored at 240 nm. The purification was undertaken on open column
chromatography using octadesylsilane-coated silica and the purity of the peptide was tested by thin layer
chromatography. The purity of the product will be checked by analytical RP-HPLC and characterized by mass
spectrometry.
Chloranil test general procedure [8]
The stock solutions are kept in a fridge for a maximum of one month.
Solution 1: 2% acetaldehyde in dimethylformamide
Solution 2: 2% chloranil in dimethylformamide
A few beads of resin are placed in a small test tube and 2-5 drops of a solution of 2% acetaldehyde in
dimethylformamide and 2% chloranil in dimethylformamide are added. The mixture is mixed for a short period and left
at room temperature for 5 min and the color of the beads is observed. A positive result is shown by dark blue to green
beads and a negative result is shown by colourless to yellowish beads.
Thin layer chromatography (TLC)
A few beads of resin are placed in a small test tube and 5 drops of TFA:dichloromethane (2:8) was added. The mixture
was shaken for 5 min. The reaction mixture was spotted on the TLC plate and eluted by eluent of
chloroform/methanol/acetic acid (90:8:2). The plate was then observed under 254 nm UV lamp.
Reversed-phase flash column chromatography
Peptide crude were applied on flash column that has been packed with octadecyl-functionalized silica as stationary
phase. The gradient eluent or mobile phase of methanol:water was employed with the increasing methanol volume and
the addition of 1% TFA. Every fraction was spotted on the TLC plate and fractions with similar Rf values were
combined and characterized with ESI-MS.
Bioassay
Bioassay consisted of two treatments with two repetitive protocols. The first treatment was applied for control and
another treatment was for the TMOF. For the control treatment, the larvae were fed by leaves having been smeared by
solvent only.
Two pieces of letucce leaves with 4x4 cm size were placed in petri dish (diameter 9 cm) after being smeared by 200 l
of 1000 ppm TMOF in methanol. After the solvent evaporated, ten larvae (first instar) of C. pavonana were placed into
each petri dish. Larvae were fed with leaves for 48 hours. Everyday larvae was fed with leaves with no new treatment
until achieving fourth- instar larvae. Observation carried out everyday since 48 hours after treatment until larvae get
into fourth instar. A number of C. povanana larvae which are died are counted. The larve mortality of C. pavonana is
counted by using equation:
a
P   100%
b
P = Mortality (%)
a = Number of C. povanana larvae that are died
b = Number of C. povanana larvae that are tested
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3. RESULTS AND DISCUSSION
Synthesis of the linear decapeptide (TMOF) was initiated by attaching the first amino acid, Fmoc-L-proline, onto the 2chlorotrityl resin (Figure 1). This step was undertaken in dichloromethane in the presence of a base, DIPEA. The
mixture was shaken for 30 minutes to facilitate complete attachment. The resin was found to have an amino acid
loading of 0.52 mmol/ 1.00 g resin.
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Figure 1 Attachment of the first amino acid, (a) Fmoc-L-Pro, CH2Cl2, DIPEA.
To avoid truncated products, methanol was then added in order to cap any of the remaining chloro groups on the resin
(Figure 2). This capping would ensure that there was only the amino group of the proline available for the next coupling.
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Figure 2 Capping the resin, (a) Dichloromethane:methanol:DIPEA (80:15:5).
The next step involved removal of the Fmoc protecting group which took advantage of the basic conditions of 25%
piperidine in DMF for 30 minutes (Figure 3). After washing the resin with DMF and dichloromethane, the relatively dry
resin was tested before it was ready for coupling with a second amino acid. A few beads of the dry resin were tested
with a chloranil test with a positive result suggesting the presence of a secondary amino acid due to complete removal
of the Fmoc protecting group. The few beads of resin were also tested by spotting the cleaved peptide on silica gel F254
plate of thin layer chromatography (TLC) (chloroform:methanol:acetic acid/90:8:2). The absence of fluorescencing
spot under 254 nm UV lamp indicating that the Fmoc group has been completely removed.
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Figure 3 Fmoc removal, (a) 25% piperidine in DMF, 30 minutes.
Coupling of the second amino acid, Fmoc-L-proline, was carried out using a combination of DIC and oxyma as
coupling reagent (Figure 4). The coupling system was found to give a complete attachment of the second residue,
Fmoc-L-proline, after 24 hours coupling. The chloranil test was applied to test the coupling effectiveness. The negative
test of the chloranil test showing that the coupling was successful. The next step was Fmoc deprotection using 25%
piperidine in DMF to give the dipeptidyl resin that was ready for the next coupling (Scheme 4). The successful
deprotection was again tested by TLC as before, where the absence of the Fmoc group was shown by the absence of the
spot on the TLC plate.
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Figure 4 Second residue attachment, (a) Fmoc-L-proline, DIC/oxyma, DMF (b) 25% piperidine in DMF.
The following coupling for respective four Fmoc-L-proline, one Fmoc-L-alanine, one Fmoc-L-proline, one Fmoc-Laspartic acid, and one Fmoc-L-tyrosine took advantage of similar repetitive protocol (coupling and Fmoc deprotection)
as above. It was found that the Fmoc removal step was more difficult when four residues were attached on the resin. A
single deblocking cycle (1 x 30 min) was not sufficient when 25% piperidine in DMF was employed. It must be noted
that the side chain of both Fmoc-aspactic acid and Fmoc tyrosine is t-Bu group based. This selection was based on the
ease of the deprotection of the group during the resin cleavage using TFA. The t-Bu group was TFA-labiled.
The presence of decapeptidyl resin of TMOF was confirmed by ESI-MS. ESI-MS analysis showed a correct molecular
mass ion of m/z 1047.0, corresponding to the [M+H]+ of the unprotected decapeptide, cleaved from the resin. This result

146

showed that the TMOF was successfully synthesised using solid-phase method with DIC/oxyma as coupling reagent.
This result also suggested that the decapeptide was ready to be cleaved from the resin.
The cleavage conditions (Figure 5) employed for removal of the decapeptide from the resin were TFA:EDT:water
(9.5:2.5:2.5). EDT was added into the cocktail in order to scavenge the t-butyl cations of tyrosine.[9] The cocktail was
added to the unprotected decapeptidyl resin and shaken for 1 hour resulting in the cleaved decapeptide. This was
observed by the yellow beads turning red, indicating that the decapeptide had been cleaved from the resin. The resin
was washed with dichloromethane several times with the cleavage cocktail and the washings were combined. The
solvent was then removed by rotary evaporation at room temperature. This step was undertaken several times in order to
remove any trace of TFA and EDT.
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Figure 5 Resin cleavage, (a) TFA:EDT:water (9.5:2.5:2.5) over 1 hour.
The peptide crude were purified by reversed-phase flash column chromatography and were characterized by ESI-MS.
TMOF was obtained as white solid with 18% yield.
The biological test of TMOF towards Crocidolomia pavonana showed a low insecticidal activity with 20% mortality
after 200 l of 1000 ppm of TMOF was smeared into the cabbage leaves, prepared for the ten larvae. This result
indicated that TMOF was ineffective to overcome the cabbage pest C. pavonana and the screening for the new
biorational is needed. However, TMOF may also be tested again other pests, particularly pests relying on trypsin
biosynthesis as TMOF works on the inhibition of trypsin biosynthesis.

4. CONCLUSIONS
TMOF was successfully synthesised by solid-phase peptide synthesis with DIC/oxyma as coupling reagent. The
synthesis was carried out on chlorotrityl resin with Fmoc strategy with 18% yield of the final product. The peptide
crude were purified by reverse-phase flash column chromatography and characterized by ESI-MS. TMOF showed a low
insecticidal activity against cabbage pest, Crocidolomia pavonana.
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Abstract – Glutamate-Cysteine Ligase (GCL) enzyme plays role in the synthesis of the
glutathione antioxidant, as functions to netralize the oxidative stress, due to the presence of
heterodimers consisting of the catalytic subunits (GCLC) and the modulator subunits (GCLM).
The polymorphism of GCL gene might cause the changes of the function and the activity of GCL
enzyme so that the synthesis of glutathione is disturbed. The polymorphism of GCL gene may be
used as the biomarker of the susceptibility against the oxidative stress at the molecular level in the
pulmonary TB patients. The aim of the study was to examine the polymorphism of GCL gene in
the pulmonary TB patients. The research was carried out at the Institute for Lung Health Society
(BKPM) and in some Network Public Health Centers around Semarang, from May 2012 to
September 2012. The samples venous blood, underwent polymorphism test using Polymerase
Chain Reaction (PCR) method to examine the DNA strands. Results show that the polymorphism
GCLC and GCLM in the TB group were 33% and 30%, respectively, whereas the control group
were 8% and 6%, respectively. Statistical analysis showed that there was relationship between the
polymorphism levels of GCLC and GCLM and the pulmonary TB patient’s susceptibility against
the oxidative stress. It was concluded that the genetic variation of Glutamate-cystein Ligase (GCL)
gene be used as the biomarker for detection of the susceptibility against oxidative stress. Further
study is needed to obtain the GCL genes sequence to comprehend the difference in the gene
sequences.

1. INTRODUCTION
Pulmonary tuberculosis (pulmonary TB) is an infectious disease that still becomes a great public health problem and
causes the highest death in the developing countries including Indonesia. This disease is caused by Mycobacterium
tuberculosis, that is acid-fast (BTA), Gram-positive bacteria; a and live intracellular. The prevalence of TB in
Indonesia in 2009 was around 520,000 individuals [1]. In 2020, TB was predicted to attack 1 billion persons with
around 70 million casualties, if the disease could not be controlled [2]. Some researchers have reported that the
administration of anti-tuberculosis drug to the pulmonary TB patients suggested that the drug may result in Reactive
Oxygen Species (ROS) that might generate oxidative stress [3]. The ROS might also be formed from the immunity
mechanism against Mycobacterium tuberculosis infection. In the pulmonary TB patients, the cellular immune system
plays role as the defense mechanisms against Mycobacterium tuberculosis infection [4] and this process involves
macrophages as the active phagocyt cells that kill Mycobacterium tuberculosis bacteria. A Respiratory burst
mechanism is the important part of the immune system against Mycobacterium tuberculosis, the increasingly produced
ROS can trigger the oxidative stress [5]. The oxidative stress on the pulmonary TB is the redox imbalance condition
between oxidants and antioxidants in the lungs. Glutathione plays the role as the main component in the respiratory
burst [5], as an antioxidant in protecting the lung cells from inflammation, as well as protecting the cells from the toxic
effect of ROS and RNI and having direct antimicrobial effect by improving the immunity and inhibiting the growth of
Mycobacterium tuberculosis [6]. The glutathione deficiency on pulmonary TB patients was suggested to have caused
the disruption of the regulation of the immune cell function and might cause the failure to scavenge the ROS
[7].Glutathione is synthesized by Glutamate-Cysteine Ligase (GCL) enzyme. GCL enzyme is formed by heterodimers
consisting of the catalytic subunits (GCLC) and the modulator subunits (GCLM) [8]. The genetic variation (gene
polymorphism) of GCL can cause the changes of the function and the activity of GCL enzyme that in turn may cause
the disruption of the glutathione synthesis, allowing the reduced glutathione level and the phenotype would show the
susceptibility against some diseases such as hemolytic anemia, cancers, myocardial infarction, diabetes mellitus and
HIV/AIDS [9]; [10]; [11]; [12];[13]; [14]; [15]. The low of glutathione level in the patients of pulmonary tuberculosis
was suspected to correlate with the oxidative stress. The early detection of oxidative stress at the molecular level in
pulmonary TB patients has to be performed to know the susceptibility to the oxidative stress and to prevent the
occurrence of the vulnerability and even the severity of the pulmonary TB disease.
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2. METHODS
2.1 Chemicals
Bufer lisis (10 mM Tris H-Cl pH 8,0; 100 mM NaCl; 1 mM dosidium EDTA pH 8,0; 0,5% Sodium Dodecyl Sulfat; 0,4
mg/ml Proteinase K), larutan ss-fenol, 3 M Na-asetat (pH 4,8), ethanol absolute dingin, 0,5 M Tris HCl pH 7,4, 5,0 mM
EDTA (disodium), 1 mM NACl, RNAase (10mg/ml)

2.2 Procedures
The study was an analytical observational research, and case control study design was employed. the pulmonary tb
patients with bta (+) were examined by the institute for lung health society (bkpm) and in some network public health
centers around semarang (i.e. tlogosari kulon, tlogosari wetan, gunungpati, kagok, and bandarharjo) during the study
period. the case group consisted of 25 tb patients without accompanying diseases such as diabetes, coronary heart
disease, hypertension and cancer, whereas the control group consisten of 25 healthy persons. the research was carried
out from may 2012 to september 2012. the samples were selected based on the first come first served policy to the
patients who visited bkpm or network public health centers during the research period (consecutive sampling from
admission). the polymorphism examination was done through several steps: the dna isolation and purification (chelex
method), the concentration and the purity measurement of dna as the product of the isolation, the electrophoresis to get
the exact total amount of dna as the product of the isolation, the gclc and gclm gene amplification using polymerase
chain reaction (pcr) which was performed using gclc primer with the base sequence as follows:
forward: (5’TCGTCCCAAGTCTCACAGTC-3’) and reverse: (5’-CGCCCTCCCCGCTGCTCCTC-3’) and the gclm primer:
forward: (5’-CTCAAGGGCAAAGACTCA-3’) and reverse: (5’-CCGCCTGGTGAGGTAGACAC-3’), and the
restriction enzymes used were tsp451 and mspi, which further the pcr result underwent electrophoresis in the gel
agarose 2%. to find the genetic variation differences between gclc and gclm genes among the samples, a chi-square (χ2)
is used. the statistical analysis was assisted by spss 12 for windows application program, the significance value was p <
0.05, with the confidential level of 95%.

3. RESULTS AND DISCUSSION
During the study period as many as 25 persons were selected as samples of pulmonary TB patients with BTA (+), who
were considered to meet the inclusion and exclusion criteria and willing to take part in the research. Further, one person
withdrew from the study due to suffering other disease, and therefore the case samples were only 24 individuals. The
control group consisted of 25 samples from the volunteers who donored their blood to the Indonesian Red Cross (PMI).
The study showed that the number of the female subjects (12 individuals, 50%) were equal to the male subjects (12
individuals, 50%) with the age ranging from 15 years to 60 years. The age range of the case group was 15-60 years with
an average of 59.16 years (± 11.62), whereas age range of the control group was 22-60 years with an average of 50.76
years (± 14.56).
Twenty five pulmonary TB sufferers who were treated by the Institute for Lung Health Society (BKPM) and by some
Network Public Health Centers around Semarang participated in the research. However, only 24 individuals actively
participated in the research, while 1 person withdrew from the research because it was discovered that this person was a
diabetic sufferer. The molecular examination was carried out to understand the genetic variation of GCLC and GCLM
enzymes using PCR method.

(a)
(b)
Figure 1 Product electrophoresis PCR-RFLP GCLC (1a) and GCLM (1b) gene
The percentage of the GCLC gene polymorphism was 33% (N=24), while the undetected percentage was 21%. Whereas
the percentage of the GCLC gene polymorphism in the healthy people was 8%. (Table 1).
Table 1 The Genotypic Frequency of the GCLC Gene in the Case and the Control Group
Genotypic Frequency
C/C Homozygotic
C/T Heterozygotic
T/T Homozygotic
Undetected
p < 0.005

Case (%)
46
29
4
21

Normal (%)
92
8
0
-
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p value (χ2 test)
0,0036

The percentage of the genetic polymorphism of GCLM gene was 30% and the undetected percentage was 30% in
pulmonary TB patient are presented Table 2. The percentage of the GCLM gene polymorphism in the healthy people was
6%. The polymorphism was a significant risk factor for oxidative stress in the pulmonary TB patients.
Table 2 The Genotypic Frequency of the GCLM Gene Promoters in the Case and the Control Group
Genotypic Frequency
C/C Homozygotic
C/T Heterozygotic
T/T Homozygotic
Undetected
p < 0.005

Case (%)
40
30
30

Normal (%)
94
6
0
-

p value (χ2 test)
0,0024

Statistical testing using χ2 test resulted in the value of p=0.0036, showing that there was significant correlation between
the GCLC gene polymorphism and the pulmonary TB sufferers, and between the GCLM gene polymorphism and the
pulmonary TB sufferers at significance value of p=0.0024.
When a cell is exposed to an oxidant and oxidative stress happens, the GSH level will decrease, and the GCL gene
expression will be more regulated by the response element activation against the oxidative stress on the promoter area.
This could initiate the synthesis of GSH and will function as the defender/adaptation mechanism against the oxidative
stress. Therefore, the presence of the GCLC and GCLM gene polymorphisms would possibly cause the reduction in the
response against the oxidative stress. This would in return cause the reduction in the intracellular GSH production, that
might decrease the response against the oxidative stress and as a result the susceptibility to the induction of the oxidants
will increase and will damage the tissues. These steps are actually the pathogenesis part of pulmonary TB. In some
studies on the GCL gene and its role in various related diseases, several single-nucleotide polymorphisms have been
identified in the human GCL gene promoter. This gene has also been correlated with the increase of the susceptibility
against several diseases due to oxidative stress.
So far, the bibliographical study did not find any research reporting the polymorphism of GCLC and GCLM genes on
pulmonary TB in Indonesia. The current study has limited the focus on the polymorphism of GCLC and GCLM genes.
It was suggested to conduct further research to find the exact loci of the GCLC and GCLM genes using a sequencing
method. This sort of study would be beneficial to see whether the different location of the GCL gene at a certain
position plays role as the risk factor of pulmonary TB in Indonesia, and an advanced research with the larger sample
and the more diverse ethnical population could confirm this.

4. CONCLUSIONS
In conclusion, the genetic variation of Glutamat-cystein Ligase (GCL) enzyme may be used as the biomarker at the
molecular level to detect the presence of oxidative stress on pulmonary TB patients. Further research is required to
check the different loci of the varying genes using a sequencing method.
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Abstract – Goat milk yogurt that obtained by fermentation using starter containing Lactobacillus
bulgaricus, L. acidophilus and Streptococcus thermophilus generate bioactive peptides with
antioxidative activity. Casein and water soluble extract (WSE) were separated and the protein of
the yogurt were fractionated by ultra filtration <3 kDa molecular weight cut-off (MWCO) and
further characterized for amino acid sequence by LC/MS MS. Antioxidative activity of the yogurt
components in Deoxycorticosterone acetate (DOCA)–salt induced hypertensive rats (Rattus
norvegicus) strain Wistar were evaluated. The rats were orally administrated with the yogurt,
casein and WSE in daily dose of 300 and 600 mg/kg body weight for 4 weeks. Malondialdehyde
(MDA) level and histopathology of kidney were examined.
The goat milk yogurt contained 22.80% of protein. Amino acid sequence analysis confirmed that
peptides of <3 kDa protein were LYQEPVLGPVRGPFPI and YQEPVLGPVRGPFPIL.
Antioxidative of the yogurt components effect was dose dependant. Treatment of the hypertensive
rats with the yogurt, casein and WSE were significantly reduced MDA level, repair gromelurus
damage and tubulus necrosis as well as reduced picnotic cell nucleus of kidney. The current study
showed that yogurt, casein and WSE derived from fermented goat milk was capable of preventing
the development of oxidative stress and associated detrimental histopathological changes in
kydney of DOCA–salt hypertensive rats.

1. INTRODUCTION
Hypertension is a major cause of mortality because of its association with cardiovascular disease, cerebrovascular
disease and renal disease. It affects up to 30% of the adult population in most countries worldwide[3]. Milk-derived
bioactive peptides are shown to have biological functions and can be generated by lactic acid bacteria (LAB)
fermentation. Goat milk proteins are important sources of peptides with antioxidative activity [1]. DOCA salt induced
is an endocrine hypertension model that progress quickly severe hypertension and oxidative stress [2], thus allowing an
understanding of the cause and progression of the disease status as well as potential of the biopeptides as therapeutic
agent. The present study was design to determine dose dependent effects of goat milk yogurt,casein,and water soluble
extract (WSE) treatment on Malondialdehyde (MDA) level and histopathology of kidney in DOCA-salt induced
hypertension male Wistar rats. Goat milk fermented with yogurt starter containing three species of BAL namely
Lactobacillus bulgaricus, L. acidophilus and Streptococcus thermophilus . The yogurt obtained were fractionated by
ultra filtration <3 kDa molecular weight cut-off (MWCO) and further characterized by liquid chromatography-tandem
mass spectrometry (LC MS/MS) with respect to peptide profile , masses of each peptide and identification of major
peptides. The current study showed that fermentation of goat milk produced yogurt containing antioxidative peptides
that could be used as active ingredients for value-added nutraceutical foods.

2. METHODS
2.1 Chemicals
yogurt starter L. bulgaricus, S. thermophilus and L.acidophilus (Yόgourmet , Lyo-SAN INC: 500 Aeroparc, C.P. 589,
Lachute, QC. Canada, J8H, 464), Deoxycorticosterone acetate (DOCA) salt (Sigma, Pcode 1001376001, USA), NaCl,
corn oil (Sigma, Pcode 1000925370 C8726-500 ml).

2.2 Procedures
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2.2.1 Preparation of yogurt, casein and WSE.
Yogurt was made from goat milk fermented with starter containing three Lactic acid bacteria. Casein was prepared by
centrifugation of yogurt at 12.000rpm for 10 min at 5ºC and the WSE obtained by filtration of supernate liquid through
filter paper Whatman no.40 (Quiros et al., 2005). The yogurt, casein and WSE were freeze-dried and kept at -20 ºC
until used.

2.2.2 Peptide identification
The yogurt was subjected to ultrafiltration through molecular weight cut-off (MWCO) ultrafiltration membranes with a
3 kDa cut off (Millipore Corporation, Bedford, MA, USA) with a stirred ultrafiltration cell. The permeate from this
ultrafiltration step was subjected LC-MS/MS analysis using a Thermo LCQ DECA XP MAX system with an
electrospray ionisation (ESI) source (Thermo Scientific Inc., USA), LC column was a Thermo Bio Basic 18 (150 mm x
2.1 mm; particle size 5 µm) (Thermo Scientific Inc., USA) to get . Mass spectral data was acquired using ThermoXcalibur™ data acquisition. The amino acid sequence was determined by data base assisted (Mascot Distiller).

2.2.3 Animal model
All procedures were carried out in accordance with conventional guidelines for experimentation with animals. Twelveweek old male rats (Rattus norvegicus) strains Wistar were used. The rats were divided into 8 groups, i.e normotensiveNTN (A), hypertensive-HTN (B), HTN + yogurt 600 mg/kg (C), HTN + casein 600 mg/kg (D), HTN + WSE 600
mg/kg (E), HTN + yogurt 300 mg/kg (F), HTN + casein 300 mg/kg (G), HTN + WSE 300 mg/kg (H) and were housed
in groups of four per cage, as a number for replication, in a regulated environment with a 12 h light/dark cycle.
Hypertensive rats were prepared by induction of deoxycorticosterone asetat (DOCA), twice a week for 5 weeks (10
injections). DOCA was injected subcutaneously in the cervical spine with a dose of 20 mg / kg for 5 times, followed by
a dose of 10 mg / kg for 5 times and were given 1% NaCl in drinking water . DOCA was dissolved in 0.5 ml corn oil
(Modified from Badyal et al., 2003, and Khorshid et al., 2012). The treated hypertensive rats received, by oral
administration, using a canula, a daily dose of yogurt, casein and water soluble extract (WSE) in daily dose of 300 and
600 mg/kg body weight dissolved in reverse osmosis water for 4 consecutive weeks.

2.2.4 Malondialdehyde (MDA) level and histopathology of kidney
Malondialdehyde (MDA) level was measured using the TBA reaction method in kydney tissue homogenates from
treated and untreated DOCA-salt rats and normotensive rats.The kidney tissues stained with haematoxylin and eosin
(H&E) dye and examined under a high power microscope .

3. RESULTS AND DISCUSSION
The goat milk yogurt contained 22.80% of protein. Amino acid sequence analysis confirmed that peptides of <3 kDa
protein of yogurt were LYQEPVLGPVRGPFPI and YQEPVLGPVRGPFPIL. Induction of normotensive rats with
DOCA-salt for 5 weeks resulted in increased of MDA level. Table 1 showed the dose dependent effect of yogurt
components in DOCA-salt hypertensive rats. The MDA level was considerably (P<0.05) increased up to 108,71% in
DOCA-salt hypertensive rats (group B) compared to normotensive rats (group A). Oral administration of 300 and 600
mg/kg bw of yogurt, casein and WSE for a period of four consecutive weeks to the hypertensive rats significantly
reduced MDA level (p<0.05). There was not significant different effect of yogurt, casein and WSE to the level of MDA
of treated hypertensive rats kidney, however . The effect exerted by 600 mg/kg bw of yogurt, casein and WSE ( reduced
MDA level 41-42%) was better than 300 mg/kg bw (reduced MDA level 32-34%). Induction of DOCA-salt resulted in
increased reabsorption of sodium ions and water from thereby elevated blood pressure levels. This conditions may
activate oxidative stress through an unregulated NADPH oxidase in the DOCA-salt model [2]. Fermentation of goat
milk generates bioactive peptide with antioxidative activity that may reduce the effect of oxidative stress [4]
Tabel 1 Effect of yogurt component on the levels of Malondialdehyde (MDA) in kidney of DOCA-salt
hypertensive rats (mean±SD) (n=4).
Groups

MDA Level
(mean+SD) µg/mL

Reduce in MDA level
(%) compared to
hypertensive rats
Normotensive-NTN (A)
0,333 ± 0,067a
Hypertensive -HTN(B)
0,695 ± 0,073c
HTN + yogurt 300 (F)
0,471 ± 0,023b
32,23
HTN + casein 300 (G)
0,463 ± 0,024b
33,38
HTN + WSE 300 (H)
0.454 ± 0.060b
34,67
HTN + yogurt 600 (C)
0,406 ± 0,025ab
41,58
HTN + casein 600 (D)
0,409 ± 0,049ab
41,15
HTN + WSE 600 (E)
0.397 ± 0.043ab
42,87
Values not sharing a common superscript differ significantly at P<0.05 (DMRT).
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Increase in MDAlevel
(%) compared to
normotensive
108,71
41,44
39,04
36,34
21,92
22,82
19,22
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Figure 1 Histopathological changes in the kidney (H&E 40x).

A: Normotensive-rat kidney showing normal glomeruli and tubules; B: DOCA-salt hypertensive (HTN) kidney showing
necrotic area of the glomerulus, thickening in the basement membrane and the edematous proximal convoluted tubule
could be well observed; C: DOCA-salt + yogurt (300 mg/kg bw) treated kidney showing near normal architecture of
the glomerulus and mild swelling in tubules; D: DOCA-salt + casein (300 mg/kg bw) treated kidney showing near
normal architecture of the glomerulus and tubules; E: DOCAsalt + WSE (300 mg/kg bw) treated kidney showing fewer
necrotic area of glomerulus and mild swelling in tubules; F: DOCA-salt + yogurt (600 mg/kg bw) treated kidney
showing mild glomerular hypertrophy and swelling in tubules; G: DOCA-salt + casein (600 mg/kg bw) treated kidney
showing near normal architecture of the glomerulus and mild swelling of tubulus; H: DOCA-salt + WSE (600 mg/kg
bw) treated kidney showing mild necrotic of the glomerulus and swelling of tubulus;
(G) Glomerulus; (Gn) Necrotic Glomerulus; (T) Tubulus; (Tn) necrotic tubulus; (CS) capsular space. Insert : (A1, C1,
D1, E1, F1, G1, H1) normal capsular space dan (B1) capsular space in necrotic glomerulus.
Treatment of the hypertensive rats with the yogurt, casein and WSE repair gromelurus damage and tubulus necrosis of
the kidney (Fig.1). Histological study of the normal kidney of the normotensive rats revealed normal glomerulus
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surrounded by the Bowman’s capsule, proximal and distal convoluted tubules without any changes (Fig 1A). The
kidneys of DOCA-salt induced hypertensive rats showed necrotic changes of glomeruli and thickening of the basement
membrane. The proximal convoluted tubule exhibited edematous changes (Fig 1B). Treatment of the hypertensive with
300 and 600 mg/kg bw of yogurt, casein and WSE for a period of four consecutive weeks showed features of healing
effect of necrotic kidney. Fewer necrotic area of glomerulus and mild swelling in tubules was decrease in the group
treated with yogurt components (Figures 1 C,D,E,F,G, and H). Dose dependant effect was also observed in recovery of
kidney damage as evidenced microscopically. Hypertension in DOCA-salt rats lead to increasing the formation of
superoxide and cause oxidative stress that resulted in kidney damage [4]. These findings are correlated well
with the kidney histology examination in this research. Oral administration of yogurt components that contain
antioxidative peptides considerably bringing about remarkable reducing structural changes in kidney.

4. CONCLUSIONS
The current study showed that yogurt, casein and WSE derived from fermented goat milk was capable of preventing the
development of oxidative stress and associated detrimental histopathological changes in kydney of DOCA–salt
hypertensive rats.
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Abstract –Lysosome, a cell organelle, showed its potency as antimicrobial. Candida utilis isolated
from pineapple waste harbored lysosomes in the cells. The aim of this study was to investigate the
antimicrobial activity of lysosomes isolated from C. utilis in pineapple waste to Salmonella
Typhimurium. S. Typhimurium is known as pathogenic bacteria that can cause gastroenteridis to
human and can be transmitted via vectors such as fish. This present study investigates S.
Typhimurium which was isolated from catfish. The antimicrobial activity of lysosomes from C.
utilis to S. typhimurium was observed at variety pH ranged from 2 to 9 of phosphate buffer with
concentration ranged from 0% to 90%. Lysosomes showed antimicrobial activity to S.
typhimurium which is correlated with the pH of phosphate buffer. The optimal activity of
lysosomes isolated from C. utilis was found at pH 5 of phosphate buffer, at concentration of 60%.
Lysosomes showed antimicrobial activity at 30oC and 37oC. The mortality rate of S. typhimurium
was found as 66.7%. In conclusion, lysosomes isolated from C. utilis in pineapple waste can be
used as antimicrobial of S. typhimurium as pathogenic bacteria that can live in organisms with the
body temperature at 30 oC and 37oC.

1. INTRODUCTION
Lysosomes, cell organelle, show its possibility as antimicrobial and may replace chemical antimicrobial agents [1]. The
resistances to some major chemical antibiotics become a global concern and threaten for the treatment caused by
bacteria. However, it is still lack new antibiotics [2] as alternatives to traditional antibiotics [3]. Lysosomes might be a
new antibiotic that are safe for human health [1]. There were also could be used by food-producing animals. Candida
utilis isolated from pineapple waste harbored lysosomes in the cells. C. utilis is well-known yeast used in the food
industry due to its category as a non-pathogenic yeast [4]. The aim of this study was to investigate the antimicrobial
activity of lysosomes isolated from C. utilis in pineapple waste to Salmonella Typhimurium. S. Typhimurium is known
as pathogenic bacteria that can cause gastroenteridis to human and can be transmitted via vectors such as fish. By using
lysosomes of C. utilis as antimicrobial in fish might reduce the growth of S. Typhimurium in fish and ultimately m
reduce the health risk to human.

2. METHODS
2.1 Isolation of lysosomes
Salmonella Typhimurium isolated from catfish was used in this study. S. Typhimurium was a collection of Food
Technology Laboratory, State Polytechnic of Jember. C. utilis was isolated from pineapples waste (Ananas comosus)
originated from core, peels and unwanted part of fruit according to BAM [5]. Samples were cultured on Potato Dextrose
Agar (Merck, Germany) by using spread method. Plates were incubated at 25 °C for five days. Primary differentiation
was based on yeast macromorphology, microscopy and Gram staining. Api 20 C AUX kit (bioMérieux, France) was
used for biochemical identification. The identified C. utilis was inoculated in Yeast Malt Broth (Merck, Germany). The
lysosomes isolation was carried out as other study [1]. After harvesting growth-phase cells, 25 ml of Tris–SO4 buffer
(containing 1 ml of 1 M DTT solution per 100 ml). The mixture was centrifuged for 5 min at 4 oC (3,000 rpm), after 15
min incubation at 30oC. The supernatant was discarded and pellet was collected and suspended in 25 ml of sorbitol K
buffer. After the treatment, the cells were ultrasonicated at 40 W for 5 min (10 s on/10 s off pulses), and centrifuged at
3,000 rpm (5 min, 4oC) to remove the cell debris. Finally, the resulting mixture was centrifuged at 20,000 x g (30 min,
4oC) to remove the supernatant, and the lysosomes were collected from the pellet.

2.2 Antimicrobial test
An antimicrobial test was performed to confirm the antimicrobial activity of the lysosomes. The cultures were diluted
10-6 cells/ml in sterile water when the culture was 0.6–0.7 at an OD600 of. One hundred microliters of the cell
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suspension containing the lysosomes in a 100 mM sodium phosphate buffer (900ll) were spread over a LB plate
medium, and the case of control assay was tested the same volume of only the cell suspension in a 100 mM sodium
phosphate buffer. The antimicrobial activity was measured using colony counts. The results are expressed as the
percentage cell mortality (%) according to reference [6]. The antimicrobial activity of lysosomes from C. utilis to S.
typhimurium was observed at variety pH ranged from 2 to 9 of phosphate buffer with concentration ranged from 0% to
90%.

3. RESULTS AND DISCUSSION
The three important factors need to be considered to evaluate the antimicrobial activity of lysosomes isolated from C.
utilis. These were concentration of lysosomes, pH of the solvent needed to dissolve the lysosomes, and the reaction
temperature of the lysosomes needed to kill the bacteria. Figure 1 and 2 show that the cell mortality increased with
increasing lysosome concentration up to 60%. This present study found that antimicrobial activity decreased when the
concentration of lysosomes was higher than 60%. These may be caused by the high viscosity of lysosomes. Solomon
revealed that water is the solvent for most biological reaction [7]. In this present study phosphate buffer was a solvent
and this contained of water. Thus, the microbial activity would be reduced when the solvent was limited and biological
reaction could not occur optimally.

Figure 1 Mortality rate of Salmonella Typhimurium isolated from catfish in different
concentration of lysosomes (at temperature of 30 oC)

Figure 2 Mortality rate of Salmonella Typhimurium isolated from catfish in different
pH of lysosomes (at temperature of 37 oC)
In addition, various enzymes inside the lysosomes can be damaged under alkaline conditions [8] because the interior pH
of the lysosomes is 4.8 [ 9, 10,11]. Therefore, in this study, the effect of pH on the antimicrobial activity of lysosomes
was examined after dissolving 60% lysosomes in phosphate buffer at different pH. The relationship between pH and the
antimicrobial activity of lysosomes was determined and the results are shown in Fig. 3 and 4. At temperature of 30 oC,
the cell mortality of Salmonella Typhimurium isolated from catfish at pH 4.0, 5.0, and 6.0 was 56 oC ± 2.5 oC, 66.7 oC
± 2.2 oC, and 56 oC ± 1.1 oC. respectively. This was also observed at temperature of 37 oC that the cell mortality of
Salmonella Typhimurium isolated from catifish at pH 4.0, 5.0, and 6.0 was 58.4 oC ± 1.9 oC, 65 oC ± 1.4 oC, and 52.8
o
C ± 1.7 oC, respectively. The antimicrobial activity of the lysosomes under acidic conditions increased with increasing
pH. However, the antimicrobial activity was inversely proportional to the increase in pH under alkaline conditions.
Therefore, the lysosomes dissolved in the phosphate buffer at pH 5.0 showed the optimal antimicrobial activity.
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Figure 3 Mortality rate of Salmonella Typhimurium isolated from catfish in different
pH of phosphate buffer (at temperature of 30 oC)

Figure 4 Mortality rate of Salmonella Typhimurium isolated from catfish in different
pH of phosphate buffer (at temperature of 37 oC)
The optimal activity of lysosome isolated from C. utilis was found at pH 5. This optimal activity was observed at
concentration of 60%. Lysosome showed antimicrobial activity at 30 oC and 37oC. The mortality rate of S. Typhimurium
was 66.7 % ± 2.2 % and 65 % ± 1.4 % for temperature of 30 oC and 37oC, respectively. This study observed that the
reaction temperature for the optimal activity of lysosomes appears suitable for 30 oC and 37 oC. The antimicrobial
activity was relatively higher at 30 oC than those of 37 oC. Other study revealed that protein as main ingredients of
lysosomes depend on reaction temperature [12,13]. Lysosomes are composed by protein, membrane bound organelles in
eukaryotic, digestive enzyms, many acid hydrolases [14]. The deterionation of protein would be speed up by the
increasing temperature [15].

4. CONCLUSIONS
Lysosomes isolated from C. utilis, as cell organelles, can be used as an antimicrobial agent to reduce the growth of S.
Typhimurium isolated from catfish. This can be alternative to be applied in aquaculture production and food-producing
animals as an antimicrobial agent. Moreover, this might be other alternative to be used as antimicrobial agent for human.
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Abstract – Antioxidant is substances that can reduce reactivity of free radical. Polyphenols are
known as antioxidant compound cause their capability to donor their proton to radical. This
compound is mainly found in fruits and vegetables and also contained in brown seaweed.
Sargassum is one of brown seaweed genus that found in Indonesia waters. The experiment of
polyphenol content and antioxidant activity of this genus is limited, especially, Sargassum
echinocarpum. The aims of this study were to determine polyphenol content and assay antioxidant
activity of Sargassum echinocarpum extracts. Sargassum echinocarpum was obtained from
Talango shoreline, Sumenep District, East Java Province, Indonesia. Sample was macerated,
separated, concentrated, and freeze dried to obtain extract. Polyphenol content of extracts were
assayed by Folin-Ciocalteau method with phloroglucinol as standard, meanwhile, antioxidant
activity of extracts were determined by DPPH method with tocopherol as standard. Spectroscopic
methods was performed to elucidate structure that contained in the highest antioxidant activity
extract. The result showed that acetone 70% extract have the highest of polyphenol content but the
highest antioxidant activity was obtained on methanol extract. It is probably caused bioactive
structure that contained in methanol extract have more protons. Spectroscopic method showed that
antioxidant compound on methanol extract was phloroglucinol and bifuhalol. These compounds
are belonged to phlorotannins, a group of phenolic compounds restricted to polymers of
phloroglucinol, have been identified from several brown algal family. In conclusion Sargassum
echinocarpum methanol extract contain antioxidant substances and it is potential as anti-oxidative
stress constituent.

1. INTRODUCTION
Polyphenol is bioactive substances that it arranged characteristically by hydroxyl groups [1]. Quercetins, resveratrols,
flavonoids, procyanidins, anthocyanins and phlorotannins are an example of polyphenol compounds. Hydroxyl groups
have been known as proton donor compounds and preserved organism cells from free radical reactivity [2]. Reducing
free radical activity in cells capable to prevent of the degenerative diseases on human, such as; inflammation,
osteoporosis, hypertension, stroke, cardiovascular and diabetes mellitus [3-5].
Polyphenol content in vegetables and fruits are around 0.5-6% and 0.2-0.3%, repectively.[6], meanwhile it is contained
in brown algae until 10%. Phlorotannin is polyphenol that is found in brown algae [7]. Many study of this compound
have been studied and it showed the antioxidant, anticancer, anti-inflammation, and anti-diabetes properties [5, 8-10].
Sargassum is one of brown seaweed genus that obtained in Indonesia waters. Antioxidant activity and polyphenol
content of this seaweed in sub tropic water have been intensively explored but in tropic, including in Indonesia, this
study is restricted. The aims of this experiment were to find antioxidant activity and polyphenol content of Sargassum
echinocarpum.

2. METHODS
2.1 Chemicals
S. echinocarpum was obtained from Talango island shoreline, Sumenep District, East Java. Methanol, ethanol and
acetone were purchased from Merck. Phloroglucinol was used as standard of phlorotannin and Folin-Ciocalteu reagent
phenol were purchased from Sigma-Aldrich.

2.2 Procedures
Extraction [11]. S. echinocarpum powder was macerated by ethanol, methanol, acetone 70%, methanol 80%, ethanol
80% and aquadest, respectively, (1:4;w:v) at 4oC for 24 hours. After that extracts were filtered and filtrate was
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centrifuged at 1145 g for 20 minutes. Supernatant was concentrated by rotary evaporator and then it was freeze-dried to
obtain an extract.
Phlorotannin content determination [7]. Two grams of extracts were macerated by ethanol 85% on dark room for 8
hours and then 0.05 mL of extracts were solved in 4.95 mL of H2O. One mL of solution, 1 mL Folin-Ciocalteu reagent
and 2 mL of Na2CO3 20% were mixed in test tube and then it was allowed stand for 3 minutes at room temperature.
Afterward the mixture solution was incubated at dark room and room temperature for 45 minutes. After it was
centrifuged at 448 g for 5 minutes, supernatant was obtained and the absorbance of it was detected at λ 730 nm.
Phloroglucinol was used as standard.
Antioxidant activity assay [12]. 0.25 mL of extracts were dissolved in methanol and were mixed with 3.75 mL of 0.5
mM of DPPH. After 30 minutes the solution was incubated, the absorbance of it was read at λ 517 nm. Tocopherol was
used as standard and antioxidant activity was determined by GraphPad Prism version 5.0 software.
Structure elucidation [11]. Extract was partitioned by diethyl ether, aquadest, chloroform and methanol, respectively.
Methanol phase was collected and then it was fractionated by G-60 silica of column chromatography with chloroform
and methanol were used as eluent. The eluat was eluated on gel silica F254 of thin layer chromatography by
chlroroform:methanol:aquades:acetic acid (53:38:6:3). Phloroglucinol was used as standard. Some of eluat were
crystalized and then powdered. After that the spectra of infra-red from it was determined by Shimazhu IR Prestige-21
FTIR-8000 series. Five miligrams of crystal powder were solved in dimethylsulfoxide and then the molecular weight of
it was determined by HPLC-ESI-TOF-MS (Waters System Alliance 2695) with photodiode array detector 2996
(Waters). The elution system was isocratic and as eluent was 95% H 2O + 0.05% formic acid and 5% acetonitrile. The
molecular weight of spectra was detected by ultra-violet at λ 210 nm.

3. RESULTS AND DISCUSSION
Phlorotannin content and antioxidant activity of S. echinocarpum extracts are seen on Table 1. Table 1 show that
phlorotannnin content of S. echinocarpum extracts is around 4-1.2 mg each gram of extract or 0.4-1.2% and the highest
content of it is on acetone 70% extracts.
Table 1 Phlorotannin content and antioxidant activity of S. echinocarpum extracts
Extracts
Ethanol
Methanol
Acetone 70%
Ethanol 80%
Methanol 80%
Aquades

Phlorotannin content
(equal mg phloroglucinol each g of extract)
4.25 ± 0.11
6.75 ± 0.21
12.16 ± 0.17
7.71 ± 0.09
7.99 ± 0.03
10.83 ± 0.12

Antioxidant activity equal tocopherol
(mg tocopherol each 100 mg of extract)
100.79 ± 27.95
656.29 ± 133.14
56.99 ± 12.64
52.91 ± 10.63
141.75 ± 44.56
33.48 ± 6.75

Phlorotannnin content of Fucus vesiculocus was 0.1-6.2% each sample weight [7] and on Eisenia bicyclis, E. cava and
E. kurome were 3.1, 3.3 and 3.0%, respectively [13]. Phlorotannin content in brown seaweed from sub-tropic was until
5-12% but it’s from tropic waters was not more than 5%. Plorotannin content in brown seaweed was affected by habitat
factor, such as: radiation levels, nutrition availability and season [14]. Sample is collected from Talango island shoreline
at rainy season where on this season nutrition availability is reduced, in the meantime, the radiation levels from sun to
induce photosynthesis is limited. This situation cause phlorotannin production in this seaweed is not optimum. The
highest phlorotannin level was obtained on acetone 70% that it is probably caused this compound have similarity
polarity index with this solvent. According to like dissolve like rule that a substance will be solved in the solvent if they
have similarity on polarity index [15]. Solubility of a compounds in a solvent can be caused by difference of Hildebrand
index between solute and solvent not more than 7 [16].
Table 1 show that the highest antioxidant activity was found on methanol extracts of S. echinocarpum. Another study
show that the strongest antioxidant activity of this seaweed extract obtained from methanol extract [17]. There are three
reasons that methanol extracts of this seaweed have capability of antioxidant activity, i.e. (1) hydrogen bond formation,
(2) activity-structure relationship and (3) structure combination [18, 19, 20]. Extracts of this seaweed were dissolved in
methanol have more capability than other extracts to form hydrogen bond with free radical, scavenge to free radical and
donor proton. Hydroxyl groups at aromatic structure of polyphenol were involved on free radical reduction [21]. The
strength of phlorotannin antioxidant activity in extract is also affected by dissociation enthalpy of hydrogen bond. If
dissociation enthalpy of hydrogen bond of polyphenol is weak, hydrogen transference to free radical will easier [22].
The result of elution on thin layer chromatography shown on figure 1. The infra-red absorbance and mass spectra of S.
echinocarpum methanol extract shown on figure 2 and figure 3.
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phloroglucinol

first eluat

second eluat

Figure 1 Spot of phloroglucinol, first and second eluat of S. echinocarpum methanol extract
Figure 1 show that retardation factor (Rf) of first eluat was similar with standard compound and it can be concluded that
first eluat is phloroglucinol, meanwhile, the Rf of second eluat was 0.26. So it was subsequently elucidated by infra-red
and mass spectra spectrophotometry.
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Figure 2 Infra-red spectra of second eluat from S. echinocarpum methanol extract
Figure 2 show that infra-red spectra of second eluat shown absorbance of hydroxyl, ether aromatic, ether phenyl, phenol
and 1, 3, 5 tri-substitution model. It can be interpreted that substance in second eluat from S. echinocarpum methanol
extract is ether phenyl that structured hydroxyl at 1, 3 and 5 position.

m/z
Figure 3 Mass spectra of second eluat from S. echinocarpum methanol extract
Figure 3 show that second eluat of S. echinocarpum methanol extract have dominan m/z on 288.2715. This molecular
weight shown a dimer of phloroglucinol with molecular formulae was C12H10O7. Ions are formed from electrospray
ionization (ESI) method were depended on analat polarity and solvent characteristic. According to positive ion mode of
electrospray ionization (ESI) method that a polar compound will identified as [M+Na] +[23]. Based on C12H10O7
compound that lossed proton and changed with ion of Na, it can be founded that molecular weight of this eluat was 266
and it meant that compound that contained in second eluat from S. echinocarpum methanol extract was bifuhalol [24].
This compound has been identified on methanol extract of S. ringgoldianum [8].
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4. CONCLUSIONS
Phlorotannin content of S. echinocarpum extracts was 4-1.2 mg each gram of extract and the highest content of it was
acetone 70% extracts, meanwhile, the highest antioxidant activity of S. echinocarpum extracts was methanol extracts.
Phlorotannin derivates of S. echinocarpum methanol extracts were phloroglucinol and bifuhalol.
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Abstract – Indonesia is a tropical country with population of more than 237 million. This situation
affects the physical condition of the environment in the presence of mosquitoes as bio-indicators.
The genera Culex, Aedes and Anopheles are the most important vectors involved in diseases
transmission to humans. It can be ascertained that endemic disease is mainly caused by
uncontrolled growth of Aedes Aegypti. The responsible pathogens are transmitted by bites of blood
sucking mosquitoes which are considered to be harmful towards the populations in tropical and
subtropical regions. According to the Ministry of Health of the Republic of Indonesia (11), the most
effective and efficient vector control is the eradication of the larval stage. Currently insecticides
used by the community, one of which abate or temefos are sprinkled into the bath in order to kill
the larvae, but harmful to the environment because the cause odor in water is sprinkled abate (2).
One of the ways is to develop natural materials such as plants that have a bioactive substance that
is toxic to insects (vectors) but easily decomposed in nature. Reinforced by Kristanti et al. (10)
mentions that the insecticide of natural (botanical insecticides) are very safe because it is easily
degraded naturally and negative effects such as resistance and killing other non-target organisms
are not found in the botanical insecticides. The purpose of this study is to determine the toxicity of
Citrus maxima leaves extracts as larvicides of Aedes aegypti mosquitoes in the third instar larval
stage in the polar fraction (methanol) and nonpolar fraction (n-hexane). Testing against Aedes
aegypti mosquito larvae performed on the solution concentration 500 ppm, 1375 ppm, 2250 ppm,
3125 ppm, and 4000 ppm in five replications. Furthermore, 20 larvae of Aedes aegypti are inserted
randomly and being left for 24 hours. After that, the numbers of dead larvae from each test
solution are calculated. Determination of toxicity values (LC90) of the data obtained by larvae that
died in the concentration and amount of larvae are tested in each solution and analyzed in the
program SPSS 16.0. By using probit analysis, the conclusion of this study shows that the LC90
extract by Citrus maxima in the polar fraction (methanol) larvicides works effectively at a
concentration of 3,720 ppm, and in the nonpolar fraction (n-hexane) Citrus maxima larvicidal
works effectively at a concentration of 1,525 ppm, even more effective than larvicides in nonpolar
fraction.

1. INTRODUCTION
Indonesia is a tropical country with population reached more than 237 million. This situation would be greatly
affecting the physical condition of the Indonesian environment. Both in terms of environmental sanitation, as well as
human health. The tropical climate will bring a mosquito as bio-indicators of environmental hygiene; it is certain
endemic diseases mainly caused by the mosquito Aedes aegypti. Aedes aegypti L., a species that breeds in clean water
inside and outside of the house, is a threat to humans, because it acts as vectors of dengue disease (19). Main cause of
epidemic disease is breeding and the spread of mosquitoes as vectors of disease that are not controlled (14). Based on
data from the World Health Organization (WHO) in 2009 for the Asia Pacific region there are approximately 1.8
million people (over 70%) are now at risk from dengue began in the Philippines was first recognized in 1956 (15).
Indonesia has experienced the largest case of dengue fever (53%) in Southeast Asia in 2005, which is 95,270 cases and
1,298 deaths the Case Fatality Rate (CFR) 1.36%. The number of cases increased to 17% and mortality 36% compared
to 2004, then frequent extraordinary events (KLB) and extends to the whole territory of the Republic of Indonesia (16),
(21)
. In recent years, a disease transmitted by mosquitoes tend to have increased the number of cases and death. The case
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in East Java on Filariasis in 1992 reported a total of 27 cases were there in 7 districts / cities in East Java. Then in 2003
reported 175 cases spread in 32 districts / cities.
Controlling the mosquito has been done in various ways. According to the Ministry of Health of the Republic of
Indonesia (11), vector control is most effective and efficient is the eradication of the larval stage. Preventive action to
eradicate mosquito breeding and killing mosquito larvae and adults, the best course of action (3). Today, in Southeast
Asia still rely heavily mosquito control with insecticides. One use is the organophosphate insecticides for mosquito
spraying to kill larvae (4), (17). Generally, using insecticides are very success for controlling some types of nuisance
insects and pests. However, the continuous use of insecticides can cause resistance and various environmental issues (14).
Based on the research, insecticides have some side effects, which is resistance in mosquitoes and larvae, the risks
contamination of water and food, as well leading to accumulation of chemical residues on flora, fauna, soil and
environment (4).
Recent research shows that the larvicidal derived from plant extracts safe for the environment, can be degraded,
and are specific to the target (9). Furthermore, we know that Indonesia is a country mega- biodiversity, with the
availability of abundant natural resources, it certainly there are plants that are beneficial in terms of biolarvicides. Citrus
maxima are species used in this study. Citrus maxima is rich in compound of steroids, flavonoids, phenolic, coumarin,
and terpenoids (13). Chemical compounds in plants that potentially as biolarvicides are flavonoids, saponins, tannins,
alkaloids, and essential oils (10). So, leaves of Citrus maxima can be a larvicides plant used. The purpose of this study
was to determine the toxicity of the leaf extract of Citrus maxima as the larvicides of Aedes aegypti mosquito in the
third instar larval stage of the polar fraction (methanol) and nonpolar fractions (n-hexane).

2. METHODS
This study is an experimental research laboratory (true experimental-posttest only). This study was a laboratory
experiment with Completely Randomized Design (CRD) which was conducted in the Laboratory of the Faculty of
Science and Technology Airlangga University to determine the effect of Citrus maxima leaves as natural larvicidal
mosquito Aedes aegypti. Population and samples in this study is the third instar larvae of Aedes aegypti. The grounds
have had a powerful organ, complete, and stable to external influences. Large samples according to WHO standard, that
is counted 20-25 larvae (18).

2.1 Materials
Materials used in this study are as follows: Citrus maxima leaves. Chemicals used were methanol (as a polar
solvent) and n-hexane (as a nonpolar solvent) which will be mixed when the obtained powder leaves Citrus maxima;
distilled water; tween 20 (for homogenizer) which is used to create a solution for a wide range of concentrations.
Materials for colonization is Aedes aegypti eggs supplied by the Laboratory of Entomology, Institute of Tropical
Disease, Airlangga University; food for the larvae; mineral water for mosquito larvae colonization media.

2.2 Instruments
Instruments for making extracts, such as glass tube to soak extract; Erlenmeyer; glass funnel; filter paper to
filter filtrate; rotatory evaporator to evaporate the solvent extract; flask which is used to mix the solution was made to
various concentrations. Instruments to colonize mosquito larvae, such as plastic basin measuring 40 x 40 x 20 cm to
keep the mosquito larvae; plastic pipette with a large tip to move the mosquito larvae. Biological assays, as follows:
analytical balance and watch glass to weigh extract; glass measuring cup to measure the volume of the extract; plastic
cups for a bio-larvicides testing; glass stirrer to homogenize the solution; hand counter to count the number of test
mosquito larvae.

2.3 Methods
This study was conducted in five stages: first leaf collection Citrus maxima; smoothing leaves, the second is a
maceration of leaves of Citrus maxima with methanol and n-hexane for one week; The third is the leaves of maserat
made into leaves extract, which is the fourth test mosquito larvae colonization, the next is the biological testing.
Procedure of work to be done is as follows: 3 kilograms of initially crushed leaves of Citrus maxima, respectively 1.5
kilograms soaked with methanol, and 1.5 kilograms other soaked with n-hexane for one week, with each 3-day
stirred. After a week, maserat filtered and evaporated using a rotary evaporator so that the extract was acquired, so we
can get a condensed extract leaves of Citrus maxima of methanol and n-hexane.
Viscous extract obtained was weighed (mg) as needed, then given 5 drops of Tween 20 before it is diluted
with distilled water, so there is no debris in the solution In this study, the concentration of extract used is 500 ppm;
1,375 ppm; 2,250 ppm; 3,125 ppm; and 4,000 ppm with each concentration replicated five times. Then Citrus
maxima leaves made into a solution in accordance with the order of concentration. In addition, the control group was
also used distilled water were added to 5 drops of Tween 20, for all the extract solution containing Tween 20 and
would not give the impression that Tween 20 is a major cause of death mosquito larvae. Each volume is measured
100 ml and placed in a transparent plastic cups. Furthermore, inserting 20 larvae of Aedes aegypti mosquito that has
instar III into each glass. Larvae were left for 24 hours, the dead larvae will be calculated and recorded (1). After
calculating how many larvae were dead after 24 hours, the next is to determine the toxicity value (LC 90) of extracts,
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namely by really way of data larvae died, concentration, and the number of larvae entered and analyzed using SPSS
16.0 with Probit analysis to determine the concentration values effective which can reach LC 90.

3. RESULTS AND DISCUSSION
Based on test results biolarvicides against Aedes aegypti larvae through leaves extract of Citrus maxima in the
polar fraction (methanol) and nonpolar n-hexane fraction) were analyzed with SPSS 16.0 by Probit analysis. Results
LC90 value Citrus maxima in the polar fraction of polar (methanol) larvicidal work effectively at a concentration LC90
= 3,720 ppm, and the nonpolar fraction (n-hexane) Citrus maxima larvicidal work effectively at a concentration LC90 =
1,525 ppm, the graph shows the results of the comparison of data primary as follows.
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Figure 1 Number of mortality for 3rd instar larvae of Aedes aegypti given polar extract fraction of Citrus
maxima leaves.
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Figure 2 Number of mortality for 3rd instar larvae of Aedes aegypti given non polar extract fraction of Citrus
maxima leaves.
Based on the research results obtained by the percentage of Aedes aegypti larvae mortality increased with higher
concentrations of the extract solution which has been determined, then the solution is more toxic to larvae of Aedes
aegypti. Testing the Aedes aegypti larvae through a solution of methanol extract, obtained at a concentration LC 90 =
3,720 ppm, the concentration range interval = 3,410 ppm – 4,135 ppm indicate the achievement of expected mortality as
much as 90%, whereas in a solution that uses the extract of Citrus maxima in nonpolar fraction (n-Hexane) was
obtained at a concentration LC90 = 1,525 ppm, the concentration range interval = 1,319 ppm – 1,823 ppm. Meanwhile,
according to the chart (figure. 1) in Citrus maxima leaves extract solution using polar fraction (methanol) showed that
the concentration of larval mortality at concentrations up to 3,125 ppm have not reached the expected percentage of
larval mortality. However, in (figure. 2) the percentage of mortality of larvae of Aedes aegypti has reached its
effectiveness at concentration of 1,375 ppm which is tested using leaves extracts of grapefruit / Citrus maxima in
nonpolar fractions (n-Hexane).
The following results of the estimation interval concentrations were analyzed with SPSS 16.0 statistics through
regression analysis using Probit test, it is showed by the table below.
Table 1 Interval of LC From Citrus Maxima Polar And Non Polar Extract Fraction
Citrus maxima
LC90 (ppm)
Lower Bound
Upper Bound
3720
3410
4135
Polar Extract Fraction Non
Polar Extract Fraction

1525

1319

1823

Citrus maxima is effective for Aedes aegypti larvicides because the leaves contain chemicals that are derived
from them their phytochemical test flavonoids, steroids, terpenoids, and coumarin. This phytochemical test using
methanol (universal solvent) so that all levels of compounds with different polarity (polar, semi-polar and non-polar)
can be drawn and tested with specific reagents each of these compounds (13). As for using a nonpolar solvent, we mean
to compare the value of toxic based on the polarity level. Citrus maxima leaves content of flavonoid compounds work
by inhibiting eat and are toxic to insects (6). That’s compounds works as larvicides effectively. Biolarvicides research
using leaves extracts of Citrus maxima in methanol fraction has previously been tested. Hebert (the previous researcher)
“said, that the leaves methanol extract of grapefruit or Citrus maxima have different toxicity with other Citrus extracts,
extracts leaves of Citrus maxima where the highest concentration of 4,000 ppm is only able to kill 60% of third instar
larvae of Aedes aegypti” (7). Researches, which have been done are research that use this type of leaves, fractions, and
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the same concentrations that have been conducted by previous researchers. But both have different results. It is caused
by a factor of which is the research conducted by previous researchers got the oranges leaves from plantations Batu,
Malang-Indonesia, while the leaves grapefruit / Citrus maxima that we got were from Jombang, Indonesia. So, there are
biological factors, that may affect the way of larvicides because of the plant material, plant age, and part of the plant
used. Furthermore, there are also chemical factors that may affect such kind of active compounds, as well as the quality
and quantity of active compound contained in the material. In addition, the extraction method, the difference tool used,
the size of the material, material hardness, dryness of materials, solvents used, heavy metal content can also affect the
outcome of the test (21).

4. CONCLUSION
Based on research that has been conducted, it is known that the use of Citrus maxima in the polar fraction
(methanol) and nonpolar fractions (n-Hexane) to the third instar larvae of Aedes aegypti in the test results showed that
the larvae of Aedes aegypti through a solution of methanol extract, obtained at a concentration LC 90 = 3,720 ppm, the
concentration range interval = 3,410 ppm – 4,135 ppm indicating the achievement of expected mortality as much as
90%, while the solution that uses the extract of Citrus maxima in nonpolar fraction (n-Hexane) was obtained at a
concentration LC90 = 1,525 ppm, with concentration range interval = 1,319 ppm – 1,823 ppm.
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Abstract – Numerous studies on medicinal plants reported that it contain large amount of
antioxidants. Antioxidant effects mainly due to the secondary metabolites compounds. In this
study, carried out the isolation of secondary metabolites compound of the neem roots (Azadirachta
indica) from Poteran-Madura Island and quantitatively antioxidant test using DPPH (2,2-diphenyl1-picrylhydrazyl) method. Isolation method used was macerated with methanol and then
fractionated by vacuum liquid chromatography using the eluent n-hexane, dichloromethane, ethyl
acetate and methanol based on increasing polarity. The resulting fraction is then purified by
recrystallization using the solvent n-hexane. Pure compound were obtained to test the melting
point, solubility test, and antioxidant test with DPPH method. Compounds obtained white needleshaped crystals with a melting point of 133-134°C. Bases on GC-MS analysis of this compound
obtained molecular formula is C29H48O and that supported the data 1H-NMR and 13C-NMR.
Antioxidant test using DPPH method showed that this compound having IC 50 of more than 600
ppm. This indicates that these compound inactive antioxidant.

1. INTRODUCTION
Antioxidants are compounds electron donor or reductant. This compound has a small molecular weight, but is able to
inactivate the development of the oxidation reaction with radical binding. Related oxidation reactions in the body, antioxidant
status is an important parameter to monitor the health of a person. Antioxidant has gained importance in the current scenario
as it has an ability to trap free radicals which are produced during the degenerative diseases. The human body has a system of
antioxidants to counteract the reactivity of free radicals, which are continuously formed by the body [1].
Several new compounds have been isolated from medicinal plants such as alkaloids, terpenoids, flavonoids and xanthones
which have potential antioxidant activity. One island in Indonesia, Poteran island has some endemic plants are considered
potential sources of phenolic compounds as antioxidants. Several potentially productive plants as medicine are Moringa
(Moringa oleifera), Neem (Azadirachta indica), Saga (Adenanthera pavonima), Breadfruit (Artocarpus altilis), Chilli herbs
(Piper retrofactum, Vahl), Kesambi (Schleichera aleosa), Pulai (Alstonia scholaris), and Pigeon pea (Cajanus cajan). In this
research, selected a plant that has potential as an antioxidant that Neem (A. indica). It’s have been used medicinally to treat
various diseases such as fever, abdominal pain, itching, and a reduction in blood sugar levels. Aerial parts of neem has been
isolated more than 140 chemical compounds. The compounds contained in the neem plant through research bioactivity in vitro
and in vivo studies have demonstrated activity as an anti-inflammatory, anti-histamine, antipyretic, and anti-fungal, but it is
still rare to find compounds from neem potential as antioxidants [2]. Research on neem root has not been done, so in this study
will be conducted to determine the activity of compounds the neem roots from Poteran-Madura Island. The secondary
metabolites of neem potentially containing compounds are expected to be potentially as an antioxidant compound.

2. METHODS
2.1 Materials.
Plant Materials. Roots of A. indica were collected from Poteran Island-Madura, Indonesia in March, 2014.
Instrumens and Chemicals. Melting points were determined on Fisher John-melting point Apparatus. IR spectra
were measured with FT-IR PRESTIGE 21 (SHIMADZU) spectrophotometers, respectively. GC-MS spectra were
measured with GC/MS Autosampler Agilent Technologies, 5973 inert, Mass Selective Detector. 1H and 13C-NMR
spectra were recorded with JEOL-Nuclear Magnetic Resonance (JNM ECS-400), operating at 400.0 MHz using
standards from residual and deuterated solvent peaks, respectively. VLC was carried out using Merck Si gel 60 GF 254
and TLC analysis on precoated Si gel plates (Merck Kieselgel 60 F254, 0.25 mm).
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2.2 Procedures
Extraction and Isolation
The dried powdered of neem roots (5 kg) was macerated in MeOH and the MeOH extract (30 g) was sequentially
fractionated by VLC Si-gel using n-hexane, dichloromethane (CH2Cl2), ethyl acetate (EtOAc), and MeOH based on
increasing polarity to give 7 fractions (I-O). There are 2 fractions (L and M) which has relatively the same R f value, so
that the combined (P = 4.5680 g) and further fractionated by VLC method using n-hexane : CH2Cl2 based on increasing
polarity. Results from the second fractionation combined fractions obtained 4 (P 1-P4) are monitored by TLC. At P3
fraction of precipitation, then filtered using vacuum filtration, purified by recrystallization using n-hexane and P3c as
compound 1 (0.1303g) were obtained.

DPPH free radical scavenging activity
The DPPH method was used to evaluated the antioxidant activity of the phenolic compounds [7], [8]. The antioxidant
activity of the compound 1 was determined in terms of hydrogen donating or radical scavenging ability, using the stable
radical DPPH. Samples at various concentrations (600; 400; 200; 100; 50; 10 μg/ml) were added to 1 ml of DPPH and
2 ml methanol and allowed to stand for 30 min at 37 °C. The absorbance of the sample was measured at 517 nm. All
experiments were repeated three times. Radical scavenging activity was expressed as the inhibition percentage of free
radical by the sample and was calculated using the formula [9].

[

(

)

]

….. (1)

Compound 1: white solid, melting point 133-134 °C, 1H-NMR (CDCl3, 400 MHz) and 13C-NMR (CDCl3, 400 MHz)
see Table 1; GC-MS (m / z): 412 [M +], 394, 369, 351, 314, 300, 271, 255, 213, 159, 133, 83, 55; IR max KBr (cm-1) :
3429, 2958, 1654, 1463, 1379, 1054.

3. RESULTS AND DISCUSSION
Compound 1 was isolated in the form of a white solid with a melting point of 133-134 °C. MS data indicate that
the compound has a molecular formula C29H48O, so that the value of DBE = 6. Then, it was supported by the data of IR,
1
H-NMR and 13C-NMR, and compared with data from previous studies. The IR signal absorption band observed at
3429 cm-1 is characteristic of O-H stretching. Absorption at 2958 cm-1 is typical of cyclic olefinic –HC=CH- stretching
while the absorption at frequencies such as 1654 cm-1 is as a result of C=C absorption. However, this signal is weak, the
absorption at 1463 cm-1 was assignable to cyclic (CH2)n bending absorption frequency. While the one at 1379 cm-1 is
attributable to OH deforming absorption. The absorption at 1054 cm-1 is typical of cycloalkane moieties. These
absorption frequencies were in very close agreement with the ones observed for Stigmasterol [3]. 1H-NMR spectra of
compound 1 (Table 1) showed the presence of two methyl singlets at H 0.78ppm (s, 3H) and 1.01ppm (s, 3H) ; three
methyl doublet that appeared at H 0.80 ppm (d, 3H, J=6.8 Hz), 0.82 ppm (d, 3H, J=6.8 Hz), and 0.91ppm (d, 3H, J=6,4
Hz) ; and a methyl triplet at H 0.84 ppm (t, 3H, J=6.8 Hz). Compound 1 also showed protons at H 4.99, 5.14, and 5.34
ppm suggesting the presence of three protons corresponding to that of a trisubstituted and a disubstituted olefinic bond.
The proton multiplet signal at H 3.52 ppm showed a hydroxy proton. The signal at H 1,01 ppm (s, 3H) corresponds to
C-28 and C-29 protons respectively of Stigmasterol [3].

168

Table 1 Data Comparation of 1H-NMR and 13C-NMR Compound 1 with Stigmasterol [4] in CDCl3
Stigmasterol

Compound 1

Position

C
(ppm)
37.6
32.1
72.1

H (ppm)
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

3.51 (tdd, 1H, J = 4.5,
4.2, 3.8 Hz)
5.31 (t, 1H, J = 6.1 Hz)
0.91 (d, 3H, J = 6.2 Hz)
4.98 (m, 1H)
5.14 (m, 1H)
0.83 (t, 3H, J = 7.1 Hz)
0.82 (d, 3H, J = 6.6 Hz)
0.80 (d, 3H, J = 6.6 Hz)
0.71 (s, 3H)
1.03 (s, 3H)

3.52 m

C
(ppm)
37.3
31.8
71.8

5.34 (t, 1H, J = 4.8 Hz)
0.91 (d, 3H, J = 6.4 Hz)
4.99 (m, 1H)
5.14 (m, 1H)
0.84 (t, 3H, J = 6.8 Hz)
0.82 (d, 3H, J = 6.8 Hz)
0.80 (d, 3H, J = 6.8 Hz)
0.68 (s, 3H)
1.01 (s, 3H)

42.3
140.8
121.8
31.9
31.9
51.3
36.6
21.2
39.8
42.4
56.8
24.4
28.3
56.1
40.6
21.3
138.4
129.3
45.9
25.5
11.9
31.9
21.3
19.5
18.9
12.1

H (ppm)

42.4
141.1
121.8
31.8
31.8
50.2
36.6
21.5
39.9
42.4
56.8
24.4
29.3
56.2
40.6
21.7
138.7
129.6
46.1
25.4
12.1
29.6
20.2
19.8
18.9
12.2

Then, the data is reinforced by the data 13C-NMR that the compound 1 has a minimum of 29 carbon atoms. This is
consistent with the data MS that the amount of carbon as much as 29. The 13C-NMR (Table 1) shows some recognizable
signals at C 140.8 and 121.8 ppm which is assignable to the double bond at C-5 and C-6 [3], signal at C 138.4 and
129.3 ppm is also assignable to the double bond at C-20 and C-21 [4]. The signal at C 71.8 ppm is due to C-3 hydroxyl group [3]. Again the signals observed at C 18.9 and 12.1 ppm correspond to angular carbon atoms at C-28
and C-29 respectively (Table 1). It had been reported that the lower value for C-29 is attributable to -gauche interaction
that increases the screening of C-29 thereby causing lower chemical shift [3]. Likewise the loss of proton in C-6 results
in decrease in screening of C-28 leading to an increase in 13C chemical shift to higher frequency [3]. This explanation
is also accepted C 18.9 and 12.1 ppm (for C-28 and C-29 respectively). Carbon signals at C-28 more deshielding than
C-29 due to the proton at C-6 is experiencing dehydrogenation olefinic protons, so that it is more deshielding, while C29 only have C 12.1 ppm which is a methyl carbon. Then, 13C-NMR data of compound 1 were compared with data
from the literature (Table 1) that it has a structural similarity with stigmasterol [4].
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Figure 1 Stigmasterol
Thus, the structure of compound 1 was assigned as the known compound stigmasterol. The physical and spectral data
are consistent to the reported literature values of stigmasterol [3], [4]. Antioxidant test using DPPH method showed that
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this compound having IC50 of more than 600 ppm. This indicates that these compound inactive antioxidant, as a
compound having IC50 of less than 200 ppm showed it has potent antioxidant activity [5]. When compared with the
antioxidant activity of vitamin C that have IC50 values 6.316 ppm, the antioxidant activity of these compound far
exceeds the standards.

4. CONCLUSIONS
Phytochemical study of methanol extract of Neem (A.indica), a medicinal plant from Poteran Island-Madura resulted to
the isolation of known compound stigmasterol (1). This compound was evaluated for its in vitro antioxidant activity
using 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging have IC50 of more than 600 ppm. This indicated that
these compound inactive antioxidant.
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Abstract – Correspondence Analysis (CA) has been wide applicated in many discipline. Several
study before which using CA can pattern relation between indicator development. In this study,
researcher compare principal component from CA for patterning the incidence of infectious
disease. From the conclution can be describe, there is two kind problem infectious disease facing
in the South Sulawesi. The first is the general problem which is facing by all of regencies and
cities in South Sulawesi. The second problem is only facing by cities in South Sulawesi, that are
AIDS, IMS and HIV.

1. INTRODUCTION
South Sulawesi is one of the largest province in Indonesia. This province is the central development in Eastern Part of
Indonesia. As the central development at Eastern Part, it is highly expected the development in the regions are also
equal in each district/city. The development progress of local government can be seen from several factors or
dimension, such as education, economic, health, social politic, poverty and etc.
Health sector, particularly related with the infectious disease is the important aspect to handled. From this aspect we can
know how serious the local government protect and serve its citizen. If this aspect not taken seriously then this will be
nightmare for continuity of next generation.
Progress developments can be measure using statistical methods. This statistical methods can see the equal growth
between local governments and to compare the regional characteristic between local governments. Statistical method
usually need assumptions, one of the assumption which usually needed is about the normality of data. But eventually
the researcher usually dealing with the data in contingency table, with no assumption about normality of the data.

2. METHODS
The data used is the incidence cases of infectious disease in South Sulawesi at 2012 (South Sulawesi in Figures 2013).
There are seven infectious disease : HIV, AIDS, IMS (Sexually Transmitted Infections), DBD (Dengue Fever),
Diarrhea, Tuberculosis and Malaria. There are 21 regencies and 3 cities in South Sulawesi, described in Table 1.
Table 1
Table 1 The Incidence
Cases of Infectious
Disease in South Sulawesi at 2012
The Incidence Cases of Infectious Disease in South Sulawesi at 2012
No.
(1)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Regency/City
(2)

Kepulauan Selayar
Bulukumba
Bantaeng
Jeneponto
Takalar
Gowa
Sinjai
Maros
Pangkep
Barru
Bone
Soppeng
Wajo
Sidrap
Pinrang
Enrekang
Luwu
Tana Toraja
Luwu Utara
Luwu Timur
Toraja Utara
Makassar
Pare Pare
Palopo

Regency/
City

HIV

AIDS

IMS

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

2
12
2
17
1
5
0
4
1
0
3
0
13
11
20
0
0
0
6
0
0
497
26
9

3
7
0
7
2
10
3
6
6
0
5
1
7
1
12
1
0
5
1
2
3
245
21
6

0
11
5
54
1
0
0
5
0
5
0
28
13
286
0
0
0
2
113
0
0
3,162
0
1

1
368
12
38
86
96
5
99
251
14
412
13
47
35
46
5
53
7
77
183
6
86
28
365

7,988
11,438
7,376
1,420
13,372
21,958
4,151
5,353
8,968
4,521
12,251
10,132
12,219
12,642
9,100
11,608
7,083
9,890
16,149
14,542
7,511
29,032
2,730
5,259

148
397
258
365
573
846
185
332
386
210
742
256
588
321
569
122
262
96
232
232
186
2,078
197
131

115
46
18
80
41
17
36
51
208
31
53
33
36
45
68
89
97
187
151
97
220
160
25
89

124,553
400,990
179,505
348,138
275,034
670,465
232,612
325,401
311,604
168,034
728,737
226,202
389,552
277,451
357,095
193,683
338,609
224,523
292,765
250,608
220,304
1,369,606
132,048
152,703

629

354

3,686

2,333

246,693

9,712

1,993

8,190,222

Regency
Regency
Regency
Regency
Regency
Regency
Regency
Regency
Regency
Regency
Regency
Regency
Regency
Regency
Regency
Regency
Regency
Regency
Regency
Regency
Regency
City
City
City

SOUTH SULAWESI
Source : South Sulawesi in Figures 2013
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Dengue
TuberTotal
Diarrhea
Malaria
Fever
culosis
Population

This research compare mean difference from several kind of infectious disease occurred in South Sulawesi. That
infectious disease be compared by regency and city and also between regencies or cities in South Sulawesi. The mean
difference analysis using Analysis of Variance (Anova) Table, so it can be easy to viewing and to analysing the
difference.
Correspondence Analysis used for plotting the pattern of infectious disease. From this plot it can be shown the factors
which form each of principal component. This plot can describe the difference between regency and city and also
between the disease.

3. RESULTS AND DISCUSSION
A. Compare mean difference/General Linear Model test between disease (1 st factor) and regencies/cities (2nd factor)
and the interaction between that factors. The result are shown in Table 2.
Table 2 Tests of Between-Subjects Effects
Dependent Variable: Incidence
Source
Type III Sum of
df
Mean Square
F
Sig.
Squares
Model
3411821488.000a
168
20308461.238
.
.
Disease_Group
2121367927.310
6 353561321.218
.
.
Reg_City_Name
161655578.190
23
7028503.400
.
.
Disease_Group *
709529172.976
138
5141515.746
.
.
Reg_City_Name
Error
.000
0
.
Total
3411821488.000
168
a. R Squared = 1.000 (Adjusted R Squared = .)
Table 2 explanation :
Disease_Group
: HIV, AIDS, IMS, DBD, Diarrhea, Tuberculosis and Malaria
Reg_City_Name
: 24 regency and city in South Sulawesi
Disease_Group * Reg_City_Name
: Indicating the interaction factor between two factors
From the Sig column, it can be concluded that there is a significant mean difference between Disease_Group, and
significant mean difference between regency/city and also the interaction is significant.
B. Compare mean difference/General Linear Model test between disease (1 st factor) and by regency and city (2nd
factor) and the interaction between that factors. The descriptive factor used in this comparison is in Table 3. The
comparison result are shown in Table 4.
Table 3 Between-Subjects Factors
Value Label
N
1
HIV
24
2
AIDS
24
3
IMS
24
Disease_Group
4
Dengue
24
5
Diarrhea
24
6
Tuberculosis
24
7
Malaria
24
1
Regency
147
Reg_or_City
2
City
21
Table 4 Tests of Between-Subjects Effects
Dependent Variable: Incidence
Source
Type III Sum of
df
Mean Square
F
Sig.
Squares
Model
2558641559.810a
14 182760111.415
32.988
.000
Disease_Group
1076045456.963
6 179340909.494
32.371
.000
Reg_or_City
6551552.871
1
6551552.871
1.183
.279
Disease_Group *
11453270.105
6
1908878.351
.345
.912
Reg_or_City
Error
853179928.190
154
5540129.404
Total
3411821488.000
168
a. R Squared = .750 (Adjusted R Squared = .727)
Table 3 and 4 explanation :
Disease_Group
: HIV, AIDS, IMS, DBD, Diarrhea, Tuberculosis and Malaria
Reg_or City
: Regency or City
Disease_Group * Reg_or_City
: Indicating the interaction factor between two factors
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From the Sig column, it can be concluded that there is a significant mean difference between Disease_Group. But for
mean difference between regency or city can be concluded there is no significant mean difference, in the other word can
be said that between regency and city have the same mean. And for deeper analysis can be concluded that between
regency or city the incidence and the handling for these infectious diseases has the same handling result. From the sig
coloum also can be concluded the interaction between two factors are not significantly affect each other.
C. Correspondence Analysis is used for plotting the principal component and describe the result from the General
Linear Model test before.
Column Plot
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0
1
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Figure 1 Principal Component Pattern of Infectious Disease in South Sulawesi
After comparing mean and ploting principal component using correspondence analisys. It can be conclude
that the occurring of several infectious disease in South Sulawesi have different mean, Figure 1. And there are three
pattern, first pattern factor pooled in the first principal component (DBD), second pattern factor pooled in the second
principal component (AIDS, HIV, IMS) and the third pattern factors pooled in the middle.
From the construction of principal component in figure 2 can be more explicit viewed that between regency
and city have different pattern of infectious disease. Makassar, Jeneponto and Palopo seem very different from other
regencies. From the plot in figure 3 can be seen clearly which factor affecting Makassar, Jeneponto and Palopo different
with other regencies.
Row Plot
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Figure 2 Principal Component Pattern of Regencies and Cities Deal With Incedence of Infectious Disease in
South Sulawesi
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Symmetric Plot
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Figure 3 Principal Component Pattern Infectious Disease and the Regencies and Cities in South Sulawesi
Another conclution from the pattern can be shown that the spread handling of several infectious disease between
regency and city has the same. It described from Figure 4, several diseases pooled with the regencies and the cities.
Only AIDS, HIV, IMS and DBD have the difference pattern with other diseases.
Asymmetric Row Plot
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Figure 4 Principal Component Pattern Infectious Disease and Regency and City in South Sulawesi

4. CONCLUSIONS
1.
2.

3.
4.
5.

There is difference incidence between the diseases.
The diseases can be grouped by two group. The first is the general problem which is facing by all of regencies
and cities in South Sulawesi. The second problem is only facing by cities in South Sulawesi, that are AIDS,
IMS and HIV
The first group which is facing by all of regencies and cities in South Sulawesi, can be also concluded that
there’s no difference act from the local government for handling it.
The second problem is only facing by cities in South Sulawesi, meant that the city governments need more
effort for handling these infectious diseases rather than the regency governments.
Dengue has unique characteristics, the disease is just only happen a lot on the several regencies or cities.
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Abstract – Effect of root extract of Avicennia alba and Rhizophora apiculata on Vibrio sp
(MC2P5) has made an effort to control vibriosis disease in black tiger shrimp (Penaeus monodon
Fabr.). The roots of Avicennia alba and Rhizophora apiculata from Sungsang mangrove areas,
Banyuasin South Sumatera. This study aims to gain root extract Avicennia alba and Rhizophora
apiculata that can be used to control Vibrio sp (MC2P5) that cause disease in black tiger shrimp,
and determine the minimum inhibitory concentration (MIC). The design used was a randomized
block design (RBD) factorial with two factors, namely the type of extract (Avicennia alba and
Rhizophora apiculata) and extract concentrations (0, 60, 120, 180, and 240 ppm). The results
showed that the extracts of the most widely obtained from the methanol extract of the roots of
Avicennia alba was 1.77 grams and methanol extract of Rhizophora apiculata was 14.85 grams.
The average diameter of the largest inhibition zones obtained from treatment of the methanol
extract of the roots of Avicennia alba of 13.60 mm. MIC of methanol extract of the roots of
Avicennia alba against Vibrio sp (MC2P5) was 16 ppm with an average diameter of clear zone was
8.76 ± 0.68 mm.

1. INTRODUCTION
Shrimp crop failures that occur in shrimp ponds in Indonesia became a phenomenon which is very detrimental to fish
farmers. Crop failure is usually caused by the bacterium Vibrio attack which resulted in the death of shrimp in a short
time and in large numbers. The shrimp were infected with Vibrio generally characterized by clinical symptoms, where
the shrimp look weak, dark red or pale, red antennae and swimming legs. Vibrio are pathogens that infect and cause
disease in the current weak shrimp conditions and extreme environmental factors [1].
Vibrio harveyi continues to cause chronic mortality by 30% in Australia including Penaeus monodon larvae and post
larvae under conditions of stress. The problem is caused by secondary vibriosis are common. Vibrio harveyi appears to
release exotoxins and can lead to death of 80-100% in Australia at the hatchery P. monodon [2]. Prevention of the
spread of bacterial diseases needs to be done early, for example by using antibiotics [1]., but the use of antibiotics
continuously and improper dosage will result in bacteria becoming resistant [3]. The use of natural anti-bacterial is still
limited because of the information regarding the type, effectiveness and how utility yet. Among the natural ingredients
that are known as antibacterial is a mangrove. Mangroves in addition can improve the fertility waters also produce
active compounds such as saponins, flavonoids and alcohol octacyl active as antimicrobial compounds [4]. Excessive
use of antibiotics cause certain bacteria resistant. Species of microorganisms have high levels of vulnerability to
substance different antibiotics and the vulnerability may change during the treatment period. Therefore it is necessary
to test susceptibility of microorganisms to antibiotics. The susceptibility of microorganisms to antibiotics can be
determined by the tube dilution technique and technique cup paper plate. The method is to assign the smallest number
of antibiotic required to inhibit the growth of organisms in vitro, the number is also called the MIC (minimum
inhibitory concentration).
So far only known as a support mangrove fisheries activities that provide habitat and as a supplier of nutrients, but from
research known some mangrove plants produce secondary metabolites that are antibacterial. Avicennia and Rhizophora
sp sp is a mangrove plant that can be found around the pond. According [5] extracts of some plants such as Rhizophora
stylosa mangrove, Soneratia griffithii, Kandelia candel, Aegiceras floridum and Excoecaria agallocha, has been shown
to inhibit the growth of bacteria Staphyloccoccus aureus because it produces secondary metabolites that can inhibit the
growth of microbes can even kill microorganisms. This compound can control the populations of pathogenic
microorganisms in the waters around the mangrove forests. Therefore it is necessary to do research on anti-vibrio
isolation of secondary metabolites of mangrove A. alba and R. apiculata. Mangrove-containing compounds such as
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alkaloids, flavonoids, phenols, terpenoids, steroids and saponins. This class of compounds is an ingredient of modern
medicine[6].
This research aimed to obtain a secondary metabolite extract of the roots of A. alba and R. apiculata anti- Vibrio sp
cause disease in black tiger shrimp vibriosis and to determine the value of the MIC of the extract obtained.

2. METHODS
2.1.Sampling
Root samples that will be derived from plant extracts mangrove A. alba and R. apiculata in Breech Estuary
mangrove forests, Banyuasin South Sumatra Province. The roots of A. alba and R. apiculata taken part submerged
approximately 10 cm and 3-4 cm in diameter.
2.2.Extraction of Secondary Metabolites of Mangrove Roots
Samples of the roots of mangrove plants taken approximately 1 kg then washed with distilled water. Then the
samples were dried in an oven at a temperature of 70 oC to a constant weight. Subsequently the samples were destroyed
by using the blender into a powder. Extraction of the sample preparation of mangrove roots, the root powder ratio: nhexane is 1: 2. Powder was added a solution of n-hexane are macerated for 24 hours[7].
2.3.Antibacterial Activity Test
a.

Determining antibacterial activity extract R. apiculata and A. alba against Vibrio sp
Determination of antibacterial activity of mangrove root extract conducted using a randomized block design
(RBD) with factorial pattern. Factor 1: Type extract (E) : e1: n-hexane extract of R. apiculata, e2: ethyl acetate extract
of R. apiculata , e3: methanol extract of R. apiculata , e4: n-hexane extract A. alba e5: ethyl acetate extract of A. alba,
e6: methanol extract A. alba. Factor 2: Concentration of extract : control ;60; 120; 180; and 240 ppm with two
replicatons. Antibacterial test performed by the Kirby-Bauer method or disc diffusion methods [8].
b. Determining the Minimum Inhibitory Concentration (MIC) Extract Against Vibrio sp(MC2P5)
MIC determination made by the disc diffusion methods [8] starts from a high to low concentration obtained from
the results of the selection of antibacterial activity. This concentration is determined based on the results of further
testing that the smallest concentration which has an average diameter of the largest inhibition zone. Lowest
concentration obtained, made various concentration to 0, 10, 20, 30, 40, 50 and 60 ppm for methanol extract of A. alba
on Vibrio sp (MC2P5). From concentration of 20 ppm were obtained to 0, 4, 8, 12, 16 and 20 ppm. Then determined the
MIC values of the methanol extract of A. alba [modification 9].

3. RESULTS AND DISCUSSION
The weight of the final N-hexane, ethyl acetate, and methanol extract of roots A. alba root from 1 kg sample were
0.04, 0.39, and 1.77 grams, and extract of roots A. alba root were 0.32, 0.71, and 14.85 gram respectively.
Polarity properties of a material should be the same as the polarity of the solvent that can dissolve materials. As
[10] to consider in the selection of the polarity of the solvent is the nature of the material. N-hexane non-polar have
limitations in isolating polar compounds, as well as ethyl acetate which is semi-polar. In contrast to the methanol that
are able to dissolve a wide range of polar and non-polar compounds. The use of solvent n-hexane and ethyl acetate is
expected to attract secondary metabolites that have not attracted by methanol. Based on the solvent used, methanol
produces extract heavier than the solvent n-hexane and ethyl acetate. This is presumably because the compounds
contained in mangrove plants tend to be polar, so the polar methanol has no limitations in the isolated compounds on
mangrove plants. Solvents are used depending on the nature of the component to be dissolved. In general methanol is
the most widely used solvent in the process of isolation of organic compounds of natural materials, because almost can
dissolve the entire class of secondary metabolites.
Antibacterial activity of extracts of roots of R. apiculata and A. alba against Vibrio sp (MC2P5)
Based on testing the antibacterial activity of Avicennia alba root extract made against Vibrio sp (MC 2P5) results
showed that the inhibition zone formed around the paper disc. According to [11] the diameter of inhibition zone is what
determines the potential of an antibacterial compound. The broader the clear zone formed showed higher antibacterial
activity produced by the extract.
Treatment of the methanol extract of Avicennia alba concentration of 60 ppm against Vibrio sp (MC2P5) showed
inhibition zone diameter is 13.60 mm greatest but not significant with ethyl acetate extract treatment R. apiculata and A.
alba concentration of 180 ppm (Table 1).
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Table 1 Diamater inhibition zone (mm) of R. apiculata and A. alba root extract
on Vibrio sp (MC2P5)
Extract types
Concentration (ppm)
0
60
120
180
fgh
N-hexane R. apiculata
0a
4,20 bc
9,48
5,90 bcdef
Etyl acetate R. apiculata

0a

4,69 bcd

7,85

cdefg

Methanol R. apiculata

0a

9,35

efgh

9,11

efgh

N-hexane A. alba

0a

6,15 bcdefg

9,60

fgh

Etyl acetate A. alba

0a

7,98

Methanol A. alba

0a

13,60

cdefg

i

ghi

10,24

240
8,48 defg
7,61 cdefg

4,10 bc

12,59

5,37 bcde

9,15

efgh

9,75

fgh

8,65

efgh

0a

10,15

3,70 b

8,65

ghi

efgh

hi

Notes : The numbers are followed by different letters indicate significant differences according to DNMRT 5%
A. alba extract can inhibit the growth of bacteria, is apparently due to the plant contains active compounds that act
as antibacterial, such as alkaloids, saponins, glycosides, tannins, flavonoids. Research Floreal (2009) showed that the
leaves of Avicennia sp plant contains alkaloids, saponins, glycosides, tannins, flavonoids in the leaves and sap are in
smaller amounts. Triterpenoids found in all parts, especially the leaves and roots. Steroids are not found in all parts of
the plant [12]. Extracts of some types of mangrove plants such as Rhizophora stylosa, Soneratia griffithii, Kandelia
candel, Aegiceras floridum and Excoecaria agallocha, has been shown to inhibit the growth of bacteria
Staphyloccoccus aureus. From the results of phytochemical studies note some Kendelia candel mangrove, Aegiceras
floridum, Rhizophora stylosa and Excoecaria agallocha contain secondary metabolites found in various plant organs,
especially the leaves, roots and seeds. For example, the root contains compounds oktakosil, stigmasterol,
benzoksazolin-2-one, stigmasteril, glukopranosid, saponins and flavonoids [13].
Flavonoids as secondary metabolites produced by mangrove plants can inhibit the growth of bacteria. According
[14] flavonoids as antibacterial compounds inhibit the growth and metabolism of bacteria by disrupting the cytoplasmic
membrane of cells and denature proteins. Flavonoids can damage the cytoplasmic membrane which can cause leakage
of important metabolites and enzyme systems inactivate bacteria. This damage allows the nucleotide and amino acid
seeping out and prevent the entry of active ingredients into the cell, which can cause bacterial death [15].Tannins are
one of the active ingredient that serves as an antimicrobial material contained in the mangroves. According to [16]
activity of tannins associated with its ability to bind to the protein precipitate and encourage dehydration mucosal tissue.
Allow the formation of a stronger protective layer, the cells move up (constrict). According to [17] Vibrio are gramnegative bacteria have a peptidoglycan content that may determine the shape of the cell and to provide the necessary
rigidity to protect bacteria from osmotic preassure. Tannins have the ability to inhibit the synthesis of peptidoglycan so
bacteria can not replicate.
Minimum Inhibitory Concentration (MIC) methanol extract of A. alba concentration of 60 ppm against Vibrio sp
(MC2P5)
Further test results of Duncan's New Multiple Range Test (DNMRT) 5% methanol extract of A. alba known that
concentration of 60 ppm is the smallest concentration that showed the ability to inhibit the growth of bacteria Vibrio sp
(MC2P5). Based on the results of Anova, the average diameter of inhibition zone methanol extract of A.alba of the
bacterium Vibrio sp (MC2P5) showed that the concentration of the extract had a significant effect (p <0.05) the results of
further tests using test DNMRT 5% for the effectiveness of the extract concentration can be seen in Table 2.
Table 2 Test of the methanol extract of Avicennia alba against Vibrio sp (MC2P5)
The concentration of the methanol extract of
Average diameter of inhibition zone on Vibrio sp
Avicennia alba (ppm)
(MC2P5) (mm)
60
7,68c
50
7,40c
40
7,93c
30
6,58b
20
6,50b
10
0a
0
0a
Note: The numbers are followed by different letters indicate significant differences according to DNMRT 5%

177

Table 3 MIC methanol extract of Avicennia alba root on Vibrio sp (MC2P5)
Methanol extract Avicennia alba concentration
Averageof inhibition zone on diameter Vibrio sp
(ppm)
(MC2P5) (mm)
8,755±0,681
20
8,755±0,028
16
0
12
0
8
0
6
0
0
The concentration of 20 ppm is the smallest concentration that showed the ability to inhibit the growth of bacteria
Vibrio sp (MC2P5) (Table 2). In the opinion of [11] concentration is an important factor in susceptibility test
antibacterial material, because the higher the concentration, the greater the inhibition zone formed. Extract at a
concentration of 16 ppm still can inhibit the activity of Vibrio sp (MC2P5), whereas the smaller concentration is 12 ppm,
8 ppm and 6 ppm of methanol extract of A. alba has been unable to inhibit the bacteria Vibrio sp (MC2P5). It can be
determined that the value of the Minimum Inhibitory Concentration (MIC) of the methanol extract of A. alba on Vibrio
sp (MC2P5) is the concentration of 16 ppm with an inhibition zone diameter average 8.75 ± 0.03 mm.

3. CONCLUSIONS
Methanol extract of A. alba and R. apiculata root obtained 1, 77 grams and 14.8 grams extract respectively.
Methanol root extract of Avicennia alba was anti Vibrio sp (MC2P5) with MIC 16 ppm.
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Abstract – CT-scanners are becoming more and more popular imaging modality amongst medical
practitioners as their tools for diagnostic practices. Yet, since CT-scanners employ ionizing x-ray
beam as the source of imaging light, protection against its damaging effects must be observed
closely to ensure that the harmful effects to patients are minimum. Our study involved three
Departments of Radiology in three major hospitals in the city of Malang, East Java, Indonesia. We
took at least 100 (50 males and 50 females) patients who were sent to the department CT facility to
have non-contrast head CT examination in each hospital. The effective dose of each patient was
calculated using the CTDosimetry version 1.0.4 dose calculator software. Our results reveal that
the effective doses received by patients were in range 1.25 – 2.51 mSv for male patients and 1.14 –
2.39 mSv for female patients. In general, male patients received more doses than the female
counterparts as predicted.

1. INTRODUCTION
X–rays are invisible rays at a frequency band between 3 × 1016 Hz to 3 × 1019 Hz and an energy band between 100 eV
to 100 keV in the spectrum of electromagnetic waves. With such energy x-rays are capable of penetrating objects and
ionized the objects in its path. X-rays have been used in many fields, including the military, security, industrial, and
health.
In medical world x-rays are used in the field of diagnostics (radiodiagnostic) and therapy (radiotherapy). In the field of
diagnostic x-rays are used to image internal organs of human body (medical imaging) and in the field of therapy x-rays
are used to kill cancer cells (such as with a linear accelerator machine). Overall, x-rays share over 70% of ionizing
radiation used in medical field globally.
In further developments, along with the development in computer technology and programming algorithms, in the
1970s, Sir Godfrey N. Hounsfield, a British engineer invented a computed tomography (CT) scanner to make a
tomographic image of the human body interior transversely using x-ray. The first image was generated from the CT
scan of brain on 1October 1971 and presented to the public on 20 April 1972 at the 32nd Congress of the British
Institute of Radiology [1] and later published in 1973 [2-4]. At the same time Allen McLeod Cormack, a South African
American, wrote an algorithm for CT image reconstruction [5].
The advent of computed tomography (CT) has revolutionized diagnostic radiology. Since its inception in the 1970s, CT
has been used intensively and demand for this imaging modality has increased rapidly. It is estimated that more than 62
million CT scans per year currently take place in the United States, including at least 4 million in pediatric [6]. By its
nature, CT involves larger radiation doses from the more common x-ray conventional imaging procedures. Thus the
risk of cancer in patients as a consequence of the use of ionizing radiation is also elevating. Although the risk for
everyone is small and not uniform, the increased radiation exposure to public becomes health concern, now and in the
future.
The radiation dose received by the patient depends on the magnitude of the x-ray intensity and duration of exposure.
Typical radiation dose for adult posterior-anterior (PA) chest radiography is about 0.02 mSv (2 mrem) and 0.04 mSv (4
mrem) for lateral imaging. While in CT scanning, the effective dose received by patients undergoing chest examination
is about 7 mSv [7], which is about 175-350 times higher than the conventional x-ray radiography. Low-dose radiation
carries cancer risk to patients receiving it [7,8] and the possibility of deterministic effects, such as skin injury [9],
temporary bandage-shaped hair loss [10], as well as leukemia and brain tumors [11].
From the technology side, CT-scanner has experienced rapid development, both in the aspect of hardware and
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software. All the developments are intended to minimize the dose received by the patient while accelerating the process
of data acquisition and image reconstruction. In addition, in radiation protection the principle of ALARA (As Low As
Reasonably Acceptable), the principle of minimizing the radiation dose while maintaining the produced image quality,
must always be observed [12].
This paper discusses the results of our study in estimating the doses received by patients undergoing CT imaging
examination procedures at three major hospitals in Malang that operate single slice CT-scanners with fixed current
mode and automatic mode as well as a multi slice scanner, to see if the doses received by patients were below the
recommended value of the ICRP (International Commission on Radiological Protection) published in its Publication
No. 103 [13] and the Indonesian Government Regulation No. 63 year 2000 on Occupational Safety and Health in
Utilization of Ionizing Radiation, article 5, paragraph 1 that states: "If there are multiple nuclear energy facilities in a
single location, the employers must observe lower dose level for each installation, so the cumulative dose does not
exceed the threshold dose".

2. METHODS
2.1 Patients
Routine head CT scans are common examinations performed in hospitals. We have collected CT data of three groups of
100 patients (50 males and 50 females) sent to the Departments of Radiology in three major hospitals in Malang. The
data used in this study were obtained from patients having head CT procedures from April up to October 2011 in the
participating hospitals. The age of the patients ranged from 17 to 87 years of age.

2.2 Imaging Techniques
The CT examinations were performed with a General Electric (GE) HiSpeed DX/i system in Hospital A, a Siemens
Somatom Spirit in Hospital B, and a Siemens Somatom Emotion6 in Hospital C.

2.3 Dosimetry Data
Dosimetry data were obtained from image headers of the image series. The information extracted included: acquisition
date and time, manufacturer and model name, study description, patient age and sex, tube voltage (kVp), protocol name,
series information, slice thickness (mm), tube current (mA), exposure time (s), scan length (cm), CTDIvol (mGy), and
DLP (mGy.cm).
CT organ doses were obtained using the ImPACT CTDosimetry software package ver. 1.0.4 (27/05/2011) [14] that
calculates dose for irradiation of a mathematical head phantom which uses CT dosimetry data generated by the National
Radiological Protection Board [15].

3. RESULTS AND DISCUSSION
Analyses were conducted over a 100-patient group having head scans in each participating hospital. The results from
each hospital are discussed below.
Hospital A
The GE CT scanner installed in Hospital A utilizes an adaptive tube current technique. The CTDIvol ranged from 38.93
mGy to 45.54 mGy. It is shown that the CTDI values vary since the tube currents also vary. The CTDI values were
averaged from the MSAD (Multiple Scan Average Dose). The MSAD is an average dose parameter in CT examination.
The BAPETEN (The Indonesia Nuclear Energy Regulatory Agency) set the threshold of an adult MSAD to 50 mGy.
The average CTDI for male patients were 43.35 mGy and 40.48 mGy for female patients. Therefore the CTDI values in
Hospital A Malang are below the threshold.
The effective dose is the radiation exposure received by the patient during the CT examination procedure. It was
calculated using the CTDosimetry spreadsheet and referred to the ICRP (International Commission on Radiological
Protection) publication No. 103. The average effective doses for this hospital were 1.32 mSv and 1.21 mSv for male and
female patients, respectively.
Hospital B
The CT-scanner employed in Hospital B is a Siemens Somatom Spirit. Unlike the machine in Hospital A that utilizes an
adaptive current supply, the Siemens used a fixed current mode. In this mode, the magnitude of the current supplied to
the scanner is constant throughout the examination, which is 240 mA. Therefore the CTDIvol also is constant, 47.5
mGy. The effective dose calculation used the similar software and ICRP recommendation. The average effective doses
were 1.38 mSv and 1.32 mSv for male and female patients, respectively.
Hospital C
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The CT-scanner in Hospital C is of the same manufacturer as the Hospital B, only the type is different. The scanner in
Hospital C is Siemens Somatom Emotion6 that is capable of reconstructing six slices of image in one single rotation.
The tube current used in the head examination wais 140 mA and 2 s rotation time. This made the mAs parameter of the
scanner 280 mAs and gave a constant CTDIvol of 47 mGy. The calculation of the effective dose also used the ICRP
recommendation 103. It was found that the average effective doses were 2.06 mSv and 1.93 mSv for male and female
patients, respectively.
Effective Dose Comparison
The scanners employed in the three participating hospitals are categorized into two groups: fixed current, that is
represented by the scanners of Siemens Healthcare and adaptive current that is represented by the scanners of General
Electric (GE) Healthcare. The fixed current system uses a constant current to the x-ray generator tube, whilst the
adaptive current system adjusts the current supplied to the tube according to the thickness of the object being imaged.
The latter system is aimed to reduce the radiation exposed to the patients, thus reducing the radiation effects. The
effective doses from the three scanners investigated in the research are tabulated in Tables 1 and 2 for male and female
patients, respectively.
Table 1 Comparison of the average effective dose for male patients in the three participating hospitals
calculated according to the ICRP recommendation no. 103.
Age (y.o.)
≤30
31-40
41-50
51-60
61-70
>71

Effective Dose (mSv)
Hosp B
1.40
1.36
1.39
1.38
1.38
1.34

Hosp A
1.34
1.41
1.25
1.34
1.25
1.25

Hosp C
2.21
2.31
2.39
2.51
2.23
2.14

Table 2 Comparison of the average effective dose for female patients in the three participating hospitals
calculated according to the ICRP recommendation no. 103.
Age (y.o.)
≤30
31-40
41-50
51-60
61-70
>71

Effective Dose (mSv)
Hosp B
1.28
1.32
1.34
1.32
1.33
1.33

Hosp A
1.25
1.14
1.15
1.17
1.24
1.20

Hosp C
1.92
2.39
2.38
2.36
2.28
2.31

It is revealed that the GE scanner produced a lower dose compared to the Siemens scanners. It shows that the adaptive
current scanner is safer that its counterparts that utilize fixed current technique.

4. CONCLUSIONS
Our study reveals that, as predicted, the multislice machine (i.e. of Hospital C) produces higher dose to patients (2.06
mSv and 1.93 mSV for male and female patients, respectively) than that of single slice (i.e. 1.32 mSv and 1.21 mSV for
male and female patients, respectively in Hospital A and 1.38 mSv and 1.32 mSV for male and female patients,
respectively in Hospital B); and the fixed current machine (i.e. of Hospital B) emits higher radiation than that of
adaptive current machine (i.e. of Hospital A). We also found that, in general, female patients received lower dose than
male patients.
The recommendation we would like to propose is the use of 2.0 mSv threshold as the local dose reference for CT head
examinations in hospitals in Greater Malang district. Further research is required to extend the area coverage in order to
establish a national reference
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Abstract - Microalgae Botryococcus braunii has a potential to be used as natural antioxidant,
because it contains fatty acid and carotenoid which are active compounds that have potential as
antioxidant. Research has been performed on the antioxidant activity and biological toxicity of the
n-hexane and ethyl acetate extract from B. braunii. This research including extraction,
identification, antioxidant activities using the reduction of free radicals method with DPPH (1,1diphenyl-2-picrylhidrazyl) and toxicity using Brine Shrimp Lethality Test (BSLT) method with
Artemia salina Leach. The extraction is performed with maceration using n-hexane and ethyl
acetate solvent. The result of the antioxidant and toxicity activity test, turned out that the n-hexane
extract shows the best result with IC50 value of 158,809 ppm and LC50 value of 40,480 ppm
Results fractionation resulted in 7 fractions, and after re-tested activities that have turned out to be
the fraction of a second best activity with IC50 value of 143.390 ppm and LC50 of 34.849 ppm. The
purification outcome from the second fraction with preparative thin layer chromatography
produces 5 isolates and second and fourth isolates are chosen to be identified the compound using
Chromatography Gas-Mass Spectrometry (GC-MS). Based on the analysis using GC-MS there are
compounds that have antioxidant and toxicity activities which are BHT and the derivatives of fatty
acid that consists of palmitic acid, stearic acid, miristic acid, and linoleic acid, so that B.braunii
microalgae can be used as a source of natural antioxidant and has the potential as an antitumor
compound.

1. INTRODUCTION
Along with the development of science in the field of medical and pharmacy, there are many factors that cause the
premature aging process. Based on all of those factors, free radicals is the most revealed theory. Free radical is one of
the reactive oxygen compound form, which generally known as a compound that has unpaired electrons. The high
amount of free radicals in the body can trigger various degenerative diseases. Therefore, we need an important
substance for our body, which is antioxidant that can help to protect our body from free radicals.
Antioxidant is a compound that can counteract free radicals and is an electron giving compound or reductant. This
compound can inactivate the development of oxidation reaction by forming radicals. antioxidant is also a compound
that can hamper the oxidation reaction, by binding the free radicals and very reactive molecules, so that can hamper the
cell damage [1]. Natural antioxidant usually is more desirable, because the better safety level and the wider benefit in
terms of food, health and cosmetics.
One of water microorganism that can be used as the source of natural antioxidant is microalgae B. braunii. B. braunii is
a unicellular or multi-cellular microalgae in the thin transparent sheet (flagellum) and included in the green algae group
(Chlorophyceae). Botryococcus braunii has chlorophyll b, carotene, xantophyl, lutein and exopolysacharide [2,3].
In the last decade, the search, research, and identification of bioactive compound from marine organisms intensively
conducted. Lisdawati [4] stated that the potential of a plant related to the plant toxicity and bioactive compound
contained in them, so that research on plant extract toxicity is needed to determine the activity of bioactive compound in
them
Bioactive compound produced from secondary metabolite of a microorganism can be gained by extraction using
solvents with different polarity levels. The difference in terms of solubility is expected to influence the characteristics of
bioactive compound contained in B. braunii that might have activities as antioxidant. Based on the above characteristic,
research on antioxidant activity test is performed using free radicals reduction using DPPH (1,1-diphenyl-2pikrihidrazyl) and the biological activities are tested using BSLT (Brine Shrimp Lethality Test) from the n-hexane and
ethyl acetate extract.
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2. METHODS
Botryococcus braunii is cultivated by using Johnson medium, following this composition (g/L): MgSO4 0,5; CaCl2 0,2;
MgCl2 1,5; KNO3 1; KH2PO4 0,035; NaHCO3 0,043; NaCl 27; KCl 0,2; EDTA 1ml/L; and A5 (mikronutrient) 1ml/L.
The process was done in a 2-liters bottle within 2500 lux radiation of ray, by using blower the aeration system was
continuously blown then pH 7.
Extraction Of B. Braunii By Using Maceration
20 g dry biomass of B. braunii was extracted by using n-hexane and ethyl acetate (1:10) . Extraction was continuously
done so the filtrate, n-hexane and ethyl acetate, discolored. Then, each filtrate evaporated by using rotary evaporator to
get congealed extract.
Antioxidant Activity Using Free Radical Reduction Method [5].
Extract n-hexane and ethyl acetate made the series a concentration of 5-100 ug/ml. and vitamin C as a positive control
made the series a concentration of 2-10 ug/ml. then incubated in 370C for 30 min, absorbance was measured at a
wavelength of 516 nm using a spectrophotometer.
BSLT Toxicity Test Using Larval Shrimp Artemia Salina Leach [6].
A. salina Leach eggs (20 mg) were put in a hatching container, which contains synthetic seawater and then irradiated
with lamp TL 18 watt. Within 24 hours, the eggs had hatched, the larva called nauplii. Then it was removed to another
container. The nauplii can be used for test after 48 hours.
N-Hexane Extract Isolation With Chromatography Column And Simplifying Fraction.
The best extract (n-hexane) was fractionated with chromatography column using silica gel 60 and using motion phase,
n-hexane-ethyl acetate (9:3). . Collected 5 ml for each fraction in a vial. Every fraction got from chromatograph then it
is processed withinThin Layer Chromatography by using silica gel GF254 plate. Then combine every fraction which
show the same stain within a fraction.
Identification Using Gas Chromatography – Mass Spectrometry.
The sample was dissolved in n-hexane. It was using Agilent Technologies 6890 N Gas Chromatograph System and
5973 Mass Selective Detector and Chemistation data system of GC-MS device. Column: Agilent 19091S-433 HP-5MS,
0.25mm * 30m * 0.25µm. Volume injection: 1 µL, temperature inlet :2900 C, temperature AUX : 2900C, temperature
program : 700C (150/minutes) – 2900C (20 minutes), gas flow: constant, gas carrier: Helium

3. RESULTS AND DISCUSSIONS
1. The Antioxidant Activity of n-Hexane and Ethyl Acetate Extract
Extract of n-hexane was made in the concentration of 25-200 ppm, while extract of ethyl acetate was in 100-300 ppm.
The positive control of vitamin C was concentration of 2-10 ppm. The results was shown in table 2
Table 2 Results of the antioxidant activity of the extract test (n-hexane, ethyl acetate) and vitamin C
Extract
n-hexana
Ethyl acetate
Vitamin C

IC50 (µg/mL)
158,809
286,706
3,805

The difference of the concentration between n-hexane and ethyl acetate was due to the concentration which reach 200
ppm of ethyl acetate and it has not yet given a even 50% hindrance and it should be raised to 300 ppm. Extract was
called as active antioxidant if the IC50< 200 µg/ml. The result shown, n-hexane was the most active with IC50 158,809
µg/ml, while ethyl acetate was IC50 286,706 µg/ml. This shows that eventhough the dissolved rendement in n-hexane
was lesser than ethyl acetate, but it has more antioxidant. So the active compound is potential as antioxidant as fat acid
which is pulled in n-hexane dissolver. Besides even the inhibition score of Vitamin C (as the controller) is much lower,
it is expected to purify the n-hexane as extract so it can reach the higher inhibition score.
2. Toxicity Test with Brine Shrimp Letality Test Extract N-Hexane and Ethyl Acetate
Based Meyer [6], a sample is expressed exhibit biological activity against larvae shrimp when the LC50<1000 ppm and
very toxic when LC50<30 ppm. The results shown, extract n-hexane has LC50 40.480 ppm whereas the ethyl acetate
extract LC50 4.246 ppm. n-hexane extracts have categorized toxic toxicity power, whereas highly toxic ethyl acetate.
Subsequent research made to n-hexane extract, because if they have a very toxic toxicity can kill its host [6]. The result
of toxicity test towards Artemia salina Leach is shown in table 3.
Table 3 Results of toxicity tests to extract
Extract
n-hexana
Ethyl acetate

3.

LC50 (bpj)
40,480
4,246

Antioxidant Activity and Toxicity Test on Fractions

The antioxidant activity test on the 7 fractions is performed using the same method for the extract, using the free
radicals DPPH. The result of the antioxidant activity fraction 1 up to fraction 7 can be seen in table 5. The result of the
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antioxidant activity for 7 fractions shows that the second fraction has the antioxidant activity with the IC 50 value of
143,390 ppm. Based on that fact, fraction 2 is selected to go through the purification step using preparative thin layer
chromatography
Table 5 The Results of Antioxidant Activity and Toxicity of The Fractions
Fraction
LC50 (bpj)
IC50 (µg/ml)
1
84,588
423,135
2
34,849
143,390
3
127,764
292,531
4
66,170
306,529
5
45,344
381,927
6
52,045
356,417
7
22,093
505,289
Toxicity test on seven fractions from the result of column chromatography is performed using the same method for the
extract by using BSLT method. the result of toxicity test on the fractions can be seen in table 5. Based on the toxicity
test on the 7 fraction, data is gained in the fraction 1 up to fraction 6 give the active result as toxicity in the toxic
category, The toxicity test on the fractions can be known the strength as follow: fraction 2 > fraction 5 > fraction 6 >
fraction 4 > fraction 1 fraction 3. In the seventh fraction, it is shown that this fraction has the toxicity with the LC50
value of 22,093 ppm, so that it is included into very toxic category
4. Identification Using Gas Chromatography-Mass Spectrometry
The analysis result with GC-MS show that each fraction gives 1 highest peak with the retention time in the second
isolate is 24,08 and the fourth isolate is 24,24. In table 6, shown that the two isolates contain fatty acid, phenol, alkane,
alkene and ester. In the second isolate, there is a fatty acid compound that consist of palmitic acid, linoleic acid, and
stearic acid, and there is a phenol which is called as 2,6-bis (1,1 dimethylethyl)-4-methylphenol or usually called as
BHT (Buthyl Hydroxy Toluena). In the fourth isolate, it is found a fatty acid compound which consists of myristic acid,
palmitic acid, linoleic acid and stearic acid, and it is also found phenol compound which is 2,6-bis(1,1dimethylethyl)-4methylphenol or Buthyl Hydroxy Toluena (Table 6)
Table 6 Results of the identification of the isolates compounds 2 and 4 of the n-hexane extract Botryococcus
braunii by GC-MS
No

1
2
3
4
5
6

1
2
3
4
5
6
7
8

Compounds
Isolat 2
Phenol
2,6-bis(1,1dimethylethyl)-4ethylphenol
Fatty acids
Palmitic acid methyl ester
Linoleic acid methyl ester
Stearic acid methyl ester
Stearic acid
Bis (2-ethylhexyl) phthalate
Isolat 4
Phenols
2,6-bis(1,1dimethylethyl)-4-ethylphenols
Fatty acids
Myristic acid
Isopropyl myristate
Palmitic acid methyl ester
Palmitic acid
Linoleic acid methyl ester
Stearic acid methyl ester
Bis (2-ethylhexyl) pthalate

RT

%
Area

Molecular
formula

Weight of
Molecular

Qual
%

14,01

1,68

C15H24O

220

98

17,05
18,52
18,69
19,06
24,08

2,40
1,36
3,60
1,71
24,58

C17H34O2
C19H34O2
C19H38O2
C18H36O2
C24H38O4

270
294
298
284
390

98
95
94
91
91

14,04

0,17

C15H24O

220

98

15,82
16,27
17,07
17,38
18,54
18,71
24,24

0,59
0,44
2,38
2,16
0,82
1,20
64,10

C14H28O
C17H34O2
C17H34O2
C16H32O2
C19H34O2
C19H38O2
C24H38O4

228
270
270
256
294
284
390

95
98
98
99
99
98
91

According to the literature, fatty acid compounds and phenol derivative compounds have antioxidant activity in
reducing free radicals [7,8]. Based on research data, in the n-hexane extract of the microalgae Botryococcus braunii
were identified by GC-MS contained phenol derivative compounds are identical with BHT (buthyl Hydroxy Toluene)
which is a synthetic antioxidant, so it can be concluded that in the microalgae B. braunii is a potential source for
producing natural BHT.
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Phenol derivative compounds with hydroxyl group bound to the aromatic ring is an effective compound as an
antioxidant because that compound can reduce free radicals by giving hydrogen atom (proton donor) from the hydroxyl
group to the free radicals compared to the fatty acid compound because it is easily hydrolyzed and oxidized in the room
temperature and the bond is not stable so that it is easily apart [7,8].
Based on that fact, in the n-hexane extract has the compound that has the activity as natural antioxidant in reducing free
radicals and toxicity using BSLT is phenol derivative compounds and fatty acid.

4. CONCLUSION
Extract n-hexane from biomass Botryococcus braunii is the most active extract with IC50 values 158.809 mg/mL and
LC50 40.480 ppm. Bioactive compounds of Biomass Botryococcus braunii which allegedly has a natural antioxidant
activity and toxicity are palmitic acid, linoleic acid, stearic acid, Myristic acid and 2,6-bis (1,1-dimethylethyl) -4methylphenol or commonly called BHT (buthyl Hydrohxy Toluene
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Abstract ─ Chlorella pyrenoidosa has Chlorella Growth Factor (CGF), it consists protein and
polysaccharide where its production affected by medium. CGF nestled inside the nucleus being
beneficial to mankind for food supplement, enhancing immunity, and as antioxidant. Chlorella’s
membrane is overcoat that made up by cellulose, therefore breaking the cell to obtain CGF is a
necessity. The aim of this research to study the impact of sonication and medium variation on CGF
production. Chlorella was cultivated by three different mediums were technical medium, Chlorella
Medium (CM) and Modified Basal Medium (MBM). Once harvested, the cells were broken by
sonicator in three different times were 10, 20, and 30 minutes later on the impact of cell’s
distruption was observed under the microscope. CGF was determined the total protein by Lowry
method and glucose total contained by Phenol-Sulfate method, meanwhile its antioxidant activity
was measured by DPPH. The result showed that the highest the total protein was 26.4% and
glucose was 18.4% was yielded on MBM media and period of cell distruption by sonicator at 30
minutes. The antiradical DPPH assay of CGF obtained IC50 191 ppm.

1. INTRODUCTION
Chlorella pyrenoidosa is one of the few microalgae largely employed for human consumption because of its high
protein and carbohydrate content. Clarified that C. pyrenoidosa contains 60.5% of protein and 26.3% of carbohydrate
[1]. Nucleus in this microalgal carries special features known as Chlorella Growth Factor (CGF). CGF is a nucleotidepeptide complex derived from a warm water extract of Chlorella, produced during the intense photosynthesis that
enables Chlorella to grow so fast. Liu et al reported that CGF contains 56.6% of protein and 4.8% of polysaccharide;
it’s also beneficial to enhance immunity system and rejuvenate body [2].
C. pyrenoidosa grows widely in freshwater where its growth is affected by sunlight, pH, carbon dioxide, and nutrient
[3]. Nutrient given through cultivating medium affecting the cell protoplasm synthesis in the formation of
CGF.Yadavalli reported that the composition of certain medium could affect the number of C. pyrenoidosa cells in
photoautotrophic condition [4]. In this research, the local strain of C. pyrenoidosa was cultivated in several common
mediums. Technical media was modified and adjusted by Kabinawa as the nutrient supply for the local strain of C.
pyrenoidosa [5], meanwhile CM and MBM are common mediums used.
C. pyrenoidosa’s unique cell wall is one of the important factors that set it apart from other “green foods” because of its
tough cell wall. Cellulose as its major composition makes it hard to digest by human being and only organisms with
cellulase capable to do it [6]. Therefore, C. pyrenoidosa requires the cell wall to be broken down by high frequency
sonication prior so that CGF can be obtained [7]. Lavoie et al reported that it needed 5 minutes cell disruption with full
power to generate complete cell disruption, however using the full power brought out several damaged proteins [8].
Angelova mentioned that it needed 4 minutes sonication to obtain the chloroplast in Chlorella. Since chloroplast is
intracellular and CGF is stored inside the nucleus, consequently more time needed to disrupt the nucleus entirely so
CGF can be obtained [9]. As Liu reported that the main component of CGF are protein and polysaccharide [2], to
determine the concentration of CGF, protein and glucose analysis were performed. Geetha also reported that C.
pyrenoidosa has high antioxidant activity on various free radical [10]. Hence the current study involves the evaluation
of the antioxidant potential of the CGF from various mediums and cell disruption time.

2. METHODS
2.1 Chemicals
Tri-sodium phosphate, Carbamide, Gandasil-D, Zwalvezure amoniak, CM medium, MBM medium, NaOH, Folin C,
BSA, Glucose, CuSO4. 5H20, DPPH, methanol.

2.2

Procedures

Microalgal culture and preparation of inoculum. The unicellular algae Chlorella pyrenoidosa INK was obtained from
RCBiotechnology-LIPI Stock culture was inoculated in 2L Erlenmeyer flasks of 3 different mediums. The cell growth
was monitored through OD at 680 nm and cell count (CC) in duplicate samples in a haemocytometer. C. pyrenoidosa
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pellets were collected by centrifugation (5000 rpm/5 minutes) at exponential phase. The different cultures media used
for the growth of C. pyrenoidosa INK composition were [A] Technical medium (g.L-1): Tri-sodium phosphate 0.3,
Carbamide 1, Gandasil-D 1, Zwalvezure amoniac 0.8; [B] composition CM (g.L-1): KNO3 2g, K2SO4 0.1g, MgSO4
7H2O 0.1, CaCl2 2H2O 0.05, H3BO3 2.86x10-3,MnCl2 2H2O 1.81x10-3, ZnSO47H2O 2.2 x10-4, Na2MoO4.2H2O 4x104
,CuSO4 5H2O 8x10-5, FeSO45,57x10-3,NaEDTA7.45x10-3 [C] MBM (g.L-1) composition KNO3 1.25g, K2SO4 1.25g,
MgSO4 7H2O 1, CaCl2 2H2O 0.11,H3BO3 1.1x10-3,MnCl2 2H2O 1.5x10-4, ZnSO47H2O 9x10-4, Na2MoO4.2H2O 1.6x10-4,
CuSO4 5H2O 5x10-5, FeSO4 5x10-4, NaEDTA 5x10-3.
Preparation of Chlorella Growth Factor from Chlorella pyrenoidosa. The pellet was suspended in 3 ml distilled water
and transferred into a 15 ml Falcon centrifuge tube. The sonication step on microalga cell suspension was carried out
using a 40 kHz probe sonicator (Branson 250) for 10, 20, and 30 minutes and the experiments were performed in
duplicate. The sonication treatments were monitored under microscope for the outcome of cell disruption each period of
time.
Protein analysis (Lowry method). Bovine Serum Albumin (BSA) powder was dissolved in distilled water and diluted to
a concentration of 1000 ppm. A series of dilution (20, 40, 60, 80, 100 ppm) was made with a final volume of 500 μl in a
test tube. 500 μl of 1 N NaOH was added to each test tube and boiled for 20 minutes at 100oC. After the samples were
cooled down, Cu-Alkali reagent was added and incubated at room temperature for 10 minutes. Cu-Alkali reagent was
prepared by mixing 1 ml of 1% w/v cupric sulfate with 1 ml of 2% w/v sodium potassium tartrate in 50 ml of 5% w/v
potassium bicarbonate. 500 μl of Folin Ciocalteu reagent was added to samples, mixed immediately, and then allowed
to incubate at room temperature for 30 minutes until color was allowed to develop. The absorbance was measured at
750 nm. Protein analysis for CGF was performed by diluting 1 mg sonicated pellet of C. pyrenoidosa in 3 mL hot
water. 500 μl of samples were treated as equal as the protein standard.
Glucose analysis (Phenol - Sulfuric Acid). Glucose powder was dissolved in distilled water and diluted to a
concentration of 1000 ppm. Prepare dilutions of glucose standards (20, 40, 60, 80, 100 ppm) from the 1000 ppm
standard glucose solution were adjusted to a total volume of 500 μl in a test tube. 0,25 ml of 5% phenol was added with
1,25 ml of concentrated sulfuric acid into the dilutions, mixed well and allowed to incubate for 10 minutes. The samples
were boiled for 15 minutes and, cooled down until color was allowed to develop. The absorbance was measured at 490
nm. Glucose analysis for CGF was performed by diluting 1 mg sonicated pellet of C. pyrenoidosa in 3 mL hot water.
500 μl of samples were treated as equal as the glucose standard.
Antioxidant activity assay. Free radical scavenging ability of CGF was tested by DPPH radical scavenging assay and
vitamin C was used as standard. Biomass samples of C. pyrenoidosa were diluted in hot water to a concentration of
1000 ppm. A series of dilution was made to concentration of 50, 75, 100, 125 ppm in a test tube. 3 ml of 0,004% DPPH
(prepared by diluting DPPH powder in pro analytic methanol) was added into 200 μl samples and allowed to incubate in
a dark room at 30oC for 30 minutes. The absorbance was measured at 517 nm. The % inhibition (I%) was calculated
using the formula:
(
)
(
)
(
)

3. RESULTS AND DISCUSSION
3.1 Growth curves
2
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Chlorella pyrenoidosa growth in terms of optical density OD680 were plotted and its cell count (CC) in Figure 1.
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Figure 1 Chlorella pyrenoidosa growth in different medium.
The exponential phase kept developing and the cells had continuing lifespan. In MBM was indicating that the extreme
growth rise was influenced by the convenient amount of macro and micronutrient of MBM. MBM had the most stable
and highest growth rate off all. No lag phase was observed in MBM indicating that Chlorella pyrenoidosa could adapt
the most in this medium. MBM cultivation also produced more biomass with stable and better quality compared to
technical medium which didn’t have significant change in their cell concentration.

3.2 Cell disruption
The cell disruption techniques using sonication at three different periods of time showed distinct effects on cell (Figure
2). At 10 minutes disruption, there weren’t many disrupted cells compared to 20 minutes sonication. The result under
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microscope (40xmagnifications) presented there were many scattered organelles which indicated 30 minutes sonication
treatment caused the complete cell disruption of all.
Normal cell

10 minutes sonication

20 minutes sonication

30 minutes sonication

Figure 2 Cell disruption by sonication

3.3 Protein and Glucose analysis
Crushing the cell with sonication is essential to completely release the intracellular protein prior to protein analysis by
Lowry method. Protein analysis was performed to indicate the presence of CGF because it contains protein. The effect
of different media and sonication time on protein analysis was presented in Figure 3. The longer sonication periods of
time, the higher protein obtained. Sonication at 30 minutes produced higher protein value than sonication at 10 minutes
and 20 minutes because at 30 minutes the whole cell was completely broken.
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Figure 3 Protein and Glucose value in various mediums and sonication time
The highest protein obtained at 30 minutes in MBM valued 26.39%, compared to 23.20% of protein from CM and
18.95% of proteins from technical medium. MBM can be assessed to produce the highest protein because of its better
nutrient combination and was indicated to trigger the intense production of CGF in Chlorella pyrenoidosa.
Based on Figure 3, the longer cell disrupting time, the higher glucose yielded. Glucose obtained from excretion by cell
disruption at 30 minutes sonication time presented higher number of glucose than 10 minutes or 20 minutes sonication
time. The highest glucose obtained was 18.39% from MBM cultivation compared to 12.83% of glucose from CM and
6.84% of glucose from technical medium. Since the highest level of glucose was obtained from MBM cultivation,
hence this study showed that MBM was proper enough to produce glucose from CGF because of its possible
composition of macro and micronutrient to enhance the microalga potential of growth, reproduction and also the
enzyme synthesis in Chlorella.

3.5 Antioxidant activity assay
The study of antioxidant assay was performed from selected biomass. The biomass used as sample in this assay was
obtained from MBM cultivation with 30 minutes sonication pre-treatment because in this pre-treatment exhibited the
best growth value, protein and glucose value which indicated the best optimum condition to investigate the antioxidant
activity of CGF from Chlorella pyrenoidosa INK. According to the Figure 4, the result in three triplicate analyses, the
absorbance presented from each concentration obtained IC50 at 191.41 ppm meanwhile the IC50 from standard vitamin
C resulted at 57.11 ppm. The antioxidant activity from CGF explained that with 191.41 ppm concentration, CGF brings
out antioxidant effect.
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Figure 4 Inhibition potential from CGF of Chlorella pyrenoidosa
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4. CONCLUSIONS
The investigation into the cultivation conditions from various mediums of Chlorella pyrenoidosa INK (local strain) has
shown that the best result of the biomass growth achieved from MBM. The highest level reached protein and glucose
obtained from optimum condition in MBM through 30 minutes of sonication. The CGF has antioxidant activity with
IC50 at 191 ppm.
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Abstract─Lactic acid bacteria (LAB) have the ability to produce exocelluler polymer called
exopolysaccharides (EPS). The exopolysaccharide was produced by three strains of LAB isolated
from commercial fermented products called EPS-S1, EPS-S2 and EPS-S7. The antimicrobial
activity were evaluated according to the well diffusion method by using Gram-negative bacteria
Escherichia coli, Pseudomonas aeruginosa, Shigella dysenteriae, Gram-positive bacteria
Staphylococcus aureus, and yeast Candida albicans. Chloramphenicol and nystatin antibiotic used
as a positive control. The results showed that EPS from three of lactic acid bacteria exhibited
antibacterial activity against all the indicator pathogens tested. EPS-S2 showed the highest
antimicrobial activity against Staphylococcus aureus (6,77 mm), EPS-S1 inhibited Candida
albicans (6,03 mm) and EPS-S7 inhibited Staphylococcus aureus (5.90 mm). Studies of EPS
sugar composition was analyzed by using HPLC showed that EPS-S1 and EPS-S7 contained
maltoheptaosa, whereas EPS-S2 contained maltoheptaoseand glucose.

I. INTRODUCTION
Lactic acid bacteria (LAB) are widely employed in traditional fermented milk, in industrial fermentation processes and
as starter cultures in the dairy industry. Some strains of lactic acid bacteria have importance in general health, providing
a beneficial microflora in the intestinal tract and are able to synthesize exopolysaccharides (EPS) [1]. These
extracellular polysaccharides or ‘exopolysaccharides’ (EPS) have immense commercial value because of their
industrially useful physico-chemical properties. Capacity of LAB to produce a broad range of EPS with variable
composition and functionality is widening their industrial applications. Food associated lactic acid bacteria are granted
the status of ‘generally recognised as safe’ (GRAS) and are discovered to be the suitable candidates for the production
of functional EPS [2]. The utility of various EPS are dependent on their monosaccharide composition, type of linkages
present, degree of branching and molecular weight [3]. EPS derived from LAB play crucial role in improving the
rheology, texture, mouth feel of fermented food formulations and conferring beneficial physiological effects on human
health, such as antitumour activity, immunomodulating bioactivity and anticarcinogenecity [4].
EPS are high molecular weight polymers composed of saccharides subunits and are secreted by a microorganism into
the surrounding environment. Microganisms synthesize large spectrum multifunctional polysaccharides including
intracellular polysaccharides, structural polysaccharides and extracellular polysaccharides (EPS). EPS generally consist
of monosaccharides and some non carbohydrate substituents such as protein, nucleic acids, lipids, acetate, pyruvate,
succinate, and phosphate. The aim of this study is to characterize EPS from fermented dairy and to screen for its
antimicrobial activities. EPSs test for inhibitory activities against three Gram-negative bacteria E.coli, P.aeruginosa,
S.dysenteriae, Gram-positive bacteria S. aureus, and yeast C. albicans.

II. METHODS
2.1 Chemicals
Ethanol (Merck), NaOH, NaCl, chloramphenicol, Nystatin, Aquades, MRS, Peptone Bacteriological (Oxoid), Bacto
Yeast extract (Oxoid), Bacto TM agar (Oxoid).

TM

2.2 Procedures
CoIlection of samples. The lactic acid bacteria isolates were obtained from fermented dairy products namely S1 from
yoghurt (Bogor), S2 from yoghurt (Jakarta) and S7 from cheddar mozarella (Jakarta).
Isolation of lactic acid bacteria. Serial dilutions of homogenized yoghurt and cheddar samples in 0.1% peptone saline
were used for microbial isolation on MRS agar. Colonies which were different each other in their morphology and
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phenotypic appereance were pick up and inoculated in agar slants. The isolate were purified using their respective
isolation media by re-streaking on plates until only single type of colony was present. The pure culture obtained were
characterized for their colony morphology and subjected to Gram staining. Isolates showing phenotypic characters
similar to lactic acid bacteria growth on MRS agar media (S1, S2 and S7) were selected for futher experiments. The
cultures were stored and maintained at 4oC on MRS agar slant.
Culture identification. The working cultures were stored on MRS agar slant at 4◦C and sub culture prepared every 2
weeks. Identification was carried out based on the following main characteristic features: Microscopic examination of
morphology and mobility, Gram staining, catalase activity, gas production from glucose, growth in NaCl 6.5% was
determined according to methods for lactic acid bacteria [5].
EPS Isolation and Purification. EPS were isolated and purified according to the method of Cerning [6]. The cultures
were heated at 100oC for 15 min to inactive enzymes. Afterward, samples were treated with trichloroacetic acid 10%
(w/v) with agitation for 30 min and centrifuged at 8000 rpm for 15 min for cell and protein removal. The EPS in the
supernatant were concentrated by adding three fold volume of cold ethanol and incubated at 4oC for overnight. The
precipitate was collected by centrifugation at 5000 rpm for 15 min and dissolved in 500 μl of 1% PBS buffer.
Antibacterial activities of exopolysaccharides. Antibacterial activities were achieved by using disk diffusion method
by quantifying the clear zone of inhibition around the filter paper disk [7]. In this method, the autoclaved filter paper
discs were impregnated with 50 μl of the EPSs and positioned on nutrient agar plates seeded with the test organisms.
Gram-negative bacteria E. coli, P.aeruginosa, S.dysenteriae, Gram-positive bacteria S. aureus, and yeast C.albicans
were used in this study. Chloramphenicol was used as a positive control, while distilled water was used as a negative
control. Tests wrere performed by three repetitions. After firm placement of the discs the plates were incubated at 37 °C
in inverted position for 1-2 days to allow different species of bacteria to grow. The zones of inhibition in discs were
measured by millimeter scale [8].
Saccharides analysis. After complete hydrolysis of EPS (2 h in 1 M H 2SO4 at 100°C in a sealed recipient)
monosaccharide composition of the hydrolysate. was determined by HPLC (using Aminex® HPX-87H, 300 mm x 7.8
mm column, and RI detector) with flow rate 1 ml/min (using Jasco pump PU-980), sample volume 20μl, column
temperature 35ºC, Back Pressure 1388 psi and the relative proportion of the peak areas calculated to estimate the
saccharides composition.

III. RESULTS AND DISCUSSION
3.1 Phenotypic of Lactic Acid Bacteria culture.
In order to identify LAB, phenotypic methods which include morphological examinations, physiological and
biochemical tests are widely used.
Morphology of Lactic Acid Bacteria. Observations on cells of lactic acid bacteria from three different sources carried
out by using a microscope with a magnification of 1000x. The result shows the lactic acid bacteria S1 is short rod
shaped, S2 is coccibacilli with short chain, and S7 is cocci shaped with long chain.
Biochemical and physiological Test. Different strains isolated from yoghurt and cheese are shown the results of
different biochemical tests are given in Table 1.
Table 1 Biochemical and physiological properties of lactic acid bacteria
Strains

Cell form /
Cellular
arrangement

Cellular
arrangement

Growth in 6.5%
NaCl

Gram

Catalase

Gas from
glucose and
sporulation

S1
S2
S7

rods
coccobacilli
cocci

Chains
Chains
pairs

-

+
+
+

-

-

3.2 Total Extract exopolysaccharide (EPS).
The average of dry weight of EPS produced per ml of MRS medium are 0.112 mg of S1 isolates, 0.074 mg of S2
isolates, and 0.096 mg of isolates S7. Malaka [9] mentions that there are several factors that affect the EPS
production of lactic acid bacteria, i.e temperature, time of incubation, the pH of the growth medium, the type of growth
medium, and a carbon source. Total dry weight of EPS produced three strains varied. It is likely to be influenced by
genetic factors of different LAB strains adapting to the environment. It is also supported by a statement that the ability
of each strain of bacteria to adapt to different environments.

3.3 Antimicrobial Activity Test Extract exopolysaccharide (EPS).
Antimicrobial activity of EPS-S1. The observation of inhibition zone diameter EPS-S1 extracts against microbes
showed their activity as antimicrobial and differences in the diameter of the inhibition showed different results
on different testing EPS extracts (Figure 1)
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The average dimeter of
inhibition zone (mm)

8
6
4
2
0

4.63
4.03

5.65.33
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5.37
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1.33
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aeruginosa
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E. coli

0.47
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Figure 1 Zone of inhibition (mm) EPS-S1 against microbial indicators tested at different concentrations.

The average dimeter of
inhibition zone (mm)

The results indicated that the higher concentration of the EPS extracts tested, the greater DHP formed.
Antimicrobial activity of EPS-S2. Potential antimicrobial EPS producing Lactic acid bacteria isolates S2 are shown in
Figure2 below:
8
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6

4.534.774.53

4.1

3.9

4

6.1

5.73

5.57

4.47

4.4
3
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1.53

2

1.47

0
P. Aeruginosa

Shigella sp.
10000 ppm

S. aureus
5000 ppm

E. coli

C. Albicans

2500 ppm

Figure 2 Zone of inhibition (mm) EPS-S2 against microbial indicators tested at different concentrations.
The results show that the EPS-S2 has the potential antimicrobial and EPS concentration differences tested makes a
difference to the diameter of the inhibition of microbial growth.
Antimicrobial activity of EPS-S7. The results of the antimicrobial activity test-S7 EPS showed the highest average
diameter of inhibition zone at the concentration of EPS of 10,000 ppm. The average inhibition zone against S.aureus
was at 105.9 mm, P. aeruginosa at 5.5 mm, C. albicans yeast at 4.73 mm, Shigella sp at 4.47 mm, and E.coli at 2.6 mm
(Figure 3)
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Figure 3 Zone of inhibition (mm) EPS-S7 against microbial indicators tested at different concentrations.
According to Davis Stout, activity-S7 EPS 10,000 ppm against bacteria S.aureus and P. aeruginosa is categorized to
have moderate inhibition. Meanwhile, activity-S7 EPS 10,000 ppm against the bacteria Shigella sp., E.coli, and the
yeast C.albicans has a weak inhibition.
Positive and Negative Controls Test. A positive control is carried out using the antibiotic chloramphenicol
because it is as a broad-spectrum antibiotic that can inhibit the growth of both Gram positive and Gram negative by
inhibiting bacterial protein synthesis [10]. In addition, as an antibacterial that can diffuse well ingelatinuous
medium. Meanwhile, nystatin is used because it can inhibit the growth of yeast. The purpose of the negative control was
to determine whether the solvent used provide inhibition zone against microbes. Test results showed that 0.5M NaOH
solution as negative control did not provide inhibition zone against microbial test. 100μg nystatin as positive
control for yeast showed inhibition zone of 6.1 mm against C. albicans, whereas 30μg chloramphenicol as positive
control for bacterial test showed inhibition zone of 22,2 mm against S. aureus, 21 mm against E. coli, 7.90 mm against
P. aeruginosa, 34,0 mm against Shigella sp. The result is consistent with research conducted Arunkumar et al [11].
Exopolysaccharide produced by Lactobacillus of cheese has antimicrobial activity with the largest diameter of
inhibition zone against S.aureus. EPS-S2 has a higher antimicrobial activity compared to extracts EPS-S1 and extract
EPS-S7. It shows the higher concentration of EPS extracts tested, the greater the inhibition zone formed.

193

3.4

Saccharides analysis of EPS with HPLC.

To identify the sugar forming exopolysaccharide of LAB by HPLC (High Performance Liquid Chromatography)
was used. Identification was carried out upon samples of extract EPS-S2. Some of the reference standards used are
glucose, fructose, sucrose, maltoheptaose, and maltose. Then, the sample was injected in HPLC. Results are listed in
Figure 4 below:
20.00
18.00
16.00

4.117

14.00

MV

12.00
10.00
8.00

5.617

4.00

8.496

6.00

2.00
0.00
-2.00

1.00

2.00

3.00

4.00

5.00
Minutes

6.00

7.00

8.00

9.00

10.00

Figure 4 Chromatogram samples EPS-S2
The results of a standard solution with HPLC analysis showed the peak maltoheptaose appeared at a retention time of
4,137 minutes and peak glucose appeared at 5,686 minutes. In sample of EPS-S2 the peak appeared at 4,117
minutes with total area 63543 and 5,617 minutes with total area 6530. The peak approached reference standards. Thus,
it is concluded that exopolysaccharide S2 of yoghurt samples (Jakarta) is a Heteropolysacchade
containing components of maltoheptaose sugar and glucose.

4. CONCLUSIONS
From the research the following conclusions can be drawn.
1. Biochemistry and physiology testing of lactic acid bacteria isolates S1 (cell rods,chains), S2 (coccobacilli,
chains), and S7 (cocci, pairs) shows that three strains including Gram positive bacteria do not grow on
media containing 6.5% NaCl, negative catalase, and did not produce gas.
2. The lactic acid bacteria isolates S1, S2, and S7 produces dry weight of different EPS,i.e, successively, 0.112 mg,
0.074 mg and 0.096 mg EPS/ml of MRS medium.
3. Test of antimicrobial activity showed the largest diameter of inhibition was obtained by EPS-S2 with a
concentration of 10,000 ppm against S.aureus: 6.77mm; the one obtained by EPS-S1 1000 ppm against C.
albicans was 6.03 mm;and the one obtained by EPS-S7 1000 ppm against S aureus was 5.90mm.
4. Based on the analysis by HPLC, EPS-S2 is a heteropolysaccharide consisting of maltoheptaose and
glucose.
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Abstract – Polyamidoamine dendrimer (PAMAM) is a globular polymer compound that can be
used to carry drugs / compounds to organ, tissue, tumor or cancer. This study aims to determine
the characteristics and potency of Gd-DTPA-PAMAM G4-anti EGFR Nimotuzumab as a contrast
agent for detection of brain glioma tumor. Gd-DTPA-PAMAM G4-Nimotuzumab is not
radioactive compounds, labeling and characterization were simulated using a 153Gd-DTPAPAMAM G4-Nimotuzumab that was more easily detected using a radioactive counter. Labeling
efficiency of DTPA-PAMAM G4-Nimotuzumab labeled with radionuclide 153Gd was obtained
>95% after purification with Vivaspin 30 KD MWCO. Determination of radiochemical purity of
153
GD-DTPA-PAMAM G4-Nimotuzumab
comound was performed by HPLC method.
Biodistribution profile of 153Gd-DTPA-PAMAM G4 showed that 1 hour after injection, the
complex entered the brain and reached the peak at 3 hours after injection. Clearance profile of
153
Gd-DTPA-PAMAM G4-Nimotuzumab compound up to 120 hours after injection Showed
approximately 15.3% of the complex was removed through the urine and faeces clearance profile
up to 120 hours after injection showed approximately 17.2 % was removed through faeces.

1. INTRODUCTION
Cancer is the second leading cause of death in the world. Cancer can occur in a variety of tissues in various
organs. Conventional anticancer drugs exhibit a lack of specificity, poor solubility and distribution, unfavorable
pharmacokinetics and high tissue damage or toxicity. Currently, most of anticancer compound, does not clearly able to
distinguish between cancerous and normal cells, which can cause toxicity and harmful side effects on the surrounding
cells [1- 3]. Currently, the development of cancer detection devices was focused on specific target and minimal entry
into the non target organ/tissue, so no bias in the diagnosis that will finally ease to the treatment. Detection and
diagnosis of cancer diseases usually depends on the changes in cells and tissues that were detected by physical
examination or scanning technology [4-6].
Dendrimer when conjugated with a certain substances (folate, peptides, specific antibodies) are then combined
with a paramagnetic metal using an appropriate ligands (DTPA, DOTA) will form a contrast agents for MRI and could
be used for the purposes of diagnosis of a specific disease [7 -8].
Nimotuzumab is a monoclonal antibody that can recognize a very specific external domain of epidermal
growth factor receptor (EGFR). Nimotuzumab is an antineoplastic agent that belongs to the class of EGFR-targeting
drugs. The presence of epidermal growth factor receptor in organ/tissues of cancer patients in excess amount be a sign
that cancer patients more quickly deteriorated, giving chemotherapy or radiotherapy drugs often become ineffective so
that the patient's life expectancy is shorter. From various studies, it is known that EGFR is often found in patients with
head and neck cancer, colon cancer, lung cancer, glioma (a type of brain cancer), esophageal cancer, pancreatic cancer,
prostate cancer, cervical cancer, breast cancer and some types of another solid cancer [12-13].
This study aims to determine the characteristics and potency of Gd-DTPA-PAMAM G4-nimotuzumab as a
targeting contrast agent for detection of brain glioma tumor based on PAMAM G4 dendrimer. Characterization of GdDTPA-PAMAM G4-Nimotuzumab compound was simulated using a 153Gd-DTPA-PAMAM G4-nimotuzumab that
was more easily detected using a radioactive counter.
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2. METHODS
2.1 Chemicals
Materials used in this study including CHX-A "-DTPA compound purchased from Macrocyclic,
Polyamidoamin (PAMAM) G4 dendrimer with surface amine groups in the form of a 10% solution in methanol was
purchased from Aldrich, nimotuzumab in the form of an injectable solution TheraCim purchased from Innogen
Kalbiotech. Saline, distilled water were obtained from IPHA. PD-10 column (Sephadex G25) were obtained
from Pharmacia.

2.2. Preparation of Gd-DTPA-PAMAM G4-nimotuzumab
DTPA-PAMAM G4-Nimotuzumab synthesized by conjugated CHX-A"-DTPA with PAMAM G4 which was
followed by reacting DTPA-PAMAM G4 with anti EGFR Nimotuzumab. DTPA-PAMAM G4-Nimotuzumab reacted
with metal paramagnetic Gd to form Gd-DTPA-PAMAM G4-Nimotuzumab. Gd-DTPA-PAMAM G4-Nimotuzumab is
not radioactive compounds, for labeling and characterization were simulated using a 153Gd-DTPA-PAMAM G4Nimotuzumab that was more easily detected by using a radioactive counter.
Radiosynthesis of 153Gd-DTPA-PAMAM G4-Nimotuzumab was achieved by adding 153Gd into DTPA-PAMAM
153
G4-Nimotuzumab. Radiochemical
purity
of
Gd-DTPA -PAM AM G4-nimotuzumab compound
was
determined using the HPLC method. The biodistribution studies of 153Gd-DTPA-PAMAM G4-nimotuzumab was
carried out using normal white mice. Blood, bladder, kidney, lung, spleen, stomach, liver, heart, muscle and
brain were harvested, weighed, and the radioactivity was measured in a Gammatec II gamma counter.

2.3. Urinary and feces clearance of

153

Gd-DTPA -PAMAM G4-nimotuzumab.

153

Urinary and feces clearances of
Gd-DTPA-PAMAM G4-nimotuzumab was performed by injecting the
compound to mice intravenously via the tail vein. Immediately after injection, mice were placed in metabolism
cages. Urine and feces were collected at a certain interval time after injection. Radioactivity was counted in the γcounter (Gammatec II) with a standard of the injected dose, and the % radioactivities for each sample
were calculated. Percentage activities excreted in the urine and feces after a certain interval time was
calculated and compared with the known standard count.

3. RESULTS AND DISCUSSION
Preparation of targeted MRI contrast agents Gd-DTPA-PAMAM G4-nimotuzumab has been done. GdDTPA-PAMAM G4-nimotuzumab is a non-radioactive compound, so in this study for characterization of GdDTPA-PAMAM G4-nimotuzumab complex was simulated using 153Gd-DTPA-PAMAM G4-nimotuzumab (Figure 1).

Nimotuzumab

Figure 1 Structure of MRI targeted contrast agents Gd-DTPA-PAMAM G4-nimotuzumab
Radiochemical purity of 153Gd-DTPA-PAMAM G4-nimotuzumab was determined by the HPLC method using
SEC column 250 at a wavelength of 280 nm and the eluent PBS 0.1 M (Figure 2). Figure 2 shows the HPLC
radiochromatogram of 153Gd-DTPA-PAMAM G4-nimotuzumab. The retention time obtained for Gd-DTPA-PAMAM
G4-nimotuzumab and 153Gd-DTPA-nimotuzumab are respectively at 6.3 and 6, 7. The difference between the retention
time value of Gd-DTPA-PAMAM G4-nimotuzumab and 153Gd-DTPA-nimotuzumab is due to the sample first passed
through a UV detector and then to NaI (Tl) detector.
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A

B

Figure 2 HPLC chromatogram of 153Gd-DTPA-PAMAM G4-Nimotuzumab ( A = radioactive detector and B=
UV detector).
Biodistribution profile of 153Gd-DTPA-PAMAM G4-nimotuzumab (% dose per gram organ) can be seen in Figure
3. Percentages of radioactivity in the kidneys up to 48 hours post injection was higher compared with other organs,
indicating that the complex tend to be hydrophilic by excretion through the kidneys. Significant radioactivity was also
found in the organs of liver and spleen, since the native of antibodies were cleared through the reticuloendothelial
organs. However, to reduce the liver uptake of the complex in the next experiment need to pegylation of the
nimotuzumab or to evaluate the behaviour of Gd-DTPA-PAMAM G4-nimotuzumab complex in tumor models with
higher EGFR overexpression.

Figure 3 Biodistribution profile of

153

Gd-DTPA-PAMAM G4-Nimotuzumab in normal mice

Renal excretion is to play an important role in the elimination of protein degradation products. Urinary excretion of
Gd-DTPA-PAMAM G4-nimotuzumab has been quantified using a 153Gd-DTPA-PAMAM G4-Nimotuzumab. The
results shown in Figure 4. This methodology is generally hampered by lack of specificity since it could not
discriminate the intact antibody from the unconjugated radioisotope. Urinary recovery of Gd-DTPA-PAMAM G4nimotuzumab labelled with 153Gd accounted for 19.4% of the dose over 96 hours, when determined with a radioactive
assay.

Figure 4 Urinary clearance profile of

153

Gd-DTPA-PAMAM G4-Nimotuzumab

Feces clearance of Gd-DTPA-PAMAM G4-nimotuzumab has been quantified using a 153Gd-DTPA-PAMAM G4nimotuzumab. Clearance of 153Gd-DTPA- PAMAM G4-nimotuzumab via the feces is shown in Figure 5. Total
radioactivity excreted via feces up to 120 hours after injection was ~ 3.32%. From this experiment, the tendency of
clearance of Gd-DTPA-PAMAM G4-nimotuzumab via urine was probably due to the negative charge of the complex.

Figure 5. Feces clearance profile of

153

Gd-DTPA-PAMAM G4-Nimotuzumab

4. CONCLUSIONS
From the result of preparation and characterization (biodistribution and clearance) of
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153

Gd-DTPA-PAMAM G4-

nimotuzumab as simulations for the preparation of MRI contrast agents Gd-DTPA-PAMAM G4-nimotuzumab can be
concluded that:
a. The use of radioactive tracer 153Gd ease to observation of the preparation and characterization processes of GdDTPA-PAMAM G4-nimotuzumab contrast agent.
b. Biodistribution test showed that the concentration of Gd-DTPA-PAMAM G4-nimotuzumab in the liver and spleen
generally still quite high 48 h after injection.
c. Total clearance of Gd-DTPA-PAMAM G4-nimotuzumab complex via urine and feces were 22.72 % from total
injected dose.
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Abstract – A candidate radioimmunotherapeutic (RIT) agent 177Lu-1,4,7,10-tetraaza
cyclododecane-N,N’,N’’,N’’’-tetraacetic-PAMAM
G3-Nimotuzumab,
(177Lu)m-(DOTA)nPAMAM G3-nimotuzumab (Compound 5) has been successfully prepared in five-steps reaction
which included conjugation of bifunctional chelating agent (BFCA) NHS-DOTA to PAMAM G-3
to give (DOTA)n-PAMAM G-3 (Compound 1) which was followed by reacting the remainder NH2 of PAMAM G-3 with 2-iminothiolane to give (DOTA)n-PAMAM G-3 with a sulfulhydril
group terminal (Compound 2). Compound 2 was then reacted with succinimidyl 4-(Nmaleimidomethyl) cyclohexane-1-carboxylate (SMCC) activated nimotuzumab (SMCCnimotuzumab, Compound 3) to give (DOTA)n-PAMAM G-3-nimotuzumab, Compound 4).
Compound 4 was finally radiolabeled with 177Lu to give Compound 5 with radiochemical purity
of > 99% after purification with a Sephadex G25 M column. Compound 5 prepared in this project
gave ~ 10 times higher specific activity compared to that of 177Lu-DOTA-nimotuzumab
(nimotuzumab which was directly conjugated with NHS-DOTA and then radiolabeled with 177Lu).
Compound 5 was found fairly stable or very much intact with radiochemical purity > 95% when
stored at room temperature and 37 0C for up to 72 hours and challenged with human serum at 37
0
C for up to 96 hours.

1. INTRODUCTION
Nimotuzumab is a humanized monoclonal antibody (mAb) which selectively targets membrane receptor protein kinase
human epidermal growth factor receptor-type 1 (HER-1) [1,2]. HER-1 is domain proliferation receptor of epidermal
growth factor (EGF) which is over expressed on soft tissues of many cancer cells. Nimotuzumab has been approved in
several countries in Africa, Asia, Eastern Europe and Latin America for treatment of various indications such as head
and neck cancer, glioma and nasopharyngeal. In the European Union it has pending marketing approval from the
European Medicines Agency for the treatment of glioma. Whilst in Singapore, South Africa, Malaysia, Indonesia
Germany, Canada and the U.S.A nimotuzumab is available on a named patient basis [3,4].
There have been several reports regarding the use of nimotuzumab which was combined with external radiotherapy.
The use of nimotuzumab in this combined procedure has been reported to enhance cancer radio-sensitivity [5,6]. There
were also reports suggests that the combined procedure significantly increase the survival rate of patients [7,8,9].
Recently, there has been also a lot of interest in the use of nimotuzumab which was radiolabeled with 177Lu
radionuclides which emits β particles as it was considered to be suitable for radioimmunotherapy (RIT) agent for HER1 over expressed cancers [10,11,12]. Nimotuzumab on RIT agent is function to bring 177Lu to the expected targets
where it would release its β particle energies to surrounding cancer cells. Therefore, unnecessary radiation which
commonly associated with the use of external radiation in cancer treatment could be avoided.
The aim of this research was therefore to prepare a high specific activity of radiolabeled nimotuzumab as a candidate
RIT agent by employing PAMAM G-3 which has 32 –HN2 functional group on its surface where up to 31 of them
might be used for attaching bifunctional chelating agent (BFCA) DOTA, whilst the rest could be used to attach a
nimotuzumab [13]. The abundance of DOTA on the building block of (DOTA) n-PAMAM G3-nimotuzumab would
allow a multiple radionuclide 177Lu indirectly attached to nimotuzumab which will in turn result in high specific
activity of (177Lu)m-DOTA)n-PAMAM G3-nimotuzumab.
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2. METHODS
2.1 Chemicals
Chemicals and materials used in this project included nimotuzumab (Innogen, Kalbe Tech), sulfo-NHS-DOTA
(Macrocyclic), PAMAMG3 (Sigma-Alrich), Chelex-100ion exchange resin (Bio-Rad), Sephadex G25 M resin (GE
Health Care Life Science), SlideA-lyzer with molecular weigth cut off (MWCO) 2 and 20 kDa, Sulfo-SMCC and 2iminothiolane (Thermo Scientific), saline solution (IPHA), ammonium acetate, NaHCO3, K2HPO4, KH2PO4, HCl,
NaOH, and EDTA (E.Merck), purite water (Ω 18MOhm) was retrieved from Stedium Unit (Sartorius), 177Lu (177LuCl3)
was prepared by irradiating of 60% enriched 176Lu (176Lu2O3) in GA Siwabessy Multi-Purpose Reactor, Serpong. The
irradiated target was then processed at the Radioisotope and Radiopharmaceutical Technology Centre to give 177LuCl3.

2.2 Procedures
Procedure for preparation of (177Lu)m-(DOTA)n-PAMAM G3-nimotuzumab was carried out in similar manner to
that of reported by Hermanson [14]. The preparation scheme is shown in Figure 1.
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Figure 1 Preparation Scheme of (177Lu)m-(DOTA)n-PAMAM G3-nimotuzumab
(Image of mAb, Courtessy of Harlan.com)

(DOTA)n-PAMAM G3 (Compound 1)
Compound 1 was prepared by reacting aliquot of PAMAM G3 (0.36 µmol) with sulfo-NHS-DOTA (11 µmol) in 0.1 M
phosphate buffer pH 7.2 at 4 C for 24 hours which was then purified by dialysing it in a A-lyzer with MWCO of 2 kDa
in 0.05 M phosphate buffer pH7.4 contained 0.005 M EDTA for 72 hours with (three changes ).
(DOTA)n-PAMAMG3-SH (Compound 2)
Compound 2 was prepared by reacting aliquot of 2-iminothiolane (0.36 µmol) in 0.05M phosphate buffer which
contained 0.005 EDTA with Compound 1 for one hour under N2 stream. Compound 2 was then purified by passing
through a size exclusion column (Sephadex G 25M) with 0.05M phosphate pH 7.4 which contained 0.005mM EDTA as
eluent.
Nimotuzumab-SMCC (Compound 3)
Compound 3 was prepared by reacting aliquot of sulfo-SMCC (3.60µmol) in 0.1 M PBS pH 7.2 which contained 0.005
EDTA with nimotuzumab (3.60µmol) half an hour which was then followed by purification using a size exclusion
column (Sephadex G 25M) with 0.05M phosphate buffer pH7.4 which contained 0.005mM EDTA as eluent.
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(DOTA)n -PAMAM-nimotuzumab (Compound 4)
Compound 4 was prepared by reacting Compound 2 and Compound 3 at 4C for 24 hours which was then
purified by dialysing with a slide A-lyzer (20 kD MWCO) with 0.25 M ammonium acetate (four changes).
(177 Lu)m -(DOTA)n -PAMAM-nimotuzumab (Compound 5)
Compound 5 was prepared by reacting aliquot of 177LuCl3 (in 0.25M ammonium acetate, 1/ 3, V/V) with Compound
4 at 37C for one hour which was then purified by using a size exclusion column (Sephadex G 25M). The radiochemical
purity of Compound 5 was then analysed by thin layer chromatography (TLC) where ITLC-SG used as stationary
phase and saline solution as mobile phase.
Stability Test
Stability test was performed by measuring the percentage of radiochemical purity of Compound 5 which was stored at
room temperature and 40 C for up to 72 hours as well as and in human serum (1/9, V/V) at 37 0C for up to 96 hours.

3. RESULTS AND DISCUSSION
A radiolabeled mAb could be prepared by attaching a particular radionuclide either directly or indirectly to mAb. In
case of radiolabeling metallic radionuclide toward mAb it is commonly performed by indirect radiolabeling and
involves the use of BFCA [15]. Usually, BFCA firstly conjugated to mAb and then followed by radiolabeling the
attached BFCA with the radionuclide of interest. High specific activity of mAb could be obtained by conjugating as
many as BFCA to give a change for a high number of metallic radionuclides binding to them which results in a high
specific activity radiolabelled monoclonal antibody. However too many BFCAs attached to one molecule mAb would
significantly compromise its immunoreactivity (the binding ability of mAb toward its antigen/ receptor) [16]. Therefore,
the number of BFCA molecules attached to mAb has to be limited in order to maintain its immunoractivity.
In this project, BFCA was not directly bound to mAb; instead it was attached via -NH2 group of PAMAM G-3, which
has 32 -NH2 group, which was then conjugated to mAb. Theoretically, the maximum number of BFCAs that could be
attached to -NH2 group of PAMAM G-3 is 31 as the rest would be used for attaching PAMAM G-3 to mAb. By
conjugating a limited number of (BFCA)n-PAMAM G-3 (BFCA (n  31) to mAb, it would be expected the resulted
(Radionuclide)m(BFCA)n-PAMAM G-3-mAb (n  31) would have a high specific activity while maintains its
immunoreactivity. Moreover, the use of the hydrophilic of PAMAM G-3 as part of the building block of
(Radionuclide)m(BFCA)n-PAMAM G-3-mAb might be able to lessen the high and longer liver uptake which is
commonly associated with radiolabelled whole/ intact mAb .
Unlike previously reported by Ritawidya et al. [17] where 2-(4-isothiocyanatobenzyl)-1,4,7,10-tetraazacyclododecane1,4,7,10-tetraacetic acid (p-SCN-Bn-DOTA) used as BFCA, the choice of BFCA in this project was NHS-DOTA. This
choice was based on our preliminary experiment which showed the precursor of (DOTA-p-SCN-Bn)n-PAMAM-G-3
was not able to be properly re-constituted prior to its labeling with 177Lu (18,19) which indicated its poor the solubility.
This phenomenon might be caused by the high number hydrophobic -Bn group in the building block of (DOTA-p-SCNBn)n-PAMAM-nimotuzumab. In contrast reconstitution of freeze dried (DOTA) n-PAMAM- nimotuzumab resulted in a
clear solution of (DOTA)n-PAMAM- nimotuzumab.
Radiolabeling of (DOTA)n-PAMAM G-3-nimotuzumab with large excess of 177Lu resulted in (177Lu)m-(DOTA)nPAMAM G3-nimotuzumab with radiochemical purity of 99.9% after purification by using a Sephadex G 25M column.
The specific activity of (177Lu)m-(DOTA)n-PAMAM G3-nimotuzumab in this study was found to be 10 time higher than
the 177Lu-DOTA-nimotuzumab where DOTA directly attached to nimotuzumab as reported by Martalena et al. [11] and
Humani et al. [10]. The above-mentioned results showed that the use of PAMAM G3 in the building block of
(DOTA)n-PAMAM G-3-nimotuzumab was able in increasing the number of 177Lu indirectly attached to the
nimotuzumab which in turn increased its specific activity.
Radiolabeling of 177Lu towards (DOTA)n-PAMAM G-3-nimotuzumab has to be specifically bound to DOTA, whilst
binding to other functional groups which are available in PAMAM G-3 or nimotuzumab are considered being a weak
binding [15]. As a consequence non-specifically bound 177Lu would be expected to be released and taken up by non
target organs such as liver, spleen and bone as reported by Palasz. and Czekaj [20] prior ( 177Lu)m-(DOTA)n-PAMAM
G3-nimotuzumab reaching its target. The non-specific binding study showed that 177Lu did not bind to any of its
precursors, it only bound to DOTA on (DOTA) n-PAMAM G-3-nimotuzumab.
A good radiopharmaceutical has to be stable prior (during storage) and after its injection to a patient for allowing it
reaching its expected target. Therefore, a radiopharmaceutical candidate has to be tested for its stability (indicated by
radiochemical purity) in vitro as well as in vivo. In this preliminary study the stability test performed was in vitro only.
The tests was performed on (177Lu -DOTA)n-PAMAM G3-nimotuzumab which was stored at room temperature and 4
C as well as on (177Lu)m-(DOTA)n-PAMAM G3-nimotuzumab which was incubated in human serum (1/9, v/v) at 37
C by using a TLC
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Table 1 Radiochemical purity of (177Lu)m-(DOTA)n-PAMAM G-3-nimotuzumab stored at room
temperature and at 4 C as well as incubated in human serum (1/9, v/v) at 37C.
Time
(Hour)
0
1
2
24
48
72
96

Radiochemical Purity (%)
(177Lu)m-DOTA)n-PAMAM G3-nimotuzumab
Room
Incubated in human serum
4 C
Temperature
(1/9, v/v) at 37 C
100.0 ± 0,0
100.0 ± 0,0
100.0 ± 0.0
100.0 ± 0.0
100.0 ±0.0
100.0 ± 0.0
100.0 ± 0.0
98.4 ± 0.3
98.7 ± 0 .3
98.7 ± 0.2
97.0 ± 0.3
98.3 ± 0.1
95.5 ± 0.1
97.1 ± 0.1
95.4 ± 0.4

It can be seen that (177Lu)m-DOTA)n-PAMAM G-3-nimotuzumab which were stored at room temperature and 4 C
maintained its radiochemical purity. At 72 hours the radiochemical purity of ( 177Lu)m-DOTA)n-PAMAM G3nimotuzumab still conformed the radiochemical purity requirement for a good radiopharmaceutical (≥ 95%). The
radiochemical purity of (177Lu)m-DOTA)n-PAMAM G3-nimotuzumab incubated in human serum (1/9, v/v) at 37 C for
up to 96 hours was also well maintained (≥ 95%).

4. CONCLUSIONS
The candidate of RIT agent, (177Lu)m-(DOTA)n-PAMAM G-3-nimotuzumab has been successfully prepared in fivesteps reaction. The radiochemical purity of (177Lu)m-(DOTA)n-PAMAM G-3-nimotuzumab was > 99% after
purification with a Sephadex G 25M column. Specific activity of (177Lu)m-(DOTA)n-PAMAM G-3-nimotuzumab was
found to be around 10 times to that of 177Lu-DOTA-nimotuzumab. (177Lu)m-DOTA)n-PAMAM G-3-nimotuzumab was
found fairly stable (radiochemical purity > 95%) when stored at room temperature and 37 0C for up to 72 hours as well
as when incubated / challenged with human serum at 37 0C for 96 hours.
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Abstract – Thioureas are important sulfur and nitrogen containing compounds and they are useful
substances in drug research. In an effort to improve potential anticancer activities, one thiourea
derivative was designed and synthesized with substitution at aromatic positions C-4 by Chloro to
be 1-(4-chlorobenzoyl)-3-Methyl Thiourea. The structure was confirmed using UV-vis, IR, 1HNMR, and MS. The in vitro test against HeLa cell was evaluated by the standard MTT assay.
The compounds exhibited more potent activity (IC-50 : 327 g/ml) than hidroxyurea (IC-50 : 428
g/ml).

1. INTRODUCTION
Thiourea is anorganic compound that has carbon, nitrogen, sulfur and hydrogen group. This compound is similar to
urea except that the oxygen atom is replaced by sulfur. Thiourea and its derivatives appear as white, lustrous crystal or
flaky solids and they are useful in pharmaceuticals [1]. From some previous studies have observed that thiourea
derivatives have potent pharma-cological activities such as anti-HIV/ antivirus [2], analgesic [3] and anticancer
properties [4-12].
In previous studies, we have synthesized and characterized 1-benzoyl-3-methyl thiourea [13]. we have synthesized and
in vitro test of 1-(2-chlorobenzoyl)-3-methylthiourea com-pound on HeLa cells and the compound had IC-50 on HeLa
cells at 283 μg/ml [14]. And another research, we also have synthesized and in vitro test of 1-(3-chloro benzoyl)-3methyl thiourea compound on HeLa cells and the compound had IC-50 on HeLa cells at 363 g/ml [15].
From the research, we have studied the effect of chloro in para position substituted aromatic ring on the one N atom
generated one 1-benzoyl-3-methylthiourea derivatives to be 1-(4-chlorobenzoyl)-3-methyl thiourea in its anticancer
activity. The anticancer activity of the compound was evaluated against on HeLa cell line.

2. METHODS
2.1. Materials
The 1-(4-chlorobenzoyl)-3-methylthiourea (3) was synthesized from the reaction of starting material N-Methylthiourea
(2) with 4-chlorobenzoyl chloride (1) (Figure 1). The structure of synthesized compound were identified by UV-vis, IR,
1H-NMR, and MS spectroscopy; whereas their purity were determined by melting point and TLC tests.
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Figure 1 Scheme of synthesis reaction of 1-(4-chlorobenzoyl) -3-methylthiourea

2.2. General Experimental
All reagents and solvents were purchased from standard commercial suppliers. Melting points were measured with an
Electrothermal melting point apparatus without correction. UV-Visibel GENESYS 10S was used for max. IR spectra
were recorded in KBr on Jasco FT-IR 5300 and major absorption was listed in cm-1. 1H-NMR spectra were taken at
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Agilent 500 MHz spectrometer, and chemical shift were reported in ppm on the d-scale from internal standard Me4Si.
MS spectra were measured with Agilent 6890N spectrometer using EI methods. TLC was carried out on aluminium
plates coated with silica gel F254 (E Merck) using UV lamp 254 nm to spot detection.

2.3. Synthesis of 1-(2,4-dichloroben -zoyl)-3-methylthiourea
To 0,05 mol N-Methylthiourea in tetrahydrofuran (THF) and triethylamine and then a few drops of 0,025 mol 4chlorobenzoyl chloride was added slowly at room temperature under stirring. Then the temperature was raised untill
100 0C and the mixture was refluxed and stirred for 5 hours. The solvent (THF) was evaporated by rotary evaporator
and the product was added saturated sodium bicarbonate (NaHCO3) and then washed with aquadest twice. The
resulting solid was recrystalized from hot ethanol to give 1-(4-chlorobenzoyl)-3-methyl thiourea compound (Figure 1).

2.4. Anticancer Activity
In vitro anticancer activity against HeLa cell lines was assayed by MTT assay method and expressed in IC-50,
concentration of the compounds inducing a 50% inhibition of cell growth of treated cells compared to the growth of
control cells. Hydroxyurea (HU) was used as the reference drug. Cancer cell lines were seeded at a density of 1x10 4
cells/well in 96-well microplates. After 24 hours, exponentially growing cells were exposed to the test compounds in
DMSO at final concentration ranging from 15,625 to 250 g/mL. After 48 hours incubated in a 5 % CO2 incubator at 37
0
C, cell survival was determined by the addition of MTT solution (100 μL of 0.5 mg/ml MTT in PBS). Once formazan
was formed, 100μL 10 % SDS in 0.1 N HCl was added and plates were incubated in the dark at 37 0C overnight. The
absorbance was observed at 595 nm on ELISA-reader and survival ratio of living cells were exppressed in percentages
with respect to untreated cells. Each experiment was performed at least three times. The IC-50 value of test compounds
were shown in Table 1.

3. RESULTS AND DISCUSSION
Synthesis of 1-(4-chlorobenzoyl)-3-methylthiourea
The 1-(4-chlorobenzoyl)-3-methylthiourea (3) was synthesized from N-Methylthiourea and 4-chlorobenzoyl chloride in
one steps with schotten-Bauman modification method. The compound is white solid and water insoluble substances.
The structure of the synthesized compound was identified by UV-vis, IR, 1H-NMR and MS spectroscopy as follows :

1-(2,4-dichlorobenzoyl)-3-methyl thiourea
Yield 38% as white crystal, m.p. range 108-109 0C. UV-vis max. : 243 cm-1 and 298 cm-1 ; 1H-NMR (CDCl3, 500 MHz)
: 10.616 (1H, s, NH); 9.061 (1H, s, NH); 7.475-7.467 (2H, d, H-Ar); 7.25-7.15 (2H, d, H-Ar); 3,553 (1H, s, CH3). IR
(KBr), max. (cm-1) : 3336.25 (N–H), 1666.2 (C=O amide), 1589.06 (C=C Ar), 1172.51 (-C=S). MS m/z EI : 229.02
(M+), Calculated Mass C9H8Cl2N2OS : 228.01.
The 1-(4-chlorobenzoyl)-3-methylthiourea was produced by nucleophilic acylation between 4-chlorobenzoyl chloride
and N-Methylthiourea, where the nucleophile was N-Methylthiourea. The structural change of (2) to be 1-(4chlorobenzoyl)-3-methyl-thiourea was characterized by the conversion of –NH2 moeity of N-Methylthiourea to –N–
C=O(Ar). It could be observed in 1H-NMR spectra which showed proton peak at –NH region, and supported by IR
spectra with N-H bands.
The characteristic (N-H) stretching vibrations of 1-(4-chlorobenzoyl) -3-methylthiourea is appeared in the 3336.25
cm-1. This difference between the (N-H) stretching frequencies is due to intramolecular hydrogen bonding [16]. The
strong absorption of (C=O) amide band in the IR spectra of the compounds are observed in the region 1666.2 cm-1,
apparently decreasing in frequencies comparing with the ordinary carbonyl absorption (1700 cm-1). This is interpreted
as being a result of its conjugated resonance with phenyl ring and the possible formation of intramolecular hydrogen
bonding with N-H. The frequencies of 1172.51 cm-1 is assigned to the (C=S) vibration. In addition to the infra red
spectrum, the synthesized compounds have also been confirmed by UV-vis, 1H-NMR and MS.

Anticancer Activity
Intending to find anticancer agent for cervical cancer, we examined anticancer activity of the compounds in vitro on
HeLa cell line. The results were listed in Table 1.
Table 1 IC-50 in vitro cytotoxicity of the tested compounds against HeLa Cell line.
Compound
1-Benzoyl-3-methylthiourea*
1-(2-chlorobenzoyl)-3-methylthiourea**
1-(3-chlorobenzoyl)-3-methylthiourea*
1-(4-chlorobenzoyl)-3-methylthiourea
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IC50 (g/mL)
383
245
363
327

Hydroxyurea (HU)
* : ISC Unpad Bandung, 2014.
** : National Seminar Chemistry UNY, 2014.

428

Table 1 show that all tested compounds have IC-50 lower than anticancer drug hydroxyurea. Those indicated that all
tested compounds had anticancer activity against HeLa cells higher than HU. It seems that benzoyl and methyl group on
the structure of thiourea may increase anticancer activity. HU that does not contain benzoyl substituents. Compound
without substituent on benzene ring (1-Benzoyl-3-methylthiourea) show the lowest activity among the other.
Compound with chloro substituents on the ortho position 1-(2,chlorobenzoyl)-3-methyl thioure) exhibit the highest
activity with IC50 of 245 g/mL and all of 1-Benzoyl-3-methylthiourea derivatives (with chloro in ortho-, meta-, and
para position) were more active than HU with IC-50 of 428 g/mL. Electron withdrawing atom substitution such as
chloro at the ortho, meta, and paraposition of the aromatic ring in the compound structure increases the lipophilicity of
molecules and is responsible for enhanced cytotoxicity in MTT assay model [17]. These results indicated that the 1-(4chlorobenzoyl)-3-methyl thioure was potential as anticancer agents against HeLa cell line than hydroxyurea. However,
the mechanism of thiourea activity to HeLa cells is not fully understood.

4. CONCLUSIONS
The research concluded that the 1-(4-chlorobenzoyl)-3-methyl thioure (IC50= 327 g/mL) was potential as anticancer
agents against HeLa cell line than hydroxyurea.
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Abstract – Breast cancer is the first killer cancer among women in Indonesia. The HER2 gene is
amplified in 30% of invasive breast cancers and correlated with reduced patient survival. Based on
the literature study showed trastuzumab is effective against breast cancer patients with HER-2
Ile655Val genotype, especially with the homozygous genotype. PCR-RFLP technique, could be
applied to distinguish patients with homozygous or heterozygous genotype. This paper were
reported the results of preliminary tests on 12 patients with Ile655Val genotype using PCR-RFLP
to determine whether homozygous or heterozygous genotype. PCR of HER-2 transmembrane
domain gene with a target size of 142bp, from 12 samples breast cancer patients. These 12 patients
had been already examined, have Ile655Val polymorphism confirmed by sequencing method. For
the RFLP methods were restricted by BsmAI restriction enzyme. Then for product visualization
for each step were carried out with 6% elektrophoresis agarose gel. All of the 12 patients samples
shown homozygous genotype. Homozygous genotype could be determined by PCR-RFLP product
formation with size 101-,26- and 15bp. 101bp product showed clearly, while the lower PCR-RFLP
product could not be seen, due to the size and its low concentration. For further research, PCRRFLP optimization would be required especially for the PCR product purification to obtain better
results. Developing of diagnostics methods, could be beneficial to assist the physician for patients
therapeutic management.

1. INTRODUCTION
Breast cancer is the top cancer in women worldwide and is increasing particularly in developing countries where the
majority of cases are diagnosed in late stages. Based on the WHO report in 2012, it was estimated about 1 676 633
women diagnosed with breast cancer and 521 907 people die from the disease. (1) Indonesia, including developing
countries, is estimated about 48 998 women diagnosed with breast cancer and 19 731 died in 2012.(2)
Human Epidermal Growth Factor Receptor 2 (HER-2), also known as ErbB2, c-erbB2 or HER-2/neu, is a protooncogene about 185 kDa protein (p185) with an intracellular tyrosine kinase domain and an extracelluar ligand binding
domain. Its protein is involved in signal transduction and cell proliferation and plays a significant role in a variety of
human cancers. The HER-2 gene is amplified or overexpressed in 30% of invasive breast cancers and correlated with
reduced patient survival. Most notably, the monoclonal humanized antibody against HER-2 (Trastuzumab) was
approved in 1998 by FDA for the treatment of HER-2 positive breast cancer, which its target is the receptor membrane
area. Based on the literature study showed trastuzumab is effective against breast cancer patients with HER-2
Ile655Val genotype, especially with the homozygous genotype. (3,4,5)
The two main methods used for HER2 testing are immunohistochemistry (IHC) and fluorescence in-situ hybridization
(FISH). Until now, FISH has been the gold standard technique to identify HER2 amplification status in ambiguous
cases of breast cancer. Alternative techniques have been developed to increase the capacities of investigating HER-2
amplification status i.e chromogenic in situ hybridization (CISH), silver-enhanced in situ hybridization (SISH) and
Quantitative real-time polymerase chain reaction (qPCR).Unfortunately, all of these method could not provide
information about homozygous (Val/Val &Ile/Ile) or heterozygous (Ile/Val) genotype. (6,7)
PCR-RFLP(Polymerase Chain Reaction-Restriction Fragment Length Polimorphisms) technique could be applied to
distinguish patients with homozygous or heterozygous genotype.(8, 9,10) This paper reported the results of preliminary
tests on 12 patients with Ile655Val genotype using PCR-RFLP to determine whether homozygous or heterozygous
genotype.
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2. METHODS
2.1 Chemicals
Isolate DNA were from 12 samples breast cancer patients in M. Jamil hospital, Padang. These 12 samples had been
already examined have Ile655Val polymorphism confirmed by sequencing method (submitted data). Primer forward
and reverse for HER-2 transmembrane domain gene. DreamTaq Green PCR Master Mix (Thermo Scientific), agarose,
Tris-EDTA buffer, Silica Bead DNA Gel Extraction Kit (Thermo Scientific), marker DNA ( GeneRuler 1 kb Plus DNA
Ladder & Ultralow range DNA marker [Thermo Scientific]), BsmAI restriction enzyme, deionized water.

2.2 Procedures
PCR of HER-2 transmembrane domain gene: Fragment of HER-2 transmembrane domain gene (142bp) were
amplified with PCR method. DNA was amplified in a Super Cycler Thermal Cycler SC300G (Kyratec -Australian
biotechnology company) according to the manufacturer’s protocol. PCR mixture contained: 1 µl DNA isolate (1pg-1g),
25 µl DreamTaq Green PCR Master Mix (Thermo Scientific) and 1µM each primer for total volume of 50 µl.
Amplifications were performed with the following reaction condition: 95ºC 3 min, followed by 35 cycles of 15-sec
denaturation at 95ºC, 15-sec annealing at 50ºC and at 30-sec elongation at 72ºC. PCR product were confirmed by 1%
agarose gel electrophoresis.
Sequence confirmation by DNA sequencing. The sequencing were done by the dye-deoxy terminator method on a
310 ABI Prism Sequencer (PE Applied Biosystems) using 5 pmol of either forward or back primers.
Purification PCR product. PCR product were purified by Silica Bead DNA Gel Extraction Kit (Thermo Scientific)
according to the manufacturer’s protocol before digestion process.
RFLP by BsmAI restriction enzyme. The HER-2 transmembrane domain gene were identified for determination
homozygous or heterozygous genotype. The PCR products (142 base pairs) were digested by BsmAI gives 101-,26- and
15bp fragments for the Val allele and 127-&15-bp fragment for the Ile allele. Digestion mixture contained: 10 u BsmAI,
2 µl buffer reaction and 10 µl pure PCR product for total volume of 20 µl. Digestion product separated by 6% agarose
gel electrophoresis.

3. RESULTS AND DISCUSSION
HER-2 belongs to a family of four homologous receptors involved in the tyrosine kinase mediated regulation of normal
breast tissue growth and development. In humans, HER family includes four structurally related members, HER1
(ErbB1, also known as EGFR), HER2 (ErbB2), HER3 (ErbB3) and HER4 (ErbB4). Similar to all HER receptors, HER2
is a type 1 transmembrane glycoprotein composed of three distinct regions: an N-terminal extracellular domain (ECD),
a single α-helix transmembrane domain (TM), and an intracellular tyrosine kinase domain. As a key gene for cell
survival, HER-2 gene amplification and protein overexpression lead to malignant transformation. It directly associates
with poor clinical outcomes in breast, ovarian, gastric, prostate and other cancers. (4)
This research has successfully obtained PCR product of the HER2 transmembrane domain gene of 12 samples which
have been examined in previous studies have polymorphisms.
M
D

A

200 bp
75 bp

B

C

142bp

Figure 1 PCR product (142bp) of HER-2 transmembrane domain gene of some samples (not all PCR results
have been shown). M :Marker DNA 1kb; A-D: samples
Genetic alterations within HER-2 have been shown to induce carcinogenesis and metastasis.(4)The HER2 gene is
subjected to somatic mutations and to germinal polymorphism. Some HER-2 variants have been reported i.e. Ile654Val,
Ile655Val and Ala1170Pro. While Ala1170Pro resides within a C-terminally located regulatory domain, the two
adjacent polymorphisms Ile654Val and Ile655Val are part of the transmembrane domain. (11) Epidemiological studies
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have been conducted to explore the association between the HER2 Ile655Val polymorphism and breast cancer risk.
(3,12,13)

Figure 2 Sequencing chromatogram of the sample showed substitution a guanine-to-adenine.
Polymorphism of HER-2 transmembrane domain gene was confirmed by sequencing showed one single-nucleotide
polymorphism (SNP) at codon 655 indicates a guanine-to-adenine substitution (Ile655Val). (14) Presence of this SNP,
encoding either isoleucine (Ile: ATC) or valine (Val: GTC), has been reported in different cancer types. The existing
Ile655Val, suggests an increased dimerization, autophosphorylation of HER-2 and tyrosine kinase activity, which may
cause the transformation of cells. (15)
Polymorphism in a pair of allele also has a significant meaning. Some of the reports have revealed that the presence of
Ile/Val SNP is associated with increased risk of breast cancer development; on the other hand, others have shown that
this correlation is controversial.(15,16) Women with the Ile/Val or Val/Val genotype had a high risk of breast cancer. In
breast cancer patients with heterozygous genotype treated with trastuzumab, the presence of a Val allele may constitute
a risk factor for cardiac toxicity. (3,17)
The homozygous or heterozygous genotype could be distinguished by PCR-RFLP technique. Here in this report,
developing of PCR RFLP as the diagnostic method system preliminary study shown its effectiveness to discriminate
patients with Ile655Val genotype.
Homozygous genotype can be determined by PCR-RFLP product formation with size 101-,26- and 15bp. Figure 4.
showed only 96bp bands of PCR-RFLP product, while the 26-&15-bp bands could not be seen. This problem was due
to the small size of the band and a low concentration. For further research, PCR RFLP optimization would be required
especially for the PCR product purification to obtain better results. Developing of diagnostics methods, could be
beneficial to assist the physician for patients therapeutic management.

Figure 3 Simulation schematic of digestion 142bp fragment DNA of Ile655val sample by BsmAI restriction
enzyme for homozygous and heterozygous genotype.
C1
12

C2

M

1

2

3

4

5

6

7

8

9

10

11

200bp
142bp

100bp

101bp

Figure 4 Visualization of PCR-RFLP shown all of 12 samples (Ile655Val) were homozygous genotype.C1: PCR
product control before purification; C2: PCR product control after purification; M: Marker; 1-12: samples with
Ile655Val after digestion process by BsmAI restriction enzyme

4. CONCLUSIONS
PCR-RFLP have been successfully done of 12 sample patients with breast cancer. All of the samples had Ile655Val
polymorphism and homozygenous genotype on HER-2 transmembrane domain gene.

208

5. REFERENCES
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

http://globocan.iarc.fr/Pages/fact_sheets_population.aspx (accessed 19 December 2014)
http://www.who.int/cancer/country-profiles/idn_en.pdf?ua=1(accessed 19 December 2014)
S. Beauclair1, P. Formento1, J. L. Fischel1, W. Lescaut, R. Largillier, E. Chamorey, et al, 2007, Annals of
Oncology, 18, 1335–41.
W. Tai, R. Mahato, and K. Cheng, 2010, J Control Release, 146(3), 264–75
R. Nahta, 2012, ISRN Oncol. 2012: 428062
Kataja V, et al., 2009, Annals of Oncology, 20(4), 10–14
J. Jacquemier, F. Spyratos, B.Esterni, M-J. Mozziconacci, M. Antoine ,L Arnould, et al., 2013, Cancer, 13, 351.
N. Zhang, X. Li, K. Tao, L. Jiang, T. Ma, S. Yan, et al., 2011, Medical Genetics, 12, 48.
G. Mohammadzadeh, M-A Ghaffari, A. Bafandeh, S-M. Hosseini, 2014, Iran J Basic Med Sci, 17, 6.
V. V.T.S. Prasad, P. Kolli, and D. Moganti,. 2011, Exp Ther Med, 2(2), 317–23.
B. Frank, K. Hemminki, M. Wirtenberger, JL. Bermejo, P. Bugert, R. Klaes, et al., 2005, Carcinogenesis, 26(3),
643-7.
S. Lu, Z. Wang, H. Liu, X. Hao, 2010, Breast Cancer Res Treat , 124, 771–778
E. Sezgin , FI. Sahin , MC. Yagmurdur , B. Demirhan , 2011, Genet Test Mol Biomarkers., 15(3), 143-6.
SE. Nelson, M N. Gould, J M. Hampton ,A. Rentham-Dietz, 2005, Breast Cancer Research, 7, 3.
N L. Satiroglu-Tufan, F. Bir, N. Calli-Demirkan, 2006, World J Gastroenterol, 12(20), 3283-7
E. Sezgin, F. I. Sahin, M.C. Yagmurdur, B. Demirhan, 2011, Genet Test Mol Biomarkers, 4(15), 3143-6.
J. Lemieux, C. Diorio, MA. Côté, Provencher, F. Barabé, S. Jacob, et al, 2013, Anticancer Res., 33(6), 2569-76.

209

Proceeding of The 5th Annual Basic Science International Conference
Received: Feb 13th, 2015; Accepted: Mar 23rd, 2015; Published online: April 11th, 2015.

Insilico Studies on The Effects of The Sedative
Components of Patchouli Oil in Binding Affinity to
GABA Receptors
Edi Priyo Utomo1*, Dani Muara Histo1, Warsito1, Nurdiana2
1

Departement of Chemistry, Faculty of Mathematic and Sciences, University of Brawijaya.
Pharmacology laboratory of Medical Faculty, University of Brawijaya
* Corresponding authors: [edipu2000@yahoo.com]
2

Abstract – In this research, the interaction between several major compound of patchouli oil with
GABAB Receptor was investigated using model in silico. The potential several major compound of
patchouli oil as antidepressant agent was studied and based on inhibition constant (Ki) value were
compared with the inhibition constant value of baclofen and saclofen. The molecular interaction
between major compound of patchouli oil with GABAB reseptor was studied using Autodock
Tools. The study in silico showed that -guaiene (Ki = 381.92 nmol) and -caryophyllene (Ki =
453.3 nmol) have a potent in half of baclofen potentially as sedative antidepressant agent,
compared with antidepresaant baclofen that has Ki = 164.91 nmol.
Keywords : patchouli oil, antidepressant, in silico

1. INTRODUCTION
Many aromatherapist said that the health benefits of patchouli oil can be attributed to its properties as an antidepressant,
antiphlogistic, antiseptic, aphrodisiac, astringent, cicatrisant, cytophylactic, deodorant, diuretic, febrifuge, fungicide,
insecticide, sedative and tonic substance. However, scientific background to this statement for explaining to the
mechanism of its biocativity is still unclear. Patchouli alcohol is a major component of patchouli oil has shown
biological activities such as sedative [2] and antidepressant [3]. GABAB receptors (GABABR) are transmembrane
receptors for gamma-aminobutyric acid (GABA) that are linked via G-proteins to potassium channels. GABAB
receptors are found in the central as well as in the autonomic division of the peripheral nervous system [1]. The
molecular conformation will change when this receptor interact with agonist and antagonist to trigger for the
neurotransmitter activity. Baclofen is a GABA analogue which acts as a selective agonist of GABA B receptors, and is
used as a muscle relaxant, but saclofen is an antagonist for GABA receptor, which both active agents have sedative
effect. The research focus on the study of molecular interaction between terpenoid compounds with GABA receptor
which investigated in silico.

2. METHODS
2.1 Chemicals.
Several major compounds containing in patchouli oil that will be studied in modeling interactions are isocaryophyllene, .
-Guaiene, -caryophyllen, -Patchoulene, Valencene, Elemene, Selinene, Copaene, Longiborneol, Seychelene, Guaiene, Patchouli alcohol, (-)-Caryophyllene oxide, Epiglobulol, Globulol, Cadinene, -Guaiene, Germacrene,
Veridiflorol, Pogostol, -Humulene. The major compounds of patchouli oil will be compared with baclofen an saclofen
as active agents which have sedative effect.

2.2 Procedures
The terpenoid compounds containing in patchouli oil will be studied for their molecular interaction with GABA
receptor by in silico using Autodock Tools. The receptor was downloaded from www.pdb.org with access code of
4MS4, and the terpenoids as ligand were downloaded from www.chemspider.com. Their molecular geometry of the
ligands were optimized by using Hyperchem software.

3. RESULTS AND DISCUSSION
The potent affinity of terpenoids to GABA receptor were compared with the affinity of Baclofen and Saclofen. GABAb
is common receptor and has been known as neurotransmitter target.
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Patchouli alcohol as the major component of the patchouli oil show very low binding affinity to GABA receptor but
isocaryophyllene, -guaiene and -caryophyllene has almost two-three times lower binding affinity than bacoflen
(Table 1).

baclofen

Figure 1 GABAB Receptor with docked baclofen [1]

Table 1 The Inhibit Constant Value of The Major Compounds of Patchouli Oil
No

Compounds

1

sIsocaryophyllene

Ki
(nmol)
184.97

No

Compounds

9

Longiborneol

Ki
(nmol)
1470

2

-Guaiene

3

-caryophyllen

381.92

10

Seychelene

3660

453.3

11

4640

-Patchoulene

518.54

12

5

Valencene

588.76

13

6

Elemene

723.8

14

-Guaiene
Patchouli alcohol
(-)-Caryophyllene
oxide
Epiglobulol

4

7

Selinene

739.25

15

Globulol

8

Copaene

803.86

16

Cadinene

10460

Ki
(nmol)
18630

No

Compounds

17
18

-Guaiene
Germacrene

19

Veridiflorol

57530

5060

20

Pogostol

135910

5710

21

-Humulene

906610

7100

22

Baclofen

164.91

8430

23

Saclofen

50.35

22340

Figure 2 Conformation of interaction between -Guaiene and -caryophyllen with GABAB receptor
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Although all of investigated-terpenoid compounds almost have similar molecular weight (mw = 204 g/mole for
terpenoid and mw = 222 g/mole for oxygenated terpenoid), but their volume and surface area (steric) and also their
stereochemical skeleton are different, so it will due to different on their binding affinity. Compared to the baclofen, Ki
of isocaryphyllene is a little bit higher, but the intercation to the residue acid at GABA receptor is in almost the same
site, it means that isocayrophyllene have a potent for antideppresant. In this investigation, caryophyllene and guaiene
containing in the patchouli oil have Ki value in two – three times more higher than baclofen, that might be the two
compound have a little bit lower antidipressant activity. There are many ways how antidepressant bind to specific
receptor [4]. However the mechanism of antidepressant based on patchouli oil components is still widely opened.

4. CONCLUSIONS
Baclofen and saclofen are based on nitrogen compounds and isocaryophyllene and the analog compound such as guaiene and -caryophyllene are terpenoid but they can bind in the almost same site of amino residue of GABA. It
means that the last two compounds probably have value potential as sedative antidepressant agent.
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Abstract – Bursa fabricius is the main immune system organ in chicken. The organ where are the
differentiation and maturation of antibodies, it is call lympho-ephithelial organ of
chicken.Polyscias obtusa is plant of herbal medicine which is containing polyscoidal-AH, and
others active compound. This compound has a role in cellular and humoral immunity system. This
research goal is to determine the modulation of Lymphocytecell after infected by Salmonella
Typhimurium and supplemented with Polyscias obtusa in Starter and Finisher Fed.The research
were conducted with 60 Salmonella Typhimurium infected broiler chickens and supplemented
with 5 different formula of Polyscias obtuse leave extract, there were standard fed, standard
without infection of Salmonella Thypimurium, standard fed supplemented with 0.08%, 0.16%, and
0.26% of polyscias obtuse and Salmonella Tyhimurium infected respectively. T lymphocytes cells
modulation was measure with flowcytometer analysis of CD4 +,CD8+ and B220+. The result show
that the 0.26% of Plocyscias obtuse supplemented formula were giving significant effect to CD4 +,
it was indicated that CD4+ has a potential role in maximizing broiler chicken immune system.

1. INTRODUCTION
Indonesia is a country that has high broiler chicken farms. Chickens in Indonesia are vulnerable to epidemic such as
Newcastle disease and avian influenza because Indonesia has wet tropical climate that suitable for the growth of viruses
and bacterial pathogens. To resolve this problem, the chicken farmers use vaccines and antibiotics to keep their chicken
healthy. However, vaccines and antibiotics are bioactive substances that have negative impact on the health of chicken
consumers. Based on that, it is necessary to has another alternative to protect consumers health fromside effects of
vaccines and antibiotics. One of many ways to produce safe chicken meat for consumers is provide alternative feed
which can boost broilers immune system. This alternative feed is Polyscias obtusa leaves (Fig. 1) that contain
polysciosida A-H compound [1].

Figure 1 Polyscias obtusa leaves
Polysciosida A-H is a compound from saponinoleanic acid group. Saponin is a compound that plays role in flow
process of nutrient in animals and human. Saponin also play role in membrane permeability, as immunostimulant, and
hypocholesterolaemic [2]. Polysciosida A-H also acts in humoral and cellular immune system. Cellular immune system
involves the activation of T lymphocytes CD4 + and CD8 + cells whereas the humoral immune system involves
activation of B lymphocyte cells (B220+). Based on that, in this study we want to know the effect of P. obtusa as
alternative feed to the the immune system of broilers. Therefore, the effect of P.obtusain influencingpopulationof T
lymphocytes CD4+, CD8+, and B lymphocytes (B220+) in bursa Fabricius broilers infected by bacteriaS.typhimurium is
not well known. The aim of this research is to determine the modulation of T Lymphocyte CD4 + and CD8+, and B
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Lymphocyte (B220+) cell by P. obtusa after infected by S.typhimurium

2. METHODS
The research method is schematically described according to Figure 2.

Figure 2 Research methodology

3. RESULTS AND DISCUSSION
Relative number of CD4+ T cells in T0 to T3 showed no significantly difference (p > 0.05). T4 treatment with
concentration of P. obtusa 0.26% showed a significant increase (p < 0.05) in the relative number of CD4+ T cells
compared to standardfed (Fig. 2). It shows that dose0.26% has the ability to modulate CD4+ T cells in the immune
system of broiler chickens.
P.obtusa did not give significantly different (p > 0.05) to the changes in the relative number of CD8+ T cells and B220+
cells compared with standard fed. However, administration of P.obtusa still showed the ability to modulate both cell
types because the relative number of CD8+ T cells in T2 - T4 treatments in starter phase were relatively higher
compared to T0 and T1 (Fig. 3). T3 treatment with P.obtusa concentration 0.16% also showed an increase in the
relative number of B220+ cells were relatively higher than other treatments (Fig.4).
The ability of P.obtusato modulate the number of CD4+ T cells significantly and CD8+ T cells and B220+ because the
content Polysciosida A Hand Flavonoids. Both of these compounds are known have benefits to improve cytokine IL-2.
Cytokines IL-2 is a growth factor for immunocompetent cells that can affect the differentiation and proliferation of
cells directly. An increasing number of immunocompetent cells will further impact on the increase in the immune
system the body more resistant to viral or bacterial pathogens attack [3].

Figure 4 Relative number of CD8+ T Cells in
starter and finisher phase

Figure 3 Relative number of CD4+ T Cells in
starter and finisher phase
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Figure 5 Relative number of B220+ T Cells in starter and finisher phase

4. CONCLUSIONS
Based on result and discussion, 0.26% of P. obtusa supplemented formula giving significant effect to CD4+, it was
indicated that CD4+ has a potential role in maximizing broiler chicken immune system.
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Abstract – Formalin is still often be found contained in foodstuffs, although this chemical was
prohibited to be used as food additive material. Our previous studies have shown that repeated
exposure of fish meat containing formalin on mice (Mus musculus) leads to increase the activation
of caspase-9 enzyme which is an initiator of apoptosis via intrinsic mitochondrial pathway. The
purpose of this study was to determine the effect of repeated exposure of fish containing formalin
against the activation of caspase-8 that responsible for extrinsic death receptor pathway of
apoptosis. Caspase-8 was determined using immunohistochemical techniques and analyzed using
two-way ANOVA with treatment factor and time factor as independent variable. Treatment factor
consisted of four categories i.e., negative control (NC), positive control of fish (FishPC), positive
control of formalin (FormPC), and treatment of fish containing formalin (FishForm). Time factor
consisted of four categories i.e., daily exposure during 0, 2, 14, and 62 days. The result of
treatment factor analysis showed that the number of liver cell that activates caspase-8 in the groups
of formalin-exposed mice (either in the form of single compounds (FormPC) or in mixture with
fish meat (FishForm)) were higher than the group of mice that were exposed to distilled water
(NC) as well as fresh fish meat without formalin (FishPC). The results of time factor analysis
indicates that the number of liver cell that activate caspase-8 in the group of mice that repeatedly
exposed for 2, 14, and 62 days were higher than those of mice exposed during 0 day. Based on
these results, it can be concluded that exposure to formalin causes an increase in the number of
liver cell that activate the caspase-8, even since the formalin was exposed daily for 2 days, and
stagnated until 62nd day.

1. INTRODUCTION
The use of formalin obviously deliberated by most of foodstuff manufacturers just to get a unilateral advantage. From
the observations made by Kartikaningsih [1] in Malang and surrounding areas, the fishermen was deliberately add
formalin in the fish that to be sold in the market or the fish auction site, while there was no formalin addition for the
fish that to be sold to the fish processing plant and that will be consumed by their family.
The use of formalin as preservative does not meet the safety criteria because it can react with molecules in the cell and
ultimately change the function, thus causing damage to the cellular, tissue, organ, until the organism level [2][3]. Our
previous studies have shown that repeated exposure of fish meat containing formalin on mice (Mus musculus) leads to
increase: the activation of caspase-9 enzyme which is an initiator of apoptosis or programmed cell death [4] and the
expression of HSP70 protein which is a marker of cellular stress [5] in liver cells (molecular level); the apoptosis of
hepatic cells [6]; the concentration of serum glutamic oxaloacetic transaminase (SGOT) and serum glutamic pyruvic
transaminase (SGPT) [7] which are a marker of functional disorders of liver tissue; the physiological [8] and
pathological disorder [9] of digestive organs; the behavior disorder [10]; and even the somatic death of mice [9].
Apoptosis can occur through two different pathways i.e., the intrinsic (mitochondrial) and extrinsic (death receptor)
pathway. The intrinsic pathway is due to the induction of chemicals that cause cytochrome c release from mitochondria
to the cytosol which then activates caspase-9. Meanwhile, the extrinsic pathway occurs initiated by the engagement of
death receptors located on the membrane cell with specific ligands which induces the activation of caspase-8 [11]. In
the context of apoptosis (programmed cell death), caspase group has been known to participate as a trigger of the cell
death program, as a regulatory element in the program, and finally as part of the effector elements of the program itself
[12]. Caspase activation is a key requirement in the reaction of cells to undergo apoptosis [13]. The purpose of this
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study was to determine the effect of repeated exposure of fish containing formalin against the activation of caspase-8.

2. METHODS
2.1 Materials
BALB/c mice (M. musculus) as experimental animal, fresh water fish (Oreochromis niloticus) as food model,
formaldehyde 37% PA grade (Merck KGgA, Germany), poly-L-lysine microscope slide (Thermo Scientific, Inc.,
Germany), staining kit Universal Dako LSAB®+ Kit Peroxidase (Dako North America, Inc., USA), antibodi antiCaspase-8 (BioVision, Inc., USA), alcohol (Merck KggA, Germany), xylol, paraffin, phosphate buffered saline (PBS),
bovine serum albumin (BSA), Triton, NaN3, entellan new (Merck KGgA, Germany), demineralized water, Meyer’s
hematoxylin.

2.2 Design of The Research
This research is experimental research using randomized block design 4 x 4 factorial with treatment type and time
factors as independent variables, and the number of mice liver cell that activates caspase-8 as dependent variable.
Categories of treatment factor consist of: negative control (NC); fish positive control (FishPC); formalin positive
control (FormPC); and fish containing formalin (FishForm). While categories of time factor consist of: repeated
exposure over 0; 2; 14; 62 days.

2.3 Animal Cultivation, Preparation, and Administration of Test Substances
Fourty-eight male BALB/c mice 2.5 months old with 15-25 g in weight were maintained in Animal Physiology
Laboratory of Biology Department, Faculty of Science, University of Brawijaya, Malang. Mice were housed in
polyethylene plastic container, managed in 27±2 0C with 12 hour photoperiod and provided with fodder and water ad
libitum. All animal procedures conformed to the institutional ethic regulations concerning the protection of animals
[14][15].
The concentration of formaldehyde in fish flesh was setted to 100 ppm (mg/kg) for FishForm treatment by mixing 10
mL of 1 % w/v formaldehyde solution (diluted from 37 % w/v formaldehyde PA grade) and 1 kg of refined O. niloticus
meat then adding demineralized water until the final volume is 1 L. The FormPC treatment is made same with
FishForm treatment but without adding refined fish meat. Just the opposite, the FishPC treatment is made by dissolution
of refined fish meat without adding formaldehyde solution. For the NC treatment, it contains only demineralized water
as placebo effect for the gavage (force-feeding) administration. The volume of each substances that expose to each mice
was adjusted to the weight of animals. At the time of the test substance administration reach the specified exposure
based on time factor categories the mice were euthanized by cervical dislocation and then dissected to taking the liver
organ.

2.4 Tissue Fixation, Paraffin Block Slicing, and Immunohistochemical Detection of
Caspase-8
Each of liver specimen were washed with PBS (phosphate buffered saline), inserted into fixative solution (10 %
formaldehyde) for a day, dehydrated in alcohol gradually, then cleared with xylol and absolute alcohol gradually.
Infiltration was done in the oven with xylol and paraffin. The specimens were inserted in paper box, given a liquid
paraffin, and then labeled. Finally, the paraffin block was cut with a rotary microtome (4 μm thickness), and placed on
poly-L-lysine slide [16]. Immunohistochemical staining was performed on liver sections on slides that has
deparaffinized using xylol and rehydrated in a series of alcohol to water. For detection of caspase-8 the slide were
incubated overnight with anti-caspase-8 antibody. Staining kit consist of biotinylated secondary antibody, an avidinbiotin complex, and diaminobenzidine chromogene were applied for visualization of the immunoreaction [17][18].
Histological expression of caspase-8 were assessed on Meyer’s hematoxylin stained sections, and counted with doubleblind manner [19][20].

2.5 Data Analysis
The data of caspase-8 activation in the liver cell of mice were analyzed using two way ANOVA after fulfilling
normality (Kolmogorov–Smirnov test) and homogeneity (Levene test) requirements. The obtained data could be
transformed while it does not meet the normality and or homogeneity. Duncan Multiple Range Test (DMRT) was
applied to the data that show significant difference. All statistical tests (α = 0.01) were done using SPSS version 15 [21].
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3. RESULTS AND DISCUSSION
The results showed that FormPC treatment ranks highest in the activation of caspase-8, the next rank occupied by
FishForm, and FishPC and NC at the lowest rank (Fig. 1A and Table 1). For the time factor, it appears that activation of
caspase-8 of repeated exposure groups for 2, 14, and 62 days higher than the 0 day group, or control group of time (Fig.
1B and Table 1). This fact shows that increased activation of caspase-8 has started since repeated exposure enters 2nd
day.

Figure 1 Bar graph of square root transformation of the mean (± S.E.) of mice liver cell that activates
caspase-8 based on: (A) treatment factor; and (B) time factor. The obtained data fulfilled homogeneity but
not normality test, thus square root transformation was applied.
Table 1 The results of DMRT test (1 %) on the data of square root transformation of the mean of mice
liver cell that activates caspase-8 based on treatment and time factor
Factor

Categories

N

Type of treatment

NC
FishPC
FormPC
FishForm
0
2nd
14th
62nd

12
12
12
11
12
12
12
11

Duration of repeated
exposure (day)

Cell activates
caspase-8
4.25 ± 0.39
5.33 ± 0,40
13.42 ± 1,65
9,91 ± 1.18
3.92 ± 0.34
9.17 ± 1.55
9.17 ± 1.40
10.73 ± 1.67

Square root
transformation
2.04a ± 0.10
2.29a ± 0.09
3.55c ± 0.27
3.08b ± 0.21
1.96a ± 0.09
2.90b ± 0.26
2.93b ± 0.23
3.18b ± 0.25

Retransformation
4.16a
5.24a
12.60c
9.49b
3.84a
8.41b
8.58b
10.11b

Note: For each factors, the numbers that are followed by same letter indicates no significant difference
between categories, whereas the numbers that are followed by different letter indicates significant
differences.
The results of this study confirms our previous research related formalin-containing foodstuffs toxification. Food
additives useful in controlling a variety of factors such as decay and damage, loss of nutritional value, loss of functional
properties and aesthetic value, but can not be used to disguise the poor quality of food [22]. The use of formaldehyde in
foodstuff clearly do not meet these criteria. Therefore, monitoring of formaldehyde use in food needs to be done on an
ongoing basis.

4. CONCLUSIONS
The exposure of formalin either in form of single compounds or in mixture with foodstuff causes an increase in the
number of liver cell that activate the caspase-8 even since the formalin was exposed daily for 2 days and stagnated until
62nd day.
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Abstract – The importance of lipase in industry and biotechnology research, has been encouraged
the exploration of lipase with high catalytic activity. In this research, expression and purification
of thermostable lipase from G. thermoleovorans PPD2 in heterologous cell had been conducted.
The crude extract was partially purified by heat method and acetone precipitation. The specific
activity of PPD2 lipase after heat method and acetone precipitation was 34700 and 40500 U/mg
protein, increased about 19 and 22 fold compared to the crude extract. Further purification
treatment was conducted using ion-exchange chromatography and Ni-NTA affinity
chromatography. Purification with ion-exchange chromatography significantly reduced non-target
proteins in the crude. PPD2 lipase was then purified by Ni-NTA affinity chromatography, with
some optimization on imidazole concentration at the elution process. The optimum concentration
of imidazole was 100 mM, as showed from the SDS-PAGE analysis that resulted in one clear band.

1. INTRODUCTION
Lipase (triacylglycerol hydrolase, EC 3.1.1.3) is an enzyme that catalyzes the hydrolysis of triacylglycerol at the
interface between an insoluble substrate and water. Since the enzyme is widely used in industrial and biotechnology
processes [1], microorganism strains that produce lipase with high catalytic activity are still explored. Gene cloning of
the potential enzymes into a suitable host cell could increase the level of enzyme production. The molecular approach,
through cloning and expression, could overcome the main problem of wild type: low level of enzyme production. From
the previous research, the gen encoded lipase from a local isolate, G. thermoleovorans PPD2, had been cloned and
successfully expressed in Escherichia coli BL21(DE3) [2]. The PPD2 lipase showed high catalytic activity that would
be potential as a biocatalyst. The enzyme also has thermostable properties, which add some advantages for industrial
application. Thermostable enzymes provide the possibility to carry out the reaction at high temperature. This condition
leads to high solubility of the substrate and other reactants, thus increasing the effectiveness of reaction [1]. Purification
of the recombinant lipase expressed by PPD2 isolate had been conducted in this research.

2. METHODS
2.1 Chemicals
Geobacillus thermoleovorans PPD2 isolate and its lipase gene were obtained from our collection [2,3]. Isolate used in
this research was E. coli BL21(DE3)-pET30(a)-lipITB1.2 [2] as the host cell. DEAE cellulose (GE Healthcare, Swedia)
was used as ion-exchange chromatography matrix. Ni-NTA (Qiagen, Germany) was used as matrix in the affinity
chromatography. 2,4-nitrophenyl palmitate (Sigma) and 2,4-nitrophenol (Sigma) was used as the substrate and standard
for lipase activity assay. Bradford reagent kit (Fermentas) was used for determination of protein amount.

2.2 Procedures
Lipase Expression
E.coli BL21(DE3)-pET30(a)-lipITB1.2 cell were inoculated overnight in Luria Bertani (LB) media, prior to reinoculated in fresh LB media until the optical density (OD600) was around 0.60. Overexpression of recombinant lipase
was conducted by induction with 1 mM IPTG within 4 hours. The culture was then subjected to centrifugation treatment
(6000 g, 30 minutes). The pellet was collected and suspended in lysis buffer (4 mL of 50 mM Na-phosphate buffer pH
7.5 and 5 mg of lisozyme per gram of wet cell), continued with 8 minutes sonication (with 30 seconds on and 30
seconds interval). The crude extract was subjected to heat method, by heating the protein in 60 oC within 30 minutes,
followed by centrifugation treatment (10000 g) to separate the denatured protein.
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Acetone Precipitation
PPD2 lipase, which had partially purified by heat method, was precipitated by acetone. The acetone was cooled
beforehand at -20 oC for 1 hour before added to protein, with volume ratio between acetone and protein was 4:1. The
mixture was kept for 1 h at -20 oC and then centrifuged at 8000 g for 15 minutes. The precipitate was then collected and
the activity was determined.

Lipase Purification
Further purification treatment was conducted using ion-exchange and Ni-NTA chromatography. DEAE cellulose was
used as the matrix for ion exchange chromatography. The matrix was washed thrice by bi-distilled water and
equilibrated by 50 mM Na-phosphate buffer pH 7.5. Post-heated protein was added into DEAE cellulose matrix with
1:1 ratio. The mixture was shaken within 1.5 hours prior to centrifugation, and the filtrate was collected. The filtrate
was then concentrated by ultrafiltration treatment, using Vivaspin membrane 30 kDa cut off. Since PPD2 lipase
molecular weight is 46 kDa, the target protein could be detained by the membrane and being collected.
Purification using Ni-NTA affinity chromatography included three steps, which were protein binding, washing and
elution. Post-DEAE cellulose protein was dissolved in 50 mM Na-phosphate buffer pH 8 which contains 0,1 M NaCl
and 1% (V/V) Triton-X 100. The Ni-NTA column was equilibrated by the same buffer, and then the protein was mixed
with the matrix and shaken gently for an hour. The filtrate contains unbound proteins, and was collected as flowthrough.
Furthermore, the column was washed with washing buffer (50 mM Na-phosphate buffer pH 8, 100 mM NaCl, 1%
(V/V) Triton-X 100). In the last step, the protein was eluted with elution buffer (50 mM Na-phosphate buffer pH 8, 300
mM NaCl, imidazoles 20-100 mM). Protein purity was determined by molecular weight analysis using SDS-PAGE.

Activity Assay
Lipase activity assay was conducted with spectrophotometry analysis (Spectronic Biochrom, USA). One unit of lipase
activity was defined as one nmol 2,4-nitrophenol released within a minute, while the specific activity was defined in
unit per mg protein. Enzyme activity was determined at 70 oC and pH 9.0, using the method described by Lee, et. al. [4]
with some modification. The protein amount was determined using Bradford method [5].

3. RESULTS AND DISCUSSION
Lipase Purification
Lipase PPD2 is a thermostable enzyme which was originated from thermophilic bacterium G. thermoleovorans PPD2,
whereas the host E. coli is a mesophilic bacterium. Other than the target protein, the crude also consists of proteins
derived from E. coli. The SDS PAGE analysis (Figure 1a,) showed that those non thermostable proteins weren’t
appeared in the electrophoregram after the crude extract was subjected to the heat method treatment. The target protein
was appeared as 46 kDa sized band. This result indicated that the heat method successfully removed the non
thermostable proteins which were abundant in the crude. The SDS-PAGE results also showed thick band below 19 kDa,
most likely were lysozyme residues that was used in cell lysis.
Batch DEAE-cellulose purification was intended to eliminate hydrophilic proteins. Amino acids compositions in
thermophilic lipase mostly were hydrophobic [6], so this step could reduce hydrophilic proteins derived from the host
cell. The hydrophilic proteins were bound into the matrix, and the target protein could be separated. SDS-PAGE
analysis after batch DEAE-cellulose purification (Figure 1b) confirmed that proteins derived from E. coli mostly were
hydrophilic and charged protein, as the electrophoregram showed that the protein bands above 48 kDa were
significantly reduced.
Ni-NTA affinity chromatography was used in this research because the recombinant lipase has histidine tag at the N
terminus. The imidazole concentration in the elution buffer was varied so the coordination between histidine and Ni
could be replaced by imidazole and the target protein could be eluted. Elution process was conducted using gradient of
20-100 mM imidazole. Based on the electrophoregram result (Figure 1b), elution with 20-80 mM imidazole still gave
two protein bands which were the target protein and a thin band below it. The thin band was present probably due to the
histidine residues on the other protein surface, so the non-specific interaction may occur between the residues and the
matrix. However, the elution with 100 mM imidazole gave single protein band, which suggested that the target protein
has been purified at the optimum condition of 100 mM imidazole.
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Figure 1 [a] SDS-PAGE electrophoregram of partially purified PPD2 lipase: (M) Marker protein (1)
Crude extract (2) Post heated protein. [b] SDS-PAGE electrophoregram after optimization of imidazole
concentration in Ni-NTA affinity chromatography: (M) Marker protein (1) Post DEAE cellulose protein
(2) Flowtrough (3) Wash (4-7) Elution with 20, 40, 60, 80 mM imidazole (8-10) Elution with 100 mM
imidazole.

Specific Activity of PPD2 Lipase
After undergo the heat method and acetone precipitation treatment, specific activity of the target protein was increased
compared to the crude. Partial purification with heat method effectively increased the specific activity about 19 fold
compared to the crude extract (Table 1). This result indicated that the protein purity was increased and PPD2 lipase
could hydrolyze its substrate. The specific activity slightly increased after acetone precipitation, about 22 fold compared
to the crude extract (Table 1). The precipitation treatment gave a granule-like protein, and was suitable to obtain a free
water protein which could be used as a catalyst in organic solvent or non-aqueous condition.
Table 1 Specific Activity of PPD2 Lipase
Sample
Crude extract
Post-heated
protein
Precipitated
protein*

Activity
(U/mL protein)
26.54 k
80.96 k

Protein amount
(mg protein/mL protein)
14.33
2.333

Specific activity
(U/mg protein)
1852
34.70 k

Increasing
factor
19 x

149.2 k

3.685 mg

40.50 k

22 x

*protein in powder form

4. CONCLUSIONS
The thermostable lipase, which was originated from G. thermoleovorans PPD2, showed high catalytic activity. The
specific activity of crude extract was 1852 U/mg protein. Partial purification by heat method and acetone precipitation
has increased the specific activity about 19 fold and 22 fold, respectively. The protein was successfully purified using
batch DEAE cellulose (ion exchange chromatography) and Ni-NTA affinity chromatography, indicated from the SDS
PAGE electrophoregram that showed one clear band.
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Abstract – Piper crocatum is one of the plant that are used as a traditional medicine in Indonesia.
The plants contain secondary metabolites that can treat various diseases. These secondary
metabolites are conventionally obtained by extracting directly from plant organs. These constraints
require the cultivation of crops on a large scale. Therefore was used Aspergillus sp as elicitor.
Callus of Piper crocatum (two months) was subcultured on Murashige and Skoog medium with
Aspergillus sp and 2,4 D 2 ppm for 72 hours, then was extracted with methanol. The content of
alkaloid was determined qualitatively based on Thin Layer Chromatography (TLC). The results
showed that the percentage of secondary metabolites with Aspergillus elicitor is 40% and the
identification of results showed alkaloid.

1. INTRODUCTION
Medicinal plants are widely used to cure various diseases because they contain secondary metabolites (1,2,3).
Generally secondary metabolites isolated directly from plants (4,5,6,7,8,9,10,11,12). This gives rise to the challenges
that require the cultivation of large-scale and cost(13,14).
Elicitation is one method that can be used to improve secondary metabolites (15). Elicitation is induced or increased by
the addition of elicitor metabolite biosynthesis in small amounts. Elicitor can be classified according to the nature and
origin. Abiotic elicitor is a substance that is produced from non-biological substances Mass inorganic salts, heavy
metals, pH, and so forth. Biotic elicitor is a substance produced by living things, such as microbes. Based on its origin,
there elicitor exogenous origin which are substances that from outside the cell and endogenous elicitor derived from the
cell (16).
Red betel is one of Indonesia's potential herbaceous plants as medication diabetes mellitus, gout, hepatitis, kidney
stones, hypertension, inflammation of the liver, prostate inflammation, eye inflammation, vaginal discharge, ulcers,
fatigue, joint pain, cholesterol, stroke, skin (17). Red betel leaves contain alkaloids, saponins, tannins, and flavonoids
(18). Alkaloid content in red betel role in healing various diseases and as an antimicrobial. Based on the above research
that aims to improve the content of alkaoid the elicitation method using Aspergillus sp.

2. METHODS
2.1 Plant Material
Red betel leaves were collected from Bratang Market, Surabaya, Indonesia in May 2013. The plant is identified in the
Department of Biology, Faculty of Science and Technology, University of Airlangga, Surabaya, Indonesia.

2.2 Fungal Elicitor
Aspergillus sp as elicitor material is a collection of the Laboratory of Microbiology, Department of Biology, Faculty of
Science and Technology, University of Airlangga, Surabaya, Indonesia.

2.3 Preparation of cultures of Aspergillus sp.
Aspergillus sp grown on Potato Dextrose Agar medium (PDA) and incubated at room temperature for six days

2.4 Suspension of Aspergillus sp
Two tubes containing cultures of Aspergillus sp each filled with about 5 ml of sterile distilled water, and then put into
50 ml of sterile distilled water, so that the volume to 60 ml and homogenized. Furthermore, from 60 ml of 4 ml were
taken and put in a cuvette to measure the OD of 0.5.
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2.5 Growth Curve
Each 2 ml suspension of Aspergillus sp inoculated into 50 ml of liquid maintenance medium is a medium potato
dextrose broth (PDB) and Carboxy Methyl Cellulose (CMC). Growth of Aspergillus sp in both kinds of medium made
of two replications. Agitated culture and incubated at room temperature in the dark. Cultures maintained until nine days,
and the mycelium harvested every day until the weight loss mycelium.

2.6 Preparation of fungal elicitor
Aspergillus sp elicitor autoclaved at 121 0C with a pressure of 15 psi for 15 minutes. Furthermore disarng with sterile
Whatman No. 1 and dried in an oven at a temperature of 50 0C until it reaches a constant dry weight. Dried mycelium
crushed to powder form. Mycelium powder was then weighed according to the elicitor concentration to be used is 5.0
mg / BK / ml. Mycelium powder is reconstituted by adding sterile distilled water. The whole work was done under
aseptic conditions.

2.7 Elicitation
The resulting callus callus induction medium aged 8 weeks were subcultured on MS medium with the addition of 4 ml
elicitor at a concentration of 5.0 mg DM / ml. At the controls added sterile distilled water with the same volume.
Harvesting is done 72 hours after elicitation.

2.8 Extract of Piper crocatum Callus and Content Analysis of Alkaloids
Callus was extracted by maceration with methanol. For monitoring chemical constituents used method of Thin Layer
Chromatography (TLC). The mobile phase used was chloroform and methanol at a ratio of 8: 2. The stationary phase
used was silica gel F 254. For identification of alkaloids used Dragendroff spray reagent. As a control used pepper seed
extract and red betel

3. RESULTS AND DISCUSSION
3.1 Growth of elicitor on maintenance medium
Each microorganisms are specific growth stages. Stage of growth stage of microorganisms based on the use of substrate
and biomass produced. At this stage of the growth of microorganisms can be made growth curve. Growth curve is a
curve that states the correlation between the number of cells with growth time. Factors affecting the growth of
microorganisms is nutritional, energy sources, water, temperature, pH, oxygen, light, and salinity (19).
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Aspergillus sp grown on Potato Dextrose Broth medium (PDB) and CMC medium. Aspergillus at CMC media did not
show growth, while the PDB media showed good results. This suggests that the fungus Aspergillus sp belonged
amylolytic because it grows well on starch medium than medium containing cellulose. Growth of Aspergillus sp in
PDB medium began to occur on the first day (lag phase), and achieve optimal growth on the second day (exponential
phase) with a wet weight of 229.70 g / L. Along with increasing time, on days 7,8, and 9 pH of the media increased and
the biomass of Aspergillus sp decreased (death phase) (Figure 1 and 2).
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Figure 1 Biomass Growth of Aspergillus sp
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Figure 2 Growth of Aspergillus sp in PDB medium incubation period of two days extraction callus

3.2 Extractioncallus
Callus obtained from extracted elicitation method. Callus dried and made powder to reduce the particle size. The
smaller the particle size, the greater the surface area of the particles. Extraction will be better if the surface of the
powder which is in contact with the solvent increasingly widespread, so the fine powders should better extraction(20).
Extraction was done by maceration. This method was chosen because it does not use heating sehinggan avoid damage
to compounds that are not heat resistant. The solvent used will penetrate the cell wall and into the cavity of the cell that
contains the active substance. The active substance will dissolve and with the difference between the concentration of
the active ingredient in the solution outside the cell and lead to a more concentrated solution that is in the cell pressed
out. The incident occurred repeatedly in order to reach equilibrium solution concentration was active substances inside
and outside the cell.
In the extraction process, the solvent used is methanol. Obtaining extracts of elicitation methods are presented in Table
1 below
Table 1 Results of extraction of various of bulbs and callus
Variation of bulbs and callus
Seeds of Pepper
Red betel leaf
Callus without elicitor
Callus with elicitor Aspergillus sp

callus weight (g)
1
1
1
1

Weight extract (g) Acquisition Percentage (%)
0.2
20
0,3
30
0,3
30
0,4
40

For monitoring the chemical content of various types of extracts used method of thin layer chromatography (TLC).
Eluent used was chloroform and methanol at a ratio of 8: 2. TLC results can be seen in Figure 3. The observation under
visible light indicates that the chromatogram callus with the addition of elicitor are any stains, this indicates that the
callus contained chemical compounds. Based on the identification of the reagent Dragendroff shows that extracts of
Aspergillus sp callus with elicitor-containing alkaloids.

A

B

C

D

Figure 3 Profile chromatograms of various types of extracts and callus. Stationary phase silica gel GF 254,
mobile phase of chloroform: methanol 8:2. A. Seeds of of pepper, B. Red betel leaf., C. Callus without elicitor, D.
Callus with elicitor Aspergillus sp

4. CONCLUSIONS
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Elicitation callus culture of red betel (Piper crocatum Ruiz and Pav) with Aspergillus sp can increase the percentage of
the acquisition of secondary metabolites by 40% and identification results indicate the presence of alkaloids
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Abstract – To explore anti-inflammatory activity in pericarp of the mangosteen extract in the
ethanol, ethyl acetate, and hexane solvents. Besides, illustrates the virtual modeling compound α,β-,and γ-mangostin to the cyclooxygenase-2 enzyme. Isolation of xanthone compounds on the
pericarp of the mangosteen using ethanol, ethyl acetate and n-hexane solvents. The extract
obtained be concentrated and phytochemical screening test. Furthermore, CMC-sodium is added in
order to be suspense to test anti-inflammatory activity using edema volume method. Virtual
modeling of mangostin compounds to the COX-2 enzyme conducted using Hex.8.0 docking
software and visualization analysis by Discovery Studio 3.5 software. The anti-inflammatory
activity of pericarp of the mangosteen extract in ethanol can show at sixty minute. Virtual
modeling compound α-, β-, and γ- mangostin with cyclooxgenase-2 enzyme indicates that the
active site including ASN34A, CYS36A ASN39A, CYS41A, ASN43A, ARG44A, GLY45A,
GLU46A, CYS47A, MET48A, ASP125A, THR129A, TYR130A, TYR134A, GLY135A,
TYR136A, ALA151A, LEU152A, GLN461A, GLU465A, , LYS468A, and ARG469A. Xanthone
compounds (α-, β-, and γ- mangostin) has the ability as an inhibitor of the enzyme COX-2.
Xanthone compounds in ethanol solvent is the best used as candidate anti-inflammatory.

1. INTRODUCTION
Xanthones were a class of phenolic compounds have a 6-carbon ring structure with carbon-carbon skeleton [1].
Xanthone compounds included in pericarp of the mangosteen (Garcinia mangostana L.). Some xanthone compound
were α-,β-,and γ- mangostin [2]. Xanthone compounds found in pericarp of the mangosteen has properties as
antidiabetic, anticancer, antiinflammatory [3], antioxidant and antibacterial [4]. Anti-inflammatory activity xanthone
compound in systemic has been shown to lower the amount of foam cells in rat aorta [5]. In another study, ethanol and
ethyl acetate extracts in pericarp of the mangosteen positive for xanthon compounds [6]. The purpose of this study is to
explore anti-inflammatory activity in pericarp of the mangosteen extract in the ethanol, ethyl acetate, and hexane
solvents. Besides, illustrates the virtual modeling compound α-,β-,and γ-mangostin to the cyclooxygenase-2 enzyme.

2. METHODS
2.1 Chemicals
Xanthone extract, carrageenan, sodium chloride, aquades, CMC-sodium, ethanol 96%, ethyl acetate, and n-hexane. α-,
β-, and γ-mangostin compounds were downloaded from http://pubchem.ncbi.nlm.nih.gov/ as 3D-SDF format, and then
its energy form was minimized and converted to 3D-PDB format by Open Babel 2.3.1 in Hex 8.0 as ligand for virtual
screening. 3D model from PDB ID: 6COX for cyclooxygenase-2 (COX-2) [7].

2.2 Procedures
Extraction of xanthone compounds on the pericarp of the mangosteen using ethanol, ethyl acetate and n-hexane solvents.
Two kg of mangosteen rind is dried and blended. 100 grams of powder 100 grams mangosteen rind maceration
extraction using 1 liter of ethanol 96%, 1 liter of ethyl acetate, and 1 liter of n-hexane. Furthermore, the solution
obtained was filtered with a vacuum pump and the filtrate was evaporated using a rotary evaporator until the resulting
crude extract. 200 mg / kg of crude extracts (ethanol, ethyl acetate and n-hexane) was made in the preparation of the
suspension 50 ml of 1% CMC-Na [6]. Induction of anti-inflammatory is Carrageenan 1% solution in sterile NaCl
solution. Positive control using 2.5 g of sodium diclofenak put in 50 ml of 1% CMC-Na.
Anti-inflammatory Test
Five groups of rats consisted of 5 mice do acclimatization for 7 days. All test animals were fasted for 6-8 hours. One of
the hind legs of mice are marked and measured its volume by dipping into the mercury in the tube until the limit is
pletismometer tool. Negative control group was given a solution of 1% CMC Na. Positive control group given
diclofenac sodium solution of 12.6 mg/ kg and mangosteen extract at a dose of 200 mg / kg. The material is given orally
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using zonde modification. After 1 hour and then given 0.2 ml of 1% carrageenan subcutaneously in the dorsal part of
the foot. After that, the volume of foot were measured back on for 3 hours with a 30 minute time interval. The extract
obtained be concentrated and phytochemical screening test. Furthermore, CMC-sodium is added in order to be suspense
to test anti-inflammatory activity using edema volume method.
Virtual Modelling of α-, β-, and γ-mangostin compounds
We used Hex8.0 software (http://hex.loria.fr) for rigid docking to compute possible interaction COX-2 with α-,β-,and γmangostin compounds on the interaction site. Output of the docking was refined using Discovery Studio Client 3.5
software. We used Discovery Studio Client 3.5 to perform interaction; ligand binds to COX-1/COX-2 and
Ramachandran plot analysis [8]

3. RESULTS AND DISCUSSION
Mangosteen rind extracted in ethanol solvent, ethyl acetate and n-hexane solvents obtained yield and phytochemical
screening test, are presented in Table 1
Crude Extracts
Ethanol
Ethyl Acetate
n-hexane

Table 1 Yield mangosteen extracts and phytochemical screening test
Extract color
Yield
Phytochemical Screening Test
(Xanthone Group)
Brown
22,1702 %
+
Red-Brown
18,0073 %
+
Yellow
10,5804 %
+

Phytochemical screening results indicate that the three extracts of pericarp of the mangosteen in ethanol, ethyl acetate
and n-hexane solvents using solution FeCl3 1% obtained greenish-black solution, positive for xanthone compounds [6].
The anti-inflammatory activity of pericarp of the mangosteen extract in ethanol can show at sixty minute, as shown in
Figure 1.

Figure 1 Histogram edema volume vs. time on ethanol, ethyl acetat, and n-hexane solvents.
The method used in testing anti-inflammatory activity is the formation of edema in the left foot male rats using
carrageenan as an inducer. 1% carrageenan is used as an inducer of edema due to swelling of the relatively short time is
about 3-5 hours. Swelling inflammation by carrageenan will be reduced within 1-5 days without leaving a trace [9].
Besides, swelling inflammation by carrageenan does not cause permanent damage to the surrounding tissue
inflammation. Carrageenan was a polysaccharide derivative as an inducer of udema, through mechanisms explored
arachidonic acid. Carrageenan will stimulate mast cell membrane phospholipids found in the connective tissue around
the feet of mice to secrete arachidonic acid by the enzyme phospholipase A2 thus producing various inflammatory
mediators through Radical oxygen Species mechanism [5]. Local swelling at the feet of mice is accompanied redness
due to accumulation of inflammatory mediators. It is characterized by leg movements are not normal mice after
carrageenan injected. In the present study used 0.2 mL of 1% carrageenan as a more visible edema volume formed on
the soles of the feet of mice that had been induced. This refers to the previous research (Purnamasari, 2013) has
conducted a preliminary test on the concentration of 1% total volume of 0.2 mL was able to produce a clear edema in
the feet of mice.
The measurement starts from the first acclimatization in order to test animals can adapt to the environment. Then five
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group consisted of 5 mice, namely the negative control group were given 3 mL of 1% CMC Na orally, the positive
control group were given oral suspension Sodium diclofenac (12.6 mg/ kg). Sodium diclofenac was anti-inflammatory
drugs with the strongest power with fewer side effects than other drugs. In addition, this drug absorption through the
gastrointestinal tract is rapid. Udema volume measurement is done every 30 minutes for 3 hours after carrageenaninduced foot 1% using plestimograf tool. This is consistent with previous research, which is rapidly developing edema
180 minute after induction. In this study, the volume of the rat foot edema maximum occurs at minute 60th and
gradually decreased in the 90th minute (ethanol extract), while the volume of ethyl acetate extract of rat foot edema
maximum occurs at minute 90th and gradually decreased in minute 120th . However, different from the hexane extract
maximum volume foot edema in rats occurred 120 minutes and gradually decreased in minute 150th. This is due to
carrageenan quickly absorbed into the body so that the effects of inflammation have begun to decline. In addition, this
influenced the content of xanthon compounds, so that the ethanol extract is the best treatment in inhibiting edema
volume. Rigid docking to compute possible interaction cyclooxgenase-2 (COX-2) with α-, β-, and γ- mangostin
compounds enzyme indicates that the active site including ASN34A, CYS36A ASN39A, CYS41A, ASN43A, ARG44A,
GLY45A, GLU46A, CYS47A, MET48A, ASP125A, THR129A, TYR130A, TYR134A, GLY135A, TYR136A,
ALA151A, LEU152A, GLN461A, GLU465A, , LYS468A, and ARG469A, as shown in Figure 2. The complexes
formation α-, β-, and γ- mangostin-COX-2 would block oxygenated reaction and peroxides reaction currently
arachidonic acid substrate into the enzyme COX-2. Interaction mangostin compounds with cyclooxygenase-2 are in the
catalytic domain, usually act as inhibitor cyclooxgenase [8],[10]

4. CONCLUSIONS
Xanthone compounds (α-, β-, and γ- mangostin) have the ability as an inhibitor of the enzyme COX-2. The xanthone
compounds in ethanol solvent is the best used as candidate anti-inflammatory.

5. REFERENCES
1. C. A. Williams, J. B. Harborne, and M. Colasante, 1997, Biochem. Syst. Ecol., 25, 309–325.
2. W. Weecharangsan, P. Opanasopit, M. Sukma, T. Ngawhirunpat, U. Sotanaphun, and P. Siripong, 2006, Med. Princ.
Pract., 15, 281–287.
3. P. Moongkarndi, N. Kosem, S. Kaslungka, O. Luanratana, N. Pongpan, and N. Neungton, 2004, J.
Ethnopharmacol., 90, 161–166.
4. A. Suksamrarn, P. Poomsing, N. Aroonrerk, T. Punjanon, S. Suksamrarn, and S. Kongkun, 2003, Arch. Pharm. Res.,
26, 816–820.
5. L. G. Chen, L. L. Yang, and C. C. Wang, 2008, Food Chem. Toxicol., 46, 688–693.
6. L. Puspitasari, D. A. Swastini, and C. I. . Arisanti, 2013, Garuda Portal, 961, 5.
7. R. G. Kurumbail, J. R. Kiefer, and L. J. Marnett, 2001, Proteins Struct. Funct. Bioinformatics, Elsevier Sci. Ltd, 11,
752–760.
8. S. J. Raharjo, C. Mahdi, T. Kikuchi, F. Fatchiyah, B. D. Programe, F. Analysis, P. I. Malang, M. Pharmacology, B.
K. Campus, and S. Prefecture, 2014, Adv. Bioinformatic, Hindawi Publ. Corp., 2014, 16.
9. V. Langendorff, G. Cuvelier, C. Michon, B. Launay, A. Parker, and C. G. De Kruif, 2000, Food Hydrocoll., 14,
273–280.
10. S. J. Raharjo, C. Mahdi, Nurdiana Nurdianan, W. Nellen, and F. Fatchiyah, 2013, J. Biol. Res., 18, 98–101.

229

Proceeding of The 5th Annual Basic Science International Conference
Received: Feb 13th, 2015; Accepted: Mar 23rd, 2015; Published online: April 11th, 2015.

Phenol Compound of Microalga Spirulina Platensis
Potentially As Antimicrobial
Ni Wayan Sri Agustini1*, Ari C. Mandayanti2
1
2

Biotechnology Research Center, LIPI-Cibinong
Faculty of Pharmacy, University of Pancasila, Jakarta

* Corresponding authors: [wayan_sa2002@yahoo.com]
Abstract - Antibiotics from microalgae generally is unidentified, but some of the composers have
been known namely fatty acids, organic acids, bromophenol, phenolic inhibitor, tannin, terpenoid,
polysaccharides or alcohol. Therefore, this study aims to know the antimicrobial activity of
extract phenol from Spirulina platensis against Staphylococcus aureus, Escherichia coli and
Candida albicans. experiment using paper disc diffusion method. 20 g dry biomass Spirulina
platensis is extracted by sokhletastion and maceration using several solvents successively are
chloroform-ethyl acetate (1: 1), ethyl acetate, ethyl acetate-ethanol (1: 1), ethanol, and ethanolwater (1: 1). Quantitative analysis of phenol using the Folin-Ciocalteu method that has been
modified by Singleton and Rossi,1965 with galat acid as a standard for comparison. The highest
content of phenolic compound is produced in the material extracted with chloroform-ethyl acetate
(1: 1), both in sokhletation and maceration respectively 76,4494 µg GAE/ml and 21,809 µg
GAE/ml. The greatest inhibition zone against microbes test are Staphylococcus aureus,
Escherichia coli and Candida albicans indicated by ethyl acetate-ethanol extract (1: 1), both
sokhletasi and maceration. Based on the antibacterial action spectrum, ethyl acetate extract has a
potential as a broad-antibacterial spectrum, because of effectiveness for both Gram-positive and
Gram-negative.

1. INTRODUCTION
The increasing demand of medicine is not compensated with the adequate supply of medicine materials so that
it causes the unaffordable price of medicine for some people. Therefore, the best way which is needed to do is discover,
performing research, testing, and developing of biological resources that have huge potency to be made as medicine,
especially anti-bacterial so that it can be medically accountable [1].
Antibiotics from microalgae are usually have not identified yet, but some of the constituents are already known,
which are fatty acid, organic acid, bromophenol, phenolic inhibitor, tannin, terpenoid, polysaccharide, or alcohol. Some
microalgae that have the potency as antimicrobial are Porphyridium cruentum, Lyngbya sp, Phormidium sp, Chlorella
sp and S. plantesis [2]. The chemical composition contained in the Spirulinae cells are varied, which are protein (5070% of the dry biomass), carbohydrate, lipid, lipopolysaccharide, vitamin, phycocyanine pigment [3].
Antimicrobial in the microalgae can be extracted from the biomass or extracellular. According to Sudha [4],
ethanol extract of S. plantesis contains carbohydrate, glycosides, amino acid, alkaloid, saponin and flavonoid. Flavonoid
is one of phenol compounds which is vastly used as antibacterial, because this compound is not only contained in the
synthetic antibiotic, but also in the form of natural compound which is known as polyphenol.
Research on phenol compound from S. plantesis microalgae that acts as antimicrobial has not been done much.
While the potential of S. plantesis as the source of natural antimicrobial compound is very huge, because of several
benefits, such as the microalgae that can be easily cultivated because it is not seasonal plant, can be cultivated in
laboratory scale, the short time of biomass harvesting, and the microalgae bioactive compound can be extracted both
from the biomass and the extracellular with the same extraction method as other plants. Based on the above benefits, the
research on phenol compound content analysis on dry biomass of S. plantesis is performed to know the phenol
compound potency as antimicrobial contained in S. plantesis.

2. METHODS
Spirulina plantesis, bacteria indicators which are Staphylococcus aureus, Escherichia coli and Candida albicans are the
collection of microbials from Biotechnology Research Center—LIPI.
Cultivation and measurement of biomass density
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S. plantesis is cultivated using Zarouk’s medium that consists of MgSO4 0,2 g/L ; CaCl2 0,12 g/L ; EDTA 0,64 g/L ;
Urea 0,31 g/L ; TSP 0,18 g/L ; KOH 0,15 g/L ; K 2SO4 0,5 g/L ; FeSO4 0,01 g/L ; NaHCO3 16,8 g/L ; NaCl 27 g/L,
microelement solvent 1 ml/L, pH medium 8.6 and the aeration system using blower. The biomass density is measured
using Turbidimetry method on a spectrophotometer with the wave length of 680 nm.
Biomass extraction of S. platensis
The biomass extraction of S. plantesis using soxhletation and maceration. The solvents used are chloroform ethyl
acetate (1:1), ethyl acetate, ethyl acetate ethanol (1:1), ethanol and water-ethanol (1:1) respectively.
Analysis of phenol
The total content of phenol is determined using Folin-Ciocalteu procedure which is modified by Singleton and Rossi
(1965). The solvent is incubated for 1 hour in room temperature, then the uptake is measured in the 765 nm wave
length. The absorbance result as the concentration function of the gallic acid is plotted on the standard curve of gallic
acid.
Antibacterial activity
The test is performed using paper disk method. The antibacterial sample is active compound from the extraction result
using maceration and soxhletation from S. platensis microalgae culture. The bacteria (E. coli, B. subtilis and S. aureus)
that have been inoculated into growth media (NB), each for 20 μl of extract is spotted on the paper disc and placed
above NA (nutrient agar) media that has been added with testing bacteria. The positive control using chloramphenicol
30μg/disk, while the negative control uses the solvent which is used in the extraction time. Then, all petri dishes are
incubated in 37°C temperature for 24 hours and inhibition zone diameter is measured using vernier calipers.

3. RESULT AND DISCUSSION
Phenol Compound from Spirulina platensis
Based on Table 3, the content of phenolic compounds extracted does not produce a high yield with a more polar solvent
used. Table 3 shows that the highest levels of total phenolic compounds produced from the extract of chloroform-ethyl
acetate (1: 1) were extracted with sokhletasi and maceration method, and extract the ethanol-water (1: 1) resulted in low
phenol content.
The extraction process using soxhletation produces more phenol content extracted. The higher the temperature of
extraction, the phenol compound solubility becomes higher [5]. The research performed by Souza [6] stated that the dry
biomass extraction of S. platensis using methanol solvent produces high yield with the total phenol content of 1.15
mg/g.
Table 2 The content of phenolic compounds extract of Spirulina platensis
Solvent
Chloroform-ethyl Acetate (1:1)
Ethyl Acetate
Ethyl acetate-ethanol (1: 1)
Ethanol
Ethanol-water

Method of Extraction
Soxhletation
Maceration
76,4494 µg GAE/ml
21,2809 µg GAE/ml
19,2584 µg GAE/ml
10,6067 µg GAE/ml
26,7865 µg GAE/ml
13,4157 µg GAE/ml
30,9438 µg GAE/ml
15,5506 µg GAE/ml
8,4719 µg GAE/ml
10,4944 µg GAE/ml

Antimicrobial Activity of Phenol Extract from Spirulina Platensis
Antimicrobial activity is using diffusion of paper disc against the three microbial, which are S. aureus (gram positive),
E. coli ( Gram negative) and C. albicans. The concentration of sample used are 75%, 50%, and 25%. The different
concentration is to know the enormity of the testing solution potency in inhibiting the microbial growth. The inhibition
zone of phenol extract S.platensis with soxhletation method, can be seen in Table 3
Table 3 The antimicrobial activity of extracts of S. platensis with sokhletation
Extract

Chloroform-ethyl Acetate (1:1)
Ethyl Acetate
Ethyl acetate-ethanol (1: 1)
Ethanol
Ethanol-water (1:1)

75%
10,17
19.40
5,12
5,8
-

S. aureus
50%
25%
0,81
8,32
15,03
12,08
3,833
3,73
4,133
4,05
-

Inhibition Zone
E. coli
75%
50%
25%
16
9,83
7,33
19,00
16,68
16,12
9,03
8,80
7,50

75%
6,93
5,93
-

C. albicans
50% 25%
6,68 5,75
5,75 5,72
-

Table 3 shows, the extract of S. platensis in soxhlation, showed the highest antimicrobial activity of the ethyl acetate
extract against S. aureus, with inhibition zone 19.40 mm (75%), 15.033 mm (50%), and 12.083 mm (25%) . The
ethanol extract ethyl acetate (1: 1) against E. coli with inhibition zone 19:00 mm (75%), 16.683 mm (50%) and
16.117 mm (25%) and C. albicans with inhibition zone 6,933 mm (75%), 6.683 (50%) , and 5.72 mm (25%).
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In table 3 also shown that the chloroform-ethyl acetate extract (25%) can only inhibit the growth of S. aureus, ethyl
acetate extract (25%) can inhibit S. aureus and E. coli, while ethyl acetate-ethanol (25%) extract can inhibit the growth
of the three testing microbial. It is possibly because the phenol compound that has the potential as antimicrobial in S.
platensis is more extracted in ethyl acetate-ethanol, compared to the other solvent. Based on the antibacterial working
spectrum, ethyl acetate extract has the potency as antibacterial with wide spectrum because it is effective for Grampositive and Gram-negative bacteria. While extracts ethyl acetate ethanol, has the potential as narrow spectrum
antibacterial, because it is effective only for Gram-positive bacteria, or only for Gram negative bacteria. So that, the
extract of ethyl acetate ethanol (1:1) has the potency as antimicrobial
According to Pelczar and Naidu [7,8],phenol compound is a compound that acts as antimicrobial. The mechanism of
microbial inhibition by phenol is damaging the cell wall so that it causes lysis or inhibiting the formation process of cell
wall on the growing cells, changing the cytoplasm membrane permeability that causes the cell leak, denaturating the
cell protein and damaging the metabolism system inside cell by inhibiting the intracellular enzyme work. It is
strengthen by the research performed by Souza [6] the phenol compound content of the methanol extract of S. platensis
with the total phenol content of 1.15 mg/g can inhibit the glucosamine in the Aspergillys flavus for 56%.
At the same time, if we compare between three testing microbial used, the inhibition zone towards S. aureus is smaller
than E. coli and C. albicans, The inhibition zone of C. albicans is smaller than E. coli. It is in compliance with the
result of the research by Smith [9], that Gram positive bacteria is more sensitive towards particular poly phenol than
Gram-negative bacteria.
While in Table 4 is observed inhibition zone of phenol extract by maceration method
Table 4 The antimicrobial activity of extracts of S. platensis by maceration
Extract

Chloroform-ethyl Acetate (1:1)

75%
-

Inhibition Zone
E. coli
50%
25%
-

75%
-

C. albicans
50%
25%
-

7,67

16,31

15,60

13,45

-

-

-

-

-

-

-

-

-

-

75%
9,02

S. aureus
50% 25%
8,49 8,32

8,57

8,25

-

-

Ethyl Acetate
Ethyl acetate-ethanol (1: 1)
Ethanol
Ethanol-water (1:1)

In table 4, the inhibition zone is only shown in the ethyl acetate extract towards S. aureus and ethyl acetate-ethanol
towards S. aureus and E. coli and all the extracts cannot inhibit the growth of C. albicans. The result of the research
shows that the inhibition zone diameter formed in S. albicans is different than E. coli, as well as C. albicans. This
difference is suspected to be influenced by the cell wall structure between those three microbes. S. aureus, E. coli and
C. albicans shows the sensitivity differences towards the extract, because each kind of microbe has different sensitivity
and cell membrane responses. According to Pelczar, [6] he gram positive bacteria (S. aureus) has the thick cell
membrane structure (15-80 nm) that has mono layer, while in the gram negative bacteria (E. coli), the cell membrane
structure is thin (10-15 nm) and is multi-layered. Not to speak of the cell membrane structure of the gram positive is in
the form of low lipid content (1-4%) compared to the gram-negative, the content of the lipid is high (11-22%) that
causes the difficulty of the absorption of antibacterial compound into the E. coli cell. The antibacterial compound which
is easily absorbed into the cell causes the bacteria dead.
Based on the data in table 3 and 4, S. platensis which is extracted using the soxhletation method creates the bigger
inhibition zone compared to the maceration method, it is because the soxhletation method uses the heating that enhance
the solubility of the antimicrobial compound in the extract so that it creates the extract with the bigger inhibition activity
compared to maceration method. The temperature in the soxhletation process influence the phenol amount attracted.
The higher the extraction temperature, the higher the solubility of phenol compound. It corresponds with the research by
Vela GR [10], that stated that the higher the temperature of extraction, the higher the solubility of phenol compound.
In the S. platensis extract, phenol compound is the important compound related to the antimicrobial nature. Yet, in the
testing of total phenol content it is not positively correlated with the antimicrobial activity contained in the S. platensis
extract. It is because not all phenol compound in the S. platensis cell is a phenol compound that has the function as
antimicrobial. Based on the result of the research, to produce phenol compound that has antimicrobial activity from S.
platensis, it is suggested to use ethylacetate ethanol (1:1) or ethyl acetate as solvent.

4. CONCLUSION
Extraction of S. platensis with various types of solvents produce varying amounts of extractable material, the content of
phenol compounds, and antimicrobial activity. The results obtained show the highest content of phenol compounds
produced in the material extracted with chloroform-ethyl acetate (1: 1), both in method and maceration sokhletasi
respectively 76.4494 mg GAE / ml and 21.809 mg GAE / ml. Greatest inhibition zone against microbes S. aureus, E.
coli and C. albicans indicated by ethyl acetate-ethanol extract (1: 1), both sokhletation and maceration
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Abstract – Drinking water quality is indicated by physical, chemical and biological
parameters. Those parameters must not exceed a certain limits. Monitoring the parameters
value from time to time was therefore needed to guarantee the quality of the drinking water.
In a water treatment plant to supply continuous drinking water, some physical and chemical
parameters need to be monitored in a real time. This work presents a compact sensor
interface design to monitor a chloride, water hardness, pH, total dissolved solids, and
temperature. The system was able to measure those parameters using a high impedance ion
selective electrode for chloride, water hardness and pH together with an alternating current
for total dissolved solids and DC voltage from a smart temperature sensor. In addition to
the offset voltage, the voltage signal from pH electrode was amplified 6 times. The output
voltage of the ISE for chloride and water hardness was amplified 16 times. The
measurement results were then transmitted via internet connection and recorded in a data
server. Measurement period was set programmatically in the system to allow a dynamic
setting of the sampling rate.

1. INTRODUCTION
Water is one of basic needs for human life. The quality of water, especially in drinking water, for daily needs was
determined by physical, chemical and biological parameters. From many factors at least the quality of drinking water
was determined by main parameter such as its hardness, pH, and total dissolved solid. According to WHO and many
standards agencies around the world the value of those parameters must not exceed the standard limits.
On-line drinking water monitoring has been developed for many places with difference strategy [1, 2]. Distributed
water quality monitoring powered by solar cell was also reported [3]. Sensing and instrumentation for better water
quality monitoring continuously improved indicating the importance of water quality monitoring [4,5]. Continuous
monitoring can be done by using physical and electrochemical sensor together with an appropriate electronic system to
process the output signal of the sensor.
From many parameters, pH is one water quality indicator which is measured. To measure the pH continuously, the most
common sensor to be used was Ion Selective Electrode (ISE). The properties of ISE pH sensor itself depend on
temperature [6]. Thus the use of ISE pH sensor must also consider the temperature. For different species such as
chloride and water hardness, ISE was also common to be used as the sensor.
Physical parameter which is also common to be used as an indicator of drinking water quality was the total dissolve
solid (TDS) in the water. This parameter was directly related to the water conductivity. Therefore, measuring water
TDS can be done by measuring water conductivity. The water conductivity can be measured using many difference
approach and electronic system [7,8].
This work shows a design of sensor interface system to handle chloride, water hardness and pH based on glass electrode,
total dissolved solution using single probe with an alternating current and solid state temperature sensor. The system
collects the sensors output, processed and transfer the data to the server via internet protocol. Data transfer between the
sensor interface systems to the server was done by using standard HTML format.

2. CALIBRATION AND SYSTEM DESIGN CONSIDERATION
2.1 Temperature Sensor
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Sensor for temperature measurement was developed using semiconductor sensor LM35 with an accuracy of 0.5 OC. The
sensor has a linear voltage output with a slope of 10mV/OC. As the water temperature was only varied not less than
15OC and no more than 75OC the system was designed to be able to measure a temperature range from 0 to 100 OC.

2.2 Total Dissolved Solid Measurement System

Vout to ADC

The water conductivity measurement was used as a basis for total dissolve solid (TDS) measurement. The system was
developed using two electrode system as part of a non-inverting amplifier with an alternating current voltage reference
working at 1KHz. Figure 1 shows the basic diagram of the circuit. The DC output voltage was obtained by passing the
alternating signal an AC to DC converter using full wave rectifier system.

AC

Z water

Electrode

Figure 1 Configuration system for TDS measurement
The developed system was calibrated again commercial TDS measurement instrument. The calibration curve of the
measured data using the developed circuit gives a relationship between the output voltage vs TDS. From the calibration
data using TDS variation from 0 to 300 ppm the output voltage of the measurement was:
Vout = (6.8671 x TDS + 47.143) mV

(1)

2.3 Chloride, Water Hardness and pH Sensor
The ion selective electrodes (ISE) for water hardness and chloride were purchased from OAKTAN®. The chloride
electrode was a glass body ISE with catalog number WD-356802-13. The water hardness electrode was glass body ISE
electrode with catalog number WD-35802-49. The pH electrode was an industrial in line pH electrode PE-21 from
Lutron.
From the datasheet, the concentration range of the chloride ISE was 1.8 to 35000 ppm with output impedance at ~1M.
The concentration range of the water hardness ISE was 0.4 to 400000 ppm (as Ca2 +) with output impedance 100 M.
Theoretically the potential slope for the chloride ISE was 56mV per 1 decade concentration change and 25mV for water
hardness (Ca2+). The pH electrode has a pH range from 0 to 14, whilst the output impedance not specified by the
manufacturer. Therefore, we assuming the worst case of output impedance at 500M. From those three ISE sensors we
take the worst case for the impedance for all sensors was 500M. This will be considered in the signal conditioning
design.
Calibrating the chloride sensor to NaCl solution, water hardness to CaCO3 solution and pH to pH buffer solution
reference gives us a voltage output to the concentration of Chloride, Ca 2+ and pH value. The output voltage
relationships of the ISE are:
Vout = (57.883 pH - 419.37) mV

(2)

Vout = (48.354 log [NaCl] +414.27) mV

(3)

Vout = (23.168 log [CaCO3] + 194.23) mV

(4)

From those calibration equations we can see that the closest value to the Nernst equation was for the pH electrode, the
chloride and water hardness ISE electrode have less slope potential value than the theoretical value according to Nernst
equation.

3. RESULTS AND DISCUSSION
Based on the senor and measurement system output, signal conditioning was developed. The signal conditioning was
aimed to manipulate the output voltage to match the input range of the ADC from 0 to 5V. For the temperature sensor,
the output voltage was amplified by 5x to match the output range to the ADC input range. By five times amplification,
the input voltage to the ADC will be 0V at 0OC and 5V at 100OC. By using the PIC18F4550 internal ADC with 10 bit
resolution, the theoretical resolution of the measurement was 0.1 OC.
For the TDS measurement based on equation (1), the TDS concentration in ppm can be taken from the output voltage
(V in mV) as:
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Using those equations, the TDS value calculated from the measured voltage has ranged from -6.84 to ppm to 721.2 ppm.
As the TDS value should not less than 0, the ADC value less than 47.14 mV will be used as a hardware fault indicator
indicating loss connection or short circuit which will be indicated as 0 Volt.
For the pH electrode, to make the full range of the ADC input the pH value will be calculated from equation used in
equation (2). The pH value from electrode output voltage (V in mV) was:

At pH=0 the output voltage was -419.37 mV and at pH = 14 the output voltage was +810.362 mV. An amplifier with
high input impedance and amplification factor of 6.17 together with voltage offset was needed. Voltage offset was
required to shift the voltage at pH 7 becomes 2.5Volt. For this purpose an offset voltage at +419.37 mV was added
before the signal was amplified. The amplification factor was 6 times. Thus the pH range was from 0 to 14 with a
theoretical resolution of 0.014. This value is ten times better than pH electrode stability and accuracy.
The value of the chloride and water hardness can also be calculated based on the output voltage (V in mV) of each ISE
sensor as:

High Zin

Buffer

Vout to ADC

Membrane/Glass Electrode

From those equation the output voltage of the ISE for chloride was offset by –414.27 mV and for the water hardness
was offset by –194.23mV. For both sensor the output voltages were amplified 16 times. Basic block diagram for the pH,
chloride and water hardness was shown in Figure 2. It consists of high input impedance instrumentation amplifier,
voltage offset and buffer.

Voltage Offset

Figure 2 Basic configuration for ion selective electrode
For the analog voltage to digital value and further calculation we use a single chip microcontroller PIC18F4550 from
microchip. The microcontroller has 8 ADC channel with a 10bit resolution. In addition it also has an USB
communication port. This microcontroller responsible for digital conversion and transmitting the resulted data to a host
computer via USB communication.
For simplicity and better interoperability among many difference operating system and computer platform, the system
use a USB protocol in a form of Human Interface Device (HID). This protocol was chosen as there was no data need to
be send to the microcontroller. Connecting the system as HID device doesn’t need any driver installation in the host
computer or any embedded device. The collected data was then transmitted to a data server using internet connection. In
the implemented system connection was done using WIFI connection. Data was transfer using HTML data format. The
system access and send a specific HTML command to the server. The server than collect the data, display it and also
stored in a database for further usage. Block diagram of the overall system was depicted in Figure 3.
Data transmission from the host computer to the data server was set in the system. Difference sampling interval for data
transfer can be set in the host computer through the system configuration. Data from the sensor was displayed in the
host computer using a measurement dashboard. In addition to the numerical value which is taken from the measurement,
a dashboard was added to the system. It display the measurement value and visually showed the ater quality according
to the measured parameters.
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Figure 3 Drinking water monitoring system for water treatment plant

4. CONCLUSIONS
Sensor interface electronic circuit for ISE to sense pH, chloride concentration, water hardness, TDS and temperature
with difference voltage output relationship has been build using a single chip microcontroller with ADC input. Different
offset and amplification factor was set for the circuit according to the calibration curve of each sensor. For the pH
sensor the amplification factor was set to 6 times, whilst for the other ISE sensors the amplification were set to 16 times.
The calibration curve of the TDS measurement system result in a linear relationship between the TDS and output
voltage. No amplification was needed to process the output voltage of the TDS measurement circuit. The resulting data
from the sensor has been sent to the host computer through the HID communication protocol. The HID protocol was
implemented in the microcontroller without any additional chip.
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Abstract – Pyrophyllite as an inorganic material having an active site that can serve as an ion
exchanger, so that potentially to be used as ionophore ion selective membrane. Coated wire Ion
Selective Electrode (CW-ISE) Lead (II) based on pyrophyllite as ionofor has been developed,
previously. The membrane of electrode consist of polyvinilchloride (PVC) as polymer matrix and
dioctylpthalate (DOP) as plasticizer. It showed a good Nernstian slope of 29.33 mV/decade with
linear concentration range of lead between 10-1- 10-5 M, and detection limit of 8.054 x10-6 M or
equal to 1.669 ppm of lead. By using the electrode, the objectives of this research were to learn the
effect of pH on the performance of coated wire lead (II) Ion selective Electrode based on
pyrophyllite. The effects of pH was determined by measuring potential response of lead solution
buffered by acetate solution at pH 3 - 7. The result showed that the performance of CW- ISE Lead
(II) based on pyrophyllite could be used optimally at pH 5.

1.INTRODUCTION
Lead is a one of chemical element with the symbol "Pb" is often called "Plumb" and classified as heavy metals. Lead
accumulates not only in the air, water, soil and even in food products and cosmetics found a real lead. In water, the
threshold of lead exposure of 0.01 mg / L, in the air lead levels were still within the threshold for the ambient air of
<1μm , whereas in food products and cosmetics is not allowed contain lead. Nevertheless there are still many food
products and cosmetics that contain lead. 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 hemoglobin, and can affect the level of intelligence (IQ) in children .
Therefore, in this study developed ISE Lead (II) type wire coated with an active material modification (ionophores)
membranes using inorganic material that is pyrophyllite. Pyrophyllite is a kind of natural material whose existence is
abundant so that easy to obtain. Based on the research of Pribadi , 2008 pyrophyllite has the ability as a cation
exchanger as mineral type clays such as pyrophyllite have active sites on the surface. Active sites on pyrophyllite is
most reactive to low pH , and therefore has the potential to be used as active ingredients (ionophore) membrane in the
manufacture of ISE Lead (II) coated wire type.
Membrane support material used in the manufacture of ISE Lead (II)-based coated wire type this pyrophyllite the PVC
as the matrix polymer, plasticizer dioktilftalat (DOP), activated carbon in the solvent tetrahydrofuran (THF). On
research previously has been made CW- ISE Lead (II) based on Pyrophyllite that already characterized. The optimum
composition of the CW-ISE Lead (II) based on pyrophyllite obtained by comparison pyrophyllite 49%: 3% activated
carbon: 16% PVC: DOP 32% (w/w). CW-ISE Lead (II) should be studied the effects of pH on performance if to use it
for measure concentration lead (II) in environment sampel. The effect of pH are important for the measured potential,
which if further away from the theoretical Nernst factor prices, then it suggests that the solution may not be measured
on the pH value. The effect of pH in this study was measured at acidic to neutral pH range, is pH 3, 4, 5, 6, and 7.

2.METHODS
2.1 Chemicals
The materials used in this study are Pb(NO3)2 pa (EMerck), a solution of CH3COOH pa (EMerck), CH3COONa pa
(EMerck), Hg(NO3)2 pa (EMerck), NaNO3 pa (EMerck), HNO3 50% v/v p.a (EMerck), Cr(NO3)3.9H2O p.a (EMerck)
and aquadest. Equipment used in this study are : ISE Lead (II)-based coated wire type pyrophyllite have in
characterization, electrode Ag/AgCl type HI5313 Hanna, potentiometer (Schoot Geräte CG model 820), pH meters
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(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.

2.2 Procedure
Fabrication CW-ISE Lead (II) based on Pyrophyllite
Pyrophyllite (active ingredient membrane or ionophore membranes) were prepared before use. The preparation is
chemically and physics activated. Chemical activated is doing with 2 M HCl was added immersion results filtered and
rinsed with distilled water until free of Cl- ions. Physical activation was doing by heating at high temperature with a
temperature of 550 ° C for 4 hours. Membrane preparation was done by mixing the constituent materials pyrophyllite
the membrane, activated carbon, PVC, DOP and solvent THF. Membrane that is attached to the wire Pt mixed and then
dried in the open air and then do the heating at a temperature of 50 ° C for 12 hours.
Potential measurements by CW-ISE Lead (II) at pH 3-7
Solution of Pb(NO3)2 10-1-10-5 M taken as many as 25 mL, pH 3-7 potential was measured after 30 seconds. ISE
potential measurements of the effect of pH was 3 times repetition. Deviation factor prices generated Nersnt show that
pH give the effect on the performance of CW-ISE Lead (II) based on pyrophyllite.

3. RESULTS AND DISCUSSION
Fabrication CW-ISE Lead (II) based on Pyrophyllite
As for the basic characterization ISE Lead (II)-based on pyrophyllite produces Nernst Factor of 29.33 mV / decade of
concentration, with a linear concentration range of 10 -5-10-1 M and is able to detect cations lead up to 8.054 x 10 -6 mol /
L, equivalent to 1,669 ppm of lead.
The effect of pH
The results showed that the effect of pH effect on performance of CW-ISE Lead (II) based on pyrophyllite with
measurement of lead nitrate solution concentration of 10 -1-10-5 M at pH 3-7 is based on the measured potential value
can be known Nernst factor. Then made the relationship curve between pH (x-axis) with the Nernst factor as shown in
Figure 1.

Figure 1 The effect of pH to Nernst Factor CW-ISE Lead (II)
Theoretical Nernst factor prices for divalent ions is 29.6 mV/ decade of concentration, with a minimum limit of 24.6
mV/decade of concentration and maximum 34.6 mV/decade of concentration. When the price is below the limit of
Nernst factor minimum or above the maximum price of the ISE is not Nernstian.

4. CONCLUSION
The effects of pH was determined by measuring potential response of lead solution buffered by acetate solution at pH 3
- 7. Based on the research that has been done, it can be concluded as follows CW-ISE Lead (II) based on pyrophyllite
could be used optimally at pH 5. The result showed that CW-ISE Lead (II) have a price Nernstian with Nernst factor
price of 29.47 mV / decade of concentration.
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Abstract – One of hazardous compound group for human health whose existence is needed
in controlling plant pest is pesticide. Profenofos pesticide is one of pesticide in
organophosphate group that is usually applied in chili, potato, soybean, and cabbage.
Negative effect that can be caused by pesticide is, being able to hamper activity of
acetylcholinesterase enzyme, so the transmission of neuron impulse is disturbed, which
finally causes death. Control of pesticide residue in foodstuff needs to be conducted;
therefore biosensor membrane electrode was designed based on acetylcholinesterase
enzyme immobilized in supporting material of cellulose acetate (SA) and Glutaraldehyde
(GA) membrane. Compositions of SA and GA membrane in biosensor electrode membrane
are (5%; 25%) and (15%; 25%). Performance of biosensor electrode is characterized by
analysis test: range of working concentration, sensitivity and detection limit. The
characterization result of biosensor electrode of profenofos, at membrane composition of
SA 5%; GA 25% and SA 15%; GA 25% give range of working concentration, sensitivity,
and detection limit are 1-10-6 ppm, 11.03 and 12.74, 10-6 ppm respectively. Based on
working test, profenofos pesticide biosensor that has made can be applied for analysis of
profenofos pesticide residue with ability to detect till 10-3 ppb.

1. INTRODUCTION
The increase of agricultural production continues to be done in frame of providing nutritional and safe-for-human need.
Agriculture production business usually has a problem of pest attack. Farmers usually use pesticide in their effort of
controlling pests integratedly. Pesticide applied in agricultural process, besides having positive effect, can cause
negative effect if the pesticide residue remains in agricultural products, which can cause danger for the consumers’
health.
Pesticide of Profonefos is one of pesticides in group of organophosphate that has toxicity which can inhibit
cholinesterase in red blood cell. Cholinesterase is an enzyme (a form of biological catalyst) in body tissue that
functions to keep muscles, glands and nerve cells work organically and harmonically. Profenofos Pesticides are
commonly used to control pests on cotton, corn, potatoes, vegetables and other crops. Organophosphate pesticide
inhibitsworks of acetylcholinesterase (AChE) through kinetic mechanism (phosphorylation) so that pesticide can react
with OH bond on serine of AChE cause reaction inhibition with acetyltiocholin chloride (ACh) [1].
Pesticide in less amount and unstable can cause severe toxicity so that a method to detect quickly to protect human
health as well as to be as controller of foodstuffs and environment pullution [2]. Methods usually used in analyzing
organophosphate residue is gas chromatography (GC) dan High Performance Liquid Chromatography (HPLC), but
these methods have drawback, such as treatment of extraction and purification in laboratory that needs lots of solvent
as well as longer analysis time. Therefore, alternative method is needed for analysis of organophosphate pesticide
residue which quick and accurate on agricultural product [3][4][5][6][7].
One of the alternative methods which is currently developed in pesticide analysis is applyng using biosensor. Biosensor
is an analytical tool that combines biological component (enzyme) and physics transduser to detect the targeted
compound. The Biosensor uses membrane cellulose acetate and glutaraldehyde in gold electrode was developed.
Excellence of membrane cellulose acetate is, membran cellulose acetate (SA) has a stabile characteristic and good and
high pressure mechanical strength.It is also able to inhibit small-measured substances tiny materials by addition of
glutaraldehyde (GA) because it is a carrier bond that function as bifunctional reactant between enzyme (AChE) and
cellulose acetate (SA).
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2. METHODS
2.1 Chemicals
Materials used in this research were profenofos pesticide, gold wire, silver wire, bronze wire, tin wire,
acetylcholinesterase (AChE) enzyme (EC.3.1.1.7) , cellulose acetate (SA), glutaraldehyde (GA) was purchased from
Sigma-Aldrich, Acetylthiocholine chloride, NaH2PO4.H2O, Na2HPO4.12H2O, aceton p.a (E. Merck), ethanol p.a (E.
Merck), potassium chloride (KCl) p.a, aquades, parafilm.

2.2 Procedures
Preparation of Working Solution
Making solutions of NaH2PO4. H2O 0.2 M (solution A) and the solution of Na2HPO4. 12H2O 0.2 M (solution B). Next,
solutions A and B, were each made into buffer phosphate solution pH 8.0. Substrate solution of Acetylthiocholine
Chloride was made in a solvent with buffer phosphate pH 8.0 at the concentration of 1 x 10 -3 M. After that, Standard
substrate solution Profenofos pesticide 1 ppm was prepared by carefully scaling Profenofos which then be diluted
using ethanol in a flask of 100 ml until limit mark. This solution was then diluted up to the concentration of 1 ppm - 1
x 10-6 ppm. KCl 0.1 M solution was prepared by diluting 0.3723 gram of KCl in 50 ml aquades in measurement flask
to limit indicator. Enzyme AChE from Electrophorus electricus Sigma 1.17 mg with the activity of 425.94 unit per mg
solidity was diluted in a solvent with 9.0 ml buffer phosphate pH 8.0 and 1 ml KCl 0.1 M. Cellulose acetates (SA) 5%,
10% and 15% were made by scaling 0.5 gram and 1.5 gram SA subsequently. Next, each SA was diluted in 10 ml
aseton. Glutaraldehyde solution (GA) 25% used in this study was produced from Aldrich Sigma.
Preparation of Biosensor Membrane
Membrane was made with immobilised enzyme Acetylcholinesterase (AChE) in supporting materials cellulose
acetate (SA) and glutaraldehyde (GA) with the composition shown in Table 1.
Table 1 The composition of profenofos pesticide biosensor
Composition of Membrane
Cellulose Acetate (SA)

Glutaraldehyde (GA)

AChE
(IU/ml)

5%
15 %

25 %

49.8303

Design of Electrode Biosensor of Layered Wire
Electrode bodies were made of a 7-cm bronze wire of 1 cm in diameter which was connected with a 2.0 cm gold wire of
0.4 mm in diameter, then soldered with tin wire. It was then put into a blue tape with the gold wire (Au) sticking out at
1.5 cm which was use as the electrode bodies. At the bodies of all electrode were the parafilms coiled around as bronze
and gold wires. The edge of electrode, which was gold wire, electrode was immersed in homogenous cellulose acetate.
After the cellulose acetate was formed, the electrodes were washed using aquades 3 times. Next, the part of gold wire
layered with membrane cellulose acetate was immersed in glutaraldehyde for 8 hours. After that, the electrodes were
washed with buffer phosphate pH 8.0. This formed membrane electrode (Em), which was then immersed in buffer
phosphate pH 8.0 containing enzyme Acetylcholinesterase for 48 hours. Membrane electrode (Em) which had not been
used remained immersed in the buffer phosphate pH 8.0 at the temperature of 4 0C before used for characterization.
Measurement of Detection Limit of the Profonefos Pesticide Biosensor
The potential of Acetylthiocholine Chloride substrate, with profonefos pesticide inhibitor, was measured through
immersing the designed biosensor electrode in buffer phosphate pH 8.0 solution before being used, and then the
electrode biosensor was used to measure the substrate potential of acetylthiocholine chloride with the concentration of
10-3 M which had been added with Profenofos solution with various concentration between 1 ppm – 10-6 ppm.

3. RESULTS AND DISCUSSION
In this research, biosensor pesticide profenofos electrode was made of gold wire layered by membrane cellulose acetate.
Membran selulosa asetat can be considered because of its stabile characteristic, so that it has mechanical strength that is
able to inhibit small substances. Electrode layering was conducted with membrane composition comparison of 5%, and
15% on surface of gold wire. Gold wire layered by membrane cellulose acetate was soaked with of glutaraldehyde,
function of glutaraldehyde is as bifuctional reactant between cellulose acetate with enzyme. Selection of gold wire as
electrode was done because: (1) Gold has hight standard reduction potential and conductivity, so analysis process using
cellulose acetate can be done easily. (2) Gold wire is soft, so the surface can be flatted by using membrane. (3) Gold
wire is easy to get [8].
Potentiometrical measurement is based on potential change. When a membrane separates two solutions with different
ionic activity, it is written as follows:
E= E0 + ln +
(1)
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If the main ionic activity in 2 phases is maintained constant, then based on the above equation, the electrode potential
towards ion a with activity x in phase 1 (a1= ax)
E= E0 +
ln = constant + S log (ax)
(2)
Nernst equation is used to determine relation between potential and concentration of an ion. Nernst equation can be
written as follows:
E = E0 ± S log a
(3)
0
With E = constant ; S = Nernst factor. Also, a good electrode shows a linear respond on certain concentration area. It is
shown by correlation coefficient value (r), which approach 1 (Tabel 2). From measurement data, we can see that
potential measurement is conducted in acetylthiocholin chloride substrate 10 -3 M, with inhibitor concentration
[profenofos] of 1 ppm - 10-6 ppm.
Table 2 Nernst Factor and Biosensor Measurement Range with Membrane Composition of SA 5%, GA 25%
Concentration
of
Substrate
Concentration of Inhibitor
Potential
[Acetylthiocholin
chloride]
M
[profenofos]
ppm
(mV)
No
1
2
3
4
5
6
7
Nernst Factor (Slope)
R
E0 (K)
Measurement Range

10-3
10-3
10-3
10-3
10-3
10-3
10-3

1
10-1
10-2
10-3
10-4
10-5
10-6
11.03 mV
0.983
27.36
10-6 ppm – 1 ppm

28.1
41.5
49
53.9
71.4
84.1
95.2

Figure 1 Curve of Potential towards – log [profenofos] for Membrane Composition of SA 5%, GA 25% on
Concentration Substrate of 10-3 M
Based on Table 2 and Figure 1 is a trajectory of measurement of membrane cellulose acetate 5% and glutaraldehyde
25% shows that linear line on –log [profenofos] has a Nernst factor value of 11.03 mV/decade with slope of 27.36 dan
correlation coefficient value (r) of 0.983 on substrat concentration of 10 -3M.
Table 3 Nernst Factor and Biosensor Measurement Range with Membrane Composition of SA 15%, GA 25%
Concentration
of
Substrate
[Acetyltiocholin chloride] M
1
10-3
2
10-3
3
10-3
4
10-3
5
10-3
6
10-3
7
10-3
Nernst Factor (Slope)
R
E0 (K)
Measurement Range
No
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Concentration of Inhibitor
Potential (mV)
[profenofos] ppm
1
76.0
10-1
108.2
10-2
118.1
10-3
127.4
10-4
137.8
10-5
148.5
10-6
161.5
12.74 mV
0.950
87.12
10-6 ppm – 1 ppm

Figure 2 Curve of Potential towards – log [profenofos] for Membrane Composition of SA 15%, GA 25% on
Concentration Substrate of 10-3 M
Based on Table 3 and figure 2 above is a trajectory of measurement of biosensor membrane cellulose acetate 15% and
glutaraldehyde 25% shows that linear line on –log [profenofos] has a Nernst factor value of 12.74 mV/decade with
slope of 87.12 and correlation coefficient value of 0.950 on substrat concentration of 10 -3 M. From figure 1 and 2 it is
shown that the bigger is inhibitor concentration, the smaller is the produced potential value because of pesticide. The
bigger is the concentration, the bigger is the inhibition towards work of enzyme.
Table 4 shows the work of both type of electrode biosensor (A and B) on analysis of pesticide profenofos in range of
working concentration of 1 ppm - 10-6 ppm, indicated by Nernstian line without non Nernstian. Therefore, the detection
limit is assumed as 0.000001 ppm or 10 -3 ppb.
Tabel 4 Work Result of Biosensor Pesticide Profenofos
Membrane
Type

Membrane
Composition

A

SA
5%

B

15%

Work of Biosensor

GA

S
11.03

R
0.983

Detection Limit (LD)
0.000001 ppm

12.74

0.950

0.000001 ppm

25 %

4. CONCLUSIONS
Based on results of study in the analysis data from Nernst equation the characterization result of biosensor electrode of
profenofos, at membrane composition of SA 5%; GA 25% and SA 15%; GA 25% give range of working concentration,
sensitivity, and detection limit are 1-10-6 ppm, 11.03 and 12.74, 10-6 ppm respectively. Therefore, profenofos pesticide
biosensor that has made can be applied for analysis of profenofos pesticide residue with ability to detect till 10 -3 ppb.
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Abstract - Indonesia is a country having abundant potential natural resources including precious
stones. One of them is agate. In this research different colored agate stones: brown, dark yellow,
grey and dark grey were powdered and mixed with teflon to be applied as a high dose dosimeter.
The purpose of this research is to analyze the influence of the composition of the agate stones in
Indonesia and the thermal treatments to dosimeters towards the thermoluminescent dosimetry
(TLD) properties and to verify the potency of their use as high dose dosimeters. According to TLD
measurements, dark grey agate showed the best TL performances such as the highest TL intensity,
lowest coefficient variations (CV), lowest residual percentages and highest sensitivity due to the
highest radioactive and additional Na(AlSi3O8) contents. Thermal treatments were significant to
influence the TL performances. The agate stones thermally treated at 400 oC showed the highest
TL sensitivities.

1. INTRODUCTION
Radiation technologies using high dose irradiation are currently developed intensively to modify material
properties, to sterilize medical and pharmaceutical products, to preserve food and to perform other industry processes.
In such processes, high dose detectors as early warnings for the dangerous of radiation are required.
Because dosimeters are for single usage or disposable, therefore inexpensive materials such as silicates are
preferred (Teixeira et.al, 2011). Among silicates materials, onyx (Teixeira et.al, 2011), jasper (Teixeira and Caldas,
2012), quartz, amethyst, topaz and jade have been reported as good candidates for dosimeter materials. Silicates based
dosimeters were categorized as (TLD).
Silica material is a crystalline insulator material. Upon irradiation, free electrons move from the valence band or
empty hole traps into the conduction band. The moving electrons leave holes in the valence band and hole traps. The
free electrons have enough energy to move freely so that some of them will be trapped in the electron traps (forbidden
band) having lower energy level than the conduction band. Upon stimulation, the probability for the electrons raised to
the conduction band and to release energy in the form of light when recombine with positive holes increases. This
phenomenon is called ‘luminescence’. When this process is accelerated with the excitation of heat, then the
phenomenon is known as ‘thermoluminescence (TL)’. (Izewska and Rajan, 2005)
In this research we reported the potential of agate stones to be applied as high dose dosimeter. Comparing with
other silicates stones mentioned above, so far agate is rarely reported to be applied as a high dose dosimeter material. In
this research we also explored the correlations between material structure and dosimetric properties, such as dosimeter
sensitivity, reproducibility and residue percentage.

2. METHODS
The agate stones were prepared from four different types based on colors: brown, dark yellow, grey and dark grey,
obtained from Borneo, Indonesia. The samples were powdered and sieved until 100 mesh. The powder was stirred in
1% HCl solution for 2 hours to remove the moisture contents and other chemical impurities. Then the powder was
separated from the HCl solution and dried in a muffle furnace at 135 oC for 2 hours. Some of the powder was inspected
by X-Ray Diffraction (XRD Philips X-Pert XMS) to characterize the material structure. Some was observed by
Scanning Electron Microscope (SEM Inspect S50) equipped with Energy Dispersive X-Ray Scattering (EDXS) to
characterize in the morphology and chemical element contents, respectively, and some was analyzed using neutronactivation analysis (NAA) at BATAN to identify the radioactive contents in the materials (in ppm level) responsible for
TL signal.
For dosimetric analysis, the powder was mixed with teflon (PTFE) cut-sheet as a binder in the proportion of agate
powder: PTFE = 1:2 (Teixeira, et.al, 2011). The mixture was then compacted as pellets with diameter of 4 mm and
thickness of 0.8 mm. To remove the deep traps and residual TL in the samples and reutilization of the samples, the
pellets were thermally treated at different temperatures 200 oC, 300 oC and 400 oC for 1 hour.
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The irradiations were performed at BATAN using a Gamma Cell 220 system (Co60) in the dose variations 0.1, 1
and 10 kGy. The evaluation of the agate pellets after irradiation was carried out 20 hours after irradiation process using
a TLD Reader (Harshaw Chemical Co. TLD 3500). To observe the reproducibility of the dosimeter, the samples
thermally treated at 200 oC, 300 oC and 400 oC were irradiated at 10 kGy for 3 repetitions and thermally treated at 200
o
C for 1 hour to remove the previous TL residues during the measurement time intervals.

3. RESULTS AND DISCUSSION
Fig. 1 shows the bright field SEM images of the four samples and insets are the corresponding EDXS results. The
morphologies of the four samples are irregular. The EDXS results show that the proportions of Si to O for the three
samples (a,b,c) are almost 1:2 showing SiO2 material except the forth sample (d) of dark grey agate had other minute
chemical content of Na(AlSi3O8) or albite.
Fig. 2 shows the XRD patterns of the four pellets before and after irradiation indicating that SiO2 (JCPDS card no.
85-1108) was the major chemical content in the powder. Only dark grey agate showed small amounts of other chemical
contents besides SiO2 which was identified as sodium aluminum silicate (Na(AlSi3O8)) (JCPDS card no 01-071-6218).
There are 2 major peaks in the XRD patterns showing SiO2 crystalline planes (011) at 2  26.8o and (100) at 2 
21.02o. The XRD patterns of PTFE (JCPDS card no 47-2217) was at 2  18.08o. Generally the XRD intensities
reduced after irradiation process due to structure rearrangements caused by electron movements.

Figure 1 SEM images with 5000X magnification (a) Brown Agate, (b) Dark Yellow Agate, (c) Grey Agate
and (d) Dark Grey Agate. Insets are the EDXS results.
Table 1 lists the NAA results of the four samples based on radioactive contents in the four samples: Uranium
(U), Antimony (Sb), Cesium (Cs) and Hafnium (Hf). From the table, dark grey agate had the highest radioactive
contents. The influences of thermal treatment temperatures, irradiation doses and the types of dosimeter materials are
displayed in Fig. 3. Generally the dosimeter TL intensities always increase with the irradiation dose. Dark grey agate
showed the highest TL intensities. The highest TL intensities of dark grey agate perhaps originated from the albite
content. Albite has a narrower energy band gap of 7.86 eV (Malins et.al, 2004) comparing with silica of 9 eV. Upon
irradiation, the electrons in albite were easier to move from valence band or empty holes to conduction band and
forbidden band than in silica.
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Figure 2 Comparison of XRD patterns of agate + PTFE pellets before and after irradiation process (a)
Brown Agate, (b) Dark Yellow Agate, (c) Grey Agate, (d) Dark Grey Agate.
Tabel 1 Results of neutron activation analysis of agate stone samples
No

Sample

1

Brown Agate

2

Dark Yellow
Agate

3

Grey Agate

4

Dark Grey
Agate

Parameters
Cs
Hf
Sb
U
Cs
Hf
Sb
U
Cs
Hf
Sb
U
Cs
Hf
Sb
U

Content (mg/kg)
0.51 ± 0.04
2.16 ± 0.08
0.37 ± 0.03
0.09
0.31
0.21 ± 0.02
2.95 ± 0.08
1.97 ± 0.06
0.86 ± 0.03
1.10 ± 0.07
0.28 ± 0.01
0.84 ± 0.07
0.31
4.29 ± 0.39
0.66 ± 0.05
1.37 ± 0.09

Figure 3 The effects of annealing temperatures and radiation doses towards TL intensities (a) Brown Agate, (b)
Dark Yellow Agate, (c) Grey Agate, (d) dark Grey Agate.)

Figure 4 Reutilization of agate stones thermally treated at (a) 200°C, (b) 300°C, (c) 400°C.
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The temperature of thermal treatments also played an important role in determining TL intensities. Fig. 3 shows
the TL intensities reduced after thermally treated at 300 oC and increased after thermally treated at 400 oC. Hence, the
dosimeters thermally treated at 300 oC performed the lowest TL intensities comparing with those treated at 200 oC and
400 oC, while those treated at 400 oC performed the highest, 3143.66 nC. To study the reproducibility, the four samples
thermally treated at 200 – 400 oC were irradiated at a constant dose of 10 kGy for 3 times and thermally treated at 200
o
C in every measurement intervals. The coefficients of variation (CV) of each measurement are tabulated in Table 2. All
of the samples had low CVs indicating good reproducibility, even lower that those reported by Teixeira et.al (2012) (4.4
– 5.3 %) on jasper and also by Teixeira et.al (2011) (5.4 – 6.5%) on onyx. Dark grey agate showed the lowest CV of
0.10 – 0.16 %. Fig. 4 shows the reproducibility of the four samples.
Another parameter to evaluate the feasibility of a material to be applied as a high dose dosimeter is residue
percentage. The percentage residue was measured as the ratio of the background TL reading before irradiation and TL
reading after irradiation. Table 3 lists the average residue percentages of the four samples thermally treated at 400 oC
and after irradiated at 10 kGy. Once again the dark grey agate shows the smallest.
The sensitivity of a dosimeter could be calculated as follows (Lucas, 1995):
(1)
Where S is sensitivity (nC kGy-1), TL is TL readout (nC) and D is irradiation dose (kGy). The average sensitivities of the
four samples are tabulated in Table 4. Dark grey agate showed the highest sensitivity.
Table 2 TLD reproducibility as CV (%)
Annealing
400°C

Sample
Brown Agate
Dark Yellow Agate
Grey Agate
Dark Grey Agate

CV (%)
0.41
0.29
0.31
0.10

Table 3 Signal residue percentage
Sample
Brown Agate

Background
(nC)
14.05

690.2

Residue
percentage (%)
2.03

Final (nC)

Dark Yellow
Agate

3.24

124.9

2.59

Grey Agate

4.83

89.51

5.39

Dark Grey
Agate

16.11

3588

0,45

Table 4 Sensitivity of dosimeters thermally treated at 400 ° C irradiated at 10 kGy
Material

Sensitivity (nC/kGy)

Brown Agate
Dark Yellow Agate
Grey Agate
Dark Grey Agate

2.31
0.73
0.43
13.95

4. CONCLUSIONS
The agate stones have been successfully proved to have good dosimetric characteristics such as high intensities upon
high dose irradiation, good reproducibility, low residue percentage and good sensitivity. Based on those
characterizations, agate stone could be utilized as an inexpensive and promising high dose dosimeter material. Among
the four samples, dark grey agate performed the best dosimetric characteristics due to the additional Na(AlSi 3O8)
compound besides SiO2 and the highest radioactive element contents in the sample. The temperature of thermal
treatments also played an important role to influence the dosimetric performance of the mixed agate stone-PTFE. The
samples thermally treated at 400 oC showed the highest dosimetric performances.
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Abstract – The present of organic acid could be a significant contribution to the taste of brown
sugar. An HPLC technique has been developed to analysis of organic acids in brown sugar from
both sugar palm and coconut. A reversed column (YMC Triart C18) has been used with a UV
detector at 210 nm. The phosphoric mobile phase with 0.7 mL per min was run as isocratic eluent.
Three organic acids have been identified including ascorbic acid, lactic acid and pyroglutamic acid
and several more uv absorbed compounds need to be further identified. Ascorbic acid and lactic
acid are present in significant amount of 1.374 and 0.78 g/100 mg of sugar samples, respectively,
compared to pyroglutamic acid that is 0.256 g/100 g. The present of organic acids in coconut
brown sugar are relatively different in concentration and less in the number of organic acids
compared to that from brown sugar of sugar palm.

1. INTRODUCTION
Brown sugar is one of the important food ingredients in Indonesian cuisine. The reason for that is the taste of this food
ingredient is very specific and until now is no alternative replacement. The taste of brown sugar is dictated by the
chemical composition of the food. In Indonesian standard for brown sugar there is no specific criteria yet for the taste
except stated as “normal for specific brown sugar taste” [1].
Brown sugar traditionally produced from sugar palm (aren), coconut and palmyra saps. Aren brown sugar is the most
important brown sugar in Indonesia followed by coconut brown sugar and in small extends is from palmyra brown
sugar.
Organic acids are naturally present in food as biological metabolism products or added as food ingredient or formed
during food processing by microorganism. Organic acids have important roles in determining the taste of food. The
present of organic acid in brown sugar from sugar palm has been reported recently by Kurniawan [2], but there is no
information about the organic acid in brown sugar from coconut. The taste of those two brown sugars is different. So
it is important to study of the organic acids in coconut brown sugar.

2. METHODS
2.1 Materials
Coconut brown sugars were purchased from a village in Bali from two different farmers. The standard organic acids,
carbonate phosphate and phosphoric acid were purchased from Sigma, while the ascorbic acid was used a commercial C
vitamin.

2.2 Procedures
The samples preparation and chromatographic analysis were performed followed the methods described in Limo [3] and
Kurniawan [2]. Briefly the samples were ground, dried and weighed for about 5 gram and then dissolved in 100 mL of
phosphoric buffer used as mobile phase. A sample aliquot of 2 mL was filtered through a Whatman Syringe Filter 0.2
µm before injected into the HPLC system.
The HPLC system of Schimadzu LC 20 equipped with a reversed phase column (YMC Triart C 18) and UV detector set
at 210 nm. The mobile phase made from potassium dihydrogen phosphate and phosphoric acid at 50 mM and pH 2.8
[4]. The mobile phase was run at isocratic mode. Organic acid determination follows the retention time of standard
organic acid, respectively. The concentration of organic acid was determined follows the standard curve for each
organic acid [3].
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3. RESULTS AND DISCUSSION
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The chromatogram of the samples can be seen in Figure 1. And the chromatogram of standard organic acids is shown
in Figure 2. Based on these chromatograms, it is found that coconut brown sugar contains four organic acids including
ascorbic acid, lactic acid, pyroglutamic acid Dat
and
fumaric
afile Name:
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Table 1. Ascorbic acid is the main organic acid in coconut brown sugar follow by lactic acid and pyroglutamic acid.
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Figure 2 Chromatogram of organic acid standard. Retention time of Maleic (5.11 min), Ascorbic (6.65
min; did not showed), Lactic (7.32 min), Acetic (8.05 min), Citric (8.47 min), Pyroglutamic (9.64 min) and
Fumaric Acid (10.09 min).

Figure 3 Chromatogram of aren brown sugar [2]
Comparing the chromatograms of coconut brown sugar to aren brown sugar (Figure 2 and 3; [2]) shows that the
numbers of organic acids in coconut brown sugar are less than those in aren brown sugar. There are also several other
organic acids present in these sugar that not recognized yet using the present organic acid standards as shown from the
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present of several significant peaks in chromatogram. Aren brown sugar contains six organic acids (Figure 3, [2]) while
in coconut brown sugar is only containing four organic acids.
The concentration of organic acids in both sugars is also different (Table 1). Aren brown sugar contains very high lactic
acid while in the coconut brown sugar there is no lactic acid. Because of the present of lactic acid in brown sugar is
from fermentation after harvesting [2,5], than it can be concluded that the juice treatment after harvested of coconut
juice is better than that of aren juice.
The ascorbic acid content in coconut brown sugar is relatively very high (double the concentration in aren brown sugar).
There is no information yet the source of this organic acid either from the coconut juice or from contaminated
fermentation.
Table 1 The concentration of organic acids in coconut and aren brown sugar (g/100g)
Organic Acids
Malic Acid
Ascorbic Acid
Lactic Acid
Acetic Acid
Pyroglutamic Acid
Fumaric Acid
Total

Coconut Brown Sugar
1.37
0.78
0.25
0.00070
2.40

Aren Brown Sugar [2]
0.986
0.686
3.67
1.96
0.457
7.76

4. CONCLUSIONS
Coconut brown sugar contain four organic acids including ascorbic acid (1.37 %), lactic acid (0.78 %), pyroglutamic
acid (0,25 %) and fumaric acid (0.00070%). The concentration of ascorbic acid is relatively very high compared to that
from aren brown sugar, while the lactic acid is lower than that from aren brown sugar. The number of organic acids in
coconut brown sugar is relatively less than that from aren brown sugar.

5. REFERENCES
1.
2.
3.
4.
5.

Anonymous, 1995, Standar Nasional Indonesia Gula Palma. Indonesian National Standard for Palm Sugar.
SNI 01-3743-1995 Badan Standard Nasional.
Kurniawan, A., J. Pontoh, L. Momuat, 2015, Analisis kandungan asam organic dalam gula aren (Organic
acid analysis of various aren brown sugars), In preparation for publication.
Limo, S., J. Pontoh, A. Wuntu, 2015, Pengembangan metode analisa asam organic dalam nira aren dengan
menggunakan kolom fase terbalik YMC Triart C18 (Analytical method development of organic acids in
sugar palm juice using Reversed-phase Column YMC Triart C18), In preparation for publication.
Nour, V., I. Trandafir, M. E. Ionica, 2010, Notulae Botanicae Horti Agrobotanici Cluj-Napoca.1: 44- 48
Itoh, T., C. H. Widjaja, A. Matsuyama, M. Z. Nasution, and J. Kumendong, 1982, Compositional
Characteristics of Nira- Palm Juice of High Sugar Content from Palm Tree. In: Agricultural Production
and Processing Tecnology, Proceeding of IPB-JICA International Symposium, Bogor.Hlm 233- 240.

251

Proceeding of The 5th Annual Basic Science International Conference
Received: Feb 13th, 2015; Accepted: Mar 23rd, 2015; Published online: April 11th, 2015.

Study of School Bus PlanningBy Using Max-Plus Interval
Algebra
Nahlia Rakhmawati 1*
1

Mathematics Education STKIP PGRI Jombang
*Corresponding authors: [rakhmanahlia.stkipjb@gmail.com]
Abstract – In this research, it’s designed to have 3 school bus traffic lanes which does not only
cover school complex but also public facility in the area of subdistrict in Jombang. From the traffic
lane designed, it is arranged a model of school bus network system by using max-plus algebra,
which is then analyzed of stability of the school bus network system. Finally, by using max-plus
interval algebra, it is got a design of scheduling and bus school departure in every single traffic
lane. The findings shows that with the assumption there is only 1 bus in every single traffic lane
causes possible eigenvalue 6.20    7.39 . It means that the school bus network is a stable
system and has periodic departure.

1. INTRODUCTION
Public transportation in Jombang is available in various designated route. For transportation in the area of regency, there
is rural transportation with 24 designated routes which reach all subdistricts. Based on the research from 6 designated
routes which are investigated, there are 3 designated routes of public transportation in regency of Jombang to have good
enough quality in working namely designated route B, G, K and there are 3 designated routes which have bad service
namely designated route A, L, and C. Parameter which is necessary to be improved from the quality of public
transportation service is the load factor, the number of passengers and availability factor [1].
The growth of the number of society in Jombang regency 1,38% per year [2] causes directly in increasing the number of
public vehicles and the demand of the public vehicles. So territory government must revitalize soon the facility which
supports public transportation so that the society
will not be more consumptive in vehicles because it can support the number of vehicles and the demand of public
transportation.
In this research, it is investigated supplying school bus as an alternative to solve the traffic jam especially at the time of
going home from school. The main cause of the traffic jam in Jombang is the activity of picking the children up at the
time of going home from school. This research is limited on case study which is used namely area of Jombang
subdistrict, with the school bus lane designed to be around centre area of Jombang which passes many offices, public
facilities, schools, and trade centres. Because based on the city system in Jombang, there is still secondary artery in
some crowded street (centre of activities), so it is only one direct traffic lane used for all traffic lanes which will be
designed.
Max-plus algebra has been used in many researches in scheduling of transportation. In this research, max-plus algebra is
used to analyze possibility in realization from the traffic lane designed by seeing the stability of system based traffic
lane which has been designed.
Algorithm used to decide eigen value and eigen vector from the matrix

nn
A  Rmax
done repeatedly from the form of

linear equation.

x  k  1  A  x  k  , k  0,1, 2,3,

(*)

Periodic behavior from the equation (*) either for matrix A which is not reduced or reduced has a close relation with
which is called time cycle vector which is defined as the following theorem:
Theorem 2.[3] If it is for beginning trifle

x  0    equation system (*) fulfills x  p   c  x  q  for some

p dan q with p  q  0 and some real numbers c , so
x k 
T
lim 
  
 
k 
k
c
with  
. After that  is an eigen value from the matrix A with eigen vectorgiven by
pq
integers
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Based on theorem 2, inspires an algorithm to get eigen value and eigen vector from a matrix of square A which is
known as Power Algorithm [5], as the following:

x  0   .

1.

Start from the trifle of beginning vector

2.

Iteracy equation (*) until there are integers
happens, namely

p  q  0 and real number c so that a periodic behavior

x  p  c  x q

3.

Count eigen value

4.

Count eigen vector



c
pq
p q



v     p q i   x  q  i  1
i 1



Max-plus interval algebra is expansion from max-plus algebra [4].

2. METHODOS
1.
2.
3.
4.
5.
6.

Literature study;
Data collection and information needed in traffic lane design;
Design of 3 school bus traffic lane;
Composing graph from the school bus traffic lane which has been designed;
Analysis of school bus traffic lane model by using Max-Plus Algebra;
Analysis and composing school bus departure on each traffic lane.

3. FINDINGS AND DISCUSSION
The traffic lanes designed are:
Traffic lane 1.
Gatot Subroto Street – Basuki Rahmat Street – Pattimura Street – Kusuma Bangsa Street – Urip Sumohardjo
Street – Wahid Hasyim Street – Gus Dur Street – Gatot Subroto Street.
2. Traffic lane 2.
KH. Wahid Hasyim Street – A. Yani Street – Kapten Tendean Street – Dr. Wahidin Sudiro Husodo Street – KH.
Wahid Hasyim Street.
3. Traffic lane 3.
Basuki Rahmat Street – Yos Sudarso Street – A. Yani Street – Kusuma Bangsa Street – Pattimura Street –
Basuki Rahmat Street.
There are 4 meeting points on the three traffic lanes namely: Ringin Contong (RC), Pasar Legi (PL),
Makam Pahlawan (MP) and crossroad of STIKES (STIKES) which is possible for the passengers to move to
another traffic lane. 2 other points are departure point on the traffic lane 1 and 3, namely Universitas Darul ‘Ulum
(UNDAR) on the traffic lane 1 and the shopping complex bravo (BRAVO) on the traffic lane 2. The six meeting points
become node to arrange graph of school bus traffic lane whereas the time taken among the meeting points become arc
weight. Direct graph from the school bus traffic lane is as the following:
1.

Figure 1 Direct graph with node for school bus traffic lane
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Model which is wanted from school bus traffic lane as designed is:

x  k  1  Ax  k   d  k  1
y  k   Cx  k 
x  0   x0







(1)
Before composing model, it is necessary to define variable which will be used in the model. To make it easy in writing,
it’s given in table 1, where

is time for bus departure to -

in a meeting point.

Table 1 Distance among meeting points, time travel, and allocation of the number of bus.
lane variable
1
1
1
1
2
2
2
3
3
3
3

x1
x2
x3
x4
x5
x6
x7
x8
x9
x10
x11

from
UNDAR
STIKES
MP
RC
RC
PL
STIKES
BRAVO
PL
MP
STIKES

distance travel time
travel time number of bus
)
/ho ur(m inute )
(km) 30km /ho ur(m inute s20km
STIKES
5.1
10.12
12.14
1
MP
1
1.59
2.24
1
RC
1.3
2.36
3.07
1
UNDAR
1.3
2.36
3.07
1
PL
2.4
4.48
5.46
1
STIKES
1
1.59
2.24
1
RC
1
1.59
2.24
1
PL
6
12.00
14.24
1
MP
3
6.00
7.12
1
STIKES
1
1.59
2.24
1
BRAVO
2.6
5.12
6.14
1
to

Synchronization rule is given as the following:
Traffic lane 1
a.
The bus departure to (k+1) from STIKES to MP waits for the coming of the bus which leaves for (k) from
UNDAR to STIKES, and the coming of the bus which leaves for (k) from MP to STIKES, and the coming of the
bus which leaves for (k) from PG to STIKES.
b.
The bus departure to (k+1) from MP to RC waits for the coming of the bus which leaves for (k) from STIKES to
MP and the coming of the bus which leaves for (k) from PG to MP.
c.
The bus departure to (k+1) from RC to UNDAR waits for the coming of the bus which leaves for (k) from MP to
RC and the coming of the bus to (k) from STIKES to RC.
Traffic lane 2
a. The bus departure to (k+1) from RC to PL waits for the coming of the bus which leaves for (k) from STIKES to
RC and the coming of the bus which leaves for (k) from MP to RC.
b. The bus departure to (k+1) from PL to STIKES waits for the coming of the bus which leaves for (k) from RC to
PL and the coming of the bus to (k) from BRAVO to PL.
c. The bus departure to (k+1) from STIKES to RC waits for the coming of the bus which leaves for (k) from PL to
STIKES, waits for the coming of the bus which leaves for (k) from UNDAR to STIKES, and waits for the coming
of the bus which leaves for (k) from MP to STIKES.
Traffic lane 3
a. The bus departure to (k+1) from PL to MP waits for the coming of the bus which leaves for (k) from BRAVO to
PL and bus which leaves for (k) from RC to PL.
b. The bus departure to (k+1) from MP to STIKES waits for the coming of the bus which leaves for (k) from PL to
MP and the coming of the bus which leaves for (k) from STIKES to MP.
c. The bus departure to (k+1) from STIKES to BRAVO waits for the coming of the bus which leaves for (k) from
MP to STIKES, waits for the coming of the bus which leaves for (k) from PL to STIKES and waits for the coming
of the bus which leaves for (k) from UNDAR to STIKES.
Based on table 1, the total number of variables is 11 variables and the total maximum is 1 bus for example in all

n  11 dan M  1 . So, there is matrix A with the size 1111 . By using the help of Scilab and
Maxplus toolbox[6], we can get possible eigenvalue 6.20    7.39 . Interpretation from this eigen value is period of
traffic lanes, so

bus departure in every single meeting points is once between 6.20 to 7.39 minutes. After that the schedule of bus
departure can be arranged by using eigen vector matrix A as beginning condition (time of beginning departure).
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4. CONCLUSION
1.

Max-plus algebra can be applied in composing design of model for school bus network in Jombang. The model
which is arranged by using max-plus algebra produces the form of model

x  k  1  A  x  k   d  k  1
2.

with the analysis of arranging reguler schedule done to matrix A .
Model of school bus network produces period of bus departure in every single meeting point is once in every
6.20 to 7.39 minutes.
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Abstract – The analysis of experiment conducted with Randomized Complete Block Design
(RCBD) requires a balanced data. All treatments are equally replicated and are randomized within
each blocks. However, sometimes data for certain units are missing due to variety of reasons.
Generally, missing observations can be estimated and then analysis of variance with Least
Squares Method (LSM) is carried out using the estimated values. Regression approach can be
applied in ANOVA without estimating the missing observations.
This research is to study empirically the use of ANOVA using LSM and ANOVA with regression
approach to overcome missing observations in RCBD experiments. There are five agricultural
experiments with sixteen variables and five experiments in animal husbandry with eighteen
variables. One, two, three missing observations are randomly chosen from the data and then the
analysis of variance are carried out using LSM (after estimating the missing observations) and
ANOVA with regression approach without estimating the missing observations.
The result shows that in general two methods giving similar conclusion (almost similar p value).

1. INTRODUCTION
Every researcher will always try their best in conducting experiments to obtain valid data. The main step is to choose
the relevant experimental design according to environment. Randomized Complete Block Design (RCBD) is suitable if
the media used for the experiment are not relatively homogenous [1, 2]. Following is the mathematical model for
RCBD:
(

)
th

(

)

th

= Respons from the i treatment, in the j blocks
= Population mean,

= Additive effect of the ith treatment,

= Additive effect of the jth block

= the residual from the ith treatment and the jth block
If missing observations in RCBD are present, the standard ANOVA (with LSM) can only be done after estimating the
missing observations. There are several reasons of missing observations as stated in [2, 3]. Poor germination, physical
damage during crop culture, and pest damage are common causes of the destruction of experimental units. When
percentage of destroyed plant were small, proper thinning or correction for missing plants will usually result in a valid
observation and avoidance of a case of missing units. However, in rare instances, the percentage of destroyed plants in a
plot may be so high that no valid observation can be made for the particular unit [2]. Sometimes data from certain units
are missing or unusable, or an animal becomes sick or dies not a result of treatment, when pests destroy a plot in the
field [4].
One way to overcome missing observation is by estimating it, as long as it is not caused by treatment. Methods for
estimating missing observation are clearly explained in [2, 3, 4, 5]. The estimated value replace the missing data and
then the standard ANOVA is performed, and the residual degrees of freedom for ANOVA in RCBD is reduced by the
number of missing observations.[6]. ANOVA with regression approach can be applied to analysis of variance without
estimating the missing observations.
This research is to study empirically the use of ANOVA with LSM (Least Squares Method) and ANOVA with
regression approach in RCBD with missing observations.
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2. METHODS
Data used in this research are the final project of students at University of Brawijaya.There are five agricultural
experiments with sixteen observed variables and five experiments in animal husbandry with eighteen observed variables.
One, two, and three missing observations are randomly chosen from the data, before performing the analysis variance.
The p value obtained from the F Test results, analysed using ANOVA with LSM and ANOVA with regression
approach for complete data sets and with missing observations are compared.
Three methods of analysis are performed:
Method 1 (M1) : ANOVA on complete data set. The method of ANOVA with complete data can be seen in many text
books, one of them is [2].
Method 2 (M2) : ANOVA with missing observations. The complete procedure to estimate the missing observations are
presented in [2, 3, 4, 5, 6]. Basically, this method consist of three steps; estimating the missing observation, replaced the
missing data with estimated value and perform ANOVA.
Formula to estimate the missing value is:
(

)(

)

, where:

and

= number of blocks and the number of treatments respectively

and

= total blocks and total treatment where the observations are missing
= Grand total

When more than one missing observations are present, iteration calculation should be done. Details of iteration
procedure can be seen in [3].
Method 3 (M3) : ANOVA with regression approach.
This method does not require estimation of missing observations. The formula is:
(

)

is the regression coefficient, is the design matrix and is the respons vector. After estimation of regression
coefficient, the Regression Sum of Squares (RSS), Residual Sum of Squares (ReSS) and Total Sum of Squares (TSS)
are calculated by using formula
, Y which in details are presented in [7,8]. The probalility values obtained from
three methods of analysis are then compared, as they are giving more information [9].
The estimation of missing observations is done by MS. Excel and all ANOVA is done by Genstat version 17.0.

3. RESULTS AND DISCUSSION
The results of all analysis are presented in Table 1 for agricultural data and in Table 2 for animal husbandry data. The
results show that in general the probability values obtained from Method 2 (ANOVA with LSM) are better than those
obtained from Method 3 (ANOVA with regression approach). However, the difference are very small, and similar
conclusion for the treatment effects are achieved. Although it shows no difference in the conclusion of the treatment
effects, it shows that the more the missing values the larger the discrepancies from of the results of analysing complete
data set. This is stated by [6], that there is little disturbance provided if the proportion of missing observations is not
large.
Table 1 Probability value for three methods of analysis in agriculture experiments
Resources

Exp. 1
[10]

Exp. 2
[11]

Missing obs. 1

Missing obs. 2

Missing obs. 3

M2

M3

M2

M3

M2

M3

0.001

0.002

0.004

0.004

0.007

0.007

0.014

No of pods/plant

0.192

0.197

0.236

0.187

0.267

0.543

0.499

Length of pods

0.001

0.001

0.002

0.002

0.003

0.026

0.006

Weight of pods/plant

0.110

0.167

0.183

0.206

0.231

0.343

0.277

Weight of 1000 seeds/plant

0.516

0.561

0.593

0.693

0.294

0.566

0.235

Plant dry weight

0.143

0.171

0.171

0.181

0.187

0.145

0.220

Leaf areas

0.025

0.026

0.034

0.002

0.004

0.001

0.003

Fresh weight of total plant

0.094

0.114

0.114

0.151

0.141

0.128

0.178

Fresh weight total consumption

0.340

0.624

0.349

0.783

0.708

0.780

0.695

Variables

M1

Age of harvesting
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Exp. 3
[12]
Exp. 4
[13]
Exp. 5
[14]

Plant height

0.000

0.000

0.000

0.000

0.000

0.000

0.000

Total leaf

0.000

0.000

0.000

0.000

0.000

0.000

0.000

Weight reduction

0.000

0.001

0.002

0.003

0.005

0.175

0.001

Percentage of nods

0.003

0.007

0.018

0.021

0.044

0.048

0.092

Percentage of seedlings

0.422

0.424

0.000

0.279

0.000

0.337

0.000

Percentage of flower

0.060

0.093

0.107

0.073

0.108

0.104

0.148

Weight of fruit

0.067

0.108

0.121

0.151

0.185

0.215

0.275

Table 2 Probability Value for three methods of analysis in animal husbandry experiments
Missing obs. 1

Missing obs. 2

Missing obs. 3

M2

M3

M2

M3

M2

M3

0.114

0.019

0.026

0.023

0.029

0.038

0.047

0.920

0.916

0.921

0.764

0.831

0.813

0.869

0.568

0.854

0.854

0.847

0.496

0.583

0.622

Kefir viscosity

0.000

0.000

0.000

0.001

0.003

0.007

0.016

Colour (L*)

0.000

0.000

0.000

0.000

0.000

0.000

0.001

Dry matter

0.000

0.000

0.000

0.000

0.000

0.001

0.001

Organic matter

0.729

0.839

0.708

0.605

0.706

0.666

0.165

Water content

0.025

0.031

0.035

0.058

0.081

0.004

0.008

Dry matter intake

0.001

0.000

0.000

0.002

0.001

0.014

0.001

0.001

0.003

0.005

0.004

0.008

0.141

0.004

Crude protein intake

0.042

0.063

0.090

0.070

0.094

0.032

0.054

Body weight

0.136

0.156

0.202

0.182

0.247

0.425

0.146

0.056

0.088

0.093

0.118

0.201

0.647

0.172

Crude protein intake

0.264

0.521

0.623

0.761

0.860

0.919

0.833

Digestable dry matter intake
Digestable organic matter
intake
Digestable crude protein
intake

0.550

0.386

0.408

0.382

0.506

0.551

0.513

0.255

0.309

0.311

0.416

0.537

0.502

0.678

0.466

0.237

0.291

0.299

0.337

0.607

0.373

Resources
Exp.1
[15]
Exp. 2
[16]

Variables
In vitro dry matter
digestability
In vitro organic matter
digestability
Kefir pH

Exp. 3
[17]

Exp. 4
[18]

Organic matter intake

Organic matter intake
Exp.5
[19]

M1

4. CONCLUSIONS
From the above analysis, it can be seen that two methods: ANOVA (LSM) and ANOVA with regression approach are
as good in performing ANOVA in RCBD with up to three missing observations, even when compared with the analysis
of complete data set. Therefore, it is up to the researcher which method to use in analysing RCBD experiments when
missing observations occur.
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Abstract – Censored data is commonly modelled by tobit regression which the usually used
estimation method is MLE and OLS. The method can only represents the data around mean. Thus,
in order to obtain better figures of data, the quantile regression model is needed. In this study we
consider Powell’s and Tobit Quantile Bayesian Regression (TQBR) estimator. Goals of the study
is to observe the performance (RMSE) of both estimator under different error term distributions.
Larger sample size and smaller regressors increase the RMSE of estimators. For various error
distribution except normal, Powell and TQBR outperformed the standard tobit regreesion.

1. INTRODUCTION
Tobit regression modelling is applied for censored data, which is for instance, the response variable consists of a high
proportion of null observations. Meanwhile, the others had specified continuous value [1]. This kind of data can be
found as the variables in social economic surveys such as Susenas and Suseti. The parameters of tobit regression model
are commonly estimated by Maximum Likelihood Estimation (MLE) or Ordinary Least Square (OLS) method [2].
Those methods are based on conditional mean of response variable, which means the observations that lie afar from the
mean (ex. 10th and 90th percentile) are not well represented.
The problem can be resolved by using quantile regression model (conditional quantile). For censored data, it is known
as tobit quantile or censored quantile model. Parameter estimation of the latter model fulfilled by linear programming
method like ILPA or BRCENS method. Since censored quantile regression was firstly introduced by James Powell in
1986, its estimator used to called Powell’s estimator [3]. The advantages of the model are it provides a complete picture
of the relationship between predictor and response variables, also flexible in data modelling under heterogenous error
term distributions [4]. Nowadays, statistical analysis through bayesian approach gained a lot of attention,
unexceptionally for conditional quantile based model [5]. Bayesian approach’s benefit is able to obtain the posterior
distributions of the parameter of interest even in a complex situations through MCMC method [6]. The aim of this
study is to observe the performance of Powell’s estimator and tobit quantile bayesian regression (TQBR) estimator
under different error term distributions.

2. METHODS
2.1 Censored Quantile Regression (Powell’s Estimator)
Given a sample of n independent observations with a response variable

y  ( y1 , y2 ,..., yn ) and p regressors

xi  1, x1i , x2i ,..., x pi  for i=1,..,n. According to standard tobit quantile model, the response yi generated by
yi  max(0, yi* ) , where yi*  xti β   i [7]. Since the objective is to model the θth conditional quantile of response

yi , thus yi* becomes yi*  xti β(    ( )i .

Recalled the works of Powell [3], the censored quantile regression

estimator is defined as the value of the following minimizing problem.

 n

βˆ ( )  minp    yi  max(0, xti β(   
βR
 i 1


(1)

Fitzenberger and Winker [8] suggest the application of BRCENS method to obtain the solution of equation (1).
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2.2 Tobit Quantile Bayesian Regression (TQBR)
Yu and Moyeed [9] developed bayesian approach for standard quantile regression
model by taking asymmetric Laplace function as the distribution of error term  i ,
denoted in equation (2).
f ( i       exp(  ( yi  xit β( ))

,0< <1

(2)

Hence the likelihood function in terms of parameter β( ) given by (3).

 n

L( y β( ))   (1   ) exp     yi  xti β( )  
 i 1

n

(3)

n

According to Yu and Stander [5], likelihood function for TQBR is showed in (4).

 n

L( y β( ))   n (1   )n exp     yi  max(0, xti β( )) 
 i 1


(4)

Posterior distribution  β( ) y) of β(  given y can be produced by using Bayes
theorem as in (5).

 β( ) y)  L(y β( )) pβ( )

(5)

where pβ( ) is the prior distribution of β(  .
Practically, MCMC method such as Metropolis-Hastings or Gibbs sampler algorithm is
applied to extract the posterior distribution.
2.3 Procedures
Censored data used in this study is generated by using R software version 3.0.2 from standard tobit models with (1)
three distinct error distributions (normal, heteroscedastics, and mixture normal); (2) number of regressors are 1, 3, 5,
and 7; (3) sample size of 100, 500, 1000, and 5000. Linear programming method for Powell’s estimator is BRCENS
method. On the other hand, prior distribution for tobit quantile bayesian estimators are independent uniform and the
considered MCMC method is Metropolis-Hastings algorithm. The used performance criterion for both estimator is
RMSE. The R codes are available upon request.

3. RESULTS AND DISCUSSION
In this section we present the results of simulation study. For summary, the following Table 1 and Figure 1 show the
approriate number of regressors and sample size for Powell’s and TQBR model with the representative of intercept.
Meanwhile, Table 2 presents comparison of mentioned models with standard tobit regression.
Table 1 RMSE for β0 of Powell’s and TQBR under different number of regressors (n=100)
Powell

TQBR

Regressors

0.05

0.5

0.95

0.05

0.5

0.95

1

1.162

0.059

0.106

1.221

0.057

0.128

3

0.600

0.115

0.184

0.563

0.106

0.179

5

0.468

0.150

0.226

0.405

0.136

0.222

7

0.396

0.165

0.302

0.354

0.158

0.296
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Figure 1 RMSE for β0 of Powell’s and TQBR with various sample size (p=3)
Table 1 displays that when the number of regressors increases, so do the RMSEs of Powell and TQBR estimator
generally. But the exception applied for lower quantile (0.05) which acts otherwise. On other hand, due to Figure 1, it
can be seen that the RMSE decreased along the increase of sample size. The less sample size causing the high value of
RMSE, especially for lower quantiles. Significant decreased of the criterion happened when the sample size is 1000 or
more. At this rate also, TQBR estimators are outperformed the Powell’s. These findings suggest that Powell estimator
and TQBR will be well performed for large sample size and small regressors. It also can be concluded that Powell and
TQBR estimators are less sensitive to estimate lower quantiles.
Table 2 RMSE comparison of three models for different error distribution (n=1000, τ=0.50)
Normal

Heteroscedastics

Mixture

Powell

TQBR

Tobit

Powell

TQBR

Tobit

Powell

TQBR

Tobit

β0

0.081

0.081

0.067

0.080

0.084

0.295

0.141

0.134

0.193

β1

0.045

0.043

0.032

0.074

0.073

0.250

0.090

0.088

0.148

β2

0.133

0.130

0.108

0.144

0.146

0.306

0.264

0.246

0.233

β3

0.046

0.045

0.033

0.063

0.063

0.139

0.077

0.072

0.087

Table 2 shows the RMSE of Powell, TQBR and standard tobit regression estimators from 3 regressors. To make it at the
same level with tobit regression, the estimation of Powell and TQBR is only done at median (τ=0.50). For normal error,
tobit estimators are outperformed the ones from other two models. But, when dealing with heteroscedastics and mixture
error, Powell and TQBR estimators surpassed the standard tobit regression, since the RMSEs are smaller.

4. CONCLUSIONS
Result of the study shows that increasing number of regressors has positive impact to RMSE, while increasing of
sample size reduced it. Meanwhile, TQBR and Powell’s estimators are well performed when the sample size is 1000 or
above. Also, the TQBR’s outperformed the Powell’s at this state. Both estimators have good performance under
different error distributions compared to standard tobit regression estimators except for normal error.
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Abstract – We develop, in this paper, a simple diagnostic test for the random-effects distribution
in mixed models. The test is based on the gradient function [1], a graphical tool to check the
impact of assumptions about the random-effects distribution in mixed models on inferences.
Inference is conducted through bootstrapping. The proposed test is easy to implement and
applicable in a general class of mixed models. The operating characteristics of the test are
evaluated in a simulation study.

1. INTRODUCTION
Longitudinal data, or repeated measures in general, are common in many fields of study, such as in medical fields,
economics, social sciences, and some other fields. Diggle et al. [2] provides variety of proposed models to analyze
longitudinal data. So far, the most popular model dealing with this type of data is mixed models. The modeling is also
very well-known because of its flexibility and the availability of its easy-to-use software implementation. Reviews of
mixed models can be found in [3] on linear mixed models and [4] on generalized (non)linear mixed models. There are
two stages of modeling in mixed models. Firstly, we model measurement within each unit, using linear or generalized
linear or non-linear regression. Secondly, the unit-specific parameters, random effects, are assumed to be sampled from
some pre-specified distribution, the mixing distribution. This distribution is, though not necessarily, commonly assumed
to be normal. The last two cited references aforementioned describe mixed models with normal mixing distribution.
Assuming normal mixing distribution for random effect distribution has some benefits; for instance easy analytical
solution in getting marginal density hence marginal likelihood that results straightforward inference. Some literatures,
[5], [6], had shown supporting the assumption. However, assuming normality for random effects distribution is not
without problem. There needs of attentiveness because such assumption in several situations is not reliable and further
affects inference. There have been some literatures discussing about the impact of misspecifying the random effects
distribution, [7], [8], [9].
There has been recent proposal for mixed models that accommodate non-normally distributed random effects and
further also tools that can be used for goodness of fit test or diagnostic tools for checking random effects distribution.
One of the solutions might be considering mixture of normal distribution as the random effects distribution [10], the use
of multivariate t-distribution as random effects and within-subject errors [11], developing diagnostic tests for mixing
distribution in generalized linear mixed model based on the difference between the marginal maximum likelihood and
conditional maximum likelihood estimators of a subset of the fixed effects in the model [12], or extending the classical
mixed models by proposing shared-parameter models with no parametric assumptions about the random-effects
distribution [13]. Recently, Verbeke and Molenberghs [1] presented the use of gradient function as a simple graphical
tool to check whether the assumed random-effects distribution produces an adequate fit to the data or not. We aim in
this paper at developing a goodness-of-fit test for checking distribution of the random-effects in mixed models, still as
an extension work by [1], with formal testing procedure involving all grid points in the mixing distribution of random
effects. The test inference is done through bootstrapping method.

2. METHODS
2.1 Mixed Models
General mixed models can be summarized as the following. Suppose in longitudinal study or more generally repeated
measurements, yij is the jth outcome measured for subject or individual i, with ni the number of measurements within a
subject, i=1,...,N. So, yi represents the vector of ni repeated measurements for subject i, taken at various time points tij.
Throughout this paper, yi can be any type of outcomes (discrete, continuous, count, and other types). Moreover, in
longitudinal study the induced correlation structure between observations within a subject is usually taken into account
by involving the so-called random effects, often denoted as bi, q, subject-specific effects that represents the betweenunit variability in the population with respect to the distribution of yi. Vector of outcomes assumed to depend on
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random-effects bi specified as yi | bi ~ F ( , bi ) . The variable yi follows a pre-specified distribution Fi (possibly
depending on a vector of unknown covariates parameters  , common to all subjects. Practically, in general mixed
models we could be able to have random intercept model, random intercept and random slope model, or random effect
model (model without covariates involved). Importantly, the random-effects bi will be assumed to be sampled from a
population of subject-specific parameters, with distribution function G. The G is called mixing distribution.

Maximum likelihood or other estimation methods can be used to fit the models. Inference likelihood-based approach is
done through the marginal model for outcomes yi by integrating out the random-effects bi over its distribution G. Let
fi ( yi |  , bi ) denote the density function corresponding to the distribution Fi, the marginal density of yi will equal to
fi ( yi |  , bi )dG(b) . Furthermore, with assumption of independence among measurement units, the log-likelihood function

of the model above is
(1)

l (G)   ln{ fi ( yi |  , G}
i

G often is assumed to follow a specific parametric family distribution with unknown parameter  . Examples of linear
and generalized linear mixed models with normal mixing distribution random-effects are in [4]. Moreover, the next step
in modeling is model selection and model validation. As has been mentioned before that random-effects distribution
choice has important impact on marginal inference, then there needs to check whether the assumed mixing distribution
is well specified or misspecified. A misspecification of G can lead to invalid inference. We follow proposal by [1] in
dealing with this issue by checking whether an alternative mixing distribution, say H, could yield a log-likelihood l(H)
substantially larger that l(G).

2.2 The Gradient Function and the Testing Procedure
Without loss of generality, it will be assumed from now on that the mixing distribution is continuous. Also, in order to
simplify notation, we will assume q=1. Let G denote the fitted mixing distribution obtained from maximizing the loglikelihood function. Note that, if G is assumed to belong to some parametric family, estimation of G is equivalent to
estimating the unknown parameter vector  which characterizes G.
The gradient function, [1],
(G, b) 

(2)

f ( y | b)
1
 i i
N i fi ( yi | G )

equals one almost surely if the maximized log likelihood l (G ) cannot be further increased by replacing G by some other
mixing distribution H. Hence, severe deviations from one can be used as evidence against the assumed mixing
distribution. Moreover, it can be shown that (G, b) does not need to be studied over the entire real line [1], but that
attention can be restricted to any closed interval I that contains all values b for which fi(yi|b) is maximized, i=1,…, N.
Hence, once a mixed model has been fitted, goodness-of-fit of the random-effects distribution can easily be assessed by
quantifying the deviation of the implied gradient function (G, b) from one. In the next section, this will serve as basis
for the construction of a formal testing procedure.
As explained above, severe deviations of (G, b) from one, within the interval I provide evidence against the assumed
mixing distribution. We therefore propose the following formal testing procedure. Let bk, k=1,…,K be a sufficiently fine
grid in I, and define the test statistic
T

1 K
 | (G, bk )  1|
K k 1

(3)

Note that our notation  explicitly acknowledges the fact that the unknown parameters  in fi(yi |bi) have been replaced
by their estimators ˆ . Obviously, T quantifies the deviation of (G, b) from one, within the interval I. The nulldistribution of I, needed to formally test whether the assumed mixing distribution G is appropriate, can be obtained
using parametric bootstrap. The following steps are then required in order to perform the bootstrap test:
1.

Based on the observed data, fit the mixed model under consideration, with a particular assumption for the
mixing distribution G, i.e., maximize l(G) with respect to the vector  '  ( ', ') of unknown parameters which
completely characterizes the marginal density fi(yi | G).

2.

Construct the gradient function and compute the resulting observed value Ta for the test statistic T.

3.

For s=1,…,S, repeat the following steps:
a)

Sample a new vector  s of parameter values from a multivariate normal distribution with mean ̂ and
covariance matrix equal to the inverse Fisher information matrix for the fitted model.
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b) Sample random effects bis, i=1,…,N, from G in which  has been replaced by  s .
c)

Sample new observations Yis, i=1,…,N, from fi(yi|bs) in which  has been replaced by  s . Note that the
data set should have the same structure as the original data set (covariates, number of measurements, etc.).

d) Fit the mixed model under consideration based on the sampled data Yis, i=1,…,N.
e)
4.

Construct the gradient function and compute the resulting observed value Ts for the test statistic T.

Calculate the p-value as the proportion of values Ts exceeding Ta.

Note that, in our bootstrap procedure, the interval I changes with each bootstrap sample because the construction of
interval I depends on the observations. In fact, the interval is determined from knowing the minimum and maximum of
the unique modes bi. The unique modes are calculated through maximizing fi(yi|b) (model fitting by subject/cluster) with
parameter estimates from maximizing f(yi|b) set as offsets except the one related to b. For more details, see [1].

3. SIMULATION AND RESULTS
We conducted a small-scale simulation study to evaluate the operating characteristics of the proposed bootstrap test.
The models considered are the linear mixed model for continuous data, the logistic mixed model for binary data, and the
Poisson mixed model for count data. All models were random-intercepts models. The formal parameterization of the
various models, as well as the parameter values used in the simulations, is 0  1tij  bi as the value of mean, logit, and
log-mean for the respective outcomes. The four distributions considered for the random intercepts bi are presented in
Table 1 and they have been selected such that they all have mean 0 and variance 4.
Table 1 Random-intercepts distribution used in the simulation study
Model

Distribution

Normal

bi

Symmetric mixture of normals
Asymmetric mixture of normals

bi
bi

Shifted log-normal distribution

N (0, 22 )

1/ 2* N (1.9,0.62452 )  1/ 2* N (1.9,0.62452 )
3/10* N (3,0.37792 )  7 /10* N (9 / 7,0.37792 )

bi

2[exp N (3,1)  33.1154]/ 43.40881

For each combination of model and random-effects distribution, 500 data sets were simulated for N=50, N=100, and
N=200 clusters, respectively, with 10 repeated measurements per cluster. Each time the gradient test for normality of
the random effects was performed, as discussed in Section 2. The number of bootstrap runs B was set equal to 200, and
the test statistic (equation 3) was based on K grid points that is obtained from the range I divided by a small value h, i.e.
h=0.1.
The scenarios where the true random-effects distribution is normal is used to evaluate the Type I error rate, estimated as
the proportion of times, out of the 500 simulated data sets, that the test leads to a rejection of the normality assumption
at the 5% level of significance. We have the results for all three mixed models considered and for the three sample sizes,
are summarized but are not shown here. The simulated Type I error rates are relatively close and get closer to 5% as the
sample sizes increase. The same phenomenon is observed for all types of outcomes.
The scenarios where the true random-effects distribution is not normal is used to evaluate the power of the test,
estimated as the proportion of times, out of the 500 simulated data sets, that the test leads to a rejection of the normality
assumption at the 5% level of significance. The results for all the models considered, for all three alternatives, and for
the three sample sizes, are summarized but are now shown here. The simulated power of the proposed test is reasonably
large and increases with the sample size, as expected. Moreover, the power to detect skewness (asymmetric mixture and
log-normal) is higher than to detect multi-modality (symmetric mixture).

4. CONCLUSIONS
The proposed testing has two-fold advantage that related to diagnostic graph proposed by [1], as for checking further
and back re-checking action. For instance, once the p-value is statistically significant, we can back to the diagnostic
graph to look at the gradient function to consider what distribution suitable to improve the model, by deciding to what
direction we need to move the probability mass, in spite of no full guarantee that the model will not need to be
improved again. Finally, we emphasize that in our bootstrap procedure the interval I changes with each bootstrap
sample because it is constructed using the observations.
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Abstract – The IP response parameters are very important variable in the method of Time Domain
Induced Polarization (TDIP). IP response is happened due to the geometry of the polarisable target
at the subsurface. Theoretically, IP response is obtained by solving the Laplace equation (
),
with boundary condition and at the coordinate system. Simple geometry in subsurface is a sphere
and block as approach of a geological models' ore and dike. Retrieved curves that describe the
relationship between the TDIP response parameters and subsurface parameters. Forward
modelling uses Res2Dmod and the results are useful as a parameterization on physical modelling

1. INTRODUCTION
Induced Polarization (IP) method is a widely used method for conductive subsurface mineral exploration since last 50
years. The basic concept of IP published by Siegel (1959). Siegel formulated basic relationship polarization caused by
the current density that is defined as chargeability (m) in the form of changes in resistivity. Apparent chargeability in
the surface is caused by the presence of polarisable medium at subsurface at several electrode configurations. Apparent
chargeabilty in the surface is the sum of all chargeability at the subsurface.
Siegel [1] obtained IP response of polarisable sphere and two-layer models by using selected electrode array.
Bhattacharya and Biswas [2] differentiated IP response caused by a 2D horizontal cylinder. All of the differentiation is
based on Siegel's definition of apparent chargeability[1].
In this paper, IP response that is caused by ideal geometry of the target at subsurface is calculated. Numerical
calculation produces a curve of IP response to the depth variation and electrode spacing. The purpose of this study is
obtaining an IP response of the simple model of earth's subsurface. TDIP response curve is searched by a numerical
way. In obtaining the curves of models selected, Res2Dmod was used. Forward modelling of the theoretical curve
obtained will be compared with the curve obtained from measurements TDIP response on physical modelling.

2. METHODS
In general, a homogeneous isotropic medium which passed through by current with density J will apply Ohm's law. The
electric field is the scalar gradient of potential, then the relationship between potential and current density can be a
potential grad J=σE=-σ∇V. Therefore div current density is zero ∇.J=0 and resistivity or conductivity of the medium is
constant, then the Laplace equation can be obtained.
........................(1)
In the subsurface conditions there are objects with different resistivity around them (Figure 1), then to obtain TDIP
response, the potential on surface must be counted. Laplace equation must be solved with boundary conditions which
appropriate with subsurface conditions. In general, the boundary conditions are:
o On the surface, normal current density is equal to zero.
o At the boundary of two mediums, the current density normally is same.
o At the boundary of two mediums, the potential is same.
Some assumptions used as a response calculation IP are:
o Target and host polarized homogenizing.
o Primary homogeneous electric field.
o Resistivity and chargeability of homogeneous isotropic target
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Figure 1 Simple geometry model (a). sphere and (b) block with Dipole-dipole and Wenner configuration.
Laplace equation must be solved to obtain TDIP response on the surface. Potential is caused by solid sphere at
subsurface of a homogeneous and isotropic. Solution of Laplace equation
(1)
,
(2)
,
(3)
,
In order to obtain the surface potential at the point,

by entering the limit condition:

........................(2)
Total potential on surface caused by sphere in subsurface is normal potential and anomalies potential.
........................(3)
If there is a current source surface (C1), the measured potential at P1 is:
........................(4)

Where x is the distance of the center of the sphere toward the receiver (P1), R is the radii of the sphere, R1 is the
distance
of
the
center
of
the
sphere
toward
the
current
source
(C1).
If the source of distant current (electric field is homogeneous), then the potential which measured at two potential
electrodes is a derivative of equation (4) toward x. So, IP response can be obtained for configuration of two potentials
on the surface
IP configuration for the two potential surface.
........................(5)
........................(6)
The same thing was done for the dike model. Solution of Laplace equation for dike model with Pole- and Dipole-dipole
pole electrode configuration was done by Akman [3]. There are two ways to solve the Laplace equation on the dike
model boundary conditions, those are reflection and the use of Bessel Integral.
Solution of Laplace equation results TDIP response caused by objects subsurface. TDIP response in form of
chargeability and resistivity as in equation (5) and (6). TDIP response can be expressed as a curve which describes the
change in value of lateral TDIP response. The process of obtaining the curves of the simple forms called a forward
modelling. Forward modelling using Res2DMod Ver3.01 [4], because that is more adapted with physical modelling
condition. The description of the curves obtained using Microsoft Excel Graphic.

3. RESULTS AND DISCUSSION
The theoretical curve obtained from forward modelling is a sphere with radii of 1 cm to 5 cm depth using Dipole-dipole
and Wenner configuration in Figures 2. Forward modelling for a sphere with 5 cm and 10 cm depth and 2 cm and 10 cm
spacing wass also done.
Therefore obtained curves with the variation of depth and spacing for Dipole-dipole
configuration as in Figure 3.
Forward modelling results in a curve that describes the relationship of TDIP response to subsurface parameters, those
are depth of radii, resistivity of target and background medium. This curve can be used as consideration for the selection
of appropriate parameters applied on a physical modeling in laboratory scale so the result can be optimized.
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Figure 2 Theoretical TDIP response normalized (a). Chargeability and (b). Resistivity of sphere with radii R = 5
cm and depth d = 1 cm, Dipole-dipole configuration.

Figure 3 Theoretical TDIP response normalized (a). Chargeability and (b). Resistivity of sphere with radii R = 5
cm in depth d = 1.5 cm and d = 10 cm, Dipole-dipole configuration with spacing of 5 cm.
In the case of a sphere with radii of 5 cm in a depth of 1 cm (Figure 2) using Dipole-dipole configuration, can be seen
that the amplitude TDIP responses those are chargeability and resistivity will be maximum at n = 1. This suggests that it
is the best for spacing of 5 cm.
Figure 3 are comparison of TDIP response to depth of 1, 5 and 10 cm using a Dipole-dipole configuration. The greatest
response is obtained for n = 1, if the depth of sphere is 1 cm. From these curves can be seen that the deeper the target
position results in the smaller TDIP response will be. The greatest response can be obtained if the object is located near
the surface. Therefore, in spacing of 5 cm, the maximum result can be gained in the depth of 1 cm.
Comparison of curve at the same depth and spacing calculated also. Those curves can be used to select the appropriate
spacing on the target’s depth desired. The results will be optimum if it is applied to the physical modelling. In a case of
the sphere at a depth of 1 cm, the best of spacing used is 5 cm.
Forward modelling is also done on the block (5x20x40) cm 3 of 1 cm using Dipole-dipole configuration with spacing 5
cm (Figure 4). Forward modelling of 5 cm and 10 cm depth and 2 cm and 10 cm spacing were also made.

Figure 4 Theoretical TDIP response normalized (a). Chargeability and (b). Resistivity of block with (5x20x40)
cm3 in depth d = 1 cm, Dipole-dipole configuration.
The curves obtained from TDIP response using forward modelling of the sphere or dike target is theoretical curves.
These curves are used as a benchmark for measurement curve on physical modeling. Of course in reality it will be
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different between theory and measurement results. If the measurement procedures are correct, the equipment used is not
problematic and physical modelling conditions are in qualify then the difference will be quite small.

4. CONCLUSIONS
Forward modeling results in curve that describes the relationship of TDIP response toward subsurface parameters. This
curve can be used as consideration for the selection of appropriate parameters applied on a physical modeling in
laboratory scale. From comparison curve of depth, the deeper the target position results in the smaller TDIP response
will be. Comparison curves of the same depth and spacing can be used to select the appropriate spacing on the target’s
depth desired. In a case of the sphere at a depth of 1 cm, the best of spacing used is 5 cm.
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Abstract – Self-Exciting Threshold Autoregressive (SETAR) models are models that can be applied to
nonlinear time series models. SETAR models are models that partition data into multiple regimes in each
regime follow autoregressive model. SETAR model has problem in terms of the identificaton of model.
The best model usually obtained by trial and error which allows the best model is not a model of the
global optimum. According this problem, in this study used Genetic Algorithm (GA) is a search
technique is applied to the target-oriented optimization process to find a global optimum solution. Search
techniques performed simultaneously on a number of solutions using three operations: selection,
crossover, and mutation. Excellence GA in the optimization process, among others, working on the set of
solutions, search based on population of solutions is not only one solution, and use of fitness information
to obtain a global optimum solution. Identification model by using GA applied to stock return BMRI.
Result from SETAR model using GA are compared with ARIMA model based on AIC. This result shows
that SETAR model using GA provides better estimation for daily stock return than ARIMA model,
because SETAR-GA produces less AIC then ARIMA.
Keywords : SETAR, nonlinear time series, GA, daily stock return

1. INTRODUCTION
Self-Exciting Threshold Autoregressive (SETAR) models are piecewise linear models where the linear
relationship changes according to the value of the process. The model contains many interesting features, such as
limit cycles, amplitude dependent frequencies, and jump phenomena, which cannot be described by a linear time
series process [1]. A SETAR models consists of two or more AR models which are referred to as regimes
between which the system switches. The switching occurs when the threshold variable passed one of the
thresholds [2]. SETAR models have some problems in terms of model construction. The problem occurs when
the determination of the value of the threshold, the delay, and the AR order corresponding to each regime. In
addition, the number of parameters to be searched is large so the process will take a long time. Based on the
problems, this study proposes a procedure for SETAR model identification used genetic algorithm (GA). GA is
stochastic search techniques based on the mechanism of nature selection and natural genetics. GA uses a search
procedure based on the value of the objective function, there is no used of gradient or calculus techniques. GA
works with a coding of the solution set, not be solution themselves and search from a population of solution, not
a single solution [4]. So, GA can find the global or nearly global solution for SETAR model.

2. METHODS
2.1 Self-Exciting Threshold Autoregressive
A time series Z t is a self-exciting threshold autoregressive (SETAR) process if it follows the model
pj

Zt = φ0j + ∑φi j Zt − i + at j ; if Z t − d ∈ R j

(1)

i =1

Where j=1,2,...,k, d is a positive integer and is known as the delay parameter, thresholds are −∞ < r1 < …< rk −1 < ∞ ,
and at j is a sequence of independently identically distributed random noise with mean zero and variance

σ j2

[1].

Since the SETAR model is a locally linear model, conditional least square techniques are useful in studying the process
[3]. Parameter for SETAR model can be selected by using minimum Akaike’s Information Criteria (AIC)[1], defined
by
(2)
AIC (M ) = −2ln [maksimumlikelihood ] + 2M
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2.2 Genetic Algorithm
Genetic Algorithms initiated by Holland in the 1970s as stochastic search and optimization techniques based on the
mechanism of natural selection and natural genetics. Genetic algorithms start with an initial population of individuals
generated at random. Each individual in the population represents a potential solution to the problem under
consideration. The individuals evolve through successive iterations, called generations. During each generation, each
individual in the population is evaluated using some of fitness. Then the population of the next generation is created
through genetic operators. The procedure continues until the termination condition is satisfied [4].
Main genetic operator in genetic algorithms are selection, crossover, and mutation usually used to create the next
generation. For many problems, it is nearly imposible to represent their solutions with binary encoding. During the last
10 years, various encoding methods have been created for particular problem to provide effective implementation of
genetic algorithms. According to what kind of symbol is used as the alleles of a gene, the encoding methods can be
classified as follows: binary encoding, real-number encoding, integer or literal permutation encoding, and general data
structure encoding [5]. Genetic algorithms differ from conventional optimization because (1) genetic algorithms work
with a coding of solution set, not the solutions themselves, (2) genetic algorithms search from a population of solutions,
not a single solution, (3) genetic algorithms use fitness information, not derivatives or other auxiliary knowledge, and
(4) genetic algorithms use probabilistic transformation rules, not deterministic ones [4].

2.3 Procedures
The step of the analysis consist of : (1) test for nonlinearity, (2) determine maximum order of autoregressive used PACF,
(3) GA process to find the best model for SETAR using conditional least square as estimation method, (4) calculate
AIC from model SETAR-GA. (5) Result from SETAR model using GA are compared with ARIMA model based on
AIC. The data used in the study are simulation study SETAR(2,1,1) model, simulation study SETAR(2,2,2) model, and
daily stock return BMRI from Jan 5, 2009 until Oct 31, 2014.

3. RESULTS AND DISCUSSION
3.1 Simulation Study SETAR (2,1,1)
In this simulation was set up to compare the performance of Information criteria (AIC) in case of a SETAR model and
linear AR model. The simulation with sample size 500 from the following SETAR(2,1,1) model can be expressed as

⎧2 + 0.6 Zt −1 + at ; Zt −1 > 5
Zt = ⎨
⎩ 4 + 0.3Zt −1 + at ; Zt −1 ≤ 5

(3)

The results are estimation parameter for SETAR-GA and AR presented in Table 1 and Table 2.
Table 1 Estimation parameter simulation study SETAR(2,1,1)
using SETAR-GA
Threshold

Regime 1
(lower)

Regime 2 (Upper)

4.836976

φ01 = 1.6791929

φ0 2

φ11 = 0.7028865

φ12 = 0.0194467

=3.39850951

Table 2 Estimation parameter
simulation using AR

AIC

AR
parameter

AIC

1445.21

φ0 = 5.4983
φ1 = 0.5918

1459.11

φ2 2 = 0.39393435
When comparing the results from Table 1 and Table 2, it can be concluded that SETAR model using GA provides better
estimation for this simulation study than AR model, because SETAR-GA produces less AIC then AR.

3.2 Simulation study SETAR (2,2,2)
In simulation study was set up to compare the performance of AIC in case SETAR and linear A model with the model
is following SETAR(2,2,2) as
⎧2 + 0.3Zt −1 + 0.6Zt − 2 + at ; Zt −1 > 2.5
(4)
Zt = ⎨
−
+
+
≤
2
0.3
Z
0.6
Z
a
;
Z
2.5
t −1
t −2
t
t −1
⎩
The result for this model when sample size 300 show in Table 3 and Table 4. From this Table can be concluded that
that SETAR model using GA provides better estimation than AR model, because SETAR-GA produces less AIC then
AR.
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Table 3 Estimation parameter simulation using SETAR-GA
Threshold
2.985543

Regime 1
(Lower)
1
0

φ = 1.7398784
1
1

φ = 0.4072105

Regime
2(Upper)

AIC

φ0 = 3.3993710

896.5073

Table 4 Estimation parameter
simulation using AR
AR paremater

2

2

φ1 = 0.0989279

φ0 = 3.3229
φ1 = 0.4201
φ2 = 0.0710

AIC
917.68

3.3 Empirical Study
In This empirical study would use the data is daily stock return BMRI from Jan 5, 2009 until Oct 31, 2014. Figure 1
show time series plot of stock return BMRI.
Table 5 Parameter of Genetic Algorithm

Time Series Plot of Stock Return BMRI
0,15

The population size
The fitness function
AIC(d,p1,p2,r)
The
crossover
probability Pc
The
mutation
probability Pm
Number of iteration
Number of Bits

Stock Return BMRI

0,10
0,05
0,00
-0,05
-0,10
-0,15
01/01/2009

01/01/2010

01/01/2011

01/01/2012

date

01/01/2013

01/01/2014

27/12/2014

30
AIC(p1)+AIC(p2)
0.8
0.1
50
16

Figure 1 Time Series Plot of Stock Return
BMRI
From this data, to detect nonlinearities in the data used terasvirta test. The null is the hypotheses of linearity in mean.
The result of terasvirta test is X 2 = 6.8524 with p-value=0.03251. From this result, terasvirta test successfully rejects
the null hypotheses of linearity and conclude that data follow nonlinear process. The maximum order of autoregressive
determined using PACF plots. From PACF plot got maximum order of autoregressive is 4. This order will used in
selection SETAR model using GA with assume the highest order of each regime is 4. In this study limited regime is 2.
Parameters of GA process show in Table 5.
The best chromosome from SETAR-GA obtained in 50th generation with fitness value is 7090.103. The best
chromosome is 10100000000101 stands for d=3, p1=3, p2=3, and r = −0.03448343 . Construct the parameter of SETAR
model according to d,p1,p2 and r value using conditional least square as estimation method. Equation (5) show result
parameter of SETAR model using GA with AIC = −7090.103 .

⎧0.001572 − 0.000563Zt −1 − 0.02105Zt − 2 − 0.058172Zt − 3+ a1t ; Zt −3 > −0.03448343
Zt = ⎨
⎩ −0.03269 − 0.01114Zt −1 − 0.06804Zt − 2 − 0.7659Zt −3 + a2t ; Zt −3 ≤ −0.03448343

(5)

For comparison, we used ARIMA family to fit this data and find the best fitted ARIMA model is ARIMA(3,0,2)
with AIC = −7040.39 .
(6)
Zt = 0.0014 + 1.1434Zt −1 − 0.5543Zt − 2 − 0.0398Zt −3 − 1.156at −1 + 0.542at − 2 + at

4. CONCLUSIONS
This study shows that SETAR model using GA provides better estimation for simulation study and daily stock return
than ARIMA model, because SETAR-GA produces less AIC then ARIMA.
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Abstract--- This paper discuss the inclusion propery of Orlicz spaces such that extand inclusion
property of Lebesgue space (𝐿p (𝐴)) for 𝑝 ≥ 1 and 𝐴 is finite measure set.

1.

INTRODUCTION

Orlicz spaces is one of extend of Lebesgue space, which introduction by Z.W. Birnbaun and W. Orlicz
This space consist of measurable function 𝑓 ∶ ℝ𝑛 → ℝ

in 1931 [4].

which

∫ Φ(𝛼|𝑓(𝑥)|)𝑑𝑥 < ∞
ℝ𝑛

for some 𝛼 > 0, and Φ : ,0, ∞ ) → ,0, ∞ ) convex function, continuous, Φ(0) = 0, lim𝑥→∞ Φ(𝑥) = ∞ . Φ we said
Young function. We denoted

𝐿Φ (ℝ𝑛 ) = 𝐿Φ with norm ‖𝑓‖Φ ≔ inf {𝑏 > 0: ∫ℝ𝑛 Φ (

|𝑓(𝑥)|
𝑏

) 𝑑𝑥 ≤ 1 }

and ‖∙‖Φ

is said Lexumburg norm.
Many researchers who study more about Orlicz spaces. Three of them are Kufner [2], Rao [5] and Welland [6].

In

[6], Welland has proved inclusion property of Orlicz space, i.e;
1.

Let 𝐴 is finite measure set, and
> 0 then 𝐿 (𝐴)

every
2.

Let

,

,

be two Young function. If there are

> 0 such that

( ) ≤ ( t) for

𝐿 (𝐴).

be two Young function and there exist

> 0 such that

( )≤

( ) ≤ ( t), for every

> 0 then

𝐿 =𝐿
In [2], 𝐿Φ

𝐿

if only if there are

> 0 and T > 0 such that Φ( ) ≤ ( t) for every

≥ 𝑇. From result in

[2,5,6] we are interested study inclusion on Orlicz space such that extand inclusion 𝐿p (𝐴) for 𝑝 ≥ 1.

2. METHOD
We have a method to obtain the result in this study. First step, we study about structure of Orlicz space in [2,6].

After

that, we will prove another inclusion property Orlicz space. To obtain the result, we use properties of Young function
and Lexumburg norm.

3. RESULTS AND DISCUSSION
Before we discuss inclusion property Orlicz space, first we recall some definition and lemma properties of Orlicz spaces.
Lemma 3.1 Let
a.
b.
c.

(∝ t) ≤∝
θ(t) =

(t)
t

be Young function, then
(t), for every 0 ≤ ∝≤ 1 and
increasing, for

(t) strictly increasing, for

>0

>0
>0
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Lemma 3.2 If 0 < ‖𝑓‖ < ∞ then ∫ℝ𝑛

|𝑓(𝑥)|

( ‖𝑓‖ ) 𝑑𝑥 ≤ 1 .
Φ

Furthermore , 0 < ‖𝑓‖ ≤ 1 if only if ∫ℝ𝑛 (|𝑓(𝑥)|)𝑑𝑥 ≤ 1
Definition 3.3 Suppose

Young function, then we definition
−1

Lemma 3.4 Suppose
a.

−1 (0)

b.

−1 (s )
1

c.

(

d.

1 (𝑠)

(s) = inf *r > 0 ∶

(r) ≥ s+

(r) ≥ s+, then;

=0
≤

−1 (s

−1 (s))

≤s ≤

1 (𝑠)

e.

−1

(s) = inf *r > 0 ∶

≤

2(

≤

2)

for s1 ≤ s2
−1 (

(s)) for 0 ≤ 𝑠 < ∞
−1
1 (𝑠)

𝑠) if only if

2 (𝑠)

−1
1 (

if only if

≥

−1
2 (𝑠)

for every 𝑠 ≥ 0 and some

> 0.

𝑠) ≥

−1
2 (𝑠)

for every 𝑠 ≥ 0 and some

> 0.

Lemma 3.5 Let 𝐴 is finite measurable set ( A   ), then ∥ 𝜒𝐴 ∥

1

=

−1 ( 1 )
|𝐴|

.

From our study, we obtain a result of inclusion property Orlicz space. The result is shown by following lemma and
theorem.
Lemma 3.6 Let

1,

2,

−1
be three Young function such that Φ1−1 ( )Φ−1
2 ( ) ≤ Φ3 ( ) for

3

𝐿Φ1 and 𝑔 ∈ 𝐿Φ2 then 𝑓 ∙ 𝑔 ∈ 𝐿Φ3

≥ 0. If 𝑓 ∈

and ∥ 𝑓 ∙ 𝑔 ∥Φ3 ≤ 2 ∥ 𝑓 ∥Φ1 ∥ 𝑔 ∥Φ2 .

Proof:
Without lost generalized, suppose Φ1 (𝑠) ≤ Φ2 ( ). From Lemma 3.4 (c) , we get
−1
−1
−1
𝑠 ≤ Φ1−1 (Φ1 (𝑠))Φ−1
2 (Φ2 ( )) ≤ Φ1 (Φ2 ( ))Φ2 (Φ2 ( )) ≤ Φ3 (Φ2 ( )).

Then, Φ3 (𝑠 ) ≤ Φ2 ( ) ≤ Φ2 ( ) + Φ1 (𝑠) . Observe that,
∫ Φ3 (
ℝ𝑛

|𝑓(𝑥)𝑔(𝑥)|
|𝑓(𝑥)𝑔(𝑥)|
1
) 𝑑𝑥 ≤
∫ Φ3 (
) 𝑑𝑥
‖𝑓‖Φ1 ‖𝑔‖Φ2
2‖𝑓‖Φ1 ‖𝑔‖Φ2
2
ℝ𝑛

≤

|𝑓(𝑥)|
|𝑔(𝑥)|
1
1
∫ Φ1 (
) 𝑑𝑥 + ∫ Φ2 (
) 𝑑𝑥
‖𝑓‖Φ1
‖𝑔‖Φ2
2
2
ℝ𝑛

ℝ𝑛

≤ 1
From Definition ‖𝑓 ∙ 𝑔‖Φ3 we have ∥ 𝑓 ∙ 𝑔 ∥Φ3 ≤ 2 ∥ 𝑓 ∥Φ1 ∥ 𝑔 ∥Φ2 .
Theorem 3.7 Let 𝐴

ℝ𝑛 is finite measurable set (

A   ) and

Young function, such that; Φ1−1 ( )Φ−1 ( ) ≤ Φ−1
2 ( ) for every
𝐿Φ1 (𝐴)

1,

2

be two Young function. If there is

≥ 0 then ∥ 𝑓 ∥Φ2 ≤

2
Φ−1 (

𝑡
)
|𝐴|

∥ 𝑓 ∥Φ1 , and

𝐿Φ2 (𝐴), for every 𝑓 ∈ 𝐿Φ1 (𝐴)

Proof :
Choose 𝑔(𝑥) = 𝜒𝐴 (𝑥), using Lemma 3.5 and Lemma 3.6,
2
−1 ( 1 )
|𝐴|

∥ 𝑓 ∥Φ2
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we have 𝐿Φ1 (𝐴)

𝐿Φ2 (𝐴) and ∥ 𝑓𝜒𝐴 ∥Φ2 ≤

Corollary 3.8 If 1 ≤ 𝑝2 ≤ 𝑝1 < ∞ then 𝐿p1 (𝐴)

𝐿p2 (𝐴) .

Proof:
𝑝1𝑝2

Costruct Φ1 ( ) = | |𝑝1 , Φ2 ( ) = | |𝑝2 , and Φ ( ) = | |𝑝1−𝑝2 . For 1 ≤ 𝑝2 ≤ 𝑝1 < ∞ Φ1 ( ), Φ2 ( ), and
1

𝑝1−𝑝2

1

−1
𝑝1𝑝2
𝑝
Φ ( ) are Young function. From definition 3.3, we have Φ1−1 ( ) = | |𝑝1 , Φ−1
.
2 ( ) = | | 2 , and Φ ( ) = | |

Because Φ1−1 ( )Φ−1 ( ) = Φ−1
2 ( ), using Theorem 3.7, we have

∥ 𝑓 ∥p2 ≤

2
Φ−1 (

𝑡
)
|𝐴|

∥ 𝑓 ∥p1 and

𝐿p1 (𝐴)

𝐿p2 (𝐴).

4. CONCLUSION
From our study, we have a conclusion of inclusion property Orlicz space, with using “invers” functi Young Young
(

−1

we have generalized inclusion property Lebesgue space

𝐿𝑝 (𝐴) (Theorem 3.7) for 𝐴 is finite measurable set.
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Abstract – Model of Bivariate Weibull Regression (BWR) is the extension of Weibull
Distribution with the scale parameter is an independent variables function. The goal of this
contribution is to estimate the BWR parameters. To reach that goal, we will use analitical
approach in estimating called the Maximum Likelihood Estimation (MLE) method which helped
by Newton-Raphson algoritm. Whereas for the statistic test for this model, we can use Maximum
Likelihood Ratio Test (MLRT).

1. INTRODUCTION
Regression is a method to determine the relationship between response variable and one or several predictor variables
[1]. One of the development of the regression analysis is Bivariate Weibull Regression (BWR) [2]. The response
variable of this regression is from Weibull Distribution [2]. The literature on parameter estimation of Weibull
Distribution is vast. The first study, J. O’Quigley and A. Robert [3], they constructed a regression model for survival
time studies. The other papers based on analytical methods of parameter estimation are Hanagal [4], he propose a new
bivariate Weibull regression model on censored samples with common covariates and obtaining the maximum
likelihood estimators for parameters. He also developed a maximum likelihood estimation procedure for a bivariate
frailty regression model [5]. Lee and Wen [6] propose a multivariate Weibull model and derived the explicit form of
PDF, CDF and general moment. In this study, we present the Weibull Distribution and its relation with BWR, next we
obtain parameter estimation and the statistic test for BWR. Lastly, we deduce a few conclusion for this study.

2. METHODS
2.1 Bivariate Weibull Regression
Weibull distribution is taken from the name of a scientist who first introduced that to the world, his name is Ernst
Hjalmar Walldodi Weibull (1887-1979), a scientist from Sweden [7]. Several related functions in Weibull Distribution
are survival function, hazard function, cumulative distribution function, and probability density function [7]. Weibull
distribution model typically contains one, two or three parameters. They are location, scale and shape parameter. Let S
denote a survival function. In the case of bivariate, survival function S2 is denoted [6] by.
1
2  
 

  y1    y2    
S2 ( y1 , y2 )  exp      


 2   
  1 





(1)

where  measures of conditional relationship between Y1 and Y2 , 0    1 , and k is scale parameter with
0  1, 2   and  k is shape parameter with 0   1,  2   . If the scale parameter is an independent variables
function,

k  k ( x )  exp  βTk x  , with βk   k 0 k1

directly from (1) we have survival function
S2 ( y1 , y2 )  exp   A2 

T

and

x  1 X1

X J  , it’s follows
T

(2)

2
k
 

A2    yk   exp   k βTk x 
 

k 1

The bivariate probability function

kJ  ,k  1, 2

(3)

f ( y1 , y2 ) can be obtained by differenting the bivariate survival function with

respect to each variable [6].
 2 S2 ( y1 , y2 )
f ( y1 , y2 )  ( 1 )2
 M 1S 2  M 2  M 3 
y1y2

(4)
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where

k
  2
 
  
S2  exp    yk   exp   k βTk x   
 
  
  k 1

k
 2 
1
 

M1  ( 1 )2   k  yk   exp   k βTk x  




 k 1

 2

k
 2
 

M 2     1   yk   exp   k βTk x  



 k 1
from (4) we can write the Bivariate Weibull Regression by

k
 2


M 3     yk   exp   k βTk x  



 k 1

 1

2

 2

f ( y1 , y2 )    Gk  S2 A2 2 B2
 k 1 
Where

Gk 

(5)

k
A2  k
1
 

  yk   exp   k βTk x  and B2   2 A2   (   1 ) .
yk 
 


2.2 Procedures
Estimation parameter of BWR can be done using MLE [7]. Suppose that there are n individuals under investigation and
their response variable follow the weibull distribution. We assume that the observation are an idependent and identically
distributed, so the likelihood function is
n
 2 n
 n
 n
 n

L(  , 1 , 2 ,β1 ,β2 , )   f ( y1i , y2i )   (  Gki )   S 2i   A2i1   B2i 
i 1
 k 1 i 1
 i 1
 i 1
 i 1


(6)

 , , ,β ,β  that maximizes (6). We can take the natural logarithm on both sides of (6)
and denote by l  , , ,β ,β  , so we have:
MLE will find estimator

1

1

2

1

2

1

2

2

 2


l  , 1 , 2 ,β1 ,β2    ln f ( y1i , y2i )      lnGki   ln S 2i  (   2 )ln A2i  ln B2i 
i 1
i 1   k 1


n

n

(7)

Now, we can determine the first derivative of (7) equal to zero to obtain the parameters estimation. But that is rarely
done by some procedure of direct estimation. We can use the second partial derivatives of (7) with Newton-Raphson
algorithm to obtain parameters estimation [8].

θˆ ( m1)  θˆ ( m)  H 1 (θˆ ( m) )g(θˆ ( m) )

(8)

Where
T

 

T
ˆ  0  ˆ  0 ˆ  0 ˆ  0 β
ˆ  0 β
ˆ  0  and g θ  m   l l l l l  and
θ
1
2
1
2

T
T 


   1  2 β1 β 2 

 

H   m

  2l

2
 




  simetri









 2l
 1

 2l
 2

 2l
β1T

 2l
 12

 2l
 1 2

 2l
 1β1T

 2l
 22

 2l
 2 β1T
 2l
β1T β1

 2l 

βT2 
 2l 

 1βT2 
 2l 

 2βT2 

 2l 
T
β1 β 2 

 2l 
βT2 β 2 

Iterative process start with initial value of parameters

0
θ̂  , and stop at m iteration when θ(m)  θ(m 1)   where  is

very small number, such as 0,0001, to obtain a convergent estimator [8]. For the statistic test, we can use MLRT
procedure that consist of simultaneously testing parameters and partially testing parameters [9].
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3. RESULTS AND DISCUSSION
One way to obtain parameter estimasion of BWR model can be done using MATLAB. MATLAB is a programming
environment for algorithm development, data anlysis, visualization, and numeical computation [10]. As the parameter
estimation using a mathematical approach, to obtain a parameter estimation of BWR model with MATLAB can be done
by the algorithm as follows.
Algorithm 1 : Parameter estimation of Bivariate Weibull Regression Model
Input
: data X, Y, ˆ  0 , ˆ1 0 dan ˆ 2 0
Step 1

: set function
n
n
 2


l(  , 1 , 2β1 ,β2 )   ln f ( y1i , y2i )      lnGki   ln S 2i  (   2 )ln A2i  ln B2i 
i 1
i 1   k 1





Step 2

ˆ  0  ˆ  0 ˆ  0 ˆ  0 β
ˆ  0 β
ˆ  0  with βˆ  0  X T X
: Set θ
k
1
2
1
2



Step 3

( m1)
 θˆ ( m)  H 1 (θˆ ( m) )g(θˆ ( m) )
: Set θˆ

Step 4

: Stop iteration when θ( m)  θ( m 1)  

T



1

X TYk , k  1, 2

Step 5 : Set output parameter estimation
STOP
ˆ ,β
ˆ , so we can use that parameters to determine the
The result of this algorithm is parameters estimation of ˆ ,ˆ1 ,ˆ 2 ,β
1
2





BWR model that have several related functions in Weibull Distribution such as survival function, cumulative
distribution function, and probability density function.
Algorithm 2 : Statistics Test of a Bivariate Weibull Regression Model
Input
: data X, Y, ˆ , ˆ1 ,ˆ 2 , βˆ 1 ,βˆ 2
Step 1

 

ˆ  max L   
: Set output parameter estimation of L 

ˆ  ˆ ,ˆ ,ˆ , ˆ , ˆ ,

 1 2 k 0 k1
Step 2



, ˆ kj  ;k  1, 2

: Set Output parameter estimation of

L ˆ   max L  


ˆ  ˆ ,ˆ1 ,ˆ 2 , ˆ k  ;k  1, 2
L ˆ 
ˆ
L 

Step 7

: Set



Step 8

: Set

ˆ  L ˆ 
G 2  2 ln   2 L 

Step 9

: Reject H0 if Ghitung   ,2 J

Step 10 : Set

 
2

  



2

  2l

2
 




H   simetri









 2l
 1

 2l
 2

 2l
β1T

 2l
 12

 2l
 1 2

 2l
 1β1T

 2l
 22

 2l
 2 β1T
 2l
β1T β1

 2l 

βT2 
2
l 

 1βT2 
 2l 

 2 βT2 

 2l 
β1T β 2 

 2l 
βT2 β 2 

  var  ˆ 
var  ˆ  is a diagonal element to k + 1 of matrix H

Step 11 : Set SE ˆ kl 

kl

kl
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Step 12 : Set

Z

ˆ kl
SE ˆ kl

 

Step 13 : Reject H0 if Z hitung  Z / 2
Step 14 : Set output for G 2 test and Z test
STOP
Result of this algoritm is a statistics test of G 2 test and Z test of BWR model.

4. CONCLUSIONS
Bivariate Weibull Regression can be obtained from the partial differentiation bivariate survival function for all response
variables and the scale parameter is an independent variables function. Parameters estimation of BWR can use the MLE
method, the statistic test for this model can use MLRT method that consist of simultaneously testing parameters and
partially testing parameters. Result of the study is beside using mathematical approach, numerical iterative procedure
can also be used to obtain parameters estimation dan statistic test of BWR. This algorithm base on numerical computing
technique to solve problems which involves mathematical operation with arrray data base on matrix and vector formula.
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Abstract – Bivariate Poisson Regression is a method for modeling a pair of correlated count data
following a Poisson distribution. In this study, the parameters of Bivariate Poisson Regression
model are estimated using Maximum Likelihood Estimation (MLE). The resulting estimators
occured globally for the entire site. Since each location has different characteristics from each
other, it is necessary to consider a model development of Bivariate Poisson Regression to
overcome this situations. This paper presents a development of Bivariate Poisson Regression in
order to accomodate different characteristics of each locations, this method is called
Geographically Weighted Bivariate Poisson Regression (GWBPR). Method: The parameters of
GWBPR model are estimated using MLE method. Since MLE method results a non close-form
solutions, it is necessary to provide a numerical Newton-Raphson iteration to overcome this
ploblems. Results: Newton-Raphson iteration is applied in each location of observation, therefore
the result of GWBPR estimation model is local to each observation location.

1. INTRODUCTION
Poisson Regression is one of the non-linear regression models in response variables follow the Poisson distribution.
Response variable on the Poisson distribution is obtained from the count of the number of events that rarely occur in a
certain time unit. Poisson Regression model are design to only one response variable called Univariate Poisson
Regression. While the Poisson regression modeling are design to two response variables that has high correlation called
Bivariate Poisson Regression.[1].
Estimation parameters Bivariate Poisson Regression model were done by using Maximum Likelihood Estimation
(MLE)[2]. However, the estimation results with this method is not explicitly, so to obtain the estimator we need
numerical Newton-Raphson iteration[3]. Estimation of parameters in this model produces a global model for each
observation location. Interpretation of this global nature model assumes that each location has the same characteristics
but in some cases each location has different characteristics.
The differecess characteristics can be influenced by several factors such as natural circumstances or geographical,
cultural, etc. The characteristics of each region is very likely affect the number of events in the region as well as the
incidence of the Poisson distribution . Each region has a set of data that varies from one region to another region so to
handle that kind of diversity, we can use analysis of spatial data. Spatial regression is the result of the development of
the classical linear regression method. The development was based on the presence of place influence or spatial
influence of the data analysis[4]. Bivariate Poisson Regression modeling that notice the presence of spatial effects in the
data used is Geographically Weighted Bivariate Poisson Regression (GWBPR).

2 METHODS
2.1 Poisson Regression
a. Bivariate Poisson Regression
Bivariate Poisson Regression is a method that use to model pair count poisson distribution data which has a correlation
[1] . Bivariate Poisson distribution has the following pdf [5] :

f  y1 , y2   e
by subtitute

 0  1i  2 i 

 ji  0  e

min  y1i , y2 i 

 y
k 0

xiT β j

1i y
1i

1i  k

2i y

2 i k

0 k

 k ! y2  k !k !

.

, so we get Bivariate Poisson Regression model like this equation[2].
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(1)

 y1 y2   exp  0  ex



min  y1i , y2 i 





x
0 k e

T
i

β1

 0



y1i  k

e

xiT β 2

 0



y2 i  k

(2)
k!
 y1i  k ! y2  k !
Estimation parameters of Bivariate Poisson Regression model using MLE method, ie by maximizing the value of its
function ln-likelihood [2].
f

T

i

β1

 e xi

T

β2



n

k 0





n



n

ln L  β1 , β 2 , 0   n0   exp xiT β1  exp xiT β 2  ln Bi
i 1

where

value is
min  y1i , y2 i 





x
0 k e

T
i

β1

 0



y1i  k

e

i 1

xi T β 2

 0



(3)

i 1

y2 i  k

(4)
k!
 y1i  k ! y2  k !
The first partial differential in equation (3) will show a not close-form result so we need the assistance of numerical
Newton - Raphson iteration
̂
̂
( ̂ ) (̂ )
(5)
̂
̂
̂
where
, (
) is gradient vector and (
) is Hessian matrix. The iteration begin with m=0
̂ ‖
where ̂ an initial value and stop when ‖̂
, >0.
Bi 

k 0

Example Case, we will modeling a number of people with PB and MB leprosy patients at the district / city in East Java
province on 2012 using Bivariate Poisson regression. The variables that we used are presented in the table below.
Tabel 1 Research Variables
Variable
Information
Y1 Number of PB Leprosy Patients
Y2 Number of MB Leprosy Patients
X1 The percentage of poor peoples
X2 Percentage of households behave clean and healthy living
X3 Percentage of group health education activities and mass
X4 Medical ratio to population
X5 Percentage of population Healthy Homes
Tabel 2 Estimate Result
Parameter

1.0
1.1
1.2
1.3
1.4
1.5

PB Leprosy (Y1)
Estimator
Std. Error

Zcount

-1,6708

0.9286368

-1.799

0.1017

0.0146232

6.955*

0,0140

0.0063049

2.224*

-0,2770

0.1485888

-1.864

-0,2385

0.0366798

-6.502*

0,01886

0.0103764

1.817

Parameter

 2.0
 2.1
 2.2
 2.3
 2.4
 2.5

Leprosy MB (Y2)
Estimator
Std. Error

Zcount

2,6185

0.1223916

21.394*

0,0413

0.0016492

25.075*

0,0022

0.0012738

1.698

0,0467

0.0209011

2.235*

-0,0460

0.0025055

-18.355*

-,01677

0.0013756

12.190*

*) Significance at 5% real level
Based on the results of table 2 above we can explained that the variables which affect the number of people with PB
leprosy is X1 , X2 , and X4 while MB leprosy is X1 , X2 , X4 , and X5. From these results it can concluded that each
district / city in East Java have the same significant variables that can influencing the amount of PB and MB leprosy
patients.

b. Geographically Weighted Bivariate Poisson Regression
Univariate Poisson Regression that notice the weighting the form of latitude and longitude location from the
observation points that being observed is called Geographically Weighted Poisson Regression. Univariate Poisson
Regression that notice the weighting the form of latitude and longitude location from the observation points that being
observed is called (ui,vi). This model produces a local estimator to each observation point [6].
Bivariate Poisson Regression models also notice the diversity of the characteristics of each observation location called
Geographically Weighted Bivariate Poisson Regression (GWBPR). The GWBPR models also produce local estimators
to each observation point. The GWBPR models are show as follows.

282

f  y1 , y2   e


xiT β1 ui ,vi 
x T β u ,v 
e i 2  i i   min  y1i , y2 i 
 0  ui ,vi  e





e

xiT β1  ui ,vi 

 0  ui , vi 

 e
( y1i  k )

xiT β2  ui ,vi 

 0  ui , vi 



( y2 i  k )

0 k  ui , vi 

( y1i  k )!( y2i  k )!k !

k 0

(6)

2.2 Procedures
The process to obtain the estimators of the GWBPR model using MLE method, ie by determining the lnlikelihood function of equation (6)
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The form of ln likelihood function with geographic wheighted is show as follow.
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To obtain the estimator GWBPR models, then the function in equation (8) is derived respectively against
,
,
and equated to zero. If the first differential cannot be solved analytically, it is
necessary to support the numerical Newton-Raphson iteration
̂
̂
(̂
) (̂
)
̂
̂
where
(
) , (
) is gradient vector and (̂
)
is Hessian matrix.

(9)

3 RESULTS AND DISCUSSION
The first partial differential of equation (8) for each parameter will form into a gradient vector.
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The second partial differential of equation (8) for each parameter will form into a Hessian matrix
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The steps of parameter estimation with the help of Newton-Raphson iteration is show as follows
1. Determine the initial estimated value of the parameter ̂
.
̂
2. Begin from m=0, iteration in equation (9). Value of ̂
is a set of parameter estimator that converges at m
̂
iteration. Iteration will stop when the value of ‖̂
‖
, > 0 and verry small.
Leprosy is an infectious disease, so that each region has a diversity in the process of transmission of this disease. In this
case we will done further research on PB and MB by leprosy disease using modeling GWBPR. The GWBPR model
estimation parameter will produce a local models to each district/city in East Java, so this model can overcome the
diversity of the characteristics of each location.

4 CONCLUSIONS
The estimation parameter of GWBPR model using MLE method produces a not close-form so that the estimation
process will be continued using the Newton-Raphson numerical iteration. Newton-Raphson iteration process described
above will be done for each observation location, so we get an estimator for each observation location. From this
process we can conclude that GWBPR models produce local models to each observation location.
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Abstract – A regression model which has a weibul distribution on the response variable (Y) is
weibull regression model. Such as linear regression model, the relationship between the predictor
variable and the response variable on weibull regression considered constant for every geographic
location, so the parameter estimation is also global for each location. Geographically Weighted
Regression is a method using spatial geographical factors as predictor variables that can affect the
response variable [1]. Geographically Weighted Univariate Weibull Regression is a local form of
weibull regression. This research aims to obtain parameter estimation of GWUWR with MLE
methods which was helped by Newton Raphson.

1. INTRODUCTION
Some research on parameter estimation for the weibull distribution had been done. Hanagal [2] introduce a new
multivariate Weibull (MVW) distribution with many interesting properties. He obtain the maximum likelihood estimate
(MLE) of the parameters and their asymptotic multivariate normal (AMVN) distribution in MVW model. Hanagal [3]
is also propose a new bivariate Weibull regression model based on censored samples with common covariates and
obtaining the maximum likelihood estimators for the parameters. In this study, we propose the development of weibull
regression by considering the spatial effect called Geographically Weighted Univariate Weibull Regression
(GWUWR). Geographically Weighted Regression is a method using spatial geographical factors as predictor variables
that can affect the response variable [1]. Geographically Weighted Univariate Weibull Regression is a local form of
weibull regression. From this study, we obtain the maximum likelihood estimation (MLE) of the parameters.

2. METHODS
2.1 Weibull Regression and GWUWR
A statistical method that used to modelling the relationship between the predictor variable and the response variable is
the regression analysis. A regression model which has a weibul distribution on the response variable (Y) is weibull
regression model. Such as linear regression model, the relationship between the predictor variable and the response
variable on weibull regression considered constant for every geographic location, so the parameter estimation is also
global for each location. Geographically Weighted Univariate Weibull Regression (GWUWR) is the development of an
univariate weibull regression models, which are in every weibull parameters calculated at each point location , so that
every point geographic location have regression parameter values vary. GWUWR is a development of the global
regression model. Response variable Y in the GWUWR model were predicted with predictor variables in each
regression coefficient depends on the location where the data is observed.

2.2 Methods
For estimating the parameter of Geographically Weighted Univariate Weibull Regression (GWUWR) using Maximum
Likelihood Estimation (MLE) method. MLE method can be used when data distribution is known. First, we present the
model and pdf GWUWR. Second, create a likelihood function of pdf. Third, define the natural logarithm of the
likelihood function. Fourth, take weighted to the natural logarithm likelihood function. Fifth, determining the first
partial derivatives of natural logarithm likelihood function. Sixth, determining the second partial derivatives of natural
logarithm likelihood function. Seventh, estimating parameters with Newton-Raphson iteration method if the resulting
function is not closed form. Not closed form if there are still contains the parameters in the function. The Newton
Raphson iteration steps are determining the initial estimated value of the parameter, forming a gradient vector and the
Hessian matrix. Substituting the initial estimated value to the elements of the vector gradient and the Hessian matrix,
perform Newton Raphson iteration to obtain a convergent estimator.
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3. RESULTS AND DISCUSSION
Estimating the parameters of Geographically Weighted Weibull Regression (GWUWR) using Maximum Likelihood
Estimation (MLE) that maximizes the likelihood function. Geographically Weighted Weibull Regression (GWUWR)
model is given by (1)

i  ui , vi   exp  0  ui , vi   1  ui , vi  x1i   2  ui , vi  x2i  ....   k ui , vi  xki 
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Using the transformation (1), then probability density function of GWUWR is





f yi β  ui , vi  ,   ui , vi  ,   ui , vi  

e

  ui , vi 
xT β  ui , vi 



  ui , vi 

y

i

  ui , vi  1

   ui , vi  

e

  u ,v 
 
 i i 
  yi   ui , vi  

  xT β ui ,vi  


  e


(2)

The likelihood function is
n

, yn )   f ( yi )

L(β  ui , vi  ,   ui , vi  ,   ui , vi  y1 , y2 ,
n

    ui , vi 
i 1

e

1
xiT β  ui ,vi 

i 1

 ui ,vi  1



  ui ,vi 

 y   u , v  
i

i

i

e

  u ,v 
 
 i i 
  yi   ui ,vi  

  xiT β ui ,vi  


  e


(3)

The next step is maximizes the likelihood function in equation (3). Maximization methods based on derivatives. The
process of forming these derivatives made easier by departing from the logarithm natural likelihood function. The ln
likelihood function which perform in equation (4)
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After getting the first derivative for each parameter, then set this equal to zero and look for the solution. However, the
results obtained are implicit and not closed form for each parameter because there are parameters in the equation
formed. So, the newton raphson iteration used. The Newton Raphson iteration steps are :
First, determining the initial estimated value of the parameter.
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βˆ  ui , vi  0 , ˆ  ui , vi (0) and ˆ  ui , vi (0) using value of the parameter estimation of weibull regression. Second, forming
a gradient vector and the Hessian matrix are given by equation (10) and (11).
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Hessian matrix is the second partial derivative of ln likelihood function in below equation for each parameter.
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Third, substituting the initial estimated value γˆ  ui , vi  0 to the elements of the vector gradient g γˆ  ui , vi  0
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γˆ  ui , vi  m are the set of parameter estimation of GWUWR that convergent when iteration m. Fourth, perform

Newton Raphson iteration in equation (18) to obtain a convergent estimator. Iteration will be stop when
γˆ  ui , vi 
 γˆ  ui , vi    where  is very small number as 0,0001. Newton-Raphson iteration process will be
 m 1

 m

conducted for each i location, so it will be get a local value in each region.

4. CONCLUSIONS
For estimating the parameter of GW Univariate Weibull Regression (GWUWR) using MLE method. If the results
obtained are implicit and not closed form for each parameter because there are parameters in the equation formed. So,
the newton raphson iteration used. This paper only describes the parameter estimation of GWUWR, but the future will
be applied to river water pollution data.
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Abstract – The aim of this study is to classify objects (district / city) by using the k-means
clustering method based on Poverty Criteria Variables. The variables are used Expenditure
Average, Electric consume percentage, educational level, population density, birth rate, mortality
rate, number of household members, percentage of farm household and percentage of agricultural
land. These data was obtained from BPS and Health Department East Java Province. Based on the
analysis the optimum group are 6. This condition is proved with manova analysis. It’s show each
variable have significant’s value less than 5%. So it can be concluded that the district / city can be
classified based on poverty criteria variable, such as by low expenditure average, low Electric
consume percentage, low education level, low population density, high birth rates, high mortality,
high number of household members, high percentage of farm household and high percentage of
agricultural land.

1. INTRODUCTION
Poverty is not just the number and percentage of poor people, but there are other dimension, such as the depth and
severity of poverty. Government poverty policies, in addition to be able to minimize the number of poor people, should
be able to reduce the depth and severity of poverty. To optimize the government's policy in addressing poverty in
Indonesia, particularly in the East Java province. First, they is needed group of district/city based on poverty criteria
variable [1] select the project area based on the depth of poverty, one of the methods that can be used clustering is Kmeans cluster. One of the methods that can be used to group the data in high dimensions. K-means clustering very
popular because of the ease and ability to classify large data and outliers with very quickly. K-means uses a similarity
measure to classify objects Clustering is to partition a set of objects into non-overlapping sub-sets called clusters so that
objects within each cluster are similar to each other, and objects from different clusters are not similar [4].

2. METHODS
2.1 K-means Clustering
The K-means cluster is a well-known non-hierarchical clustering method and requires the user to pre-specify the
number of clusters present in the dataset. When the number of speciﬁed clusters is too large, there may be clusters
with no training data belonging to them. That is, some of the pre speciﬁed clusters remain empty and advantage to use
this technique can accommodate a large sample size and easily to detect outlier data [3].

2.2 K-means Algorithm
K-means Algorithm has the following steps [2]:
Step 1: Select k initial cluster centers c1, c2,...,ck randomly from the given n points {x1, x2,..., xn},
k≤n.
Step 2: Assign each point xi, i=1,2,..., n to the cluster Cj corresponding to the cluster center cj, for
j=
Step 3: Compute new cluster centers c1*, c2*,..., ck* as follows
Step 4: If If

ci* 

1
ni

x

x j Ci

j

for i = 1,2,...,k.

ci*  ci ,  i  1, 2,..., k , then terminate if initial cluster centers not change. If still change repeatly

from step 2.
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It shows from the step 1 that the clustering results depend on the initial cluster centers which are chosen randomly. In
this research used data 2013 from BPS and Department of Health .

3. RESULTS AND DISCUSSION
Based on the results of grouping data using k-means clustering method, we get result clustering until 3rd iteration with
the minimum distance to initial cluster center 4,802, where the center point is not longer changed and there is no data
which moved between the clusters. The results shown in figure 1.

Figure 1 Result Clustering District/City East Java Province
Based on the results obtained by analysis of the distance between each group are shown in Table 1
Table 1 Distance between clusters

To ensure optimum group formed already. Optimum meant each number of the clusters remain in the
group, cannot move grouped else then analyzed by Manova. The result shown in table 2.
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Table 2 Result of Analysis Manova
Variable
Expenditure average (X1)
Electric consume percentage (X2)
Educational Level (X3)
Population Density (X4)
Birth rate (X5)
Mortality Rate (X6)
Number of Household Members (X7)
Percentage of Farm Household (X8)
Percentage of Agricultural Land (X9)

F-Value
17,076
75,524
16,555
34,023
16,949
3,012
7,052
19,613
9,339

Sig.
0,0001
0,0001
0,0001
0,0001
0,0001
0,024
0,0001
0,0001
0,0001

Table 1 shows the significant value of ≤ 5%, this indicates every number of group have been in the right
group each variable. For more details, description of each formed cluster can be seen in the table 3.
Table 3 Means of Cluster based Variable
Cluster

X1

X2

X3

X4

X5

X6

X7

X8

X9

1

494.318,5

99,26

130.732

679,26

14.093,2

11,98

3,42

61,41

74,36

2

560.944

98,99

256.133

999,00

27.269,25

8,08

3,39

45,18

66,61

3

1.042.088

99,42

358.389

8.459,00

41.481

8,00

3,11

0,77

26,53

4

849.750

98,84

41.797

5.297,40

4.391,2

13,57

3,68

8,50

38,42

5

373.185

84,17

140.890

503,00

15.136

7,00

3,10

68,13

80,65

6

715.350,5

99,91

71.707

2.726,00

7.472,5

9,15

4,23

19,52

71,91

Table 2, variable Expenditure average (X1) cluster 3 has an average per capita expenditure with Rp.1.042.088 highest,
and the lowest average cluster 5 the average spending per capita Rp.373.185. highest on electric consume percentage
(X2) is cluster 6 with 99.91% and the lowest percentage of cluster 5 with 84.17%. Variable educational level (X3)
cluster 3 is the highest and the lowest are in the cluster 4. When viewed from the variable population density (X4),
cluster 3 has the highest population density with 8.459 persons/km2 while the lowest were in cluster 5 with 503
persons/km2. Population density are supported birth rate(X5) and mortality rate (X6), cluster 2 has the highest number
of births as many as 27.269 births and the lowest is at cluster 4 with 4.391 births. Furthermore, the highest mortality
rates were clusters 4 with mortality 13, it is meaningful than 1000 persons, there were 13 deaths and the lowest in
clusters 5 with mortality 7 this means from the 1000 persons there were 7 deaths. For the average number of household
members the highest cluster 6 with 4 family members and the lowest in clusters 5 is 3. Variable percentage of farm
households (X7) highest in cluster 5 is 68.13% which shows almost half the population has a job as a farmer, the lowest
percentage is cluster 3 is 0.77%, which shows the population in cluster 3 has a job other than farmers. Variabel
percentage of agricultural land showed much land is used for agriculture, cluster 5 has the highest percentage with
80.65% and the lowest clusters 3 with 26.53%.

4. CONCLUSIONS
Based on this research, it can be concluded as follows
a)

The number of optimum clusters are 6. This condition is proved by manova analize, the result each variable
have significance value is ≤ 5%. This showed there are no clusters member was move.

b) From the average of each variable, cluster 5 have the highest poverty rates It is shown by the average have
lower most of the other cluster, the members of this cluster is Sumenep which has an average spending per
capita for Rp.373.185 /month. Electric consume percentage showed 84.17%, 13.83% there is still much that
has not been able to enjoy lighting. The number of births in Sumenep can be said higher by 15.136 births per
year. As well as the majority of the population are farmers.
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Abstract – A regression analysis is a useful tool in understanding the relationship among response
and explanatory variables. However, it is a common situation that an analyst would deal with a
data set which might be came from more than one subpopulation with different relationship
structures. The problem arises when there is no information about the grouping of the observations.
Applying a standard regression analysis would be unable to find the true structure of the
relationship among variables. A clusterwise regression works simultaneously in identifying the
groups and determining the model within each group. The clusterwise regression analysis could be
obviously seen as a combinatorial optimization problem. This research discusses how to attack the
problem of group identification and model estimation in the clusterwise regression analysis using a
genetic algorithm. A chromosome which represents a single solution is defined and then the
algorithm improve the chromosome iteratively to reach good solutions via a chain of selectioncrossover-mutation process. A simulation to several data structure was done to observe the
performance of the algorithm. The implementation of the algorithm was done with SAS
programming. The adjusted R-square was used as the objective function of the algorithm. We
revealed that the algorithm yielded reasonably satisfying results by observing that it could identify
well the grouping so that the estimated models have high performance. However, it still remains a
problem since the algorithm works quite slow in a larger data set.

1. INTRODUCTION
A regression analysis is a widespread-used by analyst to model the relationship between a set of predictor variables and
a response variable. There are at least two main objective of the analysis. First, the regression analysis results
information of how the change in the predictor values would affect the change in the response variable. Second, the
model generated by the analysis could be utilized to predict the value of the response variable by assuming that the
predictor values are known. In both objectives, a problem arises when in fact the data set consists of more than one
underlying groups such that the predictor-response relationship patterns are different between groups. It implies that we
should estimate a model for each group. The challenge of the analysis is that we have no information about the groups.
We do not know the number of groups in the data set and we do not know the membership of all groups.
Based on the above description, it is useful to develop a way of analysis which is able to do group identification and to
estimate models for the groups simultaneously. The analysis which is designed to coop that aim is clusterwise
regression analysis.
Spath [1] pioneered the development of the analysis by proposing a simple algorithm of exchange. It starts by
subjectively determining the number of groups and then randomly assigning the membership of each observation. Then,
the algorithm works by exchanging the membership whenever it improve the model characteristics (for example Rsquare) and then stop if there is no improvement. Later on, Spath [2] improved the algorithm to make the exchange
process become more efficient. Another modification was given by Qian and Wu [3] on the membership initialization
process by including least median regression to determine the membership instead of using random assignment. There
are some other authors who proposed other approach such as maximum likelihood [4] and combinatorial optimization
using simulated annealing [5].
In the present paper, the authors view the problem of the clusterwise regression analysis as an optimization problem. In
an explicit statement, we might state the problem as to find the group membership so that the regression models fit best.
The problem might be seen as a combinatorial problem by defining an n × 1 vector with entries of 1, 2, …, g where g is
the number of groups in the data set.
The rest of the paper would appear as follow. First, Section 2 we describe how the genetic algorithm handle the
optimization problem in clusterwise regression analysis. Section 2 also discusses the small simulation we provide to
assess the performance of the algorithm. In Section 3 we provide the result and brief discussion. And we conclude the
paper by a conclusion in Section 4.
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2. METHODS
2.1 Genetic Algorithm in Clusterwise Regression Analysis
Suppose that we have a dataset containing n observations and assume that the number of groups is g. Then, define a n ×
1 column vector s so that si  {1, 2, …, g}. The entries of the vector s would be used as the membership codes by
interpreting si = k means the observation i is assigned the group k. For a certain vector s, a set of binary dummy
variables could be generated so that a saturated linear dummy regression model could be estimated using the data. We
then could calculate a fit index such as R-squared or adjusted R-squared to assess the good of fitness of the model using
the predetermined s. A different s vector which implies a different membership assignment could result a different
model estimate. Finding the s which provides the best model estimate is the ultimate goal of the analysis.
The problem of finding s could be then obviously seen as a combinatorial optimization problem. One of an efficient
algorithm for this kind of problem is a genetic algorithm. The algorithm works by mimicking the evolution process
which involves genetical change of chromosome to yield better generation time to time. The chromosome of an
individual is believed as the key factor of its quality [6]. The improvement of the solution is conducted using selection,
cross-over, and mutation mechanism.
The algorithm starts with several individuals. Each individual has a certain quality characteristic which depends on the
gene inside the chromosome. Only those having high quality who will survive in the selection process. Those
survivors are then matched each other to generate new individual in a cross-over mechanism. The idea of the crossover process is inheriting the properties of the individual parents to the child. Some small probability mutation might
happen and slightly change the characteristics.
In the context of clusterwise regression problem, we define the vector s as the chromosome, while the values of si as
genes. First, we generate randomly k individuals and then measure the quality characteristic of them. We use adjusted
R-squared as the function to assess the quality of the individuals. As the selection process, a simple rank procedure is
used. This procedure selects only five best individuals. They are then matched each other using single-point cross-over
to obtain new individuals. The tuning parameters we used in this present paper are (1) number of individuals in the
initial population is 210, (2) number of survivors in each selection process is 15, and (3) the probability of mutation for
each gene is 0.008.
All the steps of the algorithm were programmed using SAS/IML program which is available by request to the
corresponding author.

2.2 Simulation
In order to assess its performance, the algorithm was applied into several scenarios of data. We generate sets of data
consisting of two different underlying models. There are three different scenarios used in this study. We assume that
the models are linear and there are two predictor variables, Y = β0 + β1X1 + β2X2 + . Table 1 provides the setting of the
coefficients of the models in three scenarios.
Table 1 Setting of model coefficients in the simulation

Parameters
β0
β1
β2

Data1
Cluster #1 Cluster #2
155.80
6.50
-7.65
-7.65
18.76
18.76

Data 2
Cluster #1
Cluster #2
5.58
1.25
-2.65
-5.72
8.76
35.65

Data 3
Cluster #1
Cluster #2
1150.8
6.50
-7.65
-5.72
-18.76
19.65

The simulation involved generating the datasets with  ~ N(0, sqrt(10)) and followed with model estimation using
genetic algorithm. For each scenario, we did 500 replications.

3. RESULTS AND DISCUSSION
The algorithm works well in improving the solution iteratively. Figure 1 depicts a general progress of the improvement
of adjusted R-squared in a estimation process. It can be seen obviously that as the time being, the genetic algorithm
could result better grouping so that the fitted model behave better to the data.
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Figure 1 An illustration of the estimation improvement by genetic algorithm
Next, we would like to discuss the performance of the algorithm using the results of the simulation. Recall that suppose
we have three different patterns of data containing two groups. Each group has a linear relationship between predictors
and response variables with coefficient values as shown in Table 1. For each of the dataset we ran the genetic algorithm
to simultaneously identify the groups and estimate a linear model in each group.
Table 2 Average of estimates of the coefficient based on simulation with 500 replications
Average of
Data1
Data 2
Data 3
Estimates
Cluster #1
Cluster #2
Cluster #1
Cluster #2
Cluster #1
Cluster #2
β0
β1
β2
Adjusted
R-squared

157.83
-7.64
18.7

2.26
-7.54
18.72

5.27
-2.54
8.59

99.88%

99.65%

0.96
-5.81
35.80

1148.74
-7.66
-18.66

5.02
-5.64
19.56

99.90%

Table 2 provides the average of parameter estimates based on the simulation data from 500 replications. The values of
the estimates are quite close to the true values which are set at the beginning. In average the percentage deviation is
7.27% which indicates that the estimation result by genetic algorithm is satisfying. The high adjusted R-squared values
also indicate that the algorithm could find well the true underlying groups in the dataset.

4. CONCLUSIONS
The genetic algorithms could work well in the model estimation of clusterwise linear regression and can be seen as an
alternative among existing approaches. However, a more thought should be proposed to speed-up the computational
time of the algorithm especially for larger datasets. The possible improvement might be needed in the computation of
least squares estimates which involves matrix inversion.
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Abstract – In this paper we discuss the problems of public transportation scheduling and we
derive an algorithm public transportation scheduling by using max-plus algebra. Input of this
algorithm are a strongly connected graph as a road network of public transportation and the
number of public vehicle in each route between two successive stations. This algorithm can be
implemented to any public transportation with strongly connected road network.

1. INTRODUCTION
Max-plus algebra is one tool that can be used to design a scheduling of a transportation system. Some works of the
scheduling transportation systems using maxplus alagebra have been discussed. Especially scheduling problem of city
bus routes, busway, analysis of aircraft transit timetable in airport, and monorail and train using max-plus algebra can
be found in [2] respectively. Fahim et al ([3]) discussed scheduling problem of Monorail and Tram in Surabaya city of
East Java using max-plus algebra. They collect data from department of transportation Surabaya that are the road
network of transportation, the traveling times of the vehicles on each route (in the term of graph a route is a path of
length one) from one station to another and number of monorail and tram. Furthermore, they construct scheduling
model using these data. But the process of modeling in their research is very complicated and also they did not discuss
a case when in initial departure no vehicles are serving on some route. In this paper, we design any public
transportation network system scheduling with a condition strongly connected road network by using max-plus algebra.
We synchronize of the vehicles which means that some vehicles arriving at a station have to wait for each other to
allow passengers to change vehicles. The starting-point is a fixed number of vehicles on each route at any reference
time, the number of vehicles can be zero; and the traveling times of the vehicles on each route.

2. METHODS
In this section we briefly introduce the notion of max-plus algebra and some related notations used in the discussion,
and public transportation scheduling. Detailed discussion about max-plus algebra can be found in [1] while the
definition of Synchronization Rule in [3].

2.1 Max-plus Algebra
Max-plus algebra is defined as
, where
with is the set of real numbers,
,
and
for every
. Furthermore, in the context of max-plus algebra
the conventional multiplication of a and b . The algebraic structure of
is idempotent semifield i.e.,

x
idempotent commutative semiring with every element x   has inverse
to  operation ([1]). For brevity, the
idempotent commutative semiring
is written as
.

2.2 Matrices over
In this sub-section we introduce a matrix over
by
. For
with n  0 ,

ai , j

. The set of matrices of size m n in max-plus algebra is denoted
. An element
in i -th row and j -th column is denoted by

for i  m and j  n . Sometimes the elements

of size

n n in

is denoted by

other elements are equal to
and defined by

E,

ai , j

is also denoted as

[ A]i , j , i  m, j  n . An identity matrix

i.e. the main diagonal elements of the matrix are equal to 0 = (e) and the

 . The addition of matrices

in the max-plus algebra is denoted by

[ A  B]i , j = ai , j  bi , j = max{ai , j , bi , j },
and scalar

multiplication

A

A B
(1)

is defined as
def

[  A]i , j =   ai , j
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(2)

for i  n and j  m . For

and

A  B is defined as

, the matrix multiplication
p

[ A  B]i , j =  ai ,k  bk , j = max {ai ,k  bk , j },

(3)

k p

k =1

for i  m and j  n . Matrix multiplication is similar to conventional matrix multiplication where
replaced by



and  are

 and  , respectively.

2.3 Max-Plus and Graph Theory
In this section, we collect some basic definition and result from [1, 4].
Definition 1 A directed graph G is a pair (V , E ) where V is the set of vertices of the graph
is the set of edges of

G . A directed graph G( A) associated with a matrix

V = {1,2,..., n} and edges
Definition 2 A path
such that each

p

E = {( j, i) : ai , j   } . We say ai , j

from

i

p = (i1 , i2 ,..., is 1 ) with i1 = i

(ik , ik 1 ) is an edge of the graph. We say this path has length s
to j of length

is the graph with vertices

is the weight of edge ( j, i)  E .

to j in a graph is a sequence of edges

|| p ||l = s . The set of paths from i

G and E  V V

and is 1

=j

and denote the length of the path by

k will be denoted by P(i, j, k ) . A vertex j is said reachable from a

vertex i if there exists a path from i to j . A strongly connected graph is a graph such that every vertex is reachable
from every other vertex. We say a matrix
is irreducible if G(A) is strongly connected.
Definition 3 A circuit of length

s is a closed path i.e. a path such that i1 = is 1 . We call a circuit consisting of one

edge of a loop. An elementary circuit is one in which i1 , i2 ,..., is are distinct.
Definition 4 For

let

Theorem 5 Let

⨁

and

.

, graph G ( A) has no circuit iff

n n with all entries equal to  .

Ak = ε(n  n), k  n where ε(n n) is matrix of size

2.4 Eigenvalues and Eigenvectors
In this subsection we give notion of eigenvalues and corresponding eigenvector of a square matrix
give an algorithm to calculate the eigenvalues and eigenvectors.
Definition 6 Let
element is not equal to
eigenvector of



be a square matrix. If
, and
then



. And we

is a scalar,
is a vector that contains at least one
is called an eigenvalue of A and is a corresponding

A.

We use Power Algorithm ([1]) to compute an eigenvalue and an eigenvector of the matrix

A.

2.5 Synchronization Rule In Public Transportation
Basically the rules of synchronization of public transportation is to ensure that users from any position and to any
destination will be served by this transport system.
Definition 7 Synchronization rule in this discussion is some vehicles arriving at any station (public transportation
stop) have to wait for each other to allow passengers to change vehicles.

3. RESULTS AND DISCUSSION
In this section we discuss of any public transport modeling and derived some basic properties related to the model.
Lemma 8 Let strongly connected graph G ( A) as road network of public transportation where vertices and edges in
graph are stations and routes respectively, and weight of each edge is the traveling times of the vehicles on each route.

296

Let

V = {v1 , v2 ,..., vm }

[ ]

and

edges respectively. For initial departure, let

n



xu (k  1) =

[ A] j

s =1, j s = iu

where

xu (k  1)

are sets of vertices and

is number of public vehicle serve route . We get

is (k+1) th departure from station

vi

u

s ,is

to station

 xs (k  1  pu )

vj

u

(4)

. Furthermore Equation (4) can rewrite as

⨁
where
[
and

]

[

]

{[ ]

is transpose of matrix.

Lemma 9 Let

in Equation (5) then

and

exist and is given by

⨁

Based on Lemma (9), Equation (5) can be rewrite as following
⨁
And substitute
get

where
̃

̃

and

, we

̃

where

 A0*  A1
x1





 E
x2

 ~ 
~
x =
, A =  





 x max { p , p ,...,p }n 

1 2
n


 
and where

E

and



A0*  A2


E




are identity and zero matrix of size

A0*  A3  A0*  Amax { p , p ,...,p } 
1 2
n 




,














n n , respectively.

such that there exist t {1,2,..., n} where

Lemma 10 Let

[ H ]s ,t = 

for s = 1,2,..., n and there exist

[ H ]t ,s =  except s = r . Thereafter we define matrix H~ obtained from removing
column and row of matrix H . Then the following statements are true.
[
] are eigenvalue and eigenvector of matrix H respectively then
If  and
xt = [ H ]t ,r     xr .
[
] are eigenvalue and eigenvector of matrix H respectively if and only if 
Let  and

unique r {1,2,..., n} such that
the t th
1.

2.

and ̃

~

[

] are eigenvalue and eigenvector of matrix H respectively.

Theorem 11 Let strongly connected graph G ( A) as road network of public transportation where vertices and edges in
graph are stations and routes respectively, and weight of each edge is the traveling times of the vehicles on each route.
we can arrange scheduling of this public transportation with the following steps:
̃

1.

Formulate a model ̃

̃

2.

Reduce size of model on step 1 by using Lemma 10 so we obtain new model ̃

3.

Determine a eigenvalue

4.

Define vector

by using Lemma 8 and 9.
̃

̃

and a corresponding eigenvector of matrix ̃ by using Power Algorithm.

[[ ] [ ]

[ ] ] where

is number of edges in graph
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5.

Use eigenvalue and vector as a period and initial departure of public transportation scheduling. So if the initial
departure is
then the next departure periodically by unit of time. Therefore we get a regular schedule of
transportation systems.

4. CONCLUSIONS
We derive an algorithm public transportation scheduling by using max-plus algebra which can be implemented to any
public transportation with strongly connected road network as given by Theorem 11. Furthermore we use so-called
power algorithm to determine a period and initial departure of public transportation scheduling. Therefore we get a
regular schedule of transportation systems.
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Abstract – Adding a L1 penalty towards the objective function in regression that has two
advantages: shrinkage and selection. In this paper, we have proposed to solve this problem using
iterative approach. The algorithm was implemented in R Programming and applied to problems in
Statistical Downscaling (SDS) modeling. The algorithm was developed based on the fact that there
is a minimum λ which causes all of the parameter estimates are zero, i.e.
(
). When
the algorithm was applied to SDS modeling problems, results show that regression with L 1 penalty
is better than PCR and forward stepwise based on the RMSE and RMSEP values.

1. INTRODUCTION
Variable selection is an important issue in regression especially for problems where the number of variables p is large
and not independent. Thibsirani [1] proposed lasso (least absolute shrinkage and selection operator), a new popular
method for shrinkage and selection variable. Lasso adds a L1 penalty towards the objective function in regression that
has two advantages: shrinkage and selection. The estimation of parameters can’t be done in closed form, therefore
convex optimization is used. Originally, Thibsirani used quadratic programming to solve this problem and Efron et al.
[2] proposed LARS (least angle regression) which computes the path efficiently. In this paper, we have proposed to
solve this problem by another approach.
Statistical Downscaling (SDS) modeling is one of the problems in large covariate and not independent variables. SDS
is a technique in climatology that uses statistical modeling to develop relationship between large-scale (global) and
small-scale (local) data [3]. The large-scale data usually use the result of the General Circulation Models (GCM) as
covariates. Principal Component Regression (PCR) and Stepwise Regression are the common methods to solve SDS
modeling problems. We have proposed adding L1 penalty to SDS modeling problems to selection and shrinkage the
parameters. The purpose of this shrinkage is to prevent overfit arising due to either collinearity of the covariates or
high-dimensionality [4].

2. METHODS
2.1 Data
The research involved two types of data, i.e. i) precipitation data (the result of GCM model (with RCP2.6 scenario from
Phase 5 Coupled Model Intercomparison Project (CMIP5), 81 members (9x9 grid) and 2.50 x 2.50 resolution), and ii)
rainfall data from Sukadana rain gauge station in Indramayu. All datasets have the time period from 1979 to 2008 (30
periods).

2.2 Procedures
We developed the algorithm for L1 penalty problems in regression using iterative approach based on the likelihood
estimations. The algorithm was translated to R Programming and applied to solve the SDS modeling problems. In the
SDS problems, we used the last year of the data as “validation data”. The best methods compared using Root Means
Square Error (RMSE) and Root Means Square Error Prediction (RMSEP) values. The RMSE and RMSEP are a
frequently used measure of the difference between values predicted by a model and the values actually observed defined
as:
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√∑

̂)

(

(1)

where Yi is observed values and ̂ i is predicted values at i. RMSE uses “training data” while RMSEP uses “validation
data”.

3. RESULTS AND DISCUSSION
Consider linear regression with penalty L1 called the Lasso. We have predictors xij, j=1, 2…, p and response values yi
∑
for the i-th observation, i=1,2,…,n. The lasso solves min ∑ (
) with penalty L1, namely:
∑
for t ≥ 0. We can write the lasso problem in lagrangian form:

{(

∑

) (

∑

)

∑

}

(2)

The shrinkage methods are generally not invariant to the relative scaling of the covariates, so that the covariates should
be standardized. The solutions of Lasso achieved from differentiate equation (2) with respect to equal to zero and
lead us to two theorems as follows.
equal to zero, namely:

|

∑

)

Theorem 1: There are λj that make

|, where

∑
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.
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=
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Since λ and ‖ ‖ are always positives while the sign of
equals to zero.

is equal to sign (

, then

|

| generates ̂

Theorem 2: The minimum λ that implies all equal to zero is
(
).
Proof: Based on the fact that
|
| generates ̂ equals to zero, if all of the ̂ parameters are zero then
. Then the minimum λ is equal to max =
(
).
The solution of ̂ are:
‖

‖

‖

‖

‖

‖

‖

‖

̂
(3)
|

{

|

Suppose the data set involves p covariates which is stored in a matrix X. To estimate ̂ the authors proposed the
following algorithm:
1. Standardize X
2. Set i=0, ̂ = 0
3. For λ=0 to λ =
(
)
a. i = i+1
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b.

For j=1 to p
i. Calculate

∑

ii. Estimate ̂

using equation (3)

c.

4.

Repeat (a) and (b) until (
) < 1e-6
̂
The final estimate of is determined using cross validation approach.

R Programming is used to implementation the algorithm. The result of the algorithm applied to predict rainfall in
Sukadana rain gauge station in Indramayu. We study the result of the implementation of principal component regression
(PCR) and forward stepwise methods show that we could compare the difference between them. For the cases of PCR
there are three different covariate data sets which were used, i.e. i) PCR3x3 containing 9 members, ii) PCR6x6
containing 36 members, and iii) PCR 9x9 containing 81 members. The best models selected using10-fold cross
validation for each methods. Plot between the actual and predicted values for the last year shown in Figure 1.

Figure 1 Actual vs Predicted rainfall using Lasso, PCR and forward stepwise.
The plot shows that the predicted rainfall of linear regression with L1 penalty model is closer to the actual values than
the predicted values by PCR and forward stepwise methods. In fact Lasso yielded smaller RMSE and RMSEP values
compare to others as shown on Table 1.
Table 1 Comparison the methods with RMSE and RMSEP values.
Methods
Lasso
PCR 3 x 3
PCR 6 x 6
PCR 9 x 9
Forward Stepwise

RMSE
71.18507
88.70835
81.67962
80.72966
76.94259

RMSEP
56.14900
86.20323
76.10554
70.47610
60.58123

4. CONCLUSIONS
The algorithm was developed based on the fact that there is a minimum λ which causes all of the parameter estimates
are zero, i.e.
(|
|). When the algorithm was applied to SDS modeling problems, results show that linear
regression with L1 penalty is better than PCR and forward stepwise based on the RMSE and RMSEP values.
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Abstract – The results of the 2010 Population Census (SP2010), showed that the population of
Indonesia amounted to 237.6 million, comprising 119.6 million males and 118.0 million females.
Of these, approximately 82.0 million people, or about 33.4 percent of which is population aged
under 18 years. In the field of employment, there are 3.4 million children aged 10-17 years who
work. The majority of those who work only finished primary school is 75.83 per cent. Children
who work more absorbed in the agricultural sector is 49.24 percent, nearly a third (32.36 percent)
in the service sector, and there was 18.4 percent in the manufacturing sector. On the other hand,
58.16 percent of working children are unpaid family workers. In the agricultural sector the
proportion of children who work as unpaid family workers reached 39.13 percent (BPS, 2012).
This study a ims to assess the weighting matrix better in modeling the factors that significantly
influence the number of child workers in Indonesia. With spatial methods will be obtained several
significant factors that affect the rate of child labor in Indonesia. There are various ways to obtain
spatial regression models, including modeling Spatial Autoregressive Model (SAR) and Spatial
Error Model (SEM). Likewise with the weighted matrix is used, there are a lot of weighted matrix
that can be used. Contiguity matrix is a matrix that describes the closeness between a region with
other regions. The weighted matrix is divided into Contiguity weighted matrix and the weighted
matrix Distance. In the research will be a comparison of two spatial weighted matrix is a matrix
Queen Contiguity and Euclidean distance matrix to model the rate of child labor in Indonesia in
2012. The results showed that the spatial regression model with weighted Euclidean distance
matrix is better than spatial weighted Queen Contiguity as the weighted Euclidean distance matrix
obtained R2 values greater and smaller AIC value, its R2 of 0.933504 and AIC value of 796.006 on
SAR models and R2 of 0.882839 and AIC value of 786.917 in the SEM models.

1. INTRODUCTION
Development of the Government of Indonesia is essentially aims to improve people's lives, both material and spiritual
enhancement. To create targeted development required careful planning. The results of the 2010 Population Census
(SP2010), showed that the population of Indonesia amounted to 237.6 million, comprising 119.6 million males and
118.0 million females. Of these, approximately 82.0 million people, or about 33.4 percent of which is population aged
under 18 years. In the field of employment, there are 3.4 million children aged 10-17 years who work. Papua is the
province with the highest participation of working children in Indonesia. The majority of those who work only finished
primary school is 75.83 per cent. Children who work more absorbed in the agricultural sector is 49.24 percent, nearly a
third (32.36 percent) in the service sector, and there was 18.4 percent in the manufacturing sector. On the other hand,
58.16 percent of working children are unpaid family workers. In the agricultural sector the proportion of children who
work as unpaid family workers reached 39.13 percent (BPS, 2012).
Results Projected 2010 Population Census, in 2011 Indonesia's population is estimated at 243.8 million, and
approximately 33.9 percent of whom are children aged 0-17 years. This shows that investing in children is investing for
more than a third of Indonesia's population. Picture of the child's condition is now becoming an important basis for
making the right policy for children. Children are a group of young people who have the potential to be developed in
order to participate actively in the development in the future. They are a group that needs to be prepared for the
survival of the nation and the state in the future. Embodiment children as young generation of qualified, has
implications for the necessity of giving special protection to children and the rights of its so children are free to interact
in life in society (Indonesian Child Profile, 2012).
Developments in spatial science also provides a substantial contribution in data modeling method that allegedly
influenced by the proximity of the region to the data. Likewise with the data of child labor in Indonesia suspected there
is an indication that the area adjacent mutual influence. With spatial methods will be obtained several significant
factors that affect the rate of child labor in Indonesia. There are various ways to obtain spatial regression models,
including modeling Spatial Autoregressive Model (SAR) and Spatial Error Model (SEM). Likewise with the weighting
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matrix is used, there are a lot of weighting matrix that can be used. Contiguity matrix is a matrix that describes the
closeness between a region with other regions. The weighted matrix is divided into Contiguity weighted matrix and the
weighted matrix Distance. In the study will be a comparison of two spatial weighted matrix is a matrix Queen
Contiguity and Euclidean distance matrix to model the rate of child labor in Indonesia in 2012.

2. METHODS
2.1 Spatial Analysis
Spatial analysis is an analysis of the effect of spatial or space to enter into the analysis. In spatial analysis there is
always a correlation between space which is called spatial correlation. So each observation is not free stochastic (Ward
& Gleditsch 2008). Other types of spatial data between the data points, the data line, polygon data and data latis. Data
points are divided into discrete point and continuous point. Data lines eg road maps, river or coastline. Polygon data for
example as a map garden as it has in terms of irregular shape. Then the data latis eg map province in which there is the
district. In the concept of geography, the nearest neighbor is more related than the rather far apart. Spatial correlation,
the correlation of a variable in a space. If there is a systematic pattern of a variable in space, the spatial correlation.
Spatial regression
Regression analysis with a spatial element regression analysis applied in cases where there is an element of spatial
location and linkages between the location itself. Various types of spatial regression analysis has been developed by
researchers, among others, Logistic Regression Spatial, Spatial Auregresif (SAR), Spatial Error Model (SEM),
Geographically Weighted Regression, etc. The influence on the response variable spatial or explanatory variables lead
to the assumption of freedom of error in the classical regression model are violated, so the classical regression analysis
can not be done. To overcome these problems, we need a model that considers the influence of spatial, ie spatial
regression. Spatial regression is an analysis to evaluate the relationship between the variables with some other variables
with regard spatial effect. General models of spatial regression are as follows:
Global Moran Index and Moran Scatter Plot
Global Moran's I is one of the oldest indicators in spatial autocorrelation (Moran, 1950). Still there is also the de facto
standard for determining the spatial autocorrelation. Applied to the zone or point with continuous variables that are
associated with that point, by comparing the value of the variable at any one location with values at all other locations:

Moran's Scatterplot provide a visual exploratory analysis to detect spatial autocorrelation (Anselin, 1995). The
results shown are the data that has been standardized in the z-score, and instead uses the original data. Acquisition zscore is the difference between the value of the observation value (average) expectations of variables. Standardization
refers to the standard deviation. z-scores are normally distributed and have the following equation.

Moran scatterplot of the data is presented based on the z-score of a location on the axis (x), and the value of the z-score
average of its neighbors on the axis (y). Visually Morans Scatterplot is divided into 4 quadrants. The first quadrant,
located in the upper right quadrant also called High-high. It means having a positive autocorrelation, because the high
value of a location and surrounded by an area that is too high. The second quadrant, located in the lower right quadrant
of the so-called High-Low. That is having a negative autocorrelation, because the high value of a location and
surrounded by an area that has a low value. Visual pattern is a pattern formed outliers with high observation value
(hotspot). The third quadrant, located in the lower left quadrant of the so-called Low-low.its mean have positive
autocorrelation, because of the low value of a location and surrounded by an area that is too low. The fourth quadrant,
located in the upper left quadrant of the so-called Low-high. That is having a negative autocorrelation, because the low
value of a location and surrounded by a high area. Observations known cold spot).
Spatial weighted (Wij)
Contiguity matrix is a matrix that illustrates the close relationship between the regions. Relationships can be
distinguished based neighborhood (Contiguity) and based on the distance (Distance). Adjacency matrix there are several
types such as Queen Contiguity, Contiguity Rook, Bishop Contiguity. While there are several types of distance-based as
well as Euclidean Distance, Distance decay function, K-Nearest Neighbors, Inverse Distance.
Queen Contiguity and Euclid Distance
Lesage (1999) presents the queen contiguity (intersection of side-angle) to measure the proximity of using the principle
of intersection (contiguity) locations. Queen contiguity (the intersection) defines W with values 1 and 0, the value of 1
is given if the common side location or vertex to another location, and otherwise a value of 0 if the location is not
common side or vertex by location other, Wij is the matrix side by side. If the region adjacent to the region k j, the
weighted interaction is 1. Another way to make the weighting W ij based on the distance by comparing the distance and
kj 1 / ejk. Comparing the amount of the value of cross-products in different locations. Two at a time to be weighted by
the inverse of the distance between the location dri. The same correlation coefficient ranges between -1.0 and +1.0.
When high autocorrelation then the coefficient is too high. A high value indicates a positive autocorrelation. W values
calculated using contiguity matrix based relationship neighborhood engaged by step queens on a chess game.
Contiguity matrix would give a value of 1 in the area immediately adjacent to the location of the observation. While the
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rest were given a value of 0 or emptied. Furthermore, any observations which are worth 1 (directly adjacent), given the
weight on each region (bringing the total value to 1). For example 6 has 8 regions immediately adjacent neighboring
areas, each area is worth 1/8.
Euclidean Distance is a search method proximity distance value of 2 pieces of variables. To obtain the weighting
matrix in the i-th location is located at coordinates (ui, vi) is w (ui, vi), and if the location of the j-th equation is used:
dij =√

Spatial Autoregressive (SAR) is a common spatial model that takes into account the correlation between the location
of the observation. SAR model is shown by the following equation:
with
, adalah is the response variable vector with size n x 1, X is the matrix of explanatory variables
with size n x (k + 1), β is a vector of regression coefficients with size parameter (k + 1) x 1, ρ is the spatial lag
autoregresi coefficient, ε is the error vector of size nx 1, and W is a weighting matrix of size n × n. To obtain β in
equation (4), the log-likelihood function is derived to β then get the following equation.

̂

̂

and the alleged error variance obtained as follows

̂

∑

̂

with yi is the response variable at location ̂ is the value of the response variable estimators location i, n is a lot of
observations, and SSE is the sum of squared errors.
Spatial Error Model
Spatial Error Model (SEM) is a common spatial model that takes into account the correlation between the location
error formed. This model is a linear regression model in spatially correlated variables galatnya. Equation of SEM are
shown as follows.
With
, is the response variable vector with size nx 1, X is the matrix of explanatory variables with size
nx (k + 1), Β is a vector of regression coefficients with size parameter (k + 1) x 1, λ is the spatial error autoregresi
coefficient, u, ε is the error vector of size nx 1, and W is a weighting matrix of size n × n. To obtain β in equation (5) we
used the maximum likelihood method with β as follows

̂

̂

[(

)(

̂

)]

(

̂

)(

̂

)

And we have a variance error estimation

̂

2.2 Procedures
The data used in this research is data of Child Labor and the Population Census (SP) 2011, which consists of data
that is used as the response variable in this study is the data of children aged 10-17 years worked by province in
Indonesia. Based on the definition in question refers to the Children Act No. 23 of 2002 Article (1) Paragraph (1) shall
use the data working children aged 10-17 years in each province in Indonesia. Then it will be seen from the data which
becomes hotspot provinces in the number of child workers. While the explanatory variables used were the number of
villages that have school facilities (X1), population (X2), the number of poor people in urban areas (X3), the number of
poor in rural areas (X4), the percentage of the population is illiterate (X5), school enrollment rate (X6), marital status
over the age of 10 years (X7), the number of households using public transportation more than 6 families (X8), number
of Civil Servants (X9), the open unemployment rate (10), and the per capita income of each province (X11).

3. RESULTS AND DISCUSSION
Do exploration of data to see the distribution of the data with each scatter plots and correlation of explanatory variables
on the response variables, assuming some offense allegedly occurred, the multicolinearity. Based on the AndersonDarling normality test p-value of more than alpha 0:01. thank H0 decision. With 90% level ofconfidence can be stated
that the normal spread error, error normality assumptions are met. Based on the scatter plot between the fitted values
and residuals, seen scattered dots randomly spread not, it can be said that the data is homogeneous. Brush With Pagan
test shows that the data homogeneous. Durbin Watson test results obtained by the decision that there is autocorrelation.
This is possible because of the presence of spatial effects that affect the data.
Spatial effects tests
Spatial effects can be divided into two parts, namely the spatial autocorrelation and spatial diversity.
Spatial autocorrelation occurs as a result of reliance on spatial data (spatial error correlation). While the spatial
diversity is due to the difference between one region to another (random region effect).
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Spatial autocorrelation (moran index)
Test results with moran index data showed that there is spatial autocorrelation, because there is spatial
autocorrelation. the modeling of the relationship between the dependent and independent variables will be analyzed
with spatial regression.With morans results scatter plot as follows:

Figure 2 Moran Scatter Plot
Here are the results Autoregressive Spatial Model (SAR) with Queen Contiguity and Euclidean Distance
SAR
Spatial Weighted
AIC
R square
Queen Contiguity
797.913
0.929201
Euclid Distance
796.006
0.933504
And here the results Spatial Error Model (SEM) with Euclid Distance and Euclid Distance
SEM
Spatial Weighted
AIC
R square
Queen Contiguity
800.172
0.878893
Euclid Distance
786.917
0.882839
Based on the output above shows that In the research will be a comparison of two spatial weighted matrix is a matrix
Queen Contiguity and Euclidean distance matrix to model the rate of child labor in Indonesia in 2012. The results
showed that the spatial regression model with weighted Euclidean distance matrix is better than spatial weighted Queen
Contiguity as the weighted Euclidean distance matrix obtained R2 values greater and smaller AIC value, its R2 of
0.933504 and AIC value of 796.006 on SAR models and R2 of 0.882839 and AIC value of 786.917 in the SEM models.

4. CONCLUSIONS
In the data of children aged 10-17 years who worked in mind that there is a spatial effect between provinces in
Indonesia. By using the spatial weighted matrix Queen Contiguity and Euclid Distance, obtained results show that the
close relationship between provinces in Indonesia better by using spatial weighted matrix Euclidean Distance compared
to the spatial weighted matrix Queen Contiguity, which can be seen from the values of AIC and R2. This is due to the
geographic region of Indonesia consists of islands separated by oceans.
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Abstract – Quadratic Assignment Problem (QAP) is an NP-hard problem [1]. Therefore, solving
this problem by means of complete enumeration will be practically impossible as the problem gets
bigger. In order to solve QAPs, one of the approximation approaches is the Ant Colony
Optimization (ACO). The very first ACO algorithm is Ant System. Even though Ant System can
provide feasible solutions, it still has a downside; Ant System gives poor results. Many researches
have been conducted to improve Ant System, leading to a high number of ACO extensions which
give better performances and results. One of these extensions is MAX-MIN Ant System, which
is directly derived from Ant System. In order to see the differences, both Ant System and MAXMIN Ant System are used here. Along with them, the third algorithm used is Fast Ant System,
known as FANT. FANT is not an ACO algorithm, but it is inspired by the definition of ACO,
therefore it will be used as well here. There are a number of test cases to input to the program.
These inputs will generate outputs to be analyzed. The three algorithms are compared to see how
effective their performances are.

1. INTRODUCTION
In order to gain a feasible solution of a mathematical problem, right methods are needed. The harder the problem is, the
less methods are available. Even for some really hard problems, no single method can give the best feasible solution to
the related problem. These problems are called NP- problems, where no algorithm can solve it in polynomial time.
QAP is one of these problems. It is known as one of the most difficult combinatorial optimization problems. Solutions
for QAP are considered crucial, as QAP itself can model many real life problems [2].
In order to get a solution for NP- problems, some tradeoff must be adjusted. In this case the quality of solution must
be reduced in order to reduce the computational efforts. This is basically the idea of what so called heuristic
approaches. They try to approach the best solution they can get instead of enumerating through the whole
neighborhood of solution. In this paper, the authors choose to use Ant Colony Optimization (ACO) due to some
reasons. First, this method is relatively new, thus it may have some potentials to be explored. Second, ACO is a very
general algorithm which makes it so flexible to implement.

2. METHODS
2.1 Quadratic Assignment Problem (QAP)
QAP is a hard NP- problem as said in [5] and proved in [7]. It was introduced by Koopmans and Beckmann in 1957
[1]. The problem is defined as an assignment of n facilities to n locations with the cost being proportional to the sum of
flow between facilities multiplied by distance between locations where those facilities are located. The objective is to
find such assignment that gives minimum cost.
Given two matrices
[ ] and
[ ] where elements of each matrix denote distance between location i and j;
and flow from facility i to j, respectively. Then QAP can be stated as follows
( )

∑∑

where S(n) denotes a set of permutations 1, ..., n representing the assignment of facility i in location
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(1)
.

2.2 Ant Colony Optimization (ACO)
ACO was proposed by Marco Dorigo in 1992 and designed to solve hard combinatorial optimization problems. The
idea was originated from the way real ant colonies work while foraging for the food. Analogical to the food finding,
each artificial ant is responsible to find a certain solution of a mathematical problem. While building a solution,
artificial ant involves many stochastic decision makings, which policy determines which path that ant should take, and
depends directly on the pheromone trail and heuristic information. After ants finish building solutions, the algorithm run
will enter a stage called pheromone update, which consists of two steps: pheromone evaporation and pheromone
reinforcement. All these processes will keep repeating themselves until some certain conditions are achieved. For
artificial ants, they may stop after certain quality of solutions are achieved, or directly declared that these processes will
stop after a certain number of iterations, or when the convergence is achieved and further run of the algorithm will not
generate any other solution. In this paper we compare three extensions of ACO: the Ant System (AS), the MAXMIN Ant System (MMAS), and the Fast Ant System (FANT).
Let ( ) denotes the probability that ant k chooses state
at time t,
be the pheromone trail in state
the heuristic information on state , then the probability function of AS can be stated as follows
( )

[
∑

]

[

]

[

]

[

]

, and

be

(2)

According to [4],
(
). Both  and  are parameters that indicate an indirect connection between heuristic
information and pheromone, which one of them should be more affective. Based on the pheromone update policy rule
[4], it can be said that AS has no exploitation at all, as all ants participate in updating the pheromone trails.
The probability function for MMAS can be stated as follows
( )

( )
∑

( )

(3)

MMAS is a direct improvement over AS [4, 9]. After building solutions, only one ant will update the pheromone trails.
This ant can be either the iteration-best ant or global-best ant [1]. The important idea behind this method is exploitation
on the best solution, and an effort to avoid stagnation by limiting the pheromone trails at a certain range of
]. As said in [6], during the entire algorithm run, the pheromone trails will be kept in this range.
value[
Basically, MMAS is an ACO algorithm that has static lower bound on its pheromone trail, thus it should have
convergence in value property. But in this paper, the authors purposely set
in order to raise convergence in
solution property instead of convergence in value. By doing so, the author expected a quick convergence that will make
this algorithm runs very fast.
FANT was inspired by ants too, but it is actually not an ACO algorithm because FANT only uses one ant instead of a
colony of ants, thus the term local optimum cannot really be used in this context as no other solutions are available to
compare. FANT does not use heuristic information while building its solutions, so the probability function is same with
MMAS. The difference is in the pheromone update processes [4]. Due to the fact that only one ant is used, this
algorithm has low complexity and quality of solution highly depends on parameter tuning. One thing to be sure is that
this algorithm can be executed really fast, much faster than the other two.

2.3 Implementation of ACO into QAP
Generally, when applying ACO algorithms to solve a combinatorial optimization problem, it is convenient to represent
(
), where C represents the components and L represents a set of connection to be
the problem as a graph
optimized [4]. In this case, C is represented with the matrices of distance and flow, D and F.
To define solution, in QAP a solution is a set of n assignments of n facilities to n locations. In order to obtain this
solution, each ant iteratively collects states, where state
can be defined as an assignment of facility i to location j.
ACO in this paper is improved by the use of 2-opt local search [9].

3. RESULTS AND DISCUSSION
In order to observe the performance of AS, MMAS, and FANT, the authors applied them to 55 instances from
QAPLIB [3]. Each algorithm ran each test case five times, the result were then compared to the best solution that has
been found in QAPLIB to figure out the relative error rates. The 55 problems chosen from QAPLIB are: chr12a, chr12b,
ch12c, nug12, had12, had14, nug14, chr15a, chr15b, chr15c, nug15, esc16a, esc16b, esc16d, esc16e, esc16g, esc16i,
esc16j, had16, chr18a, chr18b, had18, els19, chr20a, chr20b, chr20c, had20, lipa20a, lipa20b, chr22a, chr22b, chr25a,
bur26a, bur16b, bur26c, bur26d, bur26e, bur26f, bur26g, bur26h, kra30a, kra30b, lipa30a, lipa30b, esc32a, esc32b,
esc32c, esc32d, esc32e, esc32g, esc32h, lipa40a, lipa40b, and esc64a. The dimension of these problems are from n = 12
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to n = 64, and the number of optimum results in the library for each problem varies from 2 solutions (esc32e), 116
solutions (esc64a), to 17212548 solutions (els19). For each algorithm and each problem, the average error and the best
error are calculated.
Some results are displayed in Table 1. The column Problem and n list the names of the problems and their dimension.
Column Optimum lists all optimum results stored in QAPLIB. And last, column Avg and Best show average and best
error rate respectively.
All AS used ⌈ ⌉ ants, Q = 1, and stopped after 5000 iterations. Each MMAS also ran ⌈ ⌉ ants but only for 100
iterations, because all the MMAS tests have converged (in solution) before 100 iterations, thus running for 5000
iterations would be pointless. In fact, some cases could converge after 20 iterations. For FANT, all runs stopped after
5000 iterations like AS.
Table1 Some results of AS, MMAS, and FANT (three out of 55 test cases)
Problem

n

Optimum

MMAS

AS

FANT

Avg

Best

Avg

Best

Avg

Best

els19

19

17212548

0.0341

0.0247

0.0055

0.0000

0.1527

0.1507

esc32e

32

2

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

esc54a

64

116

0.1621

0.1034

0.0035

0.0000

0.6690

0.4483

Using all data (from all 55 test cases), two statistical test were conducted. The first was Friedman test, to see if there
was difference between average error rates of those algorithms. The hypothesis is set as follows: H0 :
, H1 : not all the means are equal. Running the test on SPSS on significance level 0.01,
the p-value obtained equals to 2.6596x10-17. Therefore it can be concluded that there was a significant difference in the
true means of average error rates of AS, MMAS, and FANT. The second test was two Wilcoxon signed rank tests to
see deeper differences between these algorithms. Both tests were performed at significance level 0.01. The first
Wilcoxon test compared average error rates AS and MMAS, and it can be concluded that the H0 : the mean error of
MMAS > AS is rejected, thus error rates of MMAS are concluded to be significantly lower than AS. The second
Wilcoxon test compared average error results of MMAS and FANT, and it can be concluded that the error rates of
MMAS are significantly lower than FANT. Combined with the first Wilcoxon test, MMAS can be said to be the best
algorithm in solving QAPs compared to the other two algorithms due to its significantly lowest error rates.
The next thing to be analyzed is how the best algorithm, MMAS, relates with the dimension of the problem (n). The
hypothesis tests needed is non-parametric one, since the error rates of MMAS does not fit Gaussian distribution.
However, the common correlation test (Spearman correlation) cannot be used in this case, as the data in both columns
are not unique. In order to use other tests and to make it simple, the data in both columns will be converted into ordinal
type. These conversions can be illustrated as an effort to group data into three classes. For n, all data from 12 to 20 will
be considered as first group, 21 to 30 as second group, and 31 to 64 as third group. On the other hand, for average error
rates of MMAS, all data from 0 to 0.01 will be the first group, any number higher than 0.1 will be the third group, and
all number in between as second group. By defining this conversion, the contingency table can be generated, and as
some values are less than 5 the Fisher Exact Test was used resulting to p-value of 0.5613. The H0 assumes that the two
populations are not related. Since the p-value obtained here is pretty high, therefore H0 can not be rejected, and it can be
concluded that difficulty in solving QAP using MMAS-ACO does not relate with the dimension of the problem itself.

4. CONCLUSIONS
AS and FANT are proven to give poor results, compared to MMAS. In fact, MMAS can give favorable results when
it is forced to converge in solution by setting
. This makes MMAS as the best algorithm in this case, in both
quality of solutions and the computational effort needed. Furthermore, by using Fischer Exact Test, it is also concluded
that the quality of solutions built by MMAS-ACO algorithm do not depend on the dimension of the problem.
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Abstract – HIV (Human Imunnodeficiency Virus) and AIDS (Acquired Immune Deficiency
Syndrome) is one of the health problems. Recently, there is no country that is free of HIV/AIDS
and HIV/AIDS has led to a multidimensional crisis, especially in the health field. A nonlinear
mathematical model of HIV/AIDS transmission has been studied analytically and numerically
using dynamic analysis and sensitivity analysis. Effective reproduction rate is calculated using the
next generation matrix. From the analysis of the four epidemiological situations in population, it
was concluded that the endemicity of HIV can be reduced using the screening program unaware
infectives and therapy program at infectives in the population screened. Using demographic data in
Malang with initial population in 2012, the effective reproduction number is equal to 3.9996. The
sensitivity analysis shows that the most sensitive parameter is the contact rate (frequency
relationship) of unaware infectives with suscepribles followed the screening rate, the rate of
progression of unaware infectives to screened infectives and the rate of HIV therapy. By
decreasing the contact rate (frequency relationship) between unaware infectives, screened
infectives and therapy infectives with susceptibles will decrease the effective reproduction. By
increasing the value of the rate of screening, treatment rate and the rate of progression of unaware
infectives to screened infectives will reduce the spread of HIV disease.

1. INTRODUCTION
Human Immunodeficiency Virus (HIV) is a virus that attacks and destroys the immune system in the human body.
People with AIDS (Acquired Immune Deficiency Syndrome) lost so many white blood cells (CD4 cells). If the CD4
cells are available 200 cells/mm3 of blood, then the body is not adequately
protected.
A nonlinear mathematical model was used to evaluate the impact of screening programs and HIV therapy in models of
the spread of HIV in the population (Malang).
Screening is one of the strategies or interventions are most common to control the spread of HIV infection. Screening
programs have a substantive effect on the spread of HIV. Many people who are infected but they do not know that he
was infected, and people who knew that he was infected through VCT screening does not always take precautions
when having sexual intercourse. In individuals who detected the infection can be motivated to change their behavior
and take precautions such as receiving HIV therapy using antiretroviral drugs that reduced the risk of HIV infection
and should be individuals who are not infected.
Currently, the development of screening programs and the effectiveness of HIV treatment is not adequate despite
increased program coverage. Many aspects of the response is not yet known, for example, the phenomenon of the
spread of the HIV epidemic. This is where the need for research through mathematical modeling to help explain the
phenomenon of epidemic spread of infectious diseases such as HIV / AIDS.

2. METHODS
A HIV models with screening and therapy is described using a model compartment where the population
demographically divided into five subclass: susceptibles (S), unaware infectives (I1), screened infectives (I2), trerapy
infectives (T) and AIDS patients (A). The model assumed that: transmission rate (  ) proportional to the susceptibles,
and the ratio between the number of infected population and the total population; unware infectives can be screened
infectives at rate  ; only screened infectives can be therapy infectives at rate  ; unware infectives, screened infectives
and therapy infectives move to full blown AIDS at different rates  1 ,  2 and  respectively (    2  1 ); unware
therapy infectives can infect susceptibles at different rates 1 ,  2 and  3
respectively (  3   2  1 ); the reqruitment rate into susceptible  ; the AIDS related dead rate  and the natural
mortality rate  . Model parameters obtained from secondary data (RSU, Dinkes Kota/Kabupaten Malang and relevant
infectives, screened infectives

and
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references) and the initial population using HIV / AIDS cases in 2012. To analyze the behavior model of the spread of
HIV with screening and therapy use dynamic analysis. We perform sensitivity analysis in order to determine the
relative importance of model parameters to disease transmission. Numerical simulation to verify the analytic results
using Matlab and Maple.

3. RESULTS AND DISCUSSION
3.1 Model
The HIV epidemics is modeled by the following nonlinear system ([3]):
dS
   S  S
dt
dI1
 S  (   1   ) I 1
dt
dI 2
 I 1  (   2   ) I 2
dt
dT
 I 2  (   )T
dt
dA
  1 I 1   2 I 2  T  (   ) A
dt



(1)

c11I 1  c2  2 I 2  c3  3T
, N  S I 1  I 2  T  A
N

with initial conditions

S(0)  S0 , I 1 (0)  I 10 , I 2 (0)  I 20 , T (0)  T0 , A(0)  A0 .
The set of feasible solutions of the system (1) is given

(2)



  (S, I 1, I 2 , T , A)  R 5 S  I 1  I 2  T  A  N  .
(3)


It can be verified that  is a positively invariant set with respect to (1).
According [3], the disease-free equilibrium point of system (1) is E0  (S* , I 1* , I 2* , T * , A* )   /  , 0, 0, 0, 0 and
the effective reproduction number Ref is given
c  (   2   )(   )  c2  2 (   )  c3  3
Ref  1 1
.
(4)
(   1   )(   2   )(   )
Theorem 1 The disease-free equilibrium of the HIV model system (1) is locally asymptotically stable if
unstable if

Ref  1 and

Ref  1.

Theorem 2 The endemic equilibrium of system (1) is locally asymptotically stable if
The four situations in model with screening and therapy:
(a) If   0 and  3  0, the therapy-induction reproduction number,

RT 

(b) If   0 and   0, the screening-induction reproduction number,

Ref  1.

c11 (   2   )  c2  2
.
(   1   )(   2   )

RS 

c11 ( 2   )  c2  2
.
(   1   )( 2   )

(c) If   0,  2  0,   0 and  3  0, the screening&therapy-induction reproduction number,

(d) If   0, the basic reproduction number, R0 

RST 

c1 1
.
  1  

c1 1
.
1  

3.2 Sensitivity Analysis
Sensitivity analysis tell us how important each parameter is to disease transmission. Sensitivity analysis is used to
discover parameters that have a high impact on Ref and should be targeted by intervention strategies. Sensitivity indices
of the threshold value is calculated using an approach such as that done by [1].
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Definition 1 The normalized forward sensitivity indices of Ref ,that depends differentiably on a parameter p, is defined
by
u

Ip

Ref
p



p
.
Ref

(5)

Using model parameter values:
1  0.96, 2  0.22, 3  0.20,   0.6,   0.143,   0.99, c1  3, c2  2, c3  1,1  0.20, 1  0.01,   0.001 and   434981.
obtained
Ref  3.9996, RT  3,8564, RST  3,5368, RS  16,8785 and R0  13,4391. Table 1 shows the sensitivity
indices of parameters with respect to Ref.
Table 1 Sensitivity indices of reproduction number
Parameter
1 dan c1

Sensitivity indeces
RT
RS
0.9171
0.2095
-0.6539
0.0536
-0.2456
-0.2456
-0.0809
0.0828
0.7905
-0.0187
-0.4827
-0,0008
-0.3253

Ref
0.9163
-0.6211
-0.2456
-0.1124
0.0799
0.0358
-0.0197
-0.0011



1



 2 dan c2
 3 dan c3

2

RST
1
-0.7368
-0.2456
-0.0176
-

R0
1
-0.9333
-0.0667
-

From the second column in Table 1 shows the parameters are ordered from most sensitive to the least sensitive. For
positive sensitivity indices, for example 1 ( c1 ) increasing (decreasing) 10% , then value Ref value increased
(decreased) 10%  0,9163  0,0916. For negative sensitivity indices, for example  increasing (decreasing) 10% ,
then Ref value decreased (increased) 10%  0,6211  0,0621.

3.3 Numerical Simulation
The simulations were carried out using parameter values with the initial conditions:
N(0)  2.916.893, S(0)  2.912.403, I1(0)  2.408, I 2 (0)  539, T (0)  519, A(0)  1.024.
The final time was t f  10 years and computations were run in Matlab with the ode45 routine. This function
implements a Runge-Kutta method with a variable time step for efficient computation.
Figure 1 shows that the proportion of susceptibles, unaware infectives, screened infectives, therapy infectives and AIDS
patient versus time and then reaches its equilibrium position.
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Figure 1 Proportion of population in different classes
Figure 2 shows the variation of proportions of unaware infectives for different values of  . It shows increases in
screening rate, reduces the effective reproduction number value. This show the screening of unaware HIV infectives
have the effect of reducing the transmission of the disease.
Figure 3 shows the variation of proportions of unaware infectives and AIDS patient for different values of.  2 . It is
seen that in the absence of screening of unaware infectives, the higher proportion of unaware and screened infectives
respectively leads to increase of the proportion of AIDS patients. Thus screened
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Figure 2 Proportion of unaware infectives for different value 
infectives should be abstain from sexual interaction and therefore reducing the transmission of HIV and the AIDS
epidemics. It also accurs in the proportion of unaware infectives and AIDS patients for different values of  3 (Figure
4).
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Figure 4 Proportion of unware infectives and AIDS patient for different values  3

4. CONCLUSIONS
A nonlinear mathematical model has been used to numerically assess effect of screening interventions on unaware
infectives and HIV therapy on infectives screened in the spread of HIV in Malang. HIV infection will continue to exist
and persist in Malang (Ref=3.9996).
The contact rate (frequency relationship) between unaware infectives, screened infectives and therapy with susceptible
infectives will decrease the effective reproduction. The most sensitive parameter is the contact rate (frequency
relationship) of unaware infectives with suscepribles followed the screening rate. If screening and therapy rate is
increased will reduce the spread of HIV infection

5. REFERENCES
1. Anonim, 2012, Profil Kesehatan Provinsi Jawa Timur Tahun 2012, Dinkes Provinsi Jawa Timur, Surabaya
2. N. Chitnis, J.M. Hyman and J.M. Cushing, 2008, Department of Public Health and Epidemiology, 70, 1272-1296.
3. Marsudi, Marjono dan A. Andari,, 2014, Evaluasi Dampak Program Skrining dan Terapi HIV dalam Upaya
Pencegahan Penyebaran HIV di Malang Melalui Analisis Sensitivitas Model Matematika, Laporan Hibah
Penelitian Unggulan Perguruan Tinggi (Tak Diplubikasikan), LPPM Universitas Brawijaya,
4. R. Safiel, E. S. Massawe and O. D. Makinde, 2012, American Journal of Mathematics and Statistics, 2 , 75 - 88.
5. A. Tripath. R. Naresh. and D. Sharma, 2007, Applied Mathematics and computation, 184, 1053-1068.

313

Proceeding of The 5th Annual Basic Science International Conference
Received: Feb 13th, 2015; Accepted: Mar 23rd, 2015; Published online: April 11th, 2015.

Sensitivity Analysis of Crew Competence and Size to
Maintenance Cost for Fishing Vessel Using System
Dynamics Modeling
Yuniar Endri P.1*, A.A.B. Dinariyana1, Trika Pitana2
1

Master Student of Department of Marine Engineering, Faculty of Marine Technology,
ITS, Surabaya, Indonesia
1,2
Lecture of Department of Marine Engineering, Faculty of Marine Technology,
ITS, Surabaya, Indonesia
* Corresponding authors: [Yuniar.endri13@mhs.na.its.ac.id]
Abstract – Maintenance activities, both preventive and reactive maintenance, is inseparable from
the role of the crew, in terms of the competence and crew size in performing maintenance
activities. Crew’s competence known from received education and training, expertise and
experiences. Competence of the crew is not enough to ensure the implementation of maintenance
activities, the need of crew co-operation to produce synergy to carry out activities well. The
method is a System Dynamics modeling using causal relationships in developing the model of a
complex system. This method gives a clear understanding of the actions and responses generated
from a system. The use of this method is more emphasis on how the behavior of the system.
Relation to the crew skills and the total of the maintenance crew at the fishing vessel for the
human factor has a dynamic nature, changing with time as well as the phenomenon that contains
feedback, meaning that the treatment of the crew at this time is the feedback from the treatment of
the crew at the future. The purpose of this study is to model the competence and number of the
maintenance crew on the fishing vessel’s maintenance costs by using dynamics system approach
and recommend a choice of the most effective treatments between the crew number and the crew
competence for the fishing vessels operation resulting in minimum maintenance cost. This study
was conducted to obtain the influence of crew competence variables and the crew size on the cost
of maintenance is done using dynamics system simulation. Through this dynamic system modeling
and simulation system defined concept model of the maintenance activities with certain reliability
values. The modeling based on the identification of the variables in the system, arranged in a
causal loop diagram. System Dynamics modeling, simulated using number of the crew as variable
to know the affect to total maintenance cost. The results of the simulations show that crew size
increase, it will affect the increase in the total maintenance cost. The maintenance costs are
influenced by the reliability of the system, time to maintain and crew size.Simulation of dynamics
system for crew skill by changing the crew skills variables with an initial value of 100%, increased
to 120%, 130% and 140%. The simulation shows that increasing crew skill can affect the
reliability of the system and then affects the maintenance cost. With increasing numbers of crew
skills, the total cost for maintenance in a year will be reduced.

1. INTRODUCTION
Maintenance is an action to maintain the condition of the equipment and increase the lifetime of the equipment. Each
component of the machine or system has a certain lifetime, which is the lifetime will be decreased with increasing
operating time.
Crew’s competence known from received education and training, expertise and experiences. Field problem is
sometimes the competence of the crew is not enough to ensure the implementation of maintenance activities, the need
of crew co-operation to produce synergy to carry out a good maintenance activities.
The concern of this study is how the impact of the crew number and crew skill on maintenance cost efficiency care on
board.
The purpose of this study is to modeling competence, number of the maintenance crew and maintenance costs on the
fishing vessel by using dynamics system approach. Further, to recommend a choice of the most effective treatments
between the crew number and the crew competence for the fishing vessels operation resulting in minimum maintenance
cost.
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2. METHODS
The research method is intended to explain the steps being taken in this study, including identification, system dynamics
modeling, testing and conclusions.
Problem identification aims to obtain an overview of the problems that are being observed. Problems in this study
include the effect of crew skill and crew size to operating costs of fishing vessels. Literature study aims to obtain
references and related theoretical basis and support in the implementation of this study.
Data collected through interviews with managers and crew and secondary data such as bank data and research that has
been done.
Modeling and simulation system concept model of the scenario, associated with maintenance of the ship and the total of
maintenance crew competence.
Maintenance activities are influenced by the level of reliability of a component. In performing corrective maintenance
required number of crew who able to handle the work. Maintenance time is influenced by the crew skills, which made
possible a shorter maintenance time if the crew skill increased. To improve crew skills, training is required for the crew
as well as the experience of the crew. With the implementation of this maintenance involving reliability, crew skills and
the number of crew will have an impact on maintenance costs. Modeling is done by identifying the variables in the
system are then arranged in a causal loop diagram
Model testing is conducted to see the correspondence between the model simulation behavior with actual system
behavior. Each variable in the model must be able to describe the conditions that occur in the real condition.
Furthermore, the model is used to test the competence of the crew and the crew size so that can determine its effect on
maintenance costs.
Once the model structure have described the behavior of the system in the real condition, further developed to design
and evaluate policies. This was done to assess the effect of policy alternatives in maintenance activities related to
human resources, the choice is increase crew skill or the crew size that will reduce maintenance cost.

3. RESULTS AND DISCUSSION
Modelling the condition of systems was conducted to determine how long the components can maintain operational
conditions related to the value of the component reliability. Refer to the behavior of the system that the chances of
failure increase over time, so it needs to be done to improve the chances of successful treatment systems.
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Figure 1 System Dynamics Modeling
Reliability in System Dynamics modeling is influenced by the failure rate and maintenance. Auxiliary "Failure rate" is a
function that reduces the value of the level of reliability based on the failure rate of the system and the operational time.
Auxiliary failure rate works based on the level of system condition, which is a logical function, if the level of system
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condition is true, the auxiliary failure rate will be working as an outflow rate of the value of the level of Reliability in
accordance with the rate of failure.
First test is change the value of crew skill level to 110% to 180% results trend of cost reduction to achieve optimum
cost. systems with a lower limit value of the reliability 0.6, an increase in crew competence impact on the total
maintenance cost up to the level of 120% with a reduction in the total cost of Rp. 937 840 317, - to Rp. 795 522 850, -.
for systems with a lower limit value of reliability 0.7, improving the competence of the crew reaches the minimum
value up to the level of 130% with a reduction in the total cost of Rp. 1350320498, - to Rp. 1046160476, -. Furthermore,
for a system with a lower limit value of 0.8 reliability, improving the competence of the crew reaches the minimum
value up to the level of 130% at a total cost reduction of Rp. 2484640996, - to Rp. 1483509324, -.

Figure 2 Trend of cost reduction with different crew skill level
Next test is change the value of crew size from 1 to 8 crews result trend of cost reduction to achieve optimum cost.
increasing crew size can reduce the total maintenance cost, but there is an optimal value of the increase in crew size
when the number of crew increased intensified result increasing in total cost. The optimum values of the crew are on the
increase in two or three crews to perform maintenance activities.

Figure 3 Trend of cost reduction with different crew size
After testing to crew skill and crew size, further the test results that have been made known to the total cost graph
illustrating the relationship between the increase in crew size and crew skill to maintenance costs.

Figure 4 Optimum cost for crew skill and crew size
Maintenance Policy that can be taken to minimize maintenance costs for a system with a minimum reliability 0.6 is
increasing crew skill to 120% without increasing crew size, for a system with a minimum reliability 0.7 is increasing
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crew size by two people with the skill level of 130% and for system with minimum reliability 0.8 is increasing crew
size by three people with crew skill at level 130%.

4. CONCLUSIONS
Crew skill and crew size modeled using four loops called Reliability, Operational time, system condition and
maintenance costs related to each other. Simulation shown the crew skill or crew size has optimum value resulting in
minimum total cost. The simulation results at the lower limit value of the reliability for 0.6, 0.7 and 0.8, the optimum
value of crew skill known at the level of 120% and 130%. The optimum crew number on crew skill level of 100%
amounting to two or three crews to obtain the minimum total cost.
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Abstract – Controlling quality of products is not easy, because there is a certain amount of
variability in every product although the production process was well designed. Therefore quality
control tools is needed to keep production process stable and in accordance with the specifications.
One of quality control tools that can be used to control production process is Statistical Quality
Control (SQC). SQC has amount of methods. Method that used in this paper is Exponential
Weighted Moving Average (EWMA) control chart. EWMA control chart is more effective than
Shewhart control chart in detecting small shifts in a process because EWMA control chart use
previous sample. This paper using data of compressive strength after 7 days of portland pozzolan
cement that producted by PT Semen Indonesia (Persero) Tbk. Applied of EWMA control chart on
compressive strength of cement wished be able to enhance the Quality Control performance in
evaluating production process, so quality of cement is incontrol. Data of compressive strength of
cement is following Hyperbolic Secant distribution with
and
. EWMA control chart is constructed using amount of smoothing parameter called
( 0.15, 0.2, 0.25 and 0.3) and
. Based on EWMA control chart of this data, can be
concluded that compressive strength of cement is incontrol. In addition, small will make control
limit has small area and make ARL1 has small value.

1.

INTRODUCTION

Maintaining the quality of production is important for company, because quality has become one of the most important
consumer decision factors in the selection among competing products and services [1]. Therefore quality control tools is
needed to keep production process stable and in accordance with the specification. Statistical Quality Control (SQC) is
one of quality control tools that can be used to control production process. According to Cho [2] the purpose of
statistical quality control is to achieve excellence in product quality. One of the tools in statistical quality control is a
control chart. Control chart is a graphic representation of the variation in the computed statistics being produced by the
process. It has a decided advantage over the grouped distribution method of presenting data in that it shows the manner
in which the variation of a particular group of data, representing process characteristics was produced [3].
Control chart was first proposed by Dr. Walter A. Shewhart and developed control chart called Shewhart control charts.
Shewhart control chart uses only information about the process contained in the last sample observation and ignores any
information given by the entire sequence of points. Thus the Shewhart control chart relatively insensitive to small
process shifts [1].
The Exponentially Weighted Moving Average (EWMA) control chart was introduced by Roberts (1959). The EWMA
control chart is a good alternative to the Shewhart control chart when we are interested in detecting small shifts. EWMA
control chart weights the current sample by a value , the sample prior to that is weighted by
, the third prior
sample by
, and so on. Thus, all of the sample observations are considered, but the most weight is given to
the current sample means [4].

2. METHODS
2.1 Data
The data used in this paper is the quality of the compressive strength (kg / cm2) after 7 days of cement types PPC
(Portland Pozzolan Cement) produced by PT Semen Indonesia (Persero) Tbk in October 2014 and November 2014.
Quality measurement is done every day, with a sample of the composite of production every 2 hours.
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2.2 Procedures
EWMA control chart would be constructed by plotting
chart is given by

versus the sample number i, the statistic of EWMA control

where
is smoothing parameter and starting value (
is mean proses (
Statistics are needed to construct the control limits is variance from (
).

.

the control limit of EWMA control chart is

(Montgomery, 2009)
The ARL is the average number of points that must be plotted before a point indicates an out-of-control condition. The
value of ARL1 wished as small as possible because the state of out-of-control wants to be detected as soon as possible.

3.

RESULTS AND DISCUSSION

From the test results with EasyFit software, distribution that best fits the data is Hypersecant distribution with
=238.14 and =19.869. From Figure 1 it can be seen that there is one extreme value of the data, this extreme value
causes the data skew to the left.

Figure 1 Data distribution
After getting the average and standard deviation of the observations, the EWMA control chart can be constructed. In
this paper, the smoothing parameter used is 0.15, 0.2, 0.25 and 0.3.

(a)

(b)
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(c)

(d)

Figure 2 (a) EWMA control chart of data with L=3 and
(b) EWMA
control chart of data with L=3 and
(c) EWMA control chart of data with
L=3 and
(d) EWMA control chart of data with L=3 and
From Figure 2 (a) to Figure 2 (d) it can be seen that all observations are within the control limits so that it can be said
that the compressive strength of the cement is controlled statistically. However, the EWMA control chart with λ = 0.3
there is one observation which is adjacent to the lower control limit. Of the control chart that constructed can be seen
that the smaller the value of λ, the control limits are established to be more narrow and patterns from the point of
observation will be more subtle.

Table 1 (Average Run Length of EWMA control Chart)
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1.1

1.8961

1.7923

1.6955

1.6067

1.4541

1.3332

1.2400

0.2

2.1898

2.0455

1.9130

1.7931

1.5907

1.4333

1.3132

0.25

2.5266

2.3336

2.1590

2.0031

1.7439

1.5454

1.3954

0.3

2.9210

2.6688

2.4436

2.2448

1.9191

1.6733

1.4893

1.9

2

2.1

2.3

2.5

2.7

3

0.15

1.1694

1.1413

1.1171

1.0791

1.0521

1.0334

1.0161

0.2

1.2228

1.1867

1.1557

1.1066

1.0713

1.0465

1.0232

0.25

1.2830

1.2382

1.1996

1.1383

1.0939

1.0622

1.0320

0.3

1.3520

1.2973

1.2502

1.1751

1.1204

1.0810

1.0427

In this paper ARL1 values calculated at λ = 0.15,0.2,0.25 and 0.3, with values of δ = 0.1 to 3. Table 4.2 shows ARL1
value of control chart formed. Form Table 4.2 known that if the value of lambda is small, then the value of arl is also
small.

4.

CONCLUSIONS

Data of compressive strength of cement is following Hyperbolic Secant distribution with
and
. Based on the control chart formed, can be concluded that compressive strength (kg / cm2) after 7 days
of cement types PPC (Portland Pozzolan Cement) produced by PT Semen Indonesia (Persero) Tbk is incontrol. Small
value of will make control limit has small area and the pattern of data is more subtle, small value of
also make
ARL1 has small value.
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Abstract – Analogies are often used by chemistry instructors and textbook authors to help their
students develop an understanding of new concepts by using information they already understand.
However, many studies have shown that analogies may also deeply mislead students' learning
processes. This study explored how the chemistry textbook authors in Indonesia presented the
analogies in theirs books. The study was descriptive and qualitative in nature. The research objects
were five chemistry textbooks that mostly used at Indonesian high schools. Content analysis was
employed in answering the research questions. Reliability and validity of findings were checked
by co-judging and re-check methods. Research findings were presented descriptively and using
percentage. The findings of the study show that (1) Analogies are used to explain the concepts of
matter, atomic theory of Thomson and Bohr, periodic table and it’s characteristics, chemical
bonding, covalent, metallic and ionic bonds, law of mass conservation, mole, limiting reactions,
exothermic/endothermic reactions, enthalpy, collision theory, catalyst, dynamic equilibrium,
equilibrium constant, stoichiometry; (2) Type of analogies used are pictorial 2,6%, verbal 50,0%;
pictorial-verbal 47,4%; simple analogy 71,1%; enriched analogy 13,2%; extended analogy 15,7%;
relationship between target and analog: functional 60,5% and structural-functional 7,9%; (3) there
are some inappropriate mappings between target and analog found in the textbooks.

1. INTRODUCTION
It is widely accepted that chemistry is a difficult subject. The difficulty could come from the nature of chemistry itself
or from the learner who is studying the subject. In the process of learning chemistry, there are three aspects that should
be considered: macroscopic, submicroscopic and symbolic [1]. As illustration, all chemistry phenomena can be seen
through human senses (macroscopic), the behavior of their particles can be interpreted (submicroscopic) and it can be
recorded and denoted using a representative language (symbolic). Such nature of chemistry is believed to bring
difficulty for students who are lack of ability to visualize or to think abstractly and moreover for novice learners.
Meanwhile, in order to understand the chemistry meaningfully the learner should be able to connect those three aspects
interchangeably. Although many traditional chemistry instructions focus more on the aspects of macroscopic and
symbolic [2], there has been an efforts to help students to learn chemistry using an analogy tool. Science/chemistry
instructors and textbook authors often use analogies to help their students use information they already understand to
develop an understanding of new concepts. Analogies are believed to help student learning by providing visualization
of abstract concepts, by helping compare similarities of students’ real world with the new concepts, and by increasing
students’ motivation [3].
An analogy is a process of identifying similarities between two concepts. The familiar concept is called the analog and
the unfamiliar science concept is called the target [4]. Textbook authors frequently preface their explanations with
expressions, such as "similarly," "likewise", "just as," and "that is comparable to."[5]. Although analogy is believed to
help students in understanding the abstract concepts in chemistry, however, many studies have shown that analogies
may also deeply mislead students' learning processes.
Textbook analogies have the potential advantage for students as a tool that the students can consult when the teacher is
not available to make new information understandable [6]. Some students require alternative presentations of concepts
to learn meaningfully so that analogy are often included in textbooks [7] and textual analogies also have the potential of
being more complete and explicit than oral analogies presented in class [6].
A suitable mechanism for classifying analogies found in the textbooks will allow for more meaningful research and
communication of that research. This study used .a systematic classification of textbook analogies based upon nine
criteria proposed by Thiele & Treagust [8]:
a) The content of the target concept - what aspect of chemistry is being considered by the target concept;
b) The location of the analogy through the textbook - at what stage of the curriculum is the analogy being
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presented;
The analogical relationship between analog and target - whether the analog and target share structural or
functional attributes;
d) The presentational format - whether the analog is verbal or pictorial-verbal;
e) The condition or level of abstraction of the analog and target concepts - whether they have an abstract or
concrete cognitive level;
f) The position of the analog relevant to the target - whether it is before, during, or after the presentation of the
target, or whether it is presented in the margin;
g) The level of enrichment - to what extent is the mapping between analog and target domains done by the
author;
h) The pre-topic orientation - is there evidence of further analog explanation of the analog domain and/or have
the authors included any strategy identification that will indicate that the text has an analogical nature;
i) The presence of any stated limitations or warning which highlights to the students where possible attribute
mis-matches may occur.
c)

Therefore, the research questions of this study are: (1) What kinds of concepts/topics used analogy in its explanations
found in High School Chemistry Textbooks?; (2) How the analogy are represented and what type of analogy used to
explain concepts in the High School Chemistry Textbooks?; (3) How did the authors of the High School Chemistry
Textbooks map the similarities between domains of analog and chemistry concepts

2. METHODS
2.1 Methodology
The study is descriptive and qualitative in nature. The source of data were five chemistry’ textbooks that mostly used at
Indonesian high schools. The textbooks were published by Erlangga(ER), Esis (ES), Ganesha (GA), (Phibeta (PHI),
Yudistira (YU). Content analysis was employed in answering the research questions. Reliability and validity of findings
were checked by co-judging and re-check methods by both researchers and found 78,42% and 95,1%, respectively.
Any inconsistency were discussed until 100% reliable and valid. Research findings are presented descriptively and
using percentage.

2.2 Procedures
The steps in conducting the research were (1) chose the Chemistry High School Textbooks which mostly used at
schools; (2) Identify the concepts/topics in the textbook represented by analogy; (3) Identify the analogy representation
used by the authors; (4) Analyze the type of analogy used by the author; (5) Map the similarities between analog and
target to see the possibilities of inappropriateness of analog to represent target concept.

3. RESULTS AND DISCUSSION
3.1 Descriptions of chemistry concepts that used analogy
In answering the first research question (What kinds of concepts/topics used analogy in its explanations found in High
School Chemistry Textbooks?), content analysis had been conducted and the results are presented in the following
Table 1.
Table 1 Chemistry Concepts that used analogy
No

Topic/Concept contain analogy
(Total = 87)
Grade X
1
matter
2
Grouping of matter
3
Thomson atomic theory
4
Bohr atomic theory
5
Modern atomic periodic
6
Periodic characteristics
7
Chemical bonds
8
Metal bonds
9
Covalent bonds
10
Ionic bonds
11
Law of definite proportions
12
Mole concept
13
Limiting reactant
Grade XI

ER

ES

Textbooks
GA
PHI

Total
YUD
1

2
1

1
1

1
1
1
1
1
1
1
2

1
1
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2

1

2
1

1
2
2
1
1
1
1
1
1
1
1
8
2

14
15
16
17
18
19

Exo-endoterm reactions
Enthalpy change
Theory of collision
Catalyst
Dynamic equilibrium
Equilibrium constant

1
1

1
1
1
1
1

20
stoichiometry
Grade XII (no analogy found)
TOTAL
Percentage

5
11
5,74% 12,64%

2

1

1
1

2
1
8
9,15%

4
4,59%

10
11,49%

1
2
1
5
2
3
1
38

It is shown from Table 1 that analogies used in the textbooks includes the concepts of matter, atomic theory of
Thomson and Bohr, periodic table and it’s characteristics, chemical bonding, covalent, metallic and ionic bonds, law of
mass conservation, mole, limiting reactions, exothermic/endothermic reactions, enthalpy, collision theory, catalyst,
dynamic equilibrium, equilibrium constant, stoichiometry.

3.2 The type of analogy used by the Textbook authors
In answering the second research question (How the analogy were represented and what type of analogy used to explain
concepts in the High School Chemistry Textbooks?), the following data are found: (1) the type of analogies used are
pictorial 2,6%, verbal 50,0%; pictorial-verbal 47,4%; simple analogy 71,1%; enriched analogy 13,2%; extended
analogy 15,7%; (2) relationship between target and analog: functional 60,5% and structural-functional 7,9%. The
following Table 2 are some examples of the type of analogy found:
Table 2 Type of analogy used
Concept/Topic Analogy used
Thomson
Atoms have rounded shape in which the scattered
Atomic
positive electrical charge are neutralized by the
Theory
electrons that have negatively charge and was
located between positive charges. Electrons in
atoms are as if grains of raisins bread.

Collision
theory

The collision between particles can be described as
a ball, rolling from hollow to the hillside.The
energy is needed by the ball to reach the top of the
hill, rolling from the hillside.

Covalent
bonding

A covalent bond can be like tug of war between two
different weight elephants. A bigger elephant is
more powerful to attract the small elephant.

Type of analogy
 Format: verbal
 Level of enrichment: simple
 Connection between Analog and
Target: structural
 Abstraction level: concreteabstract
 Position: after target introduced.
 Limitation: not stated
 Appropriateness: appropriate but
need further explanation
 Format: pictorial-verbal
 Level of enrichment: enriched
 Connection between Analog and
Target: structural
 Abstraction level: abstractabstract.
 Position:along with target
introduced
 Limitation: not stated
 Appropriateness: not appropriate








Format: pictorial-verbal
Level of enrichment: simple
Connection between Analog and
Target: structural-functional
Abstraction level: concreteabstract.
Position: after target introduced
Limitation: not stated
Appropriateness: appropriate but
need further explanation

3.3 Mapping the similarities between domain analog and chemistry concepts
In answering the third research question (How did the authors of the High School Chemistry Textbooks map the
similarities between domains of analog and chemistry concepts), analysis on mapping the similarities was conducted
and the example of mapping described by authors can be seen in the following Table 3:
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Table 3 Mapping between Analog and Target
Concept/Topic
Matter
Matter
Thomson Atomic
Theory

Analog
Marbles

Target
Particles

Words in a dictionary

compounds

Raisin bread

Thomson atomic model

Attribute characteristics
Pattern
Constituent of elements
limited
Spread out

There are some inappropriate mappings between target and analog found in the textbooks, specifically in the concepts
of: element, chemistry equations, particle of compounds, limiting reagent, particle collision, dynamic equilibrium,
equilibrium constant, system and environment, catalyst, atomic model of Bohr, chemical bonding, covalent bonding,
catalyst reactions. The following is an illustration of inappropriateness on the collision theory as presented in Table 2:
The collision between particles can be described as a ball,  Format: pictorial-verbal
rolling from hollow to the hillside.The energy is needed by the  Level of enrichment: enriched
ball to reach the top of the hill, rolling from the hillside.
 Connection between Analog and Target:
structural
 Abstraction level: abstract-abstract.
 Position:along with target introduced
 Limitation: not stated
 Appropriateness: not appropriate
The weakness of the above analogy just explains the kinetic energy needed by the
collision and doesn’t describe how such particles collide. This analogy would be
appropriate if described as follows:
A model of particle collisions between particles I and II can be described as a ball
that will be rolling of the crook of a hill to the hillsides. In rolling the ball, energy
is needed to reach the top of the crook of a hill to hillsides. If the energy needed
enough, then the collision will be effective.

4. CONCLUSIONS
The findings of the study show that (1) Analogies are used to explain the concepts of matter, atomic theory of Thomson
and Bohr, periodic table and it’s characteristics, chemical bonding, covalent, metallic and ionic bonds, law of mass
conservation, mole, limiting reactions, exothermic/endothermic reactions, enthalpy, collision theory, catalyst, dynamic
equilibrium, equilibrium constant, stoichiometry; (2) Type of analogies used are pictorial 2,6%, verbal 50,0%; pictorialverbal 47,4%; simple analogy 71,1%; enriched analogy 13,2%; extended analogy 15,7%; relationship between target
and analog: functional 60,5% and structural-functional 7,9%; (3) there are some inappropriate mappings between target
and analog found in the textbooks and suggestion are given for the appropriateness of the analogy described
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Abstract - This study was conducted to find out the effect of Modeling Instruction-Guided Inquiry
on science process skill and understanding of physics concepts of State Senior High School. This
is a Quasi Experimental research which employed the Posttest-Only Control Design. The
participants of this study were the second semester of tenth graders of State Senior High School 5
Malang, 2012/1013 academic year. The cluster random sampling was done in this study. The
samples of the research were 6 classes, 2 classes for Modeling Instruction-Guided Inquiry as
experimental groups, 2 classes for Modeling Instruction as experimental groups, and 2 classes for
Direct Instruction as control groups. The data of this study were students science process skill and
understanding of physics concepts. The hypothesis of this study was tested using One Way
Manova. The result of the study showed that: (1) there is difference on science process skill and
understanding of physics concepts of students who learned using Modeling Instruction -Guided
Inquiry, Modeling Instruction, and Direct Instruction, (2) the science process skill of students who
learned using Modeling Instruction-Guided Inquiry is higher than the Modeling Instruction and
Direct Instruction (3) the understanding of physics concepts of students who learned using
Modeling Instruction-Guided Inquiry is higher than Modeling Instruction and Direct Instruction.

1. INTRODUCTION
Physics be related with how to find out about natural phenomena systematically. One of the objectives of physics
materials in high school is to develop the experience to be able to formulate the problem, propose and test hypotheses
through experimentation, design and assemble the experimental instruments, collect, process, and interpret the data, and
communicate the results of the experiment orally and in writing [1]. Based on the characteristics and objectives, learning
physics directed to seek out and act through scientific methods so that students are directly involved in observing the
objects and phenomena of physics, ask questions, put forward a hypothesis, test it by gathering evidence, to build a
model and devise an explanation for the observed phenomena , test the explanation in a different way, and communicate
the results of experiment[2,3], and can develop science process skills of students [4].
Through science process skills students learn the process of scientific work and scientific thinking patterns.
Science process skills can affect the development of students' knowledge, can be used to acquire, develop, and apply the
concepts, principles, laws and theories of science [5], as well as solve problems [6]. Therefore, the development of
science process skills students need to be done through continuous evaluation and assessment [7]. Evaluation and
assessment of science process skills of students one of them through practical activities. Practical activities to help
students understand a phenomena, observe the phenomena in more detail, and then recall the phenomena [8], following a
process, analyze, evidence, and draw your own conclusions about an object, situation, or process that can develop
science process skills students.
In addition the process skills, understanding of concept also is important in learning. Understanding of concept is
identical with the ability to think are always evolving and can be taught. Understanding of concepts is not a natural
occurrence, but it requires an ongoing process. Understanding of physics concepts are part of the learning objectives of
physics, so is needed the learning that can help students to achieve understanding concepts of physics. The learning
which can encourage students to collaborate in finishing tasks, do observations and dialogue with others, interpret and
explain the various phenomena of the real world to build student understanding.
Fact in the class of physics learning process does not conform to the characteristics of physics [9], because it is still
dominated by teacher-centered learning, does not involve students in activities that can develop science process skills of
students. This fact is supported by the results of Indonesia's participation in TIMSS in 2011 which showed Indonesia
was ranked 40 out of 49 countries. From the results of Indonesian students are only able to recognize some basic facts
but have not been able to communicate and associate various science topics moreover apply complex concepts and
abstract [10]. The results of the survey the National Assessment of Educational Progress (NAEP) also showed in general
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that students can remember and recall of facts but still weak in applying the known facts, intepret the data, evaluate the
design of experiments, using specific knowledge to conclude. In other words the process skills of students is low.
Science process skills of students low is also caused by the teacher rarely assess students' science process skills
[11]
. Therefore, the development of science process skills through evaluation and assessment should be conducted
continuously [12,13]. Evaluation and assessment of science process skills of students one of them through practical
activities. Practical activities to help students understand an phenomena, observe the phenomena in more detail, and
then recall the incident [8], following a process, analyze, evidence, and draw your own conclusions about an object,
situation, or process that can develop science process skills students. However, not all laboratory activities can develop
science process skills of students. Science process skills of student can be developed through practice with guided
inquiry [14,15].
Guided inquiry can develop science process skills for facilitating the students were able to observe, formulate
problems, searching for information, planning experiments, conduct experiments, using the tool to collect data, analyze
and interpret the data, explain, predict, and communicate the results of experiment [16] in accordance with the indicators
of science process skills. Guided inquiry helps students develop the ability to think and skilled scientific work,
encourage the students were able to use, find, and understand the science correctly [17], encouraging the student is able
to construct their own knowledge through observation and the real experience so the new knowledge be meaningful
and functional for students . Thus students more easily achieve the concepts of physics.
The concepts of physics in general is abstract. Mathematical ability is necessary to abstract from data analysis to
mathematical concepts and the required proportionality and mathematical calculation to solve the problem [18].
Modeling Instruction help students to understanding the concepts of physics better because students can organize
knowledge through different representations such as graphics, verbal, algebraic, and diagrams related to the model
developed while modeling. Modeling Instruction help students organize learning materials in a small of basic models
[19]
. This basic model that can describe the basic pattern generally accepted in physics phenomena. Thus, students
become familiar with the structure and equally these models by applying them in a variety of situations. The application
of this model can be used to explain and predict physical phenomena. This model can also be used to design and
interpret an experiment. Explicit emphasis on the basic model will focus students' attention on the structure of science
as a basis for scientific understanding. Reduction of subject content into a small number of models will reduce the
complexity of the subject matter covered.

2. METHODS
The research is quasi experiments which use posttest Quasi-Only Control Design. The population in this study
were students of tenth graders of State Senior High School 5 Malang academic year of 2012/2013 which consists of 10
classes with a total of 306 students. The sampling technique used in this study was cluster random sampling by using a
lottery. The samples of the research were 6 classes, 2 classes for Modeling Instruction-Guided Inquiry as experimental
groups, 2 classes for Modeling Instruction as experimental groups, and 2 classes for Direct Instruction as control
groups. Chapter in this study about heat.
The data in this study is score science process skills and understanding of concepts physics students are
measured after treatment. Scores posttest science process skills obtained from the student's performance during the
practice is done individually. Assessment science process skills of students includes formulating a hypothesis,
experiment, measure, process data, draw graphs, and conclude. Assessment of the indicators of doing experiments and
measuring is done through observation during the students do practice. Assessment of indicators to formulate
hypotheses, data processing, drawing graphs, and concludes by analyzing the results of the laboratory report
worksheets. Posttest score understanding of physics concepts derived from a written test with multiple choice type
questions to the number 22 questions.
The instrument used in this study consisted of Learning Implementation Plan (RPP), Student Worksheet (LKS)
laboratory to measure the science process skills and question of understanding of concepts physics by multiple-choice
written test. Analysis of the data used in this study using One Way Manova test to examine whether there are
differences of several variables simultaneously bound between different groups.

3. RESULTS AND DISCUSSION
Description posttest score of science process skills and understanding of physics concepts research
results described in Table 1
Tabel 1 Posttest Score Science Process Skills and Understanding of Physics Concepts
Modeling Instruction Modeling Instruction
Direct Instruction
Guided Inquiry
Description
n
s
n
s
n
s
̅
̅
̅
Science process
79
13
74
10
65
11
skills
51
51
53
Understanding
of Physics
76
11
66
10
60
12
Concepts
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Effect of Modeling Instruction-Guided Inquiry on Science Process Skills and Control Concepts of Physics
Students
Modeling Instruction-guided inquiry as to stimulate students' active and engagement in learning. It is evident from
the enthusiasm of the students in asking questions, conduct experiments, and discussions with members of the group in
analyzing the results of the experiment, and prepare presentations result of experiments in the whiteboarding. Thus the
learning atmosphere in the class interactive.
Phase of development models in Modeling Instruction-guided inquiry, giving students the opportunity to question
why the physical phenomena that occur and actively build a more coherent understanding of physics, flexible, and
systematic. Observation of the physical world phenomena, the formulation of the problem, identify variables, forward
the hypothesis relationships between variables, the design of experiments to test hypotheses, build models, hypothesis
testing, communicating the discovery, and test the models are built in different situations experienced by students
during the learning process. It can practice and develop science process skills of students. Thus the science process
skills of students is higher.
Phase of deployment models in Modeling Instruction-guided inquiry able to create a positive learning environment
in which students collaborate in small groups to solve problems that facilitate the active involvement of students in
group discussions allow students to experience more meaningful learning. Interaction and participation among group
members in finding a solution the problem faced helping students reflect their learning. Thus understanding of physics
concepts of student to be better than Modeling Instruction and Direct Instruction.
In Modeling Instruction focus modeling of student is less directional because in experiments and modeling
students got little direction from the teacher, the new misconceptions confirmed when the presentation phase and the
deployment phase. While in the Direct Instruction student accept the concept from the teacher's explanation so that less
stimulate students to think and learning independent.
Effect of Guided Inquiry Instruction Vs Modeling Modeling and Direct Instruction Instruction for Science
Process Skills
Science process skills students learn with Modeling Instruction-guided inquiry is better than Modeling Instruction
and Direct Instruction. Based on observations, the Modeling Instruction-guided inquiry learning more orderly and
purposeful than Modeling Instruction. That is because there is still the guidance and direction of the teacher ranging
from asking questions, formulating hypotheses, conduct experiments, and generalize the results of the experiment. Thus
not Modeling Instruction, independent students are required to formulate problems and conduct experiments as well as a
little guidance from the teacher during the learning process so that in the firts of learning application of this model the
objectives of learning is less expectations. One contributing factor because it has been dominant teachers in presenting
the material and rarely perform laboratory activities.
Effect of Guided Inquiry Instruction Vs Modeling Modeling and Direct Instruction Instruction for Students
physics Concept Mastery
Understanding of concepts physics students learn with Modeling Instruction-guided inquiry higher than Modeling
Instruction and Direct Instruction. From the observation, in Modeling Instruction-guided inquiry students more actively
in the discussion and question-answer session with members of the group. It is an effect on understanding of concepts
physics students because during the discussion and question-answer will be complementary and knowledge transfer
processes between students. In addition, experiments were carried out activities in the Modeling Instruction-guided
inquiry assist science process skills of students so that students can acquire, develop, and apply the concepts, principles,
laws and theories of science, as well as resolve issues that have implications for the understanding of physics concepts.
Phase of deployment models in Modeling Instruction-guided inquiry may affect understanding of physics concepts
of students. In this deployment phase the students apply the concepts and models that have been found in developing a
phase of the model. In the deployment phase of this model students are given a problem to be solved by the model in
the development phase and then present the results of a representative member of the group discussion. In the process of
the presentation will be a process of mutual question-answer that can deepen students understanding of concepts and
misconceptions can be corrected in this phase. Presentation of the results that students can modeling the problem into
the form of a picture, draw a graph relation between exit and accept heat that there are changes in temperature towards
the equilibrium temperature. Thus Modeling Instruction-guided inquiry able to help students change the fact the
physical models and mathematical equations and solve problems.

4. CONCLUSIONS
Based on the results of research and discussion that has been described previously, it can be concluded that (1) there
is difference on science process skills and understanding of physics concepts of students who learned using Modeling
Instruction-guided inquiry, Modeling Instruction, and Direct Instruction, (2) science process skills of students who
learned using Modeling Instruction-guided inquiry is higher than Modeling Instruction, (3) science process skills of
students who learned using Modeling Instruction-guided inquiry is higher than Direct Instruction, (4) science process
skills of students who learned using Modeling Instruction is higher than Direct Instruction, (5) understanding of physics
concepts of students who learned using Modeling Instruction-guided inquiry is higher than Modeling Instruction, (6)
understanding of physics concepts of students who learned using Modeling Instruction-guided inquiry is higher than
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Direct Instruction, (7) understanding of physics concepts of students who learned using Modeling Instruction is higher
than Direct Instruction.
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Abstract – Advanced three-dimensional (3D) virtual reality (VR) technology similar to that used
by the film and computer game industries can allow educational developers to rapidly create
realistic virtual environment. This paper presents a design project and considers the possibilities of
using 3D virtual reality and hand gesture interaction in chemistry education. The main goal in this
research is to develop 3D virtual reality chemistry lab with hand gesture interaction to be use for
education purpose. In this application we combined Oculus Rift 3D for displaying 3D objects and
also Leap Motion sensor to interact with user by using hand gesture recognition. We prepared 3D
objects such as Laboratory space, chemistry laboratory common apparatus, and also chemical
experiment simulator that can be explored by student.

1. INTRODUCTION
Many have argued that interactive 3D virtual reality environment have great educational potential due to their ability to
engage learners in the exploration, construction and manipulation of virtual objects, structures and metaphorical
representation of ideas [1], [2]. 3D virtual reality play a major role in education not only because they provide realistic
models with which students can interact to acquire real world experiences, but also because they constitute safe
environments in which students can repeat processes without any risk in order to perceive easier concepts and theories.
An educational virtual reality environment can be defined as one or more virtual worlds that offer multiple educational
functionalities to each user-student. Within these virtual worlds, students can navigate, interact with virtual objects and
study the educational material, which can be a 3D model or even text, image, sound or video. By using virtual reality
technology engages students’ attention and turn learning into pleasant and entertaining process like playing a game. The
main features of these applications: immersion, interactivity and in 3D.
E. Altun, etc., mentioned about problems in order to accomplish laboratory applications in chemistry. Laboratory
applications are complementary of chemistry instruction and they are major parts of chemistry lessons. However, at
some schools, laboratory applications of chemistry courses are missing because of the following reasons: absence of
chemistry labs, sharing laboratory with physics, chemistry and biology course, insecurity in labs because of dangerous
chemicals, crowded classrooms, lack of time, lack of materials, cost of equipment, and also incapableness of teachers
using labs effectively and their negative attitudes towards laboratory applications [3]. J Georgiou, etc., mentioned that
by implementing virtual reality technology give a lot of benefits [4]. Ali, N., etc., built Multimodal VR chemistry lab
[5], but in that application the user interaction still using mouse and keyboard.
In this paper, we present a design of 3D virtual reality chemistry lab with hand gesture interaction for education. We
develop a basic 3D objects such as laboratory space, chemistry laboratory common apparatus, and also chemical
experiment simulation program that built by using Unity 3D engine which equipped with combination of Oculus Rift
3D for displaying objects and also Leap Motion sensor to interact with user by using hand gesture.
The rest of the paper is organized as follow: Section 2 explains about system overview from our 3D VR chemistry lab.
Section 3 presents our implementation or Virtual Lab. Section 4 concludes this paper and with some future works.

2. SYSTEM OVERVIEW
Figure 1 shows about system overview of 3D VR chemistry lab. The 3D VR chemistry lab design is based on Unity 3D
engine. Unity 3D [6] is a cross-platform game creation system. On top of the Unity 3D engine we provide 3D and non3D objects to interact with user. In this system also can be connected to other learning applications such as PyMol or
WebMo. The input system used a Leap Motion [7] sensor that has ability to recognize hand gesture movement, and we
used Oculus Rift 3D DK2 [8] headset to produce 3D VR output.
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Figure 1 System overview of 3D VR Lab.

2.1 Unity 3D Engine
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2.4 Assets
The main objects from 3D virtual environment is asset, in this VR lab we used 3 assets. Those assets are laboratory
space, 3D objects and also non-3D objects. The assets example can be seen in Figure 4

Figure 4 Assets: (A) Lab space, (B) 3D objects, (C) Non 3D objects.

3. VIRTUAL REALITY LAB IMPLEMENTATION
In this section, we explains about implementation of 3D VR chemistry lab. The implementation system can be seen in
Figure 5. They are 2 main implementations for this project: VR space, and User interaction.

(a)
(b)
Figure 5 User interactive in 3D VR chemistry lab: (a) system, (b) demonstration.

3.1 VR Space

Figure 6 VR lab space, chemical apparatus and experiment manual.
Figure 6 showed about the implementation of VR space, we built 3 types of asset. These assets are: (A) Lab space, (B)
3D Objects and (C) non 3D objects. For Lab space we created a room that already equipped with lab furniture such as,
room space, table, lighting, and wall. The 3D objects that we created are chemical apparatus equipment such as beaker,
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microscope, test tube, Erlenmeyer flask, funnel, Titration tool and dropper pipet. And the additional asset is non 3D
objects, we built a menu button, user/student name and id, experiment manual, help button, pause button and also time.

3.2 User Interaction
They are 4 types of user interaction in our project, they are: user movement, holding an object, turning a knob and also
touching a button or area. The implementation of user interactions can be seen in Figure 7.
By moving our headset forward, backward or turn left/right, we can control the movement of user object inside VR lab
space. Oculus Rift provides zoom view by moving our head in front or backward. And when we turn our head, we can
see whole room environment.
Unity 3D engine provides physics engine, its means that objects inside of VR environment can collide with each other
like in the real world. By those features, user hand that detected by Leap Motion sensor can hold an object and also turn
a knob. With touch emulation from Unity and Leap Motion SDK provides an adaptive touch surface that can interact
with 2D element inside of application.

(a)
(b)
(c)
Figure 7 User interactions: (a) holding an object, (b) turning a knob, and (c) touch an area.

4. CONCLUSIONS
We developed a novel 3D virtual reality chemistry lab with hand gesture interaction by utilized Oculus Rift DK2 and
Leap Motion sensor. For future works we will add liquid physics engine and provide another scenarios in chemical
experiment.
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Abstract – The purpose of this study was to examine the effect of MMP learning models with
contextual approach to mathematical spatial ability and self esteem. Quasi-experimental design
with non-equivalent control group involves 64 students of class IX in one of the Junior High
School in Karawang. The instruments used were pretest, posttest, and the observation sheet against
MMP learning with contextual approach. Statistical analysis was performed by t-test. The results
obtained indicate that the overall implementation of MMP with contextual approach can improve
mathematical spatial ability and mathematical self-esteem of students.

1.

INTRODUCTION

Geometry is one of the main mathematics learning subjects. Geometry discuss about Calculate the circumference,
calculate the area, calculate the volume, specify a point, determine the position of the line in space. The shape of space
is the mostly material discussing in Geometry. After learning about geometry the students are able to have spatial
mathematics ability. The spatial ability of geometry include of estimation and measurement, the use of chart, graphic
and drawing, the rules of geometry or mathematics conceptualization. This is appropriate with mathematics objective
learning “logical using in pattern and character, mathematical manipulation in making generalization, compile evidence,
or explain ideas and mathematical statement” (Permendiknas, 2006: 346). The other factor which also influence in
students’ spatial ability is students self esteem on the learning process. Based on Muijs & Reynolds (2008) Low Self
Esteem has a detrimental effect on student achievement. On Tobias (Cristian et al: 1999) experiment explained that
students who have a negative attitude towards mathematics are students who have a low Self Esteem.
Geometry’s learning with using the appropriate learning model will help students get good spatial ability with high self
esteem. Learning mathematics can’t be only with reading and remembering, but also must be with a lot of mathematics
drill. At Junior High School grade the students’ comprehensive ability material is influenced by concrete ability on
daily life. Learning model which is has the characteristics drill is Misouri Mathematics Project (MMP) model and also
gives material concrete comprehensive on daily life is the characteristic of contextual approach. MMP learning model in
implementation has several stages or steps following activities: (1) Review; (2) Development; (3) Exercise controlled;
(4) Work independently; (5) Assignment / Homework.
Based on the explanation above, the writerdo the experiment related to geometry spatial ability and students’ self
esteem at Junior High School Grade using MMP model with Contextual approach. The problem of research : (1) Do
students spatial ability improvement using MMP model’s leaning with contextual approach is better than using
contextual approach and learning? (2) is there any differences of spatial mathematics ability improvement between the
students’ using MMP model’s learning with contextual approach and students’ using contextual approach and learning
only (based on top, middle, and bottom group)? (3) is there any interaction between learning (MMP with contextual and
contextual approach only) on students’ preliminary mathematics knowledge (top, middle, bottom) towards students’
spatial improvement? (4) is there any self esteem differences between students who are taught by MMP learning’s
model with contextual approach and the students who are taught by contextual approach and learning only? (5) is there
any correlation between spatial mathematics ability and students’ mathematics self esteem after being taught by MMP’s
learning with contextual approach?

2. METHOD
2.1 Design of Research
This research is using quasi experimental design divided into two class, they are experimental classwhich is a
group of students using MMP’s learning with contextual approach and control class which is a group of students using
contextual approach and leaning only.
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2.2 Subject of Research
The population of this research is all of students at one on Junior High School at Bandung district West Java
Province years 2012/2013. Junior High School Students selection as experimental subject based on consideration of the
cognitive development of Junior High School students’ grade IX still not formal yet, the material presented is related to
spatial ability and agree with the curriculum grade IX at main material geometry curved side. The experimental sample
is Junior High School students grade IX.

2.3 Technique of Collecting data
This research is using quantitative and qualitative data. Therefore the analyzing of the collecting data is by
qualitative and quantitative.

3. RESULTS AND DISCUSSION
The spatial mathematics ability data of the pre-test, post-test and N-gain average score are presented below.
Tabel 1 Average Score of Pre-test, Post-test, and N-gain
Students’ Spatial Mathematics Ability
Class
Pre-test
Post-test
N-gain
Experimental
7,69
28,47
0,90
Control
7,97
26,66
0,08
Ideal Maximum Score = 43
The description of N-Gain average and standard deviation of spatial ability data based on learning and
PAM category.

PAM
Category

Top

Middle

Bottom

Combination

Tabel 2 KK Data Descriptionbased on PAM and Learning
N-gain
Statistic
MMP
The Average
contextual
andcontextual
Difference
Average
0,59
0,54
Std. Deviation
0,10
0,10
0,05
Total of
5
11
Students
Average
0,59
0,52
Std. Deviation
0,10
0,08
0,07
Total of
19
14
Students
Average
0,59
0,54
Std. Deviation
0,04
0,03
0,05
Total of
8
7
Students
Average
0,59
0,09
Std. Deviation
0,53
0,08
0,52
Total of
32
32
Students

Total
0,56
0,10
16
0,55
0,09
33
0,56
0,03
15
0,56
0,09
64

Based on the result of research, the MMP’s learning with contextual can develop students spatial ability. It is
presented by students’ N-gain score who are taught by MMP’s learning and contextual approach is 0,59 which is higher
than contextual learning that is only 0,53. Although both of the class improvement classification is still not reach high
classification.
The same result is also presented on mathematics self esteem, students who are taught by MMP’s and contextual is
higher than students who are taught by Contextual and learning approach only. It is presented by students’ mathematics
self esteem at 61,93 for MMP’s with contextual and 51,63 for contextual. So that also based on statistic test result
towards mathematics self esteem scale data shows that there are significant differences between students mathematics
self esteem who are taught by MMP’s learning with contextual and stdudents who are taught by contextual approach
and learning only.
Tabel 3 Mathematics Self Esteem Score Description
Class
N
̅
SD
%
Experimental
32
61,93
5,40
57,80
Control
32
51,63
5,41
52,74
Ideal Maximum Score = 115
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This result describes that MMP’s learning with contextual is proven to give good contribution on improving
students’ spatial mathematics ability and mathematics self esteem. Therefore, it can be concluded that MMPs’ learning
with contextual has a better roles in improving students’ spatial mathematics ability and students self esteem ability.

4.

CONCLUSIONS

Statistical analysis was performed by t-test. The results obtained are: (1) Overall implementation of MMP with
contextual approach can improve mathematical spatial ability and mathematical self-esteem of students. (2) Improved
mathematical spatial ability of students whose learning using MMP with contextual approach is significantly better than
students whose learning just using contextual learning models. (3) There are differences between the mathematical
increase in spatial ability students get MMP with contextual learning approach and students who just get contextual
learning models, when viewed from the initial knowledge of mathematics student categories below. (4) There is no
mathematical difference between the increase in spatial ability students get MMP with contextual learning aprroach and
students who just get contextual learning models, when viewed from the category of middle students' prior knowledge
of mathematics. (5) There is no mathematical difference between the increase in spatial ability students get MMP with
contextual learning approach and students who obtain contextual learning models, when viewed from the initial
knowledge of mathematics student category above. (6) Improved spatial ability mathematical of students who get a
group under MMP with contextual approach and contextual learning models students get better than the middle group
and a group of students on. (7) There is no interaction between learning (MMP with contextual approach and contextual
learning models) and the initial knowledge of mathematics (top, middle, bottom) students in the improvement of
students' mathematical spatial ability. (8) There are significant differences mathematical self esteem of students who get
MMP with contextual approach and students who obtain contextual learning models. (9) There is a significant
correlation between mathematical self-esteem and mathematical spatial abilities after getting MMP with contextual
approach. With the high value of the correlation coefficient and the positive category.

5.
1.
2.
3.
4.
5.
6.

REFERENCES
Christian, et al, 1999, Mathematics Attitudes And Global Self-Concept; An Investigation Of The
Relationship, http://www.highbearn .com/doc/1G162894059.html, accessed by Oktober 19th, 2008.
Fitri, 2012, Pembelajaran Matematika Dengan Model Missouri Mathematics Project (MMP) Untuk
Meningkatkan Kemampuan Komunikasi dan Berfikir Kritis Matematis Siswa, Thesis On SPs UPI. Bandung:
Not Publish
Muijs, D., Reynold, D, 2008, Effective Teaching: Evidence and Prctice, Translation: Soetjipto, H.P. dan
Soejipto, S.M., Yogyakarta: Pustaka Pelajar.
Permendiknas, 2006, Annex Regulation Of The Minister Of National Education Of The Republic Of
Indonesia. No 22 of 2006 On The Content Standards, Jakarta: BSNP.
Saragih, S., 2011, Penerapan Pendekatan Pembelajaran Matematika Realistik dan Kelompok Kecil Untuk
Meningkatkan Kemampuan Keruangan, Berfikir Logis, dan Sikap Positif Terhadap Matematika Siswa
Kelas VIII, Doctoral Dissertation at SPs Education Indonesia University.
Sugiono, 2004, Statistika Nonparametris untuk Penelitian, Bandung: Alfabeta.

336

Proceeding of The 5th Annual Basic Science International Conference
Received: Feb 13th, 2015; Accepted: Mar 23rd, 2015; Published online: April 11th, 2015.

Enhancing the Higher Order Thinking Skills of Vocational
High School Students Using Learning Module Based Guided
Inquiry
Oktavia Sulistina 1*, Neena Zakia 2, Rahmat Yudha Wibisono3, Iqma Noviyanti4
1,2,3,4

Chemistry Department, Faculty of mathematics and natural science, State University of Malang
* Corresponding authors: [oktavia_dm@yahoo.com]
Abstract – The purpose of this research were to develop electrochemical analysis module based
guided inquiry for vocational high school students 11th grade with chemical analysis program and to
determine it’s effectiveness to establish students' high order thinking skills (HOTS). The research
design used research and development that refers to the model of 4-D Thiagarajan, et al (1979) with
the stages of define, design, develop, and disseminate. Modules that have been developed validated
by one chemistry lecturer of State University of Malang and two chemistry teachers of SMKN 2
Batu, readibility test conducted to 10 students 11th grade with chemical analysis program in SMKN
2 Batu. Then the empirical validation of the module was done in SMKN 7 Malang using quasi–
experimental design and descriptive. Data collection using questionnaires and tests. Data were
analyzed with descriptive and quantitative techniques. The results showed that: (1) the modules that
have been developed have mean of content validity criterion 3.75 (very valid) of validation lecturer,
3.43 (very valid) of the validation teachers and 3.14 (valid) of the students’ readibility tes. It was
showed that module fit for use as teaching materials; (2) the use of modules effectively improve
student learning outcomes ( t-test results of the value of t (5.531) > ttable (1.688); (2) students who
learned with the module had HOTS better than students that learned without module (the average
percentage of students who answered correctly about the cognitive level test of C3 - C6 were
77.02 % (students who learned with module ) and 70.94 % (students that learned without module).

1. INTRODUCTION
Material electrochemical analysis is one of the materials that are difficult to understand students' vocational
competence Chemical Analysis expertise, particularly in the student SMKN 2 Batu. This can be seen from the students
on the material value of the electrochemical analysis of 43% to obtain the value of C, 50% got a B, and only 7% who
got an A (personal documents). Observation and further analysis found that these difficulties are caused by several
factors such as the characteristics of electrochemical materials, learning environment, the availability of learning
resources, and student motivation. Electrochemical materials have characteristics contains many abstract concepts
suppose the concept of redox reactions, galvanic cell, and electrolysis cells but it also involves a lot of mathematical
calculations. Based on the electrochemical characteristics of the material, so that students are more easily understand
the required high level thinking skills is the ability to analyze, evaluate the ability, the ability to be creative, and the
ability to complete tasks that require explanation and may have more than one possible solution (Krathwohl in Lewy,
2009). Based on the results of interviews with some of the Chemistry teacher at SMK especially in Malang obtained
information that the learning process chemistry have constraints in terms of the limitations of teaching materials such
as books and modules. existing teaching materials are informative and laboratory activities are presented as a recipe
book. It this becomes an obstacle for teachers to implement the learning process well, where students tend to learn rote
and meaningfulness of learning process less emphasized in learning.
One of the efforts to build students' higher-order thinking skills and meaningfulness of student learning is through
learning that encourages students to engage actively in use throughout the intellectual potential in information
processing into their cognitive structure. Module is one tool that can be used to achieve the learning. Because the
module is one form of teaching materials that emphasize self-learning process of students without or with the guidance
of teachers (Depdiknas, 2008). Assisted learning modules to improve learning outcomes and student learning
completeness (Afifah, 2011; Hanafi, 2008; Sandra, 2007).
Module as a tool for the achievement of learning objectives in this case to build thinking skills and meaningfulness of
student learning, then the modules need to be approached with the progression of learning constructivism. Learning
model that is consistent with the approach of one of them is the inquiry. Emphasizes inquiry learning activities of
students as subjects of study, cultivate an attitude of confidence, and develop the ability to think in a systematic,
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logical, critical, or develop intellectual abilities as part of the mental process (Sanjaya, 2006; (Garnett, Garnett,
&Hacking, 1995;Hodson, 1990; Hofstein & Lunneta, 1982; Lazarowitz & Tamir, 1994; Lunneta, 1998; Tobin, 1990 in
Hofstein, Navon, Kipnis, & Naaman, 2005)). In accordance with the characteristics of vocational students in Indonesia,
which still requires the guidance of teachers in building knowledge, the inquiry learning is selected in the module is
guided inquiry. Sulistina et.al. research results (2010) in high school Malang Laboratory showed that inkuri guided
learning is more effective in improving student learning outcomes than open inquiry learning and conventional
learning. Several studies support the effectiveness of guided inquiry learning in improving learning outcomes are the
result of research Sulistina (2009), Indriani (2009), and Rosadi (2006). Rifa'i (2006), Laurina (2007), and Suprobowati
(2010) explains that the guided inquiry learning can improve students' critical thinking skills.

2. METHODS
This study uses research and development which refers to the four D models (Thiagarajan, et al., 1974) which includes
the step define, design, develop and dissiminate. Products tested in stages in order to obtain quality products and can
achieve the goal of development that produces modules that can help build a high order thinking skills of students and
improve student learning outcomes. The first stage is done is the content validation and test readability. Subjects
validation is 1 person chemistry lecturer, and 2 chemistry teacher, readability test subjects were 10 vocational students
who have exhausted Chemical Analysis matter electrochemical analysis. The content and results of the validation data
readability test is then used to determine the feasibility of modules, and improve module. The next stage is to look at the
empirical test of the effectiveness of the module in achieving the desired goals. Empirical testing is done with
experimental design quasy post test only two groups (control group and the experimental group).
The population used in experimental quasy is a class XI student competency skills SMKN 7 Malang chemical analysis
in the academic year 2012/2013, amounting to as much as two classes of class XI KA 1, and XI KA 2. Each class has
the same number of students as many as 37 students, with homogeneous characteristics so that it can be done sampling
with random cluster sampling technique.
Data collection instruments such as questionnaires (the content validation and readability test), and test (test
empirically). Questionnaires were developed, there are two parts, the first part in the form of a checklist with each item
was scored using a Likert scale and the second part in the form of pieces of advice and comments for consideration to
revise the module. Test instruments used in the form of 15 multiple choice questions and 3 about the description
(consisting of 7 items) that have been validated and empirical contents. The results of the content validation shows a
valid test instruments (96.96%). Empirical validation results showed all a matter of valid and reliable (with valid criteria,
the results of the validation item about the result that all valid and reliability coefficient of 0.907 for MCQ with very
high reliability criteria. For a description about the reliability coefficient of 0.662 was obtained with reliability criteria
high. the data obtained were analyzed with descriptive analysis techniques and the right t-test with a significance level
of 0.05.

3. RESULTS AND DISCUSSION
Developed module consists of three parts: introduction, content and conclusion. The introduction, there are several
components that cover page, preface, table of contents, list of figures, list of tables, the introduction module, the
material prerequisites, presentation models, scope of competence, instructions for use modules, teacher guide, student
manual, a preliminary matter, concept maps, and recalling. Part of the contents is a core part of the module, which
contained six learning activities where each learning discuss the subject. Learning activities 1 discusses the subject of
"Balance equation Redox Reactions". Learning activities 2 discusses the subject of "Cells Volta". Learning Activity 3
discusses the subject of "Potential of Cell and Standard Electrode Potential". Learning activities 4 discusses the subject
of "Electrolysis Cells". Learning Activity 5 discusses the subject of "Electrochemical Applications". Learning activities
6 discusses the subject of "Faraday's law". Presentation material for each learning activity begins with a standard
exposure competence , basic competence , an indicator of learning, then follow the stages of learning activities guided
inquiry learning model.
Stages of guided inquiry learning model used is the introduction, formulation of the problem, hypothesis, observation or
experimentation, evaluation of hypotheses, and conclusions refers to Krajcik, Mamlok, & Hug (2001) and Sanjaya
(2006) and ends with comprehension test. Introduction contains a brief description of the subject matter to be studied to
attract the attention of students to be more motivated to learn the core material. Formulation of the problem contains
problems or puzzles associated with the material to be studied are formulated in the form of a question. Hypothesis
contains answers while students to the formulation of the problem, based on their prior knowledge. Observation
contains a literature review with the aim to collect data when learning without practice. Experiment shows experimental
procedures and data sheets observation that students can use to collect data when learning with experiments. Evaluation
of the hypothesis contains a list of questions that lead students to solve problems and find the concepts learned material.
Conclusion contains the correct answer from the formulation of the problem posed by the results of the evaluation of the
hypothesis. Comprehension test contains questions to test and reinforce students' understanding of the topic being
studied.
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The concluding part of the module, there are several components, namely summary, competency testing, bibliography,
answer key, feedback, glossary, and cover. Competency test contains questions from the overall analysis of
electrochemical materials that have been studied and used to see the achievement of the overall competence.
Bibliography lists books, articles, documents, and various literature sources that are used as reference material in the
preparation of the module. Contains an answer key answer key comprehension, test questions contained in each
learning activity and also answer questions competency test is used to determine students' errors in answering questions
and giving the correct answer. Feedback provides guidance for students to measure the extent to which each student's
ability and learning activities so that students need to be or not to repeat the same learning activities. The glossary
contains explanations of terms related material electrochemical analysis. The cover contains a description of hope to
study the module to completion and advice to the students to discuss with a friend or teacher if they have trouble.
Module outcomes subsequent development stages tested. The first stage is content validation. Validation contents
include feasibility content, language, presentation, and graphics. in the validation by the competent chemistry lecturer
of the material electrochemical analysis and guided inquiry learning. Validation results obtained an average value of
3.75 with a very valid criteria. The lecturer did not provide comments and suggestions so that the module can be
directly tested to the next stage. The second stage is validation by 2 teachers. The results of the validation by the teacher
values obtained an average of 3.43 with very valid criteria. Retrieved comments, criticisms, and suggestions on the use
of the type and size of the letters on the module is too small and the formulation of indicators of learning. Based on the
comments, criticisms, and suggestions then used as a reference for the improvement of the module. The next stage is to
test the readability module at 10 vocational students chemical analysis program. Legibility test results obtained by the
average of 3.14 with a valid criterion.
Contents and data validation test results readability used as a reference for product improvement. Once the product is
repaired next step is to test empirically product. The data obtained are data of learning outcomes , and data of higher
order thinking skills of students.
Data of Learning outcomes analysis prerequisite tested beforehand. After the test prerequisites are met then the analysis
done the right t-test. The results of t-test analysis of the parties indicate that tcount (5.531)> t table (1.688). Based on the
analysis results obtained by the decision that students learn to use the help of guided inquiry-based modules is higher
than the learning outcomes of student learning without the help of the same module. This suggests that the use of
module of electrochemical analysis based guided inquiry effectively improve student learning outcomes.
Table 1. Results of analysis of higher- order thinking skills of students
No

Type

4

C4

5

C5

6

C6

Item
multiple choice:
9
10
essay:
1a
1b
1c
1d
essay:
2
essay:
3a
3b

Experiment group

% score
average
Control group

78.38
81.08
81.08
78.38
67.57
83,78

Average

72.97
70.27
78.38

72.97
81.08
62.16
78.38

72.97

81.08

81.08

78.38

78.38

78.38
72.97

75.68

67.57
62.16

64.86

Average

78.52

71.55

Higher order thinking skills of students can be seen from the ability to answer the questions with specific cognitive
levels (C4-C6), according to the cognitive levels of Bloom. From this analysis showed that students who learn with the
help of guided inquiry-based modules have higher thinking skills (78.52%) compared to students learning without using
guided inquiry-based modules (71.55%). more results in Table 1. The use of module based guided inquiry in learning
can improve higher-order thinking skills of student as indicated by the percentage of students who answered the
question with cognitive domains (C4-C6) for the student whose learn with module based guided inquiry is greater than
students whose learn without the same module.
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4. CONCLUSIONS
The use of modules based guided inquiry in learning can improve learning outcomes and higher-order thinking skills of
students. With the module based guided inquiry, students are trained to understand the problem, formulate hypotheses,
designing troubleshooting procedures, linking the data obtained to evaluate the formulated hypothesis and conclude
whether the proposed hypothesis is true or false. so that the knowledge gained can be assimilated, accommodated, and
organized in their minds meaningfully.
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Abstrak – This research was a pre-experimental study that aims to: (1) determine the results of
studying physics before taught using a web-based tutorial media, (2) determine the results of
studying physics after being taught to use a web-based tutorial media, (3) determine how to
increase learning outcomes physics after being taught to use a web-based tutorial media.
Instruments used in this study is the result of learning physics test developed by researchers in the
form of multiple choice with four alternative answers consisted of 25 items about. The subjects
were all students of class X MIPA 12 SMA 1 Sungguminasa Academic Year 2014/2015 consisting
of 45 learners. Descriptive analysis showed that the average learning outcomes taught physics
before using media web-based tutorial at 10.20, with a standard deviation of 1.77, and after being
taught gained 16.31, with a standard deviation of 2.52. From the analysis of N gain obtained N =
0.42, which indicates an increase in physics learning outcomes in the medium category.

1. INTRODUCTION.
Learning is expressed as events intellectual development, in particular the increase in a person's ability to integrate
and use new information. Learning involves three processes which occurred about the same time, the new information,
transformation, and evaluation. In connection with the new information, Brunner in Boukhori (2013) stated that the
knowledge of a person before experiencing a certain learning process is called prior knowledge [1]
Web-based learning is an instructional activities that utilize media sites (websites) which is accessible via the internet
network. Web-based learning, known also as "a web-based learning" is one kind of application of electronic learning (elearning). E-learning is a process and implementation of web-based learning activities (web-based learning), computerbased learning (computer based learning), virtual classroom (virtual classrooms) and / or digital classroom (digital
classroom). Materials in electronic learning activities are mostly conducted through the internet, intranet, video or audio
tape, broadcasting via satellite, interactive TV and CD-ROM [4].
Characteristics of e-learning, among others. First, Utilizing electronic technology services; where teachers and
students, students and fellow teachers and fellow students or teachers can communicate with relative ease with without
being limited by the things that protocol. Second, use the advantages of computers (digital media and computer
networks). Third, use of teaching materials is independent (self-learning materials) are stored in the computer so it can
be accessed by teachers and students anytime and anywhere if the person concerned need it. Fourth, Utilizing learning
schedule, curriculum, learning progress and results of matters relating to the administration of education can be viewed
at any time on the computer [2].
In Big Indonesian Dictionary (2001: 1230), the tutorial is (1) Tutoring class by a teacher (tutor) for a student or a
small group of students, (2) additional teaching through tutors. Furthermore, according to (Riyana in Pramudito, 2012)
instructional video media is media that presents audio and visual learning contains messages either containing the
concepts, principles, procedures, theory application to help the understanding of the learning material. Of some expert
opinion on the above, we conclude that is a series of video tutorials are live images broadcast by a teacher that contains
messages of learning to help the understanding of the learning material as guidance or additional teaching materials to a
small group of learners.
Web-based learning is built through some of the principles that play a role in determining the success of this learning
process in the implementation phase. Things that make effective web-based learning is essentially dependent on the
views of stakeholders [4].

2.METHODS
Subjects in this study were students of class X MIPA 12 SMA 1 Sungguminasa 2014/2015 school year, amounting to
45 learners.
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The variables examined in this study is the independent variable and the dependent variable. The independent variable
is a web-based tutorial media, while the dependent variable is the result of learning physics.
Based on the title and problems, on top of the kind of research is a pre-experimental research design with One-group
pretest-posttest design.
O1
X
O2
Specification:
X = Treatment in the form of the inquiry-based learning approach
O1 = value of the pre-test (before treatment)
O2 = Value of the post test (after treatment)
Main data on learning outcomes scores physics. Furthermore, data on learning outcomes were analyzed using
descriptive statistical physics because in this study to determine how much physics learning outcomes before and after
being taught menggunakanpembelajaran media web-based tutorials.
The results obtained consisted of initial data and the final data is then calculated the increase in scores can be explained
by the value of n-gain (the difference between the final score and score early). Standard gain can be calculated using the
following formula
( )
Table 1 Criteria interpretation Gain Index Carried by Hake
The amount of g-gain
Description
Index high gain
g 0,7
Index gains were
0,3 g < 0,7
g < 0,3
Index low gain

3.RESULTS AND DISCUSSION
Based on the tests that have been carried out to study physics score obtained the following results. Score learning
outcomes physics class X MIPA 12 SMA 1 Sungguminasa academic year 2014/2015, in the learning activities using the
web-based tutorial media in physics during the pretest and posttest shown in Table 2
Table 2 Statistics Scores of Students of Class X MIPA 12 SMA 1 Sungguminasa 2014/2015 school year at Pretest
and Posttest Now
Statistik
Skor Pretest
Skor Postest
45
45
Number of students
25
25
ideal score
14
21
The highest scores
5
12
lowest score
10,20
16,31
The mean score
1,77
2,52
Standards deviation
3,12
6,36
variance
Based on data obtained in this study, it can be concluded that student learning outcomes before taught using a webbased tutorial media on students of class X MIPA 12 SMA 1 Sungguminasa academic year 2014/2015. Table 2 shows
the average scores of students of class X MIPA 12 SMA 1 Sungguminasa 2014/2015 academic year of the material
during the pretest Straight Motion at 10.20 from the ideal score. Scores obtained higher learners are 14 of the ideal score
is 25 and the lowest score is the score of 0. 5 attainable. The standard deviation obtained is 1.77, the variance of 3.12.
While that average scores of students of class X MIPA 12 SMA 1 Sungguminasa 2014/2015 academic year of the
material at the time of the posttest Straight Motion for 16.31 of the ideal score. Scores obtained higher learners are 21 of
the ideal score 25 and the lowest score was 12 out of a score of 0 is possible to achieve. The standard deviation obtained
is 2.52, the variance of 6.36. Based on the analysis above scores can be stated that there is a difference between pretest
with posttest scores.
Table 3 Percentage Distribution of Frequency Score Learning Outcomes Physics Students Class X MIPA 12
SMA 1 Sungguminasa Academic Year 2014/2015 on Current Pre Test and Post Test
NO

Score
0–4
1
5–9
2
10 – 14
3
15 – 19
4
20 – 25
5
The Amount

F (Pretest)
0
15
30
0
0
45

Category
Very low
Low
Moderate
High
Very high
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F (Postest)
0
0
10
28
7
45

Category
Very low
Low
Moderate
High
Very high

Table 3 shows the scores are the result of learning physics different between pretest and posttest. It can be seen from
the graph above appointment pretest and posttest when no learners who score very low category, there are 15 students in
the low category at the moment when the pretest posttest while no students who score in the category of being, there are
30 students in the category of being at the time when the pretest posttest while there were 10 students who score in the
category of being, there are no students who score high on the current category pretest posttest while at 28 learners who
score by category high, there are no students who score very high category at the time when the pretest posttest while 7
students who score very high category.
To search for improvement (N-Gain) physics learning outcomes of students of class X MIPA 12 SMA 1
Sungguminasa 2014/2015 school year is obtained by comparing pretest and posttest learning outcomes. Data physics
learning outcomes of students of class X MIPA 12 SMA 1 Sungguminasa 2014/2015 school year as follows
Diagram Pretest and Posttest Comparison results of Class X MIPA 12
SMA 1 Sungguminasa
20.0

AveAverage
Pretest Score

10.0

rage Pretest
Score

AveAverage
Postest Score
0.0
rage Pretest
Score 12 SMA 1
Figure 2 Graph difference Average Score Learning Outcomes of Students Class X MIPA
Sungguminasa Academic Year 2014/2015 on Current Pre Test and Post Test for 45 Students
From Figure 2 it can be seen comparing the average score obtained learners during the pretest posttest obtained 10.20
while 16.31. That means that there is an increase in learning outcomes before taught using a web-based learning tutorial
media and after being taught by using a web-based learning tutorials media.
To see the average gain is normalized (N-Gain), the following is presented distribution and the average percentage of
N-Gain gain index criteria.
Table 4 Summary of Physics Classroom Learning Outcomes of Students of Class X MIPA 12 SMA 1
Sungguminasa Academic Year 2014/2015 Based on N-Gain Range

Rentang
g ≥ 0,7
0,3 < g < 0,7
g< 0,3
Jumlah

Category

Frekuensi

Range Average N-Gain

High
Moderate
Low

4
27
14
45

0.42

Table 4 shows that four students meet high criteria, 27 students meet the criteria of being, and 14 people
who meet the criteria low. Seen also that students of class X MIPA 12 SMA 1 Sungguminasa Academic Year
2014/2015 has an average score of 0.42 normalized gain is included in the medium category.

4.CONCLUSIONS
Based on data obtained in this study, it can be concluded that student learning outcomes before taught
using a web-based tutorial media on students of class X MIPA 12 SMA 1 Sungguminasa at 10.20 in a
category is. Student learning outcomes after being taught to use a web-based tutorial media on students of
class X MIPA 12 SMA 1 Sungguminasa of 16.31 in the category of web-based tutorials tinggi.Penerapan
media can improve learning outcomes of Physics, class X MIPA 12 SMA 1 Sungguminasa . based test N
gain of 0.42 was obtained in the medium category.
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Abstract – Intertidal zone is considered as the nearest part of marine ecosystem that can be
reached by human and vulnerable because of human activities. Therefore, it is urgently needed a
promotion programme to grasp the local people attention to be aware to the existence of marine
invertebrates as well as to record the diversity of invertebrates in intertidal zone through citizen
science. This research aimed to describe the feasibility of involving local people in recording the
distribution of marine invertebrates in intertidal zone through citizen science. This research was
done during April to November 2014 in Madura Island, Indonesia. There were 14 research stations.
The volunteers were recruited randomly, consisted of adult female, adult male, as well as teenagers.
Prior to data collection, the volunteers were given a brief explanation about marine invertebrates.
Responses of the volunteers were analyzed descriptively. The three groups of ages, namely adult
male, adult female, teenager, had almost the same enthusiasm in joining the programme, however,
teenagers revealed the highest participation. Most of the volunteers were interested to the program
because they were eager to know about marine invertebrates. Further investigation about the
application of citizen science in research about marine invertebrates is needed. Therefore, it is
suggested to provide a comprehensive guidance book.

1. INTRODUCTION
Intertidal zone is part of marine ecosystem that is most easily reached by human. As consequence, this ecosystem has a
big chance to be affected by human activities. In fact, the intertidal zone is inhabited by many marine invertebrates that
can be threatened as their habitat loss. Moreover, the invertebrates get less attention compared to the vertebrates.
Therefore, it is urgently needed a promotion programme to grasp the local people attention to be aware to the existence
of marine invertebrates as well as to record the diversity of invertebrates in intertidal zone.
One of approaches that can be implemented to accelerate the recording of biodiversity, including invertebrates is by
involving the society. Citizen science can be defined as knowledge for science, such as biodiversity, that can be shared
to the society [1]. Therefore, it is expected that the people will have knowledge about biodiversity and can be involved
as citizen scientist and in the long term will contribute to the recording of biodiversity.
The participation of society in the citizen science is described in the definition of citizen science proposed by some
experts. OpenScientist [2] defined citizen science as “the systematic collection and analysis of data; development of
technology; testing of natural phenomena; and the dissemination of these activities by researchers on a primarily
avocational basis”. This definition is not only emphasized on the dissemination of knowledge, but also the contribution
of society in the research project or known as citizen scientist. Therefore, the focus of citizen science was involving
society in the scientific project and the dissemination of knowledge [1,3,4].
In Indonesia, citizen science have been applied, for example to support the conservation of birds through birding or
birdwatching. In addition, the activities to introduce dragonflies to the society and dragonflies-watching have been
carried out. In western countries, citizen science has been applied in many program related to birds [3] and butterflies
[5], however there is no record for marine invertebrates.
Madura Island is one medium-size island belongs to Indonesia which is geographically strategic because it is located
near the Java Island. The beaches of this island have various type of substratum which can support the life of vary
invertebrates. In addition, this island is located next to the international port of Surabaya which can give opportunity
the addition of marine invertebrates due to the migration of larvae facilitated by the ballast water of the ships. NIMPIS
[6,7] stated that the ballast water can be migratory way of animal larvae such as bivalves. Irawan & Soegianto [8] also
reported that the species richness of crabs in Madura Strait increase because the location are closed to the international
way of shipping.
This research aimed to describe the feasibility of involving local people in recording the distribution of marine
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invertebrates in intertidal zone through citizen science.

2. METHODS
This research was done during April to November 2014 in Madura Island, Indonesia. There were 14 research stations,
namely Gapura, Camplong, Jumiang, Polagan, and Modung which were located on the southern shores of Madura as
well as Siring Kemuning, Nepa, Seneng, Toroan, Tetehan, Pasean Batu Kerbuy, Pasean Dermaga, Badur, and Lombang
which were located in the northern shores of Madura Island. During the research, it was targeted the participation of ten
volunteers in each research station. The volunteers were recruited randomly, consisted of adult female, adult male, as
well as teenagers.
Prior to data collection, the volunteers were given a brief explanation about marine invertebrates using manual sheets.
The volunteers were divided into to three groups and each of them was led by primary researchers. Each group
collected the invertebrates found in the intertidal zone, namely upper intertidal, middle intertidal, and lower intertidal.
After the sample collection, specimens were preserved for laboratory identification. During the specimen collection, the
local people shared their knowledge about the invertebrates including the local wisdom. The volunteers were
interviewed about their comment and interest to the programme.

3. RESULTS AND DISCUSSION
There were 67 volunteers participating in sampling of invertebrates in 14 research stations (Table 1). The three groups
of ages, namely adult male, adult female, teenager, had almost the same enthusiasm in joining the programme, however,
teenagers revealed the highest participation (Figure 1). It can be seen that during the research, more local people of
southern shore of Madura participated compared to the northern shore (Table 1). During the low tide, many people of
the southern shore of Madura went to the beach to collect clams for daily consumption as well as for trading.
Table 1 Local people participating in invertebrate collection

Volunteers
teenager male female total
6
2
2
10
4
3
3
10
2
3
5
10
4
4
8
4
2
4
10
0
3
3
5
5
0
3
3
4
2
6
0
2
2
0
25
19
23
67

Research Station
Southern shore
of Madura

Northern shore
of Madura

Gapura
Camplong
Jumiang
Polagan
Modung
Siring Kemuning
Nepa
Seneng
Torohan
Tetehan
Pasean, Batu Kerbuy
Pasean, Dermaga
Badur
Lombang
Total

345

Figure 1 Volunteers as citizen scientist

During the specimen collection, the volunteers and the primary researchers could collect approximately 5297 specimens
belongs to nine phyla, namely Phylum Porifera, Coelenterata, Platyhelminthes, Nemathelminthes, Annelida, Mollusca,
Brachiopoda, Arthropoda, and Echinodermata. Invertebrates are consisted of many phyla and widely distributed on the
intertidal ecosystem, therefore the approach of citizen science is suitable to be applied. Many research projects work on
wide range of geography were conducted based on citizen science. For instance, research about birds [3] and the
migratory of monarch butterflies [5]
The volunteers were not only involved in the collection on specimens, but they were also providing information about
the local name of specimen, the traditional way of invertebrates fishing such as clams and crabs, as well as the local
wisdom of the society near the beach related to the invertebrates. According to Cohn [9] collaboration between
researchers and volunteers can enhance the data collection, especially in wildlife study.
Most of the volunteers were interested to the program because they were eager to know about marine invertebrates.
Although they live near the beach and consume some of edible invertebrates such as shrimp, cockles, and crabs; they do
not know about many other invertebrates, for instance sea urchins, sponges, sea slugs, etc.

4. CONCLUSIONS
Local people can be involved in recording the distribution of marine invertebrates in intertidal ecosystem. Further
investigation about the application of citizen science in research about marine invertebrates is needed. Therefore, it is
suggested to provide a comprehensive guidance book.
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Abstract – Arabica coffee (Coffea arabica) is one of the important economic plants in the
world. One of agricultural activities that might improve quality and quantity of coffee production
is pollination. However, most traditional manage coffee plantation highly depend on wild
pollinator in which their population are highly fluctuated and relatively low. This condition would
lead to lack of pollination. In order to augment the pollination services on coffee plantation,
introduction of potential pollinators, Trigona sp. could be considered as an option. This study
focused on assess the effectiveness of Trigona sp., as main pollinator agent through pollination
success, visitation rate and handling time compared with wind pollination, hand pollination and
open pollination, when Trigona sp. acted as supplement pollinator. In total, other than Trigona sp.,
6 wild insect species visited coffee flowers. We found that Trigona sp. have higher visitation rate
than the other spesies observed (49%). However, it seem to work better when apply as supplement
instead of main pollinator of coffee as pollination success of coffee when only pollinated by
Trigona sp. (51,29%) much lower than self pollination (57,08%) and when together with wild bees
(60,43%).
1. INTRODUCTION
Pollination is one of ecological services in agricultural systems [1-2]. Pollination services and management helps
providing adequate food supply for human, and sustaining the biodiversity of plants [3]. Pollination services in nature
are mostly the result of interaction between plant and animal, especially insects. Study showed that one-third of human
diet in tropical countries is derived from insect-pollinated plant [4]. Beside of crop plants, many economic plants
depend on insect pollination for production [5].
Arabica coffee (Coffea arabica) is one of the important economic plants in the world. Indonesia is the third largest
coffee producer in 2013 [6], which is could be due to numbers of beans produced from Arabica coffee less than the
other coffee variety. This species considered as a highland coffee plant and able to produced beans even though number
of fruit sets could increased by the increased visitation of insects pollinator [1, 3].
Among all insects, bee had been known as efficient and effective pollinators [1]. However, study showed that a number
of wild bees are decline, causing a concern for pollination services in natural and managed ecosystems which depend
on bee as pollinators [7]. In order to maintain the productivity, many plantations applied manage insect pollinators to
replace wild pollinators. In Indonesia, most common managed pollinator used is Asiatic honey bees (Apis cerana L.).
However, due to aggressive and absconding behavior of these bees made farmers reluctant to apply this species as
pollinator agents. Another managed bees species, stingless bee (Trigona sp., Meliponini), a highly diverse and
abundant group of bees that inhabit tropical and subtropical world. This species formed perennial colonies which they
forage all-year and play an important role as pollinators of many plants species [5, 8-11]. Klein, et.al.[1] reported
Trigona sp. as one of wild bees visited coffee flower yet application of managed Trigona sp. as coffee pollinator has
not been reported. In this study, effectiveness application of managed Trigona sp. and some concerns on wide
application was observed and discussed.
2. METHODS
2.1 Research Area
The research was conducted from September to December 2014 at an urban coffee plantation, 500 meters from Dusun
Wangun, Kecamatan Rancakalong, Sumedang, West Java. The plantation located at -6.82422,107.80964
(6o49'27.2"S,107o48'34,7"E) and about 1100-1200 m above the sea level and the coffee plant grown under Pinus
merkusii forest as shading (Fig.1).
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Figure 1 Location of Research Area
2.2 Pollination Experiments
Four pollination experiments, namely close pollination, hand pollination, open pollination and Trigona sp. pollination,
were conducted to observe the efficiency of Trigona sp. as pollination agent of local Arabica coffee. Eight coffee shrubs
randomly selected as sources of flowers. For each experiment group, four different branches were selected and all
closed flowers found in the branch were bagged with nylon mesh (Ø 1 mm) and resulting in total 32 branches. The four
pollination experiments were as follows: (1) for close pollination group, flowers bagged with nylon mesh, in which
allowed wind pollination while insect pollination excluded; (2) for hand pollination group, pollen of same flowers of
same plant was transferred to stigmas with fine brush then pollinated flowers bagged with nylon mesh to imitate self
pollination; (3) for open pollination, all bloomed flowers was not bagged with nylon mesh allowed insect and wind
pollination; (4) for Trigona pollination, bloomed flowers which visited by Trigona sp., then bagged with nylon mesh
until fruit produced.
Pollination success was measured by proportion of flowers produced fruit and total observed flowers.
2.3 Behavior Assessment
One of key for successful application of pollinator agent is the understanding of the foraging activity and behavior of
potential pollinator regarding pollination process such as visitation rate and flower handling time. All observations were
carried out on sunny days between 08.00 to 15.00 o’clock. During observation, flower handling time and visitation rate
recorded for Trigona sp. and other species visited coffee flowers along with environmental factors such as average air
temperature, humidity, and light intensity.
2.4 Data Analysis
One way ANOVA was applied to test difference of pollination success among experiment groups, handling time and
foraging rate among different pollinators. Significant value for test was P<0.05 and LSD applied as post hoc test if
significant value was found. All tests were conducted by SPSS Statistic Program.
3. RESULTS AND DISCUSSION
A. Pollination Success of Different Pollination Experiments
Based on fruit set data, open pollination application resulted in highest fruit set (60.43%), followed by hand-pollination
experiment, Trigona pollination and close-pollination experiments (Table 1). In open-pollination experiments, only six
wild species of insects (and Trigona sp.) found visited and pollinated coffee flowers. This result agreed with
hypothesize that pollination success of Arabica coffee could improve by cross pollination assuming insect harbored
pollen from other trees.
This study showed Trigona sp. alone could not effectively improved production which agreed with report of Garibaldi
[12] and consistent with previous study on coffee pollination [3, 13-16]. Furthermore, the total number of visited
species much lower than other report by Klein [1]. Low diversity of visited pollinator, might be responsible for low fruit
sets as each species has different ability in transferring pollen while management practices also could influenced
number of blooming and aborted flowers [16-17].
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Table 1 Pollination Success of Different Pollination Experiments
Pollination experiment
Pollination Success (%)
Open pollination

60,43±24,95a

Hand pollination

57,08±23,67a

Trigona pollination

51,29±17,64a

Close pollination
49,84±23,71a
Means followed with similar letter are not significantly different at 0.05 level of probability.
B. Foraging Activity
In total, included with Trigona sp., 6 wild insect species visited coffee flowers. Among all identified species, Trigona
sp had longest handling time and followed with Apis sp. while Trigona sp. visited more flowers than other species
(around 49% of all flowers observed) (Table 2).
Table 2 Foraging Activity of Insect Pollinators
Handling time
Foraging rate
Polinator
N
s/flower
flower/visit
Trigona sp.
104
6,20±3,06a
2,55±1,63a
a
Allograpta sp.
67
2,68±1,82
2,82±1,70a
a
Apis sp.
45
5.60±6,83
3,17±2,27a
a
Sp F
17
3,06±0,48
2,33±0,58a
a
Calliphora vicina
6
3,00±1,00
1,33±0,58a
Mycalesis sp.
6
7,67*
6*
Heliophorus sp.
3
3,33*
3*
*only one visit recorded
Means followed with similar letter are not significantly different at 0.05 level of probability.
Total number of insect visited coffee flower reached highest numbers when air temperature recorded between 27-30oC
(Fig. 2). During field observation, most insect preferred to forage under lightly shaded area than opened area (data not
shown). This behavior highly observed on Trigona sp. and also reported by Rabajante, et.al.[18]. The positive effect of
shade to visitation of bees also reported by previous study on coffee pollination [19-20]. Beside shade, availability of
consistent foraging source around plantation also crucial for visitation of insect to flowers which could explained low
visitation rate as study area surrounded by P. merkusii which provide no flowers for wild bees.

Figure 2 Visitation activity based on daily temperature change

4. CONCLUSIONS
Production of urban coffee plantation could be improved by improving pollination services of plantation area. Even
though managed Trigona sp. could be applied as pollinator agents of coffee, they act more likely as supplement not
main pollinator which are wild bees. Wild and manage insects pollinator had difference in activity and pollination
efficiency, which may crucial to maintain production rate of urban coffee plantation. Thus, it is necessary to develop
management practices of urban coffee plantation that benefited both wild bees and Trigona sp. as main and supplement
pollinator of coffee.
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Abstract. Partly in order to respond to accusations that oil palm compete with food production,
some policy makers have proposed that oil palm crops should be planted on land that is
considered marginal or idle. In Indonesia there are millions of hectares of such land, but
dominantly by ultisol. In order to improve soil fertility, it could be done through the application of
indigenous mycorrhizal and organic fertilizer. The objective of this research was to determine the
effect of indigenous mycorrhizal and organic fertilizers doses application on the growth of
immature oil palm plant. Two factors in block randomized design and Duncan Multiple Range
Test was used to analysis the data. The first factor is indigenous mycorrhizal application (no
indigenous mycorrhizal and indigenous mycorrhizal), and the second factor is cow manure
compost doses (no cow manure compost, 25% recomended doses of cow manure compost, 50%
recomended doses of cow manure compost, 75% recomended doses of cow manure compost and
100% recomended doses of cow manure compost). The results showed that there are interaction
between the application of indigenous mycorrhizal and cow manure compost doses. The best
combination that could increase immature oil palm plant growth is the application of indigenous
mycorrhizal and 75% recomended doses of cow manure compost.

1. INTRODUCTION
Oil palm is one of the non-oil sector commodities for the sub-sector plantation plays an important role in supporting the
development of Indonesia and Jambi. In Jambi Province, oil palm is a commodity plantations and growing rapidly. The
main problem raised in oil palm plantation is its low production. In order to increase the production and the quality of
this plantation; intensification, extensification and rehabilitation could be done regularly. In Jambi, extensification
could be done through expansion the plantation to marginal land where is still very widely available.
Ultisol classified as marginal land that has low fertility, has a shallow solum, has low water holding capacity, sensitive
to erosion and has a low pH and high Al levels so as to reduce the availability of Ca, Mg, and P. The application of
mycorrhiza indigen and organic fertilizers are effective for oil palm as an alternative needs to be done in an effort to
optimize the rehabilitation of marginal land.
Mycorrhiza is an alternative technology to help growth, improve productivity and quality of crops primarily grown on
marginal lands. This is due to mycorrhizal have various biological potency as improved plant nutrition, as a biological
shield, increasing the resistance of plants to drought, is involved in a cycle of bio-geo-chemical, synergistic with other
microorganisms and be able to maintain plant diversity [1, 10, 14] .
It has been widely demonstrated that mycorrhizal able to improve nutrient absorption and increase plant growth.
Nutrients are absorbed by plants infected with mycorrhizal is especially P, because P is required in relatively large
amounts, but its availability especially in soils is very limited so often the limiting factor in plant growth. Kartika [5]
showed that oil palm seedlings with mycorrhizal symbionts provide responsive seedling growth and nutrient uptake is
higher than no-mycorrhizal seedlings.
Besides of mycorrhiza application, to get a good growing medium, marginal soils require proper management by
performing the growing environmental management and cultivation measures, including the supply of nutrients
through fertilization. To reduce the effects of inorganic fertilizers, the use of organic fertilizer is a profitable alternative
to restore soil fertility in order to maintain the productivity of the land and for environmental sustainability. Organic
fertilizers also can improve the physical and chemical properties of the soil, and increase soil microbial activity.
Application of cow manure compost able to act as a substitute for inorganic fertilizer is cheap, abundant and provided
continuous with the nutrient content sufficient to replace the source of the nutrients needed by plants.
There is an increasing marginal land rehabilitation successly using oil palm inoculated with mycorrhizal and organic
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fertilizers is expected to further strengthen rehabilitation programs in other marginal lands. Applications in other
marginal areas wider would be very beneficial for the environment and living things around it. The purpose of this
study was to assess the growth of immature oil palm plants (phase 1) in application of mycorrhizal indigen and organic
fertilizer on marginal lands.

2. METHODS
2.1. Materials.
This experiment was conducted in marginal land at the village of Semabu in Tebo, Jambi Province from May until
Desember 2014. Laboratory analysis of plants held in Soil Laboratory, Faculty of Agriculture, University of Jambi.
2.2 Procedures
The experiment consisted of two treatment factors using a randomized block design. The first factor is the mycorrhizal
consists of two levels (M0: without mycorrhizal inoculation and M1: the mycorrhizal inoculation types of Glomus sp-16),
and the second factor, organic fertilizer doses, consisting of five levels (K0 = no cow manure compost, K1 = 25%
recomended doses of cow manure compost, K2 = 50% recomended doses of cow manure compost, K3 = 75%
recomended doses of cow manure compost, and K4 = 100% recomended doses of cow manure compost). Mycorrhizal
given is Glomus sp-16 and dose of cow manure compost is 20 Kg per plant.
D x P (Tenera) varieties of oil palm seedling is derived from the main nursery (12 months old). Three months before
being transferred to the field, the seedlings were inoculated with mycorrhizal. Seedlings are kept in the main nursery
until ready to be transferred to the field.
Marginal land such as ultisol in Tebo that to be planted, was leveled and cleaned, then was made the planting hole with
a size of 30 cm x 30 cm x 30 cm. Spacing in the field is 9 m × 9 m. Subsequently left for 2-3 weeks. Observations were
done on the variables of plant height, circumference of the stem, and number of midrib.

3. RESULTS AND DISCUSSION
The results of this study indicate that the growth of immature oil palm plants (phase 1) on marginal lands were
inoculated with mycorrhizal inoculum is generally better than the oil palm without mycorrhizal plants as indicated all
the observed variables. Likewise, in the treatment of several doses of cow manure compost, oil palm plant growth of
organic fertilizers are better than non-fertilized with organic fertilizers (Table 1-3).
Adding of height and circumference of plant on immature oil palm are not inoculated mycorrhizal seen that the whole
treatment of cow manure compost fertilizer application did not show significant differences. While the oil palm
inoculated mycorrhizal shows that the application of 75% recomended doses of cow manure compost (15 kg per plant)
showed the highest plant height and significantly different from all treatments except with 100% recomended doses of
cow manure compost (20 kg per plant) (Tables 1 and 2).
This suggests that the application of various doses of cow manure compost and not combined with mycorrhizae, plant
growth response was not significantly different, while if the application of cow manure compost combined with
mycorrhizal seen that the application of 75% recomended doses of cow manure compost (15 kg per plant) showed the
highest oil palm height. Cow manure compost can increase the growth and development of oil palm plant because this
compost contains of N, P and K that can supply the necessary nutrients and improve soil structure. Cow manure
compost is one of the types of organic fertilizer which can improve the fertility of chemical, physical, and biological
properties of soil, as well as a source of nutrients for plants. Organic fertilizers or organic material is a major source of
soil nitrogen, and organic fertilizer in the soil will be overhauled by microorganisms into humus, or soil organic matter.
Plants that symbiosis with mycorrhizal showed an increase the adding of plant height (Table 1), the adding of plant
trunk circumference (Table 2), and the adding of the number of midrib (Table 3), which is higher than the plants with
no mycorrhizal symbiosis. This is caused that mycorrhizae can help the plant in absorption of water and nutrients,
mycorrhizal hyphae that form the fabric of intensive will assist and facilitate the plant to absorb water and nutrients.
Mycorrhizal colonization can increase the absorption of water and nutrients through improved hydraulic conductivity,
increase in leaf water potential and increase water absorption rate per unit root length and per unit time [14].
Application of mycorrhizal isolates be able to increase the growth of oil palm plants. It is caused by a mycorrhizal
phosphatase enzyme be able to liberate P that was unavailable becomes available in the soil. The presence of
mycorrhizae can improve the absorption of nutrients, especially the elements of P. The increase in P content in plant
tissues can accelerate cell division, especially in the plant meristem tissue resulting in further on growth and yield [8].
Plants that without mycorrhizal inoculation tend to have a lower growth compared with mycorrhizal plants as indicated
by all the observed variables (Table 1-3). This is due that without mycorrhizal plant growth, development of plant roots
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are slower than mycorrhizal plants, due to oil palm no-mycorrhizal plants can not absorb water and nutrients optimally
so as not able to grow and thrive in marginal lands.
Mycorrhiza is one of the types of fungi that can stabilize the soil structure, mycorrhizal fungi through external hyphae
network can improve soil structure and is able to maintain the condition of the plant. The working principle of
mycorrhiza is to infect the host plant root system and produce intensively so interwoven hyphae containing mycorrhizal
plants will be able to increase capacity in the absorption of nutrients [8] .
Mycorrhizal ability to improve and enhance plant growth associated with its role in the absorption of phosphorus [2, 3,
4, 5, 6, 7, 9, 11, 12, 13, ]. Increasing of P uptake by mycorrhizal plants largely due to external hyphae of mycorrhizal
root systems that act as external hyphae which provides a surface that is more effective in absorbing nutrients from the
soil which is then transferred to the host root.

Table 1. Mean of adding of immature oil palm plant height (phase I) on marginal lands in the application of
mycorrhizal and cow manure compost
Isolate
Mycorrhiza
M0
M1
Mean

K1

Doses of cow manure compost
K2
K3

K4

K0
32,17 a
A
34,67 b
A

32,67 a
B
40,83 b
A

35,50 a
B
42,17 b
A

36,83 a
B
53,67 a
A

35,67 a
B
51,50 a
A

33,42 a

36,75 a

38,83 a

45,25 a

43,58 a

Mean
34,57
B
44,57
A

Note : Values followed by uppercase within the same column and lowercase within the same a row are not significantly
different at P ≤ 0.05 using Duncan’s Multiple Range Test (DMRT).

Table 2. Mean of adding of immature oil palm plant trunk circumference (phase I) on marginal lands in the
application of mycorrhizal and cow manure compost
Isolate
Mycorrhiza
M0
M1
Mean

Doses of cow manure compost
K1
K2
K3

K4

K0
2,83 a
A
4,50 b
A

3,17 a
B
6,50 ab
A

4,67 a
B
9,67 ab
A

5,00 a
B
14,63 a
A

4,83 a
B
13,33 a
A

33,42 d

36,75 c

38,83 b

45,25 a

43,58 a

Mean
4,10
B
9,73
A

Note : Values followed by uppercase within the same column and lowercase within the same a row are not significantly
different at P ≤ 0.05 using Duncan’s Multiple Range Test (DMRT).

Table 3. Mean of adding of immature oil palm plant number of midrib (phase I) on marginal lands in the
application of mycorrhizal and cow manure compost
Doses of cow manure compost
K2
K3

Isolate
Mycorrhiza
M0

K0
3,50

4,33

4,50

5,17

4,67

M1

3,83

4,50

4,67

5,67

5,50

Mean

3,67 b

4,42 ab

4,50 ab

5,42 a

5,08 a

K1

K4

Mean
4,40
A
4,83
A

Note : Values followed by uppercase within the same column and lowercase within the same a row are not significantly
different at P ≤ 0.05 using Duncan’s Multiple Range Test (DMRT).
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4. CONCLUSIONS
Aplication of mycorrhizal and various doses of cow manure compost and the interaction between the both treatments
can improve plant growth of immature oil palm (phase1) were grown on marginal land. Aplication of mycorrhizal and
cow manure compost at a dose of 75% of the dose recommendation can improve the best plant growth of immature oil
palm (phase 1) in marginal lands.
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Abstract – Since ancient time, plants have been an exemplary source of medicine. As wet tropical
country Indonesian has various endemic plants concerning traditional herbal medicine as well.
Elephantopusscaber. L (Tapak liman) is one of traditional medicinal plant that containsepiphrieelinol,
lupeol, stigmasterol, triacontan-1-ol, dotriacontan-1-ol, lupeol acetate, deoxyelephantopin,
isodeoxyelephantopin, lactone, flavonoids, polyphenols lutein-7 and glucoside. E.scaber has been used
for traditional drugs in fresh, dry powder and encapsulated tablets. Severaltypes of diseases thatcan be
effectively addressed by using E.scabe rinclude inflammatory diseasessuch as inflammation of the
tonsils,influenza, throat, eyes, kidney, and vaginal discharge acuteand chronic as well. Poliscyasobtusa
(Kedondonglaut) has potential role in immunomodulator; it was look like incredible herbal in immune
system.Stimulation of CD8+, CD4+, B220+, and regulatory T cells by P.obtusa crude extract through
Salmonelathypimurium infection for immunological self-tolerance has proven in our laboratory. This
plant contains some active compound such as saponin, flavonoid, dexamethason, etc. The other
Indonesian Endemic plant that has potential role is Sauropus androgynus (Katuk). S. androgynus giving
positive in expressing prolactin and progesterone hormone that giving positive impact to healthy
pregnancy. Formulation of three plants for herbal medicine will be giving systematically approach to
reconstruct recovery and healing mechanism in term of hematopoietic stem cells in female reproduction.
E. scaber has giving positive impact in term of erythropoietin differentiation; P. obtusa giving immune
system modulation, and S.Androgynus improving reproduction mechanism.
Keywords: Elephantopus scaber, Sauropus androgynus, Poliscyas obtusa, Hematopoietic Stem cells,
CD8+,CD4+, and B220+

1. INTRODUCTION
Iron deficiency occurs almost throughout the world with more than 2 million people. Its prevalence occurs mainly in
developing countries and become a significant problem. Effective arrangements are needed to prevent these deficiencies,
especially for pregnant women to give birth, including the need for red blood cell transfusions [1]. Pregnant women is
desperate need the amount extras of iron because iron needed for the development of plasma, placenta, and iron transfer
to the fetus. Although there is deficiency of the mother's body, the iron will stillt ransferred to the fetus [2]. Classically
iron deficiency is associated with iron deficiency anemia. The main causes of women iron deficiency anemia due to
dietary intake Fe and menstruation, as well as parturition. Main nutritionfactor during pregnancy for mother and child
are calories, protein, calcium, iron, folic acid, vitamin and mineral. Iron supply also one important thing that support the
fetus development and after birth blood supply for mother [3-5].
Pregnant women have a higher risk and more susceptible to infectious diseases because a pregnant woman has a unique
immunological condition as pregnancy [6]. In pregnancy, fetus is growing inside as the mother's foreign antigens for 9
months and not threatened by the mother's immune system. Immune adaptation must occur in pregnancy because it is
very important for fetus survival while maintaining the mother's ability to fight infection. The immune system is
significantly changes during pregnancy and these changes are necessary to support normal placentation and pregnancy.
Disorders of the maternal immune system can disrupt the balance of the newly formed between tolerance and immunity
during pregnancy and can affect placenta. In normal circumstances, the immune system is mainly held by lymphocytes,
which are carried out by two types of cells, B lymphocytes (B220+) and T lymphocytes (CD4+ and CD8+ T cells) [7].
TER-119 is used as a marker for cell erythroid pathway. Antibody reaction with erythroid cells at the early stages of a
pro erythroblast differentiation to erythrocytes. In addition to iron deficiency and immune system, a problem that occurs
when a woman pregnant is the production of breast milk after childbirth. Breast milk produced is reduced or absent.
This causes the baby is weaned too early, i.e. less than 4 months of exclusive breastfeeding. Based on the results of a
survey conducted by Indonesian Demographic and Health Survey (IDHS) in 2011, showed that 62% of mothers stop
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breastfeeding for baby with reason milk production is not sufficient. This can be caused by several factors, including
stress factors and maternal diet.
Indonesian people have known used as a medicinal plant efficacious in treating the disease. The use of medicinal plants
has been done by earlier ancestors. One of the plants that can be used to improve the quality and quantity of breast milk
is katuk leaf (S. androgynus (L.) Merr) because they contain sterols and polyphenols that can increase levels of the
prolactin hormone to produce milk, as well as stimulating oxytocin hormoneto stimulate spending and flow of breast
milk [8]. S. androgynus leaf consumption effect on serum prolactin levels for nursing mothers, besides S. androgynus
leaf has lactagogum effect, an effect that can increase the number and quality of breast milk, because it contains
substances that can stimulate the hormonal nature of milk production that phytosterols. In addition in Indonesia there
are also many Tapak liman (Elephantopusscaber). E. scaberis used to different treatment in each country. In Malaysia it
is used to accelerate abdomination contraction and prevent inflammation after childbirth used. All parts of that plant
when boiled with red beans can be used to remove gases [9]. E. scaber can improve the immune system indicated by the
increasing number of CD4+ cells, CD8+, TER-119+, and B220+. At a dose of 0.5 g/Kg BW E. scaber can increase the
total B cells and T cells. Kedondongl aut (Poliscyasobtusa) has potential role as an immune-modulator .Stimulation of
CD8+,CD4+, B220+, and regulatory T cells by P. obtusa crude extract through Salmonelathypimurium infection for
immunological self-tolerance has proven in our laboratory. Therefore, formulation of those three plants for herbal
medicine will be giving systematically approach to reconstruct recovery and healing mechanism in term of
hematopoietic stem cells in female reproduction.

2. RESULTS AND DISCUSSIONS
2.1 Hematopoietic Stem Cell
Mature blood cells are produced at a rate of more than one million cells per second inthe adult human [10]. Mature
blood cells have a finite lifespan and must be continuously replaced throughout life. Blood cells are produced by the
proliferation and differentiation of a very small population of pluripotent hematopoietic stem cells (HSCs) that also
have the ability to replenish themselves by self-renewal. Most of the hematopoietic stem cells (HSCs) from which they
arederived cycle very infrequently and primarily reside in the G0 phase of the cell cycle underhomeostatic conditions
[11]. During differentiation, the progeny of HSCs progress through various intermediate maturational stages, generating
multi-potential progenitors and lineage-committed progenitors, prior to reaching maturity. Bone marrow (BM) is the
major site of hematopoiesis in humans and, under normal conditions, only small numbers of HSCs and progenitor cells
can be found in the peripheral blood (PB) [12].

2.2 Elephantopusscaber. L (Tapakliman)
E.scaberplant is used for herbal medicine in different cases such as to accelerate abdominasi contraction and prevent
inflammation after childbirth, to treat cought and as a tonic, antipyritic, spermatorrhea, leucorrhea, amertohargia,
menstrual complaints, menorrhagia and dysmenorrhoe, diarrhea, dysentery, and stomach disorders, anti-inflammatory,
anti-viral, anti-diabetic and anti-inflammatory [9,13-15]. Ethanol extracts from all parts of E. scaber plant in
phytochemical analysis showed that this plant contains a number of secondary metabolites included triterpenoidslupeol,
sesquiterpene lactones (deoxyelephantopin, isodeoxyelephantopin, 17.19-dihydrodeoxyelephantopin, scabertopin
isoscabertopin and elescaberin), fatty acid esters (ethyl hexadecanoate, ethyl-9, 12-octadecadienoate, ethyl- (Z) -9octadecenoate and ethyl octadecanoate), stigmasterol, stigmasterol glucoside, alkaloids, aurones, chalcones and
phenolic compounds in small quantities [16]. Ethanol extracts of this plants has extensive bioactivity as the treatment of
wounds in mice, antimicrobial activity and dysuriatreatment.

2.3 Sauropus androgynous (Katuk)
Utilization S. androgynous leaves as traditional medicine has been proven scientifically. Suprayogi [17] states that S.
androgynous leaves have efficacy to cure boils and ulcers as well as able to improve digestive function and metabolism.
Giving S. androgynous leaf suspension can improve digestion and absorption of glucose metabolism in the
liver.Chemical compounds contained in S. androgynous among others Saponin, Flavonoid, and Tanin. Saponin are
triterpenoidaglycosides or steroid glycosides compounds which are active compounds like soap and can be detected by
their ability to form foam and hemolyzed red blood cells. Saponin has activity as an antifungal agent and inhibits the
growth of cancer cells. Saponin can inhibit DNA polymerase so that the nucleic acid synthesis is interrupted [18]. When
it binds to cholesterol, saponin resulted in changes in the lipid environment, membrane proteins, including ion channels,
transporters and receptors [19]. Flavonoids are polyphenolic compounds including groups that are known to have
properties as free-radical, hydrolysis and oxidative enzyme inhibitor, and works as an anti-inflammation.
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2.4 Poliscyasobtusa (Kedondong laut)
Poliscyasobtusacontains Polysciosida A-H, flavonoids, dexamethason and compounds. Polysciosida A-H is a
compound from saponinoleanic acid group. Saponin is a compound that plays role in flow process of nutrient in animals
and human. Saponin also play role in membrane permeability, as immunostimulant, and hypocholesterolaemic [20].
Polysciosida A-H also acts in humoral and cellular immune system. Our recent study prove that crude extract of P.
obtusacanstimulate of CD8+,CD4+, B220+, and regulatory T cells in broiler chicken infected by Salmonela thypi
murium for immunological self-tolerance. P. obtusa also can stimulate that cells type in pregnant mice infected by
S.thypimurium. Those results proved that this plant can be used to stimulate immune system.

2.5 Efficacy of Combination of E. scaber, S.androgynous, and P. obtusa
Administration a combination of E.scaber and S.androgynousfor 12 days in pregnant miceinfectedby S.thypimuriumcan
increases the number ofTER119+cells in BM, B220+inblood, and CD8+CD62L+ T cells in thelymphnodes. Giving a
combination ofbothplantsfor 18 days in pregnant mice infectedby S.thypimurium can increase the number of CD4
CD62L+ T cells and CD8+ CD62L+ T cells in spleen and CD68+ (macrophages) in lymphnodes. Administration of
P.obtusain those experimental animals can increase the number ofGR1+ cells (granulocytes) in spleen, CD68+ in
lymphnode, and CD68+, GR1+, and B220+ in BM. It shows that those three plants shave efficacy to modulate the
immunocompetent cells that play role during pregnancy. The mechanism ofchange in the numberof cells occurs
systemically includes alllymphoid organs that play a role in the maturation and differentiation of immune cells both
primary and secondary lymphoid.

Figure 1 A systemic approach of HSC’sin female reproduction
Immunocompetent cells changes affect the steroid hormones such as prolactin. Prolactin (PRL) is a protein that in
humans and best known for its role in enabling female mammals to produce milk. Prolactin is secreted from the
pituitary gland in response to eating, mating, estrogen treatment, ovulation, and nursing.Prolactin also plays an essential
role in metabolism, pancreatic development, and regulation of the immune system such as B220+, CD8+ T cells, and
TER119+.
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Abstract – Indonesia is volcanoes prone area that has about 127 volcanoes or about 13% of
volcanoes in the world. In addition, the country also has about 40% of geothermal prospecting area
around the world which is 80% of them were known as volcano geothermal. In spite, there is rarely been
about the study, research and community education of volcanoes and geothermal energy. Consequently,
Indonesia is country that has the most of lives affected by volcanoes eruptions. To mitigate their
hazardous, a monitoring system of volcano has been initiated as Kelud’s eruption on 1919 that killed more
than 5000 people in East Java. Recently the monitoring, education and research in the field of volcano
rarely been done. Furthermore, only about 4% of geothermal energy are optimally used in Indonesia. East
Java is one of volcanoes prone in Indonesia which have the most victims affected by volcanoes eruption
during 20th century. The Ijen volcano is one of the most active volcanoes, located in eastern of Java,
Indonesia and known as its large hyper acidic crater lake, poses significant volcanic and environmental
hazards to its immediate surroundings. Besides its threats, the volcano give some benefits for the
surrounding people due to the prospect of its “sulfur mining”, tourism and geothermal energy. In Blawan
village at northern of Ijen volcano, there is an industry of Java Coffee using the supporting energy from
biomass and solar energy for drying the coffee-fruit. There was also developed energy based on
microhydro power plant to support its own electricity need. Based on the geological and surface
investigation, about 21 hot springs have been found in the Blawan geothermal with the surface
temperature ranged from about 40 0 – 550C. It mean, the Ijen volcano complex, especially at Blawan area,
will become an interesting as developed area of geothermal field. So, the geothermal energy can be acted
as reserve energy aournd Blawan area beside biomass, solar and microhydro. It was an excite conserve
area that can provide its own energy for their sustainability gave impacts socially, economically and
environmentally.
Keywords: Blawan-Ijen volcano geothermal complex; regional development; geothermal energy,
geophysical, sustainability

1. INTRODUCTION
In Indonesia, it has been known at least 265 locations geothermal energy with a potential of 28.1 GWe [1]. Most of the
potential associated with volcanic lines, which generally have high enthalpy and can be commercially developed for
power generation. A small portion is geothermal sources associated with non - volcanic system, usually have a
relatively low temperature reservoir. Geothermal systems in Indonesia based on the geological structure can generally
be divided into five types: single strato volcano, complex volcano, the caldera, the volcanic cone - graben, and nonvolcanic [2-3]. Types of geothermal systems reflects the magnitude of its potential: the type of volcano complex, and
graben - caldera volcanic cone generally has a potential energy that is much larger than the other types.
Of the 265 existing geothermal area, 138 locations (52.07 %) geothermal area is still at the initial stage of preliminary
investigation or inventory with the potential for speculative resource class, 24 sites ( 9.05 % ) geothermal areas are still
at the stage of investigation introduction to the potential of the resource class hypothetical. Geothermal area has been
utilized for electricity generation is currently only 7 locations or 2.64% with a total installed capacity of 1189 MW. To
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make effective use of direct utilization of a use conducted in accordance with the temperature requirements. In several
locations in Indonesia has made use of the local community directly as for tourism facilities, heating and nursery crops
mushroom, fertilizer production and fish farming. But in general the use of fuel directly benefit the agricultural industry
has not evolved [4].
Blawan-Ijen volcano complex in addition to having the potential of energy resources are also potential in the plantation
sector. As primary commodities such as coffee plantations, and other commodities such as timber and fruits. In
addition to plantations, lush natural conditions into the caldera of Mount Ijen old home to the resident with the
establishment of Sempol districts in Bondowoso [5].

2. GEOLOGIC SETTING
Ijen volcano is an active volcano which ranks in the complex Blawan Ijen Bondowoso. The volcanic complex circularshaped structure, a parasite from an ancient volcano Ijen. Among the volcanoes in the area known Blawan Ijen volcano
is the most active volcano Ijen and roar [6]. The geology in the area Blawan Ijen complex composed of young volcanic
rocks that formed in the upper Pleistocene. [7] suggests the presence of a major fault trending east-west along the 2 km.
There are many faults trending north-south and 2 (two) of them formed a graben system. These structures are consistent
with the direction of the Australian plate collision against the Asian plate is trending north-south. In the presence of a
geothermal system fault structures that are permeable zone as a way out hot fluid towards the ground as geothermal
manifestations [8].
Geothermal systems in Ijen mountain area in the category caldera geothermal systems. Ijen caldera has a diameter of
around 15 km, with a curved shaped caldera wall north-east to south [9]. Ijen volcano in East Java is part of SundaBanda volcanic arc stretching from Sumatra to Banda, along 3,700 km which is known to contain a lot of metal ore
deposits [10] and geothermal prospect [11-13]. The formation of volcanoes lines is the result of the dynamics of plate
subduction of the Indian Ocean to the Eurasian continental plate [14]. In the southern part of Java Island, the Indian
Ocean is being subdacted, however, when the subduction ceased, it became buoyant and experienced strong uplift and
erosion. This led to the formation of volcanic belt along the southern part of Java Island and resulting in high heat flow
[15-16]. Some magma chambers remain in the shallow crust [17]. They have produced Ijen’s most recent volcanism
and provide the heat source of the Blawan geothermal field [18].

3. METHODS
Basically, this initial study began with physical observations, satellite imagery and literature. The physical observations
conducted research to determine the environmental condition with everything that supports the processing of data. This
is not out of the satellite imagery used in determining the location of the observation. Preferred physical observations
results lava flows around the site, from Jampit towards Blawan. In addition to the observations, also done some
measurements slope. This is done to determine the extent of lava flows flowing from upstream to downstream. And also
hot spring investigation, seismic, and magnetic also have been done to analysis quality and quantity of geothermal
prospect and geohazard in Balawan-Ijen Area.

4. RESULTS AND DISCUSSION
Visual observations showed that, there Sempol area lava flows, which is probably derived from Jampit towards Blawan
(Figure 1). This is confirmed by the data of GPS (Global Positioning System), with an altitude of 1650 m above sea
Jampit and Blawan 940 m above sea level at a distance of 8 km. Lava flows are the least hazardous of all processes in
volcanic eruptions. How far a lava flow travels depends on the flows temperature, silica content, extrusion rate, and
slope of the land. A cold lava flow will not travel far and neither will one that has a high silica content. Such a flow
would have a high viscosity (a high resistance to flow). These flows can move at rates of several kilometers per
hour. More silica-rich flows can move as far away as 1.3 km from their sources and have thicknesses of 100 m. These
flows can move at rates of a few to hundreds of meters per hour. If a lava flow is channelized or travels underground in
a lava tube then the distance it travels is greatly extended.
In Figure 1a and b showed the lava flow from Jampit to Blawan. Sedimentary rock from the frozen of lava to be high
porosity, angular, blackish gray, dense and local sediments. According to [10], the area was once a lake Blawan Blawan.
Post vulaknisme Ijen caldera lake is changing due to the fault Pedati and lava flow to the Blawan area (called the Paleo
Lava Flow), so the lake water evaporates and the water can no longer be accommodated due to the fault rupture Pedati
which divides the northern part of the caldera wall. The existence of fault Pedati is reinforced by evidence Waterfalls
around the Blawan regions.
Around Blawan-Ijen caldera, there were about 21 hot springs distributed near Blawan coffee factory (Figure 2). This
industry has high possiblity in using the supporting energy from biomass and solar energy for drying the coffee-fruit.
There was also developed energy based on microhydro power plant to support its own electricity need.
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The appearance of the hot springs is possible existence of slope and accumulation of water that collects in the
surrounding caldera Blawan as a result the rest of the Lake Blawan. With the flowing of lava flows toward Jampit
Blawan, showed that the lowest region is in the area of the caldera Ijen Blawan.

Figure 1. a) Estimated lava flow seen from the village of
Jampit plotted at map based on the surface observation
b) image the origin of lava flow at around Kawah
Wurung.

Figure 2. Distributions of hot springs around
Blawan Coffee factory.

Based on research [1] and [7], the geothermal reservoir at a depth of approximately 2 km and the surface temperature of
the hot water that is located in the village of Blawan about 40-55oC and Blawan geothermal reservoir area based on
data from the Gravity has a reservoir temperature of 94-108oC. The presence of hot springs around Blawan Ijen, besides
due to the lower region also influenced the presence of igneous intrusions Ijen caldera region with a younger age of
rocks and carries heat from the volcanic activity. The resulting heat out along with mineral hot springs in the area
around his Blawan.

Figure 3. Hot spring distribution around the BlawanIjen area overlay with Magnetic anomaly contour map.

Figure 4. Epicenter distribution of Microseismic
event in Blawan-Ijen area. Blue triangle shows the
position of seismometer. Blue circle shows the
shallow volcanic eaarthquake; Magenta circle
show the deep volcanic earthquake; and red circle
show the local earth quake.

Figure 3 and 4 showed the initial results of magnetic and seismic observation. Figure 3 shows magnetic anomaly maps
of the Blawan-Ijen area. In southwest part, high magnetic anomaly can be easily observed. This anomaly represents the
igneous rocks of the Ijen volcano eruption at depth and in turn may indicate the deep heat source for the geothermal
activity of the Blawan area. While, low magnetic zone between Blawan and Kawah Ijen can be observed, which might
be associated with the destruction of magnetite in the host rocks by hydrothermal alteration. Base on microseismic
observation around Blawan-Ijen, the hot spring rising around the Blawan-Ijen also related to the fracture zone. This is
indicated by high seismicity around the Blawan-Ijen (Figure 4).
From the epicenter distribution it appears that the position of the source of the shallow volcanic earthquake and deep
volcanic earthquake dominant in distance range around 2km and dominant in the south east and north east. As for the
local tectonic earthquakes around Mount Ijen is a distance of about 2-10km from the crater on the southeast and
northeast. The epicenter distribution shows the movement of magma from around the crater on the south, southeast, east,
northeast and north toward the center of Ijen crater. Prediction of magma migration toward the center of the crater
according to research [19], which stated that the central activity of Ijen crater is the deepest point in the crater.
Additionally, distribution of microseismicity shows the fracture zone. High seismicity shows the high fracture or fault.
These fault structure become the media for fluid circulation from surface to reservoir or from reservoir to surface so the
hot spring rice in surface.
Based on the surface manifestation and geological structure, the Blawan Ijen is one of the existing geothermal potential
in the region of East Java, especially in the area of the caldera Ijen no harm in a more complete research and detail can
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be accomplished. If the observed depletion of natural resources of oil and gas reserves in addition because it is due to
the amount of natural ingredient is limited, and because there has been no further significant exploration efforts are not
exploitation or it was not possible anymore. In this case, the human resources are the key factors materialize, or whether
such efforts. Management industry (exploration and exploitation) geothermal in principle is: the high cost of investment,
have a high risk (risk of geological, technical, economic, and political uncertainty) and the obvious need of modern
technology.

5. CONCLUSIONS
Based on these results, it can be concluded that in the caldera Ijen, lowest areas are in Blawan. So that the ground water
accumulates in Blawan. With the young and intrusive rocks of the mountain is possible the effect of heat on the spring,
so it came out as hot water.
East Java is one of volcanoes prone in Indonesia which have the most victims affected by volcanoes eruption during
20th century. Ijen volcano is one of the most active volcanoes, located in eastern of Java, Indonesia and known as its
large hyper acidic crater lake, poses significant volcanic and environmental hazards to its immediate surroundings.
Besides its threats, the volcano give some benefits for the surrounding people due to the prospect of its “sulfur mining”,
tourism and geothermal energy.
In Blawan village at northern of Ijen volcano, there is an industry of Java Coffee using the supporting energy from
biomass and solar energy for drying the coffee-fruit. There was also developed energy based on microhydro power
plant to support its own electricity need. Based on the geological and surface investigation, about 21 hot springs have
been found in the Blawan geothermal with the surface temperature ranged from about 40o – 55oC. It mean, the Ijen
volcano complex, especially at Blawan area, will become an interesting as developed area of geothermal field. So, the
geothermal energy can be acted as reserve energy aournd Blawan area beside biomass, solar and microhydro. It was an
excite conserve area that can provide its own energy for their sustainability gave impacts socially, economically and
environmentally
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Abstract. Oyster reefs can alter local hydrodynamics, protect tidal flats from erosion, reduce wave energy
and trap sediment. The current concern is to what extent environmental parameters can influence the
physiological parameters of the oysters. In Khutubdia channel, suspended matters have a major influence
on the food availability and quality. Clearance rate, feeding rate, ingestion and absorption of organic
matter, assimilation efficiency were calculated to determine the scope for growth of Crassostrea
madrasensis under high suspended matter of ambient water of Khutubdia Island channel. This study
shows that high suspended matter is related to the low organic fraction and ingested quality that has
depressing effect on assimilation efficiency and scope for growth. The negative SfG, – 0.83 to – 8.1 J/g/h,
was observed due to negative absorption efficiency caused by decreasing organic ingested fraction. The
positive SfG, between 3.73 ± 0.43 and 26.04 ± 7.4, supports that suspended matters play an important role
in the oyster nutrition.

1. INTRODUCTION
The study of physiology of C. madrasensis with respect to its adaptation to the environment is necessary to understand
the role of the oyster on stabilizing sediment as well as to provide valuable information for management of cultured
populations. As the growth of bivalves can be slow, the direct measurement of growth and reproduction of the test
organisms in bio-monitoring is not only time consuming but also difficult to be interpreted; for instance, gamete loss
may occur in the period of measurement [1,2]
Individual bivalve growth has been modelled using various types of energetic models, from “Scope for Growth (SfG)”
to “dynamic energetic budget (DEB)”. The SFG concept, widely used in many models, assumes that energy gained by
food acquisition is equal to the energy lost for maintenance, growth, and reproduction. The model provides relatively
easy and instantaneous measurement of the potential growth of bivalves under certain condition [1,2].

2. METHODS
2.1 Ecophysiology measurements
The SFG model used in this study is based on the widely applied SFG concept, and allometric relations between
physiological function and dry weight (WTissue) [1].

2.2 Feeding rate
Clearance rate is determined using indirect method. The indirect method measured the exponential decline in particle
concentration over time in closed container. The exponential decline in particle concentration in the jars over time was
followed by a count of particles using 2100P ISO turbidimeter. The declining particle measured 3 times for each sample
within 10 minutes, 30 and 1 hour; CR in static systems is then determined using the following equation;
CR = V (logeC1 – logeC2)/t

(1)

CR = clearance rate (l h-1), V = volume of water (L), C1 and C2 = concentration at the beginning and at the end of time
interval t.
The total particulate matter (TPM) was collected by filtering natural seawater of the control jar through a glass
microfibers filter (GFC, Whatman 47 mm, previously incinerated and weighed). The filters were dried in a conventional
oven at 70 0C for 4 h to determine the dry weight, and then incinerated in a muffle furnace at 450 0C for 4 h and
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weighed. The dry weight of retained material gave TPM and the weight loss on ignition at 450 0C for 4 h gave the POM.
Food consumption was then estimated by multiplying the clearance rate by the food concentration, expressed in terms
of mg POM per litre [2];
C= CR x POM

(2)

where C = consumption of organic matter (mg h-1), CR = clearance rate (l h-1), and POM = particulate organic matter in
seawater collected from the control jar of clearance rate experiment (mg l-1).

2.3 Ingestion, absorption of organic matter, and assimilation efficiency
In the indirect method, the amount of food that is digested and absorbed requires representative subsamples of faeces
and food. The biodeposits were concentrated, filtered through GFC, and dried in a conventional oven at 70 0C for 4 h to
determine the dry weight. The filters were then incinerated in a muffle furnace at 450 0C for 4 h and weighed [3]. The
difference between dry and ashed weight was considered the organic weight. Faeces and pseudofaeces production, in
the form of organic matter, was stated as production per unit of time (mg POM h-1). Ingestion and absorption of organic
matter were calculated using following formulae [4], and assimilation efficiency was determined according to Conover
1966 [2]:
Ipom = C – Ppom

(3)
-1

-1

where I = ingestion of organic matter (mg h ), Ppom = organis pseudofaeces (mg h ).
Apom = C – Fpom

(4)

where Apom = absorption of organic matter (mg h-1), Fpom = organic faeces (mg h-1).
Ae = (F-E) / (1-E)F

(5)

where F = ash-free dry weight:dry weight ratio (AFDW/DW) of the food and E = ash free dry weight:dry weight ratio
of the faeces.

2.4 Respiration and Excretion
In this study, the oxygen consumption data was taken from literature studies, 1.26 mg h-1 g-1 [4]; whereas, the excretion
of nitrogen product was not taken account but typically represents less than 5 % of total metabolite energy expenditure
[2].

2.5 Scope for growth
In this study, SFG is determined as the difference between carbon acquired by feeding processes and lost by respiration
(maintenance) and excretion of one individual. The ecophysiology data were converted into energy values to determine
the scope for growth of each oyster. The energy conversion was 20.3 J for 1 mg of POM and 14.1 J for 1 mg of O2 [4] ,
It was calculated as follows:
SFG ( J h-1 g-1 ) = C x ae) –OCR
-1

(6)

-1

-1

-1

Where SFG = scope for growth (J h g ), C= FR standardized per 1 g DW (J h g ), and OCR = oxygen consumption
(J h-1 g-1). At the end of each experimental cycle, the dry body weight (We), the dry weight shell, and the length and
width of the shells were determined. Correlation coefficient between shell size and fresh meat weight were determined.
Furthermore, all the feeding processes estimated from the individuals were standardized to those equivalent individual
of 1 g dry tissue weight [5] using the following formula:
Ys = (Ws/We)b x Ye

(7)

Where Ys represents the value for standard animal; Ws, the dry weight of standard animal (1 g); We, the dry weight of
the oyster studied; Ye, the physiological activity measured, and b the allometric coefisien for a given activity.

3. RESULTS AND DISCUSSION
The present study shows that C. madrasensis can effectively clear suspended particles from surrounding water. The
bigger size of individual oyster reduces higher suspended material than those smaller oyster. However, after
standardization to 1 g of DW using coefficient b = 0.44, the value of Clearance Rate obtained was highest in the
smallest individuals (12.08 L h-1 g-1 DW) and with largest individual having the lowest value of 3.15 ± 1.78 L h-1 g-1
DW. Similar CR was reported in C. virginica that values between 4 and 10 L h-1 g-1. On the other hand, it had been
reported that CR for 100 mm C. madrasensis was 24.1 L h-1[6]. Assuming that 100 mm C. madrasensis has
approximately 1 g DW, this value is still higher than our current study. However, the use of different methodology and
diet results different CR. Rajesh et. al 2001 used phytoplankton as diet for the clearance rate which results in an overall
higher clearance rates than those obtained using suspended matter or seston based diet [7].
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Fig. 1.The relation between the feeding rate and dry tissue weight converted to base 10 log.
Furthermore, Scope for growth model assumes the energy available for growth and reproduction and may be valuable in
predicting changes in ecological impacts of species with environmental changes [2]. Eco-physiological information
arising from the present experiment is focusing on the role of total suspended particulate matter (SPM) on the energy
budget of Crassostrea madrasensis. Those associated with suspended matter can significantly contribute to the growth
of bivalves [8].
Based on our study, the organic content of suspended matter were inversely related with total suspended matter (R
squared = 0.982). This phenomenon also had been observed in several studies that indicated that the dug bottom
sediments became coarser and contained lower amounts of organic matter [9]. The second ambient water sampling
location, in the AAD Jetty and Khutubdia port where oyster naturally grew, had much lower suspended particulate
matter 0.09 g/l but higher fraction organic content.
The oysters that were treated using the ambient seawater from around concrete ring structure had negative value of
SFG; while all the oysters that were treated using the ambient water from AAD channel and Khutubdia port had
positive SFG. Positive assimilation efficiency and scope for growth indicate growth potential, while negative AE and
SfG indicate that energy expenditure is greater than energy acquisition [8], suggesting that if oyster held under ambient
water from certain location experience negative SfG, oyster populations may not survive in this environment (see figure
2).
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Fig. 2 Scope for growth (SFG, J h g ) as function of suspended particulate matter (mg l-1) for individuals. Data
are means +95 % (n=39). The actual of SPM concentration of survey 1 was on average 2.82 g l-1; however, to
simply the graph, the actual SPM value was divided by six to obtain value around 600 mgl-1.
The low fraction of organic matter hampered the growth of oyster as there was correlation observed between
assimilation efficiency (AE) and organic ingestion matter (R squared = 0.7). In our experiment the assimilation
efficiency became negative when the organic ingestion low (figure 3). The oyster could be severely stressed when the
organic fraction of the food was not enough to support its grow; therefore, the energy uptake was loss for catabolism
(respiration and excretion), and reminder matter could not be used for growth [2]. It is in agreement with some studies
that evaluated that negative AE result in negative SFG because animals are losing more organic matter than they are
gained [10]. The energy lost in bivalves, metabolic faecal loss, is associated with intracellular of bivalve’s digestion that
is noticeable when the food has low organic content.
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Fig. 3 Assimilation efficiency (AE) in oysters related to dietary quality expressed as organic ingested fraction (%).

4. CONCLUSIONS
In summary, our present study shows that the feeding rate, assimilation efficiency, and scope for growth of the oyster C.
madrasensis were significantly affected by the organic content of suspended matter that inversely related with total
suspended matter. Furthermore, SFG measurement revealed the depressing effect of high suspended matter on food
acquisition, food quality, with further negative consequences on assimilation efficiency and absorption efficiency.
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