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Welcome Speech 
 

 
 

 
 

Assalamu’alaikum Wr.Wb. 

 

 

Distinguish guests, speakers, participants, ladies and gentlemen, Good morning! 

Today, we hold the International Conference on Science and Engineering. This is going to be a great and significant 

event as the experience will be shared and actions will be explored.  

 

More than 200 experts, researchers, lecturers, and students have been invited and attend this conference. Here, please 

allow me to express my sincere welcome on behalf of the Organizing Committee to all the experts and participant that 

have participated in this conference! 

Ladies and Gentlemen,  sciences and engineering are closely related to the development of humankind. We can learn 

from  the past, and we will predict the future. A survey of human civilization shows that the existence of humankind is 

linked to the development in science and engineering. Indeed, engineering based on logical thinking which mimic the 

law of nature.  

I would like to thank Prof Bernd Udo Wiechert (Senior Experten Service, Germany), Assoc. Prof. Ferry Jie (Edith 

Cowan University, Australia) and Prof. Dr. Eng. Syafaruddin, S.T., M. Eng (Hassanudin University, Makassar, 

Indonesia) as keynote speakers. 

I also gratefully thank to the Rector and Vice Rector of UIN Sunan Kalijaga Yogyakarta, Dean and Vice Dean of 

Faculty of Science & Technology for giving us opportunity to organize this conference. We also thank to all of the 

organizing and scientific committee that contribute to this conference. 

Despite our best effort, it is inevitable that there is a lack in organizing this seminar and I profoundly apologize to all 

speakers, participant, and committee members.  

Finally, I wish the conference a complete success, and wish all the participants  a good time in Yogyakarta. 

 

Thank you. 

 

Wassalamu’alaikum Wr. Wb. 
 

 

Muhammad Jafar Luthfi   

Chairperson of the Organizing Committee 

 

 

 



Opening Ceremony Speech 
 

Dean, Faculty of Science & Technology UIN Sunan Kalijaga Yogyakarta, Indonesia 

INTERNATIONAL CONFERENCE ON SCIENCE AND ENGINEERING (ICSE) 2017 

 
 

Assalamu’alaikum Wr.Wb. 

 

 

Good Morning, 

 

Distinguished Guests, Participants, Ladies and Gentlemen. 

 

It is my great pleasure to welcome you to the International Conference on Science and Engineering, held in this 

unique and beautiful city, Yogyakarta-Indonesia. 

 

Thank you for coming to Yogyakarta to share your research findings with all of us. This Conference will reveal 

concerted multidisciplinary approach in Physics & Earth Science, Life Science, Chemistry & Chemical Technology, 

Computer Science & Information Technology, Engineering, Mathematic and Statistic, Applied Science, Education, 

Social Science. The theme of this conference is in line with the vision of Faculty of Science and Technology UIN 

Sunan Kalijaga as a center of excellence for scientific and engineering research. 

  

On behalf of Faculty of Science and Technology UIN Sunan Kalijaga, we would like to take this opportunity to thank 

all invited speakers, authors, session chairs, reviewers, delegates, participants and all committee members. Without all 

of you, this conference would be difficult to imagine. 

  

Finally, I wish this conference will be successful and be a productive conference. 

 

Thank you. 

 

 

Wassalamu’alaikum Wr. Wb. 
 

 

 

Murtono 

 

 

 



GUIDANCE FOR AUTHORS 
 

International Conference on Science and Engineering  are regular 
events held by the Faculty of Science and Technology UIN Sunan 

Kalijaga Yogyakarta in collaboration with journal “Biology, Medicine, 

& Natural Product Chemistry” to making effective linkage between 
academic institutions, organization, industry & society. Exchange your 

ideas with us. Develop your skills with us. 
 

This event accept manuscripts in the field of physics & earth science, 
life science, chemistry and chemical technology, computer science 

& information technology, engineering, mathematic and statistic, 

applied science, education, and social science. All the manuscripts in 
the scope can be presented. This event publishes the Proceeding to 

publish manuscript of the conferences and the selected papers will 
publish in journal "Biology, Medicine, & Natural Product Chemistry".  
 

Presentations types Both oral and poster presentations are welcome. The 

types of papers published are research papers and reviews. Manuscript of 
original research should be written in no more than 3,000 words (abstract 

to conclusions). Prospective author of oral and poster papers are invited 

to submit abstracts of not more than 300 words. Abstracts for both oral 
and poster presentations will have the same format. 
 

Allocation time for oral presentation is 15 minutes, consisted of 10 

minutes presentation and 5 minutes discussion. The abstracts should be 
submitted via online submission available at 

sciencebiology.org/conference or via email at icseuin@gmail.com. 

 
 

 

PREPARATION OF MANUSCRIPT 
 

Poster presentations will be excepted to stand by their poster for a 

poster presentation during one of several poster sessions scheduled 
throughout the conference. Poster size should be 59x84 cm (width x 

height), readable from 2 m. poster should be written in English and 

include title, author(s) and affiliation(s), short introduction, objectives, 
methodology, results and conclusion, acknowledgments, and references. 
 

Manuscript preparation Manuscript is typed in English on A4 (210x297 

mm2) paper size, in a single column, single space, 10.5-point (10.5 
pt) Times New Roman font. The margin text is 2 cm from the top and 

bottom, and 1.7 cm from the left and right. Smaller lettering size can be 

applied in presenting table and figure (8 pt). Word processing program or 
additional software can be used, however, it must be PC compatible and 

Microsoft Word based (.doc or .rtf). 
 

The manuscript is written on a template that has been provided on 
http://www.sciencebiology.org/asset/Conf_Template_ICSE_2017.doc 
 

Please be sure to check for spelling and grammar before submitting your 

manuscript. The manuscript structure follows the format of the Authors 
Guidelines, including sub-headings. The references format is in conformity 

with the Authors Guidelines. All the literature quoted in the text has been 

mentioned in the references, and vice versa. Colored figures can only be 
accepted if the information in the manuscript can lose without those 

images; chart is preferred to use black and white images. 
 

Title of the article should be written in compact, clear, and informative 
sentence, preferably not more than 20 words. Name of author(s) should 

be completely written. 
 

Name and institution address should also be completely written with 
street name and number (location), postal code, telephone number, facsimile 

number, and email address. Manuscript written by a group, author for 

correspondence along with address is required. First page of the 
manuscript is used for writing above information. 
 

Abstract should not be more than 300 words. Keywords is about five 

words, covering scientific and local name (if any), research theme, and 
special methods which used; and sorted from A to Z. All- important 

abbreviations must be defined at their first mention. 
 

Running title is about five words.  
 

Introduction is about 400-600 words, covering the background and 

aims of the research. 
 

Materials and Methods should emphasize on the procedures and data 
analysis. 
 

Results and Discussion should be written as a series of connecting 
sentences, however, for manuscript with long discussion should be divided 

into subtitles. Thorough discussion represents the causal effect mainly 

explains for why and how the results of the research were taken place, and 
do not only re-express the mentioned results in the form of sentences. 
 

Concluding sentence should be given at the end of the discussion.  
 

Acknowledgments are expressed in a brief; all sources of institutional, 
private and corporate financial support for the work must be fully 

acknowledged, and any potential conflicts of interest are noted. 
 

Appendix (if any) should be included in Results and Discussion. 
 

 
 

REFERENCES 
 
Author-year citations are required. In the text give the authors name 

followed by the year of publication and arrange from oldest to newest 

and from A to Z. In citing an article written by two authors, both of 
them should be mentioned, however, for three and more authors only the 

first author is mentioned followed by et al., for example: Saharjo and 

Nurhayati (2006) or (Boonkerd 2003a, b, c; Sugiyarto 2004; El-Bana and 
Nijs 2005; Balagadde et al. 2008; Webb et al. 2008). Extent citation as 

shown with word "cit" should be avoided. Reference to unpublished data 

and personal communication should not appear in the list but should be 
cited in the text only (e.g., Rifai MA 2007, pers. com. (personal 

communication); Setyawan AD 2007, unpublished data). In the reference 

list, the references should be listed in an alphabetical order (better, if only 
20 for research papers). Names of journals should be abbreviated.  Always 

use the standard abbreviation of a journal's name according to the ISSN 

List of Title Word Abbreviations (www.issn.org/2-22661-LTWA-
online.php). Avoid wherever possible references from blog, magazines, 

newspaper, news online, and free encyclopedia (e.g. Wikipedia). The 

following examples are for guidance. 
 

Journal: 
 

Saharjo BH, Nurhayati AD. 2006. Domination and composition structure 
change at hemic peat natural regeneration following burning; a case 

study in Pelalawan, Riau Province. Biodiversitas 7: 154-158. 
 

Article DOI: 
 

Slifka MK, Whitton JL. 2000. Clinical implications of dysregulated 

cytokine production. J Mol Med. DOI: 10.1007/s001090000086 
 

Book: 
Rai MK, Carpinella C. 2006. Naturally Occurring Bioactive Compounds. 

Elsevier, Amsterdam. 
 

Chapter in book: 
 

Webb CO, Cannon CH, Davies SJ. 2008. Ecological organization, 

biogeography, and the phylogenetic structure of rainforest tree 
communities. In: Carson W, Schnitzer S (eds). Tropical Forest 

Community Ecology. Wiley-Blackwell, New York. 
 

Abstract: 
 

Assaeed AM. 2007. Seed production and dispersal of Rhazya stricta. The 

50th Annual Symposium of the International Association for 
Vegetation Science, Swansea, UK, 23-27 July 2007. 

 

Proceeding: 
 

Alikodra HS. 2000. Biodiversity for development of local autonomous 

government. In: Setyawan AD, Sutarno (eds). Toward Mount Lawu 

National Park; Proceeding of National Seminary and Workshop on 
Biodiversity Conservation to Protect and Save Germplasm in Java 

Island. Sebelas Maret University, Surakarta, 17-20 July 2000. 
 

Thesis, Dissertation: 

Sugiyarto. 2004. Soil Macro-invertebrates Diversity and Inter-cropping 

Plants Productivity in Agroforestry System based on Sengon. 

[Dissertation]. Brawijaya University, Malang. 
 

Information from internet: 
 

Balagadde FK, Song H, Ozaki J, Collins CH, Barnet M, Arnold FH, 
Quake SR, You L. 2008. A synthetic Escherichia coli predator-prey 

ecosystem. Mol Syst Biol 4:  187. 

www.molecularsystemsbiology.com [21 April 2015] 

mailto:icseuin@gmail.com


NOTIFICATION: All communications are strongly recommended to be undertaken through email. 

 

UNCORRECTED PROOFS 
 

Proof reading will be sent to the author (corresponding author (s)) in .doc or 
.docx formatted files for typographical error checking and correction. To 

prevent publishing inhibitions, proofs must be returned within 7 days. 

 
 

NOTICE 
 
All communications are strongly recommended to be undertaken through 

email: icseuin@gmail.com. 

 
 

PUBLICATION ETHIC 

 
This statement clarifies ethical behaviour of all parties involved in the act 

of publishing an article in this proceeding, based on Committee on 

Publication Ethics (COPE) and International Committee of Medical 
Journal Editors (ICMJE). Authors (s) must obey and pay attention to the 

rights of writing, plagiarism, duplication of publications (repetition), data 

manipulation, citation manipulation, as well as ethical approval and 
Intellectual Property Rights. 
 

Authorship The author is the person who participates in the research and is 

sufficient to take public responsibility on all parts of the publication's 
content. When authorship is associated with a group, all authors must make 

a compelling contribution to the following: (i) Substantial contributions to 

the conception or design of the work; or the acquisition, analysis, or 
interpretation of data for the work; (ii) Drafting the work or revising it 

critically for important intellectual content; (ii) Final approval of the 

version to be published; (iv) Agreement to be accountable for all aspects of 
the work in ensuring that questions related to the accuracy or integrity of 

any part of the work are appropriately investigated and resolved. 

Submission of a text means that all authors have read and approved the 
final version of the submitted manuscript, and agree with the submission of 

the manuscript for this publication. All authors must be responsible for the 

quality, accuracy, and ethics of the study. 
 

Plagiarism Plagiarism is the practice of taking the works or ideas of others 

and acknowledging them as their own without involving them. The 

submitted manuscript must be the original work of the author(s). 
 

Duplication of publications Duplication of publications is a publication of 

substantially overlapping manuscripts with one published publication, 

without reference which clearly refers to the previous publication. 
Submissions will be considered for publication only if they are submitted 

solely for this publication and do not overlap substantially with articles that 

have been published. Any manuscript that has the same (or adjacent) 
hypotheses, sample characteristics, methodology, results, and conclusions 

with published texts is a duplicate article and is forbidden to be sent, even 

included, that jikanaskah has been published in a different language. 
Slicing data from a single "study" to create multiple separate scripts 

without substantial differences should be avoided. 
 

Data manipulation Fabrication, manipulation or data forgery is ethical and 
prohibited. 
 

Manipulation of reference Only relevant citations can be used in the 

manuscript. Excerpts (personal) that are irrelevant to increase the author's 

quote (h-index) or unnecessary citations to increase reference counts are 

not allowed. 
 

Ethical approval Experiments conducted on humans and animals shall be 

authorized by an authorized institution and shall not be unlawful. 

Experiments on humans or animals should be clearly demonstrated in 
"Materials and Methods", and examined and approved by professionals on 

the moral side. Human studies must be in accordance with the principles of 

the Declaration of Helsinki and need to receive mentoring from physicians 

in biomedical research involving human subjects. Details of data from 

human subjects may only be included if it is of great importance for 

scientific purposes and the author (or the authors) obtain written permission 
from the concerned person, parent or guardian. 
 

Intellectual Property Right The author(s) must obey the law and / or 

ethics in treating the object of study, taking into account the legality of 
material resources and intellectual property rights. 
 

Conflicts of interest and funding Authors(s) need to name all sources of 

financial support for institutional, private and corporate research, and 
record any potential conflicts of interest. 

 

 

AGREEMENT 
 

The approval of the publication of a manuscript implies that the text has 
been disseminated (either oral or poster) and reviewed by the Editorial 

Board or other designated party. The author will generally be notified of 

acceptance, rejection, or need for revisions within 1-2 months after 
presentation. The text is denied, if the content is not in accordance with the 

scope of the publication, does not meet the ethical standards (ie: false 

authorship, plagiarism, publication duplication, data manipulation and 
citation manipulation), does not meet the required quality, is written not in 

accordance with Format, Complicated, or ignored correspondence within 

three months. The main criteria for publication are scientific quality and 
have been presented. Approved papers will be published in chronological 

order. However, online publications are conducted as soon as "proof 

reading" is corrected by the author. 
 

 

COPYRIGHT 
 

The submission of the manuscript implies that the submitted work has not 

been published before (except as part of the thesis or report, or abstract); 
That it is not being considered for publication elsewhere; That the 

publication has been approved by all co-authors. If and when the text is 

received for publication, the author still holds the copyright and retains the 
rights of issuance without limitation. Authors or others are permitted to 

reproduce articles as long as they are not for commercial purposes. For the 

new invention, the authors are advised to take care of the patent before it is 
published. 

 

 

OPEN ACCESS 
 

This publication is committed to freeing open access (free-open access) ie 
not to charge the reader or his agency for access. The user is entitled to 

read, download, copy, distribute, print, search or create links to the full 

script, as long as it is not for commercial purposes. The license type is CC- 
BY-NC-SA. 

 

 

DISCLAIMER 
 
No liability may be directed to the publisher and accompanying publisher, 

or editor for injury and / or damage to persons or property as a result of any 

actual or allegedly defamatory statement, infringement of intellectual 
property rights and personal rights, or liability of the product, either 

Resulting from negligence or otherwise, or from the use or operation of any 

ideas, instructions, procedures, products or methods contained in a 
manuscript. 
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Applied Biomechanics: Prosthetic and Orthopaedics 

 
Bernd Udo Wiechert 

Senior Experten Service, Germany 

 

 

 

Abstract. Wiechert BU. 2017. Applied Biomechanics: Prosthetic and Orthopaedics. Proc Internat Conf Sci Engin 1: xiii-xiii. 

Biomechanics is closely related to engineering, because it often uses traditional engineering sciences to analyze biological systems. Some 

simple applications of Newtonian mechanics and/or materials sciences can supply correct approximations to the mechanics of many 

biological systems. Applied mechanics, most notably mechanical engineering disciplines such as continuum mechanics, mechanism 

analysis, structural analysis, kinematics and dynamics play prominent roles in the study of biomechanics. Usually biological systems are 

much more complex than man-built systems. Numerical methods are hence applied in almost every biomechanical study. Research is 

done in an iterative process of hypothesis and verification, including several steps of modeling, computer simulation and experimental 

measurements. Prosthetics and orthotics are clinical disciplines that deal with artificial limbs (prostheses) for people with amputations and 

supportive devices (orthoses) for people with musculoskeletal weakness or neurological disorders and some disability person. The 

development of prosthetics and orthotics disciplines is depend on development of science and engineering. The understanding of this 

multidiscipline field is important the advancement in this field. In this session i will overview the current development in prosthetics and 

orthotics field, expl ain a brief survey on its method, and discuss perspective for future trend and development. 
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Abstract. Jie F. 2017. Supply Chain Design for Global Competitiveness. Proc Internat Conf Sci Engin 1: xiv-xiv. A supply chain consists 

of the flow of products and services from raw materials manufacturers, component and intermediate manufacturers, final product 

manufacturers, wholesalers, distributors and retailers. All are connected by transportation, storage activities, and integrated through 

information, planning, and integration activities. Many large firms are moving away from in-house Vertically Integrated structures to 

Supply Chain Management. Supply Chain are the planning and management of all activities involved in sourcing and procurement, 

conversion, and all logistics management activities. It also includes coordination with channel partners, which can be suppliers, 

intermediaries, third party service providers, and customers. Supply chain management is the design of seamless value added processes 

across organization boundaries to meet the real needs of the end customer. Failure to proactively design a SC results in poor coordination 

of effort, incompatible information systems, long cycle times, communication problems, customer service issues, excessive waste and 

environmental degradation, relatively high inventories for the level of customer service achieved, and lower the optimal profit. A process 

map is a graphic representation of the system and contains a sequence of steps that are performed to produce some desired output. The 

primary goal behind process mapping is to make complex systems visible. The logistics/supply chain design and technology decision is of 

great strategic importance to logistics, the firm as a whole, and the supply chain. A number of factors may suggest the need to design the 

logistics/supply chain. A formal, structured process for design and digital tools is preferable; the potential impacts on cost and service 

justify a significant effort toward following a sound process. Numerous factors including technology may affect the design of a logistics 

and supply chain and the location of specific facilities within the context of the network. 
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Abstract. Syafaruddin. 2017. Review of Maximum Power Point Tracking Control of Photovoltaic Systems in Case of Uniform & Non-

uniform Irradiance Conditions. Proc Internat Conf Sci Engin 1: xv-xv. It is crucial to improve the photovoltaic (PV) system efficiency 

and to develop the reliability of PV generation control systems. One of the approaches to increase the efficiency of PV power generation 

system is to operate the PV systems optimally at the maximum power point. However, the PV system can be optimally operated only at a 

specific output voltage; otherwise the output power fluctuates under intermittent weather conditions. In addition, it is very difficult to test 

the performance of PV systems controller under the same weather condition during the development process where the field testing is 

costly and time consuming. For these reasons, the presentation is about the state of the art techniques to track the maximum available 

output power of photovoltaic systems called maximum power point tracking (MPPT) control systems. This topic could be also one of the 

most challenges in photovoltaic systems application that has been receiving much more attention worldwide. The talks will cover the 

application of intelligent techniques by means the artificial neural network (ANN) and fuzzy logic controller scheme using polar 

information to develop a novel real-time simulation technique for MPPT control by using dSPACE real-time interface system. In this 

case, the three-layer feed-forward ANN is trained once for different scenarios to determine the global MPP voltage and power and the 

fuzzy logic with polar information controller takes the global maximum power point (MPP) voltage as a reference voltage to generate the 

required control signal for the power converter. This type of fuzzy logic rules is implemented for the first time in MPPT control 

application. The proposed method has been tested using different solar cell technologies such as monocrystalline silicon, thin-film 

cadmium telluride and triple junction amorphous silicon solar cells. The verification of availability and stability of the proposed system 

through the real-time simulator shows that the proposed system can respond accurately for different scenarios and different solar cell 

technologies. In other cases, one of the main causes of reducing energy yield of photovoltaic systems is the partially shaded condition. 

Although the conventional MPPT control algorithms operate well in a uniform solar irradiance, they do not operate well in non-uniform 

solar irradiance conditions. The non-uniform conditions cause multiple local maximum power points on the power-voltage curve. The 

conventional MPPT methods cannot distinguish between the global and local peaks. Since the global power point may change within a 

large voltage window and also its position depends on shading patterns, it is very difficult to recognize the global operating point under 

partially shaded conditions. From these reasons, the presentation will address the effectiveness of the proposed MPPT method to solve the 

partially shaded conditions under the experimental real-time simulation technique based dSPACE real-time interface system for different 

size of PV arrays, such as 3x3(0.5kW) and 20x3(3.3kW) and different interconnected PV arrays, for instance series-parallel (SP), bridge 

link (BL) and total cross tied (TCT) configurations. 
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Abstract. Prasetyo A, Nurnawati E. 2017. Bacillus subtilis sp. B1, Chitinase Producing Isolated from Indonesian Tropical Shrimp Pond 

Waste Water. Proc Internat Conf Sci Engin 1: 1-4. Twenty-five bacterial strains isolated from shrimp farming ponds were screened for 

their growth activity on chitin as the sole carbon source. The highly chitinolytic bacterial strain was detected by qualitative cup plate assay 

and tentatively identified to be Bacillus subtilis sp. B1 based on 16S rDNA sequencing and by matching the key morphological, 

physiological, and biochemical characteristics. The cultivation of Bacillus subtilis sp. B1 in the suitable liquid medium resulted in the 

production of high levels of enzyme. The colloidal chitin, peptone, and K2HPO4 represented the best carbon, nitrogen, and phosphorus 

sources, respectively. Enzyme production by Bacillus subtilis sp. B1 was optimized by the Taguchi method. Our results demonstrated that 

inoculation amount and temperature of incubation were the most significant factors influencing chitinase production. From the tested 

values, the best pH/temperature was obtained at pH 4 and 40◦C, with values specific activity of chitinase to be 324.56 U/mg and 259.70 

U/mg, respectively. In addition, the study of the morphological alteration of chitin treated by enzyme, indicating a potential application of 

this enzyme in several industries. 

 

Keywords: Bacillus subtilis sp., Chitinase, Isolation, Shrimp Waste 

 
 

INTRODUCTION 
 

Chitinase roles in a variety of functions, including 

defense, nutrient digestion, morphogenesis, and 

pathogenesis. Most chitin-degrading prokaryotes are the 

gliding bacteria, pseudomonad, vibrio, enterobacteria, 

actinomycete, bacilli, and clostridia (Pinnamaneni, et al., 
2011). Bacterial chitinases have a size range of 20–60 

kDa (Lee, 2007). Chitinases have potential applications 

in various functions of biotechnology, biomedicine, 

agriculture, and nutrition (Narayana, 2009). 

Bacillus organisms, isolated by tropical shrimp pond 

waste water, are responsible for producing chitinase. 

The most chitinase activity was seen in Bacillus subtilis. 

The most optimal activity occurs at a temperature of 37 

degrees Celsius and a basic pH of 4 – 8. Glycerol is the 

optimal carbon source and L-glutamic acid is the 

optimal source of nitrogen. The antibiotic bacitracin was 

determined to be affective on Gram-positive bacteria 

only (Jamil 2007). Other antibiotics that Bacillus subtilis 

form are polymyxin, difficidin, subtilin, and 

mycobacillin.  

Bacillus subtilis bacteria secrete enzymes, such as 

amylase, protease, pullulanase, chitinase, xylanase, 

lipase, among others. These enzymes are produced 

commercially and this enzyme production represents 

about 60% of the commercially produced industrial 

enzymes (Morikawa 2006). 

This study aimed to gain superior isolates 

chitinolytic bacteria capable of degrading chitin from 

shrimp waste, especially in the tropical shrimp pond. 

Characterize isolates with the highest chitinase activity 

based on morphology, biochemistry and molecular 

identified isolates. 

 

 

MATERIALS AND METHODS 
 

Isolation of bacteria 
Samples collected from Indonesian tropical shrimp pond 

waste water located in Srandakan, Bantul-Yogyakarta 

and used for isolation studies in our laboratory. 
 

Screening of chitinase-producing bacteria 
The isolated bacterias were cultured on agar plates 

containing 0.5% colloidal chitin, 0.07% K2HPO4, 0.03% 

KH2PO4, 0.05% MgSO4·7H2O, 2% agar, 0.2% NH4NO3, 

0.1% NaCl (w/v), and (pH 7.8). The cultures were 

incubated for 5 days at 30 degrees Celsius. Only one 

chitinolytic bacterial strain (detected by a colony 

producing a halo around itself) was transferred into fresh 

chitin containing nutrient broth medium and incubated at 

30 degrees Celsius, following which, the strain was 

preserved as cell suspensions in 10% glycerol at −80 

degrees Celsius (Hau, 1975). 
 

Enzyme Assay 
The assay was carried out as described by Imoto and 

Yagishita (1971). Briefly, a reaction mixture containing 

1.0 ml of 0.5% colloidal chitin, 2.0 ml of 0.2 M 

Na2HP04-O.1 M citric acid buffer (pH 5.4), and 1.0 ml 

of enzyme solution. After incubation with shaking for 20 

min at 37 degrees Celsius, the mixture was heated for 15 

min at 100 degrees Celsius and optical density was 

determined at 420 nm. Reducing sugars produced in the 
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supernatant were measured by a modification of Schales 

method, with Nacetyl glucosamine as a standard. One 

unit of enzyme activity was defined as the amount of 

enzyme that required releasing 1 μmol of Nacetyl 

glucosamine per hour (U/mg). 
 

Strain Identification 

The isolates were analyzed for species identity using the 

16S rRNA gene sequencing method according to 

Rochelle et al., (1995). The gene sequencing was 

performed at Biotech Laboratory (UGM Univ). DNA 

sequences were aligned using DNA star and Data 

Collection v3.1 Communication Patch 1. Bacterial 16S 

rRNAs were amplified by using the following universal 

bacterial 16S rRNA primers. Forward primer 27 F (5’-

AGAGTTTGATCMTGGCTCAG-3’) and reverse 

primer 1792 R (5’-TACGGYTACCTTGTTACGACTT-

3’) (Gomaa, 2012). 

Sequencing products were sequenced on an Applied 

Biosystems model ABI PRISM 3100 Hitachi, automated 

DNA sequencing system (Japan). All the sequence of 

strain were analyzed by using Basic Local Alignment 

Search Tool for Nucleotides (BLASTN, NCBI, USA). 

 

 

RESULTS AND DISCUSSION 
 

Forty water samples were collected from shrimp pond 

waste water located in Srandakan, Bantul, Yogyakarta, 

from these samples different bacterial colonies were 

isolated and identified as Bacillus. The identification of 

the bacteria morphological features like shape, colour 

and size of the colonies were compared with reference 

isolate B1 as Bacillus subtilis  

Domain: Bacteria, phylum: Firmicutes, class: 

Bacilli, order: Bacillales, family: Bacillaceae, Genus: 

Bacillus subtilis (Claus and Berkeley, 1986). 

 

 

 
 

Figure 1. Gram stain and clear zone of Bacillus subtilis sp. B1. 

 

 

The clearing zones were measured after the five days 

incubation. Among those strains, five strains, which 

gave the biggest chitinolytic ratio of clearing zones, 

were selected. Gram staining of bacteria showed 

Bacillus and Gram positive (Fig. 1). This figure showed 

the chitinase production by colloidal chitin medium by 

the isolated B.subtilis. B1 strains were used to screen for 

cleared zone around colony. 

 
 

 
 

Figure 2. Neighbour-joining phylogenetic tree based on 16S rRNA gene sequences showing the positions of strain B-1 Bacillus subtilis sp. The scale bar 
corresponds to 0.002 subscriptions per nucleotide position. 
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The sequences were aligned using clustalW and a 

phylogenetic tree was constructed using MEGA 6. 

Rooted Neighbour-Joining (NJ) tree showing 

phylogenetic relationship among different B. subtilis 

isolates based on nucleotide region of ribosomal 16S 

rRNA sequences genes (Fig. 2). 

In our research the 16S rRNA gene sequence 

analyses provided very good identification of the 

isolates at the genus level. Other studies also been 

reported that analysis of 16S rRNA gene sequences 

alone was not sufficient to identify Bacillus species 

(Lima et al., 2007). 
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Figure 3. The optimum pH for the production of chitinase enzyme was 
found at pH 4. 

 

The pH of the immediate external environment 

partially governs the cytoplasmic pH and is believed to 

affect the rate of enzyme mediated reaction and structure 

of many biological molecules including proteins and 

nucleic acids. The present study reports appreciable 

chitinase production between pH 4.0 and 8.0, with the 

maximum (324.56 U/mg) recorded at pH 4.0, enzyme 

yield was observed under acidic conditions (Fig. 3). 

This is similar to the pH 5 reported for Bacillus 

circulans WL-12 (Watanabe et al., 1992). So similar to 

pH 6 for Vibrio sp. strain 98CJ11027 (Park et al., 2000), 

pH 5 and 7 for Bacillus sp. strain JK2 (Jami Al Ahmadi 

et al., 2008) and pH 5-8 for Aeromonas hydrophila H-

2330 (Hiraga et al., 1997). 
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Figure 4. The optimum temperature for the production of chitinase 

enzyme was found at 40 degrees Celsius and pH 7. 

When B. subtilis was grown at 30–50 degrees 

Celsius, chitinase production was maximum (259.70 

U/mg) at 40 degrees Celsius. The enzyme production 

decreased above 50 degrees Celsius (Fig. 4). This result 

indicated the organism’s mesophilic preference for 

enzyme production. 

The temperature effect of the chitinase activity was 

also performed which indicated that the activity was 

increased to the temperature below the optimum 

temperature at 40 degrees Celsius and decrease at a 

higher temperature. 

Biochemical and microbiological analyses were 

performed to characterize the screened strain (Table 1). 

In accordance with the Bergey’s Manual of Systematic 

Bacteriology, the B1 strain was classified as a bacteria 

belonging to the genus B. subtilis. 

Chitinase production was induced by chitin and 

inhibited in the presence of easily metabolized 

monosaccharides, such as glucose, galactose, mannose, 

arabinose, and fructose. 

 
 

 

Table 1. Morphological, physiological and biochemical characteristic of 
B. subtilis sp. B1. 

 

Characters Results 

Form Rod 

Gram stain Positive 

Spore Spore central 

Motility Positive 

Catalase Positive 

Oxidase Negative 

Utilization of  

Glucose, maltose Positive 

Arabinose, xylose, mannitol, lactose, Negative 

Hydrolysis of starch Positive 

Growth on NaCl Positive 

Growth temperature 30–50 degrees Celsius 

 

 

 

 

CONCLUSIONS 

 

This study shows that the B. subtilis isolates are highest 

similarity between the NCBI deposited isolates i.e. 97-

99%. 16S rRNA nucleotide sequence will be 

informative and useful in detecting the genetic diversity 

of populations of B. subtilis. This strain may be useful 

for the treatment of chitinous waste and also for 

production many products of hydrolyzed chitin. 
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Abstract. Yani D A. 2017. Histological Structure of Stingrays (Gymnura poecilura) Heart. Proc Internat Conf Sci Engin 1: 5-7. Stingrays 

belong to the sub class of Elesmobranchii or often termed as cartilaginous fish. The heart is one of the circulating organs in fish that 

serves to pump blood throughout the body. The fish circulatory system is a closed system with a single blood circulation. This study aims 

to determine the histological structure of stingrays' hearts. The fish used for this study are butterfly stingray (Gymnura poecilura) 

obtained from Depok Beach, Bantul. The equipments used in this research are a set of surgical instrument, bottles, paraffin board, razor 

blades, embedding cassettes, staining jar, microtomes, slide glass, cover glass, and binocular microscopes. Materials used are stingrays, 

chloroform, bouin, alcohol, xylol, aquades, paraffins, hematoxylin and eosin, albumin, and entelan. The staining used in this research is 

HE (Hematoxylin-Eosin) method. Based on the results of the research and observation, the heart of stingrays consists of epicardium, 

endocardium, myocardium, muscle cells, and cell nuclei. Epicardium is the outermost layer of the heart that is coated by the tissue as a 

protective. The inner endocardium is coated with epithelial cells. Myocardium are the middle layer of heart wall. The smooth muscle cells 

are the heart muscle. Cell nuclei are usually present in smooth muscle cells. 

 

Keywords: Heart, Histology, Stingray 

 
 

INTRODUCTION 
 

Indonesia is a vast archipelagic country with rich natural 

resources of biodiversity (Nuitja, 2010). Stingray is one 

of the animals that live in the sea water into the sub class 

Elesmobranchii or often termed as cartilaginous fish. In 

addition to cartilaginous fish, this rayfish has a tail like a 

whip. This stingray has a gill slit located on the ventral 

side of the head. The fin of the winged stingrays 

resembles wings (Allen, 2000). 

According to Last and Stevens, stingrays have 

flattened bodies (depressed). When viewed from above, 

the stingray looks oval-shaped because of the pectoral 

fins of the stingray's wings and blends with the left and 

right sides of the head (Schwart, 2007; Henningsen & 

Leaf, 2010). Stingrays have gill slits, cloaca, and klasper 

located on the ventral side of the head. Stingrays in 

some species are equipped with toxins, which are often 

called stingrays. The eyes of the stingrays are usually 

located on the side of head. The position of the mouth of 

the stingray are terminal. Respiratory apparatus are gill 

slits that amounts to 5-6 pairs, position is located near 

the mouth on the ventral. 

The size of the adult stingrays are varies. For a 

relatively small stingray size has a length of 10 cm and a 

width of 5 cm. The largest stingray is also known as 

long manta rays that reach 700 cm or 7 meters, the width 

reaches 610 cm or 6.1 meters, and weight of 1-3 tons 

(Bond, 1979). 

Heart is one of the circulating organs in fish that 

serves to pump blood throughout the body. The 

circulatory system of fish in the form of a closed 

circulatory system or a single blood circulation. The 

heart lies near the gills and is encased by a membrane 

called the pericardium (Campbel, 2005). The heart is in 

the pericardium cavity. It consists of sinus venosus, 

atrium, ventriculus, and bulbus arteriosus. The sinus 

wall of venosus, atrium, and ventriculus is contractile, 

but the bulbus arteriosus wall is not. Bulbus arteriosus is 

the base of the ventral aorta (Radiopoetro, 1996). 

The circulatory system in fish consists of ventricle 

and atrium. Atrium functions as a low blood container of 

its oxygen content derived from the entire body and 

receives oxygen-rich blood coming from the lungs and 

drains the blood into the ventricles. The ventricle serves 

to receive blood from the atria and pump it into the 

lungs. Ventricles serve to pump oxygen-rich blood 

throughout the body. The heart lies beneath the pharynx 

within the pericardium cavity, which is part of the body 

cavity located anteriorly. In addition, there is a sinus 

venosus organ, a connective structure in the form of a 

cavity that receives blood from the veins and opens in 

the front chambers of the heart (Pratiwi, 2007). 

The circulatory system of fish is a single blood 

circulation, which means that blood only once flows 

through the heart. Blood enters the heart via a vein that 

is contained in the venous sinus, the blood enters the 

chamber and then pumped by the artery and into the gill 

arch, then there will be an exchange of oxygen gas. 

After that the blood flows back to the heart through the 

vein (Mahardono, 1979). This study aims to add insight 

in histology and can be used as a database for further 

research. 

 

 

MATERIALS AND METHODS 
 

This research were done for six months. This research 

was conducted at Integrated Laboratory of State Islamic 

University of Sunan Kalijaga Yogyakarta. 
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The equipments used in this research are a set of 

surgical instruments consisting of scissors, tweezers, 

scalpels, blades, vial bottles, paraffin board, razor 

blades, embedding cassettes, staining jar, microtome, 

slide and cover glasses, and binocular microscope. 

The materials used for this study are ether or 

chloroform solutions, fixative solutions are bouin, 

alcohols, xylol, aquades, paraffin, hematoxylin and 

eosin, and entelan. 

Animals were dissected to be take the organ that 

would be used as histology. Fixation were done by 

inserting the organ that will be made histology into 

bouin solution. The organ dehydrated using a series 

graded  alcohol solution, 50% alcohol, 60% alcohol, 

70% alcohol, 80% alcohol, 90% alcohol, 96% alcohol, 

and absolute. The aim of dehydration is to completely 

eliminate the water content of the organs. After that, 

clearing was done to clean up the remnants of alcohol 

from the organs and help the process for paraffin 

absorption. This clearing process uses toluene. 

Infiltration process was done by inserting organs into 

paraffins in the oven at 70 ° C. The purpose of 

infiltration is to facilitate the cutting. Then after the 

infiltration, embedding process is done by inserting the 

organ into the paraffin block. Sectioning organ was done 

to made sliced organ. The sliced organ were mounted to 

slide using albumin. 

The staining was performed using the HE staining 

method (Hematoxylin-eosin). The observations were 

performed using binocular microscope. The histological 

slide were captured using microscope with 4 × 10, 10 × 

10, and 40 × 10 magnification. Data were analyzed 

using qualitative and descriptive method. 

 

 

RESULTS AND DISCUSSION 
 

 
 
Figure 1. Anatomy of butterfly stingray (Gymnura poecilura) (A) heart, 

(B) liver, (C) intestine, and (D) stomach. 

 
 

Stingrays used in this study were butterfly stingrays with 

no small dorsal fins at the base of the tail or rudiment, 

dorsal surface of brownish disc with dark and bright 

colored spots. Maximum body length was about 66 cm, 

maximum width of 82 cm. The tail length of the cloaca 

to the end is close to the length of SVL (Snout Vent 

Length). At the tail there was about 9 thick circular 

black lines. The distribution of these stingrays are in the 

Indo-Western Pacific region and also found in the Red 

Sea, Pakistan, India, Sri Lanka, Indonesia (Java, 

Sumatra, and Kalimantan). 

The digestive organs of the stingrays consist of the 

mouth, pharynx, esophagus, stomach, intestine, and 

cloaca. In the fish's mouth there are tooth jaws. Faring is 

open and associated with five gill slits. Hepar consists of 

two parts occupying the anterior cavity. 

Heart of the stingray consists of thick-walled sinus 

venosus followed by thick-walled antrium and 

ventriculum attached to the conus anteriosus then 

proceeded to the ventral aorta which branches the five 

pairs of afferent branchial artery. Then through four 

pairs of blood branchialis afferent enter the dorsal aorta 

(Djarubito, 1989). 

The circulatory system in fish consists of ventricle 

and atrium. The heart lies beneath the pharynx within 

the pericardium cavity, which is part of the body cavity 

located anteriorly. In addition, there is a sinus venosus 

organ, a connective structure in the form of a cavity that 

receives blood from the veins and opens in the front 

chambers of the heart. 

 

 
 

 
 

Figure 2. Histology cross-section of the heart of the stingray (A. 
Epicardium, B. Endocardium, C. Myocardium, D. Smooth muscle cell, E. 

cell nucleus.) 



 Desi Arsita Yani – Histological Structure of Stingrays (Gymnura poecilura) Heart 7 

Myocardium is a cardiac muscle arranged in layers 

covering the spiral heart chambers, on the preparation, 

muscles arranged seen in irregular directions. The 

function of the myocardium is to stimulate the 

contraction of the heart to pump blood from the 

ventricles and relax the heart to allow the atrium to 

receive blood. The endocardium is coated by a flat 

epithelial layer called the endothelium. The epicardium 

layer is the outermost layer of the outer heart that is 

covered by a layer of mesothelium cells supported by a 

loose connective tissue containing venous, nerve, and 

ganglia nerves. In the epicardium layer there is also an 

adipose tissue that protects the heart (Junqueira & 

Carneiro, 2005). The smooth muscle cells are muscle 

tissue contracting unconsciously and cannot be 

interventionally conscious. Smooth muscle cells can be 

found on the walls of organs. The function of smooth 

muscle cells is to determine the flow of blood in the 

arteries. The heart of the oval-shaped heart cells is on 

the edge of the cell. The core location at the edge of the 

cell distinguishes skeletal muscle from the heart muscle 

and smooth muscle (Eroschenko, 2003).  

 

 

CONCLUSIONS 
 

Based on the results of observation and analysis it can 

be concluded that heart organ of stingray has the same 

basic structure with the heart of other fish. In the cross 

section of the heart of the stingrays, there is a structure 

consisting of epicardium, endocardium, myocardium, 

cell nucleus, and smooth muscle cells. 
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Abstract. Androma E M, Khasanah L U. 2017. Anatomy and Histology of Reproductive Organ of Male Guinea Pig As a Source of 

Learning. Proc Internat Conf Sci Engin 1: 9-18. This study were aim to (1) describe the anatomical and histological structures of 

testicular organ, epididymis, vas deferens, accessory glands, and penis in guinea pig (2) develop learning media in the form of histological 

slides as well as anatomy atlas of male reproductive organs (3) examine the atlas of reproductive organs of male guinea pig as a source of 

learning. Slide were made using paraffin method with HE staining. The study revealed histological structure of the five guinea pig (Cavia 

porcellus) accessory glands, namely ampullary glands, seminal vesicles, prostate gland, bulbourethral gland, and preputial gland. In 

addition, guinea pig penis had a baculum on its base. The results of the student response test showed very good category with the 

percentage of 90,55%. The readability test had very good value from the subject expert (95,71%), media expert (81,66%), peer reviewer 

(88,07%) and biology teacher (81,51%). Overall, the atlas of the 'Anatomy of Male Reproductive Organs of Guinea Pig' had excellent 

quality and deserves to be used as a learning resource. 

 

Keywords: Anatomy, Histology, Guinea pig, Male Reproductive Organs, Atlas, Learning Media 

 
 

INTRODUCTION 
 

The male reproductive system consists of the testes, 

ductal system, accessory glands, and the penis. The 

function of the testes are to produce sperm and 

testosterone. Testosterone is important for 

spermatogenesis, sexual differentiation during 

embryonic and fetal development, and gonadotropin 

regulation. The ductal system and the accessory glands 

produce secretions and pushing the sperm outward. 

Secretion also provides nutrients for sperm pass through 

the reproductive tract. Sperm with the secretions of the 

ductal system and the accessory glands form the semen 

and enters the female reproductive tract via penis 

(Mescher, 2011). 

The male reproductive system is one of the hardest 

subjects to understand because it is complex process of 

sperm production and how the sperm reaches the urethra 

passing through several ducts and glands. Difficulties 

can be overcome by the study of the anatomy and 

histology of the reproductive organs. Understanding of 

anatomy and organ histology allow students to 

understand the complex subject of the reproductive 

system (Hildebrand, 1995; McLaughlin & Seaquist, 

2008). 

Angelina (2013) states that animal tissue is an 

intricate biological subject to study because it small in 

size and requires a microscope to observe. Subject 

cannot be completely understood by students if they do 

not use media that support the learning process. 

Learning in high school is done in the classroom, based 

on textbooks with minimum content. The science 

curriculum in schools is mostly just a description of 

words and definitions, with emphasis on benefits and 

economic applications. Biological content has been 

abandoned while teachers should provide essential and 

real science to students (McLaughlin & Seaquist, 2008). 

Anatomical and histological observation is a way of 

learning that can provide knowledge and experience 

directly to students (Holil et al, 2001). This hands-on 

experience will give a deeper understanding of given 

information or idea (Arsyad, 2011). Direct observation 

of organs and tissues, could make the concept of the 

reproductive system more easily understood. Lessons 

that only rely on textbooks will end on a lack of 

understanding (Holil et al, 2001). 

Research on anatomy and histology of reproductive 

organs of male guinea pigs as a learning source is rarely 

done. Learning resources such as histological slides and 

atlas will help students to understand the subject 

thoroughly. It is interesting to study the anatomy and 

histology of reproductive organs of male guinea pigs as 

learning sources. 

 

 

MATERIALS AND METHODS 
 

Time and place 

The study was done for 6 months, from January to July 

2017, in Zoology Laboratory of State Islamic University 

Sunan Kalijaga, Pathology Laboratory of Veterinary 

Center Wates Yogyakarta and SMA Muhammadiyah 3 

Yogyakarta. 
 

Equipments and Materials 
The equipments used in this study were a set of surgical 

instruments (consisting of surgical scissors, tweezers, 

razors and scalpels), vial bottles, rulers, DSLR cameras, 
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paraffin board, ovens, needles, digital cameras, 

embedding processors, tissue processors, embedding 

cassette, staining jar, incubator, warmer slide, microtom, 

slide and objects glass, masks, gloves, microscopes and 

computers. 

The materials used in this study were HVS paper, 

chloroform solution, 0.9% NaCl saline solution, Bouin 

solution, ethanol, Hematoxcylin-Eosin dye, albumin, 

xylol, aquades, entellan, toluene, absolute alcohol, 

paraffin. The test animals used were adult male guinea 

pigs. 
 

Procedure 

The procedure in this study consisted of anatomical and 

histological reproductive studies of male guinea pigs, 

making biological slide and anatomical atlas, and assess 

the atlas developed as a learning source. 

The first step is an anatomical and histological study 

of reproductive organ of male guinea pig and making 

histology slide. Animals were sacrified with chloroform 

then dissected. Organs of the body that has been 

dissected are observed, photographed, and sketched. 

Male reproductive organs include testes, epididymis 

(caput epididymis, corpus epididymis, and cauda 

epididymis), vas deferens, ampullary glands, seminal 

vesicles, prostate glands, bulbourethral glands, and 

penises found on the animal body are taken and fixed 

using bouin fixative solutions. Furthermore, the fixed 

organs are processed for the provision of histological 

slides by paraffin method. 

The second step is the development of anatomical 

atlas of reproductive organ of male geunia pig. Atlas 

created using CorelDraw X7, Ms. Publisher, and Ms. 

Word. Atlas printed with the size of 19.5 x 26.5 cm and 

portrait orientation. The cover used is ivory paper 260 

and the contents are 120 mate paper. 

The last stage is quality testing of anatomy and 

histology as a learning resource. Atlas quality testing in 

this study are subject experts, media experts, peer 

reviewers, high school biology teachers, and high school 

students. 
 

Data Analysis 

The results of the assessment are presented in terms of 

percentage of ideality to determine the final product 

quality results developed under the following formula 

(Sudjiono, 2010 in Untari, 2016) 

 

 
  

 

Table 1. Percentage scale of product quality. 

 

Num Interval Criteria 

1. 81% - 100% Exelent 

2. 61% - 80% Good  

3. 41% - 60% Satisfactory 

4. 21% - 40% Almost Satisfactory 

5. 0% - 20% Unsatisfactory 

RESULTS AND DISCUSSION 
 

Anatomy of Male Reproductive Organ of Male 

Guinea Pig 

 

 
 

Figure 1. Anatomy of reproductive organ of male guinea pigs (Cavia 

porcellus) front view. A. Penis, B. Testes, C. Vas deferens, D. Seminal 

vesicle. 
 

 

 
 

Figure 2. Anatomy of male reproductive organ of male ginea pig (Cavia 

porcellus) back view. A. Testes, B. Seminal vesicle, C. Prostat Glands D. 
Bulbourethral glands, E. Penis, F. Epididymis. 

 

 

In dissection of male reproductive organs of  guinea 

pig, it is observed several organs; testes, epididymis, vas 

deferens, ampullary gland, seminal vesicles, prostate 

gland, bulbourethral gland, and penis. The testes are 

connected by the ducts, the rete ducts, the ductuli 

eferentes, the epididymis and the vas deferens ducts. 

This ducts serves to channel the sperm from the testis to 

the penis. 

Testes in Cavia porcellus have a reddish yellow 

color and there are irregular streaks of blood vessels. 

From the testis emerge duct that called ductus 

1 cm 

1 cm 
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epididymis. The epididymis is shaped like a long 

winding pipe that has three parts: the top (caput 

epididymis), the middle (the corpus epididymis), and the 

lower end which is the boundary between the 

epididymis and the vas deferens called cauda 

epididymis. 

The testes of guinea pig is located in the scrotum 

between the two hind limbs and the penis is between the 

two testicles just like any other mammals. The scrotum 

is a sac composed of skin and muscles that wrap the 

testes. The main function of the scrotum is maintain the 

testes temperature to 1-8 ° C cooler than the temperature 

of the body core. In addition, the scrotum also serves to 

support and protect the testes and epididymis and 

maintain a lower temperature than the body temperature 

that will be required for the process of spermatogenesis. 

Male guinea pig have five sex glands including the 

ampullary glands, seminal vesicles, prostate glands, 

bulbourethral glands, and preputial glands. The ampulla 

gland is at the end of the enlarged vas deferens. Guinea 

pigs have a pair of long clear big yellowish seminal 

vesicles. This is a distinctive feature of guinea pigs, 

because the average mammal has short, twisty, and 

small one. 

Under the seminal vesicles there is a light brown 

gland called the prostate gland, this gland encircles the 

urethra (Figure 2). Below the prostate gland there are 

two small round glands called bulbourethral glands. In 

the distal part of penis, the preputial gland located. It is 

in the skin part of the distal penis fold, consists of 

sebaceous secretory cells. To get the prostate gland and 

bulbouretra gland, dissection should be done through the 

anus because the location of these two glands is 

anchored above the anus. 

The penis of guinea pig (Cavia porcellus) has a 

difference with the penis in other mammals, because in 

the guinea pig penis there is a baculum or penile 

cartilage (figure 15) located at the base of the penis. The 

guinea pig penis looks reddish white. 

 

 

 
 

Figure 3. Anatomy of guinea pig’s baculum in the distal of penis. 

 

 

According to the literature, the anatomy of a mouse 

penis and several other Rodentia are composed of 

proximal bodies and distal glans. It is composesed by 

the corpus cavernosum, corpus spongiosum, and the 

urethra of the penis. The os penis consists of proximal 

and distal elements. The proximal element contains 

hyaline cartilage with proximal growth and a distal bone 

consisting of fibrocartilago that hardens after puberty. In 

conjunction with the hydrostatic mechanism, these 

skeletal elements are likely to provide the necessary 

stiffness for copulation (Simmons & Jones, 2007 in 

Phadmancanty, 2013). 
 

Histology of Male Reproductive Organ of Male 

Guinea Pig 

Histological slides were made using Hematoxylin-Eosin 

(H-E) dyes. This dye is a deferential dye to distinguish 

between the plasma membrane and the cell nucleus. The 

histological picture of the male reproductive organ of 

Cavia porcellus with Hematoxylin-Eosin staining (H-E), 

indicates that the cytoplasm will be pink, while the cell 

nucleus will be colored in purple. The Hematoxylin-

Eosin (HE) dye is a common histological stain used in 

histology that can show more cells/tissues compared to 

other dyes. The analysis of each slide drawing image is 

as follows: 

 

1. Testis 

 

 
 

Figure 4. Testes og Guinia pig (Cavia porcellus). A. Seminiferous 
tubules, B. Tunica albuginea. H&E. 10x. 

 

 

Testes are the most important reproductive organs 

that composed of seminiferous tubules to produce 

sperm. In addition, the testes also function to produce 

testosterone. The testes are wrapped by two layers: 

tunica vaginalis (outer layer) and tunica albuginea (layer 

under tunica vaginalis). 

 

0,2 cm 
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Figure 5. Seminiferous tubules of guinea pigs (Cavia porcellus). A. 
Spermatogonium, B. Spermatosit, C. Spermatid, D. Sperma, E. lument, F. 

flat mioid cell, G. Sertoli cell. H&E. 400x. 
 

 

The seminiferous tubule is a winding tube that forms 

a scroll in a lobule. Among the seminiferous tubules 

there are a layer of germinal cells and of connective 

tissue and Leydig cells. Leydig cells act as a producer of 

testosterone. The tubular epithelium of seminiferous 

consists of two types of cells namely Sertoli cells or 

support cells and germinative (spermatogenic) cells. The 

spermatogenic derivative cells are spread in 4 to 8 layers 

that occupy the space between the basal lamina and the 

tubular lumen. These cells divide several times that 

eventually differentiate to produce sperm. The process 

from beginning untill end is called spermatogenesis. 

 

 

2. Ductal System 
 

Rete testes 

 

 
 

Figure 6. Rete testis of male guinea pig (Cavia porcellus). A. 
Seminiferous tubule, B. rete testis, C. simplex squamous epithelium. 

H&E. 400x. 
 

 

The seminiferous tubules that approach the 

mediastinal testes merge become rectus tubules. Some 

rectus tubules enter the mediastinum and relate to one 

another, thus forming a web called rete testis. Rete testis 

are duct that enter the epididymal caput called ductuli 

eferentes. 

Rete testis is located in the mediastinum region and 

the walls are covered by a simple squamous epithelium. 

Then from the rete testes, it will continue into the ductuli 

eferentes, which is the duct that connects the rete testes 

with the epididymis. The ductuli eferentes ducts are 

lined with two types of cells: cylindrical columns 

(stereocilia, movable cilia) and cuboid cells that produce 

fluids. 

 

Ductuli Eferentes 

 

 
 

Figure 7. Ductuli eferentes of male guinea pigs (Cavia porcellus). A. 
ductuli eferentes, B. rete testis. H&E. 1000x. 

 

 

 

At the cranial of the mediastinum testis there are 

about 6-12 ducts called: Ductuli eferentes testis. The 

duct is initially straight but after entering the epididymis 

it becomes twisted into a spiral. The entry region is 

known as the vascular cone that faces the testis and is 

the epididymal head. Ductuli eferentes have a 

cylindrical epithelium in line with two kinds of cells, 

namely: basilia cells and cells without cilia with many of 

secretions in them, these cells exhibit secretory activity. 

The epithelium lies on the basement membrane. The 

secretions of these cells use in the maturation process of 

sperm in the epididymis 

 

 

Epididimis 

Three parts of epididymis are marked of the histology 

structure, namely on the epithelium and the lumen. High 

columnar epithelium is a character of caput epididymis, 

medium columnar size is of the corpus, and low 

columnar is of cauda.  

The duct in the epididymis has a different columnar 

cell type on each part. The function of stratified 

columnar columnous epithelial cells with stereosilia is to 

regulate the state of the environment for sperm 

maturation. The modification or low height of the 

columner cells in the epididymal duct has an influence 

on sperm maturity and the locomosi system of sperm 

(Zaki (2013) in Anisatuzzahro, 2015). 
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Figure 8. Caput epididymis of guinea pig (Cavia porcellus). A. Ductus epididymis, B. Sperm, C. Epithelium, D. Smooth muscle cells. H&E. above 40x, 

under 1000x. 

 

 

 

 

  
 

Figure 9. Epepididymis corpus of male guinea pig (Cavia porcellus). A. Sperm, B. Epithelium, C. Smooth muscle cell. H&E. left 40x, right 1000x. 
 

 

 
 

  
 
Figure 10. Epididymis cauda of guinea pigs (Cavia porcellus). A. Sperm, B. Epithelium, C. Smooth muscle cell. H&E. left 40x, right 1000x. 
 

 

 

 

 

Three parts of epididymis are marked of the 

histology structure, namely on the epithelium and the 

lumen. High columnar epithelium is a character of caput 

epididymis, medium columnar size is of the corpus, and 

low columnar is of cauda.  

The duct in the epididymis has a different columnar 

cell type on each part. The function of stratified 

columnar columnous epithelial cells with stereosilia is to 

regulate the state of the environment for sperm 

maturation. The modification or low height of the 

columner cells in the epididymal duct has an influence 

on sperm maturity and the locomosi system of sperm 

(Zaki (2013) in Anisatuzzahro, 2015). 
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Vas deferens 

 

 
 
Figure 11. Vas deferens marmut (Cavia porcellus). A. External 

longitudinal layer, B. Circular layer, C. longitudinal layer, D. Epitel, E. 

Lumen, F. Lamina propria, G. Sdventitia eksternal. H&E. 100x. 
 

 

The vas deferens serves as an important sperm 

storage because the relatively inactive sperm and their 

metabolic state  are also low, sperm can be stored in the 

vas deferens for several days even if they do not get the 

nutrient from the blood and only get the nutrients from 

the simple sugars that can secreted by the tubules.  

Near the end, the vas deferens widened to form a coil 

called the ampulla. Epithelium of vas deferens is a 

columnar epithelium and most of its column have 

stereosilia. Among the thin layers of epithelium and 

lamina propria there is a subtle lamina basalis with many 

elastin fibers. 

 

3. Accessory Glands 

 

Ampullary Gland 

 

 
 

Figure 12. Ampulla gland of male Guinea pig (Cavia porcellus). A. 

Lumen, B. Basal cells, C. Muscular tunica. H&E. 400x. 

Ampullary glands are a pair of glandular accessory 

located at the end of the vas deferens. The ampulla 

glands produce lipids and glycogen and are 

distinguished from the prostate as they are surrounded 

by dense muscular fibrous stroma. In addition, the 

ampullary gland consists of the tubuloalveolar secretory 

gland, muscular tunica, secretions, loose connective 

tissue, interlobular septum, cytoplasm, basal cell, lumen 

and epithelial cells. The ampulla lumen is larger than the 

vas deferens. 

 

Seminal Vesicle 

 

 
 

Figure 13. Seminal vesicle of guinea pig (Cavia porcellus). (A) Secret in 

the lumen, (B) epithelium, (C) lamina popria, (D) circular smooth muscle 

layer, (E) longiitudinal smooth muscle layer. H&E. 100x. 

 

 
Seminal vesicles are produced fructose that serve as 

a major energy source for sperm released. In addition, 

the seminal vesicles also secrete prostaglandins that 

stimulate smooth muscle contraction in male and female 

reproduction, so that sperm is easily transferred to the 

oviduct for fertilization. It made up more than half of the 

semen, which help to push the sperm into the urethra 

and also dilutes the thick sperm mass so that sperm 

motility is increase (Akbar, 2010). 

The typical mucosa shows a large number of thin 

that fill most of the lumen. These folds are coated by a 

multilevel columnar epithelial layer that has many 

secretory granules. Lamina propria contains elastin 

fibers and is surrounded by smooth muscle with a deep 

circle and external longitudinal layer 

 

Prostate Gland 

The prostate gland is a solid organ that surrounds the 

urethra below the bladder. The prostate is a bunch of 30-

50 branching tubuloalveolar glands, all of which are 

surrounded by solid fibromuscular stromas coated by a 

hoop. Prostate gland is composed of concentric layers 

around the urethra: the internal lining of the mucous 

gland, the intermediate layer of the submucosal gland, 

and the peripheral lining with the prostate's main gland. 

The prostate has three zones corresponding to the 

glandular layer: 1) the transition zone occupies about 

5% the volume of the prostate, surrounds the prostatica 
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urethra, and has mucous glands that empty directly into 

the urethra; 2) the central zone occupies 25% of the 

volume of the prostate gland and has submucosal glands 

with longer ducts; 3) the peripheral zone occupies about 

70% of the prostate gland and has a major gland with a 

longer duct. These area glands are the most likely site of 

inflammation and cancer (Mescher, 2011). 

The prostate tubuloalveolar gland is formed by a 

cylindrical epithelial layer. The gland of the prostate 

contains various glycoproteins and enzymes and stores 

this sap to be removed during ejaculation. A large 

number of fibromuscular stromas surround the gland. 

The prostate is surrounded by fibroelastic loops. Like 

the seminal vesicles, the structure and function of the 

prostate depend on testosterone levels. 

 

 
 

Figure 14. Prostate gland of male guinea pig (Cavia porcellus). A. 

Alveoli glands epithelium, B. Smooth muscle in stroma, C. Blood vessel. 
H&E. 100x. 

 

Bulbourethral Gland 

 

 
 

Figure 15. Bulbourethra gland of male guinea pigs (Cavia porcellus). A. 

Longitudinal skeletal muscle tissue, B. Connective tissue capsule, C. 

Septum connective tissue, D. Excretory duct. H&E. 400x. 

 

The bulbourethral gland (Cowper’s gland) is located 

in the urogenital diaphragm and empties into the 

proximal portion of the urethra of the penis and amounts 

to a pair. Each gland has a lobule with a tubuloalveolar 

secretory unit. The septa between the lobules contains 

smooth muscle. During an erection, this gland releases a 

mucous-like clear secretion and contains small 

carbohydrates that envelop and lubricate the urethra. 

Bulbourethral gland is wrapped by a skeleton muscle 

tissue capsule and smooth muscle. 

 

Preputial Glands 

 

 
 

Figure 16.  preputial gland (Cavia porcellus). A. Sebaceous secretory 

gland. H&E. 400x. 

 
 

The preputial gland is found on the distal skin of the 

penis. In immature males this gland is still not 

functioning properly. The preputial glands during 

adulthood will produce a secretion that will serve as a 

lubricant during copulation. The secretions produced by 

the preputial glands will come out through the skin. This 

gland is composed of sebaceous secretory cells that are 

oval-shaped, arranged in a row to form a curve and then 

at the top there are muscles (Phadmancanty et al, 2013). 

 

4. Penis 

 

 
 

Figure 17. Penis of male guinea pig (Cavia porcellus). A. Cavernosum 
Corpus, B. Spongiosum corpus, C. Urethra, D. Tunica albuginea, E. 

Septum median. H&E. 10x. 
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The main components of the penis are the three 

cylindrical and erectile tissues, and the skin-wrapped 

urine of the penis (Mescher, 2011). Two of these 

cylinders are a pair cavernosum corpus located adjacent 

to the dorsal, while the one on the ventral side of the 

penis is the spongiosum corpus surrounding the urethra. 

The three erectile tissues are surrounded by solid fibrous 

albuginea tunica. 

The cavernosum corpus is wrapped by a solid 

connective tissue layer that is tunica albuginea. The 

cavernosum corpus and the spongiosum corpus consist 

of erectile tissue, which contain large amounts of 

cavernous space of the veins lined with endothelial cells 

and separated by trabeculae consisting of connective 

tissue fibers and smooth muscle cells. The sheath (tunica 

albuginea) in the spongiosum corpus is thinner than the 

corpus cavernosum. Trabecula of spongiosum corpus 

also thinner and more elastic than those found in the 

cavernosum corpus (Leeson, 1989). 

 

Baculum (Cartilage of Penis) 

 

 
 

Figure 18. Baculum (cartilage of penis) of male guinea pig (Cavia 

porcellus). A. Havers system, B. Havers Canals, C. Canaliculi. H&E. 10x. 
 

 

Baculum or cartilage in the guinea pigs penis has a 

structure similar to that of solid bone, i.e., havers 

system, channel havers, and canaliculi. In figure 18 there 

is a white streak on the histology incision that is due to 

imperfect cutting. In addition, the baculum did not 

undergo the decalcification process using acidic 

solution, so it is still hard when cutting was done. 

 

Making of Atlas of Anatomy and Histology of Male 

Reproductive Organ of Male Guinea Pig 

The anatomical and histological atlas were made using 

Microsoft publisher 2010 and Coreldraw X5 

applications. The production stage includes: data 

collection of images, capturing images using an optical 

microscope; atlas design using Microsoft publisher 

application; while the cover is designed using 

Coreldraw. 

The atlas of 'Anatomy of Reproductive Male Male 

Reproduction Organs' is a customized size 19.5 cm x 

26.5 cm. This size is chosen because it is very optimum 

to the reader. The image is obviously not too big and not 

too small to display one image in a single page. The 

front cover is the title of the book, the author's name, the 

anatomical and histological picture of the book's 

contents and the logo of UIN Sunan Kalijaga. While in 

the back cover there were title of the book, author's 

name and a synopsis that describes the contents of the 

book. Cover of atlas is dominated by purple color 

because the histologal pictures are dominated by purple 

and dop laminated for not to reflex the light. 

 

 
 

Figure 19. Cover of atlas. 
 

 

The atlas contains all the important elements of 

anatomy and histology of reproduction of male guinea 

pig. It included material posts, drawings, sketches, and 

tables. On the contents of the atlas there was a table that 

is an introduction to explain the description and function 

of all histological images, so readers can easily study 

this atlas. By studying the tables on this atlas, the reader 

will know briefly the whole reproductive organs of male 

guinea pigs early. This will increase the reader's interest 

to open the next page and as an introduction that covers 

the entire contents of the atlas in a single page. 

In the anatomical picture, there are some organs that 

are not visible from the front side, so there are photos 

from the back side. In addition, sketch drawing facilitate 

the reader in conveying the reproductive organ location 

of male guinea pig. So the reader will understand where 

the existing organs are in the reproductive system of 

male guinea pigs. After real photos, sketch images, then 

there is a histology image showing the tissue of every 

male reproductive organ of male guinea pig. Explaining 

anatomical material is not enough to show only real 

photos, but requires sketches to clarify the existence of 

every male reproductive organ of male guinea pig.  

Given cell/tissue is selected with black pointer line style 

on the part of the organ and directly written the name of 

the organ. This style was chosen because readers will 

more easily understand when viewing the image and 
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directly know the name of organ, compare to that with 

symbole and the explanation is on the other part. Direct 

explanation of organ part is more effective because the 

reader does not need to divert the view repeatedly to 

match the image code with the description. 

 

Assessment of Anatomical Atlas of Male Reproductiv 

Organ of Male Guinea Pig as a Learning Source 

 
Table 2. Assesment percentage. 

 

Assessor Assesment percentage (%) Quality 

Subject expert 95,71 Exelent 

Media expert 81,67 Exelent 

Peer reviewer 88,07 Exelent 

Biology teacher 83,51 Exelent 

Student  90,55 Exelent 

 

 

The quality of the atlas is assessed by subject expert, 

media expert, peer reviewer, biology teachers, and 

student.  Assessment aspect of each of the expert is 

different. The subject expert assess aspects of material 

feasibility and linguistic aspect. Media experts assess 

aspects of design and layout. Peer reviewers assess the 

material aspects, aspects of appearance and layout, and 

linguistic aspects. The biology teacher assess aspects of 

material feasibility, the linguistic aspect and the aspect 

of the implementation. Students assess the aspect of 

material feasibility, linguistic aspects, display aspects, 

and aspects of the implementation. Assessment uses a 

questionnaire and a suggestion box for atlas revision. 

The results of student response test showed very good 

category with the percentage of 90,55%. The readability 

test had very good value from the subject expert 

(95,71%), media expert (81,66%), peer reviewer 

(88,07%) and biology teacher (81,51%). Overall, the 

atlas of the 'Anatomy of Male Reproductive Organs of 

Guinea Pig' had excellent quality and deserves to be 

used as a learning resource. 

 

 

CONCLUSIONS 
 

1. Based on observations of macroscopic and 

microscopic anatomy of the male reproductive 

organs of male guinea pigs (Cavia porcellus), we 

found testes, penis, ductal system, and five accessory 

glands. The ductal system consists of testicular rete, 

ductuli efferentes, epididymis, and vas deferens. The 

accessories glands of the male reproductive organs 

consist of the ampullary glands, the seminal vesicles, 

the prostate gland, the bulbourethral gland, and the 

preputial gland. In addition, the guinea pig penis has 

a cartilage of penis or baculum. 

2. Research has succeeded in creating histological 

slides and colored atlas of 'Anatomy of Male 

Reproductive Organ of Male Marmot. 

3. The results of student response test showed very 

good category with the percentage of 90,55%. The 

readability test had very good value from the subject 

expert (95,71%), media expert (81,66%), peer 

reviewer (88,07%) and biology teacher (81,51%). 

Overall, the atlas of the 'Anatomy of Male 

Reproductive Organs of Guinea Pig' had excellent 

quality and deserves to be used as a learning 

resource. 
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Abstract. Luthfiya M, Niyartama T F. 2017. Modeling Folding Zone in Kedungsari Compassionate Area Kulon Progo Yogyakarta with 

Gravity Method. Proc Internat Conf Sci Engin 1: 19-22. This study aims to determine the condition of subsurface by doing interpretation 

quantitatively. Quantitative interpretation is done by modeling to determine the shape and boundary of the anomaly. The gravity data 

reduction is done up to Complete Bouguer Anomaly (CBA) value is obtained. The complete Bouguer anomaly is brought to horizontal 

plane reduction and separation of local and regional anomalies using the upward continuation method. 2.5 modelling has been made from 

local anomaly data to illustrate the subsurface condition of the research area more clearly. The result shows R1 density value of 2.55 g / 

m3 which is a limestone and R2 2,8902 g/m3 which is andesitic rock. The position of the anticline axis is at coordinates 49 S 9128700 N 

409844.9 E, while the syncline axis is at coordinates 9129037 N 408694,1 E. 
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INTRODUCTION 
 

Activities beneath the surface of the earth become the 

cause of what appears on the surface of the earth. That is 

not flat, one of which is a fold. Fold is the deformation 

of the rock layers that occur as a result of the force of 

firmness so that the rocks move from its original 

position to form the curvature. In addition, the fold is a 

layer of skin of the earth that gets pressure in a 

horizontal direction. The folds can be divided into two 

based on the shape of the arch, the anticline and the 

syncline. Anticlines are the backs of the folds that 

incline both wings in opposite directions and away each 

other (concav form with a convex upward). The middle 

part of the anticline is called the anticline core. Sinklin is 

a valley of the lips that tilt both wings toward one 

direction and approach each other. The central part of 

the syncline is called the core of syncline (Park, 1997). 

 
 

 
 

Figure 1. Regional geological maps of research areas (Rahardjo, 1995). 

 
 

 

Based on the geological map (figure 1), fold can be 

found in Kedungsari Pengasih area in Kulon Progo sub-

district (Rahardjo, 1995), but the boundaries of the 

synclin and the anticline are not known. The existence 

of synclinic and anticline can be identified by measuring 

the value of gravity field of an area based on difference 

of density or mass of rock type beneath the surface of 

earth with gravity method (Cella, 2004). The value of 

the gravitational field located on the surface of the earth 

differs in each region and depends heavily on the 

solidity of the subsurface rock (Telford, 1990). 
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MATERIALS AND METHODS 
 

This research was conducted in Kedungsari Pengasih 

Kulon Progo Yogyakarta area, with the target of folds of 

synclinic and anticline using Gravity method. The data 

is taken as much as 44 points divided into 4 paths that 

direction N 315˚ E. The data obtained in the form of 

data of observation gravity (Gobs). Subsequent Gobs 

data in latitude correction, free air correction, Bougeur 

correction, and field correction to obtain a complete 

bouguer anomaly (ABL). ABL data in getting still on 

topography so that must be done process of reduction in 

plane. The next process is the separation of anomalies to 

obtain local anomalies. This local anomaly is used for 

quantitative interpretation. Quantitative interpretation is 

done by modeling to determine the value of density of 

subsurface rocks. The research flow diagram can be seen 

in figure 2.  

 
 Figure 2. Flow chart of research implementation. 

 

RESULTS AND DISCUSSION 
 

A local anomaly map that has been overlaid on the 

geological map in Fig. 3 shows that there is a low 

anomaly pattern right at the center of the syncline 

structure (blue). This low pattern does not fit SW-NE 

leads and slightly stops at the edges, this is possible 

because of an unsteady anticline pattern on the part. The 

high anomaly pattern (red color) is found in the center of 

the anticline structure and SW-NE direction. The result 

of analysis of the pattern of high and low anomaly in 

gravity field data, it can be concluded that the structure 

of anticline and syncline is in the area, the anticline core 

is at coordinate 49 S 9128700 N 409844,9 E with 

direction N 225˚ E and the syncline axis is located at 

coordinates 9129037N 408694,1 E in the same direction 

that is N 225˚ E. The structure of anticline and syncline 

in the research area can be seen more clearly with the 

modeling of subsurface treatment. 

 

 

 

 

 

 

 

 

 

 
 
 

 
 

Figure 3. Geographic map overlay with contours local anomaly map. 
 

 

 
 

 

The quantitative interpretation to obtain the shape of 

the subsurface is done by modeling 2.5 D on the local 

anomaly map. The 2.5 D model is a model generated 

from the model anomaly response approach with field 

anomaly response data. The local anomaly map is made 

in the incision as shown in Figure 4 which will be 

modeled below the surface. Modeling process is done by 

correlating local anomaly data with geological data so 

that get good results by using sofwere Grav2DC for 

windows. 
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Figure 4. Incision on contours map local anomalies. 
 

 

The incision is made perpendicular to the target of 

the research. Seen on the map of local anomalies of low 

anomalous patterns in the West and high anomalous 

patterns in the southeastern part, indicating the existence 

of synclinic and anticline structures. Geological map of 

research area shows that the research area is in Sentolo 

formation, Sentolo formation is composed of limestone 

with Bouguer density 2.67 g/cm3.  

The results of the model anomaly response approach 

with the field anomaly response data show the shape of 

the subsurface rocks and layers (figure 5), which clearly 

shows a high anomaly pattern which is an anticline and 

a low anomaly pattern in the form of a syncline, with a 

R1 density of 2,55 g / m3 and R2 density 2,8902 g / m3. 

Rock layer R1 density of 2.55 g / m3, based on the 

results of geological information analysis in the study 

area on the rock density table then rocks R1 identified as 

limestone the formation rocks Sentolo formation. The 

rock layer R2 has a density of 2.8902 g / m3 which is 

andesitic rock (Van Bemmelen, 1949). 

 

 
 

 
 

Figure 5. Model 2.5 D on AA1 Inc from local anomaly. 



22 PROC. INTERNAT. CONF. SCI. ENGIN. 1: 19-22, October 2017 

CONCLUSIONS 
 

The result shows R1 density value of 2.55 g / m3 which 

is a limestone and R2 2,8902 g / m3 which is andesitic 

rock. The position of the anticline axis is at coordinates 

49 S 9128700 N 409844.9 E, while the syncline axis is 

at coordinates 9129037 N 408694,1 E. 
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Abstract. Muryanto, Suntoro, Gunawan T, Setyono P. 2017. Identifying Of Groundwater Pollution in Lower Code Watershed, 

Yogyakarta. Proc Internat Conf Sci Engin 1: 23-26. The water source of the people residing in Code Watershed is currently accessed from 

water wells, which are privately owned by most of the house. The urban area in the watershed is highly populated and its waste is disposed 

of into the ground, which contaminates groundwater. Therefore, an urban area located in a higher topography poses threats to the 

groundwater quality downstream. The research found that the groundwater in the lower part of Code Watershed was polluted because it 

received the waste discharge from the city upstream and, at the same time, had to deal with the existing pollution in it. 
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INTRODUCTION 
 

Water is very important in human life. Human and other 

living beings are unable to live without it. The 

groundwater used by the local people is polluted by 

domestic wastes that are discarded into the ground. 

Groundwater is used to fulfill daily water needs, namely, 

for cooking, bathing, washing, etc. The water resource 

of the people living in Code Watershed is mostly 

acquired using water wells, which are privately owned 

by most of the houses in the watershed. When the urban 

area located in a higher topography in a watershed is 

densely populated and its waste is disposed of into the 

ground, it potentially contaminates the groundwater 

downstream. 

 

 

MATERIALS AND METHODS 
 

Research Object 

The research object is groundwater in Code Watershed. 

The groundwater was sampled two times from areas 

outside the city and two times from areas close to Opak 

River (the lower stream of Code River). The volume of 

each sample was 1 liter, stored in a bottle that was 

initially cleaned and rinsed with sample water. The 

sample has to fill up the bottle, then the bottle has to be 

properly closed in order to avoid contact with air. For 

iron (Fe) content analysis, the water sample has to meet 

the following requisites, namely: (1) it has to fill up the 

100-ml sample bottle; (2) there has to be no air bubble 

inside the bottle; (3) it has to be added with a 

preservative, i.e. Chloride Acid; and (4) it has to be 

airtight. In order to analyze biological parameters, the 

sample bottles were sterilized and then dried. The 

preservation of water samples for biological parameters 

involves a cold condition and an isothermic box filled 

with ice for sample transportation. A mistake in water 

sampling procedure for biological parameter analysis is 

fatal because the results of the laboratory analysis will 

be significantly different from when the water sampling 

follows the procedure correctly. Therefore, a 

comprehension and a knowledge of correct water 

sampling procedure are necessary.  
 

Data Acquisition 
The data acquisition technique in this research was field 

observation, which aimed to monitor the field condition 

directly since the beginning of the survey until the 

implementation of the research. The urban area, along 

with the downstream area of the city and the upstream 

area of Opak River (the lower stream of Code 

Watershed) were observed during the research. The data 

used in this research were as follows: 

Primary Data: The research data were obtained 

directly from the results of laboratory-scale research. 

The water samples obtained from the predefined points 

were analyzed in the laboratory. These served as the 

primary data namely, physical, chemical, and biological 

characteristics of water quality.  
 

Research Materials 

The research used the following materials: groundwater 

samples in Code Watershed and HCl 1 N. 
 

Research Equipment 

The equipment used in this research was as follows: 4 

pieces of 1-liter sample bottles, 4 pieces of sample 

bottles for bacteria analysis, 4 pieces of 100-ml sample 

bottles for iron content analysis, 1 piece of water dipper 

for collecting water sample, 1 piece of water sampler, 1 

piece of EC meter for measuring electrical conductivity 

in the field, stationary, a set of computer for processing 

digital data and writing thesis, Global Positioning 

System (GPS) for pinpointing the location of water 
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samples in the field, and the Indonesian Topographic 

Map (RBI) in a scale of 1: 25,000.  
 

Research Steps 

1. Preparation 

This step included preliminary study, research permit 

application, and the procurement of research tools, 

materials, and the other necessary instruments.  

2. Water Sampling 

This step included groundwater and spring water 

sampling. Spring and groundwater were sampled 

using water dipper and water sampler and then 

poured into the bottles that were firstly rinsed with 

sample water. In addition, this step included the 

analysis of groundwater and spring water samples in 

the Laboratory of Hydrology and Water Quality, 

Faculty of Geography, Gadjah Mada University.  

3. Analyzed Parameters 

The parameter analysis is based on Governor 

Regulation no. 20/2008 on Water Quality Standards 

in Yogyakarta Special Region, including standard of 

physics, chemistry and biology parameters. Physical 

parameters analyzed in this research are temperature, 

TSS, TDS, turbidity, and electrical conductivity. The 

chemical parameters consist of pH, dissolved oxygen 

(DO), BOD, COD, free ammonia (NH3 -N), nitrate 

(N03-), nitrite (N02-), sulphate (SO4-2), chloride 

(Cl-), and total iron (Fe). The biological parameter is 

the total coliform. 
 

Laboratory Analysis 

The next step was to analyze the water samples in the 

laboratory, which in this case was the Laboratory of 

Hydrology and Water Quality, Faculty of Geography 

UGM. The parameters analyzed in the laboratory were 

as follows: turbidity (measured using turbidimeter), 

temperature (using mercury thermometer), pH (using pH 

meter), electrical conductivity (using EC meter), 

Dissolved Oxygen and BOD (measured using Winkler 

bottle and volumetric method), COD (using 

permanganate method), free ammonia (NH3-N), nitrate 

(N03
-), nitrite (N02

-), sulfate (SO4
-2), and total iron (Fe) 

(using spectrophotometer), chloride (using volumetric-

titration method), and total coliform (using multiple-tube 

fermentation with three tubes).  
 

Data Analysis 

The research data analysis included: 

a. Analysis on physical parameters (i.e., temperature, 

TSS, TDS, turbidity, and electrical conductivity), 

chemical parameters (i.e., pH, Dissolved Oxygen 

(DO), BOD, COD, free ammonia (NH3-N), nitrate 

(N03
-), nitrite (N02

-), sulfate (SO4
-2), chloride (Cl-), 

and total iron (Fe)), and biological parameters (i.e., 

total coliform). 

b. The determination of environmental quality status.  
 

The water quality status was determined in Water 

Quality Monitoring Activity using one of the proposed 

methods in the Decree of the Minister of Environment 

No. KEP-115/MENLH/2003, i.e., Pollution Index (PI) 

method. This method was used to determine the 

pollution level relative to the allowed presence of each 

parameter in the water. The concept of Pollution Index 

(PI) is different fromthat of the Water Quality Index. 

The former index is meant for determining the proper 

use of an entire water body or a river segment. PI-based 

water quality management can provide stakeholders 

with an input for considering the use or allocation of a 

water body and the improvement or reversion of 

deteriorated water quality due to the presence of toxic 

elements. PI is comprised of various groups of 

independent and representative water quality 

parameters. In this research, PI was determined using 

the following procedures and requisites: 

a. If Lij represents the concentration of each water 

quality parameter cited in the standards of water 

allocation (j) and Ci represents the concentration of 

water quality parameter (i) obtained from water 

sample analysis in the predefined locations along a 

river, then PIj is the pollution index for water 

allocation (j) 

 

PIj = f(C1/L1j, C2/L2j,....,C1L1j) 

 

b. Every value of Ci/Lij shows a relative pollution 

caused by the improper concentration of water 

quality parameter.  

c. Ci/Lij = 1 represents a critical value. This value is 

expected to be met by the standards of water quality 

allocation.  

d. If a parameter has Ci/Lij> 1, then the concentration of 

this parameter has to be reduced or set aside when 

arelated water body is used for allocation (j). If this 

parameter is the determinant of a water allocation, 

then an absolute water treatment has to be 

performed.  

e. The Pollution Index model uses various parameters 

of water quality, therefore, its application requires 

the average and maximum values of all Ci/Lij  

 

PIj= {(C1/L1j)R ,(C1/L1j)M} 

 

where: 

(C1/L1j)R   is the average value of C1/L1j 

(C1/L1j)M  is the maximum value of C1/L1j 
 

m is a balance factor evaluated at critical value. 

When the critical values of PIj, (C1/L1j)R, and 

(C1/L1j)M are 1, then the value of m is 1√2. 

Therefore: 

  

PIj= √ (C1/L1j) 2
M + (C1/L1j) 2

R 
            

   2 

The evaluation of PIj 

0 ≤ PIj ≤ 1 : within the standards 

1< PIj ≤ 5 : slightly polluted 

5< PIj ≤ 10 : moderately polluted 

PIj> 10 : severely polluted 
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f. The procedure for using the equation is as follows: 

a) Collecting the concentration of pollutant 

parameter (Ci) as the main data in this equation 

b) Determining the standards (Lij) 

c) Calculating Ci/Lij 

d) Calculating (C1/L1j)R and (C1/L1j)M 

e) Calculating PIj 

 

 

RESULTS AND DISCUSSION 
 

The research included 4 water samples, i.e., 2 samples in 

the areas outside the city and 2 samples in the areas 

close to Opak River (the lower stream of Code River). 

The water sampling considered the administrative 

boundary as well as the map of water aquifer in the area. 

Afterward, the spring water and groundwater samples 

obtained from the local residential wells in the study 

area were analyzed immediately in the laboratory of 

water quality in order to preserve data accuracy. The 

laboratory analysis included several methods, namely, 

volumetric, spectrophotometric, and gravimetric 

methods as well as ion selective-electrodes. The results 

of the laboratory analysis of groundwater samples in the 

study are presented in Table 1. 

 

 

 

Table 1.The results of laboratory analysis of groundwater samples in the lower part (downstream) of Code Watershed. 

 

Sample Codes DS* I DS II DS III DS IV Standards of 

Class I Parameters Units     

l. Physical       

Temperature oC 26 27 27.5 27.4 Deviation 3 

Turbidity NTU 1.21 1.30 1.23 1.49 5 

TSS mg/L 0.47 0.5 0.72 0.82 0 

TDS mg/L 391 397 399 402 1000 

EC µmhos/cm 520 529 533 539 - 

Il. Chemical        

pH - 7.00 7.01 6.82 6.97 6 – 8.5 

Nitrite (NO2
-) mg/L 0.001 0.003 0.006 0.005 0.06 

Nitrate (NO3
-) mg/L 5.90 1.63 7.08 4.62 10 

Chloride (Cl-) mg/L 33.49 35.47 47.29 39.41 600 

Sulfate (SO4
-2) mg/L 28.97 30.24 41.58 38.88 400 

Ammonia (NH4
-) mg/L 0.25 0.20 0.19 0.19 0.5 

Total Iron (Fe) mg/L 0.21 0.14 0.14 0.13 0.3 

Dissolved Oxygen (DO) mg/L 7.80 7.82 7.81 7.80 6 

BOD mg/L 1.18 1.16 0.67 0.86 2 

COD mg/L 3.67 4.54 1.92 2.41 10 

IIl. Microbiological 
Total coliform MPN/100 ml 1100 ≥2400 ≥2400 1100 1000 

 

 

Based on the physical, chemical, and biological 

characteristics presented in Table 1, the groundwater in 

the study area experienced anelevated concentration of 

TSS and total coliform. The analysis results showed that 

the groundwater quality in the study area was Class II.  

The high concentration of certain elements in the 

groundwater was influenced by waste disposal activities, 

particularly of domestic waste, which would likely result 

in severely contaminated and undrinkable groundwater 

when the disposal remained uncontrolled. The analysis 

results of water samples in the study area, based on the 

class of the water quality, are presented in Table 2. 

 
Table 2. Groundwater sample analysis in the study area based on the 

Governor Regulation No. 20/2008 on the Water Quality Standards in the 

Special Region of Yogyakarta. 
 

No Location Codes Water Classes Polluting Parameters 

1 DS I II TSS, Total coliform 

2 DS II II TSS, Total coliform 

3 DS III II TSS, Total coliform 

4 DS IV II TSS, Total coliform 

The status of the environmental quality in the study 

area is presented in Table 3. 

 
Table 3. The Pollution Index (PI) of the study area. 

 

No Location Codes Pollution Indices Pollution Status 

1 DS I 1.085813 Slightly Polluted 

2 DS II 1.810719 Slightly Polluted 
3 DS III 1.858101 Slightly Polluted 
4 DS IV 1.176268 Slightly Polluted 
 
 

The areas between Depok (Sleman Regency) and the 

city were densely populated. The domestic waste 

disposal into the ground introducedpollutants to the 

groundwater. In general, the urban areas in the 

watershed experienced groundwater pollution. The high 

concentration of nitrate and total coliform was caused by 

wastes from water retention and toilets. In urban areas, 

soil surface is mostly covered with cement and asphalt, 

which reduces the amount of rainwater infiltration 

significantly. In areas with severe pollution, the lack of 
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infiltrated water leads to ineffective pollutant dilution. 

Therefore, the groundwater in urban areas and the areas 

downstream is prone to pollution. 

In the lower watershed, there are still many open 

green spaces, which contribute to the intensive 

infiltration of rainwater into the ground and to the 

effective dilution of groundwater. The groundwater in 

the lower Code Watershed was classified as Class II, 

indicating a slight pollution. The contaminated 

groundwater was caused by the function of the lower 

area as the receiver of waste disposal from the city 

upstream. At the same time, the activities in the lower 

watershed slightly contributed to the groundwater 

pollution. The analysis results showed that the 

groundwater in the lower Code Watershed was 

categorized as Class II even though there were only two 

pollutants, namely, TSS and total coliform. 

 

 

 

CONCLUSIONS 
 

1. The groundwater in the lower Code Watershed was 

polluted by TSS and E. Coli 

2. Because the groundwater quality was polluted, it no 

longer met the quality standard for Class I. It became 

Class II. 

3. The liquid and solid waste treatment systems in the 

study area did not support environmental 

sustainability. 
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Abstract. Rifqiyati N, Sholihah J, Soimah L. 2017. Effect of Leaves Infuse (Foeniculum vulgare Mill.) Intake on Reproductive Organs 

Morphometry of Female Rats (Rattus Sp.) After Parturition. Proc Internat Conf Sci Engin 1: 27-30. Fennel (Foeniculum vulgare Mill.) 

traditionally used by people as antifertility agent for female. Fennel leaves (Foeniculum vulgare Mill.) contain phytoestrogen that has role 

as antiestrogen or synthesized become antiestrogen. Coumarin is the kind phytoestrogen that can be antiestrogen to female reproductive 

organs such as ovary and utery. The aim of this research is to find out the influence of fennel leaves infuse  (Foeniculum vulgare Mill.) on 

morphometric of ovary and utery in female rats (Rattus sp.) administered after parturition, to find out the effective dose  affecting the 

morphometric of ovary and utery and to find out the total coumarin consisted in fennel leaves (Foeniculum vulgare Mill.). This research 

was carried out by using CRD (Completely Randomized Design) consisted of 2 groups, those are control group (aquades) and treatment 

groups (doses of fennel leaves infuse 20 g/300 ml, 40 g/300 ml and 60 g/300 ml). The treatment was administered in the morning and 

afternoon for 15 days. After 15 days of treatment, the rats were sacrificed and dissected to measure the morphometry of reproductive 

organs (ovary and utery). The data obtained was analyzed by Analysis of Varian (ANOVA) and continued by LSD (Least Significance 

Different) test with significance of 5%. The measurement of coumarin level was performed by TLC (Thin Layer Chromatography) 

densitometry method. The result of this research showed that the administration of infused fennel leaves (Foeniculum vulgare Mill.) at 

dose of 20 g/300 ml, 40 g/300 ml and 60 g/300 ml significantly decreased ovarian weigh in female rats (Rattus sp.) after parturition 

(p<0,05), but not decreased the  length, width, thick of ovary, length and diameter of utery (p>0,05). No difference was observed between 

doses 20 g/300 ml, 40 g/300 ml and 60 g/300 ml, and it showed that the dose 20 g/300 ml of fennel leaves infuse was able to be used to 

decrease the weigth of ovary. Coumarin level observed in leaves is 0,09%, and it is higher than the coumarin content in fruit/seed. 

 

Keywords: Coumarin, Fennel leaves (Foeniculum vulgare Mill.), Morphometric of reproductive organs, Rattus sp. 

 
 

INTRODUCTION 
 

Fennel (Foeniculum vulgare Mill.) is native to Southern 

Europe and Asia and widely planted in Indonesia, India, 

Argentina,Europe and Japan. The plants are extensively 

cultivated for their fruit. In Indonesia, the fennel is used 

for seasoning or medicinal plant purposes. The fennels 

are usually found in tropical regions, grow from 

lowlands to 1800 m of altitude, however, they will grow 

better at highlands (Dalimartha, 2000). 

Traditionally, fennel plants are used as source of 

infertility agent for women. The fennels are used in 

traditional Chinese medicine for treatment of 

rheumatism, pain, and as aromatic materials for 

treatment of stomach disorders. The fennel useful 

materials contain some phenolic compounds, trans-

anethole, estragole, and fenchone (Akbar, 2010). Fennel 

leaves are the main photosynthetic organs that have 

hairy structures, high water content, high content of 

volatile oils, phenol, potassium compounds, and 

chlorophyll. The contents of fennel leaf are beneficial to 

health and has useful compounds that can cure a disease 

(Shanti et al., 2014). 

The use of natural materials containing hormone or 

phytohormone, one of which is phytoestrogen, have 

been developed currently. Phytoestrogen is a substratum 

of plant that having similar activity as estrogen. The 

phytoestrogen, a natural compound which is found in 

plants, has a lot of common characteristics with 

estradiol, one of the most potential estrogen. The use of 

phytoestrogen is predicted safer than synthetic estrogen 

or the other hormonal substitution drugs (Jhonson, et al., 
2003). 

Fennels contain phytoestrogen that can be estrogenic 

or antiestrogenic. One of phytoestrogen compound 

contained in fennel leaves is belong to flavonoid group 

(Rifqiyati, 2016). The phytoestrogen compound that can 

act as antiestrogen or can be synthesized to be 

antiestrogen is coumarin. Coumarin is one of secondary 

metabolite with ana-benzophyrone-based structure 

having physiological and pharmacological effects, such 

as in influencing synthesis of estrogen. Therefore, it 

affects the development of ovum in the ovary and 

blocking of cells in endometrial lining of uteri 

(Rusmiati, 2011 in Hidayati, 2015). 

Some researches on fennel effects have been 

conducted, one of them is a research using fennel seed 

infusion showed that it affected sleep duration in mice 

(Pudjiastutiet al., 1998). Another study conducted by 

Khazei et al. (2011) demonstrated that the fennel seeds 

also influenced folliculogenesis in female rats. It is also 

suggested in another study by Rabia (2015) that some 

parts of the fennel plants (stem, leaves and seeds) can be 
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used in cancer treatment. However, the research on the 

plant effects related to morphometric study of female 

reproductive organs of rats, and the study on the fennel 

leaves, are still rarely conducted. Sa’roni et al (1999) 

showed that fennel seeds affect female reproductive 

organs and can be used as an alternative to oral 

contraceptive. Therefore, this study aimed to observe the 

effect of fennel leaf infusion on morphometric 

characteristics of ovary and uteri in female rats 

postpartum. 

 

 

 

MATERIALS AND METHODS 
 

Plant Material and Infusion Preparation 
Foeniculum vulgare Mill. plants were collected from 

Kopeng, Semarang, Central Java. The infusion was 

prepared by cutting fennel leaves into small pieces (4-5 

centimeters) and put in oven with the temperature 40o C 

for a few days until reaching a constant weight. The dry 

leaves then were grinded and sifted until finely 

powdered. The powder then was weighed about 20 

grams to make the 20g/300ml infusion, 40 grams for 

40g/300ml infusion and 60 grams for 60g/300ml 

infusion. The powder was put in beaker glasses and then 

soaked in 300ml water. The mixture was heated to 90oC 

on a hotplate for 15 minutes, then filtered twice to 

achieve 100 ml infusion (Pidada, 2004). 
 

Animal treatments 

A total of 12 pregnant, female rats were acclimated for 

one week and fed ad libitum. After parturition, all adult-

and-offspring rats are divided into four groups, and 

every group consisted of three repetitions (put in 

separated enclosures). Every enclosure consisted of a 

mother rat and five offspring. The mother rats were then 

treated by administering the fennel leaf infusion orally 

using syringe. The doses weredelivered twice a day,1ml 

infusion (or aquadest in control groups) delivered in 

every morning and afternoon for 15 days, from the 3rdto 

the 7th day of lactation period. The doses for every 

groups are arranged as following: 
 

a. Control : aquadest 

b. Treatment I (T1) : fennel leaf infusion (20g/300ml) 

c. Treatment II (T2) : fennel leaf infusion (40g/300ml) 

d. Treatment III (T3) : fennel leaf infusion (60g/300ml) 
 

The rat mother were sacrificed and dissected on 

the17th day of lactation period. The morphometric 

measurement was carried out on fresh reproductive 

organs including ovaries and uteri by measuring the 

weight, length, width, and the thickness of the organs 

(Jalaludin, 2014). The length of uteri was measured 

from beginning part of cornua (cranial cornua) to the 

end of cornua (caudal cornua). The diameter of uteri 

was measured on parts of cornua that are adjacent to 

fallopi, to middle cornua and to the end of cornua 

(adjacent to cervix) (Jamalia, 2006).  
 

Coumarin analysis 

Determination of steroid levels in the fennel leaves were 

conducted by TLC (Thin Layer Chromatography)-

densitometry method. The process was started by 

weighing the powdered leaf sample and adding 2ml 

ethanol into flasks, then mixing them by vortex and then 

separating the extract phases by centrifugation. The 

ethanol phase was then collected and the extraction was 

repeated twice. The ethanol phase was then evaporated 

and resuspended with 1 ml ethanol, then spotted on 

silica gel 60 F254plate, including a coumarin standard. 

The samples then were put into chamber containing 

saturated of motion phases of toluene-ether (1-1, until 

saturated with 10% acetic acid). After being evaluated to 

the end of solid phase, the plate then was removed and 

dried. The level of coumarin was determined using 

densitometer at 304nm (Anonymous, 2016). 
 

Statistical analysis 

Data analysis were performed using a one-way analysis 
of variance (ANOVA) and continued by LSD (Least 

Significance Difference) test with significance using 

95% confidence.  

 

 

 

RESULTS AND DISCUSSION 
 

Results 

The effect of administration of fennel (Foeniculum 

vulgare Mill.) leaf infusion to morphometric 

characteristics of ovary, by measuring the length, width, 

thickness, and weight of ovary is presented in Table1. 

 

 
 

 

 

 

Table 1. The average of length, width, thickness, and weight of ovary measured for every variation of doses. 

 

Numb. Treatments Length (cm±SD) Width (cm±SD) Thickness (cm±SD) Weight (g±SD) 

1 Control 0.76 ± 0.11a 0.70 ± 0.03b 0.40 ± 0.02cb 0.05 ± 0.00a 

2 T1 0.69 ± 0.09a 0.66 ± 0.06b 0.36 ± 0.02cb 0.04 ± 0.00b 

3 T2 0.59 ± 0.10a 0.63 ± 0.14b 0.42 ± 0.04cb 0.04 ± 0.00b 

4 T3 0.58 ± 0.04a 0.62 ± 0.11b 0.42 ± 0.01cb 0.04 ± 0.00b 

 

Note: The different character of superscripts in the same column showed significant differences (p<0.05). 
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In general, table 1 shows that the higher doses of 

fennel leaf infusion caused less averages of ovary 

length, width, and thickness, but no differences in its 

weight. Based on statistical analysis, there were no 

significant differences observed between control and 

experimental groups (T1,T2,T3) in ovary length, width 

and thickness (p>0.05), and there was significant 

differenceobserved between control groups and all 

experimental groups (T1,T2,T3) in weight of ovary 

(p<0.05).  

The effect of administration of fennel (Foeniculum 
vulgare Mill.) leaf infusion on morphometric characters 

of uteri by measurement of length and diameter of uteri 

is presented in Table2. 

 

 

 

 

Table2. The averageof length and diameter of uterimeasured for every variation of doses. 

 

Numb. Treatments Length (cm±SD) Diameter (cm±SD) 

1 Control 2.16 ± 0.26a 0.36 ± 0.06b 

2 T1 3.12 ± 0.96a 0.33 ± 0.01b 

3 T2 3.10 ± 0.56a 0.35 ± 0.09b 

4 T3 3.20 ± 0.32a 0.29 ± 0.07b 

 

Note: The same character of superscripts in the same column showed no significant differences among treatments (p>0.05). 

 
 

 

 

The Table 2 above shows that the fennel leaf 

infusion delivered to female rats during lactation period 

can decrease diameter of uterus. However, the statistical 

analysis suggested that there are no significant 

differences between control and experimental groups 

(T1,T2,T3) either in the length or diameter of uteri 

(p>0.05),although we can notice that there are slight 

decreases in diameter of uterifollowing the increment of 

doses in experimental groups (T1,T2,T3). 

 

Discussion 

The insignificant differences in morphometric 

characters, either observed in ovary or uteri, are 

estimated due to very low levels of phytoestrogen given 

on treatment groups (T1, T2, T3).  It was earlier known 

that the binding affinity of phytoestrogento estrogen 

receptors, such as Erα and ERᵦ, isweaker than the 17ᵦ 

estradiol (Tsourounis, 2004). Furthermore, it is also 

predicted that in order to get more significant results, it 

will need more time in treatment than those conducted in 

this study. Reduced size of ovary, observed after 

treatment with higher doses,was predicted due to higher 

level of phytoestrogen,that having anti-estrogenic 

nature, compared to 17ᵦ estradiol level. 

The significant difference in weight of ovary is 

predicted because of the effect of the phytoestrogen 

content in the fennel leaf infusion. Some mechanisms of 

phytoestrogens (coumarins) in affectingthe development 

of ovary is by destructing cells and forming pores incell 

membrane, therefore they can change the structure and 

function of plasma membrane. Consequently, they can 

affect transmembrane activity, causing leakage of amino 

acid or other contents of cytoplasm, so that the cells may 

shrinks and destroyed (Widodo et al., 2012).  

There is no significant difference between 

experimental groups (T1, T2, T3) in ovarian weight 

based on the LSD test. This result is predicteddue to lack 

of estrogenic receptors available to bind the 

phytoestrogen. The availability of estrogenic receptors 

affects phytoestrogen in resulting particular effect on 

reproductive organs.The phytoestrogen will block cell 

proliferation by binding to estrogenic receptors. So, 

when the number of receptor are already saturated (by 

another hormone with higher affinity to receptor), then 

the increasing level of phytoestrogen cannotresult in 

more significant expressionsdriven by estrogenic 

receptors (Susanto et al., 2014). 

The change of morphometric characters in uteri is 

strongly influenced by hormonal activity. A study 

carried out by Sa’roni (1999) showed that infusion of 

fennel fruit with doses 219mg/100g of body weight 

could decrease the weight of uteri.The thickness of 

endometrium is considered as a main factor affectingthe 

weight of uteri. Furthermore, it is needed to 

histologically observe the uteri to know the structure of 

endometrial lining, which affect the morphometry of 

uteri.  

The rising level of estrogen hormone will give a 

negative feedback on hypothalamus that affecting ovary, 

and this will lead to declining in secretion of FSH and 

LH.The Follicle Stimulating Hormone (FSH) and 

Lutheinizing Hormone (LH) are responsible in synthesis 

of estrogenic hormone and progesterone in the ovary. A 

disruption in estrogenic hormone synthesis in the ovary 

may inhibit the uteri-wall-forming cells to proliferate. 

Therefore, the uteri wall thickening and blood vessels 

growthwill also be interrupted (Junqueira& Jose, 1995 

in Rusmiati, 2011).  

The analysis of coumarin contentusing TLC-

densitometry obtained the average level of coumarin in 

fennel leaves is 0.09%. This is higher than coumarin 

level in fennel fruits/seeds (0.03%) (Fuping et al., 2014). 

The fennel fruit infusion was known have an 

antiestrogenic effect to reproductive organs and can be 

developed to be an alternative for oral contraceptives. 

 



30 PROC. INTERNAT. CONF. SCI. ENGIN. 1: 27-30, October 2017 

CONCLUSIONS 
 

The present study suggested the fact that fennel 

(Foeniculum vulgare Mill.) leaf infusion has an 

antiestrogenic effect to decrease the weight of ovarian in 

postpartum female rats. Further studies are 

recommended to observe the histology of ovary and 

uteri for advanced study on the process of 

folliculogenesis, and factors related to the width of uteri. 
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Abstract. Suryandari R. 2017. Checklist of Macroalgae at Krakal and Drini Beach, Gunungkidul. Proc Internat Conf Sci Engin 1: 31-38. 

Macroalgae are multicellular plants that do not produce seeds or flowers. All macroalgae are multicellular and do not have a specialized 

body structure and do not have reproductive mechanism like terrestrial plants. Macroalgae is divided into 3 groups namely Chlorophyta 

(green algae), Rhodophyta (red algae), and Phaeophyceae (brown algae). Green algae and red algae belong to the Plantae kingdom with 

green algae (Chlorophyta) and included in the Subkingdom Viridiplantae and red algae (Rhodophyta) into the Biliphyta subkingdom. 

Brown algae (Phaeophyta) belong to the Chromista kingdom. Based on the research, macroalgae found in Drini and Krakal Gunungkidul 

are green algae, red algae and brown algae. Green algae found and identified are Anadyomene plicata C. Agardh, Chaetomorpha 

antennina (Bory) Kṻtzing, Chaetomorpha linum (O.F. Mṻller) Kṻtzing, Boergesenia forbesii (Hardvey) Feldmann, Cladophoropsis 

herpestica (Montagne) M. Howe, Boodlea composita (Harvey ) F. Brand, Caulerpa peltata J.V. Lamoroux, Enteromorpha intestinalis 

(Linnaeus) Nees, Ulva lactuca Linnaeus. Red algae species found and successfully identified are Acrocystis nana Zanardini, 

Acanthophora spicifera (M. Vahl) Børgesen, Laurencia papilosa (C. Agardh) Greville, Actinotrichia fragilis (Forsskål) Børgesen, 

Galaxaura rugosa (J. Ellis & Solander) J.V. Lamoroux, Amphiora anceps (Lamark) Decaisne, Gelidiela acerosa (Forsskål) Feldmann & 

Hamel, Gracilaria canaliculata Sonder, Gelidiopsis intricata (C.Agardh) Vickers. Brown algae species found and identified are 

Lobophora variegata (J.V.Lamouroux) Womersley ex E.C.Oliveira, Padina minor Yamada, Sargassum crassifolium J. Agardh, 

Turbinaria ornata (Turner) J. Agardh. The species that classified as a new record in Indonesia are Cladophoropsis herpestica (Montagne) 

M. Howe and Gracilaria spinulosa (Okamura) Chang & B.M.Xia. 

 

Keywords: Brown algae, Drini Coast, green algae, Krakal Coast, macroalgae, red algae 

 
 

INTRODUCTION 
 

Seaweeds or macroalgae are multicellular plants that do 

not produce seeds or flowers (Morrissey & Sumich, 

2012). All macroalgae are multicellular, do not have a 

specialized body structure and do not have reproductive 

mechanism like terrestrial plants. Macroalgae have no 

leaves, stems and actual roots. The entire body is called 

thallus, a thin filament or giant kelp (Castro & Huber, 

2010). The body consists of blades (like leaves), stipe 

(resembling stems) and holdfast (resembling roots) 

accompanied by small branches called haptera. In 

addition to having these parts, macroalgae also have 

parts similar to fruit in the form of a normally bubbling 

portion of gas functioning to float the macroalga to the 

surface in order to be exposed to sunlight (Morrissey & 

Sumich, 2012). 

The algae classification consists of 7 phyla namely 

Chlorophyta, Euglenophyta, Chrysophyta, Pyrrhophyta, 

Phaeophyta, Cyanophyta, and Rhodophyta. While the 

phyla that have members of macroalgae are only 

Chlorophyta (green algae), Rhodophyta (red algae), and 

Phaeophyta (brown algae) (Blinks, et al., 1951). Green 

algae and red algae belong to the Plantae kingdom with 

green algae (Chlorophyta) are included in the 

Subkingdom Viridiplantae and red algae (Rhodophyta) 

into the Subkingdom Biliphyta (Ragan, 1995). Brown 

algae (Phaeophyceae) belong to Chromista kingdom 

classification along with diatoms (Bacillariophyta), 

golden brown algae (Chrysophyta), mold (Oomycetes) 

and even heterotrophic flagelleta (Silicoflagellata) 

(Maneveldt & Keats, 1997). 

Gunungkidul is a district located in the Special 

Region of Yogyakarta precisely 110 ° 21 '- 110 ° 50' east 

longitude and 7 ° 46 '- 8 ° 09' LS with areas dominated 

by karst mountains and beaches. The research was 

conducted in Drini Beach and Krakal Beach on February 

24, 2017. Drini Beach is located in Ngestiharjo Village, 

Tanjungsari Sub-district east of Sepanjang Beach. Drini 

Beach is a beach that has a river flow into the shore, but 

now the stream is small. Drini Beach has a beach that 

tends to be small and protrudes restricted karst ridges so 

that the waves cannot reach the shoreline directly. This 

coastal intertidal region consists of sand that is 

overgrown by Padina sp. 

Krakal Beach is about 70 km from the city of 

Yogyakarta. Krakal Beach is a beach with beautiful 

white sand and has the longest coastline among other 

beaches in Baron-Kemadang tourist complex. Krakal 

Beach is relatively sloping and its intertidal region 

consists of dead corals that are overgrown by macroalga 

Enteromorpha sp., Cladophoropsis sp., And Ulva sp. 

Basically, the species found on Krakal Beach and Drini 

Beach tend to have much in common and are only 

distinguished in terms of the dominating species. 

 

 

MATERIALS AND METHODS 
 

The research was conducted on February 24th 2017 in 

Drini and Krakal Coast, Gunungkidul, Yogyakarta.This 
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research was done on March-May, 2016. This research 

was conducted in laboratory of Zoology Faculty of 

Science and Technology UIN Sunan Kalijaga 

Yogyakarta. 

 

 
  
Figure 1.  Map of Drini Coast and Krakal Coast. 

 

 

The equipment used in this research include 

waterproof paper, clipboard, pencils 2B, a digital 

camera, underwater camera, identification book. 

Materials used in this research are specimens and 10% 

formalin. 

Carried out by tracing the intertidal areas of Krakal 

Beach and Drini Beach at random and inventorying each 

discovered macroalgae. Steps of this research are: 1) 

Researchers trace the coastline randomly. 2) Specimens 

were found photographed in the habitat and collected 

using a plastic specimen. 3) Specimens are cleaned 

using filtered seawater. 4) Cleared specimens are 

photographed over millimeters of block. 5) The 

specimen is inserted into the specimen bottle and then 

10% formalin poured into the bottle. 6) Bottle specimen 

labeled 7) Specimen identified using identification book. 

 

 

RESULTS AND DISCUSSION 
 

The macroalgae found in Drini Beach and Krakal Beach 

are 32 species consisting of 9 species of green algae 

(Chlorophyta), 11 species of red algae (Rhodophyta), 

and 4 species of brown algae (Phaeophyta) and 8 species 

that can’t be identified until species level. 

 

Green Macroalgae (Clorophyta) 

Class, Order and Family of green macroalgae that found 

at Drini and Krakal Coast shown in the table 1 below. 
 

 

 

Table 1. Checklist of Green Macroalgae that found at Waisai Coast. 

 

Class Order Family Species 

Ulvophyceae Cladophorales Anadyomenaceae Anadyomene plicata C. Agardh 

  Cladophoraceae Chaetomorpha antennina (Bory) Kṻtzing 

   Chaetomorpha linum (O.F. Mṻller) Kṻtzing 

   Boergesenia forbesii (Hardvey) Feldmann 

  Boodleaceae Cladophoropsis herpestica (Montagne) M. Howe 

   Boodlea composita (Harvey ) F. Brand 

 Bryopsidales Caulerpaceae Caulerpa peltata J.V. Lamoroux 

 Ulvales Ulvaceae Enteromorpha intestinalis (Linnaeus) Nees 

   Ulva lactuca Linnaeus 

 

 

  

Anadyomene plicata C. Agardh 

Description: Thallus is yellowish green, there is no stipe, 

a membrane like a leaf. Holdfast is a collection of 

rhizoid masses. The main filaments branched 

polychotomous but generally only 2-4 branches 

(Huisman & Parker, 2016). 

Distribution in Southeast Asia: Indonesia, Malaysia, 

Philippines, Vietnam (Guiry & Guiry, 2017). 
 

Bryopsis corymbosa J. Agardh 

Description: plants epilithic or epiphytic, 2-4 cm high, 

densely tufted, light green, without distinct main axis, 

arising from entangled rhizoidal system, axes bearing 

irregular radial laterals, laterals with clusters of several 

short ramuli at apex, often with descending rhizoidal 

outgrowth in lower portion of main axes, ramuli radial 

to alternate, septa inconspicuous between ramuli and 

parent axes towards apex, conspicuous towards base 

(Lee et al, 1991) 

Distribution in Southeast Asia: Indonesia, Malaysia, 

Myanmar, Philippines, Singapore, Thailand, Vietnam 

(Guiry & Guiry, 2017). 
 

Chaetomorpha linum (O.F. Mṻller) Kṻtzing 

Description: Thallus is light green, commonly known as 

spaghetti seaweed because its shape is elongated and 

interlocked irregularly like noodles. Usually free-

floating or attached to rocks and shells. The filaments 

are not branched, cylindrical, and curly (Barnes, 2008). 

Distribution in Southeast Asia: Indonesia, Myanmar, 

Philippines, Singapore, Thailand, Vietnam (Guiry & 

Guiry, 2017). 
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Boergesenia forbesii (Hardvey) Feldmann 

Description: yellowish green in colour, 3-5 cm tall 

forming patches on the substratum, vesicles slightly 

curved, clavate, filled with fluid, club-shaped in younger 

stage enlarged in the upper part giving grape-like 

appearance in older stage. Basal branched filamentous 

parts of the thallus septate. Common in intertidal rock 

pools (Jha et al, 2009). 

Distribution in Southeast Asia: Indonesia, Myanmar, 

Philippines, Singapore, Thailand, Vietnam (Guiry & 

Guiry, 2017). 
 

Cladophoropsis herpestica (Montagne) M. Howe 

Description: Thallus dark green, the shape of thallus is 

cylinder and small with a length of 1 cm. Usually his life 

is colony and the holdfast form of rhizoid. These 

macroalgae cell walls are quite thick (Cribb, 1960). 

Distribution in Southeast Asia: Malaysia, Thailand, 

Vietnam (Guiry & Guiry, 2017). 
 

Boodlea composita (Harvey) F. Brand 

Description: This species forms a mass of sponges on 

rocks and coral reefs and has a slightly crunchy texture. 

These macroalgae can be found in the intertidal and 

subtidal zones, from a depth of 0.5 to 1 m2. The main 

branch appears as unilateral or opposite and then 

becomes irregularly branched. Some branches blend 

together and make the macroalga appear matted (Luan 

Keng, 2017). 

Distribution in Southeast Asia: Indonesia, Malaysia, 

Philippines, Singapore, Thailand, Vietnam (Guiry & 

Guiry, 2017). 
 

Caulerpa peltata J.V. Lamoroux 

Description: The thallus is yellowish green, 

characteristic of this macroalga which is to have the 

peltate disk at the distal end of the short stalk, there is a 

stolon which then appears ramuli among them, ramuli 

stacked together (Menez & Calumpong, 1982) 

Distribution in Southeast Asia: Indonesia, Malaysia, 

Myanmar, Philippines, Singapore, Spratley Islands, 

Thailand, Vietnam (Guiry & Guiry, 2017). 
 

Enteromorpha intestinalis (Linnaeus) Nees 

Description: The color of the bright green talus is 

striking, the blade is tubular and unbranched. Blades 

usually grow from small discoid bases, rounded blade 

edges (Anonymous, 2013). 

Distribution in Southeast Asia: Indonesia, Malaysia, 

Philippines, Singapore, Vietnam (Guiry & Guiry, 2017). 
 

Ulva lactuca Linnaeus 

Description: The thallus is green, has a single sheet of 

blade with a length of up to 150mm and a width of 10-

100mm. The edge of the thallus is smooth, the basal part 

of the rhizoid mass (Baldock, 2009). 

Distribution in Southeast Asia: Indonesia, Malaysia, 

Myanmar, Philippines, Singapore, Vietnam (Guiry & 

Guiry, 2017). 

 

 

    

    

 

   

 

 

Figure 2. Macroalgae of Chlorophyta at Drini and Krakal Coast (A. Anadyomene plicata C. Agardh, B. Chaetomorpha antennina (Bory) Kṻtzing, C. 

Chaetomorpha linum (O.F. Mṻller) Kṻtzing, D. Boergesenia forbesii (Hardvey) Feldmann, E. Cladophoropsis herpestica (Montagne) M. Howe, F. 

Boodlea composita (Harvey ) F. Brand, G. Caulerpa peltata J.V. Lamoroux, H. Enteromorpha intestinalis (Linnaeus) Nees, I. Ulva lactuca Linnaeus. 
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Red Macroalgae (Rhodophyta) 

Class, Order and Family of redmacroalgae that found at Drini and Krakal Coast shown in the table 2 below. 
 

Table 2. Checklist of Red Macroalgae that found at Drini and Krakal Coast. 

 

Class Order Family Species 

Florideophyceae Ceramiales Rhodomelaceae Acrocystis nana Zanardini 

   Acanthophora spicifera (M. Vahl) Børgesen 

   Laurencia papilosa (C. Agardh) Greville 

 Nemaliales Galaxauraceae Actinotrichia fragilis (Forsskål) Børgesen 

   Galaxaura rugosa (J. Ellis & Solander) J.V. Lamoroux 

 Corallinales Corallinaceae Amphiora anceps (Lamark) Decaisne 

 Gelidiales Gelidiaceae Gelidiela acerosa (Forsskål) Feldmann & Hamel 

 Gracilariales Gracilariaceae Gracilaria canaliculata Sonder 

   Gracilaria spinulosa (Okamura) Chang & B.M.Xia 

   Gracilaria vieullardii P.C.Silva 

 Rhodymeniales Lomentariaceae Gelidiopsis intricata (C.Agardh) Vickers 

 
 

 

Acrocystis nana Zanardini  

Description: Small thallus with a height of about 4.4 

mm, forming a loose aggregation. Branching upright, 

dark brown thallus color, but can branching usually 

colored more pale (Lee, Liao, & Tan, 2009). 

Distribution in Southeast Asia: Indonesia, 

Philippines, Singapore, Vietnam (Guiry & Guiry, 2017). 
 

Acanthophora spicifera (M. Vahl) Børgesen 

Description: Yellowish brown colour, erect plants, to 40 

cm tall, with solid cylindrical branches, 2 - 3 mm wide, 

branched either sparingly to repeatedly. Main branches 

have short, determinate branches, irregularly shaped and 

spinose, with spines numerous and radially arranged. 

There are no spines on main axes. The plant grows from 

a large, irregularly shaped holdfast. (Anonymous, 2001). 

Distribution in Southeast Asia: Indonesia, Malaysia, 

Myanmar, Philippines, Singapore, Thailand, Vietnam 

(Guiry & Guiry, 2017). 
 

Laurencia papilosa (C. Agardh) Greville 

Description:Plants about 5-16 tall, growing in dense 

clusters. The lower parts of the plants are smooth, but 

toward the ends, the branches are sparsely crowded with 

short, truncate to tuberculate branchlets. Plants olive 

green to greenish purple in colour, consistency 

somewhat cartilaginous (Kluijvver, Gijswijt, Leon, and 

Cunda, 2012) 

Distribution in Southeast Asia: Indonesia, 

Philippines, Vietnam (Guiry & Guiry, 2017). 
 

Actinotrichia fragilis (Forsskål) Børgesen 

Description: The color of the reddish orange thallus is 

calcified, its shape is erect and diffuse, the two branches 

located at 3-6 mm intervals and 40-60 sudut angles and 

there are circular filaments on the talus 

(Wiridayamrikul, Lewmanomont, & Boo, 2013). 

Distribution in Southeast Asia: Indonesia, 

Philippines, Singapore, Thailand, Vietnam (Guiry & 

Guiry, 2017). 
 

Galaxaura rugosa (J.Ellis & Solander) J.V.Lamoroux 

Description: Thallus thick, rigid, solid, hemispheric-

shaped mound, brownish-brown, bifurcated irregular, 

calcified. Branches are cylindrical in diameter about 0.5-

1.5 mm, solid but sometimes covered by stiff hairs like 

filament, holdfast is not very visible (Kim, 2015). 

Distribution in Southeast Asia: Indonesia, 

Philippines, Singapore, Vietnam (Guiry & Guiry, 2017). 
 

Amphiora anceps (Lamark) Decaisne 

Description: Thallus is purplish red but in shallow 

waters rather faded, there are many dichotomous 

branches. The edges are thinner and somewhat sharper, 

the margins are parallel and slightly widened at the ends, 

and calcification occurs near the end (Womesrley & 

Johansen, 2001). 

Distribution in Southeast Asia: Indonesia, 

Philippines, Singapore, Vietnam (Guiry & Guiry, 2017). 
 

Gelidiela acerosa (Forsskål) Feldmann & Hamel 

Description: High thallus 5-7 cm, some tufted, tangled, 

erect axis arising from the creeping axis lying and 

pointing, attached to the substrate with the stolon having 

rizhoid, the cylindrical upright axis, usually branched 

across and branched pinnate at the second branch, the 

length of the branch is usually 15 mm, generally the 

apical part is shorter (Ang Jr., 2004). 

Distribution in Southeast Asia: Indonesia, Malaysia, 

Myanmar, Philippines, Singapore, Thailand, Vietnam 

(Guiry & Guiry, 2017). 
 

Gracilaria canaliculata Sonder 

Description: Thallus stiff, brittle, texture like cartilage, 

length up to 55mm. Solitary, discoid holdfast generate 1 

axis or two axes. Short type, most subdichotomous 

branches, next dichotomy 45-90 ° for each branch. The 

apical parts are round cylindrical and the red rosewood's 

color is firm to bright (Iyer et al, 2004) 

Distribution in Southeast Asia: Indonesia, Malaysia, 

Myanmar, Philippines, Singapore, Vietnam (Guiry & 

Guiry, 2017). 
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Gracilaria spinulosa (Okamura) Chang & B.M.Xia 

Description: Thalli are bushy and erect, consisting of 

loose to dense, irregularly dichotomously branched, 

flattened blades, arising from a discoid holdfast, Blades 

are rose to dark red, occasionally greenish in colour 

(Anderson et al, 2004). 

Distribution in Southeast Asia: Philippines, Vietnam 

(Guiry & Guiry, 2017). 
 

Gracilaria vieillardii P.C.Silva 

Description: Thalli are slightly prosterate or erect, 

consist of irregularly dichotomously branched, flattened 

blades, arising from a conspicuous discoid holdfast, The 

margins of young blades are mostly entire, when old, 

upper parts of blades possess fine marginal spines, 

Blades are 255-395 µm in thickness, composed of two 

layers of of pigmented cortical cells. Blades are bright to 

dark red when shaded or greenish in color when exposed 

to sunlight (Anderson et al, 2004). 

Distribution in Southeast Asia: Indonesia, 

Philippines, Singapore, Vietnam (Guiry & Guiry, 2017). 
 

Gelidiopsis intricata (C.Agardh) Vickers 

Description: Thallus stiff, small, matted, red, green, 

brown, or purple, branched sparsely, irregularly until 

somewhat dichotomous. Basal axis (stolon) creeps, 

cylindrical upright axis, irregular rhizoid (Huisman & 

Parker, 2016). 

Distribution in Southeast Asia: Indonesia, Myanmar, 

Philippines, Singapore, Thailand, Vietnam (Guiry & 

Guiry, 2017). 

 

 

 

   

   

   

  

 

 

Figure 3. Macroalgae of Rhodophyta at Drini and Krakal Coast (A. Acrocystis nana Zanardini, B. Acanthophora spicifera (M. Vahl) Børgesen, C. 
Laurencia papilosa (C. Agardh) Greville, D. Actinotrichia fragilis (Forsskål) Børgesen, E. Galaxaura rugosa (J. Ellis & Solander) J.V. Lamoroux, F. 

Amphiora anceps (Lamark) Decaisne, G. Gelidiela acerosa (Forsskål) Feldmann & Hamel, H. Gracilaria canaliculata Sonder, I. Gracilaria spinulosa 

(Okamura) Chang & B.M.Xia, J. Gracilaria vieullardii P.C.Silva F. Weber & D. Mohr, K. Gelidiopsis intricata (C.Agardh) Vickers. 
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Brown Macroalgae (Phaeophyceae) 

Class, Order and Family of brown macroalgae that found at Drini and Krakal Coast shown in the table 3 below. 
 

Table 3. Checklist of Brown Macroalgae that found at Drini and Krakal Coast. 

 

Class Order Family Species 

Phaeophyceae Dictyotales Dictyotaceae Lobophora variegata (J.V.Lamouroux) Womersley ex E.C.Oliveira 

   Padina minor Yamada 

 Fucales Sagassaceae Sargassum crassifolium J. Agardh 

   Turbinaria ornata (Turner) J. Agardh 

 

 

Lobophora variegata (J.V.Lamouroux) Womersley ex 

E.C.Oliveira 
Description: The dark brown thallus is shaped like a fan, 

blade overlap, and is often found growing on rocky 

rocks. Blade there is a faint yellow concentric line 

(Baldock, 2009). 

Distribution in Southeast Asia: Indonesia, Malaysia, 

Myanmar, Philippines, Singapore, Thailand, Vietnam 

(Guiry & Guiry, 2017). 
 

Padina minor Yamada 

Description: Thallus fan-shaped, yellowish brown to 

brown or slightly white color caused by calcification. 

Blade is full or divided into lobes, consisting of 2 layers 

of cells. The bottom surface of the blade is divided into 

concentric areas with fine lines that have a consistent 

distance to each other, the height of the blade reaches 10 

cm (Trono, 2001). 

Distribution in Southeast Asia: Indonesia, Myanmar, 

Philippines, Thailand, Vietnam (Guiry & Guiry, 2017). 
 

Sargassum crassifolium C. Agardh 

Description: Thallus is somewhat flattened, slick, but the 

main stem is round, rather rough, holdfast discs. The 

first branch arises at the base of about 1 cm from 

holdfast. Regular intermittent branching. The blade is 

oval or extends 40x10 mm, the middle veins of the blade 

are clearly visible from the tip of the base to the tip, the 

cryptostomata is not very clear. The edges of the toothed 

blade are sparse, wavy, curved or pointed edges, 

duplicate (double edge) at the end to the center of the 

blade, especially on the blades at the top of the 

branching (Atmadja et al 1996). 

Distribution in Southeast Asia: Indonesia, Malaysia, 

Philippines, Thailand, Vietnam (Guiry & Guiry, 2017). 
 

Turbinaria ornata (Turner) J. Agardh 

Description:Dark brown in colour, up to 50 cm tall, 

bushy, axes arising from dichotomously branched 

holdfast, main axes erect and cylindrical and irregularly 

branched, leaves closely arranged, turbinate to 

obconical, coarse, 0.5-1.5 cm long 10-15 mm broad at 

the distal ends, distal ends of the leaves triangular, sub-

concave with double row of spines on the surface with 

terete stalks, vesicles immerged in the leaves, 

receptacles racemose, arising on the stalks of the upper 

leaves (Jha et al, 2009). 

Distribution in Southeast Asia: Indonesia, Malaysia, 

Myanmar, Philippines, Singapore, Thailand, Vietnam 

(Guiry & Guiry, 2017). 

 

 

 

    
 

Figure 4. Macroalgae of Phaeophyceae at Drini and Krakal Coast (A. Lobophora variegata (J.V.Lamouroux) Womersley ex E.C.Oliveira, B. Padina 

minor Yamada, C. Sargassum crassifolium J. Agardh, D. Turbinaria ornata (Turner) J. Agardh. 
 

 

 

Unidentified specimens up to the species level were 

8 specimens including: sp. 1. Thallus reddish brown, 

irregular Branch, each branch is two branches, tip 

rounded blunt talus, sp. 2. The color of dark brown 

thallus and apical parts of light brown, there are older 

brown patches on the surface of the talus, the shape of a 

blade resembling a leaf, the location of the sideways 

blade, the edge of a small wavy blade, sp. 3. Thallus 

reddish-brown, cylindrical talus round elongated 

segments with each base of the segments there is a bulge 

bulge, sp. 4. Reddish brown color, small rounded thallus 

form bulging, the spheres are stacked like a colony, sp. 

5. Color of light brown thallus, reddish yellow on new 

branch, irregular branch, elongated cylindrical talus 

shape with pointed tip, Hypnea sp. The thallus is dark 

brown, the shape of the thin cylindrical talus extends, 

the branches appear from the base, the two-pronged end, 

Laurencia sp. Yellowish brown color slightly reddish, 
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irregularly branched thallus and talus surface there are 

irregular spheres, talus tend to flat, Spongomorpha sp. 

Dark green, talus like thin hair that sticks to the stolon. 

 

 

 

    

    
 

 

Figure 5. Macroalgae that cannot be identified to species level at Drini and Krakal Coast (A. Sp. 1, B. Sp. 2, C.Sp. 3, D.Sp. 4, E.Sp. 5, F. Hypnea sp, G. 

Laurencia sp. H. Spongomorpha sp. 
 

 

Twenty fourth identified macroalgae species have 

been found in previous studies in Southeast Asia. 

Southeast Asia region where the species are found, 

among others Indonesia, Malaysia, Myanmar, 

Philippines, Singapore, Thailand, and Vietnam. 

Species that can be found in the seven countries of 

Southeast Asia region in previous research are 

Chaetomorpha antennina (Bory) Kṻtzing, Caulerpa 
peltata J.V. Lamoroux, Acanthophora spicifera (M. 

Vahl) Børgesen, Gelidiela acerosa (Forsskål) Feldmann 

& Hamel, Lobophora variegata (J.V.Lamouroux) 

Womersley ex E.C.Oliveira,Turbinaria ornata (Turner) 

J. Agardh. Species that only found in Phillippines in 

previous research is Palmaria palmata (Linnaeus) F. 

Weber & D. Mohr. Species that have never been found 

in the Southeast Asia region in previous studies is 

Gigartina stellata (Stackhouse) Batters. 

The richness of macroalgae has many types of 

benefits. One of the benefits that have been widely 

known is for the sake of health. Species Actinotrichia 

fragilis (Forsskål) Børgesen is one of the species that 

has health benefits. Species with calcined talus contain 

Penicillium citrinum endophytic fungi that produce 

alkaloid secondary metabolites. Alkaloids are the 

components used for anti-cancer (Raghukumar, 2008). 

Another red alga useful in the field of health is 

Amphiora anceps (Lamark) Decaisne. Amphiora anceps 

can be used as an alternative source of R-PE (R-

Ficoeritrin) which is usually ficoeritrin used for 

biochemical techniques and clinical diagnosis (Kawsar, 

Fujii, Matsumoto, Yasumitsu, & Ozeki, 2011). While 

the species of brown algae that was found and has 

efficacy in health is Padina minor. The Padina minor 

has antioxidant and anti-inflammatory potential which at 

high doses does not result in acute toxicity. For 

cosmeceuticals, P. minor indicates pharmacological 

activity, especially antioxidant and antiinflammatory 

agents that benefit cosmetics and do not cause skin 

irritation (Peerapornpisal, et al., 2010). 

Some of the found and identified macroalgae also 

have benefits for humans especially for maintaining 

environmental health. Chaetomorpha linum (O.F. 

Mṻller) Kṻtzing is a macroalga commonly used in 

aquariums to remove nitrates, assist in pH buffers, break 

down carbon dioxide into oxygen, and as a hiding space 

for small creatures. This seaweed also allows for the 

production of biofuels, liquid fertilizers, and 

bioremediation in aquaculture. Extracts of this species 

contain insecticides, antimicrobials, antioxidants, 

larvacides, and antiviral activity (Kim, 2015). While 

other macroalgae from brown algae group also has 

benefits for environmental conservation efforts namely 

Lobophora variegata (J.V.Lamouroux) Womersley ex 

E.C.Oliveira. Lobophora variegata is the best and most 

informative macroalgae as a metal contaminant 

bioindicator because it can quickly absorb the Co, Cr, 

Mn, and Ni contents (Hedouin, Bustamante, Fichez, & 

Warnau, 2008). 

 

 

CONCLUSIONS 
 

Based on the research, macroalgae found in Drini and 

Krakal Gunungkidul are green algae, red algae and 

brown algae. Green algae found and identified are 

Anadyomene plicata C. Agardh, Chaetomorpha 

antennina (Bory) Kṻtzing, Chaetomorpha linum (O.F. 

Mṻller) Kṻtzing, Boergesenia forbesii (Hardvey) 

Feldmann, Cladophoropsis herpestica (Montagne) M. 

Howe, Boodlea composita (Harvey ) F. Brand, Caulerpa 

peltata J.V. Lamoroux, Enteromorpha intestinalis 

(Linnaeus) Nees, Ulva lactuca Linnaeus. Red algae 

species found and successfully identified are Acrocystis 

nana Zanardini, Acanthophora spicifera (M. Vahl) 

 
H 
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Børgesen, Laurencia papilosa (C. Agardh) Greville, 

Actinotrichia fragilis (Forsskål) Børgesen, Galaxaura 

rugosa (J. Ellis & Solander) J.V. Lamoroux, Amphiora 
anceps (Lamark) Decaisne, Gelidiela acerosa (Forsskål) 

Feldmann & Hamel, Gracilaria canaliculata Sonder, 

Gelidiopsis intricata (C.Agardh) Vickers. Brown algae 

species found and identified are Lobophora variegata 

(J.V.Lamouroux) Womersley ex E.C.Oliveira, Padina 
minor Yamada, Sargassum crassifolium J. Agardh, 

Turbinaria ornata (Turner) J. Agardh. The species that 

classified as a new record in Indonesia are 

Cladophoropsis herpestica (Montagne) M. Howe and 

Gracilaria spinulosa (Okamura) Chang & B.M.Xia. 
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Abstract. Putranto R A, Martiansyah I, Saptari R T. 2017. In silico Identification and Comparative Analysis of Hevea brasiliensis 

COBRA Gene Family. Proc Internat Conf Sci Engin 1: 39-47. In this paper, the H. brasiliensis COBRA gene family, alleged to be involved 

in laticifer differentiation, was identified from the public rubber tree genome of Reyan 7-33-97 clone. A comparative analysis was carried out 

against A. thaliana genomic database. This analysis has resulted to the in silico validation of thirteen putative genes encoding 

glycophosphatidylinositol anchors (GPI) proteins harbored by nine Hevea genomic scaffolds. The sequence’s similarity of HbCOBL against 

AtCOBL genes were ranged from the threshold 50 to 81.58% covering 151 to 458 amino acid residues, respectively. Three partial and ten full-

length protein sequences of HbCOBL genes were annotated. The partial protein sequences ranged from 89 to 184 amino acid residues as 

opposed to the full-length proteins ranging from 160 to 471 amino acid residues. Two types of COBRA domains (pfam04833 and cl04787) 

were found among HbCOBL genes. Phylogenetic analysis has clustered two subfamilies. Nine HbCOBL genes (HbCOBL-B, HbCOBL-J, 

HbCOBL-C, HbCOBL-H, HbCOBL-F, HbCOBL-I, HbCOBL-M, HBCOBL-A, and HbCOBL-N) were clustered as COBRA gene subfamily-I. 

By contrast, four genes (HbCOBL-O, HbCOBL-P, HbCOBL-E, and HbCOBL-L) were clustered as COBRA gene subfamily-II. The HbCOB 

subfamily-II was marked by the addition of 203 residues in C-terminal which is different with Arabidopsis. The gene HbCOBL-C was the 

putative ortholog to AtCOB carrying the unique COBRA domain cl04787 with 74 amino acid residues. Taken together, these results showed 

that Hevea and Arabidopsis COBRA genes might share similar functions while differ in gene structure. 
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INTRODUCTION 
 

In regard to the importance of para rubber tree (Hevea 
brasiliensis Müll.Arg.) as the sole commercial source of 

natural rubber, studies have been carried out to identify 

the potential factors influencing the high production of 

latex. Arabidopsis thaliana (L.) Heynh is an important 

and well-described model plant for molecular biology 

due to its advantages of short life cycle (6 weeks) and 

small genome size (~125Mb) with five chromosomes 

(Initiative, 2000). The in silico comparative analysis 

between H. brasiliensis and A. thaliana have 

successfully identified important gene families such as 

the APETALA2/ETHYLENE RESPONSE FACTORS 

(AP2/ERF) superfamily (Duan et al., 2010; Piyatrakul et 

al., 2014; Putranto et al., 2015a; Putranto et al., 2015b; 

Putranto and Montoro, 2016), Calcium-Dependent 

Protein Kinase (CDPK) family (Xiao et al., 2017), 

Abscisic acid (ABA) receptor gene family (Guo et al., 

2017), Glucose-6-Phospate Dehydrogenase (G6PDH) 

family (Long et al., 2016), Sucrose synthase gene family 

(Xiao et al., 2014), Metacaspase family (Liu et al., 

2016), Aquaporin family (Zou et al., 2015), ABC 

transporter family (Zhiyi et al., 2015), Small Rubber 

Particle (SRPP) gene family (Lau et al., 2016) and 

Protease Inhibitors (PI) family (Martiansyah et al., 

2017).  

Latex, a milky white containing rubber particle, is 

synthesized inside specialized latex cells namely 

laticifers. Latex is harvested by tapping the soft bark of 

Hevea which truncates the secondary laticifers. The 

secondary laticifers are differentiated tissues in the 

secondary phloem of rubber bark. Their abundant 

numbers were positively correlated with the natural 

rubber yield (Hao and Wu, 2000). Comprehensive 

researches have confirmed that the differentiation of 

secondary laticifers is pivotally regulated by jasmonate 

(Laosombut et al., 2016; Pirrello et al., 2014; Tian et al., 

2015; Wu et al., 2016; Zhang et al., 2015). In the 

biological knowledge, laticifer differentiation should 

potentially involve a mechanism of cell expansion 

and/or wood biosynthesis. Studies on specific gene or 

gene family involved in such mechanism on rubber tree 

were limited. However, the transcript of a small gene 

family namely COBRA was found in the laticifers (Tang 

et al., 2016). This result suggested that this gene family 

could be related to the laticifer differentiation. 

The COBRA multi-gene family has been intensively 

studied mostly in Arabidopsis, rice and maize (Brady et 

al., 2007). This family consists of one COBRA gene and 
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eleven homologs namely COBRA-like (COBL) genes 

(Roudier et al., 2002; Schindelman et al., 2001). The 

COBRA genes encode glycosylphosphatidylinositol 

(GPI) anchoring of proteins divided into two subfamilies 

(Borner et al., 2002; Roudier et al., 2002). Each member 

of the gene family has an important and redundant role 

in oriented cell division and cell expansion (Brady et al., 

2007). Further analysis has demonstrated their positive 

expression to induce cellulose synthesis (Ben-Tov et al., 

2015; Dai et al., 2011; Liu et al., 2013). 

This paper sets out to identify the H. brasiliensis 
COBRA gene family by performing a comparative 

analysis against A. thaliana genomic database. Multiple 

sequence comparison and BLAST using public platform 

Galaxy were carried out to identify orthologous 

sequences between both species. Phylogenetic analysis 

was constructed to identify two subfamilies of COBRA 

genes. This work uses the scaffolds of H. brasiliensis 

public genome published by Tang et al. (2016). 

 

 

MATERIALS AND METHODS 
 

Preparation of Genome Reference Database and 

Galaxy BLAST 

The rubber tree genome of Reyan 7-33-97 with 

accession number: LVXX01000000 was downloaded 

from the European Nucleotide Archive (ENA) database 

(www.ebi.ac.uk/ena). The length of the genome was 

1.46 Gb consisting of 7,453 scaffolds; 84,285 contigs 

and 43,792 genes (Tang et al., 2016 5079). Total 

genomic scaffolds were stored in the Southern France 

Galaxy bioinformatics platform 

(http://galaxy.southgreen.fr/galaxy/). Twelve nucleotide 

and amino acid sequences of A. thaliana COBRA genes 

encoding GPI proteins were downloaded from the TAIR 

database v10 (http://www.arabidopsis.org/). These 

sequences were used as a comparator for the 

identification of COBRA gene family in H. brasiliensis. 

As a model plant in molecular biology, the genome 

database of A. thaliana has full annotation and 

demonstrated functions (Piyatrakul et al., 2014; Putranto 

et al., 2015a). An NCBI MEGA-BLAST + tblastn of A. 

thaliana COBRA gene family against H. brasiliensis 

genomic scaffolds was carried out using Galaxy (Cock 

et al., 2015). The expectation value cutoff was set to 

0.001 using scoring matrix of BLOSUM62. The results 

of tblastn were sorted to ensure no duplicated genes 

noted. The selection was based on the parameters such 

as: (1) hits sharing >50% of sequence similarity with 

minimum 150 bp length, (2) one unique gene for each 

location in the scaffold, (3) one scaffold hosting more 

than one gene in the different location, and (4) low e-

value. The final selection of scaffolds was separated.   
 

Manual Annotation and Conserve Domain Analysis 

of Hevea Genomic Scaffolds 

Manual annotations of Hevea COBRA genes were 

carried out on selected scaffolds encoding GPI proteins 

using Geneious software version 5.3.6 (Biomatters Ltd, 

USA). The annotation included the non-translated region 

(5’ and 3’-UTR), coding region or sequence (CDS), and 

protein or domain motifs (Kearse et al., 2012; 

Martiansyah et al., 2017). The putative CDS region for 

each Hevea COBRA genes was verified using BLAST-n 

in the NCBI (https://blast.ncbi.nlm.nih.gov/Blast.cgi). 

The analysis of conserve domain in CDS region 

followed the methodology of (Putranto et al., 2015a). 

Each scaffold containing COBRA genes was screened 

using NCBI Conserve Domain Database Search (CDD) 

(www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml). Every 

COBRA gene should carry a protein domain namely 

“COBRA” with accession number: pfam04833 and 

cl04787, respectively. The length of COBRA domain 

was between 70 to 180 amino acid residues (Roudier et 

al., 2002). 
 

Comparative Phylogenetic Analysis of Hevea and 

Arabidopsis COBRA Gene Family 

Phylogenetic analysis was carried out to determine the 

orthology and paralogy of putative Hevea COBRA gene 

family encoding the GPI proteins. The comparative 

analysis was performed on 13 sequences of amino acid 

residues Hevea COBRA genes with 11 sequences of 

Arabidopsis COBRA genes. The phylogenetic tree was 

assembled using the Neighbor-Joining algorithm in the 

MEGA 7.0 program (Pennsylvania, USA) (Kumar et al., 

2016). Bootstrap for the consensus tree was made as 

many as 1000 repetitions (Felsenstein, 1985). The 

missing data (gap) was treated using pairwise deletion. 

The evolutionary distances were computed using the 

John-Taylor-Thornton (JTT) matrix-based method and 

are in the units of the number of amino acid 

substitutions per site (Jones et al., 1992). The gene 

Arabidopsis Auxin Response Factor, AtARF01.2 was 

used as the out-group. An additional multiple sequence 

alignment was carried out using MUSCLE algorithm to 

verify domain or protein motifs (Edgar, 2004). 
 

Data Analysis and Presentation 
The workflow analysis was repeated three times to 

verify the results. Phylogenetic tree analysis was 

repeated 15 times to ensure minimum software and 

human error despite the high number of bootstraps 

(1000 repetitions). Final data was presented in 

recapitulative tables and figures. 

  

 

RESULTS AND DISCUSSION 
 

Workflow of in silico comparative analysis using H. 

brasiliensis and A. thaliana genome database 

The H. brasiliensis genome of the Reyan clone 7-33-97 

has been successfully published (Tang et al., 2016). This 

genome reference was selected because the data 

provided a high-quality assembly covering 93.8% of the 

genome (1.37 out of 1.47 Gb) with 7,453 scaffolds (1.28 

Mb of scaffold N50) that harbors 43,792 verified genes. 

The Scheme of in silico comparative analysis for the 

identification of putative COBRA gene family encoding 
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GPI proteins in H. brasiliensis genome was presented in 

Figure 1. 

Nine Hevea genomic scaffolds potentially encoding 

GPI proteins (LVXX01000065, LVXX01000183, 

LVXX01000195, LVXX01000520, LVXX01000625, 

LVXX01000656, LVXX01001114, LVXX01001412, 

and LVXX01003569) were selected after a tblastn 

analysis between the target and comparator sequences. 

The length of the scaffolds ranged from 2.714 to 12 Mb 

(Table 1). These scaffolds were successfully annotated 

and resulted in 17 amino acid residues encoding GPI 

proteins. Thirteen COBRA domains out of these 17 

amino acid residues were putatively discovered. A 

phylogenetic tree analysis was further carried out of 13 

amino acid residues of HbCOBLs against 11 AtCOBLs. 

One sequence of AtCOBL-3 (F14F8.10) has not yet 

clearly described in TAIR. 

 

 

 
 
 

TARGET COMPARATOR

Rubber tree genome database

Clone Reyan-7-33-97

(Tang et al 2016) 

https:// www. ebi.ac.uk/ena

13  annotated domains

tblastn  of 9 scaffolds on AtCOBLs

genes using Galaxy

(www.galaxy.southgreen.fr/galaxy/)

Putative  CDS

9 Scaffolds

Annotated putative CDS

9 Scaffolds

Sequence annotation using 

Geneious

Conserved domain identification using NCBI CDD

(www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi)

17  amino acid residues for 

scaffolds encoding  GPIs

Phylogenetic analysis of 13 amino acid residues 

HbCOBLs vs 11 AtCOBLs using MEGA 7.0

Phylogenetic tree of 

HbCOBLs vs AtCOBLs genes

Arabidopsis genome database

TAIR 

https://www.arabidopsis.org/browse/gen

efamily/COB.jsp

12 AtCOBLs

 
 

Figure 1. Scheme of in silico comparative analysis for the identification of putative COBRA gene family encoding glycosylphosphatidylinositol protein 

(GPI) in H. brasiliensis genome. EMBL-EBI, NCBI, Galaxy, Geneious, and MEGA 7.0 were used in this analysis. 

 
 

 

 
 

Identification and Annotation of H. brasiliensis 

COBRA Gene Family 
Seventeen putative encoding COBRA genes (HbCOBL-A 

to HbCOBL-O) were identified using in silico 

comparative analysis against Arabidopsis COBRA 

accession numbers (Table 1). These putative HbCOBL 

genes were harbored by nine H. brasiliensis genomic 

scaffolds identified in previous analysis. The sequence’s 

similarity of HbCOBL genes against AtCOBL genes 

were ranged from the threshold 50 to 81.58% covering 

151 to 458 amino acid residues, respectively. The gene 

HbCOBL-N had the shortest amino acid residues while 

two genes (HbCOBL-O and HbCOBL-P) had the longest 

amino acid residues. The results of tblastn showed a low 

E-value ensuring the confidence of the analysis. Three 

partial and ten full-length protein sequences of HbCOBL 

genes among the thirteen sequences were confirmed. 

The partial protein sequences ranged from 89 to 184 

amino acid residues. Meanwhile, the full-length protein 

sequences ranged from 160 to 471 amino acid residues. 

Thirteen HbCOBL proteins harbored COBRA domains 

with two accession types (pfam04833 and cl04787). The 

length of COBRA domain cl04787 was 74 amino acid 

residues. By contrast, the dominant number of COBRA 

domain pfam04833 ranged from 115 to 180 amino acid 

residues. 
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Table 1. Identification of 17 putative encoding COBRA genes using in silico comparative analysis of 9 genomic scaffolds of H. brasiliensis. The matching of Hevea and Arabidopsis COBRA genes were carried out using tblastn 

of Galaxy. The identification of protein domain was carried out using NCBI Conserved Domains Database (CDD) Search. 

 

Gene name 

Tang's Scaffold 

Arabidopsis ID 

Galaxy tblastn*   Protein sequence   COBRA domain   

Reference 
Scaffold ID 

Length 

(Mb) 

Similarity 

(%) 

Length 

(aa) 
E-value   Annotated 

Length 

(aa) 
  

CDD 

Search 
Accession 

Length 

(aa) 
  

HbCOBL-A 

LVXX01000065 2,714 

AT1G09790.1 53.89 167 7.00E-59   Partial 165   YES pfam04833 151   (Lalanne et al., 2004) 

HbCOBL-B AT3G29810.1 61.84 228 2.00E-91   Full-length 164   YES pfam04833 115   (Ben-Tov et al., 2015) 

HbCOBL-C AT5G60920.1 50.33 153 7.00E-36   Partial 89   YES cl04787 74   (Schindelman et al., 2001) 

HbCOBL-D 
LVXX01000183 1,783 

AT3G16860.1 53.07 179 3.00E-51   - -   NO  - -    - 

HbCOBL-E AT4G16120.1 70.93 454 0   Full-length 471   YES pfam04833 180   (Borner et al., 2002) 

HbCOBL-F 

LVXX01000195 1,700 

AT3G02210.1 81.58 152 5.00E-81   Full-length 160   YES pfam04833 152   (Roudier et al., 2002) 

HbCOBL-G AT5G60920.1 66.51 209 5.00E-98   - -   NO  - -    - 

HbCOBL-H AT5G60920.1 77.63 152 1.00E-71   Full-length 159   YES pfam04833 152   (Roudier et al., 2002) 

HbCOBL-I 
LVXX01000520 893 

AT3G02210.1 81.58 152 3.00E-80   Full-length 172   YES pfam04833 152   (Roudier et al., 2002) 

HbCOBL-J AT5G15630.1 76.43 157 2.00E-79   Full-length 171   YES pfam04833 115   (Taylor-Teeples et al., 2015) 

HbCOBL-K 
LVXX01000625 733 

AT3G16860.1 54.44 180 1.00E-52   - -   NO  - -    - 

HbCOBL-L AT4G16120.1 71.52 453 0   Full-length 471   YES pfam04833 180   (Roudier et al., 2002) 

HbCOBL-M LVXX01000656 689 AT3G29810.1 50.00 152 1.00E-44   Full-length 181   YES pfam04833 150   (Roudier et al., 2002) 

HbCOBL-N LVXX01001114 267 AT3G29810.1 52.32 151 2.00E-58   Partial 184   YES pfam04833 148   (Roudier et al., 2002) 

HbCOBL-O LVXX01001412 126 AT4G16120.1 63.54 458 0   Full-length 451   YES pfam04833 180   (Roudier et al., 2002) 

HbCOBL-P 
LVXX01003569 12 

AT4G16120.1 63.54 458 0   Full-length 451   YES pfam04833 180   (Roudier et al., 2002) 

HbCOBL-Q AT5G49270.1 54.37 160 1.00E-47   - -   NO -  -    - 
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Thirteen of seventeen putative HbCOBL genes were 

annotated in nine genomic scaffolds (Table 2). The 

HbCOBL-A, HbCOBL-B and HbCOBL-C harbored by 

scaffold LVXX01000065.1 in the position of 82,210-

82,704; 748,223-748,714; and 722,236-722,502 were 

potentially homolog to AtCOBL6, AtCOBL2 and 

AtCOB, respectively. The HbCOBL-E harbored by 

scaffold LVXX01000183.1 in the position of 89,232-

90,644 was potentially ortholog to AtCOBL7. The 

scaffold LVXX01000195.1 harbored two confirmed 

HbCOBL genes (HbCOBL-F and HbCOBL-H) in the 

position of 995,959-996.438 and 987,960-988,436. 

These genes were potentially ortholog to AtCOBL1 and 

AtCOB. The genes HbCOBL-I and HbCOBL-J located 

in the scaffold LVXX01000520.1 (position of 73,476-

73,991 and 77,649-78,161) were putative ortholog to 

AtCOBL1 and AtCOBL4. Meanwhile, only the gene 

HbCOBL-L closely related with AtCOBL7 was 

confirmed in the scaffold LVXX01000625.1 (position of 

217,872-219,284). The genes HbCOBL-M and 

HbCOBL-N putatively ortholog to AtCOBL2 were 

harbored by the scaffolds LVXX01000656.1 and 

LVXX01001114.1 in the position of 533,887-534.429 

and 261,457-262,008, respectively. Finally, the genes 

HbCOBL-O and HbCOBL-P putatively ortholog to 

AtCOBL-7 were harbored by the scaffolds 

LVXX01001412.1 and LVXX01003569.1 in the 

position of 104,777-106,129 and 2,362-3,714, 

respectively. 

The putative location of each HbCOBL gene in nine 

H. brasiliensis genomic scaffolds were shown in Figure 

2. For the scaffold LVXX01000065.1, the gene 

HbCOBL-A was located for more than 666 Mb upstream 

of HbCOBL-C and HbCOBL-B while HbCOBL-C and 

HbCOBL-B were separated by approximately 26 Mb 

distances. For the scaffold LVXX01000195.1, the genes 

HbCOBL-H and HbCOBL-F were separated by 8 Mb 

distances in the downstream part of the scaffold.  For the 

scaffold LVXX01000520.1, the genes HbCOBL-I and 

HbCOBL-J were separated by 4 Mb distances in the 

upstream part of the scaffold (Table 2, Figure 2). 

 
 

 

Table 2. Annotation of 17 putative encoding COBRA genes in 9 genomic scaffolds of H. brasiliensis. 
 

Gene name 
Tang's Scaffold   Arabidopsis genome 

Scaffold ID Length (Mb) Position (base to base)   Accession Gene name 

HbCOBL-A 

LVXX01000065.1 2.714 

82,210 … 82,704   AT1G09790.1 AtCOBL6 

HbCOBL-B 748,223 … 748,714 
 

AT3G29810.1 AtCOBL2 

HbCOBL-C 722,236 … 722,502   AT5G60920.1 AtCOB 

HbCOBL-D 
LVXX01000183.1 1.783 

- 
 

AT3G16860.1 AtCOBL8 

HbCOBL-E 89,232 … 90,644   AT4G16120.1 AtCOBL7 

HbCOBL-F 

LVXX01000195.1 1.700 

995,959 … 996.438   AT3G02210.1 AtCOBL1 

HbCOBL-G - 
 

AT5G60920.1 AtCOB 

HbCOBL-H 987,960 … 988,436   AT5G60920.1 AtCOB 

HbCOBL-I 
LVXX01000520.1 893 

73,476 … 73,991   AT3G02210.1 AtCOBL1 

HbCOBL-J 77,649 … 78,161   AT5G15630.1 AtCOBL4 

HbCOBL-K 
LVXX01000625.1 733 

-   AT3G16860.1 AtCOBL8 

HbCOBL-L 217,872 … 219,284   AT4G16120.1 AtCOBL7 

HbCOBL-M LVXX01000656.1 689 533,887 … 534.429   AT3G29810.1 AtCOBL2 

HbCOBL-N LVXX01001114.1 267 261,457 … 262,008   AT3G29810.1 AtCOBL2 

HbCOBL-O LVXX01001412.1 126 104,777 … 106,129   AT4G16120.1 AtCOBL7 

HbCOBL-P 
LVXX01003569.1 12 

2,362 … 3,714   AT4G16120.1 AtCOBL7 

HbCOBL-Q -   AT5G49270.1 AtCOBL9 
 

 

 

 
 

Figure 2. Putative location of each HbCOBL gene in 9 H. brasiliensis genomic scaffolds. Yellow triangle locates the CDS of the gene. Red triangle locates 
the COBRA domain of the gene. For the scaffold LVXX01000065.1, the order of annotation (left to right) was HbCOBL-A, HbCOBL-C and HbCOBL-B. 

For the scaffold LVXX01000195.1, the order of annotation (left to right) was HbCOBL-H and HbCOBL-F.  For the scaffold LVXX01000520.1, the order 

of annotation (left to right) was HbCOBL-I and HbCOBL-J. 
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Comparative Phylogenetic Analysis of Hevea and 

Arabidopsis COBRA Gene Family 

The comparative phylogenetic analysis of 13 Hevea and 

11 Arabidopsis COBRA gene families were 

exhaustively carried out (Figure 3). Two clusters have 

been identified and named after the grouping of AtCOBL 

genes: Subfamily-I and –II. Nine HbCOBL genes 

(HbCOBL-B, HbCOBL-J, HbCOBL-C, HbCOBL-H, 
HbCOBL-F, HbCOBL-I, HbCOBL-M, HBCOBL-A, and 

HbCOBL-N) were clustered as COBRA gene subfamily-

I. By contrast, four genes (HbCOBL-O, HbCOBL-P, 

HbCOBL-E, and HbCOBL-L) were clustered as COBRA 

gene subfamily-II. The analysis of multiple sequence 

alignment on HbCOBL amino acid residues confirmed 

two differentiated groups (Figure 4). The Hevea 
COBRA gene subfamily-II was marked by the addition 

of 203 residues in C-terminal. 

 

 
 

Subfamily-I

Subfamily-II

 
 
Figure 3. Phylogenetic analysis of 13 and 11 COBRA amino acids from H. brasiliensis and A. thaliana. The evolutionary history was inferred using the 

Neighbor-Joining method of MEGA 7.0 The bootstrap consensus tree inferred from 1000 replicates. The percentage of replicate trees in which the 
associated taxa clustered together in the bootstrap test (1000 replicates) are shown next to the branches. The evolutionary distances were computed using 

the JTT matrix-based method and are in the units of the number of amino acid substitutions per site. The bootstrap consensus tree inferred from 1000 

replicates. The analysis involved 25 amino acid sequences with AtARF01.2 as the outrgoup. All ambiguous positions were removed for each sequence pair. 
There were a total of 779 positions in the final dataset. Two bars with red and blue colors refer to COBRA subfamily-I and –II. 

 

 
 

Discussion 

The tolerance to recurrent tapping in rubber tree is a 

unique feature that allows latex to be harvested over the 

production age (Putranto et al., 2015a). This tolerance is 

marked by the reproduction of latex flow and also the 

regeneration of laticifers, especially the secondary 

layers. Two main hormonal biosynthesis and pathways, 

ethylene and jasmonate, were comprehensively studied 

for the past 10 years. However, studies on genes related 

to structural development of the laticifers were limited. 

In their study, Tang et al. (2016) has carried out 

annotation analysis and expression of genes located in 

H. brasiliensis SNP desert. Three scaffolds putatively 

encoding COBRA genes (LVXX01000065, 

LVXX01000520, and LVXX01000625) showed high 

transcript abundance in the laticifer with reads per 

kilobase per million mapped reads (RPKM) of 0.14, 

8.39, and 5.01, respectively. In addition, Rahman et al. 

(2013) has previously predicted and grouped ten 

putative Hevea COBRA genes as lignocellulose 

biosynthetic genes. These data raised a question whether 

COBRA genes could potentially play an important role 

during laticifer differentiation in rubber tree. 
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SF-II

SF-II

SF-II

SF-I

SF-I

SF-I

 
 

Figure 4. Multiple sequence alignment of H. brasiliensis COBRA gene family. The analysis was performed by MUSCLE alignment of Geneious. Two 

bars with red and blue colors refer to COBRA subfamily-I (SF-I) and –II (SF-II). The orange boxes highlight the additional sequence on C-terminal. 

 
 

 

In this study, a comparative analysis using two 

reference genomes from H. brasiliensis and A. thaliana 

was systematically carried out for specific gene family. 

At the beginning, seventeen putative HbCOBL genes 

were identified. After the CDD search analysis, thirteen 

genes were in silico validated. These genes carried a 

COBRA domain in the CDS region. The other four were 

excluded from the analysis. The phylogenetic analysis 

has regrouped the HbCOBL genes into two subfamilies 

as described in the A. thaliana COBRA gene family. 

The subfamily-II differs from the subfamily-I due to its 

addition of N-terminal 170 amino acids (Roudier et al., 

2002). In this study, the HbCOBL subfamily-II showed 

additional amino acid residues at C-terminal. This result 

suggests that Hevea and Arabidopsis COBRA genes 

might structurally different but share similar functions.  

In Arabidopsis, the COBRA gene family was located 

in the chromosome I, III, IV, and V (Roudier et al., 

2002). The chromosome I harbored the genes AtCOBL6 
and AtCOBL3 whereas the chromosome IV harbored the 

genes AtCOBL7 and AtCOBL11. Two chromosomes III 

and V harbored four genes for both of them. The genes 

AtCOBL1, AtCOBL8, AtCOBL10, and AtCOBL2 were 

found in the chromosome III. The genes AtCOBL4, 
AtCOBL9, AtCOB, and AtCOBL5 were located in the 

chromosome V. The duplication phenomenon of 

Arabidopsis COBRA genes has been discussed (Brady et 

al., 2007; Roudier et al., 2002). In this paper, three genes 

(HbCOBL-A, HbCOBL-B, and HbCOBL-C) as well as 

two other groups of genes (HbCOBL-F and HbCOBL-H; 

HbCOBL-I and HbCOBL-J) resided the same scaffold. 

The gene HbCOBL-C putatively ortholog to AtCOB had 

the unique COBRA domain cl04787 with 74 amino acid 

residues. In addition, the gene HbCOBL-H was 

predicted to be ortholog with AtCOB. In Arabidopsis, 

the role of gene AtCOB has been demonstrated in cell 

wall deposition (Liepman et al., 2010; Schindelman et 

al., 2001). Both genes (HbCOBL-C and HbCOBL-H) 

were positioned in different scaffolds. The close relation 

of both genes was equally illustrated in the phylogenetic 

tree. The genes HbCOBL-C, HbCOBL-H, and AtCOB 
shared a small cluster. This suggests a potential 

duplication of HbCOBL-C and HbCOBL-H in H. 

brasiliensis genome. 
 

 

CONCLUSIONS 
 

Taken together, comparative genomic analysis, whether 

partially or totally implemented reveals new cues at the 

understanding of molecular mechanism inside a given 

organism. By implementing sequence-to-sequence 

analysis, the putative H. brasiliensis COBRA gene 

family was identified. The gene family was clustered 

into two subfamilies with total 13 members. Future 

perspectives should be focused on demonstrating the 

implication of HbCOBL genes in laticifer differentiation. 
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Abstract. Rahayu S, Sulistiyawati. 2017. Locusts (Acrididae) Diversity in Gunung Bunder Forest Park. Proc Internat Conf Sci Engin 1: 

49-53. The aim of this study was to know the grasshopper diversity in Gunung Bunder Forest Park. Sampling plots were done by 

purposive sampling method. Grasshoppers were catched by a sweeping net and glue trapping. The result of the research were as follows: 

grasshopper diversity (H'=1.32), the number of individuals (n=1127), dominance index (D=0.4) and the species evenness index (E=0.55). 

Grasshopper species found are Phlaeoba fumosa, Stenocatantops splendens, Stenocatantops angustifrons, Eucoptacra sp., Chondracris 

rosea, Valanga nigricornis, Leptacris sp., Gastrimargus marmoratus, Trilophidia annulata, Oedaleus infernalis, Oxya japonica and 

Caryanda spuria. 

 

Keywords: Acrididae, Grasshopper, Gunung Bunder Forest Park 

 
 

INTRODUCTION 
 

Gunung Bunder Forest Park is located in Desa Bunder, 

Patuk, Playen, Gunung Gading subdistrict (BKSDA, 

2007). The village is in the region of Bunder 

Stakeholder Forest Resort. Gunung Bunder Forest is 

located at an altitude of 110 meters to 200 meters above 

sea level with rainfall of 1,900 mm/year and the average 

air temperature is 27,7º C (Utami and Indrayani, 2013). 

Gunung Bunder Forest Park was production forest 

that become conservation  forest by the Minister of 

Forestry No. 353/ Menhut-II / 2004 on Function Change 

of Forest Area Bunder plots 11, 15, 20, 21 and Banaran 

plots 19, 22, 23, 24 area ± 617 ha located in Gunung 

Kidul Regency of Yogyakarta. Special Region into 

Forest Park (MoF, 2007). 

Flora of Bunder Forest are dominated by eucalyptus 

(Melaleuca leucadendron), acacia (Acacia 
auriculiformis), mahogany (Swietenia macrophyla), 

Albizia Buto (Albizia sp), and various agroforestry crops 

such as breadfruit (Artocarpus cummini), and cashew 

(Anacardium occidentale). 

Bird is the only fauna that have been studied. 

Grasshoppers (Acrididae) have never studied yet 

(Haryono, personal communication, March 22, 2016). It 

is interesting necessary to study the diversity of 

grasshopper in Gunung Bunder Forest Park. 

 

 

MATERIALS AND METHODS 
 

Time and Place of Research 

The research were done for 2 months (June-July 2016). 

The research includes two resort namely Stakeholder 

Forest Resort Bunder and Resort Stakeholder Forest 

Banaran. 
 

Equipment and Materials Research 

The tools used in data collection is a sweep net, glue 

trapping, plastic bottle that, small jars, thermo-

hygrometer, lux meter, soil tester, Global Position 

System (GPS), compass, rope measured length, paper 

labels, stationery, camera and insect identification book. 

While the materials used are chloroform 70% and 

cotton. 
 

Method of Collecting Data 

Sampling plots were done by purposive sampling 

method, by selecting four plots which have a different 

structure vegetation.  

Sampling is done by making main transect line with 

a length of 2000 m following the path of the trail. Every 

20 m on the main transect perpendicular secondary 

transects made along 20 m to the right and to the left. On 

each transect secondary made observation area with an 

area of 500 m2 (20 mx 25 m) 

Grasshoppers were trapped using a sweeping net and 

glue. Sweeping were carried on at a low herbaceous 

vegetation, shrubs and grasses by using a sweep net 

which swung as much as 15 swings and repeated 3 

times. Glue method is done to trap locusts seen in high 

vegetation. 

Identification was done based on morphological 

characteristics and matched with references. 

Measurement of abiotic factors include air 

temperature, air humidity, soil pH and light intensity. 

Measurement of temperature and humidity using a 

thermo-hygrometer, the pH of the soil using a soil tester 

and light intensity using a lux meter. 

 

Data Analysis Technique 
a. Species diversity index 

To determine the species diversity index, we use 

Shannon-Wienner formula (Southwood, 1971) 
 

H '= -Σni / N ln ni / N 

Explanation: 
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H ' = Shannon Diversity Index-Wienner  

ni  = Number of individuals of a species 

N  = The total number of individuals arrested 

If the value of H'<1 = low diversity, 1<H'<3 = moderate 

diversity, H'>3 = high diversity (Magurran, 1988). 
 

b. Species evenness index (E) 

Evenness index (Evenness) is calculated by Pielou 

formulations. 
 

e = H '/ In S 
 

Information: 

H ' = Shannon Diversity Index-Wienner  

S  = Number of species 

 

Evenness value ranges between 0 and 1. A value of 1 

if an abundance of each species approximately has 

uniform number. 
 

c. Relative abundance 

Relative abundance is used to determine the proportion 

of species abundance. The formula is as follows: 

 

 
Information: 

ni  = Number of individuals in the i kind 

N  = The total number of individuals 

 

 

RESULTS AND DISCUSSION 
 

Based on the results of the study, total locusts traped 

were 1127 individuals, consist of 12 species belong o 

seven subfamilies, covering subfamily Acridinae, 

Hemiacridinae, Catantopinae, Coptacridinae, 

Cyrtacanthacridinae, Oedipodinae and Oxyinae. 

Relative density for each species are presented in Table 

1. 

 

 

 

Table 1. Grasshopper Species Found in Gunung Bunder Forest Park. 

 

No Subfamily Species Number of Individuals RD (%) 

1. Acridinae Phlaeoba Fumosa 275 24.4 

2. Catantopinae Stenocatantops splendens 601 53.34 

  Stenocatantops angustifrons 129 11.45 

3. Coptacridinae Eucoptacra sp. 12 1.09 

4. Cyrtacantha-cridinae Chondracris rosea 3 0.30 

  Valanga nigricornis 9 0.80 

5. Hemiacridinae Leptacris sp. 3 0.30 

6. Oedipodinae Gastrimargus marmoratus 2 0.18 

  Trilophidia annulata 13 1.12 

  Oedaleus infernalis 16 1.45 

7. Oxyinae Oxya japonica 31 2.72 

  Caryanda spuria 32 2,81 

RD = Relative Density 

 
 

 

 

Parameters measured in this study included the 

number of species, the number of idividu, diversity 

index, dominance and evenness index (Table 2). 
 

 

Table 2. Parameters Measured in Research. 

 

Parameter Amount 

Number of species / species 12 

number of individuals 1127 

diversity Index 1.37 

dominance 0.4 

Species evenness index 0.55 

 

 

 

Diversity of a living being cannot be separated from 

environmental inferences. Environmental factors 

measured in this study include air temperature, 

humidity, and light intensity (Table 3). 
 

 

 

Table 3. Environmental Parameters Measured in the Research. 
 

Environmental parameters Value 

Air temperature 31.50 º C 

Humidity 83.43% 

Soil moisture 80% 

soil pH 7 

Light intensity 004 lux 

 
 

Based on Table 1 it can be seen that the number of 

species of grasshoppers (Acrididae) found in Gunung 

Bunder Forest Park are as many as 12 species belong to 

7 subfamily. The most common species found is from 

the subfamily Oedipodinae, which have three species 

found. Subfamily Catantopinae, Cyrtacanthacridinae and 

Oxyinae each have two species. Subfamily 

Coptacridinae, Hemiacridinae and Acridinae are 

subfamily with the fewest number of species found, that 
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is only one species (Table 1). The high diversity of 

subfamily Oedipodinae are similar according to the 

results of research conducted by Raghavender and 

Vastrad. Oedipodinae is a subfamily that has the highest 

species richness in forest ecosystems (Raghavender and 

Vastrad, 2017). 

Of the 12 species found, Stenocatantops splendens is 

the most abundant species, namely 601 individuals (RD 

= 53.34%) (Table 1). Stenocatantops splendens is 

widely spread in Asia tropical and sub-tropical (Zhu, et 

al., 2013). In Indonesia Stenocatntops splendens can be 

found in Borneo, Java, Maluku, Papua and Sumatra 

(Sharma, 2012). The high number of Stenocatantops 

splendens possible because host plants Stenocatantops 

splendens coverage is very broad. Stenocatantops 

splendens eat herbaceous plants and grasses (Hsiao, et. 

Al., 2017). In this study, the intensity for encounter 

Stenocatantops splendens are very high. Stenocatantops 
splendens found throughout the hours of observation. 

Based on the research results by Erniwati (2009), 

Stenocatantops splendens active from 08:00 to 12:00. 

The second highest individual after Stenocatantops 
splendens is Phlaeoba fumosa namely 275 individuals 

(KR = 24.4%) (Table 1). Sulistiyowati (2015) also 

report that Phlaeoba fumosa is the species most 

commonly found. Sharma (2012) also showed that the 

genus Phlaeoba experienced a population peak in July 

(20.97%) and August (19.47%). In this month an 

increase in relative humidity of the soil affects 

vegetation growth enhancement of plants. According 

Wilemse (2001), Orthoptera population is closely related 

to vegetation, because plants are the source of food. 

Phlaeoba grasshopper host plants such as grasses 

Fumosa (Hsiao et al., 2017).  

Fewest individual found are Gastrimargus 

marmoratus (Table 1). The low number of individuals 

found was due to the main habitat is the grasslands. 

Gastrimargus genus is widely distributed in tropical 

grasslands of Africa, Asia and Australasia. In addition 

Gastrimargus marmoratus host range is low. 

Gastrimargus marmoratus is graminivorous, so only eat 

the plants of the family of grasses. Gastrimargus prefers 

moist habitats than Oedaleus, but both are equally genus 

are graminivorous (Song, 2010). 

The lowest individual found is Chondracris rosea 

(Figure 22) and Leptacris sp which is only 3 individuals 

(Table 1). The low number of Chondracris rosea found 

possible because of the lack of host plants at Gunung 

Bunder Forest Park. The main host of Chondracris 
rosea is a plant citrus, soybean, cotton, potato, rice, 

sugar cane and corn. According to Srinivasan and 

Prabakar (2013), habitat of Chondracris rosea is maize 

and bananas. Suhail (2001) showed that Chondracris 

rosea is found in a cornfield. The main host plant 

Chondracris rosea in Gunung Bunder Forest Park is 

corn. However, these plants are found only in some plots 

and its existence depends on the activity of farmers. 

Chondracris rosea are distribute in China, Java, 

Philippines, and India. Chondracris rosea perfect green 

for camouflage with the environment. This locust is able 

to fly at a distance of 15-20 m, showing reddish wings 

(Bhowmik, 1986). Chondracris rosea can be found in 

May to September (Narzari and Sarmah, 2015). 

Leptacris sp belong the subfamily Hemiacridinae. 

This grasshopper insects are polyphagus, which can 

cause severe damage to almost all types of plants in the 

world. Hemiacridinae prefer habitats such as tall grass 

and rice. After eating rice, Hemiacridinae will be moved 

to the prairie ecosystem and lays eggs in a safe area. In 

addition to rice plants, the locust also like maize, millet, 

sugar cane, sorghum and beans (Akhtar et al., 2014). In 

Gunung Bunder Forest Park, Leptacris sp found in 

peanuts and corn crops. 

Valanga nigricornis The Gunung Bunder Forest Park 

has a relatively low density that is only 0.8% (Table 1). 

The number of adult individuals found are 9. The low 

number of mature individuals is because at the time of 

observation newly hatched locust were there or still in 

the nymph stage. Valanga nigricornis population reach 

its peak in September and April (Atim, 1987). 

According Wilemse (2001), Orthoptera population is 

closely related to vegetation, because plants are the 

source of food. 

Table 2 shows the grasshopper diversity in Gunung 

Bunder Forest Park. The level of diversity is evidenced 

by the Shannon-Wiener diversity index. According to 

analysis by the index Shannon-Whinner, locusts in 

Gunung Bunder Forest Park has a value H '= 1.32 (Table 

2). Values are classified in the medium category. 

Diversity of species is strongly influenced by 

temperature, rainfall, humidity, type of soil and 

vegetation types. 

The average temperature of Gunung Bunder Forest 

Park is 27,7º C (Utami and Indrayani, 2013). 

Temperature alone is not really affect on the abundance 

and distribution patterns grasshopper (Sharma, 2012). 
When humidity appropriate, these insects are not so 

sensitive to extreme temperatures. According to Sharma 

(2012), the peak of locust populations are at a 

temperature of 29 º C with 94% humidity. In this study, 

the average temperature from morning until noon 

reached 31,5º C and humidity 83.34% (Table 3). Thus 

the diversity numbers of locusts in Gunung Bunder 

Forest Park are not in the high category. 

Rainfall Gunung Bunder Forest Park reached 1,900 

mm/year (Utami and Indrayani, 2013). Rainfall affects 

the growth of plants as a food source of grasshopper 

(Raghvender and Vastrad, 2017).  

Dominance index describes the presence or absence 

of species that dominate other species. Dominance index 

values ranged from 0-1 (Juliana et al., 2012). If the 

dominance index value close to or equal to 1, then the 

area is dominated by a particular species, and vice versa. 

The calculations show that the dominance index value 

close to 0 (zero), namely 0.4. (Table 2). This shows that 

there are not dominance species. Number of individuals 

Oxya japonica, Caryanda spuria, Trilophidia annulata, 

Eucoptacra sp. and Oedaleus infernalis almost the same. 

Each of which is 31, 32, 13, 12 and 16 individuals 

(Table 1). 
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Species evenness index illustrates the distribution of 

species in the community. Evenness index value close to 

0 indicates that the distribution of species in a relatively 

uneven communities, while the evenness index values 

approaching or equal to 1 indicates that the distribution 

of species in the community evenly (Wicaksono et al., 

2001). Evenness index in this study is worth 0.55 (Table 

2). This shows that the spread of individuals of each 

species in the community is relatively evenly 

distributed. 

 

 

CONCLUSIONS 
 

The species of grasshoppers (Acrididae) found in Forest 

Park Bunder Gunung namely Phlaeoba Fumosa, 

Stenocatantops splendens, Stenocatantops angustifrons, 

Eucoptacra sp., Chondracris rosea, Valanga nigricornis, 

Leptacris sp., Gastrimargus marmoratus, Trilophidia 

annulata, Oedaleus infernalis, Oxya japonica and 

Caryanda spuria. Diversity of grasshoppers (Acrididae) 

in Gunung Bunder Forest Park was included in the 

medium category (H '= 1.32). 
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Abstract. Happyalita U C. 2017. Histological Study of the Liver of Stingray (Dasyatis sp.). Proc Internat Conf Sci Engin 1: 55-57. 

Exploitation and destruction of nature by humans can accelerate the rate of species extinction and disrupt the ecosystem balance. One of 

faunas in Indonesia that is currently less populated is stingray (Dasyatis sp.). Research on stingrays has been largely done in terms of 

ecology, behavior, and diversity. But stingray research, especially in histology, is still relatively rare. In this paper we studied histological 

structure of Dasyatis sp. liver. Histological preparations of liver stingrays revealed hepatocytes, arterioles, bile ducts, and sinusoids. 

Hepatocytes or the major cells of the liver constituent have a nucleus, surrounded by a visible cytoplasm. 
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INTRODUCTION 
 

Exploitation and destruction of nature by humans can 

accelerate the rate of species extinction and disrupt the 

ecosystem balance. One of the faunas in Indonesia, 

which is currently less populated, is stingray (Dasyatis 

sp). In marine waters, stingrays have a very important 

ecological role, especially as benthic predators, and 

some aspects of biology that have not been thoroughly 

studied (Endang, 2009). 

In Indonesian waters, stingrays are caught almost all 

year round. Based on data from the Directorate General 

of Fisheries, Ministry of Agriculture (1995), production 

of stingray fish in 1993 reached approximately 35,686 

tons. In Indonesia, there are several kinds of stingrays, 

including Pari Burung (Rhinoptera javanica), Pari 

Kelapa (Trygon sephen), Pari Kembang (Amphostistius 
kuhlii), Pari Kampret (Gymnura micrura), Pari Totol 

(Himantura varnak), Pari Kekeh (Rhynchobatus 

djiddensis), and Pari Ayam (Dasyatis sephen) (Endang, 

2009). 

Research on stingrays has been largely done in terms 

of ecology, behavior, and diversity. Nevertheless 

research on liver stingrays especially its histology is still 

very rare. It is interesting to study the histological 

structure of liver stingray. 

 

 

MATERIALS AND METHODS 
 

Time and place 

This research was done on March-May, 2016. This 

research was conducted in laboratory of Zoology 

Faculty of Science and Technology UIN Sunan Kalijaga 

Yogyakarta. 
  

Tools and materials 

The tools used in this research are surgical tools, 

glassware, microtom, warmer slide, paraffin oven, 

microscope, slide, cover glass, tweezers, and tissue. 

The materials used in this research are stingrays, bouin, 

chloroform, (60%, 70%, 80%, 90%, and 96%) ethanol, 

toluene, xylol, hematoxylin, eosin and entellan. 
 

Procedure 

Stingrays are sacrified using chloroform and then 

dissected and parts of the liver are removed and cut with 

a thickness 0.5 cm. Furthermore the pieces of the liver 

are washed with physiological salt (0,9% NaCl)  

The organ was fixed using a bouin solution and 

soaked for 24 hours. The liver organ was then washed 

using running water for ± 1 hour and the organ is not 

broken or broken. 

Furthermore, the organ is dehydrated using stratified 

alcohol (low percentage to high percentage). This 

process began by immersing the organs in 60% alcohol 

for 30 minutes then transferred to 70% alcohol and 

soaked for 1 hour. Then it was transferred to 80% 

alcohol for 1 hour, and to 90% alcohol for 1 hour, then 

transferred to 96% alcohol for 1 hour. The last process 

was the organ soaked in alcohol absolute for 1 hour. All 

treatments are repeated as much as one repetition and 

are shaken. Then the organ are cleared using toluene for 

24 hours. 

Then the organ was infiltrated using paraffin: toluene 

(50:50) for 1 hour in the oven at 65ºC. The organ was 

then transferred to paraffin I for 2 hours, paraffin II for 3 

hours, and paraffin III for 3 hours. Embed animal organs 

in paraffin blocks. Before embedding, paraffins that 

have the same liquid point with paraffin used for 

infiltration thawed first and mold boxes from cartons 

prepared for organ embed. The liquid paraffin was 

introduced into the box mold. The organ was 

subsequently extracted from paraffin III by means of 

small tweezers and inserted into the box mold and the 

organ is placed on the bottom of the box mold. Avoid air 

bubbles in the paraffin. Furthermore, paraffin was left 

overnight until it becomes hard. 
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The next step of sectioning was paraffin blocks 

mounted on the holder and trimmed with the upper side 

parallel to the bottom side. Holder mounted on the 

microtome and done sectioning process by slicing the 

organs with a thickness of approximately 4-5 

micrometers, then taped over the slide that has been 

smeared with albumin glycerin, then aquades dropped 

onto slide, then heated above the warmer slide with a 

temperature of 45 C. Then followed by staining process 

or staining begins with deparaffin process using xylol 1 

and 2 for 30 minutes, then dehydration starting from 

absolute, 96% alcohol, 90%, 80%, 70%, and 60% 

respectively 3 minutes each, then puts aquadest for 3 

minute. Stain with hematoxylin solution for 2 minutes. 

Then washed with running water for 10 minutes. Then 

immersed into 60% alcohol. The next process is dyeing 

with eosin solution which had been added 2 drops of 

glacial acetic acid for 10 minutes. Furthermore, the 

rehydration, i.e., alcohol 60%, 70%, 80%, 90% and 96% 

for 3 minutes each. The slide then soaked in absolute 

alcohol for 3 minute. Clearing was done using xylol 1 

and xylol 2 each for 30 minutes. Last step was done by 

mounting using entellan then closed with a cover glass. 

Then the organ was labeled and observed using a 

microscope with magnification of 40x, 100x, and 400x.  

 

 

 

RESULTS AND DISCUSSION 
 

Anatomy 

Stingray liver is the largest organ in the fish body 

located on abdomen, in the peritoneal cavity. The liver is 

different from that of mammals. The liver of stingrays is 

bigger compared with other fish species.  

The main structure of the liver is liver cells or 

hepatocytes. Hepatocytes play a major role in 

metabolism. These cells are located between sinusoids 

which is containing blood and bile ducts (Anderson, 

1995 in Damayanti, 2010). 

An important organ that secretes ingredients for 

digestion, is a compact, brownish-red gland. It is a 

gallbladder that serves to accommodate the bile that 

plays an important role in fat emulsifiers, so the fat can 

be absorbed by the intestinal wall. The liver organ is 

composed of liver cells (hepatocytes), including blood 

capillaries. In general, the liver serves as a place of 

metabolism of fats and proteins and producing bile. Bile 

pigment (bilirubin) is the result of liver synthesis 

derived from hemoglobin. Bilirubin partially absorbed 

and returned to the liver and partly thrown away with 

the feces. 
 

Micro Anatomy (Histology) 

Histological slide of the stingrays that have been made 

are examined under a microscope to determine its 

structure. Preparations showed hepatocytes, the central 

nucleus and sinusoids. 

According to Robert (1989), fish livers are slightly 

different from those of mammals. In mammals, there is a 

central vein as the center of the lobe, whereas in the 

liver of the Stingrays there is no central vein. Lobulus in 

fish liver are not clearly seen. 

On stingray liver histological observation, there are 

hepatocytes, arteriola, ductus biliaris, and sinusoids 

(Alifia and Djawad, 2003). Hepatocytes have a nucleus, 

surrounded by a visible cytoplasm (Takashima, 1995). 

Hepatocyte of a fish have a form resembling thin plates 

or sheets separated by radially dispersed sinusoids 

(Hadim et al 2002). 

 

 

 
 

Figure 1. Liver histology of a stingray. A. Arteriole, B. bile ducts. 

 
 

 

The gaps between these plates contain capillaries, 

namely the sinusoids of the liver. Sinusoid contains red 

blood cells. The function of the sinusoid is as a vessel of 

oxygen exchange, carbon dioxide, nutrients and toxic 

substances that are transferred from blood to hepatocytes 

and from hepatocytes to the blood (Junqueira et al., 

1997). Presence of toxic substances in the liver can 

interference biological enzymes function, as well as 

affecting the liver histological structure. 

 

 

 
 

Figure 2. Liver histology of a stingray. A. Hepatocytes. B. Cytoplasm, C. 

Sinusoid, D. Red Blood Cell. 
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Figure 3. Liver histology of a stingray. A. Sinusoid, B. Hepatocyte. C. 

Cytoplasm. 
 

 

 
 

Figure 4. Liver histology of a stingray. A. Arteriole, B. Red Blood Cell, 

C. Arteriole Wall 

 

 

 
 

Figure 5. Liver histology of a stingray. A. Connective tissue (serous 

membrane), B. Ductus biliaris, C. Red Blood Cell. 

 

CONCLUSIONS 
 

Histologicaly, liver stingray consist of hepatocytes, 

arterioles, bile ducts, and sinusoids. Hepatocytes or 

primary cells of the liver constituent have a nucleus, 

surrounded by a visible cytoplasm. There were not 

central vein nor lobulus septum observed. 
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Abstract. Widodo, Luthfi M J. 2017. Rediscovery of Premna lucidula Miq (Lamiaceae) in Mount Nglanggeran Gunungkidul. Proc 

Internat Conf Sci Engin 1: 59-65. Premna lucidula Miq (Lamiaceae) were found at S 07o 50’ 29.4”; E 110o 32’ 10.2” about 497 meter 

above sea levelin mount Nglanggeran, Gunungkidul, Yogyakarta. Identification was based on literature and herbarium specimen. The 

research was conduct using exploration method, morphological observation, and specimen collection. Premna lucidula is a shrub or small 

scandent tree. The specific character for its identification was inflorescence, leaf, fruit and stem structure. This paper described the 

important character of leaf, stem, flower, and fruit of Premna lucidula in mount Nglanggeran Gunungkidul Yogyakarta for support 

Backer & Bakhuizen (1965) description. Premna lucidula were recorded in Pacitan (Central Java) by Horsefied hundred years ago. The 

lack of subsequent report on this species was due to misidentification or ignorance of the importance of taxonomic research. Accurate 

description and examination of any plant species were needed for its conservation and awareness of public to local biodiversity. 

 

Keywords: Premna lucidula, Lamiaceae, Verbenaceae, Mount Nglanggeran 

 
 

INTRODUCTION 
 

In exploration for identification of plants in Nglanggeran 

mountain in 2009, the authors found bushy climbing 

plants at location S 07o 50 '29.4 "; E 110o 32 '10.2 ", 497 

meters above sea level, characterized by an unpleasant 

odor of flowers, the chrushed leaves also produced smell 

like the smell of the flowers. The authors suspect that 

the plant is a member of the Celstraceae Family based 

on the characteristics of lenticels, but based on the 

structure of inflorescence and leaf position on the stem, 

the authors suspect this plant is a member of 

Verbenaceae. Periodical observations by the authors 

were carried on. Until 2015, this plant has not been 

successfully identified. During observation one of the 

authors realized that the odor of leaf squeeze from this 

plant is similar to the smell of squeezed leaves Premna 

oblongata (Lamiaceae). Furthermore, the authors make 

intensive observation and search of literature, especially 

Flora of Java (Backer & Bakhuizan, 1965). The author 

suggested that this plant is a member of the genus 

Premna. Backer and Bakhuizan (1962) listed and 

described that there are 8 types of Premna: Premna 

tomentosa, Premna capitata, Premna oblongata, Premna 

parasitica, Premna rotundifolia, Premna corymbosa, 

Premna lucidula, Premna pubescens. Description 

Backer & Bkhuizen (1965) about the characteristics of 

each species of the genus Premna lead to the conclusion 

that this plant is Premna lucidula Miq. Description 

Backer & Bakhuizen (1962) are as follows: 

 

“Corolla glabrous outside, greenish white; upper lip 2-2 

½ mm, lower lip. C 3 mm; corymbs (inclusive of ¾ - 1½ 
cm peduncle)  3-6 cm, brown hairy; pedicels  ½ - ¾ cm; 

calyx subbilabiate; upper lip shorthly 3 dentate, lower 

one 2 lobed; drupe globose, c. ½ cm diam. Young 

branches pale, thinly short hairy (on the nodes more 
densely so); leaves ovate-oblonng (rare subovate-

oblong), from a rounded, obtuse, or cuneate base, rather 

long-acuminate, entire or irregularly dentate in upper 

half, short-hairy on the surface of the midrib; otherwise 

subglabrous on both surface, 7 – 15 cm by 3 ½ - 6 ½ cm; 
petiole 1 ¼ - 4 ½ cm. Shrub or small tree”. 

 

Information about this plant on internet is almost 

non-existent. Lack of information about Premna 

lucidula and description of Backer & Bakhuizen on its 

features (short hairy on the flower stalk, young 

branches, leaf vein) had confused the authors and 

encouraged to match to herbarium type specimen. 

Matched Herbarium BM000901525 (MNH, 2017) 

convinced the authors that the plant I found in 

Nglanggeran mountain at location S 07o 50 '29.4 "; E 

110o 32 '10.2, 497 meters above sea level is Premna 

lucidula. Herbarium type is Premna lucidula, Type: 

Indonesia, Java, in Pacitan, Horsfield s.n. (BM 

lectotype, selected by Rajendran & Daniel (1992), 

isolectotype BM 2 sheets). This paper aimed to present 

Premna lucidula's findings in Nglanggeran Gunungkidul 

Mountain, describe the characteristics, completed the 

description of the features submitted by Backer & 

Bakhuizen that would strengthen and support the 

findings of this species by Horsfield hundreds of years 

ago in Pacitan East Java. 
 
 

MATERIALS AND METHODS 
 

Equipments and Materials 

Equipment for observation and collection comprises: 

digital camera Sony NEX F3, digital cameras Sony 
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Cyber-Shot DSC-W180 digital camera Canon DSLR, 

rulers, micrometers, calipers, plastic container, scissors, 

cutter, label paper , GPS (Global Positioning System), 

dried herbarium collection equipment, bottles, stereo 

microscope Nikon SMZ 1500 equipped with a camera, 

Nikon light microscope equipped with Nikon Eclipse 50 

DSF1.  

Materials for observation and collection comprises: 

Aquadest, Alcohol 70%, FAA solution (Formalin Acetic 

Alchohol). 

 

Procedures  

1. Observe and take macro and microphotograph of 

specimen under natural conditions at the site, 

herbarium, and flower detail.  

2. Preparation of dried herbarium 

3. Early identification of specimens for members 

Verbenaceae based on the book Flora of Java Vol. 2 

(Backer and Bakhuizen, 1965).  

4. Identify Verbenaceae specimen based on existing 

literature, including checking and matching with 

herbarium type. 

 

 

 

 

 

RESULTS AND DISCUSSION 
 

On the 6th August 2012 visit, the authors found the plant 

in a leaves falling condition in the dry season (Figure 1). 

Then on November 25, 2012, this plant start flowering 

(buds) (Figure 2). Flower bud structures are compound 

bunches. On this observation the authors observed that 

this plant is a member of the family Verbenaceae (Now 

family verbenaceae merge to the Family Lamiaceae). 

Observations on November 25, 2013 found this plant in 

bloom (Figure 3). 
 

 
 

 
 

 
 

Figure 1. Leaves falling twigs of Premna lucidula from Mt. Nglanggeran. 
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Figure 2. Twigs of Premna lucidula with flower buds. 

 
 

 
 

Figure 3. Premna lucidula inflorescence of corymbosa type. 
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On 13th November 2016, 16th November 2017, 3th 

March 2017, we observed detail of habitus, stem, leaves, 

flowers, specimen secara and collected the sampel for 

herbaria.  Detail of observation are showed in figure 4. 

 
 

 

 

 

 
 

 
 

 

 

 

 

 

Figure 4. Premna lucidula from Mt. Nglanggeran. A. Habitus, B. Inflorescence, Insert: flower C. leaves, Insert: Upper and lower surface. D. stem, Insert: 

Lenticel on surface. 
 

 

 
 

 

 

The results of the searching in the Flora of Java 

(Backer & Bakhuizen, 1965)) in the Verbenaceae family 

genera revealed that most likely this plant is Premna. 

Based on the leaves and floral morphology, it is very 

probable that the plant species is Premna lucidula Miq. 

From herbaria matching, it is matched with BM type 

herbarium 00001424, BM000901425, BM000901426 

(Natural History Museum, 2017) that both exhibit 

identical features (Figure 4). Type herbarium were 

collected from pacitan and collected by Horsifield. 
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Figure 5. Herbarium of Premna lucidula from Mt. Nglanggeran (A, B, C). Lectotype of Premna lucidula, collection of NHM (natural History Museum) 

London BM 00001424 (D), BM000901425 (E), BM000901426 (F). 

 

 

 
 

 

 

Rediscovery of Premna lucidula in Mount. 

Nglanggeran confirm the publication and report the 

existence Premna lucidula in Java by Miquel (1859). 

The rareness of herbaria data and study of Premna 

lucidula made this spesies was treat as synonym of 

several Premna. De Kock (2013) suggested Premna 

lucidula Miq are synonym of Premna pubescens. 

Leeratiwong et al. (2009) stated that Premna lucidula 

are synonym of Premna hamiltonii inspite of difference 

he was observed. Premna hamiltonii have charachters as 

follows: Having longer hairs on the midrib of adaxial 

surface of leaves, the abaxial surface of leaves with both 

spreading villose and pubescent hairs and pubescent 

ovary, while the latter has mostly adpressed pubescent 

hairs on the midrib of adaxial surface of leaves, the 

abaxial surface of leaves occurring glabrous to sparse, 

pubescent hairs and glabrous ovary. 

Rajendra (2002) illustrated Premna lucidula from 

Sikkim India. He stated that: Premna lucidula is 

represented in Indian herbaria by very few, old 

collections only, and has not been collected from the 

States of Sikkim and West Bengal after the turn of this 

century. This seems to be a rare species in India. 
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Figure 6. Sketch of Premna lucidula (Rajendra, 2002) 

 

 

Based on BM type herbarium 00001424, 

BM000901425, BM000901426 (Natural History 

Museum, 2017) and drawing of Rajendra (2002) in 

Figure 7, the authors confirm that Premna that had found 

in Mt. Nlganggeran Gunungkidul is Premna lucidula. 

According to this study, based on life specimen 

observation, herbarium, herbarium type, it was 

concluded that the plant is Premna lucidula Miq., which 

is a separate species and not a synonym of Premna 
pubescens Blume as delivered by de Kok (2013). In his 

report, de Kock (2013) state that Premna lucidula is 

placed as a synonym of Premna pubescens. The 

simplification and revision of Premna taxonomy should 

be prudent and require fresh specimen data to avoid 

erroneous simplification. As stated by Tan and Li 

(2014), the genus of Premna is "still ranks among the 

most taxonomically difficult and complicated genera of 

Lamiaceae". Such cases also occur in the genus Fagraea 

in the Loganiaceae family (Widodo & Luthfi, 2016). 

Backer & Bakhuizen (1965) has described that Premna 
lucidula is a distinctive species from Premna pubescens. 

Backer & Bakhuizen's (1965) description of Premna 
lucidula needs to be complemented so as not to cast 

doubt on the identification of this species. This paper 

reinforces and supports the determination of Rajendran 

and Daniel (2002) about Premna lucidula Miq. 

 

Taxonomic Information 

Premna lucidula Miq., FI. Ind. Bat. 2: 898. 1858; 

Backer & Bakh.f., FI. Java 2: 604. 1965. - Type: Pacitan 

Java, Horsefield.BM00001424, BM000901425, 

BM000901426. 

 

Description 

Deciduous shrubs or small tree, 3-7 m tall; lenticelate 

stem, branches and branchlets 4 angled; young parts 

thinly short hairy. Leaves opposite; petiole 2-6 cm long, 

glabrous to pubescent; lamina ovate-oblong, 8-15 × 4-8 

cm, base rounded-obtuse or cuneate rather long 

acuminate, margins entire, apex acute; short-hairy on the 

surface of the midrib; otherwise subglabrous on both 

surface. Flowers creamy white, 3-4 mm across, 

subsessile on terminal corymbs that are composed of 4-6 

decussate-opposite dichotomously branched cymes to 8-

15 × 10-15 cm., calyx cuplike, 2 lipped, pubescent 

outside. Corolla infundibular, glabrous outside, greenish 

white; 2 lipped, upper lip 2-2 ½ mm, lower lip. C 3 mm, 

densely hairy on throat. Stamens 4, didynamous. G(2), 

ovary globose; style slender, stigma 2 lobed. Drupe 

globose 5 mm across, black when mature. 

 

Note 

Premna lucidula in Mount Nglanggeran are flowering 

on November-January. 

 

Concervation  

The existence of this plant in situ is threatened by 

human activity due to the increased interest in the site as 

a tourist destination. It is necessary to information 

people about the position and status of this plant in local 

ecosystems. 

 
 
 

CONCLUSIONS 
 

In conclusion, Premna lucidula are found on Mount 

Nglanggeran Yogyakarta. Morphological characteristics 

habit, leaves, twigs, flowers of Premna lucidula from 

Mount Nglanggeran show similarity to Premna lucidula 

collection of Horsefield from Pacitan Jawa 

(BM00001424, BM000901425, BM000901426) 

(Natural History Museum, 2017). This finding support 

lectotypyfication the herbarium by Rajendra as a type 

herbarium of Premna lucidula and deny the report that it 

is synonym to Premna pubescens dan Premna 

hamiltonii.  The existence Premna lucidula on Mount 

Nglanggeran complements and recovers the description 

of Backer and Bakhuizen van den Brink (1965) about 

Premna lucidula. 
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Abstract. Darajat Z. 2017. Study of Shark Kidney Histology (Carcharhinus sorrah). Proc Internat Conf Sci Engin 1: 67-69. Shark is a 

fish widespread in the tropical Indo-Pacific Ocean with a depth of 75 to 130 meters. Shark is a cartilaginous fish (Elasmobranchii). The 

fish is an ancient animal species that are still alive and also have different characteristics with bony fishes. Research on the histology of 

the shark's kidneys is still rare. The purpose of this study was to describe the histology of the shark kidneys (Carcharhinus sorrah). In this 

study we used one individual shark (Carcharhinus sorrah) from Depok Beach, Yogyakarta. The method used in this research was paraffin 

method with Hematoxylin-Eosin staining. From microscopic observation, the kidneys consist of glomerular parts, proximal tubules, distal 

tubules and lymphoid tissue. 

 

Keywords: Glomerulus, Histology, Kidney, Shark (Carcharhinus sorrah) 

 
 

INTRODUCTION 
 

Fish are poikoloterm (cold-blooded) vertebrates that live 

in water and breathe with gills. Fish are the most diverse 

group of vertebrates with more than 27,000 species 

worldwide. Taxonomically, fish belonging to the 

paraphyletic group whose kinship relationship is 

debatable. Fish are divided into jawless fish (Agnatha 

class, 75 species including lampreys and hag fish), 

cartilaginous fish (Chondrichthyes class, 800 species 

including sharks and rays) and the remainder are 

classified as bony fishes (Osteichthyes class). 

(Brotowidjoyo, 1989). 

The fish belonging to the Chondrichthyes class have 

a ventral mouth, and are supported by the jaw. Skeleton 

are of cartilage, skin covered with placoid scales 

(derived from mesoderm and ectoderm combinations). 

There are two pairs of fins, while the caudal fin is 

mostly heterocercal (larger dorsal lobes). Pharynx with 

5-7 gill slits. Some notochord are replaced with 

complete vertebra. In adult fish there is mesonephros. In 

the kidneys there is a portal system. In the intestine there 

is a spiral valve. Separate sex, external and internal 

fertilization. Practically all life in the sea, for example: 

shark (Squalus sp.), Stingray (King sp.) And chimera 

(Chimaera sp.) (Brotowidjoyo, 1989). 

Chondrichthyes, sharks and their relatives, are called 

cartilaginous fish because they have relatively flexible 

endoskeleton made of cartilage instead of bones. Jaws 

and paired fins develop well in cartilaginous fish 

(Campbell, 1999). Shark (Carcharhinus sorrah) have 

long and rounded snout, large circular eyes, lack of 

spines on dorsal fins and anal fins, no soft fingers on 

dorsal and anal fins, very short 2nd dorsal fin. Distribute 

in the ocean and tropical Indo-Pacific Ocean, with 

depths of about 75 to 130 meters. 

Histology is a branch of biology that studies the 

structure of cells and tissue (Banks, 1986). According 

Tresni et.al. (2007), the kidneys are the body organs that 

play a role in maintaining the balance system and 

selecting the body's metabolism. The selection process is 

done by filtering the body fluids that pass through the 

kidneys. Filtering is done by the kidney part known as 

the nephron. Nephrons are tubules that are 

approximately 6 cm long and include the smallest part of 

the kidney that consists of glomerulus, proximal tubules, 

distal tubules and urinary tubules. Each kidney has 

approximately 1,000,000 nephrons for 24 hours to filter 

about 170 liters, the renal artery carries pure blood from 

the aorta to the kidneys. 

The fish kidney are located in the retroperitoneal 

position of the ventral part of the spine, below the 

vertebral column (Ferguson, 1989 in Damayanti, 2010). 

Kidneys are light brown or black, their shape varies by 

species. Kidney is an organ excretion in fish. In fish, the 

kidneys serve to maintain the acid-base balance of the 

body fluids and regulate the viscosity of the urine, so 

that the observation of the kidney structure is important 

to know the bonding of tissue cells and the arrangement 

or matrix that binds them. Studies on the histology of the 

shark's kidneys are still rare. It is interesting to study 

histology of the shark's kidneys. The purpose of this 

research is to know the histological structure of the 

shark's kidneys (Carcharhinus sorrah). 

 

 

MATERIALS AND METHODS 
 

This research was done on March 20 to April 29, 2016. 

This research was conducted in laboratory of Zoology 

Faculty of Science and Technology UIN Sunan Kalijaga 

Yogyakarta. The equipments used in this research are 

surgical tools, glassware, microtom, warmer slide, 

paraffin oven, microscope, slide and cover glass, 

tweezers, and tissue. The materials used in this study 

were shark (Carcharhinus sorrah) obtained from Depok 
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beach, bouin solution, chloroform, alcohol 60%, 70%, 

80%, 90%, 96%, and absolute, toluene, xylol , 

hematoxylin, eosin and entellan. 

The shark was sacrified using chloroform and then 

dissected, the kidneys were cut with a thickness of 0.5 

cm. The organ was fixed using a bouin solution and 

soaked for 24 hours. The organ was then washed in 

running water for 1 hour. The next process is 

dehydration. Dehydration is done by using a stratified 

alcohol solution, i.e., from low percentage alcohols to 

high percentage alcohols. Alcohol used is alcohol 60%, 

70%, 80%, 90%, 96% and absolute alcohol. All 

treatments are repeated as much as one repetition and 

are shaken. Then the organ were cleared using toluene, 

and soaked for 24 hours. 

Furthermore, the animal organ is infiltrated using 

paraffin: toluene (50:50) for 1 hour in an oven with a 

temperature of 65°C. Then transferred to paraffin I for 2 

hours, paraffin II for 3 hours, and paraffin III for 3 

hours. The next stage is the process of embedding by 

embedd animal organs in paraffin blocks. The next stage 

is done by slicing the organ with a thickness of 

approximately 4-5 micrometers, then pasted on a slide 

that has been smeared with albumin glycerine, then drop 

aquades, and heated over a warmer slide with a 

temperature of 45°C. Next step was staining process. 

The staining process begins with the deparafinization 

process using xylol 1 and xylol 2, then the rehydration 

was done, then put in the hematoxylin solution. Then 

washed with running water. Soaked into 60% alcohol. 

The next process was staining with eosin solution. Next 

step was dehydration process. Then soaked alcohol 

absolute. After that clearing in xylol 1 and xylol 2. The 

last step was mounting using entellan then closed using 

a cover glass.  The organ is labeled and observed using a 

microscope with magnification 40x, 100x, and 400x. 

  

 

RESULTS AND DISCUSSION 
 

Anatomy of the Shark's Kidney 

 

 
 

Figure 1. Anatomy of the shark's kidney (Carcharhinus sorrah). 

 

Fish kidney are generally located between the 

vertebral column and the swim bladder, above the 

abdominal cavity, below the spine and the dorsal aorta 

(Takashima, 1995).  Sharks kidney are ussually red-

black color. The shape of the fish's kidneys varies by 

species. The fish kidney consists of the head and body of 

the kidney. Embryologically, the kidney head is 

obtained from the pronephros form, and the body (body) 

of the kidney is mesonephros. The kidney head is the 

anterior portion of the kidney and consists of lymphoid 

tissue, whereas many nephrons and interestrial lymphoid 

tissue are present in the body of the kidneys. 

 

The Histology of the Shark's Kidneys 

 

 
 

Figure 2. Shark renal organ histology (Carcharhinus sorrah). A. 

Glomerulus, B. Renal tubule distal C. Capsule space, D. Lymphoid tissue, 
E. Parietal layer, F. nucleus cell. 
 

 

The method used is paraffin method by using 

Hematoxylin-Eosin staining. Haematoxylin is an 

alkaline natural dye that will dye the acidic tissue and 

give the blue color to the cell nucleus. Eosin is a 

synthetic acidic dye that will color the basic components 

in tissue that is contained in cytoplasmic proteins so that 

the cytoplasm is red/pink. 

In the transversal section, 40x10 magnification 

(Figure 2), there are glomeruli, renal tubule, capsule 

chamber, lymphoid tissue, parietal layer and cell 

nucleus. Glomerulus possesses a round shape. While the 

renal tubule is a thin layer of epithelium with long cilia 

and small narrowed small vessels in the kidney that can 

collect and transport urine from the nephron to the larger 

vessels connected to the renal calyses. 

According to Edwards (1928), in Chondrichthyes 

fish, the kidneys are a pair of very long brown ribbons 

on each side of the roof line of the pleuroperitoneum 

(retroperitoneum) space. In several different parts, the 

thickness of the kidneys is different. The front is thinner, 

while the back is thicker and serves as an apparattus of 

excretion. Kidney function begins in the glomerulus. 

Glomerulus is a capillary lobulated beam, before 

entering the glomerulus, the afferent arteriole is divided 

into several distorted capillars, which form the ultra-

filtrate forming of the plasma. Ultrafiltrate will enter 

Bowman's capsule and go to the lumen of the tubule. 

When filtration occur through various segments of the 

tubules, there are changes in volume and composition of 

the filtration fluid as a result of the reabsorption and 

secretion processes along the tubules (Siregar, 1995). 
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According to (1995), lymphoid tissue and 

intertubular tissue of the kidney is a hematopoietic tissue 

of Teleostei. Lymphoid tissue is part of the interestrial 

tissue in the fish's renal portion, and is present only in 

fish. Hematopoietic tissue is a network capable of 

forming red blood cells, white blood cells and blood 

clots. 

 

 
 

Figure 3. Proximal tubules in sharks (Carcharhinus sorrah). 

 

 

According to Takashima (1995), Tubulus serves to 

change the fluid filtered urine. Tubules play an 

important role in maintaining water balance. Renal 

tubules are very thin and short on the neck (neck 

segment). The proximal contortus tubule is the longest 

tubule, the cells are cuboid and have a characteristic that 

have brush border. The distal contortus tubules are 

shorter than the proximal contortus tubules and there are 

no brush borders. The cells are also cuboid-shaped with 

the core often located close to the apex (Genester, 1994) 

 

 

CONCLUSIONS 
 

Observation of the histological structure of the shark's 

kidneys (Carcharhinus sorrah) under microscope reveal 

glomerular parts, distal renal tubule, proximal, capsule 

chamber, lymphoid tissue, parietal lining, and cell 

nucleus 
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Abstract. Apriliani N S. 2017. Anatomical and Histological Structure of Black Pomfret Fish Kidney (Formio niger). Proc Internat Conf 

Sci Engin 1: 71-74. Black pomfret is one of the many fish species found in the southern sea. Pomfret has high economic value and is an 

active swimmer that has fast growth rate, resistant to disease, and easy to maintain. The purpose of this research was to know the structure 

of anatomy and histology of black pomfret’s kidney. Histological slides were made using paraffin method and stain with Hematoxylin-

Eosin. The results showed that kidney of black pomfret have a soft texture, and the colour is red degradation brown. Histologically, the 

kidney is found a glomerolous, tubules and lymphoid tissues. 
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INTRODUCTION 
 

Indonesia's marine area is almost two-thirds of the total 

Indonesia’s area. The total area reaches 5,8 million km2 

(comprising 0.3 km2 territorial waters, 2,8 million km2 

of domestic waters and 2,8 million km2 of exclusive 

economic zone waters). Indonesian oceans is one of the 

largest marine biodiversity in the world a world that can 

be managed and utilized for the prosperity of the nation 

(Budiharsono, 2001). 

Fish (pisces) are vertebrate animals with have more 

than 27,000 species. Fish has the greatest diversity in 

terms of morphology (Bond, 1979). 

Black pomfret is one of the many fish species found 

in the area Indonesia's marine waters, especially in the 

southern seas. Pomfret has high economic value and is 

an active swimmer that has fast growth rate, resistant to 

disease, and easy to maintain (Rahardjo, 1980). 

The kidney is part of the excretory organ. Each 

aquatic organism has a different osmotic pressure with 

its environment, therefore the fish must prevent excess 

water or lack of water, so that physiological processes in 

the body take place normally. The osmotic regulation of 

fluid in the fish body is called osmoregulation (Fujaya, 

2004). 

Osmoregulation is the proccess of aquatic animals to 

control water balance and ions between the body and its 

environment, or in other words a regulatory process 

osmotic pressure in the water that serves to process fish 

osmoregulation. Kidney serve to regulate the water and 

salt content in fish body (Fujaya, 2004). 

Kidney on every living creature of each group of 

species such as Pisces (Fish), certainly has a difference 

even though it is have basic plan with other vertebrates. 

Differences can be seen from the shape, color, location, 

size or part of the kidney itself.  

Based on the above background, what is the 

anatomical kidney in Black pomfret (Formio niger) as 

well as what is the histological of kidney in sea pomfret 

(Formio niger). 
 

 

MATERIALS AND METHODS 
 

Animal 
One Black pomfret (Formio niger) (Adult, 1-year-old, 

weight 300 g) that reared in marine water, Pangandaran, 

West Java. 

This research was conducted at Laboratory of UIN 

Sunan Kalijaga Yogyakarta. The study was conducted 

on 23 February - 28 March 2015. 

 

Tools and Materials 
Microtome, staining jars, paraffin, 1 bottle of aquades, 

bottle, warmer slide, slide glass or glass cover. While 

the material used was bouin, chloroform, alcohol (60%, 

70%, 80%, 90%, 96%), albumin, glycerine, toluene, 

xylol, hematoxylin, eosin, and Entellan. 

 

Phases 

The workings of this research are as follows: 1. 

Dissection. Black pomfret (Formio niger) first sacrified 

with chloroform solution, dissected, then the kidney 

were taken. After that, organ cut in ± 0.5 cm. 2. 
Fixation. Fixation were done using bouin solution. 

Organs that had been cut are soaked in bouin solution 

for ± 24 hours.  Dehydration. This dehydration uses a 

gradual alcohol solution. Before dehydrated, organ 

washed with running water for 1 hour. Then soaked in 

alcohol solution 60% for ± 15 minutes 2 times, then 

soaked in alcohols 70%, 80%, 90%, 96% and absolute 

alcohol respectively for ± 1 hour. Clearing Clearing was 

done using Toluene solution, the organ is immersed with 

toluene over the night. Paraffin Infiltration. Paraffin 

infiltration was done by inserting the organs into 

paraffin in the oven with temperature ± 650 C, with 
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toluene: paraffin (50:50) for 1 hour. Paraffin 1 for 3 

hours, paraffin 2 for 3 hours and paraffin 3 for 

overnight. Embedding. Then embedding by inserting the 

organ into block / mold box. Sectioning. Then 

sectioning, by slicing 4-5 μm organs then put into the 

slide smeared with albumin glycerine and then in the 

distilled water and heated on slide warmer with 

temperature of ± 450 C.  Staining. The deparaffinization 

were done using xylol 1 and xylol 2 each for 30 min, 

then dehydration (absolute, 96%, 90%, 80%, 70%, 

60%), respectively for 3 minutes then aquades for 3 

minutes. After that stained in hematoxylin solution for 

10 minutes, then washed in running water 10 minutes 

and aquadest for 3 minutes. Then put into Eosin solution 

about 10 minutes, washed with aquadest for 3 minutes. 

Then rehydration, alcohol (60%, 70%, 80%, 90%, 96%, 

absolute) each 3 minutes. Then dealcoholized with xylol 

1 and xylol 2, each 30 minutes. Mounting. Then 

mounting with entellan and closed with cover glass. 

Finally, were labeled. Observation. The next step is to 

observe the specimen under a microscope. Data 

Analysis. The data in the form of images are analyzed 

descriptively and qualitatively, then compared with 

literature. 

  

 

 

 

RESULTS AND DISCUSSION 
 

Kidney Anatomy of Black pomfret (Formio niger) 

Fish kidneys are generally located between vertebral 

column and swim bladder, above the abdominal cavity, 

under the spine and dorsal aorta (Takashima, 1995). 

 

 

 

 
 

Figure 1. Anatomy of Black pomfret (Formio niger) A. Kidney, B. Columna vertebralis, C. Swim 
bladder cavity, D. Muscle. 

 

 
 

Figure 2. Anatomy of the renal portion of 
Black pomfret (Formio niger) A. Head 

kidney. B. Body kidney. C. Tail Kidney. 

 

 

 

The external shape of the fish's kidneys varies by 

species. The fish kidney consists of the head and body of 

the kidney. Embryologically, the kidney head is 

originated from the pronephros, and the body kidney-

shaped mesonephros. The kidney head is the anterior 

portion of the kidney and consists of lymphoid tissue, 

whereas many nephrons and i lymphoid tissues are 

present on body kidney. 

Kidney color in pomfret fish in normal 

circumstances are red-black color. The adult pomfret 

kidney sized of ± 5 cm. 

 

Kidney histology of black pomfret (Formio niger) 

The kidneys in fish are composed of units called renal 

tubules or nephrons. Nephrons consist of the renal 

corpuscles and tubules. The renal tubules function as a 

filter device capable of separating liquid materials that 

are not beneficial within the fish body. Then drain it into 

the tubule and discard it in the form of urine. The 

kidney's performance of blood from the dorsal aorta is 

carried to the kidneys through renal artery.  

Then the blood is filtered through the capillaries on 

the glomerulus and passes through capillaries from 

around the tubules. The useless liquid materials will be 

thrown through kidney tubules, while the cleaned blood 

will leave the kidneys through the veins of kidney 

(Windarti et al., 2010). 

 

 



 Ulfaricha Cahya Happyalita – Histological Study of the Liver of Stingray (Dasyatis sp.) 73 

Tissue and Function of the renal organs of Black 

pomfret (Formio niger) 

 
 

Figure 3. Histology of the renal organ of Black pomfret (Formio niger.) 

A. Tubule B. Lymphoid C. Glomerolous. 
 

 

According to Siregar (1995) renal function begins in 

the glomerulus i.e., ultra-filtrate forming of plasma. 

Blood will enter Bowman's capsule and to the lumen of 

the tubule. Filtration occur through various segments of 

the tubules, there are changes in the volume and 

composition of the filtration fluid as due to the process 

of reabsorption and secretion along the tubules. 

Concentrations of ions fluid in the body is maintained by 

removing or storing it in the blood. When in excess, it is 

removed by filtration in the glomerulus (Yonkos et al., 

2000). 

 

a. Glomerulus of Kidney of Black Pomfret 
 

 
 

Figure 4. Renal glomerulus of Black pomfret (Formio niger). 

 
 

Glomerulus in fish serves to filter the liquid 

(filtration). Glomerulus is part of the renal corpuscle. 

The amount of glomerulus in the marine fish kidney is 

fewer in amount and smaller in diameter than in 

freshwater fish. Glomerulus is a capillary lobulated 

bunch. Before entering the glomerulus, afferent 

arterioles are divided into several capillary. The 

glomerular capillaries reunite to leave the glomerulus as 

afferent arteriole (Edwards, 1928). 

 

b. Lymphoid renal Black Pomfret (Formio niger) 
 

 
 

Figure 5. Renal lymphoid of black pomfret. 

 

Lymphoid tissue and intertubular tissue of the kidney 

is hematopoietic tissue in Teleostei. Lymphoid tissue is 

part of the tissue on the fish's renal portion, and is only 

present in fish (Takashima, 1995). 

 

c. Kidney renal tubule of Black pomfret 

 

 
 

Figure 6. Renal tubule of Black pomfret (Formio niger). 

 

 

Tubulus serves to filtered urine. The tubulus play an 

important role in maintaining water balance. Renal 

tubule are very thin and short on the neck segment 

(Takashima, 1995). 
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CONCLUSIONS 
 

From the results of research entitled "The structure of 

anatomy and histology of renal organs in black pomfret 

(Formio niger) " it can be concluded that the structure of 

anatomy of kidneys of the Black pomfret (Formio niger) 
have a black-red color and measuring ± 5 cm and there 

are 2 parts on the kidney fish, namely the head kidney 

which is the anterior portion of the kidney and consists 

of lymphoid tissue, while many nephrons and interestrial 

lymphoid tissue are present in the body of the kidney. 

Histological structures of the renal organ of Black 

pomfret (Formio niger) observed through microscope 

reveal glomerulus, lymphoid and renal tubule. 
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Abstract. Andany V. 2017. Morphological Diversity of Bacteria and Fungus of Rhizosfer Puspa Tree (Schima wallichi Korth.) at Turgo 

Forest, Mount Merapi Sleman Yogyakarta. Proc Internat Conf Sci Engin 1: 75-79. The soil fertility aspect is characterized by the good 

biological properties of the soil. One of the important elements of the soil biological properties is the bacterial population present in it. 

This research has been conducted from March to April 2016 on the slopes of Mount Merapi Turgo Sleman Yoyakarta. This study aimed 

to determine the various characteristics of colonies and cells of microbial organisms that are on the sample soil area of rhizosphere in 

Puspa trees in the slopes of Mount Merapi and to know the microbes that dominated the slopes of Mount Merapi. The method used in this 

research is observation. The sampling method used is a composite method, which combines 3 children of soil samples taken from one 

sample point on the same plot of land on a diagonal basis. The result of purification of culture obtained 14 pure bacteria isolate and 5 

isolate fungi. From bacteria, 11 gram positive isolates and 3 gram negative isolates. Further research is needed on the identification of 

bacteria up to the species level. 
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INTRODUCTION 
 

Merapi is the most active volcano in the world, in April 

2006 has issued an eruption, and on October 26, 2010 

erupted. Throughout the 20th century, the flow of hot 

clouds leads to the northwest, west and north, the eastern 

region free of hot clouds. The eruption of Mt. Merapi on 

October 26 - November 5, 2010 lava and hot clouds 

leads to the south and west (Wilson et al., 2007). 

Historically, mineral materials carried by hot clouds or 

lava are basal andesites in which they are calck-silicates. 

Volcanic ash Mount Merapi contains Al, Mg, Si, and Fe 

(Sudaryo & Sutjipto, 2009). 

The physical condition of land affected by eruption 

of Merapi, causing agricultural land need to manage 

regularly. Soil management is needed to solve the soil 

layer containing moisture content. This can improve soil 

permeability. Knowledge and improvement of soil 

fertility and land productivity in Turgo area needs to be 

supported by data and information about the existing 

soil bacteria area especially in the area of Rizosphere. 

Volcanic-exposed land can be encountered by some 

diversity of land and soil microbial populations. 

Microbes are seen visually when microbes form 

colonies. Microorganisms are often single-celled 

(unicellular) or multicellular (multicellular). However, 

some single-celled protists are still seen by the naked 

eye and some multicellular species are invisible to the 

naked eye. In addition to difficulty to observe, microbes 

form a colony that is mixed with other bacteria 

(Purwaningsih, 2005). 

 Organisms classified as microbes are bacteria, 

fungi, and actinomycetes. Microbial diversity in the soil, 

depending on the level of soil fertility. Conklin (2002) 

states that in one gram of soil there are 108-109 species 

of bacteria, 107-108 types of actinomycetes and 105- 

106 species of fungi. These three groups of microbes are 

large enough to be in the soil. The main problem in soil 

microbiology is that 99% of soil microbes cannot be 

grown in artificial media (Kirk et al., 2004; Gofar et al., 

2007) in (Sudarma et al., 2012), therefore to describe the 

true microbial diversity in in the soil should use a 

molecular approach. The location of microbial habitat is 

of various kinds, but depends on a mixture of various 

biochemical cells (Purwaningsih, 2005). 

Soil fertility rate is affected by several factors such 

as soil microbial uniformity, climatic factors such as 

temperature, rainfall, humidity, nutritional factors, and 

environment and microbes which is an indicator of soil 

fertility. Soil fertility can be predicted from the number 

of microbial populations living in it. High microbial 

count is a sign of the high level of soil fertility, because 

microbes serve as a remodel of organic compounds into 

nutrients available to plants (Dwidjoseptro, 1992). 

There is a uniqueness towards a group of 

microorganisms that live around the roots of plants. This 

relates to a high-level root system that is not only 

associated with organic and inorganic compounds. The 

presence of microorganisms is not abrupt, but it is a 

natural trait. Rizosphere is a habitat dominated by plants 

and not land (Hieronymus, 2010). Knowledge of the 

type of microbial diversity in the plant rhizosphere 

needs to be isolated and identified. It can be ascertained 

that in Mount Merapi is very rich diversities of 
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microbial diversity considering the environment after 

the eruption. 

 

 

MATERIALS AND METHODS 
 

The sampling was conducted in Dusun Turgo Slope of 

Mount Merapi Sleman Yogyakarta for one month from 

20 March to 22 April 2016. Isolation and identification 

was done at Microbiology Laboratory of Department of 

Biology of State Islamic University of Sunan Kalijaga 

Yogyakarta. 

The tools used in this research were autoclave, 

elenmeyer, dark bottle, dropper drops, plastic bag, 

reaction tube, petri dish, microscope, LAF, glass object, 

glass cover, needle inoculation, tweezers, tissue paper, 

hair dryer and spritz lamp. While the materials used in 

this study are medium PDA (Potato Dextrose Agar), 

SGA (Saboraound Glucose Agar), aquades, 70% 

alcohol, and gram A (metylene blue), gram B (iodine), 

gram D (safranin). 
 

Research Procedure 

Soil Sampling 
Soil sampling is done in the village of Turgo precisely 

on the slopes of Mount Merapi Sleman Yoyakarta. Soil 

sampling were done at depth 10 cm - 20 cm from 

rhizosphere area with distance from root 8 cm. This soil 

sample was then inserted in a dark labeled plastic 

container and placed on an ice box. 
 

Medium Preparation 
The media used in this research are medium PCA and 

SDA. For PDA media the composition of the material 

used was potato powder 4 g, dextrose 20 g, and agar 15 

grams which then mixed in 1 liter of aquades flattened 

with spatula. While on SDA media composition used 

Tripton 5 g, Kamir Extract 1.5 g, Dextrosa 1 g, agar 15 

g, aquades 1 liter, pH 7.0. Then all the ingredients were 

mixed. 

Of all the ingredients that have been mixed then the 

solution sterilized by autoclave for 30 minutes with a 

temperature of 1210C. After sterilization, poured in a 

petri dish and allowed to condense in room temperature 

270 to 280C. 
 

Isolation of Soil Microbes 

A total of 1 gram of soil samples from each of the 

locations that have been taken are put into 9 ml of sterile 

distilled water and then in a corner to be homogenized. 

After homogeneous is taken 1 ml and put into 9 ml of 

distilled water until obtained by dilution 10-1 until 10-6. 

A total of 0.1 ml of suspension is pipetted from dilution 

10-4, 10-5, 10-6, then by the method of suspension 

distribution is inserted into a petri dish containing solid 

media. PCA media is used for bacterial isolation, SDA 

media is used for mold isolation. After all is spread on 

subsequent media in incubation at room temperature. 

Growth of bacteria after incubation takes 72 hours, 

while for mold takes 96 hours. 

The growing colony is then purified using a streak-

plate method. This purification uses the same medium 

for each of the tested microbes. Each microbial growth 

takes the same time during isolation. After all in 

incubation continued calculation of colony count and 

morphological observation. 
 

Morphological Observation 
Observations of microbial morphology to be considered, 

including colony shape, colony color, colony edge, 

center of colony, and surface morphology of the colony. 

While in the mold observed include mold morphology, 

mold diameter, color, microscopically seen the color of 

spores, spores, and mycelium. 
 

Observation of Morphology Cell Bacterial 

Cell morphological observations and gram properties 

were performed by gram staining or staining and were 

observed with 200 and 400 magnification microscopy. 

Gram stain is done by first making preparatory pillow 

(smear) that has been fixed from the growing microbes. 

Then fixed by skipping over a bunsen flame. After that, 

the preparations are dropped with 1-2 grams of A and 

drop for one minute. Then washed with running water 

and allowed to air dried. Then add a gram of B and wait 

for a minute to rinse again with aquadest. After drying 

add 95% alcohol for penetration, added two grams of D 

and leave it for 30 seconds. Then washed with running 

water after air dried and then observed using a 

microscope. 
 

Observation of Morphology Cell Mold 
For observation morphology mold prepared used needle, 

cover glass, and glass objects then dried with tissue. The 

was heated on a bunsen flame and it has been taken 

captive culture using needle, then placed on the glass 

object. Once placed in glass object in tetesi with 

Lactofenol blue and put cover glass above glass object. 

After air dried, observed using a microscope. 

 
Total microbe determination 

Bacteria were count from petri dish that had 30-300 

colony akteri dihitung hanya dari cawan petri yang 

mempunyai 30-300 koloni, and 10-100 colony for 

fungus. 

 

 
 

Explanation:  

fp : Dilution factor 

bk : Weight of dried sample soil (g) = weight of soil x (1 

– water content) 

 

 
Microbe diversity index 

The diversity of fungi and bacteria was analyzed using 

the Shannon (H ') index (Ludwig and Reynolds 1988) in 

(Bayu et al., 2014). 

 



 Vidi Andany – Morphological Diversity of Bacteria and Fungus of Rhizosfer Puspa Tree … 77 

 
 

H ' : Shannon-Wiener diversity index, 

S : number of species,  

Pi : proportion of the number of individual types of i 

with total number of individual samples. 

 
Table 1. Diversity index value. 
 

Diversity Index Value  

H’ < 1,0 (Low diversity) 

1,0 < H’ < 3,322 (moderate diversity) 

H’ > 3,322 (High diversity) 

 

 

Analysis Data 
Bacterial growth during the isolation was observed in 

number and morphology, then the data displayed in the 

table of number of occurrences and characteristics of 

bacterial isolates. Selection results are presented in the 

table, qualitative data of the growing number of colonies 

on the agar medium. It is also shown in quantitative data 

based on the index of uniformity.  

 

 

RESULTS AND DISCUSSION 
 

Using dilution method, bacteria and fungi have been 

successfully isolated from the five sample soil. All 

isolates showed fertile growth in PCA and SGA media. 

From the isolation of bacteria the number of population 

obtained from five samples obtained 14 pure isolates. 

with fungi, we obtained 5 pure isolates. This fact shows 

that the soil is covered with various plants must contain 

organic materials in sufficient quantities. Various kinds 

of organic materials are needed for the survival of 

bacteria and fungi. More organic material available, the 

higher bacterial population. This opinion is supported by 

the results of the research (Hoffman, 1914) in 

(Waksman, 1952) in (Purwaningsih, 2004) that 27 out of 

30 surface soils and around roots have more microbial 

populations than roots. 

 

 

 

Table 2. Some characteristic of colony and cell of soil bacteria in area Rhizosfer of Puspa tree (Schima wallichii Korth.). 
 

Isolate 

Code 

Total 

Appearance 
 Colony Characteristic Cell Characteristic 

∑ Cell 

cfu/mL 

S1.2 1 Form: irreguler; Elevation: flat; Margin: 

lobate; Transparan: negative; color: white 

Bacill (diplobaccil) 2-2 gram 

positive, average cell size 1,64 µm 

1x105 

S1.4 1 Form: irreguler; Elevation: flat; Margin: 

entire; Transparan: negative; color: white 

Coccus (chained) gram positive, 

average cell size 0,4 µm 

1x105 

S2.1 1 Form: circular; Elevation: raised; Margin: 

entire; Transparan: positive; color: 

transparant 

Baccil (monobacil) gram negative, 

average cell size 1,1 µm 

1x105 

S2.2 1 Form: irreguler; Elevation: flat; Margin: 

undulate; Transparan: negative; color: white 

Baccill (chained) gram positive, 

average cell size 1,94 µm 

1x105 

S2.3 1 Form: circular; Elevation: flat; Margin: 

entire; Transparan: negative; color: white 

Coccus (berantai) gram positive, 

average cell size 2,47 µm 

1x105 

S2.4 1 Form: circular; Elevation: flat; Margin: 

entire; Transparan: white; color: white 

Baccill (diplobaccil)  

gram positive, average cell size 1,57 

µm 

1x105 

S2.6 1 Form: circular; Elevation: raised; Margin: 

entire; Transparan: negatif; color: brown 

Baccill (diplobaccil)  

 gram positive, average cell size 2,4 

µm 

1x106 

S2.8 1 Form: irregular Elevation: flat; Margin: 

entire; Transparan: negative; color: brown 

Baccill gram negative, average cell 

size  2,7 µm 

1x106 

S2.9 1 Form: irregular; Elevation: raised; Margin: 

unddulate; Transparan: positive 

Baccil gram positive, average cell 

size 2 µm 

1x106 

S2.11 3 Form: circular; Elevation: convex; Margin: 

entire; Transparan: negative; color: light 

brown 

Coccus (monococcus) gram negative, 

average cell size 0,5 µm 

3x106 

S2.12 5 Form: circular; Elevation: convex; Margin: 

entire; Transparan: negative;  color: yellow 

Baccill gram negative, average cell 

size 0,74 µm 

 

5x107 

S3.3 1 Form: circular; Elevation: convex; Margin: 

entire; Transparan: negative; color: white 

Baccill (chained) gram positive, 

average cell size 1,4 µm 

1x106 

S4.2 1 Form: irreguler; Elevation: flat; Margin: 

undulate; Transparan: negative; color: white 

Baccill (monobaccill) gram positive, 

average cell size 1,5 µm 

1x106 

S5.1 1 Form: irreguler; Elevation: flat; Margin: 

undulate; Transparan: negative; color: 

yellow 

Baccil (diplobacil) gram positive, 

average cell size 1,57 µm 

1x106 
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Various kinds of microorganisms or bacteria grow in 

the soil. The complex nutrients for the growth of 

bacteria contained in the soil cause the bacteria grow 

very diverse. The first stage is the isolation of the soil 

followed by dilution. Dilution was continued by planting 

of bacteria on the specific media. Then incubate at 300C 

for 3-5 days seen bacterial isolates growing on the 

media. After growing purification proceed to purify 

bacteria with the same solid medium ie PCA. The time 

required to grow on both media is different, in the 

medium for isolation it takes 3-5 days to grow, but after 

purification it only takes 24 hours. 

Groups of growing bacteria include gram-positive 

and gram-negative bacteria have a high content of G + 

C. Generally these bacteria are divided into two groups 

of Streptomyces and non-Streptomyces. Bacterial 

groups are generally abundant in nature such as soils 

that play an important role in the degradation of organic 

polymers. Obtained bacteria with 14 pure isolates, 

including gram positive bacteria amounted to 11 isolates 

and gram negative amounted to 3 isolates. With a 

variety of characteristics possessed both the 

characteristics of colonies and cell characteristics can be 

seen in Table 2. 

 
 

Table 3. Several characteristic of soil fungi tanah in area Rhizosfer of Puspa tree (Schima wallichii Korth.). 

 

Isolate 

Code 

Number of 

Appearance 
Diameter Isolate (cm) Color   Spore Shape Miselium 

S2F.4 1 0,8 cm brown Spore: rounded ; color: green; 

dispersal distribution 

No septum 

S2F.2 1 2,1 cm green Spore: rounded; color: green;  

dispersal distribution 

No septum 

S4F.1 1 1 cm green Spora: rounded; color green; spore 

dispersal distribution 

No septum 

S5F.1 1 1,8 cm white Spore: rounded; color white; spore 

survival distribution 

No septum 

S5F.2 1 1,9 cm black Spore: rounded; color: black;  spore 

survival distribution 

septum  

 

 

 

The various characteristics of colonies in fungi have 

many variant as there are those that have different 

colony sizes of each growth. After isolation and 

identification five fungi isolates were found. From Table 

3, the number of occurrences of colonies is one of 

isolation and its blanche has a different color. 

 
 

Table 4. Diversity Index of soil bacteria  in area Rhizosfer of Puspa tree 
(Schima wallichii Korth.). 

 

No 
No 

isolate 

Individual 

number 
pi ln pi H' 

1 S1.2 1 0,07 -2,64 0,19 

2 S1.4 1 0,07 -2,64 0,19 

3 S2.1 1 0,07 -2,64 0,19 

4 S2.2 1 0,07 -2,64 0,19 

5 S2.3 1 0,07 -2,64 0,19 

6 S2.4 1 0,07 -2,64 0,19 

7 S2.6 1 0,07 -2,64 0,19 

8 S2.8 1 0,07 -2,64 0,19 

9 S2.9 1 0,07 -2,64 0,19 

10 S2.11 3 0,21 -1,54 0,33 

11 S2.12 5 0,36 -1,03 0,37 

12 S3.3 1 0,07 -2,64 0,19 

13 S4.2 1 0,07 -2,64 0,19 

14 S5.1 1 0,07 -2,64 0,19 

Total 2,96 

 

 

 

Tabel 5. Indeks keaneragaman bakteri tanah pada area Rhizosfer pohon 
Puspa (Schima wallichii Korth.). 

 

No 
No 

Isolate 

Individul 

Number 
pi ln pi H' 

1 S2F.4 1 0,20 -1,61 0,32 

2 S2F.2 1 0,20 -1,61 0,32 

3 S4F.1 1 0,20 -1,61 0,32 

4 S5F.1 1 0,20 -1,61 0,32 

5 S5F.2 1 0,20 -1,61 0,32 

Total 1,61 

 

 

Keanekaragaman jamur dan bakteri dianalisis 

menggunakan indeks Shannon (H’) (Ludwig dan 

Reynolds, 1988) dalam (Bayu et al., 2014) dapat dilihat 

pada Tabel 3. dan Tabel 4. Dalam tabel tersebut didapat 

indeks keaneragaman bakteri terbilang sedang tetapi 

sudah akan naik dalam kondisi keaneragaman tinggi. 

Sedangkan dalam fungi indeks keaneragamannya 

terbilang sedang yaitu 1,0 < H’ < 3,322. 

The diversity of fungi and bacteria were analyzed 

using Shannon (H ') index (Ludwig and Reynolds, 1988) 

in (Bayu et al., 2014) can be seen in Table 3 and Table 

4. In the table, the index of bacterial diversity is fairly 

moderate but it will be rises in high uniformity 

conditions. While in the fungi index of the fairness is 

fairly moderate that is 1.0 <H '<3.322. 

Microbial dominating were bacteria as seen in the 

calculation of the diversity index. According to 

(Dwidjoseptro, 1992) the high number of microbes is a 
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sign of the high level of soil fertility. Of the many 

isolates of bacteria that predominate were isolates S2.12. 

The number of these colonies is suspected to be very 

much in the land area of Rizosphere on puspa trees. 

While in the fungi isolates no one dominates because of 

its appearance there is only one colony of each isolation.  

 

 

CONCLUSIONS 
 

From the discussion above, the isolate bacteria that 

dominate were isolate S2.12 the number of these 

colonies allegedly very much in the land area 

Rizosphere on the tree puspa. While in the fungi isolates 

there were no domination. 
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Abstract. Widayanti, K Abraha, A.B Utomo. 2017. Simulation of Surface Plasmon Resonance Biosensor based on Nanoparticle 

Coreshell in 633 nm. Proc Internat Conf Sci Engin 1: 81-83. In this research, we developed the modeling and simulated the biosensor 

based on Surface Plasmon Resonance (SPR) phenomenon which detected the analyte i.e DNA. This SPR biosensor consists four layers 

where one of thus layers is the composite material. This nanocomposite spherical nanoparticle consisting of a spherical Fe3O4@Au core 

covered by Au shell, were applied as active material for DNA detection in 633 nm. Here, we present the simulation of detection 

amplification technique through Attenuated Total Reflection (ATR) spectrum. Here, SPR system using the Kretschmann configuration, 

whereas the dielectric function determination of composite coreshell nanoparticle using Effective Medium Theory approximation. Finally, 

the reflectivity calculation was investigated by varied the size of the core and the shell of the coreshell. The refractive index of the prism 

is 1,723; the refractive index of 40 nm Ag thin film is 0.13455+3,98651i and the refractive index of the composites were variated 

dependent the size of nanoparticle coreshell. Our results show that by varying the radius of core and shell thickness, the peak of the 

reflectivity (ATR spectrum) was shifted to the different angle of incident light. From its result, we can conclude that the addition of 

coreshell in SPR biosensor leads to enhancement the biosensor sensitivity in DNA detection. 

 

Keywords: Surface Plasmon Resonance, DNA, Coreshell, Biosensor, 633 nm 

 
 

INTRODUCTION 
 

Currently, there is great interest in the development of 

magnetic and plasmonic nanoparticle as an active 

material for biomolecules detection. The new 

nanoparticle combine multiple functions not obtainable 

in individual material have attracted considerable 

attention because of its development technology 

increase performance of surface plasmon resonance 

(SPR) biosensor (Wang et.al, 2010). The coating of Au 

metal for magnetic core material, prevents the oxidation 

and aggregation hence enhance the stabilisation of 

coreshell obviously. Whereas, the advantages brought 

about by current SPR biosensor is high sensitivity, 

spectrum large turnability from visible to infra-red, label 

free and real time detection. SPR is a kind of 

electromagnetic resonances that exist when there is an 

interface between metal and dielectric (Stuart et al, 

2005; Jain et al, 2007), very sensitive for size, shape and 

the refractive index of material that contact with the 

metal. In the conventional SPR biosensor, when the 

biomolecules (DNA/ Deoxyribonucleic acid) keep 

contact to the metal surface, it get adsorbed on its 

surface and the refractive index is increased. The 

detection of DNA was shown at the ATR spectrum 

where the reflectivity of biosensor was decreased. If we 

added this biosensor with the composites consisting 

coreshell nanoparticle Fe3O4@Au, the reflectivity will 

be shifted to the right. It is happens because the effective 

refractive index of material on the metal surface was 

changed. The involvement of coreshell nanoparticles 

caused enhancement the biosensor sensitivity. The 

different size of Fe3O4@Au+DNA composites leads to 

change the resonance angle in SPR. In this paper, we 

investigated the ATR spectrum of three and four 

multilayers biosensor based on SPR with coreshell 

addition and DNA as sensing analyte. 

 

 

MATERIALS AND METHODS 
 

In this research we use the analytical, simulation and 

computational approximation to modeling the biosensor 

configuration which contains four layers. And then 

calculate reflectivity in Attenuated Total Reflection 

(ATR) and determinate the effective dielectric constant 

of composite (mixing of Fe3O4@Au and DNA were 

embedded in PEG/Polyethylene Glycol). Here, we used 

the Kretschmann configuration (Kretschmann and 

Raether, 1968) with 4 layers, prism/ Ag/ composite/ 

DNA+air, is shown in figure 1.  and are the 

incident and the reflection angle ,  is the wave vector 

component at z axis, and d is the thickness of the each 

layer 

The composite layer is shown in figure 1 where 

contain the inclusion material (Fe3O4@Au+DNA) and 

the host material (PEG). Composite model contain the 

complex particles (inclusion) and host material. In this 

SPR configuration, we have been carried out for 

refractive index of the SF10 glass prism used was 

1,7230, wavelength of electromagnetic wave was 633 

nm, the complex refractive index of silver was 
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n=0,13455+3,98651 I (Johnson and Christy, 1972), 

dielectric constant of DNA is =1,7769 and the air was 

n=1,0 ( Whu et.al, 2010). The thickness of Ag film was 

d=40 nm, for composite d=20 nm. And then, the 

reflectivity R is given by by Fresnel equation (Rather, 

1986). 

 

 (1) 

 

 

 
Figure1. Biosensor base on SPR with Fe3O4@Au coreshell. 

 

 

 (2) 

 

 

A spherical coreshell Fe3O4@Au simulation 

 

 (3) 

 

 

Effective Permittivity of composite (Fe3O4@Au 

+DNA+PEG) 

The effective permittivity of composite  calculated 

with neglecting the correlation between the inclution 

material (complex material / Fe3O4@Au+DNA) and host 

material (PEG), can be employ using the Maxwell 

Garnett formula (Chen et.al, 1998). 

 

 (4) 

 

 

With   (5) 

 

 

were ,  is the radius of Fe3O4@Au,  is 

the radius complex particle (Fe3O4@Au +DNA), F is 

the fraction volume of inclusion material to the host 

material,   is the  dielectric constant of complex 

particle and  is the dielectric constant of host 

material. 

 

 

Biosensor Sensitivity 

The calculation of the sensitivity of biosensor base on 

the SPR is written (Verma et.al, 2011). 

 

 (6) 

 

Where  is the difference of the angle of SPR 

and  is the change in refractive index. While, the 

enhancement sensitivity value of SPR biosensor with 

coreshell compare with the conventional SPR is written 

(Adhib and Abraha, 2011). 

 

 (7) 

 

  

 

 

 

RESULTS AND DISCUSSION 
 

The changes of the radius of core and the thickness of 

shell, leads to the change the effective permittivity of 

coreshell. Whereas the change of radius inclusion 

material leads to change of the effective permittivity of 

composite. Therefore if that complex particles applied to 

SPR biosensor system, this change leads to the 

enhancement of the sensitivity of this biosensor. We can 

show from the reflectivity spectrum that the resonant 

angle shift to the right. Table 1 shows the effective 

permittivity of coreshell (equation 3) and the effective 

permittivity of composite can obtained from equation 4 

 

Table 1. The Effective Permittivity of Fe3O4@Au coreshell for the variation and the effective permittivity of composite with fraction volume (F) 

variation 
 

   
  F = 0.1 F=0.8 

4.5/5  1.1078+3.05177 i 2.56269+0.003145 i  3.635097+0.01432 i 

4.0/5  -2.32358+2.9429 i   

9.0/10  1.1078+3.05177 i 2.64925+0.248526 i 3.67777+0.110574 i 

8.0/10  -2.32358+2.9429 i   

18/20  1.1078+3.05177 i 2.89414+1.791472 i 3.816389+0.33528 i 

16/20  -2.32358+2.9429 i   
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Table 1 shows that for  = 0.9 resulting the 

effective permittivity 1.1078+3.05177i. Then for 

=0.8 resulting the effective permittivity -

2.32358+2.9429i. The reflectivity from SPR biosensor 

based on nanoparticles coreshell are shown in figure 2 

and figure 3. If the layer consist only thePrism and thin 

film of metal 40 nm Ag (konvensional SPR), the peak of 

reflectivity at the angle 43.37 deg (blue line). After the 

composite added on the surface of the Ag thin film, the 

peak of reflectivity shifted to the large angle. From 

figure 3. For the fraction volume of the composite is 0.1 

and the thicknesses of the radius of Fe3O4@Au is 

variated from 5 nm to 20 nm, the resonance angle of 

SPR shift to the large angle. Increasing radius of 

Fe3O4@Au leads to increase of the angle degree of 

resonance. The figure shows that at 5 nm (magenta line) 

dan 10 nm (black line) the minimum reflectivity is the 

best performance at 46.01 deg and 46.23 deg, whereas 

from figure 5, for the fraction volume of the composite 

is 0.8 and the thicknesses of the radius of Fe3O4@Au is 

variated from 5 nm to 20 nm, the resonance angle of 

SPR shift to the large angle too. The figure shows that at 

10 nm the minimum reflectivity is the best performance 

at 48.37 deg. Therefore from equation (7), calculation of 

the sensitivity resulting the sensitivity increase 6.08%, 

6.59% for F=0.1 and 11.52% for F =0.8.  Compare with 

sensitivity of SPR biosensor without coreshell addition. 

 
Figure 2. The reflectivity of ATR spectrum for the volume fraction of the 

composite F=0.1. The radius of inclusion material at R=20 nm and. The 
radius of coreshell variated from 5 nm to the 20 nm with variated. 

 

 
Figure 3. The reflectivity of ATR spectrum for the volume fraction of the 

composite F=0.8. The radius of inclusion material at R=20 nm and. The 

radius of coreshell variated from 5 nm to the 20 nm with variated. 

CONCLUSIONS 
 

The combination of properties of magnetic material and 

plasmonic material lead to the enhancement of 

sensitivity of SPR biosensor that apply to detect 

existence of DNA. By vary the radius of core (Fe3O4) 

and shell (Au), the refractive index of coreshell changes 

and leads to change the permittivity of composite. The 

change of effective permittivity of composite 

(coreshell+DNA+PEG) lead to change position of the 

peak of reflectivity spectrum to the large angle. The SPR 

dips were shifted when coreshell were added on the 

composite as the active material that detects. This large 

shift in the dip angle suggest the potential for application 

in highly sensitive biosensor, in this case sensing 

biomolecules as analyte. 
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Abstract. Auliyani D, Basuki T M. 2017. Analysis of Erosion Hazard at Gagakan Sub-Watershed, Blora District, Central Java Province, 

Indonesia. Proc Internat Conf Sci Engin 1: 85-89. Availability of soil erosion data is crucial for recovering carrying capacity of a 

degraded watershed. This study aims to analyze the level of soil erosion hazard in Gagakan Sub-Watershed, located at the downstream of 

Solo Watershed. Slope steepness of this area vary from very steep at the upper part and flat at the downstream. The dominant land cover 

is teak forest which consists of young and old stands. The level of soil erosion hazard was calculated by USLE (Universal Soil Loss 

Equation) and then analyzed spatially using GIS (Geographic Information System). The degree of erosion hazard was classified into five 

classes, i.e very slight, slight, moderate, severe, and very severe. The results showed that erosion hazard level of Gagakan sub-watershed 

ranged from very slight to very severe. The dominant is very slight (69%), while the others classified as slight (11%), moderate (15%), 

severe (1%), and very severe (4%). The countermeasures of soil erosion should be focused on the area with severe and very severe level 

of erosion hazard. 

 

Keywords: Soil erosion, Teak forest, USLE 

 
 

INTRODUCTION 
 

As part of a watershed ecosystem, soil provides many 

valuable environmental goods and services, such as 

food, carbon sequestration, water regulations, and 

habitat provision (De Vente et al., 2013). Along with the 

population growth, the need for land resources is also 

increasing as well. Human intervention in the utilization 

of land resources beyond its carrying capacity may 

cause soil erosion (Eisazadeh, Sokouti, Homaee, & 

Pazira, 2012; Gholami, 2013) which leads to decrease in 

land productivity and environmental degradation. 

Soil erosion is becoming the main issue of watershed 

management (Baja, Ramli, & Lias, 2009), which 

generate negatively effect not only in the erosion spot 

(on-site impact) but also in the downstream area (off-site 

impact) (Boardman, 2006). Its socio-economic negative 

impact and environmental degradation caused were 

seized the researcher and policy. 

Availability of soil erosion data is crucial for 

recovering carrying capacity of a degraded watershed. 

Gagakan Sub-Watershed is the downstream area of Solo 

Watershed, one of the priority watersheds that the 

carrying capacity should be restored by forest and land 

rehabilitation (RHL) activities (Dirjen PDASHL, 2015). 

According to the background, this study aims to analyze 

the level of soil erosion hazard in Gagakan Sub-

Watershed. 

 
 

MATERIALS AND METHODS 
 

Study area 

This study was conducted in Gagakan Sub-Watershed of 

Blora District, Central Java Province. This area is the 

upper parts of Solo Watershed, extending from 

111°30’34’’ to 111°35’52” East Longitude and 7°2’22” 

to 7°7’57” South Latitude. The administrative map of 

Gagakan Sub-Watershed is provided in Figure 1. 

 

 
 

Figure 1. The administrative map of The Gagakan Sub-Watershed. 

 

 

Procedures 

The data used for analysis consists of (1) land cover 

maps derived from Google Imaginary, (2) soil map 

obtained from Regional Physical Planning Programme 

for Transmigration (RePPProT), (3) slope steepness 

generated from Digital Elevation Model (DEM) of 

Shuttle Radar Topographic Mission (SRTM) (30 m 

resolution) acquired from Earth Explorer Database of 

United States Geological Survey (USGS), and (4) 

ground truth data obtained from field surveys. Rainfall 

data were collected from climatology stations of 

Watershed Management Technology Center. 
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Data analysis 

The erosion hazard level was analyzed spatially using 

Geographic Information Systems (GIS). Soil loss 

estimation calculated based on Universal Soil Loss 

Equation (USLE) (Wischmeier & Smith, 1978): 

 

 A = R x K x LS x CP (1) 

 

Where: 

A = Average annual soil loss per unit area (ton.ha-

1.year-1) 

R = Rainfall erosivity factor 

K = Soil erodibility factor 

LS = Slope length and gradient factor 

CP = Vegetation cover and management factor 

 

1. Rainfall Erosivity Factor  

The estimation method using maximum rainfall intensity 

for 30 minutes is the most accurate procedure 

(Widiatmaka & Soeka, 2012). Therefore, the Bols 

equation (Bols, 1978) was applied to estimate rainfall 

erosivity.  

 

 EI = 6,119 x R1,21 x D-0,47 x M0,53 (2) 

 

Where: 

EI = Rainfall erosivity (KJ/ha)  

R = Monthly rainfall (cm)  

D = Average number of rainy days (day) 

M = Maximum rainfall during 24 hours within the 

corresponding month (cm) 

 

2. Soil Erodibility Factor (K) 

Soil erodibility is defined as the degree of soil sensitivity 

to the kinetic energy of rainfall. The smoother texture of 

the soil, it will more easily erode (Herawati, 2010). The 

K value in this study was obtained from secondary data 

on soil type.  
 

3. Slope Length and Gradient Factor (LS) 

Digital elevation model were able to generate the 

accurate value of slope steepness (Hrabalíková & 

Janeček, 2016). In this study, to calculate the LS value, 

DEM were classified into five classes, i.e. <5 %, >5–15 

%, >15–35 %, >35–50 %, and >50 %. The LS value is 

presented in Table 1.  

 
Table 1. Length and slope (LS) values. 

 

No Slope classes LS value 

1. < 5 % 0,25 

2. > 5 – 15 % 1,20 

3. > 15 – 35 % 4,25 

4. > 35 – 50 % 9,50 

5. > 50 % 12,00 

Source: (BPDASPS, 2011) 
 

4. Vegetation Cover and Management Factor (CP) 

The value of vegetation and management factor in this 

study were obtained from Java erosion model (Ministry 

of Public Work, 2012) as presented in Table 2. 

 

 

 

 

Table 2. The value of vegetation cover and land management (CP). 

 

No Land cover 
Slope Classes / CP Value 

0-2 % 2-15 % 15-40 % >40 % 

1. Settlement 0,0500 0,0500 0,0500 0,0500 

2. Paddy field 0,0100 0,0100 0,0100 0,0250 

3. Dry land agriculture 0,0445 0,0625 0,0955 0,1365 

4. Estate 0,0045 0,0104 0,0199 0,0338 

5. Mixed garden 0,0223 0,0313 0,0478 0,0683 

6. Natural forest 0,0002 0,0005 0,0010 0,0010 

7. Production forest 0,0010 0,0010 0,0020 0,0020 

8. Shrubs 0,0010 0,0015 0,0020 0,0020 

9. Grass land 0,0050 0,0100 0,0200 0,0200 

10. Bare land 1,0000 1,0000 1,0000 1,0000 

Source : (Ministry of Public Work, 2012) 

 

The results of the soil loss calculation then classified into five classes according to decree No P.7/DAS-V/2011 

presents in Table 3. 

 
Table 3. Erosion hazard classification. 

  

No Soil Solum (cm) 

Erosion Hazard Classes 

I 

<15 ton/ha/year 

II 

15-60 ton/ha/year 

III 

60-180 ton/ha/year 

IV 

180-480 ton/ha/year 

V 

>480 ton/ha/year 

1 > 90 Very slight Slight Moderate Severe Very severe 

2 60 - 90 Slight Moderate Severe Very severe Very severe 

3 30 - 60 Moderate Severe Very severe Very severe Very severe 

4 < 30 Severe Very severe Very severe Very severe Very severe 

Source : (BPDASPS, 2011) 
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RESULTS AND DISCUSSION 
 

The average monthly rainfall in Gagakan Sub-

Watershed during 2016 was 167 mm, with the average 

number of rainy days was 17 days, and maximum 

rainfall during 24 hours was 53 cm. The highest rainfall 

was occurred in November while the lowest rainfall 

occurred in August (Figure 2). 

 

 
 
Figure 2. Monthly rainfall of Gagakan Sub-Watershed in 2016. 

 

 

The soil types of Gagakan Sub-Watershed consists of 

tropudalf (73,2%) and eutropepts (26,8%). According to 

the secondary data of soil types, K value of tropudalf is 

0,23 (Undang & Suwardjo, 1984), while eutropepts is 

0,29 (Hamer, 1980). 

Topography of Gagakan Sub-Watershed vary from 

very steep at the upper part and flat at the downstream. 

Analysis of DEM (USGS, 2015) showed that the 

dominant slope steepness in this area sequentially were 

sloping (33%), moderately slope (27%), flat (24%), 

steep (13%), and very steep (3%) (Figure 3). 

 

 
Figure 3. The map of slope classes. 

 

 

Satellite image from Google Earth 2014 and ground 

checks in 2016 were used to classify the existing land 

cover of the study area. The dominant land cover is teak 

forest which consists of old (53%) and young (23%) 

stands, and dryland agriculture (20%). Spatial 

distribution of existing land cover of Gagakan Sub-

Watershed is provided in Figure 4. 

 

 
 

Figure 4. The map of land cover. 

 

 

 

Erosion prone are the potential areas for soil erosion. 

Most of the study area categorized as very slight level of 

erosion vulnerability (69%). Spatially distribution of 

erosion hazard in the Gagakan Sub-Watershed is 

presented in Figure 5, while the administrative 

distribution is provided in Table 4. 

 

 
 

Figure 5. The spatial distribution of erosion hazard level at Gagakan Sub-

Watershed. 
 

 

 

 

Spatially, both of severe and very severe of erosion 

hazard classes occurred in bare land, settlement, and dry 

land agriculture area. In the study area, dry land 

agriculture area was generally planted with corn with 

fewer ground plants. Therefore, the soil will be more 

susceptible to the kinetic energy of rainfall and lead to 

potentially higher soil loss. The countermeasures of soil 

erosion should be focused on the area with severe and 

very severe level of erosion hazard. 
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Table 4. The administrative distribution of erosion hazard level. 

 

Sub-Districts/ Villages 
Area (Ha) 

Very Slight Slight Moderate Severe Very Severe 

Cepu 248,95 156,67 342,55 3,49 66,60 

Balun 172,52 122,77 283,15 3,46 52,32 

Karangboyo 31,72 22,33 47,03 0,03 13,65 

Tambakromo 44,71 11,57 12,37 - 0,63 

Jiken 793,19 4,52 - - - 

Cabak 755,97 3,83 - - - 

Janjang 6,50 0,19 - - - 

Nglobo 30,72 0,50 - - - 

Kedung Tuban 3,96 0,00 - - - 

Kalen 0,04 - - - - 

Nglandeyan 0,08 - - - - 

Ngraho 3,84 0,00 - - - 

Sambong 3435,75 528,97 623,66 42,13 206,11 

Brabuan 84,83 38,23 16,96 9,54 3,98 

Gadu 102,94 73,43 113,09 1,29 22,09 

Gaggakan 145,34 30,30 4,49 - 2,00 

Ledok 222,02 97,91 - - - 

Pojokwatu 417,01 60,29 73,17 13,09 30,66 

Sambong 566,94 79,88 198,93 5,82 88,38 

Sambongrejo 1788,00 147,97 214,45 11,46 58,22 

Temengeng 108,67 0,97 2,58 0,95 0,76 

Total 4481,85 690,16 966,21 45,63 272,70 

Percentage (%) 69 11 15 1 4 
 

 
 

 

 

CONCLUSIONS 
 

The results of this study showed that erosion hazard 

level at Gagakan sub-watershed ranged from very slight 

to very severe. The dominant is very slight (69%), while 

the others classified as slight (11%), moderate (15%), 

severe (1%), and very severe (4%). The 

countermeasures of soil erosion should be focused on 

the area with severe and very severe level of erosion 

hazard. 
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Abstract. Slamet D, Krisdiyanto D, Khamidinal. 2017. Synthesis of ZnO Nanoparticles Doped Zirconium Oxychloride by PSTA BATAN 

Yogyakarta Production as Photoanode Semiconduktors for Dye Sensitized Solar Cell. Proc Internat Conf Sci Engin 1: 91-97. Dye 

Sensitized Solar Cell (DSSC) is a device for light conversion to be electrical energy based on the concept of semiconducting sensitivity of 

the wide gap. This study aims to synthesis nanoparticles of ZnO: Zr semiconductors and tested the performance of ZnO: Zr nanoparticles 

on the DSSC system. ZnO Doped Zr Nanoparticles from  precursor by Science and Technology Acceleration Center of 

National Nuclear Energy Agency (PSTA BATAN) Yogyakarta production was synthesized by gel-combustion method, and tested its 

performance on DSSC system. Effect of doping concentration variation Zr (0, 1, 3 and 5%) on the structure crystals and optical properties 

of ZnO studied by X-ray diffraction, infra-red spectra, and UV-Visible absorbance spectra. In this study also studied about the effect of Zr 

doping on changes in the parameters of crystal structures such as distances between fields of crystals , crystals lattice (a and c), unit 

cell volume, crystallite size, microstrain (ε), dislocation density (δ), and the textural coefficient . The synthesized nanoparticles meet 

the criteria 3-dimensional nanostructure of hexagonal wurtzite crystals. Uptake ZnO infrared radiation shows an increase in intensity as 

well shift in wave number 610 - 400 due to doping Zr. Doping Zr also influences the electronic structure of semiconductors characterized 

by the change of bandgap energy from 3,10-3,05 eV. Semiconductor performance test nanoparticles on the DSSC system showed a 1% Zr 

doping concentration increasing the voltage by 174 mV and the stability of the solar cell than the cell ZnO solar without doping that 

produces a voltage of 128 mV. 

 

Keywords: Semiconductor, gel-combustion method, ZnO 

 
 

INTRODUCTION 
 

The world's energy needs are now at a very worrying 

condition. Worldwide energy use is currently about 14 

terawatts, and by the end of the 21st Century, it is 

possible to reach 50 terawatts (Dresselhaus, et al., 2005). 

Approximately 80% of the energy needs are still filled 

by fossil fuels that have limited resources and have 

emissions that are not environmentally friendly. Quoting 

David Bower's statement, "We do not inherit the earth 

from our ancestors, but we borrow it from our children." 

So it takes a diversion on renewable energy sources. 

Renewable sources based on earth energy such as 

hydroelectricity, wind, geothermal, biomass and others 

will certainly not be enough to meet world energy 

consumption (Apelian, 2007). 

The energy source for solar cells is abundant and 

renewed is one reason for the development of this solar 

cell. According to Yuliarto (2006), solar energy supply 

from sunlight is accepted if the surface of the earth is 

very large that reaches 3 ×  joules per year. That 

amount of energy is equivalent to 10,000 times the 

energy consumption worldwide today. In other words, 

covering 0.1% of the Earth's surface with a solar cell 

device that has a 10% efficiency is capable of covering 

the energy needs of the entire world today (Hardian, et 

al., 2010). 

 

 
 

Figure 1. Scheme and working principle of Dye Sensitized Solar Cell 
(DSSC). 

 

 

Various things have been done to modify the 

components of this dye-synthesized solar cell. DSSC is a 

solar cell composed of several components where it is 

possible to do modifications in an attempt to improve 

the performance of these solar cells. Amended 

modifications include dye replacement (Khuzaifah, 

2014), redox electrolyte replacement (Hardian et al., 

2010), variations to semiconductors (Parthiban et al, 

2015), to the various methods used for DSSC 

fabrication. 
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Based on the above, this research is focused on 

semiconductor modification which is the main 

component of DSSC using ZnO: Zr, where in general 

the semiconductor used is  which isindirect bandgap 

type semiconductor. ZnO is a semiconductor type of 

direct bandgap that is easily available in the market with 

a relatively cheap price, and has bandgap 3.37 eV 

(Coleman & Jagadish, 2006) so it is transparent at room 

temperature and absorbs light at the wavelength region 

UV and blue with the transfer capability electrons are 

faster than  if the gap energy is equal. ZnO binds 

exciton energy of 60 MeV so that ZnO has better 

electron transfer capability than  which only exciton 

energy binding of less than 30 MeV. However, the use 

of ZnO is still constrained by unfavorable chemical 

stability, so it needs modification as an effort to improve 

the quality of ZnO. 

The study of ZnO doped Zr has been done by several 

researchers, but in this study zirconium used comes from 

zirconium oxychloride of zircon sand processing by 

PSTA BATAN Yogyakarta. Based on information from 

PSTA BATAN Yogyakarta, the use of zirconium 

oxychloride produced of the zircon sand extraction 

process by the agency has not been done as a doping 

precursor (Poernomo, 2012). Zirconium includes 

elements of transition, atomic number 40, and relative 

mass of 91.22. The zirconium metal is grayed out very 

hard, melt at . So through the properties of 

zirconium is expected to improve the stability and 

chemical properties of ZnO physics through doping 

way. 

Along with the development of the era of 

nanotechnology, ZnO metal oxide synthesis has also 

been much in the formation of nanoscale materials. This 

is because the nanoscale material will provide better 

electronic properties and optical properties compared to 

bulk materials (Zhao, et al., 2007). Various methods are 

used to produce high-quality ZnO, so that the size and 

shape of ZnO can be directed to the nanoscale so that it 

can be applied as an optoelectronic device. According to 

previous research, to improve the quality of ZnO can be 

done by doping. To date, ZnO has been doped with Tb 

(Yang, et al. 2008), Gd (Murmu, et al., 2009), Yb (Jiang, 

et al., 2010), Ce (George, et al., 2011), Eu (Badalawa, et 

al., 2011), Er (Jang, et al., 2011) and Nd (Xian & Li, et 

al., 2012).  

ZnO nano synthesis method can be done in various 

ways, but the method of phase synthesis of the solution 

is considered more economical and can be applied in a 

wider scale. Solution phase synthesis methods such as 

sol-gel, auto-combustion, hydrothermal, electro 

deposition and chemical bath deposition (CBD) are 

becoming more intensive methods developed by 

researchers. Amongst several methods the auto-

combustion method becomes an attractive option 

because of various advantages such as simple and low 

cost (Elilarassi, et al., 2010). The auto-combustion 

method provides advantages such as reaction 

stoichiometry can be controlled at the molecular level, 

homogeneity and purity of high-synthesized material 

(Khan, et al., 2013). 

This study will examine the effect of doping Zr 

variation on ZnO crystal structure, optical properties and 

application test on ZnO: Zr in DSSC. The main 

objective of this research is to obtain new semiconductor 

material for photo anode solar cell synthesized Tacca 

Palmata dye extract. 

 

 

MATERIALS AND METHODS 
 

Synthesis of Nanoparticles Semiconductor ZnO: Zr 

by Gel-Combustion Method (Khan et al., 2013). 

The zinc acetate solution in hydrate (  

was dissolved in 50 mL distilled water on a 100 mL cup 

glass to form a ZnO solution, with the solubility set at 

0.3 mol/ Liter. Then added citric acid  of 

0.3 mol/ L. citric acid . The mixed solution 

was then added zirconia dichloride solution  

with variation concentration 0%, 1%, 2%, 3% and 4% to 

concentration ( . 

The solution is stirred slowly for two hours with a 

maximum temperature of  C, the heating is done 

gradually to obtain a uniform solution and to evaporate 

the solvent. The gel phase formed is inserted into the 

porcelain crust, then burned using a furnace. 

The conditioning temperature of the furnace is 

carried out at a temperature of  for 1 hour, 

increased to a maximum temperature of  for 3 

hours. Then increased gradually until it reaches a 

maximum temperature of  for 3 hours, and after 

reaching  the temperature is slowly lowered to 

room temperature. Samples were analyzed by X-ray 

diffraction and FT-IR. 

 

ZnO:Zr Semiconductor Deposition on ITO glass 

substrate by doctor blade method. 

The ZnO: Zr Semiconductor layer is made by the doctor 

blade method deposited on the ITO glass substrate. The 

glass substrate used is first cleaned with ethanol while 

vibrated with an ultrassonic cleaner for 5 minutes each, 

then rinsed with aquades to remove the oil content and 

impurities attached to the substrate. 

As much as 1 gram the synthesized result of ZnO: Zr 

and 1 mL PEG 400 is mixed and crushed porcelain, to 

obtain a homogeneous paste. Before the paste is dripped 

on ITO glass, the first sought conductive part is then 

given a schotlite barrier and a rectangular pattern is 

created leaving space 1.5 x 1.8 cm. Furthermore, above 

the area, the distribution of the paste is evenly 

distributed using a glass rod. 

The samples were heated at temperatures of  

and  each for 1 hour to eliminate PEG 400 and 

increase the interaction between particles and ITO glass 

physically. After 1 hour of heating at , furnace 

temperature is lowered to room temperature. The 
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samples were then analyzed by UV-Vis reflectance 

spectrophotometer 

 

Fabrication of dye sensitized solar cell. 

a. Preparation of dye solution from fruit extract of 

Tacca Palmata as dye sensitizer (Syafinar et al., 

2015) 

b. Electrolyte preparation from electrolyte solution of 

redox iodine pair, Iodide (I- / I3-), and PEG 1000 in 

water solvent and chloroform. 

c. Preparation of ZnO: Zr (0, 1, 3, and 5%) pastes from 

ZnO: Zr nanoparticles mixed with PEG 400. 

d. Preparation working electrode from ZnO: Zr (0, 1, 3, 

and 5%) pastes is deposited on glass ITO (Indium 

Tin-Oxide) glass by doctor blade method. 

e. Preparation the comparative electrode is a carbon 

layer deposited on an ITO (Indium Tin Oxide) glass 

substrate. 

f. Preparation of open circuit voltage characterization 

test equipment (Voc) and DSSC stability. 

g. DSSC sandwich making (with bearing) and open 

circuit voltage characterization test (Voc) and 

stability of DSSC that have been made. 

 

 

 

RESULTS AND DISCUSSION 
 

Structural analysis using X-ray diffractometer. 

Characterization of ZnO:Zr nanoparticles was carried 

out by X-ray diffraction method, the diffractogram result 

of the sample analysis is presented in Figure 2. The 

diffraction showed that the sample tested was ZnO with 

a hexagonal crystal system (wurtzite) shown by 

diffraction peaks in the plane : ; ; ; ; 

; ; ; ; ;  dan . The XRD 

data is paired with standard ZnO data (JCPDS No. 36-

1451). 

 

 
Figure 2. Diffractogram of ZnO: Zr nanoparticles with doping 

concentration variations of 0, 1, 3 and 5%. 

 

The effect of Zr doping on the ZnO crystal structure 

is indicated by the diffraction peak shift presented in 

Fig. 3. However, detected diffraction peaks at doping 

levels of 1, 3 and 5% at an angle of 2θ: 

 which is the peak of 

impurities. Based on matching using standard data, the 

peak at 2θ:  is  monoclinic phase (JCPDS-

37-1484). While peak at angle 2θ: 

 tetragonal phase (JCPDS-50-

1089). 

The peaks of detected impurities have relatively low 

intensity compared to the peak intensity of ZnO, thus up 

to 5% of the sample doping level is still dominated by 

the ZnO phase. The intensity of the diffraction peak 

 is higher at the doping level of Zr 3 and 5%. This 

occurs in the presence of an excess of  ions in 

ZnO:Zr solution that exceeds the limit of its solubility 

during wet reaction using water, resulting in the 

decomposition of the material in annealing and sintering 

processes. The detection of other diffraction peaks in the 

synthesis of Cu nanoparticles in Cu doping has been 

reported by Muchtar et al. (2012). 

 

 

 

 
Figure 3. Magnification of field diffraction peaks  and  

 

 

 

The single phase of ZnO doping Zr nanoparticles 

was obtained by Khan et al. (2013) using  

reagent with gel-combustion synthesis method as used in 

this study. According to Murtaza et al. (2014) the phase 

of impurity appears to be estimated that Zr ions migrate 

to the ZnO matrix and occupy the defect position, ie the 

tetragonal position because the tetrahedral coordination 

is not possible to occupy by the ion if the doping 

concentration exceeds its solubility limit. 
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Table 1. The result of calculation of crystallite size (D), lattice parameter, c / a ratio, unit cell volume (V), textural coefficient (TC), dislocation density (δ), 

and micro strain (ε). 

 

[Zr] 

% 

Crystalit 

size (nm) 

Lattice parameter 
c/a V( )  

δ  

 
 a (  b (  

0 31,87 3,253 5,207 1,601 47,72 0,25 0,984 0,7 

1 26,36 3,249 5,201 1,601 47,55 0,33 0,823 3,167 

3 29,80 3,253 5,205 1,600 47,70 0,33 0,7616 1,58 

5 38,07 3,264 5,220 1,599 48,16 0,36 0,5566 4,014 
 

 

 
Based on XRD data, we can determine the lattice 

parameters (equation 1), unit cell volume (equation 2), 

crystallite size (equation 3), microstrain (equation 3), 

and dislocation density (equation 4) ZnO determined 

from the diffraction field as presented in table 1, (Lupan, 

et al., 2010; William and Hall, 1953; Nehru, et al. 2012). 

The presence of Zr doping concentrations of 1 and 3% 

leads to decreased crystallite size and unit cell volume. 

It is presumed that Zr precursors in the solution behave 

as a catalyst that decreases the nucleating energy of ZnO 

nucleation. The formation of the solution through 

saturation in the system becomes faster by the presence 

of temperature function, so quickly formed the 

precipitate. 

 

 (1) 

 (2) 

 (3) 

 (4) 

 

According to Wang (2003) ZnO nucleation growth 

behavior can be directed in the form of nanocages by 

decreasing the activation energy of nucleation growth 

using Au metal catalyst so that ZnO nanocages can be 

produced with 10-30 nm crystallite size. The alleged Zr 

metal behaves as a catalyst amplified by the detection of 

diffraction peaks at dopant 1 and 3% levels 

corresponding to the data standard . The success of 

1-3% Zr doping concentrations in the ZnO crystalline 

system can be explained by the shift in the diffraction 

field at 2θ smaller than the ZnO diffraction angle 

without doping. This may be due to the ion substitution 

(74 pm) by ion (84 pm) having a larger radius, 

the lattice parameter values of 1 and 3% doping 

reinforce this presumption because there is relatively no 

significant change in the values of a and c compared to 

the standard data of the ZnO wurtzite hexagonal 

structure. 

Khan et al. (2013) and Murtaza et al. (2014) also 

gained a shift in the position of the peaks of the 

diffraction field to a smaller value of 2θ dengan with an 

increase in Zr concentration, and the researchers 

attributed it to the placement of  ions in the Zn 

position on the ZnO crystal lattice. Khan et al. (2013) 

states that Zr ions tend to occupy Zn positions on the 

ZnO lattice rather than the interstitial position. However, 

at a 5% doping rate there is an increase in unit cell 

volume and particle size, it is suspected that Zr has been 

successfully doped on a ZnO crystal system where Zr 

ion occupies an interstitial position. This is supported by 

a 5% doping lattice parameter indicating an increase in 

values of a and c, one of the characteristics of doping 

success is the expansion of lattice parameters due to the 

presence of interstitial metal ions with a greater radius 

than Zn. 

The result of the calculation of the textual coefficient 

(  uses equation 5 based on the XRD data of 

ZnO: Zr doping 0, 1, 3 and 5% are presented in table 1. 

Based on the data, the presence of dopant Zr has an 

effect on the increase of textural coefficient value for the 

plane (002), along with the increasing doping 

concentration also the value of . While the value 

of TC for other fields there are changes that are not 

erratic. This shows that Zr doping affects the dominant 

growth of ZnO crystals in vertical direction (c-axis) 

which is non-polar.  

 

  (5) 

(Caglar, dkk., 2006). 

 

The thermodynamically increasing growth of ZnO 

crystals in the (002) plane increases the stability of ZnO 

nanoparticles because the (002) plane consists of oxygen 

and zinc atoms of comparable amounts (Kim et al. 

2010). However, there is a possibility of growth 

dominance in other fields by the presence of doping Zr 

which influences the chance of the direction of crystal 

growth in other fields. 

 

Infrared Radiation Absorption Analysis (FTIR) 

According to Coleman and Jagadish (2006), ZnO 

absorbs infrared radiation at wave numbers 437 . 

The absorption of ZnO: Zr functioning groups of 0, 1, 3 

and 5% can be determined by FTIR spectra measured 

from 4000 to 400   is presented in figure 4. 

The high intensity and wider absorption read in the 

610-400  region is the absorption of the Zn-O bond 

(Vigneshwaran, et al., 2006). While the detection of 

uptake with relatively low intensity in the area of 1600–

1500 , 1000–1100  and 750 allegedly 

derived from chloride (C-X) ie compounds used as 

metal precursors. The widening peak in the region 3440 

 is the uptake of  and the carboxylates derived 
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from the precursor, this indicates that the water is 

adsorbed on the surface of the nanoparticles. Other 

absorptions present at 2300–2930  and 1300–1480 

 are possible due to the vibration of C-H 

propagation from fuel (citric acid) in the synthesis 

process. Absorption peaks in 900 and 1620  are 

suspected due to overlapping of the peak-shifting 

vibration of -OH with ZnO peak as a result of water 

adsorption on the surface of ZnO (Khan, et al., 2013). 

 

 

 
Figure 4. ZnO:Zr FTIR spectra (0, 1, 3 dan 5%). 

 

 

 

The presence of peak shift and infrared absorption, 

allegedly occurs due to Zr ions that replace the Zn 

position and enter the ZnO structure. So it affects the 

length of the bonds between atoms in the wurtzite 

structure. Therefore, the synthetic material can be 

strongly suspected to be a hexagonal material wurtzite 

ZnO: Zr. 

 

Energy Band Gap ZnO: Zr 0, 1, 3, and 5%. 

The bandwidth width of the band gap in a direct band 

gap type semiconductor can be determined based on the 

relationship between α (absorption coefficient) and v 

(light velocity), especially in photon energy adjacent to 

the band value of semiconductor energy. In the energy 

range the absorption coefficient satisfies the equation: 

 

 

 (6) 

(Khan, dkk. 2013) 

 

 

Based on Figure 5. we can know the band gap energy 

for each sample, ie 3.10 eV for ZnO: Zop doping 0%, 

3.059 eV for ZnO: Zr dop 1%, 3.057 eV for ZnO: Zr 

dop 3%, and 3 , 05 for ZnO: Zr dop 5%. 

 

 

 

 

 
Figure 5. The relationship graph  to hv. ZnO: (A) Zr doping 0%, 

(B) ZnO: Zr doping 1%, (C) ZnO: Zop doping 3%, and (D) ZnO: Zr 

doping 5%. 
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In general, the four samples have different electronic 

properties with bulk ZnO where ZnO with the size of the 

weld has a band gap energy in the range of 3.37 eV. 

This decrease of bandgap energy occurs due to the 

decrease of crystal size from large scale to nanometer 

range. 

The effects of quantum confinement can be 

characterized by a shift in the bandwidth gap of 

nanometer-scale materials with lower geometric 

dimensions than the material in the scale (Chen, et al., 

2006). Material with nanometer size has a high surface 

to volume ratio so greatly affect the optical and 

electronic properties. As the increase in doping 

concentration indicates a decline in the bandgap energy 

value, this is because Zr becomes a ribbon donor 

between the valence band and the ZnO conduction band. 

 

Test application of ZnO:Zr nanoparticles as 

photoanoda semiconductor in DSSC. 

The result of the voltage measurement is presented in 

table 2 which is done in dark condition with the halogen 

lamp beam 2 watt/ . The solar cell system is said to 

die if the current generated by the system when the open 

circuit voltage (Voc) is zero. In DSSC solar cells, means 

that in the system there is no electron flow from the 

excited state of the dye to the ZnO: Zr conduction band 

which can produce an electric current. This can happen 

because there is no bond between the dye and ZnO: Zr 

so that the electron injection process becomes difficult. 

The solar cell system can also be said to die due to 

the shortening of the system due to direct contact of the 

working electrode and the opposing electrode. This can 

happen by two possibilities: 

1. If the electrolyte solution is not evenly distributed 

over the entire contact surface of the working 

electrode - the counter electrode, 

2. If the electrolyte solution is too diffused throughout 

the working electrode surface and the opposing 

electrode (not just the contact area), the voltage 

regulation becomes difficult as it becomes unstable, 

as well as the read current (Kartini, et al., 2008). 

 

 
Table 2. The value of voltage test (Voc) DSSC based ZnO: Zr. 

 

DSSC 
Times (min) 

10 20 30 40 50 60 

0 % 128 mV 125 mV 123 mV 120 mV 119 mV 110 mV 

1 % 174 mV 172 mV 172 mV 167 mV 165 mV 161 mV 

3 % 111 mV 108 mV 107 mV 101 mV 98 mV 90 mV 

5 % 80 mV 78 mV 70 mV 69 mV 65 mV 53 mV 

 

 

The effect of Zr concentration on ZnO 

semiconductors on the performance of solar cells is 

presented in Table 2. Quantitatively all devices provide 

photovoltaic effects. Based on the magnitude of open 

circuit voltage (Voc) at the 1% Zr doping level yields 

the greatest value, this is made possible by the decrease 

of crystallite size so that the quantity of the dyestuff 

bond with the semiconductor is more. Larger density or 

microstrain dislocation than ZnO without dopant has an 

impact on increasing the active side of the material. 

However, at the doping level of 3 and 5% there is a 

decrease in the resulting voltage value compared to the 

1% doping level, based on the crystallite size approach 

at 3 and 5 doping levels there is an increase in crystallite 

size and smaller dislocation density and microstrain 

values, which occurs between the dye and ZnO: Zr is 

less than the 1% doping rate. 

Based on the study of optical properties on the 

performance of solar cells, should the band gap energy 

have a significant effect because it is associated with a 

smaller bandgap energy then electrons should be easier 

and faster injected. Based on the study of the stability of 

solar cells also obtained that the highest stability 

obtained in solar cells with semiconductors ZnO: Zr 1% 

and 3%. Detection of an increasingly stronger impurity 

phase along with increased doping is thought to interfere 

with the performance of solar cells resulting in a 

decrease in open circuit voltage, because with the 

impurity causing uneven band gap distribution energy. 

 

 

CONCLUSIONS 
 

ZnO:Zr Nanomaterials: Three-dimensional has been 

successfully synthesized via gel-combustion method 

using zinc dihydrate acetate reagents, zirconia dichloride 

and citric acid. Analysis of crystal structure 

characteristics showed a single-phase wurtzite material 

at a 0% doping rate. On top of the doping concentration 

there are three phases: wurtzite (ZnO), monoclinic and 

tetragonal ( ). The resulting samples showed 

similarity of lattice parameter values with standard data, 

crystal size between 26 - 38 nm, and along with 

increasing concentration showed increased crystal 

growth in the 002 plane. 

Doping Zr effect on the FTIR spectra shown by the 

widening and shift of the functional group absorption 

peak. Analysis of UV-visible absorption data shows that 

Zr doping affects the gap energy of ZnO, as for the 

value obtained between 3,100-3,050 eV. The application 

test on the DSSC shows the highest stress and stability 

values obtained by sampling with 1% doping.  
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Abstract. Rakhmadi F A, Zahroh H. 2017. Detection System Design for Cu Contaminated Water Based on Red Diode Laser and LDR 

(Light Dependent Resistor) Sensor. Proc Internat Conf Sci Engin 1: 99-101. The research on making detection system of Cu 

contaminated water based on red diode laser and LDR sensor has been done. The purpose of this research was to know the characteristic 

of LDR sensor, to make the detection system of Cu contaminated water, and to test the detection system of Cu contaminated water. This 

research was conducted in five phases: characterization of LDR sensor, making data acquisition system, processing and analyzing of train 

sample data, making detection system, and implementation of detection system on test sample. The result of LDR sensor characterization 

in this research showed transfer function V = 0,004I + 2,1861 with relation of input-output relation which was very strong (r = 0,99267); 

sensitivity was 0,004 volt/lux; repeatability was 99,015%, and saturation for the light intensity  ˃ 500 lux. Meanwhile, the succes rate of 

detection implementation on Cu contaminated water was 97,5%. 
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INTRODUCTION 
 

Water is a major component of life. Water becomes 

essential need for drinking, cooking, bathing, and so on. 

Therefore, the quality of water should always be 

maintained from pollutant substances. Consuming 

contaminated water can cause some diseases such as 

disruption of the digestive system (Anonymous. 1994). 

Other consequences of water pollution are the decrease 

of efficiency, yield, productivity, carrying capacity and 

the capacity of water resources which in turn will 

decrease the natural resources depletion (Mustikasari. 

2013). 

One of water pollutants is copper (Cu). The 

maximum concentration of Cu allowed in water is 2 

ppm (Kusnaedi, 2010). If the level of Cu in water 

exceeds the threshold, the water can be clasified as Cu 

contaminated water. 

Efforts to maintain clean water from Cu should be 

done. One effort that can be done is monitoring of Cu 

contaminated water. This research focused on the 

detection of water contaminated by Cu. 

The tool most commonly used tool to detect the 

presence of Cu in water is Atomic Absorption 

Spectroscopy (AAS). This detection tool has advantages 

in terms of ease of operation, speed of data readings, and 

its sensitivity to changes in the concentration of detected 

samples (Supriyanto and Kamal, 2012). However, not 

all laboratories have it because of its relatively 

expensive price and high cost of care (Kristianingrum, 

2007).  

To overcome the weaknesses of AAS many 

researchs have been done by researchers. The result was 

alternative methods besides AAS have been found, 

namely electromagnetic induction (Rakhmadi et.al, 

2015) and fluorescence (Jung et.al, 2016). 

This research aimed to the reference of detection 

device of Cu contaminated water. In this research, a 

detection device of Cu contaminated water was made by 

using red diode laser and LDR sensor. The use of red 

diode laser and LDR sensor because of low power 

consumption and low price. 

 

 

 

MATERIALS AND METHODS 
 

Characterization of LDR sensor 

Characterization of LDR sensor includes transfer 

function and their input output relationship, sensitivity, 

repeatability, and saturation. 
 

Manufacturing of detection system 

Manufacturing of detection system based on Figure 1 

and 2. 

 

 

Red Diode Laser
Samples of Cu 

Contaminated Water
LDR Sensor

 Power Supply Arduino Uno LCD

 
 

Figure 1. Block diagram of detection system hardware. 
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Figure 2. Flow chart of detection system software. 

 
 

 

 
 

After data acquisition system has been completed, 

the next step was preparing of training samples, 

retrieving of data from the training samples, processing 

of training samples data, and entering of training 

samples data into data acquisition system. The training 

samples were Cu contaminated water with concentration 

of 1 ppm (mg / L), 2 ppm (mg / L), 3 ppm (mg / L), and 

4 ppm (mg / L). The retrieval of data from training 

samples was done by noting the output voltage of data 

acquisition system for each sample. The data were then 

searched for boundary values for Cu-contaminated water 

that was still permitted with those that was not 

permitted. The boundary value was inserted into 

software in arduino uno. 
 

Implementation of Detection System 

Before detection system implemented in the test 

samples, firstly prepared a set of test samples in the form 

of Cu contaminated water with concentration of 1 ppm 

(mg / L), 2 ppm (mg / L), 3 ppm (mg / L) and 4 ppm 

(mg / L ). When the detection system tested on Cu 

contaminated water with concentration of 1 ppm (mg / 

L) and 2 ppm (mg / L), it should be stamped 

"STANDARD" on the LCD layer. If the detection 

system displays "STANDARD" on the LCD layer, it is 

marked "√" in the standard column. However, if the 

system displays "CONTAMINATED CU .. !!" on the 

LCD screen, it is marked "√" in the Cu contaminated 

column. Furthermore, the test results are calculated 

percentage of success with the following formula. 

 
Percentage of succesfull = (number of correct / 10) x 100%. 

 

 

RESULTS AND DISCUSSION 
 

Characterization of LDR sensor 
The result of characterization of LDR sensor in this 

research showed transfer function of LDR sensor was V 

= 0,004 I + 2.1861 and its input-output relationship was 

very strong with correlation coefficient r = 0.99267; 

sensor sensitivity wasf 0.004 volts / lux; sensor 

repeatability was 99.015% ; and sensor saturation was at 

light intensity  ˃ 500 lux. 
 

Manufacturing of detection system 

Detection system of Cu-contaminated water based on 

red laser diode and LDR sensor that has been made was 

shown in Figure 3. 

 

   
 

Figure 3. Detection system of Cu-contaminated water. 
 

 

 

When power supply was on, microcontroller will 

instruct LDR sensor to read the intensity of light that not 

absorbed by sample. Next, the output of sensor were 

transmitted to microcontroller to be converted into 

digital signal. The digital signal was further processed 

using transfer function of LDR sensor, so the output can 

be displayed on LCD screen with volt unit. 

Implementation result of data acquisition system on 

samples of Cu-contaminated water with concentration of 

1 ppm, 2 ppm, 3 ppm and 4 ppm respectively obtained 

the average voltage of sensor output  were 3,232 volt, 

3,114 volt, 3,054 volt and 2,984 volt. This result showed 

that greater of Cu concentration in water made smaller 

of voltage sensor output. 

Decreasing of sensor output voltage along with 

increasing of Cu concentration because of more light of 

red diode laser was absorbed by sample or less light of 

red diode laser was passed. The less of red diode laser 

light was transmitted, the lower of LDR sensor output 

voltage. 

The sensor output voltage of 3.11 V which the 

smallest voltage value in sample of Cu 2 ppm was a 

boundary value. If the sensor output voltage exceeds 

boundary value, then water was still feasible. However, 

when the sensor output voltage was below of boundary 

value then the water was not feasible. 

The detection system has an output indicator on 

LCD. If the water was still feasible, then the LCD will 

display script "Standard", but when the water was not 

Finish 

Sensor 

Voltage=V 

Start 

Initialization 

of ports and 

variables 

Read ADC 
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feasible then the LCD will display script "Cu-

Contaminated”. 
 

Implementation of Detection System 

Implementation of detection system on test samples was 

shown in Table 1. 

 
Table 1. Implementation of detection systems on test samples. 

 

Cu-contaminated 

water (ppm) 

Success 

Percentage 

Rate of success 

percentage 

1 100% 
 

97,5% 

 

2 90% 

3 100% 

4 100% 
 

 

According to table 1, implementation of detection 

system in test samples has a success rate of 97.5%. The 

success has met international standards of 97% 

(Suryono, 2012). 

Although its success has exceeded international 

minimum standard, the success of detection system has 

not reached 100%. This, allegedly because there were 

environmental lights that detected by LDR sensor. 

 

 

CONCLUSIONS 
 

The result of LDR sensor characterization in this 

research showed transfer function V = 0,004I + 2,1861 

with relation of input-output relation which was very 

strong (r = 0,99267); sensitivity was 0,004 volt/lux; 

repeatability was 99,015%, and saturation for the light 

intensity ˃ 500 lux. Meanwhile, the succes rate of 

detection implementation on Cu contaminated water was 

97,5 %. 
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Abstract. Harjito, Suntoro, Gunawan T, Maskuri M. 2017. Electrical Resistivity Tomography Techniques for Identifying Groundwater 

Pollution Due To Leachate flows at Putri Cempo Landfill. Proc Internat Conf Sci Engin 1: 103-109. Landfill developed with open 

dumping system and below the adequate standard potentially lead to new problems like those found at Putri Cempo Landfill in Surakarta 

City. They include leachate, which easily flows in runoff, seeps through soil and land surface, and infiltrate into groundwater that supplies 

the surrounding residential wells. A research on leachate spread pattern from landfills to their surrounding areas thereby becomes 

necessary particularly in terms of environmental pollution potential from underground, which is latent and difficult to monitor. The aims 

of this research were (1) to identify the areas that experienced groundwater pollution due to leachate flows, (2) to identify the distribution 

of resistivity in these areas, and (3) to develop a model for leachate management. This research used Electrical Resistivity Tomography 

(ERT) survey for identifying the distribution of resistivity in polluted areas. It also used groundwater quality analysis for validating the 

interpretation of the ERT survey results. The results of the research showed that there was an anomaly in the subsurface layer. Materials 

with resistivity values of 0.25-1.20 ohmm were found in various depths within 0-8 m below the surface. These values were much lower 

than the resistivity of the main materials found at the measurement site, i.e. 4.9-13.1 ohmm. Accordingly, this anomaly signified the 

existing influence of pollution. The pollution along the geoelectrical sounding line had uneven distribution and centric pattern at several 

points that indicated the accumulation sites of leachate. The proposed leachate management model included the constructions of base 

lining (liner), leachate collection channel, geomembrane-composed final cap, and leachate treatment. 
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INTRODUCTION 
 

Landfills contain a variable quantity of toxic materials 

and comprise a risk for human beings and their 

environment (Bernard et al., 1997; Ben Salem et al., 

2014a, 2014b). One factor that has been a problem at 

landfills is the presence of leachate especially its 

alarming mobility within soil and aquifer layers. The 

most likely emerging environmental problem is caused 

by leachate migration from landfills to soil layers and 

groundwater. Leachate is a liquid waste produced by 

water flowing from external sources into the piles of 

waste, which then rinses and dissolves the materials 

inside them. Therefore, it is composed of various 

organic and inorganic pollutants. When rainwater comes 

into direct contact with waste, part of it becomes runoff 

and experiences evapotranspiration. The remaining 

water infiltrates into a pile of wastes. Leachate occurs 

when the capacity of waste materials to retain water 

(field capacity) is exceeded. It is a liquid material 

composed of a high concentration of organic contents 

and formed by rainwater flowing on to landfills. Aside 

from the high organic contents, the environmentally 

harmful nature of leachate is also caused by the presence 

of metallic substances (e.g., Cr+6). A poor treatment 

results in the infiltration of leachate into soil layers, 

which is followed by groundwater pollution in the 

surrounding areas. Leachate likely creates problems 

because it flows both laterally and vertically depending 

on the characteristics of its surrounding materials. The 

quantity (discharge) and the quality of leachate are 

highly fluctuating as they are determined by rainfall and 

the character of waste materials. The relationship 

between the amount of rainwater and leachate discharge 

has to be determined prior to designing the pollutant 

load and the capacity of a leachate treatment facility. 

Nowadays, geophysical methods are well-established 

techniques for approaching and successfully solving 

hydrogeological, geological, archaeological, and 

environmental problems (Dahlin and Owen 1998; 

Atzemoglou etal. 2003).Geo-electrical methods are 

widely employed in the shallow investigations. Among 

these, electrical resistivity is the one commonly used to 

solve various problems (Bernstone etal. 2000). The 

method is based on the apparent resistivity 

measurements along the earth surface. Recent 

developments in the data acquisition have laid to multi-

electrode resistivity equipment and interpretation of the 

data in the form of electrical resistivity tomography 

(ERT) laterally and vertically.This technique has various 

applications in the landslide studies (Lapenna et al. 

2003; Perrone et al. 2004;Drahor et al. 2006), 

groundwater exploration (Dahlin and Owen 1998; 

Suzuki and Higashi 2001; Hamzah et al. 2006),and 

investigation of the waste disposal areas (Bavusi et 

al.2006; Soupios et al. 2007; Zaidi and Kassem 2012). 
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MATERIALS AND METHODS 
 

Study Area 
Putri Cempo landfill, located in Surakarta city, cover  17 

ha surface and was in operated since 1986. Garbage 

volume increased significantly from year to year, the 

average garbage supply of 260-290 tons per day. The 

site is located in the local bedrock in the form of very 

fine grained sedimentary rocks, igneous rocks, 

metamorphic rocks that which is unporous (Surono et al, 

1992) 

 

Geophysical  Survay 

The Electrical Resistivity Tomography (ERT) method in 

this research applied Schlumberger electrode array to 

obtain primary data from direct measurement at the 

field. It firstly determined five measuring points, which 

were located on the north, west, east, and at the center of 

the landfill. These measuring points provided 

information on areas with the greatest and smallest 

pollutant anomaly by interpreting the differences 

between the electrical resistivity levels acquired from 

geo-electrical sounding and those of clean water, i.e. 

between 10-100 ohm-m. These values were the base for 

determining which points had the greatest and the 

smallest anomaly and for identifying the direction of 

leachate flows. The equipment used in this research was 

GPS Garmin Vista, compass, roll-up tape measure, and 

ERT Geoelectrical Instrument. ERT assesses the layers 

of the underground materials based on the nature of their 

resistivity (Telford et al., 2004). Electrical resistivity (ρ) 

is controlled by electrical current (I) and electrical 

potential difference (V), which are both obtained from 

direct measurement at the field (Alfred et al., 2008). 

They are acquired by injecting electrical current 

underground using pairs of current electrodes (C1, C2) 

and potential electrodes (P1, P2) (Loke, 2000). 

 

 
 
 

 
 

Figure 1. The location of geoelectrical sounding. 
 

 

 
 

Data Acquisition 
Electrical current was injected through a set of 

electrodes arranged in Sclumberger configuration 

(Figure 2). Electrical current flowed through a circuit, as 

illustrated in Figure 2. Current electrode pairs (C1, C2) 

were placed in a wider distance than potential electrode 

pairs (P1, P2). The distance (AB or L) was wider in 

order to measure the electrical resistivity of deeper 

materials. When electrical potential difference becomes 

difficult to measure, the sensitivity of the measuring 

instrument decreases; hence, the distance between 

potential electrode pairs (MN or a) has to be widened. 

The electrical current and electrical potential difference 

for every distance formed between current and potential 

electrodes were observed in order to calculate the 

pseudo-electrical resistivity of the composing materials 

in the research area. Data acquisition was conducted at 

five measuring points throughout Putri Cempo Landfill. 

These points were distributed evenly in all underlying 

geological formations in the research area. 
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Figure 2. The arrangement of electrodes in Schlumberger configuration 

forms an electrical circuit. 

 
 

Data Processing 
Data acquisition process produces electrical current (I) 

and electrical potential difference (V). However, data 

processing requires pseudo-electrical resistivity instead 

of these two data. The pseudo-electrical resistivity (ρa) 

was calculated based on electrical current and electrical 

potential difference using the following equations: 

 

R = , (1) 

ρa = , (2) 

ρa = . (3) 

 

In inverse modeling technique, the inversion process 

of pseudo-electrical resistivity was conducted using 

IP2Win computer program. This process aimed to 

convert pseudo-electrical resistivity into the actual 

electrical resistivity of the materials. 

 

Data Analysis Technique 
In order to identify the location of leachate 

accumulation, this research used quantitative descriptive 

analysis, i.e. an analysis technique for understanding the 

distribution of electrical resistivity in polluted areas. 

Every material has its own range of electrical resistivity. 

A lower electrical resistivity than the inherent range of 

related materials indicates the presence of leachate. For 

example, a groundwater aquifer (freshwater) with 

electrical resistivity between 10-100 Ώ m will present a 

reading of lower than 10 Ώ m if it is polluted. 

Identifying the spread direction of leachate in the 

research area was based on the electrical resistivity 

pseudo-section and three-dimensional model that were 

correlated with hydrologic and geologic data. The 

pseudo-section provided information on both lateral and 

vertical distribution of electrical resistivity as well as 

depth. The distribution was presented in a log data 

model in order to create a three-dimensional model for 

either electrical resistivity or composing material/ 

lithology. The three-dimensional model that had been 

correlated with hydrologic and geologic data provided 

information on the spread direction of the leachate. In 

addition, laboratory analysis on groundwater quality 

aimed to validate the ERT survey result, which waspart 

of quantitative descriptive analysis, with the Regulation 

of the Ministry of Health No. 492/MenKes/Per/IV/2010 

on the Requisite of Drinking Water Quality as reference. 

  

 

RESULTS AND DISCUSSION 
 

Groundwater flow is a media that has a continuous 

influence on the surrounding underground environment. 

Poor and polluted water quality affects the environment 

negatively. Leachate that fuses into groundwater flows 

from one place to another in order to erase the energy 

difference between leachate and groundwater. It is found 

at the bottom of landfill. When it seeps through the 

underlying soil layers, many chemical and biological 

elements that initially present in it will be released into 

the surrounding soil layers through filtration and 

absorption whose rates depend on the characteristics of 

the soil. In order to identify areas that experience 

leachate-contaminated groundwater, this research used 

Electrical Resistivity Tomography (ERT). The 

geoelectrical sounding analysis in Putri Cempo Landfill, 

Surakarta City produced different patterns that were 

classified into four resistivity groups. This range is, then, 

classified based on the categories proposed by Lowrie 

(2007) and Milsom (2003). The first group was found at 

a depth of 0-1.83 m and distributed evenly with diverse 

resistivity values, i.e. between 2-255 ohmm. These 

layers were inferred to be surface soils that comprised 

materials from clay to sand, which formed a widely 

diverse range of resistivity. These soils are formed due 

to human activities that supply additional or new 

materials from different places for various purposes like 

construction and agriculture. 

The second group had a resistivity of 4.9-13.1 

ohmm, which was distributed at a depth of 2-10 m. As 

shown by the resistivity values, this layer was 

interpreted as clay layering with different levels of 

saturation. The higher the resistivity, the lower the water 

content in clay layers; and vice versa. The clay layer at 

this zone is controlled by the activities of Bengawan 
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Solo River, located on the south of the zone, that supply 

the main clay materials.  

The layering of clay materials, down to 10 m from 

the surface, forms a groundwater zone composed of 

clays. According to Purnama (2010), the groundwater 

system formed by this type of materials can be defined 

as aquiclude or aquitard. This system stores water but 

restricts it from flowing to other areas, which then traps 

fluids inside the clays for a long time.  

The third layer had a resistivity of 35.2-94.9 ohmm, 

which was distributed at a depth of more than 10 m. It 

was interpreted as a mixed layering of clay and sand 

produced from the activities of Merbabu, Merapi, and 

Lawu Volcanoes in the past. This sandy clay layer is a 

transition between the clay-composed layer formed by 

Bengawan Solo River and the sand-composed one 

formed by past volcanic activities. The presence of sand 

and clay composition increases permeability and 

porosity (Todd, 1980) and, thereby, improves the 

capacity to absorb, store, and channel water.  

The fourth layer had a resistivity of 0.25-1.20 ohmm 

at various depths within 0-8 m from the surface. It 

presented an anomaly because its resistivity was much 

lower than that of the main materials found at this depth, 

i.e. 4.9-13.1 ohmm. Such anomaly was caused by 

leachate accumulation from the landfill. Leachate is a 

liquid material produced from organic waste 

decomposition that potentially increases the ionic 

contents of soil and groundwater. The addition of 

leachate into the groundwater system increases the 

electrical conductivity of contaminated 

materials/groundwater steeply, which leads to a 

significant decline in electrical resistivity. Therefore, 

this anomaly was identified as the indications of 

pollution. It was validated by the results of laboratory 

analysis, which showed that one of the chemical 

elements, i.e. Nitrate, exceeded the standard set in the 

Regulation of the Ministry of Health No. 

492/MenKes/Per/IV/2010 on the Requisite of Drinking 

Water Quality. The pollution spread unevenly along the 

geoelectrical sounding line and with a centric pattern at 

several points, representing the accumulation sites of 

leachate. The distribution of resistivity and its 

interpretation is visualized in Figure 3. 

 

 
 

 
 

Figure 3. Resistivity section and interpretation result along the sounding line around Putri Cempo Landfill. 

 

 
 

The pollution was found at the clay layers, meaning 

that the pollutants were hardly rinsed and transported to 

other areas. This entrainment may lead to the 

accumulation of a larger pollution that negatively affects 

the environmental quality particularly from groundwater 

aspect. The groundwater pollution in the surrounding 

areas of Putri Cempo Landfill is in line with the research 

conducted by Yudhyarto et al. (2015). This research, 
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referring to the information provided by the local 

people, found that the water in the residential wells was 

often yellowish and blackish after the construction of 

Putri Cempo Landfill, indicating the presence of 

groundwater pollution due to leachate accumulation 

from the landfill.  

The pollution around the landfill accentuates the 

urgancy of a better management in leachate treatment in 

order to contain the contamination. The shape and plume 

of leachate distribution depend on the concentration of 

pollutant and the type of groundwater flow. Pollutants 

with high concentration in fast groundwater flow result 

in a big and extensive plume. The model produced the 

three-dimensional topography of the research area, 

which provided a description of the groundwater flow. 

Based on the three-dimensional model of groundwater 

conductivity, the obtained shape and plume are 

presented in Figure 4. Meanwhile, according to the 

three-dimensional model (Fance model) resulted from 

the ERT surveys at G1 and G2 with intersecting lines, 

the spread direction of the leachate was indicated by low 

electrical resistivity, as presented in Figure 4. 

 

 
 

 
 

Figure 4. The three-dimensional pattern and spread direction of leachate. 

 

 
 

Figure 4 also shows that the leachate, marked in 

purple (Rho= 1 ohm m), flows southwestward. This 

flow pattern is influenced by the minor structure of the 

lithological layers, composed of sandy materials with 

medium porosity, and the layering that lies parallel to 

contour and toward the southwest. 

The landfill management model, based on 

groundwater system vulnerability and its resultant 

leachate flows, is designed as follows: 
 

Base Lining (Liner) 

Infilling requires a base lining system that aims to 

reduce the mobility of leachate into groundwater. An 

effective liner prevents pollutants from migrating to the 

environment, especially groundwater. However, there is 

empirically no 100% efficient liner system. The 

discharge of leachate is inevitable, which implies the 

need of leachate collection channel aside from liner 

system. Therefore, the bottom of landfill has to be sealed 

with layers of liner materials to prevent leachate from 

migrating to outside of the landfill and equipped with 

leachate collection channel. The liner is made of natural 

materials (e.g., clay, bentonite) or synthetic materials. It 

may comprise one material (single) or a combination 

between natural and synthetic materials, commonly 

referred to as geocomposite, depending on the necessary 

functions. 

The layer formations and the types of liner materials 

vary according to the characteristics of solid waste piled 

onto the landfill. Bagchi recommends that applying 

single liner system composed of clay is sufficient for 

city waste. The recommended base lining is 

geosynthetic or known as flexible membrane liner 

(FML). The commonly used geosynthetic for base lining 

is Geotextile as filter, Geonet as drainage channel, and 

Geomembrane and geocomposite as buffer layer. 

Geomembrane, as an impermeable layer, is a 

geosynthetic made of impermeable polymer. The best 

polymer is high-density polyethylene (HDPE) that is 

resistant to chemical reactions occurring in hazardous 

materials waste. The scheme of double liner system 

between FML and compacted soil is presented in Figure 

5. 
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Figure 5. The structure of base lining (liner) system. 

 

 

 

Leachate Collection Channel 

Leachate collection system is recommended to have 

holed pipes located inside the rock-coated channels. In 

addition, it requires coated channels that contain hollow 

river stones. The facilities required for pipe-equipped 

leachate collection channels are generally as follows: 

1. Terraced Slope 

In order to prevent leachate from accumulating at the 

bottom of landfill, the base of landfill is transformed 

into terraces with certain slope (1-5%) that allows 

leachate to flow into collection channels (0.5-1%). In 

order to make leachate flow into collection or re-

circulation unit, every collection channel is equipped 

with holed pipes. The maximum slope and length of 

collection channels are designed based on the 

capacity of collection channel facility. In order to 

assess this capacity, the research uses Manning’s 

equation.  

2. Piped Bottom 

The bottom of landfill is divided into several 

rectangles with clay divides. The width of the divide 

depends on the width of the cells. Leachate 

collection pipes are placed parallel to the length of 

cells and directly on geomembrane.  
 

Final Cap 

The final cap of landfill consists of several parts. The 

upper part is soil that functions as protection and plant-

growing medium (top soil). When soil in the area does 

not accord to the requisites, it needs an improvement, 

i.e. by mixing or replacing it with soils from other areas. 

The thickness of top soil is 60 cm. The layer beneath it 

functions as drainage system, which drains as much 

precipitation as possible so that rainwater does not seep 

into the layer beneath it. The materials used for 

composing this layer are porous, e.g., sand, gravels, and 

synthetic materials like geonet. The thickness of this 

layer is around 30 cm. The second part is leachate-

retaining layer, which is commonly composed of 

geocomposite (geomembrane and compacted clay). The 

thickness of geomembrane is recommended to be more 

than 2.5 mm; while the thickness of clay is more than 50 

cm. Beneath this layer is the gas ventilation system, 

which is a requisite for city waste treatment because 

most of city waste is organic matters that decompose 

biologically. In aerobic condition, the resultant gas is 

mainly carbon dioxide and methane. Therefore, this 

biogas can be utilized as an alternative source of energy. 

The layer of gas ventilation system consists of porous 

medium like sand/gravel or pipe system. The lowest part 

of the final cap is subgrade layer that functions to 

increase the stability of the surface of landfill. 

Furthermore, it helps to form a necessary slope for 

accelerating lateral drainage and reducing hydraulic 

level. Its thickness is 30 cm. Aside from this final cap, 

reducing the amount of overland flow that enters landfill 

involves slope arrangement, equipped with surface 

drainage and sowing. 
 

Leachate Treatment 

Leachate contains the same composition as liquid 

domestic waste, but the concentration of its organic 

matters is higher than a pile of domestic waste, as 

indicated by the high BOD5 level of leachate, i.e. around 

2,000-30,000. Leachate treatment system is divided into 

two steps, namely secondary treatment and tertiary 

treatment. The secondary treatment consists of 

stabilization pond (facultative and anaerobic) and 

aeration pond.  

 

 

CONCLUSIONS 
 

According to the aforementioned results, the research 

conclusion is as follows: 

1. Data analysis of geo-electrical sounding in the 

research area shows an anomaly in the electrical 

resistivity of the subsurface materials. The anomaly 

comprises a resistivity of 0.25-1.20 ohmm at various 

depths within 0-8 m below the surface, which is 

much lower than the resistivity of the main materials 

found at this depth, i.e. 4.9-13.1 ohmm. Therefore, 

this anomaly indicates the presence of pollution.  

2. The leachate flow pattern is influenced by the minor 

structure of the lithological layers, composed of 
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sandy materials with medium porosity, and the 

southwestward, parallel layering to contour. 

3. The landfill management model, based on 

groundwater system vulnerability and the resultant 

leachate movement, consists of base lining (liner), 

leachate collection channel, final cap composed of 

geomembrane, and leachate treatment. 
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Abstract. Habibi M R, Niyartama T F. 2017. The Study of Specific Surface Area from Carbonat Rock Using Micro Computed 

Tomography (µ-CT). Proc Internat Conf Sci Engin 1: 111-113. Carbonate rocks have been scanned and reconstructed in order to get the 

value of specific surface area. We get it from the reservoir at a depth of 1000 metres in South Sumatra. Skyscan Micro-CT 1173 is used 

for throwing and thresholding images using Global Otshu to characterize rocks. Our calculation result shows that the value of specific 

surface area of carbonate rocks show results 100 to 10-2 using the programming Algorithm Fuzzy C-Mean. The difference in values far 

enough that it can be assumed that the carbonate rocks have a heterogeneous surface area. In addition, histogram model shows the 

similarity of the sample. The macro sample has the same characteristics as the micro sample. 
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INTRODUCTION 
 

Specific surface area is a property of the material which 

is the ratio of an area of with a total volume of sample or 

bulk volume of the material (Tiab et all, 2011). Specific 

surface area can be calculated with the following 

equation: 

 

  (1) 

 

 
 

Figure 1. Perimeter illustration with detection of edge (Irayani, 2014). 

 
The perimeter is the circumference of an object. In 

2D, the perimeter can be viewed as a long curve 

enclosing object, and in 3D, the perimeter is the area 

enclosing the object. Perimeter quantity can be 

calculated with the method of detection of edges, i.e. 

counting pixels enclosing the object. Illustration of the 

Image shown on the perimeter of 2.4, in part (a) shows 

the various objects and images (b) are colored white is 

perimeter (Irayani, 2014)  

Programming language Fuzzy C-Mean Algorithm 

php used to manipulate the image in the measurement of 

the specific surface area. The first specified are the 

spatial resolution, determine the unit of pixels from each 

dataset scenario. After that each image dataset scenario 

opened one by one and processed using the 

programming Algorithm Fuzzy C-Mean to calculate the 

perimeter or circumference of each grain. After obtained 

data round the entire perimeter of the data aggregated 

and divided by the volume of bulk using Ms Excel to get 

the value of specific surface area from each dataset 

scenario. 

 
 

MATERIALS AND METHODS 
 

Material 

The carbonate rock from the reservoar was used in this 

research. Carbonate rocks will be made into plug cores 

with smaller size. The creation of this sample aims to get 

an increasingly smaller sample size to generate a small 

resolution image anyway so the image quality is 

obtained from a sample of the most good. The macro 

sample has the same characteristics as the micro sample. 

This research was done on March-May, 2016. This 

research was conducted in laboratory of Zoology 

Faculty of Science and Technology UIN Sunan Kalijaga 

Yogyakarta. 

 

   
 

Figure 2. Sampel Plug Core Reservoar Carbonate. 

A1 

A3 

A 
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 The samples have been analyzed in the laboratory 

petrofisika. The results of the analysis into a reference in 

accordance with table 1. 

 
Table 1. The results of the calculation Laboratory Petrophysics 

(Lemigas). 
 

Code 

Sampel 

PorV 

(cc) 

GD 

(Gr/cc) 

Por 

(%) 

K abs 

(mD) 

Lithology 

Description 

C37 7,849 2,746 13,987 1,845 

LS (PS):gry, 

hrd, sli 

vuggy, dru 

calc, calc, 

om, sli 

stylotite. 

 

 

Procedures 

The procedure of this research is as follows: 

 

 

 
 
Figure 3. Flowchart specific surface area calculations per image using 

Fuzzy C-Mean Algorithm php (Bimantoro, 2017). 

 
 

 

Data analysis 

The calculation of the sub samples using widely 830 x 

830 pixels to sample A, A1 and A3, obtained the 

following results (figure 4 and figure 5): 

 

 

 
 

Figure 4. Specific surface area. 
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Sample A1 

 

 
Sample A3 

 
 

 
 

 

 

 

Figure 5. SSA Sample Reservoar Carbonate and Histogram Graphics. 

 

 

 

 

RESULTS AND DISCUSSION 
 

Figure 5 shows the surface area from sample A, A1, and 

A3. The histogram graph from the sample of A and A3 

shows the same trend, whereas the A1 samples showed 

the difference of histogram graph when compared to 

samples of A1 and A3. The difference is due to the 

sample condition A1 which has not been in a dry state, 

compare with sample A and A3 that is already in a dry 

state when the scanning process performed on samples, 

thus affecting the image value of specific surface area 

although using the same model and characterization. 

Image reconstruction of a sample A1 has a surface 

area of more than reconstruction image sample countless 

A3 and contrasts with the image of A reconstruction that 

has the same resolution (Figure 4.10). Although the 

sample A3 has a higher resolution, the result of spesific 

surface area calculations lower than A1 sample because 

A1 illumination sample not in normal distribution so the 

specific surface area calculations was not representative. 

If we compared all the sample, spesific surface area 

calculations showed differeces with the order of 100 to 

10-2. The difference of specific surface area showed the 

sample heterogenity. Determaining the value of spesific 

surface can be improve in teh next study. 
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CONCLUSIONS 
 

Our calculation result shows that the value of specific 

surface area of carbonate rocks show results 100 to 10-2 

using the programming Algorithm Fuzzy C-Mean. The 

difference in values far enough that it can be assumed 

that the carbonate rocks have a heterogeneous surface 

area. In addition, histogram model shows the similarity 

of the sample. The macro sample has the same 

characteristics as the micro sample. 
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Abstract. Happyalita U C. 2017. Study of Computational Theory of Surface Plasmon Resonance (SPR) for Porcine Gelatin Detected 

Sensor Based Nanomaterial Fe3O4–CNT in Otto’s Configuration. Proc Internat Conf Sci Engin 1: 115-124. Accurate biomolecular 

detection can be performed through the Surface Plasmon Resonance (SPR) phenomenon. This study was conducted to determine the 

effect of the addition of Fe3O4 and Carbon Nanotube (CNT) nanomaterials in the Otto configurations and their use as porcine detection 

sensors. The research was conducted theoretically by finding the equation of reflectance and computationally using Matlab software 

version 7.12.0 to know SPR angle and reflectance value. This research uses ATR method with Otto configuration. The modeling was 

finished using HeNe laser light on 632.8 nm wavelength, semi-circle prism type BK7, metal layer of gold nanoparticles. The results of the 

research can be used in the detection of porcine gelatin by Otto configurations. The best air gap thickness is 30 nm. The best thickness of 

the gold layer and Fe3O4 layer are 50 nm and 0.05 nm. The applied of MWCNT nanoparticles is not effective in the detection of 

biomolecules based SPR. While the thickness of SWCNT used is 1 nm. The SWCNT material also proved to be better used in SPR 

systems. The addition of porcine gelatin layer in the system shows a graphic change in the form of increasing reflectance value and SPR 

angular shift. 

 

Keywords: CNT, nanomaterial Fe3O4, porcine gelatin, SPR 

 
 

INTRODUCTION 
 

The development of science and technology today is so 

fast that it requires the academics to continue to develop 

their knowledge in order to compete with the outside 

world. Moreover, we has entered the ASEAN free trade 

system (MEA). Market competition is also becoming 

more widespread. Currently, there are many studies that 

use biosensors because of the benefits in the field of 

excellent public service. According to the International 

Union of Pure and Applied Chemistry (IUPAC), 

biosensors are tools or analytical devices that use certain 

biochemical reactions mediated by enzymes, 

immunosystems, tissues, organelles, or isolated cells to 

detect chemical mixtures with outputs of electrical 

signals, heat, or optics. The biosensor system can be 

developed through Surface Plasmon Resonance (SPR) 

phenomenon. SPR equipment system will assist the 

development of technology both in the field of health, 

medicine, and in industry. Biosensor system on SPR is 

expected to be used as a halal detection sensor of a 

product. Halalism of a product both medicine and food 

is now a major concern among the public, especially in 

Indonesia, which is predominantly Muslim. Based on 

the Halal Journal (Kuala Lumpur), in the past 10 years 

the world's halal food market is worth about 632 billion 

dollars annually. The world's halal food market value is 

equivalent to 16% of the total food industry worldwide 

based on Time magazine calculations. Indonesia, which 

has a majority Muslim population, should have a role in 

developing the halal market. Not just to show the 

existence of the state and take market opportunities, but 

more focused to protect the population from consuming 

something that is unlawful. Therefore, Indonesia should 

be able to guarantee the halalness of domestic industrial 

products and ensure halal products imported from 

abroad. 

In the Holy Qur'an Surah Al-Maidah verse 3, it is 

clearly stated that eating carrion, blood, and pig is 

haram. However, some rogue producers provide a 

mixture of porcine gelatins on their products. To qualify 

halal a drug and food, it must be free from porcine 

gelatin content. The content of porcine gelatins in a 

processed product such as gelatin is very difficult to 

know directly. Gelatin from different sources has very 

similar physical and chemical properties that are 

difficult to distinguish. The differences of each type of 

gelatin can be determined from the amino acid 

composition. Therefore, it takes a tool that is able to 

detect the presence of porcine gelatin content in a 

product. Seeing this, halal detection of a SPR-based 

product is very necessary to be developed. This research 

will be conducted theoretically computation using 

Matlab 7.12.0 software. The simulation of SPR-based 

biosensor system that will be developed is using Fe3O4 

and CNT nanomaterials. This study tried to test 

computationally to know the phenomenon of SPR that 

happened in biosensor nanomaterial Fe3O4 and CNT as 

detection of porcine gelatin. 
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Surface Plasmon Resonance 

Surface Plasmon Resonance (SPR) is a physical process 

that occurs when polarized light shoots / irradiates a 

metal film under internal reflection conditions. The SPR 

was preceded by the peculiarities that occurred during 

1902-1912 Wood shone polarized light on a metal 

behind a diffraction grating. A dark and bright band 

pattern is seen in reflected light. However, at that time 

Wood had not found a good answer to explain the event. 

(Schasfoort and Tudos, 2008; Arifin, 2010) 

It was then described by Rayleigh in 1907. In his 

work, "Dynamical Theory of the Gratings" which 

became the basis for the development of electromagnetic 

field scattering. He concluded that the scattering of the 

field is the single wavelength, each corresponding to the 

spectral sequence arising from the lattice. Then he 

observed this wavelength, which was then called the 

Rayleigh wavelength (λR), which matched the Wood 

anomaly (Arifin, 2009). SPR can occur in the metallic / 

dielectric boundary field when a beam of light comes 

from a dielectric medium with a larger angle coming 

from a critical angle (Sigh, 2014). In such conditions, in 

the boundary plane of the dielectric / metal divergence 

there will be evanescent waves penetrating into the 

metal medium. If the resonance condition is met, 

resonance between the evanescent wave and the free 

electrons occurs on the metal surface resulting in a local 

electric field and a much larger penetration of the 

evanescent wave.  (Homola, 2006; Sambles, 1991) 

The SPR phenomenon results in a reduction in the 

intensity of light passing through the prism, depending 

on the type and thickness of the material used. When 

light enters the prism, some light is reflected and 

partially transmitted. Prisms coated with materials with 

a certain index of refraction allow the light to continue, 

and possibly no waves. The free electrons in the metal 

have electromagnetic waves inside them. The movement 

of electromagnetic waves inside the metal surface is 

called surface plasmon. Whereas plasmons are the 

quantized oscillations of electrons in a conductive 

medium. In quantum concepts, plasmons are often 

regarded as quasi particles similar to the concept of 

photons and phonons (Ru and Etchegoin, 2009). When 

the surface plasmon has the same properties as the light 

wave is forwarded then appears Surface Plasmon 

Resonance (SPR). The intensity of light reflected back 

from the surface of the magnitude differs from the 

surface. This intensity can be measured to determine 

when the SPR occurs (Kooyman, 2007). 

The dispersion relation between k and ω becomes 

close
2 c    when kx is very small because of the 

limit ω → 0,ε1 ≫ ε2. As for the big k moment 
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In terms of wave propagation in free space, the 

number of waves will be proportional to the frequency. 

In other words, this wave propagation dispersion curve 

is a linear curve. However, the EC wave dispersion 

curve is not linear. From that figure, it is clear that there 

is no intersection between the free wave dispersion 

curve and the EC wave dispersion curve, ie the Kix = Ksp 

condition has never occurred. (Yamamoto, 2008) 

The EC phenomenon cannot be observed simply by 

illuminating a metal / dielectric boundary field. 

Therefore, it is necessary to make a way for both curves 

to intersect. One way that can be done is to use a prism 

so that the light wave dispersion curve can be changed 

to the slope and produce a intersection with the EC wave 

dispersion curve. When the wave of light comes in total 

internal reflection, the evanescent wave spreads on the 

boundary plane of the dielectric / dielectric layer with 

the wave vector (Arifani and Abraha, 2013). 

 

 

sinx p ik n
c




 
  
 

 (4) 

 

In order for the dispersion curve to intersect (Kix=Ksp), 

the angle of light must meet  
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Along the boundary plane equal to surface plasmon 

wave vector (SP). The SP wave vector is determined 

only by the dielectric constant of the metal and the 

dielectric material, given by the relationship with εm is 

the metal dielectric constant and εd is the dielectric 

constant of the dielectric material. (Wu, 2010) 

The SP wave vector is determined only by the 

dielectric constant of the metal and the dielectric 

material, given by the relationship with εd and εm, so the 

above equation can also be written as follows, 
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The reflectance intensity for the 3 layer system 

(prism, metal, and medium) in the Kretschmann 

configuration based on the Fresnel formula for the p-

polarization is shown by the following equation, 
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With rij denoting the reflectance coefficients at the 

intermediate i and j medium interfaces, Kzi shows the 

perpendicular surface wave vector components, di and εi  

(i = 1,2,3) are the thickness and the dielectric constant 

of the medium to -i. (Jahanshahi, 2015) 

When light is radiated on a prism with a thin layer of 

gold (50 nm), the reflectance of light approaches zero at 

an angle to the prism where surface plasmon waves on 

the gold surface are coupled with some light coming. 

This angle is called the SPR angle and is very sensitive 

to the thickness of the sample layer. SPR is highly 

dependent on the nature of the thin metal layer, the 

wavelength of light occurring and the refractive index of 

the medium on the other side of the thin metal layer 

(Yan et al, 2013). The metal has electrons in the 

conduction band that can resonate with the light coming 

on suitable light waves. Metals suitable for this 

condition are silver, gold, aluminum, sodium, copper 

and indium. The metal on the sensor surface must be 

free of oxidation, sulphide, and does not react with other 

molecules contained in air and water (Ru and Etchegoin, 

2009; Oliveira et al., 2015). The weaknesses of the 

metal are too expensive indium, too reactive sodium, 

copper and aluminum are too coarse in response to SPR, 

and silver is too susceptible to oxidation so that the most 

suitable metal is gold. Gold is very resistant to oxidation 

and other atmospheric pollution. 
 

Atteuated Total Reflection  

The approach to understanding surface plasmon 

excitation can use the Attenuated Total Reflection 

(ATR) method. There are two configurations of the ATR 

method of Kretschmann and Otto configurations. In the 

Otto configuration, the dielectric layer is between the 

prism and the metal layer or there is an air gap between 

the metal layer prisms. Light comes from the prism and 

then enters the air and dielectric layers to produce 

evanescent waves in the dielectric / metal boundary 

layer. SPR waves form on the boundary plane if the 

above resonance conditions are met. (Arifin, 2009; Otto, 

1968) 
 

Nanoparticle Fe3O4 

Magnetic nanoparticles are magnetic materials of 

nanometer size. Magnetic nanoparticles have varying 

physical and chemical properties and can be applied in 

various fields. One such magnetic particle that can be 

nanometer-sized is iron oxide such as Fe3O4 (magnetite). 

Fe3O4 can be utilized as a material that helps in drug 

transport systems (Drug Delivery System), Magnetic 

Resonance Imaging (MRI), and cancer therapy. The 

Fe3O4 magnetic nanoparticles can also be used as 

Surface Plasmon Resonance (SPR) based biosensors. 

The Fe3O4 magnetic nanoparticles as active ingredients 

in SPR biosensors serve to detect DNA 

(deoxyribonucleic acid) quickly and sensitively (Sari, 

2012). To be applicable in these areas, it is important to 

consider the particle size, magnetic properties, and 

surface properties of the nanoparticles themselves. 

Figure 2.10 is a powder of Fe3O4 nanoparticles and 

Fe3O4 molecular structure. The Fe3O4 nanoparticles may 

be superparamagnetic. These properties make Fe3O4 

able to interact with biomolecules. The detection of 

biomolecules with Fe3O4 material is done through the 

SPR phenomenon. The presence of biomolecules is 

known by the change of SPR angle. This change is 

caused by changes in refractive index on metal 

interfaces and dielectrics (Husain, 2012). Some property 

values of Fe3O4 when subjected to HeNe laser light with 

a wavelength of 632.8 nm have a refractive index (n = 

2.162 + 1.178 i). (Sari, 2012) 
 

Carbon Nanotube 
Carbon Nanotube (CNT) is one of carbon structure that 

is shaped like cylinder with diameter in nanometer 

order. One of the uniqueness in this structure is its 

advantages in terms of strength, electrical properties, 

and also properties in good heat conduction. CNT is 

formed with the ratio of length: width is 132.000.000: 1, 

bigger than other material. This carbon cylinder 

molecule is very useful in the field of nanotechnology, 

electronics, optics and various fields of materials science 

and technology. 

Carbon nanotubes include one of the fullerene 

structural members. The name carbon nanotube comes 

from its long, hollow shape with a wall formed by a 

sheet of one atom of carbon thick, called graphene. This 

carbon sheet is rolled up at a discrete and angle. The 

chemical bonds of CNTs are formed from sp2 bonds 

similar to graphite. This bond is stronger than the sp3 

bond found in alkanes and diamonds. CNTs are 

categorized into two types ie single-walled or SWCNT 

and many-walled (MWCNT). SWCNT has electrical 

properties not owned by the MWCNT structure. This 

allows the development of SWCNT structures into 

nanowires because SWCNT can be a good conductor. In 

addition SWCNT has been developed as a substitute for 

Field Effects Transistors (FET) on a nano scale. This is 

because SWCNT properties can be nFETs as well as p-

FET when reacting to oxygen. Since it can have 

properties as n-FET and p-FET then SWCNT can 

function as a logic gate. CNTs can be conductor and also 

semiconductor. When a CNT as a conductor, it can have 

a very high conductivity of up to 1 billion Ampere per 1 

cm2. CNTs have an electrical current density of 1000 

times greater than metal (eg copper, silver). CNTs have 

the ability to transmit 6000 W / m / K at room 

temperature (at copper only 385 W / m / K). In addition, 

the nanotubes remain stable to 2800 ° C in a vacuum and 
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about 750 ° C in free air. CNTs have some very useful 

optical or feeding properties. The optical properties of 

MWCNT and SWCNT have some differences. Based on 

its chemical structure, MWCNT has optical properties 

similar to graphite (Djurisic, 1999) whereas SWCNT is 

similar to carbon (Phillip, 1964) so that optical 

properties of CNTs are obtained through both 

approaches. 
 

Table 1. Optical properties of CNT on wavelength 632,8 nm. 

 

Optical properties MWCNT SWCNT 

Refractive index (n) 2,8363 2,4015 

Wave number(k) 1,5944 0,0000 

Dielectric constant (ε) 5,5024 + 9,044i 5,8106 + 0,0000i 

Absorption coefficient (α) 

/cm 
3,1662 x 105 0,0000 

 

 

Porcine Gelatin 

Gelatin is a protein derivative of collagen fibers present 

in the skin, bones, and cartilage. The amino acid 

structure is almost similar to collagen, where glycine is 

the main amino acid and constitutes 2/3 of all the amino 

acids that make up it, the remaining 1/3 of the amino 

acid is filled by proline and hydroxyproline. The average 

molecular weight of gelatin ranges from 15,000 - 

250,000. Water-soluble gelatin, acetic acid and alcohol 

solvents such as glycerol, propylene glycol, sorbitol and 

mannitol, but not soluble in alcohols, acetone, carbon 

tetrachloride, benzene, petroleum ether and other 

organic solvents. (Islamiah, 2016) 

Gelatin has reversible properties that can change 

from sole to gel form, swell or expand in cold water, can 

form film, affect the viscosity of a material, and can 

protect colloidal system. The properties of the gelatin 

surfaces are based on the fact that the gelatin side 

chains, like other proteins, have a charged group and a 

particular part of the collagen chain contains 

hydrophobic and hydrophilic amino acids. Hydrophobic 

and hydrophilic parts can move on the surface, thereby 

reducing the facial stresses of the solution. At the same 

time, gelatin has several properties to protect the 

stability of the formed surface. The multifunctional 

properties of this gelatin are used in the production and 

stabilization of foams and emulsions. 

Gelatin is naturally present in bones or animal skins 

such as; fish, beef and porcine gelatin. Gelatin derived 

from mammals is more widely used in food production 

because it has high melting point, good gelling agent 

and reversible thermo. Gelatin obtained from porcine 

gelatins is the most widely used gelatin in the food and 

medicine industry, considering the gelatin obtained from 

these animals is the least expensive compared to other 

animals. In the food industry, gelatin is used as a raw 

material for making soft candy, jelly, ice cream, 

formula, bread, processed meat, milk and soup mixed 

drinks. In the drug industry gelatin is used as one of the 

raw materials for making vaccine, capsule shell, pill, 

cream, toothpaste, soap and rubbing (Puspitaningrum, 

2015). Gelatin preparation is an attempt to utilize bone 

waste that is usually unused and disposed of in 

slaughterhouses. The use of gelatin in the food industry 

is primarily intended to overcome the problems that 

arise especially in product diversification. 

The gelatin of each animal species can be 

distinguished by its amino acid content and chemical 

structure. Figure 2.14 shows the chemical structure of 

porcine gelatin. Physically, the difference of amino acid 

content can be known through the difference of 

refractive index. Gelatin refractive index can be 

obtained through SPR phenomenon where the bigger 

angle of SPR shift, the greater the refractive index of a 

gelatin. The index of refractive porcine gelatin through 

SPR phenomena with wavelength of 632.8 nm laser 

light is 1.3351 (Wardani, 2012). 

 

 

MATERIALS AND METHODS 
 

This research is conducted in theoretical computation so 

that the tools and materials used are very simple, 

namely: computer with Windows 7 operating system 

which has installed software Matlab 7.12.0 with license 

number 161052 and application of winspall version 3.02 

and stationery. This research procedure consists of 2 

main parts namely the determination of the reflectance 

equation and the SPR curve making. The obtained 

equation is then used in the manufacture of SPR curves 

using Matlab 7.12.0 software. Modeling is done by 

using ATR method with Otto configuration. The data 

taken using Matlab software version 7.12.0 in the form 

of reflectance value for each variation of angle shown in 

graphical form of relationship between the coming angle 

with the reflectance value. Graphs obtained will be 

analyzed and compared to graphs created using the 

Winspall 3.02 application for Windows. Winspall is one 

application designed to simulate SPR curves based on 

Fresnel equations. In this program only need to include 

the value of material thickness and relative permittivity. 

  

 

 

RESULTS AND DISCUSSION 
 

This research is conducted theoretically and 

computationally. Theoretical research is finished by 

studying optical properties when Plasmon Resonance 

Surface (SPR) occurs. The main requirement of the 

resonance is when the plasmon frequency is equal to the 

frequency of the incident light. To find out the SPR 

angle that occurs need to know also the value of 

reflectance. The reflectance value is influenced by the 

type of material. SPR modeling is done by ATR method 

(Attenuated Total Reflection) so that the used is the 

reflectance value not the transmission value. In this 

research, will be conducted theoretical and 

computational studies with Otto configuration. In Otto 

configuration, the system created has at least 4 layers 

because in this configuration there is a air gap that lies 

between the prism and the metal layer. 
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Theoritical Study 

a. Four layer system (prism, air gap, gold, air) 

 

 
 
Figure 1. The modeling of optical system of SPR in 4 layers. 
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Note: 

R = reflectance 

rij = reflectance coefficient on medium interface i and 

medium j 

 I = dielectric constant of material i 

npr = refractive index of prism 

Kzi = wave vector component that perpendicular with 

interface 

di = thickness of material i (nm) 

θ = angle of incindence (o) 

c = light velocity (m/s2) 

b. Five layer system (prism, air gap, gold, nanomaterial 

Fe3O4, air) 

 

 
 

Figure 2. The modeling of optical system of SPR in 5 layers. 
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c. Six layer system (prism, air gap, gold, nanomaterial 

Fe3O4, CNT, air) 

 

 

 
 
Figure 3. The modeling of optical system of SPR in 6 layers. 
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d. Seven layer system (prism, air gap, gold, 

nanomaterial Fe3O4, CNT, porcine gelatin, air) 

 

 

 
 

Figure 4. The modeling of optical system of SPR in 7 layers. 
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Computational Study 
Before the prism is coated with a metal material or 

object identifier, a simulation is made before empty 

prism to know the shape of the SPR curve when the 

prism is empty and look for the critical angle of the 

prism. Figure 5 is the result of simulating the 

relationship between reflectance to the angle of arrival 

when the prism is empty. 

The simulation is made using prism BK7 with 

refractive index of 1.5151. The results obtained using 

Matlab 7.12.0 software are similar to those of the 

Winspall 3.02 application. Based on the results obtained, 

it is known that when the empty prism increases the 

value of reflectance before the total reflection or TIR 

(Total Internal Reflection). TIR occurs when the 

reflectance value is 1 at angle 41.5°. This angle is called 

the critical angle, which means the refraction of the 

incident light with angle 90o. After the TIR the rays 

continue to reflect perfectly. In this system there is no 

SPR due to the absence of metal material so there is no 

surface plasmon wave. 

 

 

 
 

 

Figure 5. The reflectance graph of the angle comes when the prism is 

blank with software Matlab 7.12.0 (left) and the Winspall 3.02 app (right). 

 

A computational study conducted to obtain a graph 

of the relationship between reflectance to the incident 

angle, from the graph can be seen the SPR angle value 

and its reflectance. This computational study was 

conducted in the following variations. 

 

a. Four layer system (prism, air gap, gold, air) 

Variation water distance between gold with prism 

 

 
 

Figure 6. SPR graph on four layer system with variation of air thickness 
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Table 2. Variation of air gap thickness. 

 

Thickness SPR angle Reflectance 

10 nm 43,75 0,001388 

30 nm 43,75 0,001256 

50 nm 43,75 0,01029 

70 nm 43,75 0,02815 

90 nm 43,75 0,05413 

 

SPR phenomenon with Otto configuration has a 

layout of at least 4 layers arranged with layers after the 

prism is a narrow air gap. Effective thickness of gap 

should be known to vary the thickness of air gap. 

Variations were performed at 10 nm, 30 nm, 50 nm, 70 

nm, and 90 nm thicknesses. The best result is obtained at 

air thickness 30 nm with reflectance equal to 0,001256 

and SPR angle equal to 43,7o. Thus it can be seen that 

the addition of air layer at 30 nm thickness can decrease 

the reflectance value than without the air gap 

(Kretschmann configuration). Air gap thickness also 

greatly affect the SPR phenomenon. Large air gap can 

result in the absence of SPR phenomenon. 
 

b. Four layer system (prism, air gap, gold, air) with 

variation of gold thickness 

 

 
Figure 7. SPR graph on four layer system with variation of gold 

thickness. 
 

Table 3. Variation thickness lapisan nanopartikel gold. 

 

Thickness SPR angle Reflectance 

10 nm There is no SPR There is no SPR 

30 nm 44,5 0,3663 

50 nm 43,75 0,001256 

70 nm 43,75 0,3701 

90 nm 43,75 0,7325 

 

In Otto 4-layer system configuration, in addition to 

variation of air gap thickness, also done variations in the 

thickness of the gold coating. This suggests that the 

addition of gold nanoparticles to the Otto configuration 

can also bring up surface plasmon waves. It can be seen 

from Figure 7 that there is a decrease in the reflectance 

value before the TIR. The lowest point or lowest peak is 

the SPR point where Ksurface plasmon is the same as 

Kevanescent. In general, the graph obtained by Otto 

configuration the best gold coating thickness is at 50 nm 

thickness. Reflectance value at this system is equal to 

0,001256 with SPR angle that is 43,75o. 

c. Five layer system (prism, gold, Fe3O4, air) with 

variation of Fe3O4 nanoparticles thickness 

 

 
 

Figure 8. SPR graph on five layer system with variation of 
Fe3O4thickness. 

 

 
Table 4. Variation thickness nanopartikel Fe3O4 konfigurasi Otto. 

 

Thickness SPR angle Reflectance 

0,05 nm 43,75 0,001441 

0,5 nm 43,75 0,021800 

1 nm 44,00 0,012360 

10 nm 44,75 0,080350 

50 nm 46,00 0,202500 

 

 

The 5-layer system is made with a 30 nm air 

thickness, gold thickness of 50 nm, and Fe3O4 thickness 

varied. Five variations of Fe3O4 thickness were observed 

as well as variations of Fe3O4 thicknesses in the 

Kretschmann configuration. The best thickness of Fe3O4 

is used when the highest absorption is at 0.05 nm 

thickness with reflectance value of 0.001441 and SPR 

angle of 43.75o. The addition of the Fe3O4 nanoparticle 

layer in the Otto configuration can also decrease the 

reflectance value. The thicker layers of Fe3O4 

nanoparticles occur right angle shifts and changes in 

reflectance values. The SPR angular shift shows that 

with the addition of layer thickness the refractive index 

value of the material also changes. 
 

d. Six layer system (prism, air, gold, Fe3O4, MWCNT, 

air) with variation of MWCNT thickness 
 

 
 

Figure 9. SPR graph on six layer system with variation MWCNT 

thickness. 
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Table 5. Variation of MWCNT thickness. 

 

Thickness SPR angle Reflectance 

1 nm 44,00 0,03243 

4 nm 45,00 0,2446 

7 nm 46,25 0,3985 

10 nm 48,50 0,4922 

13 nm Without SPR Without SPR 

 

 

 

The 6-layer system is made using a 30nm air gap, a 

layer of gold nanoparticles with a thickness of 50 nm, 

and the addition of Fe3O4 and CNT nanomaterials. The 

thickness of Fe3O4 used is 0,05 nm. In this system, the 

type of CNT used is MWCNT. Variation of MWCNT 

thickness was done in 5 variations ie at thickness of 1 

nm, 4 nm, 7 nm, 10 nm, and 13 nm. Based on these 

simulation results, the best SPR phenomenon graph is at 

a thickness of 1 nm MWCNT. The results obtained are 

reflectance values of 0.03243 and SPR angle 44o. In this 

configuration, when compared to a system without the 

addition of MWCNT, the results obtained an increase in 

reflectance value and a SPR angular shift to the right. 

The SPR angular shift indicates a change in refractive 

index in the system while the increase in reflectance 

value indicates that the reflected beam becomes larger. 
 

e. Six layer system (prism, air, gold, Fe3O4, SWCNT, 

air) with variation of SWCNT thickness 

 

 
 

Figure 10. SPR graph with variation of SWCNT thickness. 

   
 

Table 6. Variation thickness SWCNT konfigurasi Otto. 

 

Thickness SPR angle Reflectance 

1 nm 44,00 0,001317 

4 nm 44,75 0,003202 

7 nm 45,75 0,005257 

10 nm 47,25 0,009018 

13 nm 49,00 0,008737 

 

 

Simulation with 6 layer system created using 

SWCNT type. In this system also performed 5 variations 

of SWCNT thickness as in 6 layer system with 

MWCNT. Based on the research, it is found that the 

bigger the nanoparticle size the bigger the SPR shift 

angle. The reflectance value in each SWCNT thickness 

variation always changes (see table 6). The best SPR 

angle at a thickness of 1 nm. When compared to the 

results before the addition of SWCNT, the results 

obtained showed a decrease in reflectance value and the 

SPR angular shift. This indicates that the addition of 

SWCNT has a positive effect in the SPR system. 
 

f. Seven layer system (prism, air, gold, Fe3O4, 

SWCNT, porcine gelatin, air) with Fe3O4 and 

SWCNT for the detection of porcine gelatin 

 

 
 

Figure 11. SPR graph konfigurasi Otto with penambahan nanopartikel 

SWCNT sebagai deteksi porcine gelatin. 

 
 

 

SPR system simulation as a porcine gelatin detection 

sensor is also finished in Otto configuration. In this 

system, the thickness of Air gap used is 30 nm, with a 

thickness of gold layer of 50 nm. This study adds a layer 

of 0.05 nm Fe3O4 nanoparticles as the active ingredient 

of biomolecule binder and CNT as sensitivity sensor 

enhancer. The type of CNT used is SWCNT because it 

has been proven from the simulation that the addition of 

SWCNT is more effective in the SPR system than the 

addition of MWCNT. Based on experimental results 

with the addition of SWCNT nanoparticles 1 nm 

obtained that no SPR angle shift is 44o and the increase 

of reflectance value to 0,01193. A considerable increase 

in reflectance indicates the presence of biomolecules. 

The addition of porcine gelatin biomolecules in the 

system makes the reflected rays more numerous. This 

system can be used to detect biomolecules with high 

sensitivity. 

In the Otto configuration, the addition of Fe3O4 and 

CNT nanoparticles has the same properties as the 

Kretschmann configuration, but the reflectance value in 

the Otto configuration is smaller with an air-gap 

thickness of 30 nm so it can be argued that theoretically 

Otto's computational configuration is better used than 

the Kretschmann configuration. The use of porcine 

gelatin gelatin layer on the system made shows that 

there is a shift of SPR angle and increase of reflectance 

value, so that the system made can be used to detect the 

existence of porcine gelatin gelatin biomolecule. 
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CONCLUSIONS 
 

The results of the research can be used in the detection 

of porcine gelatin by Otto configurations. The best air 

gap thickness is 30 nm. The best thickness of the gold 

layer and Fe3O4 layer are 50 nm and 0.05 nm. The 

applied of MWCNT nanoparticles is not effective in the 

detection of biomolecules based SPR. While the 

thickness of SWCNT used is 1 nm. The SWCNT 

material also proved to be better used in SPR systems. 

The addition of porcine gelatin layer in the system 

shows a graphic change in the form of increasing 

reflectance value and SPR angular shift. 
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Abstract. Sari N C, Nugraha I. 2017. Study of Batik Wastewater Treatment Using PAC (Poly Aluminum Chloride) as Coagulant and 

Organoclay (Montmorillonite-polydadmac) as Floccullant to Reduce Total Suspended Solid (TSS) and Total Dissolved Solid (TDS). Proc 

Internat Conf Sci Engin 1: 125-130. Batik wastewater treatment using PAC (Poly Aluminium Chloride) as a coagulant and organoclay 

(montmorillonite- polyDADMAC) as flocculants was investigated in this study. The purpose of this study was to analyze the quality of 

batik wastewater effluent before and after coagulation-flocculation and analyze the effectiveness of organoclay as flocculants of batik 

wastewater. Organoclay (montmorillonite-polyDADMAC) synthesised by reacting natural bentonite with polyDADMAC 0.4%. 

Coagulation and flocculation used jar test method with a speed stirring at 120 rpm for 2 minutes and slow stirring at 40 rpm with a variety 

of types, masses of flocculants and flocculation time. At first, batik wastewater had high levels of TSS and TDS levels. TSS and TDS 

levels reduced after coagulation-flocculation. Effectiveness of maximum TSS reduced at 99,74% with the addition of organoclay 

flocculant 2.5 g/L and flocculation time for 80 minutes. Effectiveness of maximum TDS reduced at 93,57% with the addition of 

organoclay flocculant 2.5 g/L and 60 minutes flocculation. 

 

Keywords: Organoclay, montmorillonite-polyDADMAC, polymer, flocculant, batik wastewater, intercalation, bentonite 

 
 

INTRODUCTION 
 

The fashion development in Indonesia has spurred the 

textile industry development, the example is the batik 

industry. Batik was recognized by UNESCO as a world 

cultural heritage from Indonesia. The process of batik 

manufacture produced wastewater. Batik wastewater 

from batik coloring process has the potential to damage 

the environment. Based on observations and interviews 

with batik business people, the conditions show most of 

the batik industry are not to process the wastewater 

before thrown away. This is because the wastewater 

processing techniques is expensive and difficult. Batik 

wastewater  was produced the environment pollute 

because it has BOD (Biological Oxygen Demand) at  

960 mg/L, COD (Chemical Oxygen Demand) at 1800 

mg/L, TSS (Total Suspended Solid) at 540 mg/L , TDS 

(Total Dissolved Solid) at 1672 mg/L, pH 13 and 

temperature 30 oC (Pratiwi, et al. 2014). 

Batik wastewater is an organic wastewater that has a 

high concentration of pH, BOD, COD, TSS, and TDS. 

One of dye used in the colloring process of batik is 

golden yellow and black remazol. The compound is only 

used about 5% and 95% will be disposed (Suprihatin, 

2014). 

Before disposal must to treated the wastewater 

because the concentration of COD, TSS, TDS, and 

turbidity are high and exceed the quality standard of 

batik wastewater. Batik wastewater treatment to reduce 

the environmental pollution. The batik wastewater 

treatment are chemically, biologically, and physics. 

Chemical processes include flocculation, adsorption, and 

coagulation. Physical processes include screaning, 

filtration, and membrane technology. Biological process 

with the activity of microorganisms and aquatic plants 

(Kurniawan, 2013) 

Coagulation-flocculation process is a wastewater 

treatment to wastewater that containing hazardous 

chemical compounds from the coloring process 

(Gillespie, et al., 1970). Coagulation is a process of 

destabilizing colloidal particles by the addition of 

coagulants and stirring at high speed. A cationic 

coagulant is added to the water which forms the 

attraction force among the suspended particles. 

Flocculation is the process of forming clumps of solids 

in a solution (flocs) (Suharto, 2011). 

Coagulation-flocculation process is done by adding 

polymers/surfactant as coagulants and flocculants to 

remove organic compounds and strengthen flocs. PAC 

(poly aluminum chloride) is a compound used as a 

coagulant. PolyDADMAC is a cationic polymer that can 

be utilized as a flocculant in water treatment (Bolto, B., 

et al., 2007). However, based on CAS: 26062, 

polyDADMAC is deficient because the boiling point 

value is 100oC, so if waste treatment applied in high-

temperature will damage the structure of 

polyDADMAC. 

The addition of clays such as bentonite is good used 

as a flocculant in the waste treatment process. One of the 

utilization is as flocculant in paper wastewater 
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processing (Gillespie, et al., 1970). The material can 

also be used in various applications according to the 

specification of the surface area and structure of clay 

type (Malik, 2003). Bentonite producer in Indonesia is 

very much and almost in all town but the utilization not 

optimal (Prasetyo, 2007). 

Bentonite is a mineral of alumina silicate hydrate 

which is included in pilosilicate or silicate plated with 

Tetrahedral: Octahedral ratio = 2: 1. The composition of 

bentonite is dominated by montmorillonite (85%) and 

beidellite. Bentonite can be utilized as an adsorbent 

because has expandability and large surface area so it 

can accumulate metal ions and organic compounds 

(Konta, 1995). 

Bentonite deficiency is easy to absorb water and less 

stable when used as an adsorbent. The expansion of the 

lattice from bentonite can be enhanced by modifying 

bentonite become organoclay minerals. Ganigar, et al. 

(2010) was modified the polydiallyldimethylammonium 

chloride (polyDADMAC) cationic surfactant with 

montmorillonite (MMT) to adsorb trichlorophenol and 

trinitrophenol from river wastewater. The modified 

bentonite produces organoclay with a larger lattice area. 

Research needs to be done for batik wastewater 

treatment to reduce the concentration of TSS and TDS in 

batik wastewater using bentonite modification 

(montmorillonite-polyDADMAC) as flocculants and 

coagulation process using PAC (poly aluminum 

chloride). The expectation of this reasearch was 

produced the batik wastewater that below the quality 

standard (the decision of the governor of DIY No. 7 of 

2010). 

 

 

 

MATERIALS AND METHODS 
 

Materials  

This research used natural bentonite.The batik 

wastewater effluent used in this research from Kabul Art 

Gallery in Yogyakarta. The cationic surfactant used for 

modification is Polydiallyldimethylammonium chloride 

(polyDADMAC) 40%. 
 

Preparation of Organoclay 
Natural bentonite was added distillated water. A 

suspension of natural bentonite in distillated water was 

stirred for 1 h on magnetic stirrer at 70 °C to remove a 

soluble inorganic salts and any adhering materials. The 

natural bentonit suspension were modified with 

polyDADMAC 0,4 % by adding amounts of surfactant 

was stirred for 3 h on  magnetic stirrer  at 65 °C. Then 

the suspension was fitered, washed with hot distillated 

water and then dried at 80°C for 18h. The product 

(organoclay) was grinded and sized to get a particle size 

of 109 microns.  
 

Analytical Methods 
The composition of natural bentonite and organoclay 

was determined with FTIR and XRD. FTIR pectra for 

natural bentonite and organoclay were obtained using 

FTIR Shimadzu Prestige-21. XRD for natural bentonite 

and organoclay were obtained using XRD Shimadzu 

600. 
 

Coagulation and Flocculation Experiments 

Coagulation and flocculation in this study used jar test 

methods. The batik wastewater was diluted up to 20x. 

The batik wastewater as much 500 mL was inserted in a 

1 L beaker. Then added PAC 1,5 g/L as coagulant and 

stirred for 2 minutes on magnetic stirrer at constantly 

speed 120 rpm. After coagulation added flocculant with 

mass and type variation, then stirred for variation time 

on constantly speed 10 rpm. The mixture was 

precipitated at 1 h. A supernatant was analyzed 

parameter TSS (SNI 06-6989.03-2004) and TDS (SNI 

06-6989.27-2004) concentration of batik wastewater. 
  

Flocculant Type Variation 

Coagulation and flocculation experiment with variation 

of type flocculant. The type of flocculant are 

montmorillonite-polyDADMAC (organoclay), natural 

bentonite, and polyDADMAC with the same mass 

2,5g/L. 
 

Flocculant Mass Variation 

Coagulation and flocculation experiment with variation 

of mass flocculant. The mass of flocculant are 0,5 g/L, 1 

g/L, 1,5 g/L, 2 g/L, dan 2,5 g/L with natural bentonite 

and montmorillonite-polyDADMAC (organoclay) as 

flocculant. 

 

Flocculation Time Variation 
Coagulation and flocculation experiment with variation 

of flocculation times. Flocculation used 

montmorillonite-polyDADMAC (organoclay) 2,5 g/L as 

flocculant at 20, 40, 60, 80, 100 minutes. 

 

  

 

RESULTS AND DISCUSSION 
 

Modification of (Organoclay) Montmorillonite-

polyDADMAC   

Montmorillonite-polyDADMAC was synthesized with 

method of Anirudhan, et.al. (2015). Montmorillonite-

polyDADMAC was synthesized by natural bentonite 

dispersed into distilated water to occur swelling between 

bentonite layers, so that in bentonite dispersions can 

receive metal ions and organic compounds, including 

polyDADMAC. The cations on the interlayer will be 

replaced by the N group of polyDADMAC. The cation 

exchange process at 65oC so that the cation exchange 

reaction is faster and more optimal. 

The results from the reaction between 

polyDADMAC and natural bentonite is a paste 

organoclay. The formation of the paste indicates that 

polyDADMAC has reacted with natural bentonite. 

Organoclay dried at 80°C to evaporate distilation water 

dispersed in organoclay. The dried organoclay was 

crushed and filtered using a 109 micron sized filter to 

has the same size and expand the surface. The results of 
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montmorillonite-polyDADMAC synthesized 

(organoclay) were compared to their physic with natural 

bentonite before modified with polyDADMAC. 

Montmorillonite-polyDADMAC (organoclay) has a 

darker color than natural bentonite before modified. 
 

FTIR (Fourier Transform Infrared Spectroscopy) 

Characterization using the FTIR instrument to determine 

the functional groups in natural bentonite and 

montmorillonite-polyDADMAC (organoclay). Figure 1 

shows the FTIR spectra in the 4000-400 cm-1 

wavelength range. The specific vibrational energy of 

each element will be indicated by the magnitude of the 

infrared wave number on the FTIR spectra. From the 

FTIR spectra of montmorillonite-polyDADMAC 

(organoclay) and natural bentonite, there can be a shift 

in the absorption of wave numbers in some functional 

groups. 

 

 
Figure 1. FTIR spectrum (a) natural bentonite, (b) montmorillonite-
polyDADMAC.  

 

 

There was a shift in the vibration of Si-O-Si from 

1033,85 cm-1 to 1041,56 cm-1, vibration buckling of Si-

O-Al from 516,92 cm-1 to 524,64 cm-1, and bending 

vibration of  Si-O-Si from 424,34 cm-1 to 462,92 cm-1. 

Reaction of bentonite with cationic surfactant resulted 

the shift of the wave number. The FTIR spectra showed 

that no decomposed functional group in the sample and 

the structure of the bentonite does not change. 

PolyDADMAC has a specific vibration at 3332.5 

cm-1 which is a vibration of OH and 1644.2 cm-1 is the 

vibration of C-N (Mwangi I.W., et al., 2013). The 

presence of polyDADMAC in organoclay cannot be 

shown in the FTIR spectra because the polyDADMAC 

interaction on bentonite is an ion-exchange reaction. 

There is overlaping of functional groups of FTIR spectra 

between polyDADMAC surfactant and natural 

bentonite. Analysis using FTIR cannot show functional 

groups of polyDADMAC.  

Based on the FTIR spectra of natural bentonite and 

montmorillonite-polyDADMAC, can be concluded that 

no significant changes in wave numbers and functional 

groups. The shift of wave numbers is a sign that the 

interacted bentonite with polyDADMAC is cation 

exchange. 
 

XRD (X-Ray Diffraction) 

Characterization using XRD is method for bentonite 

characterization. Qualitative characterization using XRD 

to determine the types of minerals from natural 

bentonite and montmorillonite-polyDADMAC 

(organoclay). In the XRD difactogram (Figure 2) natural 

bentonite has diffraction peaks at 2θ of 6.1o; 20.2o and 

26.9o with a basal spacing at 14.48 Å, 4.38 Å, and 3.31 

Å. While the spesific diffraction peaks organoclay at 2θ 

is 5.7o; 19.7o; and 26.4° with a basal spacing at 15.49 

Å, 4.51 Å, and 3,37 Å. 

 

 
 

Figure 2. XRD diffractogram (a) natural bentonite; (b) montmorillonite-

polyDADMAC. 

 
 

 

Table 1. Comparison of 2Ɵ and basal spacing on natural bentonite and 
montmorillonite-polyDADMAC. 

 

Natural bentonite 
Montmorillonite-

polyDADMAC (organoclay) 

2Ɵ d (Å) 2Ɵ d (Å) 

6,1 14,4773 5,7 15,49233 

20,2437 4,3831 19,6738 4,50879 

26,93 3,31 26,3933 3,37416 

 

 

The basal spacings was shifted because of interaction 

between natural bentonite with polyDADMAC. The 

research by Shen, Dazhong, et al. (2009) produces 

organoclay with a shift of diffraction peaks to the left. 

The shift to the smaller diffraction peaks indicates that 

the cation of the polyDADMAC replaces the cation on 

the natural bentonite interlayer. Table 1 assumed that 

montmorillonite-polyDADMAC (organoclay) has been 

successfully synthesized by intercalation reaction. 

The organic compounds location in organoclay 

depends on the size of the organic compound cation, the 

length of the alkylammonium ion chain, and the layer 

charge of the clay (Bergaya, F., et al, 2016). 

Montmorillonite-polyDADMAC has been successfully 

synthesized by monolayer intercalation reaction because 
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has a basal spacing at 15.49233 Å equivalent to 1.54923 

nm. 
 

Effectiveness of montmorillonite-polyDADMAC 

(organoclay) as Flocculant to Reduced TSS and TDS 

of Batik Wastewater 
TSS (Total Suspended Solid) are particles suspended 

have a negative impact to aquatic ecosystem. TSS take a 

long time to precipitate and not through a filter (Fardiaz, 

1992). The batik wastewater must be in accordance with 

the batik wastewater quality standard. The TSS level of 

batik wastewater quality standard based on the decision 

of the DIY governor number 7 on 2010 is less than 200 

mg/L. TSS levels of batik wastewater the beginning has 

a high TSS level at 7145 mg / L, while the TDS level at 

8080 mg/L. In this research used batik wastewater with 

20x dilution which has a high levels of TSS at 5716 

mg/L and a high levels of TDS at 6920 mg/L and not 

feasible to disposal and must to processed.  

This research used variation of flocculant types, 

flocculant mass, and flocculation contact time to 

investigate the effectivity of montmorillonite-

polyDADMAC flocculant (organoclay) to reduce TSS 

and TDS levels of batik wastewater. Flocculant types 

used montmorillonite-polyDADMAC (organoclay), 

natural bentonite, and polyDADMAC. The variation of 

flocculant types resulted in different TSS and TDS 

levels for each treatment. 
 

Variation of Floccculant Type  

Table 2 showed the montmorillonite-polyDADMAC 

(organoclay) flocculant is the best of flocculants to 

reduce TSS levels. Treatment with natural bentonite 

flocculants and polyDADMAC polymers is not able to 

reduce TSS and TDS in accordance with the batik 

wastewater quality standard. Batik wastewater with TSS 

levels at 25 mg / L and effektivness of TSS reduce at 

99.5626% is feasible to be disposal because less than 

batik wastewater quality standard. 

 
Table 2. Effectiveness of TSS levels reduce with variation of 

flocculant types. 

 

Flocculant types 
TSS levels 

(mg/L) 

Effectiveness 

(%) 

Montmorillonite-

polyDADMAC  (organoclay) 

25 99,5626 

Natural Bentonite 250 95,6263 

PolyDADMAC 1575 72,4458 

 

Table 3 showed the montmorillonite-polyDADMAC 

(organoclay) flocculant is the best flocculants to reduce 

TDS levels. Batik wastewater with TDS levels at 585 

mg / L and evectiveness of TDS reduce at 91,5460% is 

feasible to be disposal because less than batik 

wastewater quality standard. This suggests that 

montmorillonite-polyDADMAC flocculant is a higher 

effectiveness than polyDADMAC flocculants and 

natural bentonite. Organoclay flocculant has a better 

performance because has a polymer on the interlayer 

that can bind to compounds contained in batik 

wastewater. Organoclay also has a function as an 

adsorbent because has a pores that can adsorb the 

compounds in batik wastewater. 

 
 

Table 3. Effectiveness of TDS levels reduce with variation of flocculant 
types. 

 

Flocculant types 
TDS levels 

(mg/L) 

Effectiveness 

(%) 

Montmorillonite-

polyDADMAC  

(organoclay) 

585 91,5460 

Natural bentonite 960 86,1272 

PolyDADMAC 2020 70,8092 

 

Variation of Flocculant Mass  

Flocculants that used are montmorillonite-

polyDADMAC (organoclay) and natural bentonite. The 

result of wastewater treatment of batik with variation of 

flocculant mass according to the Figure 3 and 4. 

 
 

Table 4. TSS levels with variation of flocculant mass. 
 

Flocculant 

Mass 

(g/L) 

TSS with Addition 

Natural Bentonite 

(mg/L) 

TSS with Addition 

Organoclay 

 (mg/L) 

0,5 710 620 

1,0 325 555 

1,5 260 315 

2,0 215 100 

2,5 250 25 

  
 

 

Table 5. TDS levels with variation of flocculant mass. 

 

Flocculant 

Mass (g/L) 

TDS with addition 

natural bentonite 

(mg/L) 

TDS with addition 

Organoclay 

(mg/L) 

0,5 1560      1595 

1,0 1510      1335 

1,5 1100      1125 

2,0 985      790 

2,5 960      585 

 

 

 

 
 

Figure 3. Influence of flocculant mass with effektiveness of TSS 

reduction. 
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Figure 4. Influence of flocculant mass with effektiveness of TDS 

reduction. 
 

 

Figure 3 and 4 are the maximum effectiveness of 

TSS and TDS reduced with addition of natural bentonite 

and montmorillonite-polyDADMAC flocculant. The 

mass used 2.5 g/L. TSS levels was reduced up to 25 

mg/L while TDS levels up to 585 mg/L. Its feasible to 

be disposal because less than batik wastewater quality 

standard. This suggests that montmorillonite-

polyDADMAC flocculants are better than natural 

bentonite flocculants to reduced TSS and TDS levels of 

batik wastewater. Organoclay flocculant has a better 

performance because has a polymer on the interlayer 

that can bind to compounds contained in batik 

wastewater. Organoclay also has a function as an 

adsorbent because has a pores that can adsorb the 

compounds in batik wastewater. 

 

Variation of Flocculation Contact Times 
 

Table 6. TSS levels based on variation of flocculation times. 
 

Flocculation 

Times (menit) 
TSS levels (mg/L) 

20 125 

40 25 

60 20 

80 15 

100 20 

 

 

 

Figure 5. Influence of flocculation times with effektiveness of TSS 

reduction. 
 

  

Figure 5 shows the infuence of flocculation times 

with effektiveness of TSS reduction. This treatment used 

2,5 g/L of montmorillonite-polyDADMAC flocculant 

(organolclay). Effectiveness of maximum TSS reduced 

at 99,74% with the addition of organoclay flocculant 2.5 

g/L and flocculation time for 80 minutes. 

 
 

Table 7. TDS levels based on variation of flocculation times. 

 

Flocculation 

Times (menit) 
TDS levels (mg/L) 

20 980 

40 585 

60 445 

80 320 

100 455 

 

 
Figure 6. Influence of flocculation times with effektiveness of TDS 
reduction. 

 

 

Figure 6 shows the effectiveness of maximum TDS 

reduced at 93,57% with the addition of organoclay 

flocculant 2.5 g/L and 60 minutes flocculation. If 

contact is too long cause the formed of flocks was 

decomposed again and more likely to form aggregates 

with wastewater. In addition, because all parts of the 

organoclay cannot binding the flock again. 

 

 

 

CONCLUSIONS 
 

1. TSS and TDS concentration of batik wastewater 

effluent before coagulation-flocculation is 7145 

mg/L and 8080 mg/L, it means the concentration 

exceeds the quality standard. 

2. TSS and TDS concentration of batik wastewater 

effluent after coagulation-flocculation with 

organolay flocculant is below the quality standard. 

3. Organoclay characterization used FTIR and XRD 

indicates that modification of natural bentonite and 

polyDADMAC was succesfull with monolayer 

intercalation reaction. 

4. Effectiveness of maximum TSS reduced at 99,74% 

with the addition of organoclay flocculant 2.5 g/L 

and flocculation time for 80 minutes. Effectiveness 

of maximum TDS reduced at 93,57% with the 

addition of organoclay flocculant 2.5 g/L and 60 

minutes flocculation. 
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Abstract. Ningsih N I D. 2017. The Technique Analysis of CO2 in Troposphere using AIRS. Proc Internat Conf Sci Engin 1: 131-135. 

Currently global warming has become an international issue. One of the biggest contributors to global warming is carbon dioxide (CO2). 

CO2 gas is one of the most prominent gases of greenhouse gases or greenhouse gases in the atmosphere and has an important role in the 

Earth's climate. Increased CO2 contributes more than 50% to the effects of global warming. Various methods and measuring instruments 

of CO2 concentration developed from optical sensors to measuring CO2 directly from space using satellites. Atmosphere Infrared Sounder 

(AIRS) is one of NASA's six (6) instances launched on May 4, 2002 installed on the AQUA satellite. This instrument uses sounding 

technology that determines the vertical profile of CO2 from space. This instrument supports climate-related research and also in 

improving weather forecasts. AIRS data can be obtained online from the Giovanni Website at http://giovanni.gsfc.nasa.gov. Giovani is an 

application provided by NASA to make it easier to acquire, visualize, and analyze remote sensing data with ASCII data facilities that can 

be downloaded directly. The purpose of this research is to conduct CO2 analysis in Indonesia online using Giovanni Website year 2013-

2016. Rendering data online shows the CO2 fluctuated every month, but yearly data shows the CO2 increased signifantly and the higest 

value in 2016, its reach 4.039 ppm. The results of CO2 analysis is expected to assist in the process of prevention or reduction of CO2 

emissions in the air as one of the activities of environmental conservation. 

 

Keywords: Atmosphere Infrared Sounder (AIRS), CO2, Giovanni Website 

 
 

INTRODUCTION 
 

Global warming is one of the effects of greenhouse gas. 

This condition has become an international issue, 

marked by the holding of various international 

conferences that discuss the issue. Gases that trap heat in 

the atmosphere are called greenhouse gases or 

greenhouse gases. These greenhouse gases include 

methane (CH4), nitrogen dioxide (N2O), carbon dioxide 

(CO2), and florin gases. In 2012 the emissions generated 

by these gases are CH4 (9%), N2O (6%), CO2 (82%) and 

Fluorine (3%), respectively. This trapped gas causes the 

planet become hotter (http://www.epa.gov/, 2014).  One 

of the biggest factors on increasing CO2 emissions is 

human activity. This CO2 increase occurred since the 

beginning of the industrial revolution, because at that 

time it began to be wider to use fossil fuels and 

agricultural land conversion into industry. Recent 

research reveald that CO2 increase continously and 

faster increasingly. The cycle of CO2 in the atmosphere 

is very important because it has a role of as an earth 

blanket that captures long-wave radiation. Increasing the 

amount of CO2 in the atmosphere will increase the 

greenhouse effect/warming of the earth's temperature. It 

is known that CO2 contributes 63% in the effects of 

global warming due to its long life time in the 

atmosphere and the number increases every year (ESRL, 

2010 in (Ambarsari, 2011). 

Various activities related to CO2 emissions reduction 

in the air are held by both nationally and internationally. 

One of some goals is direct any development program 

toward low-carbon development 

(http://www.puspijak.org/, 2011). Some laws in 

Indonesia related to climate change are Law no. 6 of 

1994 on Ratification of the United Nations Framework 

Convention on Climate Change (United Nations 

Framework Convention on Climate Change). In 

addition, Law no.17 of 2004 about on the ratification of 

the Kyoto Protocol to the United Nations Framework 

Convention on Climate Change (Kyoto Protocol to the 

United Nations Framework Convention on Climate 

Change). Then, UU no. 17 Year 2004 is a form of joint 

commitment to maintain the stability of greenhouse gas 

concentrations in the atmosphere (Riandi, AR, 2008 in 

(Ningsih, 2014)). In addition to the above two main 

points, at the G-20 Conference and the UN Climate 

Change Conference at Copenhagen COP15 in 2009, 

Indonesia pledged to reduce carbon emissions without 

foreign assistance by 26% by 2020, or by 41% with 

foreign aid. The commitment of the Indonesian 

government is economic growth until 2020 by 70% 

while at the same time reducing carbon emissions by 

41% (http://www.puspijak.org/, 2011). 

Atmospheric Infrared Sounder (AIRS) is one of the 

six instruments on board the Aqua satellite, which is a 

part of the National Aeronautics and Space 

Administration (NASA) Earth Observing System. AIRS 

CO2 retrievals use an analytical method for the 

determination of carbon dioxide and other minor gases 

in the troposphere from AIRS spectra. The AIRS data 

have been shown to be accurate to within 1.20 ppm of 

simultaneous measurements by aircraft (Chahine et al., 

2005). The high-resolution Atmospheric Infrared 

Sounder (AIRS) was launched into Earth-orbit in May 

2002, with the goal to support climate research and 

improve weather forecasting. AIRS uses cutting-edge 
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infrared technology and provides information related to 

air temperature, water vapor, trace gases and cloud 

property (e.g., Pagano et al., 2003; Chahine, Barnet, 

Olsen, Chen, & Maddy, 2006) (Chen, 2014).  

The studied using AIRS for analysis troposphere 

CO2 in Iraq during the period 2010 – 2011 have been 

carried out. In this research, the AIRS data and the 

Satellite measurements are able to measure the increase 

of the troposphere CO2 concentrations over different 

regions (Rajab, 2012). The other research have been 

done is analysis a Saharan Dust Storm an online analysis 

use of of NASA Earth Science data (Acker, 2007). At 

the same time, NASA and Esa atmospheric data using 

Giovanni, the online visualization and analysis tool 

(Leptoukh, G., et.al 2007) carried out using NASA 

MODIS (Terra and Aqua) and ESA MERIS (ENVISAT) 

aerosol data. As an example, it demonstrates Giovanni 

usage for online multi-sensor remote sensing data 

comparison and analysis. This research explained that 

Giovanni, the NASA Goddard online visualization and 

analysis tool (http://giovanni.gsfc.nasa.gov) allows users 

explore various atmospheric phenomena without 

learning remote sensing data formats and downloading 

voluminous data. The research about CO2 in Indonesia 

has been done 2005 which reveals that changes in 

atmospheric CO2 gas concentration are part of the 

carbon cycle that is important to study (Samiaji, 2011). 

A study of sounding technology developments to 

measure CO2 concentration in atmospheres using 

NASA's Atmospheric Infrared Sounder (AIRS) to 

measure CO2 in Indonesia from 2002-2010 had been 

done, and it results show that CO2 concentration in 

Indonesia continues to increase from 2002 to 2010 with 

interval concentrations between 370 and 390ppm 

(Ambarsari, 2011). Other than CO2 analysis, AIRS has 

also been used to analyze O3 over 5 (five) regions, 

namely Subang, Penang, Kuantan, Johor and Kota 

Bharu. The results show that seasonal variations in O3 

are fluctuations were observed between the NEM and 

SWM seasons. O3 gas has an inverse relationship with 

rain and has a positive relationship with temperature 

(Jasim M. and Rajab, H. S. 2013). 

Based on the above description, the CO2 analysis is 

interesting to do, especially the spread of CO2 in the air 

over in Indonesia. Increased CO2 in the air as one of the 

triggers of global warming. Analysis of CO2 spread in 

the air will be more interesting when it can be done 

directly. Therefore, in this study will be done online so 

as to facilitate the measurement of CO2 in the air 

globally. The results of CO2 analysis is expected to 

assist in the process of prevention or reduction of CO2 

emissions in the air as one of the activities of 

environmental conservation. 

The research problem is how to find the distribution 

pattern of CO2 spread in Indonesia region, based on the 

data from remote sensing process done by AURA (OMI) 

satellite in the period of 2013-2016. 

 

 

 

MATERIALS AND METHODS 
 

Study Area 
The study area was in Indonesia, a country in Southeast 

Asia, and lies between 6º LU - 11º LS and 95º BT - 141º 

BT. The research focus on the monitoring CO2 emission 

in 2013 - 2016. Next, we will see an area depicting CO2 

distribution over 350ppm. Thus, the limitations of the 

study included analysis of spatial and temporal patterns 

of atmospheric CO2 pollutants (in this study on 

troposphere layer) and the data used are derived AIRS 

which is analyzed using Giovani web based software. 

The data obtained from the image of Aura satellite, and 

then the duration taken as the data is from January 2013 

to December 2016. 
 

Material and Methods 

This research has been carried out four years data from 

2013 - 2016 focus on CO2 distribution over Indonesia. 

The result from the analysis is CO2 profile obtained 

from AIRS/Aqua L3 Monthly CO2 in the free 

troposphere (AIRS-only) 2.5 degrees x 2 degrees V005. 

Using Giovanni Website (http: //disc. sci. gsfx. gov/ 

giovanni), the spatial correlation for CO2 has been 

analyzed. 

  

 

RESULTS AND DISCUSSION 
 

The rendering on Giovanni Website results CO2 

distribution map, average monthly CO2 graph and 

histogram showing mean, median, maximum, minimum, 

and standard deviation. The CO2 distribution map 

provides an overview of CO2 distribution maps with 

different colors for each area. Areas with high CO2 

distribution are marked in red, and the thicker one is red, 

indicating the higher CO2 content in the region. Figure 1 

shows the map of CO2 distribution from 2013-2016. The 

bar beside the map ilustrated the range of CO2 

distribution which is each years have the different 

values. 

Figure 1 shows the CO2 distribution map over 

Indonesia, from CO2 from 2013-2016 in Indonesia. The 

mean and standard deviation of yearly CO2 was 

(398.46±3.06) ppm for entire period.  In detail 

noticeable CO2 increased year to year, based on the data 

of mean and standar deviation. The data shows that 

distribution CO2 increase significantly ±2ppm every 

years. The CO2 distribution map (2014) shows that areas 

of Indonesia almost covered by red colour. As has been 

explained that the red color indicates a high CO2. It 

means, 2014 areas of Indonesia contribute on emission 

CO2 with range of CO2 (3,953 up to 3,981) ppm. This 

could be due to an expansion areas of forest fires in 

Jambi, Riau, East Java, West Kalimantan, Central 

Kalimantan, Maluku, NTB, and North Sulawesi. The 

increasing of forest fire causes spread of CO2 extend to 

other parts of Indonesia. 

The Giovanni website also provides data in the form 

of histogram graph so it is easier for us to see the mean, 
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median, standard deviation, maximum, and minimum 

value. 

 

 
 

 
 

 
 

 
 

 

Figure 1. CO2 distribution map over Indonesia A. 2013, B. 2014, C. 2015, 
D. 2016. 

 

 
Table 1. Data of mean, median, std, max, and min CO2 distribution in 

Indonesia 2013-2016. 

 

Year Mean Median Std Max Min 

2013 395.47 395.52 1.64 404.99 385.55 

2014 397.15 397.33 1.56 405.68 388.81 

2015 399.38 399.36 1.68 409.50 388.72 

2016 402.03 401.83 2.39 418.38 392.64 

 

 

Besides of distribution maps and histogram, 

Giovanni Website also provides an average graph of 

CO2 distribution. This graph facilitate to seeing an 

increase of CO2 monthly.  

Figure 2 shows the increasing of CO2 distribution 

monthly, and v starting increase every April, 395.5ppm 

(2013), 397.5ppm (2014), 400ppm (2015), and 

401.5ppm (2016). Then, Fig 3 describe the increasing of 

v yearly 2013-2016. 

 

 

 

 
 
Figure 2. Graph, average CO2 A. 2013, B. 2014, C. 2015, D. 2016. 

 

 

Figure 3 has obtained from the Giovanni Website 

directly. This shows distribution CO2 yearly from 2013-

2016. The CO2 distribution demonstrably increased 

significantly, and never down since 2013. If it is 

associated with the forest fires which also year by 2013, 

then this reason is highly correlated. The forest fires 

being one contributor CO2 emissions Indonesia largest.  

Nancy Harris, et.al, has written on http://www.wri-

indonesia.org/, "Forest Fires in Indonesia Generate More 

Daily Emissions from the Overall Emission of the US 

Economy". The writing explained that according to 
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estimates published by Guido van der Werf at the Global 

Fire Emission Database, the number of hotspots detected 

in Indonesia 2015 is close to 100,000. In September, 

these fire spots each day produce emissions that exceed 

the daily average emissions of all US economic activity 

(Harris N, 2015). 

 

 
 

Figure 3. Graph of average distribution of CO2 over the territory of Indonesia 2013-2016. 
 

 

 

Discussion  

Apprropriate with the purpose of research that is 

conduct CO2 analysis in Indonesia online by using 

Giovanni site 2013-2016. The analysis views that CO2 

fluctuates every month, but the data annual shows that 

CO2 tends to increase continously and reaches 4,039 

ppm (2016). The mean and standard deviation 

(398.46±3.06) ppm for the entire period. The CO2 

progressively increase every year due to the observed 

during the 2013-2016 periods. If associated with 

previous research (Ambarsari, 2011), the CO2 conditions 

above Indonesia increase continously from 2002-2010. 

The interval concentrations between 370 and 390ppm 

(2002-2010), and 385 and 418ppm (2013-2016). These 

incident can be linked to the forest fire incident in 

Indonesia, which is increase and extends from 2013.   

The CO2 distribution map and graph of CO2 increase 

can be used as one a quick reference for 

environmentalists and policy makers in deciding the 

forest fire prevention activities significantly enough to 

reduce CO2 emissions in the air. The goverment should 

be concentrate more to reduce the forest fire and fullfill 

the promise to reducing carbon emissions without 

reducing economics growth. The recommendations 

proposed in this research is using Triple Hellix concept 

to solve the problem. 
 

 

CONCLUSIONS 
 

The result of the study showed the CO2 fluctuated every 

month, but yearly data shows the CO2 increased 

signifantly and the higest value in 2016, its reach 4.039 

ppm. The results of CO2 analysis is expected to assist in 

the process of prevention or reduction of CO2 emissions 

in the air as one of the activities of environmental 

conservation. 
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Abstract. Artsanti P, Sudarlin, Kirana E F. 2017. The Effect of Increasing Surface Area of Graphite Electrode on the Performance of 

Dual Chamber Microbial Fuel Cells. Proc Internat Conf Sci Engin 1: 137-140. The effect of increasing surface area of graphite electrode 

on the performance of dual chamber Microbial Fuel Cells (MFC) was observed. The surface area of graphite electrode (anode and 

cathode) that was using in this experiment was 29.5cm2 and 44.5cm2 for the A and B reactor, respectively. The anode chamber contained 

mixed microorganism culture from real wastewater of textile industry and the cathode chamber contained 0.1M potassium permanganate 

electrolyte solution. The salt bridge was required to stabilize the charge between the anode and cathode chambers, and the electrodes 

attached to the anode and cathode chambers as the electron catcher. Both, the A and B reactor were observed for 72 hours of running 

time. The voltage and power density were found to increase with the increase in surface area of the graphite electrode. The highest power 

density was 93.93mWm-2 and 197.23mWm-2 that obtained at 36 hours and 48 hours on the A and B reactor, respectively. At the end of 

experiment, these MFCs system could also reduce COD by 28.6% and 15.6% on A and B reactor, respectively. 

 

Keywords: Microbial Fuel Cell, surface area of electrode, power density, COD 

 
 

INTRODUCTION 
 

Microbial  Fuel  Cells  (MFCs) are  a  type  of  fuel  cell  

that  converts  chemical  energy  to electrical energy 

through the action of microorganism as biocatalysts as 

described by Lovley (2006). Microbial Fuel Cells 

(MFCs) are regarded as a promising future technology 

for wastewater treatment for the several reasons. Firstly, 

MFCs are able to harvest energy from organic matters 

and treat wastewaters at the same time. Secondly, a wide 

range of organic wastewaters can be treated by MFCs, if 

proper electricity-producing bacteria were enriched in 

the anode. Wastewaters that are rich in organic matters 

are all great biomass sources for MFCs, such as 

wastewater of textile industries and wastewater of tempe 

industries (Kirana, E.F., 2017; Utami et. al., 2014). The 

opportunity of MFCs development is still a challenge 

since the number of industries producing waste in 

Indonesia is increasing from year to year. In this 

research, the wastewater used was from textile industry 

of PT. Samitex Sewon. The utilization of textile 

wastewater as a substrate in the MFCs system, 

hopefully, can be one of alternative solution of 

wastewater treatment that can also overcome the 

problems caused by wastewater, the environmental 

pollution that often leads to horizontal conflicts between 

industry and surrounding communities. In addition, the 

results of this research are also expected to be one step 

ahead to get a cheap energy source (Kirana, E.F., 2017). 

While MFCs hold great potentials for various 

applications, major challenges remain for MFCs to be 

practical. The power densities of MFCs must be 

augmented because they are too low for most envisioned 

application. 

MFCs are being constructed using a variety of 

materials, and in an ever increasing diversity of 

configurations. These systems are operated under a 

range of conditions that include differences in 

temperature, pH, electron acceptor, electrode surface 

areas, reactor size, and operation time. Many different 

configurations are possible for MFCs. A widely used 

and inexpensive design is a two chamber MFCs built in 

a traditional “H” shape, consisting usually of two 

chambers connected by a tube containing a separator 

which is usually a proton exchange membrane (PEM) or 

a plain salt bridge (Min, B. et al.. 2005). The simplest 

materials for anode electrodes are graphite plates or rods 

as they are relatively inexpensive, easy to handle, and 

have a defined surface area. 

 

 
 

Figure 1. Schematic diagram of a typical two-chamber MFC (K. Guo et 

al., 2012). 

 

Lorenzo et al. (2010) showed that the power output 

of MFCs depends strongly on the electrode surface 
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properties. This can be explained that the anode material 

and its configuration influences the development of the 

microbial community involved in the electrochemical 

bio-reactions. Sinaga et al. (2014) was compared four 

electrodes with different surface area on MFCs system 

using 1M KCl and 5% Agar as salt bridge. The results 

showed that the highest surface area of graphite 

electrodes generated the highest voltage. According to 

these, this research was designed to find out the effect of 

increasing surface area of graphite electrode on the 

performance of dual chamber Microbial Fuel Cells 

(MFC). 

 

 

MATERIALS AND METHODS 
 

The MFCs tool in this study uses electrochemical cells 

with dual chamber system consisting of cathode and 

anode compartments, using two reactors with 2000 mL 

reactor capacity. The electrolyte solution used was a 

solution of Potassium Permanganate 0.1 M. The anode 

and cathode chambers connected with a salt bridge using 

PVC pipe (length=10cm; diameter=2.5cm). This salt 

bridge membrane is made by dissolving 2.5 g Nutrient 

Agar in 100 mL of 1M KCl solution, stirring it until 

boiling on hotplate. The experiment was carried out for 

72 hours. 

 

 
Information: 

A. Reactors capacity 2000 mL 

B. Graphite electrode size 0.5x1.5x7 cm for A reactor and 

0.5x2.5x7 cm for B reactor.  

C. Magnetic stirrer  

D. Pipe with diameters 2.5 cm and length 10 cm 

E. Watermurr  

F. Connection with negative electrode 

G. Connection with positive electrode  
 

Figure 2. Dual chamber Microbial Fuel Cells. 

 

 

 

RESULTS AND DISCUSSION 
 

Optical Density (OD) and pH 

The absorbance measurements were performed during 

the running of the MFCs system reactor. 

Spectrophotometer can be used to measure the turbidity 

of an object through the value of Optical Density (OD). 

This method is often used to estimate the amount or 

mass of cells, one of which is microbial cells in solution 

(Novitasari, 2011). Optical Density (OD) derived from 

absorbance measurements of this experiment is shown in 

Figure 3. 

 

 
 

Figure 3. Optical density of MFCs – A (29.5cm2) and B (44.5cm2). 
 

 

The OD of both (A and B) MFCs system show a 

tendency to increase, even though only slightly. This 

phenomenon indicates that there is a tendency in 

increasing the number of microbial cells in the system 

(Novitasari, 2011). In addition, this results  are in line 

with the results of pH monitoring as shown in Figure 4 

with the average value are 5.9 and 5.5 for A and B, 

respectively. 

 

 
 

Figure 4. The pH of MFCs – A (29.5cm2) and B (44.5cm2). 
 

 

Most microorganism prefer a neutral medium with a 

maximum activity in the range of pH 6-8 (Artsanti, P., 

2005). The value of OD that indicating an increase in the 

number of microbial cells in these MFCs system was 

affirmed by the value of pH during 72 hours of 

experiment. This result is in agreement with the 

observations made by Artsanti, P.,  et al. (2005), which 

indicated the favorable condition for the activities of 

almost all microbial species. 
 

Voltage and Power Density 

MFCs are able to convert the chemical energy stored in 

the chemical bonds of organic compounds into 

electricity. However, so far, the power produced by 

MFCs is still too low to be useful in most applications. 

The results of voltage monitoring during 72 hours of 

experiment is shown in Figure 5. The voltage of A 

reactor (with the electrode surface area of 29.5cm2) 
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tends to drop at the first 6 hours, then increase 

significantly until the 24th hour. After 24 hours, the 

voltage of A reactor tends to drop. The similar trend of 

the results of voltage monitoring shows by B reactor 

(with the electrode surface area of 44.5cm2).  At the first 

12 hours, the voltage of B reactor had increased, then 

was relatively constant until the 24th hour. The highest 

voltage, 0.93 volt, was obtained at 24th hour. After 24 

hours, the voltage of B reactor tends to drop to the 

lowest point, 0.49 volts, at the end of experiment. Figure 

5 shows that the voltage of B reactor is higher than A 

reactor from the beginning to the end of the experiment. 

This phenomenon indicate that the surface area of the 

electrode affects the resulting voltage. Similar 

phenomenon was reported by Lorenzo et. al. (2010). 

 

 

 
 

Figure 5. The voltage generated from MFCs system – A (29.5cm2) and B 
(44.5cm2). 

 

 
 

The value of power density in this experiment 

(Figure 6) represent the production of electricity 

generated by MFCs system. The highest power density 

was 93.93mWm-2 and 197.23mWm-2 that obtained at 36 

hours and 48 hours on the A and B cell, respectively. 

Figure 6 shows that the power density of B reactor is 

higher than A reactor from the beginning to the end of 

the experiment. The average power density generated 

from MFCs system is 37.4 mW/m2 and 120 mW/m2 for 

A and B reactor, respectively. It reveals that the larger 

the surface area of the electrode, the higher the power 

density generated.  

 

 

 
 

Figure 6. Power density generated from MFCs system – A (29.5cm2) and 

B (44.5cm2). 

According to Sadeqzadeh et.al. (2012) the large 

electrode surface area will capture more electrons on its 

surface to produce greater electrical energy. In this 

experiment, it can be explained that the large quantities 

of electrons produced by microorganism cannot be 

directly channeled to the outer circuit due to the limited 

space to attach to the electrode in a reactor, so there is an 

electrons queue and the process must be gradual, 

resulting lower power density. In B reactor, the surface 

area of electrode is larger than a reactor. Apparently, 

most electrons produced by microorganism can attach to 

the electrode and directly channeled to the outer circuit, 

resulting higher power density. 

In general, this experiment shows relatively low 

power density of MFCs system. It may due to the 

complexity of electron transfer mechanisms of 

microorganism or bacteria used in MFCs system. The 

oxidation of organic material produces both protons and 

electrons. The electrons are removed instantaneously via 

the conductive biofilm and the electrical circuit of the 

MFCs. The larger protons have to migrate out of the 

biofilm to the cathode. This occurs at a much slower rate 

and may cause a bottleneck inhibiting power production 

(Franks, A.E., and Nevin, K.P., 2010). 
 

Chemical Oxygen Demand (COD) 

COD is one of commonly-used organics removal 

parameters. COD test measures the total organic carbon 

with the exception of certain aromatics, such as benzene, 

which are not completely oxidized in the reaction. COD 

is based on the fact that nearly all organic compounds 

can be fully oxidized to carbon dioxide with a strong 

oxidizing agent, such as potassium dichromate under 

acidic conditions. The COD value thus represents almost 

100% of the total organics present (Onyia, 2002). 

The COD concentration of A and B reactor of MFCs 

system is shown in Figure 7. It shows that at the end of 

experiment, these MFCs systems could reduce COD by 

28.6% and 15.6% on A and B reactor, respectively. This 

confirms the role of MFCs in wastewater treatment by 

removing COD. Even though, the percentage of COD 

removal of MFCs system in this experiment is relatively 

low. It may be due to textile wastewater used in this 

system. The textile wastewater may contain an organic 

compound that is not completely decomposed. In 

particular textile wastewater, microbes generally require 

considerable time in breaking up complex organic 

compounds (Van der Maarel et. al., 2002). In addition, 

the influent  concentration of organic matter comprising 

COD in this experiment is relatively high, 6518.5 mg/L 

and 5517.5 mg/L for A and B reactor, respectively. It 

seems that this factor also contribute to the low 

percentage of COD removal.  
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Figure 7. COD concentration of MFCs system – A (29.5cm2) and B 

(44.5cm2). 

 
 

Logan et. al. (2006) reported similar result that the 

success of specific MFCs applications in wastewater 

treatment will depend on the concentration and 

biodegradability of the organic matter in the influent, the 

wastewater temperature, and the absence of toxic 

chemicals. 

 

 

CONCLUSIONS 
 

MFCs are a promising technology for the production of 

electricity from organic waste material. In general, this 

experiment shows relatively low power density of MFCs 

system. The average power density generated from 

MFCs system is 37.4 mW/m2 and 120 mW/m2 for A and 

B reactor, respectively. The voltage and power density 

were found to increase with the increase in surface area 

of the graphite electrode. The highest power density was 

93.93mWm-2 and 197.23mWm-2 that obtained at 36 

hours and 48 hours on the A and B reactor, respectively. 

At the end of experiment, these MFCs system could also 

reduce COD by 28.57% and 15.61% on A and B reactor, 

respectively. 
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Abstract. Prabawati S Y, Fitriana. 2017. Synthesis of 7-(Hydroxy) Coumarin and Its Activity Test as Antibacterial against 

Staphylococcus aureus and Shigella flexneri. Proc Internat Conf Sci Engin 1: 141-145. A synthesis of 7-(hydroxy)coumarin and its 

activity as antibacterial against Staphylococcus aureus and Shigella flexneri has been performed. The synthesis of the coumarin was 

carried out by reacting ethyl acetate and 2,4-dihydroxybenzaldehyde using piperidine as an alkaline catalyst via Knoevenagel reaction and 

antibacterial activity test was performed using disc diffusion method. The product of 7- (hydroxy)coumarin was obtained as a bright 

brown crystalline (m.p. 125 °C) with a rendment of 77%. The FTIR spectrum shows the absorption of -OH groups at 3101,54 cm-1 and 

unsaturated lactone groups at 2345.44 cm-1 which is a typical group of coumarin's derivatives. Analysis using 1H-NMR spectrometer also 

showed the proton of the -OH group appearing on chemical shift (δ) 9.932 ppm. The antibacterial activity test showed that the compound 

of 7- (hydroxy) coumarin has the highest activity at 20% concentration as an antibacterial against bacteria Staphylococcus aureus and 

Shigella flexneri with inhibit zone was 24.55 and 20.43 mm, respectively. It means the 7-(hydroxy) coumarin compound has a strong 

inhibiting activity. 

 

Keywords: 7- (hydroxy)coumarin, antibacterial, Staphylococcus aureus, Shigella flexneri 

 
 

INTRODUCTION 
 

The coumarin compounds are commonly found in nature 

including in some plants, such as in strawberries, cherry, 

sinamon, and lavender (Aslam et al, 2010). The 

coumarin derivatives are known to have biological 

activity such as blood anticoagulant, antibiotic, 

anticarcinogenic (Copriyadi, 2005), antioxidant, 

antimicrobial, antifungal (Abdou, 2014), and as 

antibacterial (Sashidhara, 2010). Sahoo et al (2014) has 

reported that the 4-hydroxy-3- (pyridin-2-yldiazenyl) 

coumarin compound can be used as an antibacterial to 

Staphylococcus aureus with a very strong inhibiting 

area. 

Coumarin is a lactone compound of orthokumaric 

phenolic compound (an ortho hydroxy cinnamate), and 

when the phenolic group is bound to a glucose molecule 

a glycoside molecule is formed which is a bonded 

cumarin 6. A simple coumarin is a phenylpropanoid 

containing a benzene ring C-6 with an aliphatic C-3 as a 

side chain. (Alegantina and Ani, 2010). 
 

 
 

Figure 1. Structure of the Coumarin Compound. 

 

Coumarin synthesis and its derivatives can be 

performed by using Knoevenagel reaction. The 3-acetyl-

6-Bromo-2H-chromen-2-one was synthesized by 

Knoevenagel reaction by reacting 5-bromo 

salicylaldehyde and ethyl acetoacetate using piperidine 

as a catalyst. The synthesis results obtained randemen of 

96% and has activity as an antioxidant. Other coumarin 

derivatives such as 3-(2-bromoacetyl)-2H-chromen-2-

one are obtained from the reaction between 3-acetyl-6-

Bromo-2H-chromen-2-one and hydrogen bromide. This 

compound apparently has activity as an antibacterial 

(Kasumbwe, 2014). 

In this experiment, synthesis of 7 (hydroxy)coumarin 

was obtained through Knoevenagel reaction with ethyl 

acetate and 2,4-dihydroxybenzaldehyde as starting 

materials and piperidine as a catalyst. According to 

Aslam et al 2010, coumarin derivative compounds are 

more active inhibiting Staphylococcus aureus bacteria 

compared with Escherichia coli. So in this study, 

Staphylococcus aureus used as Gram positive bacteria 

and Shigella flexneri as Gram negative bacteria. 

Changes in the basic structure of the coumarin may 

have an effect on their biological activity. The synthesis 

of cumarin derivatives by adding pharmacophoric 

groups at C-3, C-4 and C-7 positions enables them to be 

used as antimicrobial, anti-HIV, anticancer, antioxidant 

and anticoagulant (Dighe et al. 2010). Therefore, in this 

study the addition of hydroxyl groups at C-7 allows the 

7-(hydroxy)coumarin compounds to be used to inhibit 

the growth of Staphylococcus aureus and Shigella 
flexneri bacteria. 
 

 

MATERIALS AND METHODS 
 

Experimental Equipments 
The Experimental equipments used in this research were 

laboratory glassware, a set of recrystallization 
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equipment, analytical balance (OHAUS), hot plate 

(CIMAREX), oven, petri dish, microwave, autoclave, 

melting point, infrared spectrophotometer (Shimadzu 

FTIR-8201 PC) and 1H-NMR spectrometry (Agilent 

Technologies 500 MHz). 
 

Experimental Materials 

The materials used in this study were piperidine, 2,4-

dihydroxybenzaldehyde, ethanol, ethyl acetate, 

methanol, HCl, aquadest, Staphylococcus aureus 

bacteria, Shigella flexneri bacteria, Nutrient Agar (NA) 

and Nutrient Broth (NB). All materials with analytical 

grade quality except aquadest.   
 

Experimental Procedure  

Synthesis of 7-(Hydroxy)Coumarin  

A total of 0.047 mol (4.14 mL) of ethyl acetate and 

0.005 mol (0.69 grams) of 2,4-dihydroxy benzaldehyde 

compound were introduced into the beaker with a mole 

ratio of 6: 1. The mixture was continuously stirred and 

piperidine was added and stirred again for 1-2 hours at 

room temperature until yellow solution was formed. 

Then added 3 mL of HCl and 5 mL of ethanol. The 

mixture was stirred again and heated. After that stand 

for 24 hours until formed yellow crystals. The resulting 

crystals were filtered and subsequently recrystallized 

with ethanol and methanol. The purity test was 

performed with melting point determination and product 

was characterizating using FTIR spectrophotometer, and 
1H-NMR spectrometer. 
 

Test Activity as Antibacterial Substance 

A total of 4.0 grams of NA media and 1.6 grams of NB 

media were included in the erlenmeyer and added 1000 

mL of distilled water and then heated with microwave to 

boiling. Furthermore erlenmeyer mouth closed with 

cotton and with paper tied with rubber band, then 

sterilized by autoclave at temperature 121 ᵒC for 15 

minutes. 

Reculture of bacteria was carried out in the laminar 

air flow that has been sterilized. Staphylococcus aureus 

and Shigella flexneri bacteria were each we of 

antibacterial activity of Staphylococcus aureus and 

Shigella flexneri was performed using diffusion method 

with paper disc. Bacterial inoculation was done by pour 

plate method. Each of the prepared paper disks was 

immersed in the synthesis compound with 

concentrations of 5, 10, 20 and 40% (w/v), penicillin as 

a positive control and DMSO as a negative control. The 

discs have been added to various concentrations, then 

placed on the media by pressing the disc paper. The cup 

was then incubated for 24 hours at 37 °C. After 

incubation, the barrier zone was observed and measured 

by the sliding range. The lowest concentration that can 

inhibit bacterial growth is expressed as the value of 

Minimum Inhibitory Concentration (MIC). (Capuccino 

and Suherman, 2011). 

  

 

RESULTS AND DISCUSSION 
 

The synthesis of 7-(hydroxy)coumarin was carried out 

by reacting ethyl acetate and 2,4-

dihydroxybenzaldehyde by a ratio of 6: 1 and added a 

few drops of piperidine as a catalyst. The reaction was 

carried out at room temperature by continuous stirring 

for ± 2 hours. Piperidine as an alkaline catalyst will 

attack Hα from ethyl acetate to form an enolate ion 

which will become a nucleophile. 

The next reaction is an aldol condensation reaction 

between the enolate ions and 2,4-

dihydroxybenzaldehyde as shown in Figure 1 (a). The 

product of aldol condensation reaction undergoes 

dehydration reaction as shown in Figure 2. 

 
 

 
 

 
 

 
 

 

Figure 2. A. The mechanism of formation of an enolate, B. aldol condensation between enolate ions with 2,4-dihydroxybenzaldehyde. 
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Figure 3. Mechanism of dehydration reaction. 
 

 

 

The formation of 7-(hydroxy)coumarin was occured 

through a transesterification reaction mechanism i.e with 

the release of ester groups due to the addition of ethanol. 

The reaction mechanism is shown in Figure 4. 

 

 

 

 
 

Figure 4. Mechanism of formation of 7-(Hydroxy)coumarin compound. 

 

 
 

The synthesis product was then recrystallized to 

obtain a dark brown solid with a melting point of 125 

ᵒC. The identification of the product with FTIR 

spectrophotometer gives the spectrum as shown in 

Figure 5.  From the spectrum, it is seen that there is a 

shift of absorption of -OH group from wave number 

3132,40 cm-1 shifted to 3101,54 cm-1. Meanwhile, the 

absorption of unsaturated lactone groups appears at 

wave numbers 2345,44 cm-1. The absorption of the 

C(O)-C group, which is the characteristic group of the 

coumarin compound (Adfa, 2006) appears at wave 

numbers 1234.44 cm-1. 



144 PROC. INTERNAT. CONF. SCI. ENGIN. 1: 141-145, October 2017 

 
 

Figure 5. FTIR spectrum of 7-(hydroxy)coumarin and 2,4-dihydroxy-benzaldehyde. 

 
 

 

 

Based on the 1H NMR spectrum, there is an 

absorption at chemical shifts 6.34-6.39 ppm and 6.40-

6.4 ppm which is the peak of H-3, H-6 and H-8 protons. 

The structure of 7- (hydroxy)coumarin is shown in Fig. 

6. According to Mudjirahmini and Taslim (2007) in 

Guilet (2001), at the chemical shift of 5.92 ppm and 6.69 

ppm is the peak of proton of aromatic compounds of 

coumarin at position of H-3 and H-6. 

The peak in a chemical shift of about 7,50-7,52 ppm 

shows the protons of H-4 and H-5. This is in line with 

Ibrahim et al (2007) study on isolation of coumarin from 

pinang seed (Areca catechu L.), that H-5 uptake appears 

at a chemical shift 7,51 ppm. Meanwhile, the peak in the 

chemical shift 9.932 ppm with the singlet appearance is 

the proton absorption of the -OH group. According to 

Ibrahim et al (2007), proton absorption of –OH group is 

appear at a chemical shift 10.45 ppm with singlet 

appearance. Thus, it can be concluted that the compound 

of synthesis result is 7- (hydroxy)coumarin. 

 

 

 

 
 

Figure 6. Structure of 7-(hydroxy)coumarin Compound. 
 

 

 

 

The results of the antibacterial activity of 7- 

(hydroxy)coumarin against Staphylococcus aureus and 

Shigella flexneri bacteria as shown in Table 1. 

 

 

 

Table 1. Results of the Antibacterial Activity Test of 7- 

(hydroxy)Coumarin on Staphylococcus aureus (Gram +) and Shigella 

flexneri (Gram -). 
 

No Concentration (% w/v) 
inhibitor diameter (mm) 

Gram + Gram - 

1 Negative control (DMSO) - - 

2 Positive control (Penicilin 10) 29,82 30,00 

3 5 13,54 13,57 

4 10 20,10 19,78 

5 15 21,86 19,99 

6 20 24,55 20,43 

 

 

Based on Table 1, it’s known that the inhibitory zone 

diameter of the 7-(hydroxy)coumarin at a concentration 

of 20% has a very strong resistance area for both 

Staphylococcus aureus and Shigella flexneri bacteria. 

According to Davis and Stout (1971) in Ngajow et al 

(2013) it is known that when the diameter of the inhibit 

zone > 20 mm means having a strong activity, 16-20 

mm inhibition diameter has medium activity, 10-15 mm 

inhibition diameter has weak activity, and the inhibitory 

diameter < 10 mm has very weak activity. 

Based on data in Table 1, it is known that the 7-

(hydroxy)coumarin has a smaller inhibitory ability 

against Shigella flexneri bacteria than Staphylococcus 
aureus bacteria. This is because the Shigella flexneri 

(Gram-negative) bacteria have an outer phospolipid 

membrane that maintains the structure of the 

lipopolysaccharide component so that the cell wall 

becomes impermeable to the antibacterial compound, 

whereas Staphylococcus aureus (Gram positive) has an 

uncomplicated cell wall, so that the 7-

(hydroxy)coumarin is easier to damage the cell walls of 

Staphylococcus aureus bacteria. 

Figure 7 shows the inhibitory zone of 7-

(hydroxy)coumarin to Staphylococcus aureus and 

Shigella flexneri bacteria with MIC value of 5% (w/v). 
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Figure 7. The Results of antibacterial test of 7-(hydroxy)coumarin against 

Staphylococcus aureus (A) and Shigella flexneri (B) bacteria at 24 hours 
and 37oC. 

 
The mechanism of inhibition of antibacterial 

compounds can be occured by triggering the inactivation 

of cellular enzymes that may alter membrane 

permeability. Excessive influx of extra cellular 

substances can trigger leakage of intracellular 

components including the release of K +, that is the first 

sign of damage. This may occur because the cumarin 

derived compound is a lactone compound of 

orthokumaric phenolic (an ortho hydroxy cinnamate) 

which can inhibit a bacterium by interfering with the 

activity of the enzyme. 

 

 

CONCLUSIONS 
 

The 7-(hydroxy)coumarin compound can be synthesized 

by Knoevenagel reaction using ethyl acetate and 2,4-

dihydroxybenzaldehyde with piperidine catalysts. The 

product was obtained as a bright brown crystalline (m.p. 

125 °C) with a rendment of 77%. The antibacterial 

activity test showed that the 7-(hydroxy)coumarin has 

potential as antibacterial to Staphylococcus aureus and 

Shigella flexneri with strong inhibit zone and  5% w/v 

MIC value. 
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Abstract. Listyorini W, Niyartama T F, Zakaria M F. 2017. Identification OF Manganese Distribution Using Very Low Frequency (VLF) 

Method at Karangsari Village, Pengasih Sub-District, Kulonprogo Regency, DIY. Proc Internat Conf Sci Engin 1: 147-152. Research of 

manganese distribution was conducted in the village of Karangsari, Pengasih sub-district, Kulonprogo Regency, DIY which is the former 

area exploration and exploitation of manganese. The purpose of the research is known the value of relative conductivity and the 

distribution of manganese. The method used very low frequency tilt mode. The tools used 2 set of T-VLF BRGM (sensor and monitor) 

and the data processing software are Ms. Excel and KHFILT. T-VLF operated with 2 frequencies that are 19800 Hz from Australia and 

22.200 Hz from Elbino Japan. The total lines are 6 lines with 75 m space. Distance between measured points is 15 m, whereas line length 

is 300 m. The parameters measured from VLF method are tilt (%) and ellipticity (%). The raw data VLF is processed by Ms Excel to 

obtain a tilt, ellipse, fraser graph vs distance and the RAE from Karous Hjelt filter. While the results of processed by KHFILT software is 

the equivalent current density contour map. Relative conductivity of area research are line 1 (-10 to 10) mho/m, line 2 (-40 to 30) mho/m, 

line 3 (-20 to 20) mho/m, line 4 (-30 to 10) mho/m, line 5 (-40 to 30) mho/m and line 6 (-30 to 40) mho/m. The spread of manganese were 

in the high conductivity, toward west and east of research area with depth up to 45 m. 

 

Keywords: Conductivity, karangsari, manganese, tilt mode, VLF 

 
 

INTRODUCTION 
 

VLF method is one of the geophysical method that can 

be used to determine of rock conductivity. Since the 

1960, the VLF-EM technique has been widely used for 

mineral exploration and groundwater prospecting 

(Telford, 1990).  The sources of these EM fields are 

large radio transmitters used for submarine 

communication in the frequency range 10-30 kHz.  

T-VLF measurement is to measure the 

electromagnetic fields in the path above the target. 

Primary wave are induces conductivity rock/ target so 

the target will bring up the secondary electromagnetic 

wave. The secondary electromagnetic field strength is 

proportional to conductivity of rock. By measuring the 

field strength in a certain direction indirectly can detect 

electrical conductivity of rock beneath it (Suyanto, 

2011).  

 Development of technology and industry are need 

for mineral increases. One of them against manganese 

minerals. Manganese is very useful in industrial one of 

them for manufacture batteries.  Karangsari Village, 

Pengasih Sub district, Kulonpogo Regency of DIY is 

one area that has the potential of natural resources in the 

form of manganese are quite potential. In the area has 

been done exploration of manganese based on 

geological information in the form of outcrops on the 

surface (Sudiyanto et al, 2011). However mining 

activities in the area have been stopped. 

The purpose of the research is known the value of 

relative conductivity and the distribution of manganese. 

Surveys were conducted using VLF method tilt mode 

because the morphology of the research area is a bumpy 

hilly region (Sudiyanto et al, 2011). T-VLF is a practical 

tool carried in the areas with difficult topography. In 

addition, the study area is included in the Sentolo 

Formation unit (Sudiyanto et al, 2011).  Sentolo 

Formation consisting limestone and sandstone. The 

resistivity of limestone and sandstone is greater than 

manganese (Neibhigian, 1991). Resistivity and 

conductivity are inversely proportional so that 

manganese has greatest conductivity. Physics properties 

of manganese capable of conducting electrical current is 

in accordance with the physical parameters VLF 

method.  Using VLF method in this research is an initial 

survey. It is expected that the VLF survey can provide 

information on the location of manganese distribution so 

that the follow up survey using other geophysical 

method can be more effective and efficient. 
 
Manganese 
Manganese is a hard metal and very fragile. Hard to 

melt, but easily oxidized. Manganese is reactive when 

pure, as the powder will burn in oxygen, react with 

water and dissolve in dilute acid. Manganese resembles 

iron but harder is a semiconductor material (Ansori, 

2010). 
 
VLF Method 

Maxwell's equations which are the shape of the 

propagation of electromagnetic waves associated with 

the vector of the electric field and the magnetic field are: 
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  (1)  

  (2) 

 

That is,  = electric field intensity (V/m),  = 

intensity of magnetization field (A/m),  = magnetic 

induction or flux intensity (Wb/m2 or tesla),  = electric 

shift (C/m2) and  = current density (A/m2). With the 

additional tensor reduction relations will be obtained 

equation that simply relates to the field. If and  

fields are assumed only as an exponential function of 

time, obtained: 

 

= i  -     (3) 

 = i  -  (4) 

 

 is dielectric permittivity dielectric (F/m),  is 

magnetic permeability (H/m), and  electric 

conductivity (mho/m). The left shows the conduction 

current while the right side on the right of equation (3 

and 4) shows the displacement current contribution 

(Telford, 1990). 

The primary electromagnetic field of a radio 

transmitter having a vertical electrical field component 

Ez and a horizontal magnetic field component Hy 

perpendicular to the direction of propagation of the X 

axis. At a considerable distance from the transmitting 

antenna, Hy is primary electromagnetic field component 

can be considered as a horizontal wave as shown in 

Figure 1. 

 

 
 

Figure 1. Primary electromagnetic field of transmitter (Sismanto et al, 

2003). 

 
 

If there is a conductive medium at subsurface, the 

magnetic field component of the primary 

electromagnetic wave are induces the medium to give 

rise to an induced current such as Figure 2. 

Eddy current is caused by a VLF (Very Low 

Frequency) magnetic field on a more conductive soil 

that produces a secondary magnetic field with the same 

frequency and different phase. 

 

 

 
 

Figure 2. Electromagnetic waves for the VLF method (Suyanto and 
Yatini, 2003). 

 

 

If the horizontal magnetic field is Hx and the vertical 

magnetic field is Hz then the magnitude of the tilt angle 

and the ellipticity is shown by Figure 3 whose 

magnitude is as follows (Telford, 1990): 

 

Tilt angle =  

 . 100%  

 

Ellipticity    =  

 .100% 

 

Extension:  

Hz  = vertical magnetic field  

Hx = horizontal magnetic field  

 = angle between the major axis with the horizontal 

axis (x) 

 = phase difference between the primary and 

secondary EM waves   

 

 

 
 

Figure 3. Parameter polarization ellipse. 
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MATERIALS AND METHODS 
 

The main tool used in the research is 1 set of T-VLF tool 

as receiver can be seen in figure 4, dry battery as 

external power of sensor, compass and GPS for direction 

seeker. 

 

 

 
 
Figure 4. 1 set T-VLF BRGM. 

 

 
 

Table 1. Parameter acquisition VLF. 

 

Parameter Parameter Value 

Total line 6 line 

Length of each line 300 m 

Measurement point 10 m 

Total point of each line 21 point 

Frequency 19.800 Hz and 22.200 Hz 

Parameter measured Tilt and Ellipticity 

 

 

 

Based on Table 1 and the VLF method rule tilt mode 

that strike target direction must be perpendicular to 

transmitter with angle tolerance of 450. So the design 

survey in Karangsari Village, Pengasih Sub district, 

Kulonprogo Regency of DIY can be seen in Figure 5.  

 

 

 
 

Figure 5. Design survey of the research area on topography map. 

 

RESULTS AND DISCUSSION 
 

Data acquisition was conducted in Karangsari Village, 

Pengasih Sub-district, Kulonprogo Regency of DIY. 

Actual point of measurement can be seen in Figure 6. 

The absence of the measuring point with the survey 

design due to GPS error on track 1 and some points are 

in the steep terrain. 

 

 
 

Figure 6. Measurement Realization Map. 
 

 

T-VLF can work with 2 transmitter as comparison. 

In this research using NWC transmitter from Australian 

with frequency 19.800 Hz and NDT from Japan with 

frequency 22.200 Hz. However on processing the data is 

selected only from NWC because NDT often disturbed 

in the field. Raw data obtained in the field are tilt (%) 

and ellipticity (%) which further using Ms. Excel to get 

graph of relation between tilt, ellipse vs distance. The 

pattern of intersection of tilted ellipse can be assumed to 

be a conductive area. Such direct interpretation is not 

recommended because the data is still saturated noise. 

Then tilt data though using fraser filter in Ms. Excel. 

The result is graph fraser Vs distance. The equation of 

fraser filter ), where M is tilt 

data from acquisition in the research area (fraser, 1969). 

Conductive zone is suspected to be under a fraser pellet. 

Interpretation of the fraser graph cannot determine the 

exact depth and distance of the anomaly so it must be 

correlated with the processing using the Karous Hjelt 

Filter to find the pseudo depth and the equivalent current 

density of each path (proportional to conductivity). 

Equation of Karous Hjelt filter is: 

 

H0 = 0.102 M1  0.059 M2 + 0.561 M3  0.561 M5 + 

0.059 M6 0.102 M7,  

 

Where M is data tilt from research area. Once to do this 

filter process then obtained by depth one spaces and 

multiples (Karous Hjelt, 1983). Then create an 

equivalent current density contour map to map the 

manganese distribution using KHFILT software which 

is then collated with tilt graph, ellipse, fraser vs distance 

to identify the target. The last step is slicing each depth 
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to determine the direction of manganese spread of each 

depth.   

Here is the result of correlation equivalent current 

density with the graph of tilt, ellipse and fraser of each 

track. 

 

 
 

Figure 7. Correlation of fraser graph with contour map of RAE track 1. 

 

 

Based on Figure 7 it is assumed that the conductive 

zone of potentially manganese is located at a distance of 

50-175 m and 225-300 m. This is because of there is 

correlation between the tilt, ellipse and fraser graph with 

the high value RAE (equivalent current density) contour 

map. 

 

 
 

Figure 8. Correlation of fraser graph with contour map of RAE track 2. 

 

 

Based on Figure 8 it is assumed that the conductive 

zone of potentially manganese is located at a distance of 

200-225 m and 250-300 m. This is because there is 

correlation between graphs with RAE contour maps. 

 

 
 

Figure 9. Correlation of fraser graph with contour map of RAE track 3. 
 

 

Based on Figure 9 it is assumed that the conductive 

zone of potentially manganese is located at a distance of 

150-175 m and 250-300 m. This shows from correlation 

of RAE contour map with the peak of the fraser graph. 

At a distance of 225-250 m were found outcrop of 

manganese image 10. 

  

 
 
Figure 10. Manganese Outcrop Track 3 distance 225-250 m. 

 

 
 

Based on Figure 11 it is assumed that the conductive 

zone of potentially manganese is located at a distance of 

50-100 m and at a distance of 225-275 m. This is 

indicated by the correlation of the peak of the fraser 

graph and the RAE contour map. At a distance of 20 

meters from the meter measurement point to 45-60 track 

4 found the tunnel of manganese manganese can be seen 

in Figure 12 continuously to the east. 

 

 

 
 

Figure 11. Correlation of fraser graph with contour map of RAE track 4. 

 
 

 

 
 
Figure 12. Tunnel of manganese mine. 
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Based on Figure 13 it is assumed that the conductive 

zone of potentially manganese is located at a distance of 

60-150 m. This is indicated by the correlation of the 

peak of the fraser graph with the RAE contour map. And 

there is manganese land at a distance of 65-120 m can be 

seen in Figure 14. 

  

 
 

Figure 13. Correlation of fraser graph with contour map of RAE track 5. 
 

 

 
 

Figure 14. Location of the former manganese mine track 5 (65-120 m). 
 

 

Based on Figure 15 it is assumed that the conductive 

zone of potentially manganese is at a distance of 175-

225 m. This is shown by the correlation of the peak of 

the fraser graph with the result of the RAE contour map 

showing the high value at that distance. 

 

 
 

Figure 15. Correlation of fraser graph with contour map of RAE track 6. 

 

 

After doing the correlation between graph with 

contour map of RAE then sclicing per depth using surfer 

software can be seen in figure 16.  

Based on figure 16 is estimated manganese 

distribution in the west and east of the research area. In 

the western part of the study manganese distribution is 

seen from the topography is in the hill to the valley 

while in the eastern part of the study suspended 

manganese distribution is in the valley to the hill. It is 

estimated that the manganese potential in the east of the 

study is located up to 45 m depth, while in the western 

part of the study it is estimated that the biggest potential 

manganese is up to 30 m depth, at a depth of 45 m There 

is still the potential of manganese but smaller than in the 

depth of 15 and 30 m. 

 

 
 

Figure 16. Map of each incision in the village of Karangsari, District 

Pengasih, Kulonprogo Regency, DIY. 

 

 

CONCLUSIONS 
 

Based on VLF survey, it is known that the equivalent 

current density value of each track is relative to the 

research area. In the track 1 (-10 to 10) mho / m, track 2 

(-40 to 30) mho / m, track 3 (-20 to 20) mho / m, track 4 

(-30 to 10) mho / m, track 5 (-40 to 30) mho / m and 

track 6 (-30 to 40) mho / m. The high conductivity in the 

area of research is thought to be a manganese that 

spreads in the west and east of the study area. With a 

depth of up to 45 m in the east and 30 m in the west. 
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Abstract. Luthfiah Y, Artsanti P. 2017. The Performance of Electricity Producing of Dual Chamber Microbial Fuel Cells (MFCs) Using 

Wastewater of Tempe Industries. Proc Internat Conf Sci Engin 1: 153-156. The performance of electricity producing of Dual Chamber 

Microbial Fuel Cells (MFCs) using wastewater of tempe industries without glucose addition (as control substrate) and with (2% and 4%) 

glucose addition was observed. The anode chamber contained a waste substrate and a cathode chamber contained a 0.1 M Potassium 

Permanganate electrolyte solution. The salt bridge was required to stabilize the charge between the cathode and anode chambers, and the 

electrodes attached to the anode and cathode chambers as the electron catcher. Voltages and currents were measured using multimeter. 

Optical Density measured at 486 nm wavelengths was performed to estimate bacterial growth activity. All of the cells were observed for 

72 hours of running time. The results of Optical Density curves showed an increasing trend of absorbance during 72 hours of running 

time. These were in agreement with the resulting power density, which tended to increase until the 48th hour and then relatively stable 

especially for the substrate with 4% glucose addition. These MFCs system could also reduce COD by 1.52%, 9.76%, and 9.64% on 

control substrate, 2% glucose addition substrate, and 4% glucose addition substrate, respectively. 
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INTRODUCTION 
 

In this year the challange of the human society is facing 

is to meet the ever increasing demand for different 

energy sources, which are getting exhausted. Microbial 

Fuiel Cell is one of the best alternative sources of energy 

production, especially electricity which add wastewater 

to the list of reneweble resources of energy. 

Microbial Fuel Cells (MFCs) is a system that 

converts chemical energy into electrical energy that use 

of bacteria. Organic and or inorganic materials are used 

as an energy source for bacterial metabolism. Bacteria 

can be used in MFC systems to generate electrical 

energy while completing the process of destruction of 

organic material (Du, 2007). The rest of the bacterial 

metabolism in the form of electrons will flow in the 

system to produce electricity (Logan et al., 2006). 

Microbial Fuel Cells (MFCs) is a system or tool that 

uses bacteria as a catalyst to oxidize organic and 

inorganic materials. The electrons are produced by 

bacteria from the substrate which are then transferred to 

the anode (negative pole) and flow from the cathode 

(positive pole) connected by the conductivity device 

including the resistor, or operated under the charge to 

produce a power that can run the appliance. The positive 

of the current meter flows from the positive pole to 

negative, the opposite direction to the electron flow 

(Logan et al., 2006). 

Bacteria attach to the anode that oxidizes the organic 

substrate and release electrons and protons. Protons in 

the chamber anode move through the membrane to the 

chamber cathode, when the electrons leas from the 

bacteria to the electrodes (anodes) on the same chamber 

and then through the circuit to the cathode where they 

coalesce with the protons and oxygen to form water. In 

this way electricity can be produced. Other chemicals 

such as nitrate, sulphate, and manganese can be used as 

proton acceptor. (Zhang, 2012). 

 

 
 

Figure 1. Operating Principle of Microbial Fuel Cell (Logan, 2006). 

 

The use of organic liquid waste as well as 

degradation of organic compounds in it that makes the 

application of this MFC system is considered more 

environmentally friendly (Li, 2010). Wastewaters that 

are rich in organic matters are all great biomass sources 

for MFCs, such as wastewater of textile industries and 

wastewater of tempe industries (Kirana, E.F., 2017; 

Utami et. al., 2014). The wastewater of tempe used in 
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this study is taken from home industry of tempe 

processor in Banguntapan, Bantul, Yogyakarta. 

 

 

MATERIALS AND METHODS 
 

The MFCs tool in this study uses electrochemical cells 

with dual chamber system consisting of cathode and 

anode compartments, using three reactors with 2000 mL 

reactor capacity. The electrolyte solution used was a 

solution of Potassium Permanganate 0,1 M. 

 

 
Information: 

A. Reactors capacity 2000 mL 

B. Carbon graphite electrode size 0,5x1x10 cm  

C. Magnetic stirrer  

D. Pipe with diameters 2,5 cm and length 7 cm 

E. Watermurr  

F. Connection with negative electrode 

G. Connection with positive electrode 
 

Figure 2. Desaigning Microbial Fuel Cell. 

 

 

The anode and cathode chambers connected with a 

salt bridge using PVC pipe (length= 7cm; diameter= 2,5 

cm). This salt bridge membrane is made by dissolving 

0,8 gr Lactose Broth and 1,5-2,0% Agar in 100 mL 3% 

KCl solution. And then stirring it until boiling on 

hotplate. 

This MFC system uses a graphite electrodes with 10 

cm long, 1 cm wide, and 0.5 cm thick. Before it used in 

the MFC system, graphite electrode is firstly immersed 

in the HCl solution for 24 hours, then in the NaOH 

solution for 24 hours, and washed for neutralization. 

Prior to experiments on MFC reactors, the wastes 

were characterized in advance to determine the value of 

Optical Density (OD), Total Dissolved Solid (TDS), 

Chemical Oxygen Demand (COD), Biochemical 

Oxygen Demand (BOD), and pH.  

The performance of electricity producing of Dual 

Chamber Microbial Fuel Cells (MFCs) using wastewater 

of tempe industries without glucose addition (as control 

substrate) and with (2% and 4%) glucose addition was 

observed during 72 hours. 

  

 

RESULTS AND DISCUSSION 
 

Anode and Cathodes Reaction 

The wastewater of tempe industry used in the MFC 

system is an organic waste in which there are many 

proteins, fats, and carbohydrates. The waste is also 

overgrown with many microorganisms because organic 

compounds are the easiest medium for microorganisms 

to grow. Organic compounds contained in this waste 

serve as a food source to perform metabolic processes 

by these microbes. Through this metabolic process 

produced protons of H+, electrons, and CO2. The 

produced proton diffuses through the salt bridge to the 

electrolyte solution present in the cathode chamber, 

while the electrons will be carried by a riboflavin 

mediator naturally owned by the bacterium to the 

electrode in the anode chamber which then flows into 

the electrical circuit of the established MFC system. The 

flow of electrons from the anode to the cathode 

generates electricity. At the cathode electrons, protons, 

and oxygen combine to form H2O. In general, simple 

sugars as biodegradable molecules are degraded as 

indicated in the reaction (You et al., 2006) as follows. 

 

Anode: CxHyOz  + H2O     microbes      CO2 + e- + H+  

 

The electrons are captured by permanganate in the 

cathode space and react with H + to produce H2O, the 

reaction formed can be written as follows. 

 

Cathode: MnO4-  + 4H+  + 3e-              MnO2  +  2H2O 
 

Optical Density (OD) 
The absorbance measurements were performed during 

the running of the MFCs system reactor. 

Spectrophotometer can be used to measure the turbidity 

of an object through the value of Optical Density (OD). 

This method is often used to estimate the amount or 

mass of cells, one of which is microbial cells in solution 

(Novitasari, 2011). Optical Density (OD) derived from 

absorbance measurements of this experiment is shown in 

Figure 3. 

Figure 3 shows a significant increase in absorption in 

the first 12 hours. It may be due to the lag and 

exponential phase occurred in the first 12 hours. In the 

exponential phase bacteria actively produce electrons 

through metabolic processes by utilizing available 

nutrients. Furthermore, the bacteria showed stationary 

phase up to 72 hours without showing any mortality 

phase. Apparently, the food reserves on the substrate are 

still a lot for the survival of existing bacteria. 

 

 

 
 

Figure 3. Result of optical density during the operation 72 hours on 

variation of Glucose Concentration. 
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 Figure 3 shows that the optical density of the reactor 

with 2% and 4% glucose addition are higher than the 

control reactor (without glucose addition) almost all the 

time from the beginning to the end of the experiment. 

This suggests that glucose affects the rate of bacterial 

proliferation, resulting in higher absorption than control 

solutions. 
 

Power Density 
The value of power density in this experiment (Figure 4) 

represent the production of electricity generated by 

MFCs system. Figure 4 shows that the power density of 

control reactor is slightly higher than the reactor with 

2% and 4% glucose addition, especially from 18 - 72 

hours running time. This result is the opposite of the OD 

value indicated by the control reactor, where the OD 

value of control reactor is precisely below the OD value 

of the reactor with the glucose addition. It seems like 

that the OD value is not the significant factor affecting 

the value of power density. 

 

 
 

Figure 4. Result of power density during the operation 72 hours on 

variation of Glucose Concentration. 

 

According to figure 4, pure industrial liquid tempe 

waste (control reactor) has produced the average of 

power density higher than the reactor with the addition 

of glucose. Glucose is a substrate that is widely used in 

MFC experiments to improve the production of 

electricity because it is easily oxidized by microbes 

(Kim et al., 1999). Unfortunately, in this study, the 

addition of glucose to the tempe wastewater industry is 

not significantly improve the electricity production in 

MFC system. Acetate is suggested as another nutrient 

that may be used to increase the production of electricity 

in the MFC system with tempe industrial liquid waste 

substrate (Chae, 2009 in Esther, 2012). 
 

Chemical Oxygen Demand (COD)  

In this study, the percentage of COD removal was about 

1.52%, 9.76% and 9.64% of the control substrate, 2% 

and 4% glucose addition, respectively. 

The rate of COD removal is quite high although not 

considered optimal yet. There is also a slightly 

increasing in COD value at 48 hours and then decrease 

at 72 hours in all variations. This relates to the electrical 

potential generated at 48 hours to the point where the 

power density value exists at the highest value obtained 

on the operation for 72 hours. According to Jenie and 

Rahayu (1993), the increase in COD value is also due to 

the increase of microbial biomass, so the amount of 

COD calculated is include the result of decomposition of 

cell biomass that is formed. 

 

 
 

Figure 5. Chemical Oxygen Demand (COD) during the 72 Hours 

operation time. 
 

 

Table 1.  Result of liquid wastewater content analysis before and after 
running MFC. 

 

Parameter 0 Hour 72 Hours Unit 

TDS (Total Dissolve 

Solid) 
3.810 447 mg/L 

COD (Chemical 

Oxygen Demand) 
18.078,72 17.804,80* mg/L 

BOD5 (Biochemical 

Oxygen Demand) 
11.382,63 13.616,53* mg/L 

pH 7.77 8.85 - 

 
 

 

CONCLUSIONS 
 

Tempe industrial liquid waste can be used as a substrate 

on microbial fuel cell (MFC) reactor because in this 

waste there are many organic compounds that can be 

used as a source of microbial nutrients in the MFC 

system. 

The results of Optical Density curves showed an 

increasing trend of absorbance during 72 hours of 

running time. These were in agreement with the 

resulting power density, which tended to increase until 

the 48th hour and then relatively stable especially for the 

substrate with 4% glucose addition. These MFCs system 

could also reduce COD by 1.52%, 9.76%, and 9.64% on 

control substrate, 2% glucose addition substrate, and 4% 

glucose addition substrate, respectively. 
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Abstract. Mujaddid A, Sumarsono. 2017. A Modifying of Hill Cipher Algorithm with 3 Substitution Caesar Cipher. Proc Internat Conf 

Sci Engin 1: 157-163. The hill cipher algorithm has the uniqueness of using matrix multiplication in the process where the key used is a 

matrix that has weaknesses in the process of encryption and decryption. In this paper will be modified to the encryption process with 

caesar cipher substitution. The principle of the hill cipher algorithm using the multiplication of the 2x2 key matrix of keys is enhanced 

through process modification lies in the combination of initial character determination using the substitution of 3 caesar ciphers. From the 

results of this modification can be seen that the more the number of characters processed the time required will be longer. The magnitude 

of the determinant also affects time and size during the poses. A 1 character increment occurs if the initial character of the encryption 

process is an odd number. 
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INTRODUCTION 
 

Cryptography is one alternative to solving digital 

document security. Because in a cryptographic 

document will be changed to a certain character 

according to a given generator key, this process is called 

encryption. Only people who have a key can do the 

decryption process or translate the digital document. 

One of the many encryption algorithms in cryptography 

is the Hill cipher algorithm. The hill cipher algorithm 

uses a key generator with a matrix. The characters in the 

original document will be converted into a new 

character in accordance with the rules of matrix 

multiplication. 

The hill cipher algorithm is one of the symmetric key 

algorithms, which uses the matrix as the key for 

encryption and decryption. The basic matrix theory used 

in Hill ciphers is inter-matrix multiplication and inverse 

in matrix. This method was invented by Lester S. Haw 

in 1929, the hill cipher algorithm is the application of 

modulo arithmetic to cryptography. This cryptographic 

technique uses a square matrix key as the key used to 

perform encryption and decryption. By implementing 

Hill Cipher algorithm in the document file will certainly 

keep the security of the document. One of the 

weaknesses of the Hill cipher algorithm is that when the 

matrix-shaped key is known, the cryptographic process 

is automatically determined using the hill cipher 

algorithm, since only this algorithm uses the matrix key. 

A modification in the process of encryption and 

decryption is required. 

There needs to be an alternative in keeping a 

document file, one alternative is to implement 

cryptographic algorithms Hill cipher modified with 

caesar cipher algorithm so that the digital document data 

has strong security and maintain the confidentiality of 

the data. Alternative in implementing this algorithm can 

be done with the help of java programming, so it is not 

implemented manually, considering the data in keep the 

secrecy is digital. Then it will be tested the algorithm 

performance. 

 

Literature Review 

Research conducted by Edgar Dika Santosa discussed 

the hill cipher algorithm by performing a combination of 

initial character determination using substitution 

algorithm. The research undertaken focuses on database 

security of an information system through encryption. 

The conclusion of his research is that this algorithm can 

be well implemented in the database of invertory 

systems [14]. 

Research by Niken Puspita and Nurdin Bahtiar 

utilizes ASCII code and Matrix Operation as the main 

study in performing a short character encryption process 

with Hill cipher algorithm. Makes matrix multiplication 

the center of problem solving [8]. 

The research by Annelis uses hybrid cryptography 

techniques using a combination of Caesar Cipher and 

RSA algorithms for message encoding. The Caesar 

Cipher algorithm is a Symmetry Key algorithm used to 

encode messages and the RSA algorithm is an 

asymmetry key algorithm used to encode the caesar 

cipher symmetry key [1]. 

 

 

MATERIALS AND METHODS 
 

Subjects in this study is a hill cipher cryptography 

algorithm that modified its performance on the 

document type *. txt. The algorithm uses symmetric key 

cryptography that is the same key in the process of 

encryption and decryption. While the method in the 

programming algorithm is cryptography hill cipher and 

caesar cipher algorithm. 
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RESULTS AND DISCUSSION 
 

Hill Cipher Encryption Process 
The Hill cipher encryption process begins with a 

palintext and will generate the ciphertext result of the 

key multiplication as in figure 1. 

 

 

 

 
 

Figure 1. Workflow of Hill Cipher encryption process. 

 

 

 

a. Define alphabetic characters to be converted into 

numbers according to hill cipher rules. This is what 

determines the encryption process. 

b. Key Matrix Input is symbolized by K, the key matrix 

will be processed by plaintext. Conditions in 

performing key inputs are inverse matrices. The key 

used is the 2x2 order matrix. 

c. Arrange Plaintext into matrix blocks to form 

matrices to be converted into numbers according to 

the definition of conversion reference. 

d. Alphabetical characters will be converted into values 

or figures in order to perform matrix operations. 

e. The formula of the multiplication between the 

plaintext and the key is C = K.P (Mod 26) where C is 

the Ciphertext, K is the Key, P is the Plaintext and 

mod 26 as the determinant of changing the return 

value from the numeric character to the alphabetic 

character to become a ciphertext. 

f. After multiplication of the key with the plaintext, the 

multiplication will be converted into alphabetical 

form. So the plaintext is encrypted. 

 

 

The mathematical calculation of the document 

encryption process is as follows: 

 

1. Document with extension .txt contains data 

2. The Matrix key provided for encryption is  

 

The definition of alphabetical change to numbers in 

the hill cipher rule is as in table 1. 

 
 

 

Table 1. Conversion Alphabet to Number Hill cipher. 

 

A B C D E F G H I J 

1 2 3 4 5 6 7 8 9 10 

K L M N O P Q R S T 

11 12 13 14 15 16 17 18 19 20 

U V W X Y Z     

21 22 23 24 25 26     

 

 

3. Construct the block matrix form to multiplication. 

4. Transform data from alphabetic characters into 

numeric characters according to the conversion table 

in the hill cipher algorithm so that the document data 

becomes a number character. 

5. For example calculation in the document data there is 

the word "Ali Akbar" then the multiplication process 

is as follows. 

 
Plaintext = Ali Akbar 

Conversion into Value: 

 

A  1, L  12 , I  9, A  1, K 11 , B 2, 

A1, R 18.  

  

Construct into matrix blocks 

 

 
 

Covers a key with a block matrix. 

 

 
 

 
 

Perform modulo 26 to transform the value from 

number to alphabet 
 

 mod 26 

 

Chipertext obtained is 14,13,19,10,24,13,20, 19 will 

be converted in the form of value to be 
 

14  N, 13  M, 19S, 10 J, 24  X, 13 M, 

20T, 19S 
 

Chipertext generated from the encryption process 

with the hill cipher algorithm is NMS JXMTS. 
 

6.  The encryption process ends and generates a 

ciphertext. 

 

 



 Azzam Mujaddid, Sumarsono – A Modifying of Hill Cipher Algorithm with 3 Substitution Caesar Cipher 159 

Hill Cipher Decryption Process 

The process that occurs in the decryption hill cipher has 

in common with the encryption process that performs 

multiplication counting operations on the matrix, which 

distinguishes the key forms used. The key used is the 

inverse of the initial key. If K is the key for encryption 

then K-1 is the key to decrypt. Here is the step of 

decryption process of hill cipher algorithm as in figure 

2. 

 

 
 

Figure 2. Workflow Hill Cipher decryption process. 

 
 

a. Chipertext obtained from the encryption process 

using hill cipher algorithm will be done encryption 

process in accordance with the encryption key 

provided. 

b. Defines the conversion of alphabetic characters into 

digits and inverse the matrix keys used. 

c. Arrange characters into matrix blocks for later 

calculation operations on characters. 

d. The characters will be converted according to the hill 

cipher rules as in table 1. 

e. The formula of the multiplication between plaintext 

and key is P = K-1.C (mod 26) where C is Ciphertext, 

K is Key, P is Plaintext and mod 26 as the 

determinant of changing the return value from 

numeric character to alphabetic character to become 

a plaintext. 

f. After the multiplication of the key with the 

ciphertext, the multiplication will be converted again 

into alphabetical form. So the ciphertext is 

decrypted. 
 

 

The mathematical calculations in the decryption 

process are as follows: 

 

1. In the document contains data encryption on two 

words that generate NMS JXMTS ciphertext then 

will be done decryption process according to hill 

cipher algorithm rules with key encryption matrix 

. 

2. The key of the encryption matrix will be converted to 

an inverse from  to  expressed as 

K-1. 

3. Ciphertext in alphabetical form will be converted to 

number N14, M13, S 19, J10, X24, 

M13, T20, S19. 

4. Arranged into block matrix in order to do matrix 

operation. So the ciphertext symbolized C becomes: 
 

 
 

5. Multiplying by the formula P = K-1.C (mod 26) 
 

 
 

The results    

 

Done modulo 26 will be  
 

 mod 26 

 

Plaintext obtained from NMS JXMTS ciphertext in 

the form of numbers 1,12,9,1,11,2,1,18 will be 

converted into alphabetical form 1A ,12L ,9I 

,1A,11K,2B,1A,18R. 

6. The decryption process is done by using hill cipher 

algorithm rules from NMS JXMTS ciphertext to 

plaintext ALI AKBAR. 

 

Modified Encryption Process 

The framework of the modification algorithm is similar 

to the workflow in accordance with the theory of the hill 

cipher algorithm, only modifications are made to the 

number of characters and substitution of the caesar 

cipher in its definition. 

 

 
 

Figure 3. Workflow modified encryption process. 

 

In this research substitution is done with the key that 

has been given in 3. So if the hill cipher algorithm 

without character modification begins with "a" then in 

algortima modification of this initial character terseut 

will be substituted with 3 characters afterwards. This 

affects the matrix multiplication formula in the 

encryption process, the number of modulo is said to be 

x, x is the number of characters defined at the beginning. 
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The following description of step hill cipher algorithm 

with modifications: 

a. To define an acceptable alphabet character when 

encryption process, the character can be seen in table 

2, the location of the modification is at this stage. 

The addition of characters and substitution of caesar 

cipher is done when defining alphabetic characters. 

Once given the substitution key 3 the conversion 

table changes can be seen in table 3 
 

Table 2. Character to number modified. 

 

Character Number Character Number Character Number 

a 0 s 18 K 36 

b 1 t 19 L 37 

c 2 u 20 M 38 

d 3 v 21 N 39 

e 4 w 22 O 40 

f 5 x 23 P 41 

g 6 y 24 Q 42 

h 7 z 25 R 43 

i 8 A 26 S 44 

j 9 B 27 T 45 

k 10 C 28 U 46 

l 11 D 29 V 47 

m 12 E 30 W 48 

n 13 F 31 X 49 

o 14 G 32 Y 50 

p 15 H 33 Z 51 

q 16 I 34 . 52 

r 17 J 35 spasi 53 

   
, 54 

   
Enter 55 

 

 
Table 3. Character to number modified with 3 substitution Caesar. 

 

Character Number Character Number Character Number 

d 0 v 18 N 36 

e 1 w 19 O 37 

f 2 x 20 P 38 

g 3 y 21 Q 39 

h 4 z 22 R 40 

i 5 A 23 S 41 

j 6 B 24 T 42 

k 7 C 25 U 43 

l 8 D 26 V 44 

m 9 E 27 W 45 

n 10 F 28 X 46 

o 11 G 29 Y 47 

p 12 H 30 Z 48 

q 13 I 31 . 49 

r 14 J 32 spasi 50 

s 15 K 33 , 51 

t 16 L 34 enter 52 

u 17 M 35 a 53 

   
b 54 

   
c 55 

 

 

With the new character table allows the hill 

algorithm to process characters that are irregularly of 

typeface and large, with or without spaces and enter. 

b. Key Matrix Input is symbolized by K, the key matrix 

will be processed by plaintext. The requirement in 

performing the key input is the inverse matrix. The 

key used is a 2x2 berry matrix. 

c. Arrange Plaintext into matrix block to form matrix to 

be converted into numbers according to definition of 

conversion reference If the character is odd number 

then it will be added one character of pengfixap that 

is character of space which does not change meaning 

of word in plaintext. 

d. Alphabetical characters will be converted into values 

or figures in order to perform matrix operations. 

e. The formula of multiplication between plaintext and 

key is different from ordinary hill cipher key, 

because modification has been made then the 

formula applied for encryption process is C = KP 

(mod x), where C is Ciphertext, K is Key, P is 

Plaintext and x number of characters Which is used 

in the encryption process to determine the outcome 

of the encryption process. In this case x is 56. 

f. After multiplication of the key with the plaintext, the 

multiplication will be converted into alphabetical 

form. So the plaintext is encrypted. 

 
Examples of mathematical calculations are as 

follows: 

a) Referring to the previous plaintext of “Ali Akbar” 

character 

b) The Matrix key provided for encryption is   

The definition of alphabetical change to a number in 

the hill cipher rule that has been modified in 

accordance with table 3 

c) The calculation process is as follows 

Plaintext = Ali Akbar 

Conversion into Value: 
 

A  23 , l  8  ,i  5 , spasi 50 , A  23, k 7  

, b 54 , a53, r 14.   
 

Construct into matrix blocks 
  

 
 

The number of characters is odd. So that the last 

matrix element does not have a pair, the addition of 

karakarak spacing as a pengmentap so that the matrix 

block after the addition is as follows: 
 

 
 

Multiplying a key with a block matrix. 
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Perform modulo 56 to transform the value from 

number to alphabet 
 

  mod 56 

 

Chipertext obtained is 54,31,4,55,53,30,49, 51, 22,8 

will be converted in the form of value to be 54 b 

,31 I, 4h, 55c,53a, 30H,49 titik 

,51koma ,22z,8 l 

Chipertext generated from the encryption process 

with the hill cipher algorithm is bIhcaH., Zl 

d) The encryption process ends and generates a 

ciphertext. 

 
 

Modified Decryption Process 

 

 
 

Figure 4. Workflow modified decryption process. 

 

 

In the decryption framework uses a hill cipher 

algorithm with modifications, using a reversal of the 

modified hier algortima encryption process. 

a) Character definitions with modification of caesar 

substitution follow in table 3 which is the key to the 

decryption process. 

b) The given key matrix is the same as the modified 

encryption process key matrix, but in the process 

used is the inverse of the key matrix. 

c) Construct cipertext characters into matrix blocks to 

perform calculation operations with key matrices. 

d) Alphabetical characters that have been compiled into 

block shapes are converted into numeric characters 

according to the table of character definitions in table 

3. 

e) The mathematical formula used in the decryption 

process is P = K-1.C (mod x) where P is Plaintext, K-1 

is the inverse of K (key matrix), C is Ciphertext and 

x is the number of characters used in the decryption 

process. In this case x is 56. 

 

Transforming the value of the form of the letters 

according to the module results from table 3 

Examples of mathematical calculations are as 

follows: 

a) Referring to the previous plaintext of the character 

bIhcaH., Zl 

b) The key of the encryption matrix will be converted to 

an inverse from  to  expressed as 

K-1. The definition of alphabetical change to a 

number in the hill cipher rule that has been modified 

in accordance with table 3 

c) The calculation process is as follows 

Ciphertext = bIhcaH., Zl 

Conversion into Value: 
 

54 b ,31 I,4h,55c,53a,30H,49 titik 

,51koma ,22z,8 l 
 

Construct into matrix blocks 
  

 
 

Multiplying a key with a block matrix. 
 

 
 

 
 

Perform modulo 56 (total characters defined) to 

transform the value from number to alphabet 
 

  mod 56 

 

Chipertext obtained is 23.8,5,50,23,7,54, 53,14,50 

will be converted in the form of a value to be A  

23 , l  8  ,i  5 , spasi 50 , A  23, k 7  , b 

54 , a53, r 14.   

Chipertext generated from the encryption process 

with the hill cipher algorithm is Ali Akbar 

d) The decryption process ends and produces a 

plaintext. 
 
 

Program Implementation 
 

 
 

Figure 5. The view of encryption. 
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Figure 6. The view of decryption. 
 

 

Figure 5 and 6 describe the appearance of programs 

created using java's desktop programming. 

 

 

Testing 

 
Table 4. The Results of encryption process. 

 

No Filename 

Number of 

Character 
Size (Bytes) 

Time (ns) 

After Before After Before 

1 FileUji1.txt 248 248 255 248 802.69 

2 FileUji2.txt 1646 1646 1844 1646 35192.14 

3 FileUji3.txt 2469 2470 2767 2470 67146.82 

4 FileUji4.txt 3292 3292 3690 3292 109321.30 

5 FileUji5.txt 4115 4116 4613 4116 119362.30 

6 FileUji6.txt 4938 4938 5536 4938 163526.68 

7 FileUji7.txt 5761 5762 6459 5762 183164.67 

8 FileUji8.txt 6584 6584 7382 6584 221024.78 

9 FileUji9.txt 7407 7408 8305 7408 230355.39 

10 FileUji10.txt 8230 8230 9228 8230 243616.66 

 

 
From the results of experiments conducted on the 

encryption process using 10 training data with different 

sizes can be drawn the first conclusion that the number 

of characters after and before the encryption is fixed, but 

there are exceptions for the characters that amount to 

odd. Odd characters will increment 1 character as a 

complement character in the encryption process. Can be 

seen in figure 5. The second file size before the 

encryption process is done with the file size after 

encryption has a size reduction in all tested train data, 

the size of the file in bytes follows the number of 

characters present in the file. Comparison of file size can 

be seen in figure 6. The third conclusion is the larger the 

file size then the time required in the encryption process 

the longer. This can be noted in Figure 6. 

In the second experiment, 10 training data files will 

be encrypted and decrypted using different matrix. The 

matrix used is the following matrix , , 

. The matrix used is randomly selected but 

still observes the key rules on the hill cipher that is the 

invertible matrix that has the inverse. These three 

matrices have different determinants, 1, 79, and 131. In 

the second experiment it is concerned that there is a 

greater influence of the determinant of the matrix used 

against the required process time. 

After the second experiment, the time required data 

to determine the key determinants used. 

 
 

Table 5. Second timing encryption process differences. 

 

No Filename 

Encryption Process Time (ns) 

Derterminant 

1 

Determinant 

79 

Determinant 

131 

1 FileUji1.txt 775.71 795.97 796.07 

2 FileUji2.txt 29667.04 30194.91 30585.33 

3 FileUji3.txt 47755.23 50721.94 51343.01 

4 FileUji4.txt 68298.29 71392.84 94922.97 

5 FileUji5.txt 99717.99 100137.34 107208.85 

6 FileUji6.txt 131726.94 135442.55 137495.26 

7 FileUji7.txt 145194.41 169568.68 174727.57 

8 FileUji8.txt 172330.74 175502.18 177135.17 

9 FileUji9.txt 178287.12 197186.56 215171.06 

10 FileUji10.txt 244183.39 254202.94 256330.52 

 

 

 

 

CONCLUSIONS 
 

After review and implementation of hill cipher 

algorithm with process modification on encryption and 

decryption of plaintext document can be drawn the 

following conclusion: 

1. This research succeeded in conducting study and 

applying hill cipher algorithm with modification for 

encryption and descriptive process using substitution 

of caesar cipher algortima in plaintext document 

using 2x2 berry key matrix. 

2. This research successfully apply the process of 

encryption and decryption using hill cipher 

modification algorithm using java programming. 

3. The encryption process affects the file size, after the 

file size encryption process is reduced, to be in 

accordance with the number of characters, if in the 

file has an odd character of eating will increase one 

character as a fulfillment. The larger the file size the 

time it takes takes longer. 

4. The size of the file before the encryption process and 

after the decryption process meliliki difference, but 

the file contents have the same number of characters 

in the case of even character 

5. The determinant of the key matrix affects the 

processing time of the encryption process and the 

decryption process. 
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Abstract. Anggreini D, Hastari RC. 2017. Leslie Matrix Application in Determining Number and Growth Rate of Female Population. Proc 

Internat Conf Sci Engin 1: 165-170.  Population projections are needed to meet current data requirements and estimate future population 

numbers. The compilation of population growth models besides being based on continuous solutions needs to be evaluated more deeply 

with discrete solutions. Leslie's matrix model is a discrete model that projects the age group. Mathematical approach is very important used 

in Leslie matrix model that is follow matrix method. This study aimed to determine the number of female population in the Karesidenan 

Kediri Existence based on birth rate and life expectancy using Leslie Matrix and determine the growth rate of female population by using 

Leslie matrix eigenvalues value. The research method first determine the subject of research, second collect research data, data analysis and 

last draw conclusions. The data of this study were obtained from BPS of East Java Province, namely the number of female population from 

2010-2015. The results of this study indicate that Leslie's matrix model is a discrete model because the data on the number of female 

population in the Eks-Karesidenan Kediri divided into fourteen age intervals constructed using fertility and life expectancy. From the result 

analysis using Maple program, the number of female population in Eks Karesidenan Kediri tends to increase with positive eigenvalue greater 

than one or in other words the rate of population growth tends to be positive. The success of Leslie's matrix model is in its application to 

predict the number of female populations in Karesidenan Kediri in 2021. 

 

Keywords: Eigenvalues, Eigenvectors, Leslie's matrix, Population 

 
 

INTRODUCTION 
 

Eks-Karesidenan kediri is part of the province of East 

Java in the eastern part of Java island. The Karesidenan 

Kediri area includes Kediri, Blitar, Tulungagung, 

Trenggalek, Blitar and Nganjuk. It is known that almost 

all development plans need to be supported by population 

data, distribution and arrangement according to the age 

group of the population relevant to the plan. The data 

required not only concern the circumstances at which the 

plan was drawn up, but also the information of the past 

and more importantly the forecast information in the 

future. Past population data can be obtained from the 

results of surveys and census, while to meet the needs of 

current and future population data needs to be made 

population projection, the estimated population and 

composition in the future. (Central Bureau of Statistics, 

2013). 

Science has grown tremendously in recent years, 

including mathematical modeling. According Iswanto 

(2012), the development of mathematical models can be 

represented on the problems that occur in everyday life. 

Thus there is a strong relationship between applied 

science and mathematics represented by mathematical 

models designed and applied with the help of computer 

science, to facilitate simulation of real-world systems. 

Population growth is one example of Linear Algebra 

application in Biology and especially quantitative 

Ecology. In Ecology, population growth is often referred 

as "population dynamics". Ecology is usually defined as 

the relationship between living things and their 

environment (Tarumingkeng, 1994). 

In general, the growth form of a living being is a 

continuous or continuous process. However, population 

studies should also be approached from discrete time 

reviews. The use of discrete patterns is also based on the 

observation of the population which is generally done 

intervals of certain periods such as a day, a week, and a 

number of units according to the design of the researcher 

concerned. Based on these considerations, the 

compilation of growth models other than based on 

continuous solutions needs to be evaluated more deeply 

with discrete solutions (Tarumingkeng, 1994). 

There are several studies on Leslie Matrix Corazon et 

al (2016) using Leslie matrix to predict the number and 

growth rate in Riau Province in 2017. The result showed 

that the population of women in Riau Province tends to 

increase. In addition, research by Pratama et al (2013) 

find the dominant eigen value with several factors that 

affecting population growth, namely fertility, survival 

and vulnerable age of the population. The results showed 

that the dominant eigen value has the absolute value of 

the largest value and each dominant eigen value is more 

than one, less than one and equal to one.  From the above 

description it is very necessary to determine the number 

of female population and know the rate of growth of 

female population in Eks-Karesidenan Kediri based on 

the birth rate and life expectancy using Leslie matrix. 

This paper will determine the number of female 

population in Karesidenan Kediri based on birthrate and 

life expectancy using Leslie matrix  and also determine 

the growth rate of female population in Karesidenan 

Kediri by using Leslie matrix eigen value. 
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MATERIALS AND METHODS 
 

Matrix 

According to Sukardjono (2000) a matrix is a set of 

numbers arranged in the form of a rectangle. Each 

number is called an entry or an element in the matrix. 

According to Kariadinata (2013), the matrix is a 

composition of a set of numbers in a rectangular array 

arranged by rows and columns, and placed between two 

parentheses. Meanwhile, according to Anton (2004), a 

matrix with n rows and n columns is called the square 

matrix of order n, and the entries 𝑎11, 𝑎22, … , 𝑎𝑛𝑛 are said 

to be on the main diagonal of A. If A is a matrix having n 

rows and n column (type n x n), then A can be written as: 

 

[

𝑎11 𝑎12 ⋯ 𝑎1𝑛
𝑎21

⋮
𝑎𝑛1

𝑎22

⋮
𝑎𝑛2

⋯

⋯

𝑎2𝑛

⋮
𝑎𝑛𝑛

] 

 

Inverse Matrix 

According to Gere & Weaver (1987), the inverse of a 

quadratic matrix A, is written A-1, and is defined as a 

matrix which, when multiplied by the matrix from A, will 

produce an identity matrix. The inverse matrix is always 

a square matrix with the same horizontal as the original 

matrix, and only the square matrix has the inverse. So the 

relationship between the matrix with the inverse is 

expressed as: A A-1 = A-1A = I. 

According to Adiwijaya (2014), let A and B be square 

matrices of equal size and I is the identity matrix. If A.B=I 

then B is called the inverse of the matrix A (on the other 

hand, A is the inverse of the matrix B). The notation that 

B is an inverse matrix of A is B = A-1 and vice versa A= 
B-1 

 

Linear Combination  

The definition of Anton (2004) mentions a vector w 

called a linear combination of vectors v1, v2, . . . , vr   if 

the vector can be expressed in the form w = k1v1  +  k2v2 

+ . . . + krvr, with k1, k2, . . . , kr is a scalar 

 

Eigenvalues and Eigenvectors  

According to Kariadinata (2013), if A is an n x n size 

matrix, then the nonzero vector x in Rn is called an 

eigenvector of A if A x is a scalar multiple of x; Ie, A x = 

λ x for any scalar λ. The scalar λ is called the eigenvalue 

of A and x is said to be the eigenvector corresponding to 

λ. To find the nxn axial eigen matrix A then A x = λ x can 

be rewritten as A x = λ I x or equivalent to (λI-A) x = 0. 

To be an eigenvalue, there must be a nonzero solution of 

the equation (λI-A) x = 0, obtained If and only if det (λI-

A) = 0. 

 

Research Design 

The approach used in this research was quantitative 

approach. According to Sugiyono (2011), quantitative 

research methods can be interpreted as research methods 

based on positivism philosophy, used to examine the 

population or specific samples, data collection using 

research instruments, quantitative/statistical data 

analysis, with the aim of testing the hypothesis that has 

been established. Saifuddin (2004) suggested the results 

of quantitative research presented in the form of 

descriptions using the numbers. This type of research was 

descriptive research. While the research design used in 

this study is experimental research. The treatment that 

will be given to the data is application of Leslie Matrix 

theory based on application system using MAPLE. 

 

Research Stages 

The research method used in this research was: The first 

step was to determine the subject of research, while the 

subject of research were the growth of the female 

population at the birth rate and life expectancy in 

Karesidenan Kediri. The second step were (1) Collect 

research data, while the data collection research obtained 

from data Secondary in the Central Bureau of Statistics of 

East Java Province. (2) Data analysis and last draw 

conclusions. The existence of correct and sufficient data 

in a study will greatly determine the validity of the results 

of research being conducted. Data in research there is 

only one type that is secondary data. Secondary data were 

collected from several sources, including from the 

Central Bureau of Statistics (BPS) in 2010 - 2015 in East 

Java Province. 

 

Data Analysis Technique 

 Looking for the 𝑎𝑖 value (the fertility rate of the 

female population) derived from the divide between 

the average number of births born to a mother born in 

2010-2015 divided by the number of female 

population in 2010 and the bi (life expectancy of the 

female population) Of the results of the division of the 

female population in 2015 with the number of female 

population in 2010. 

 Produce Leslie matrix model on population growth. 

 After the Leslie Matrix was formed then entered data 

on the number of female populations in 2015 to 

produce predictions of the female population in 2021.  

 Look for positive eigen values in the matrix  

 Using the equation approach for the dividing age 

distribution. 

 Given the rate of female population for the period to 

come. 

 

 

 

 

 

RESULTS AND DISCUSSION 
 

This research was conducted by taking secondary data in 

some Central Statistics Agency in East Java Province 

with total population of 5 regencies and 2 cities in 

Karesidenan Kediri. The sample in this study was the 

number of female population from 2010 to 2015, by 

comparison of the number of child births from 2010 to 

2015. From the data then applied by applying Leslie 

matrix model to find population, eigen value. 
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Leslie Matrix Model in Population Growth 

In Leslie's model, women are divided into the same age 

groups. Specifically, suppose that the maximum age 

reached by any woman or female in the population is M 

years (or expressed in other units of time) and then the 

population is divided over the age group. So the time 

period in each group M / n years. The age group will be 

explained by the following table: 
 

Table 1. Age group matrix Model Leslie. 

 

Age Group Age Interval 

1 [0,𝑀/𝑛) 

2 [𝑀/𝑛, 2𝑀/𝑛] 

3 [2𝑀/𝑛, 3𝑀/𝑛] 

⋮ ⋮ 

(𝑛 − 1) [(𝑛 − 1)𝑀/𝑛, (𝑛 − 1)𝑀/𝑛] 

𝑛 [(𝑛 − 1)𝑀/𝑛,𝑀] 

 

For example known to the number of women or 

females in each group of 𝑛 groups at time 𝑡 = 0. In 

particular, for example 𝑥1
(0)

, there are women or females 

in the first group, 𝑥2
(0)

women or females In the second, 

𝑥3
(0)

 female or female group in the third group, and so on. 

With n number will be formed a column vector x(0) that 

is: 

 

𝐱(0) =

[
 
 
 
 𝑥1

(0)

𝑥2
(0)

⋮

𝑥𝑛
(0)

]
 
 
 
 

  

 

This vector is called the initial age distribution vector. 

Parameters In Leslie Matrix Model The process of 

birth and death processes between two consecutive 

observation times can be explained using the following 

demographic parameters: 
 

Table 2. Parameters in the Leslie Matrix model. 

 

𝑎𝑖 

𝑖 = 1,2,… , 𝑛 

The average number of girls born to a 

woman during her time in the age group to 

- i. 

𝑏𝑖 

𝑖 = 1,2,… , 𝑛 − 1  

The number of women in the age group to 

– i, who can be expected is still alive and 

up to the age group. 

 

By definition, it will be obtained that (i) 𝑎𝑖 ≥ 0  for   

𝑖 = 1,2,… , 𝑛 and (ii) 0 < 𝑏𝑖 ≤ 1 for 𝑖 = 1,2,… , 𝑛 − 1. 

Next we will define the age distribution vector x(k) at time 

𝑡𝑘 with 

 

𝐱(𝑘) =

[
 
 
 
 𝑥1

(𝑘)

𝑥2
(𝑘)

⋮

𝑥𝑛
(𝑘)

]
 
 
 
 

  

,where, 𝑥𝑖
(𝑘)

 is the number of women or females in age 

group to- i at the time 𝑡𝑘. At times 𝑡𝑘, At times 𝑡𝑘−1 and 

time 𝑡𝑘. Or mathematically 

 

 𝑥1
(𝑘)

= 𝑎1𝑥1
(𝑘−1)

+ 𝑎2𝑥2
(𝑘−1)

+ ⋯+ 𝑎𝑛𝑥𝑛
(𝑘−1)

 (1) 

 

Number of women in the age group to -  (𝑖 + 1)(𝑖 =
1,2,… , 𝑛 − 1) at time 𝑡𝑘 Are women in groups to - i at the 

time 𝑡𝑘−1 Who are still alive at the time 

𝑡𝑘. Or mathematically, 

 

 𝑥𝑖+1
(𝑘)

= 𝑏𝑖𝑥𝑖
(𝑘−1)

, 𝑖 = 1,2,… , 𝑛 − 1 (2) 

 

 

By using matrix notation, equations (1) dan (2) by 

using matrix notation, equations 

 

[
 
 
 
 
 𝑥1

(𝑘)

𝑥2
(𝑘)

𝑥3
(𝑘)

⋮

𝑥𝑛
(𝑘)

]
 
 
 
 
 

=

[
 
 
 
 
𝑎1 𝑎2 𝑎3

𝑏1 0 0

0
⋮
0

𝑏2

⋮
0

0
⋮
0

⋯ 𝑎𝑛−1 𝑎𝑛

⋯ 0 0
⋯

⋯

0
⋮

𝑏𝑛−1

0
⋮
0 ]

 
 
 
 

[
 
 
 
 
 𝑥1

(𝑘−1)

𝑥2
(𝑘−1)

𝑥3
(𝑘−1)

⋮

𝑥𝑛
(𝑘−1)

]
 
 
 
 
 

 

 

Or more briefly 

 

 x(k) = L x(k-1), with 𝑘 = 1,2,…  (3) 

 

Where L is Leslie matrix 

 

 𝐿 =

[
 
 
 
 
𝑎1 𝑎2 𝑎3

𝑏1 0 0

0
⋮
0

𝑏2

⋮
0

0
⋮
0

⋯ 𝑎𝑛−1 𝑎𝑛

⋯ 0 0
⋯

⋯

0
⋮

𝑏𝑛−1

0
⋮
0 ]

 
 
 
 

  (4) 

 

From equation (3) Found that 

 

x(1)=L x(0) 

x(2)=L x(1) =L2 x(0)
 

x(3)=L x(2) =L3 x(0)
 

⋮ 
x(3)=L x(k-1) =Lk x(0)

 

(5) 

 

Thus, if we know the start age distribution 
)0(

x  and 

the Leslie matrix L, then we can determine the age 

distribution of women or females at any later time. 

 

Limiting Age Distribution (Limiting Age 

Distribution) 

Although the equation gives the age distribution of the 

population at any given time, it does not immediately give 

an overview of the dynamics of the growth process. It is 

necessary to investigate the eigenvalues and eigenvectors 

of Leslie's matrix. The eigenvalues of L are the roots of 

the characteristic polynomial. The characteristic 

polynomial of Leslie's matrix is 
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𝑝(𝜆) = 𝜆𝑛 − 𝑎1𝜆
𝑛−1 − 𝑎2𝑏1𝜆

𝑛−2 − 𝑎3𝑏1𝑏2𝜆
𝑛−3 …

− 𝑎𝑛𝑏1𝑏2 …𝑏𝑛−1 

 

Will be given the theorems related to Leslie's matrix, 

as follows: 

 

Theorem 1 

A Leslie matrix L has a unique positive eigen value 𝜆1 … 

This eigenvalue has a multiplicity 1 and has an 

eigenvector x1 whose all entries are positive. 

 

Theorem 2 

if 𝜆1 Is the unique positive eigen value of a Leslie matrix   

L and if 𝜆𝑖 is any real or complex eigenvalues of L, so 

|𝜆𝑘| ≤ 𝜆1. 

 

Theorem 3 

If two entries are successive 𝑎𝑖 and 𝑎𝑖+1 in the first row 

of a Leslie matrix of L is not equal to zero then the 

positive eigenvalue of L is dominant. 

In the next section it will always be assumed that the 

terms of theorem 3 are met. It will be assumed that L  

Can diagonalize. It is not necessary for the 

conclusions to be taken, but this will simplify the 

argument. In this case, L have n eigenvalue, 𝜆1, 𝜆2, … , 𝜆𝑛, 

Which need not be different from each other, and  n 

Linearly independent eigenvectors 𝐱1, 𝐱2, … , 𝐱𝑛, Which 

corresponds to the eigenvalues. In this list will be placed 

eigenvalues 𝜆1 the dominant first. The diagonalization of 

L will be given by the equation 

 

𝐿 = 𝑃𝐷𝑃−1, 𝐿 = 𝑃 [

𝜆1 0 0 ⋯ 0
0
⋮
0

𝜆2 0 ⋯ 0
⋮ ⋮ ⋮

0 0 ⋯ 𝜆𝑛

]𝑃−1  

 

From this equation obtained 

 

𝐿𝑘 = 𝑃

[
 
 
 
𝜆1

𝑘 0 0 ⋯ 0

0
⋮
0

𝜆2
𝑘 0 ⋯ 0
⋮ ⋮ ⋮

0 0 ⋯ 𝜆𝑛
𝑘]
 
 
 

𝑃−1 for 𝑘 = 1,2,… 

 

For any vector age distribution first 𝐱(𝟎) it will be 

obtained. 

 

𝐿𝑘𝐱(0) = 𝑃

[
 
 
 
𝜆1

𝑘 0 0 ⋯ 0

0
⋮
0

𝜆2
𝑘 0 ⋯ 0
⋮ ⋮ ⋮

0 0 ⋯ 𝜆𝑛
𝑘]
 
 
 

𝑃−1𝐱(0) for 𝑘 = 1,2,… 

 

 

By dividing the two sections of this equation by 
k

1  

And by using that fact 𝐱(𝑘) = 𝐿𝑘𝐱(0), It will be obtained 

 

1

𝜆1
𝑘 𝐱(𝑘) = 𝑃

[
 
 
 
 
 
1 0 0 ⋯ 0

0
⋮
0

(
𝜆2

𝜆1
)
𝑘

0 ⋯ 0

⋮ ⋮ ⋮

0 0 ⋯ (
𝜆𝑛

𝜆1
)
𝑘

]
 
 
 
 
 

𝑃−1𝐱(0)  (6) 

  

because 1  Is the dominant eigenvalue that is |𝜆1| > |𝜆𝑖|, 

then |𝜆𝑖/𝜆1| < 1 for 𝑖 = 2,3,… , 𝑛. It is clear that 

(𝜆𝑖/𝜆1)
𝑘 → 0 if 𝑘 → ∞ for 𝑖 = 2,3,… , 𝑛. 

By using this statement, Can take a limit from both 

sides of (6) to get 

 

lim
𝑘→∞

{
1

𝜆1
𝑘 𝐱(𝑘)} = 𝑃 [

1 0 0 ⋯ 0
0
⋮
0

0 0 ⋯ 0
⋮ ⋮ ⋮
0 0 ⋯ 0

]𝑃−1𝐱(0)  (7) 

 

It will then be declared the first entry of the column vector 

𝑃−1𝐱(0). 

With constants 𝑐, then 𝑃−1𝐱(0) = [

𝑐
𝑐1

⋮
𝑐𝑛−1

]. 

 

This result is entered into the equation (7) that is 

 

lim
𝑘→∞

{
1

𝜆1
𝑘 𝐱(𝑘)} = 𝑃 [

1 0 0 ⋯ 0
0
⋮
0

0 0 ⋯ 0
⋮ ⋮ ⋮
0 0 ⋯ 0

] [

𝑐
𝑐1

⋮
𝑐𝑛−1

] 

= [𝐱1|𝐱2|𝐱3|⋯ |𝐱𝑛] [

1 0 0 ⋯ 0
0
⋮
0

0 0 ⋯ 0
⋮ ⋮ ⋮
0 0 ⋯ 0

] [

𝑐
𝑐1

⋮
𝑐𝑛−1

]  

= [𝐱1|𝐱2|𝐱3|⋯ |𝐱𝑛] [

𝑐
0
⋮
0

] = 𝑐𝐱1  

 

So the right side of (7) Can be written as 𝑐𝐱1, where 𝑐 

Is a positive constant that depends only on the vector of 

age distribution first 𝐱(0). so (7) be 

 

 lim
𝑘→∞

{
1

𝜆1
𝑘 𝐱(𝑘)} = 𝑐𝐱1  (8) 

 

 

Equation (8) Provide approximation 

 

 𝐱(𝑘) ≅ 𝑐𝜆1
𝑘𝐱1  (9) 

 

For large k values. From (9) also get 

 

 𝐱(𝑘−1) ≅ 𝑐𝜆1
𝑘−1𝐱1  (10) 

 

By comparing equations (9) and the equation (10) 

obtained 
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 𝐱(𝑘) ≅ 𝜆1𝐱
(𝑘−1)  (11) 

 

For large k values. This means that for large time 

values each age distribution vector is a scalar multiple of 

the previous age distribution vector, and the scalar is the 

positive eigenvalue of Leslie's matrix. Consequently, the 

proportion of females in each group of age groups will be 

constant. Then will be reviewed again equation (12) 

Which gives the age distribution vector of the population 

for a long time 

 

 : 𝐱(𝑘) ≅ 𝑐𝜆1
𝑘𝐱1  (12) 

 

Three cases will appear in accordance with the 

eigenvalues 𝜆1: (i) The amount of population will 

ultimately tend to increase / increase if  𝜆1 > 1, (ii) The 

total population will ultimately tend to decrease / 

decrease if 𝜆1 < 1, (iii) Population will tend to be stable 

/ fixed if 𝜆1 = 1. If the population tends to decrease then 

it can be said also that the population growth rate is 

negative, whereas if the population number increases it 

can be said also that the population growth rate is 

positive. 

 

Data on Population of Women in Eks Karesidenan 

Kediri 

The following is data on the number of female population 

from 2010-2015 in Eks Karesidenan Kediri. Since only a 

few women over the age of 45 years who gave birth to a 

child, it will be restricted from a population of women 

between the ages of 10 and 44 years this is due to the age 

of female fertility interval of 10-44 years. This data is for 

the age group with the period of 5 years, so the total 

number is 14 age groups. 

 
Table 3. Number of Female Population, Number of Children Born Year, 
fertility rate and life expectancy of female population in 2010-2015. 

 

Age Group 2010 Birth 2015 ai bi 

0-4 231.185 0 219.965 0 0,9547 

5-9 225.476 0 220.705 0 0,9752 

10-14 227.434 2.056 219.895 0,0090 0,9215 

15-19 209.842 42.448 209.579 0,2023 0,9372 

20-24 196.924 49.657 196.662 0,2522 1,0339 

25-29 217.015 50.306 203.599 0,2318 0,9730 

30-34 219.892 43.089 211.145 0,1960 1,0118 

35-39 225.483 40.653 222.497 0,1803 1,0209 

40-44 229.065 40.272 230.192 0,1758 0,9869 

45-49 210.144 0 226.054 0 0,9566 

50-54 171.049 0 201.023 0 1,0104 

55-59 137.422 0 172.825 0 0,9078 

60-64 104.624 0 124.756 0 2,7506 

65+ 269.021 0 287.779 0 - 

Total 2.874.576 268.480 2.946.676 - - 

 

 
 

Table 4. Number of Female Population,in 2010 and 2015 and prediction 

number of female population in 2021. 

 

Age Group 2010 2015 2021 

0-4 231.185 219.965 263.137 

5-9 225.476 220.705 210.000 

10-14 227.434 219.895 215.231 

15-19 209.842 209.579 202.633 

20-24 196.924 196.662 196.417 

25-29 217.015 203.599 203.328 

30-34 219.892 211.145 198.101 

35-39 225.483 222.497 213.636 

40-44 229.065 230.192 227.147 

45-49 210.144 226.054 227.176 

50-54 171.049 201.023 216.243 

55-59 137.422 172.825 203.113 

60-64 104.624 124.756 156.890 

65+ 269.021 287.779 343.153 

Total 2.874.576 2.946.676 3.076.205 

 

 

From the data above will be done data analysis by 

looking for parameter 𝑎𝑖 (fertility number) and 𝑏𝑖 

parameter (life expectancy). Leslie's matrix model can be 

used to determine the number of female population the 

next 6 years. Using Leslie's matrix, based on table 3 the 

female population is divided into several age-class 

intervals, with the female fertility age interval of 15-44 

years. Here is a settlement step to predict the number and 

growth rate of Eks Karesidenan Kediri in 2021. 

Further analysis will be done using the Maple program 

to determine the dynamics of the growth process based on 

eigenvalues and eigenvectors of Leslie matrix. Then by 

using the equation approach for the dividing age 

distribution 𝐱(𝑘) ≅ 𝜆1𝐱
(𝑘−1) will be sought the dynamics 

of growth of female population in Eks Karesidenan 

Kediri. 

Having formed Leslie's matrix, based on the equation 

(3) to predict the number of women in 2021 is 𝐱(𝑘) =
𝐿𝐱(𝑘−1) 
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CONCLUSIONS 
 

Using the Maple programe a positive eigenvalue and its 

eigenvector can be approximated by 𝜆1 = 1,010249. 

Then by using the equation approach for the dividing age 

distribution: 𝐱(𝑘) ≅ 𝜆1𝐱
(𝑘−1). So 𝐱(𝑘) ≅

1,010249𝐱(𝑘−1). From the eigenvalues obtained 𝜆1 > 1 

So that every five years the population of women in Eks 

Karesidenan Kediri will tend to increase or in other words 

the growth rate of female population in Eks Karesidenan 

Kediri tends to be positive. 
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Abstract. Arianto E, Rahmawati L. 2017. Application of Learning Vector Quantization Method in Kinect Device AS a Base of the 

Development of Behaviour Detection System. Proc Internat Conf Sci Engin 1: 171-174. One of the lessons for mental disorder students in 

Special Schools is practicum lessons in the form of vocational education. This lesson uses equipment that requires prudence. Mental 

disorder students have characteristics that are low memory and move based on intuition. Teachers should pay extra attention especially to 

detect student behavior during the learning. This detection is needed for learning to take place smoothly and students are safe from the 

dangers around the practicum place. Teacher's feedback on the detection obtained in the form of a warning from the teacher. This study is 

expected to be useful for providing a special detection pattern for students to assist teachers by providing feedback in the form of warnings 

using natural motion detection technology. This research was conducted using Kinect as data input and data was processed using artificial 

neural network and Learning Vector Quantization method. The dangerous attitude used in the test is the attitude of standing at the time of 

drilling position. The data used by training is 126 data and do training using LVQ. At the LVQ training stage, the training was conducted 

with parameter of Learning Rate 0,05, maximum Iteration 44, reduction of learning rate 0.01, and Learning rate minimum 0,02. 

 

Keywords: Mental disorder, Learning Vector Quantization method, behaviour detection 

 
 

INTRODUCTION 
 

Indonesia is a country with abundant population. To 

make Indonesia as a developed country, education is 

given equally for its people, including Indonesian people 

with special needs.  Students with special needs that 

have normal physical appearance are autism and mental 

retardation. In terms of psychology, children with autism 

have an educational focus toward psychology education 

and their IQ abilities are similar to normal people. While 

the mental retardation child has a low IQ and has other 

properties that are easy to forget and perceive  

information intuitively. 

Students with special needs will be taught on skill 

activities. For example the skill activity at the school is 

the activity of wooden skill toy. The student will be 

taught to make an object of wooden craft which is used 

to hone their skill. Materials used by students of wooden 

skill include wood, paint, paint thinners, glue, and other 

substances that potentially dangerous if not placed as it 

should be. 

These materials, if not properly placed, are cause the 

floor to be slippery. In practicum of wooden skill, 

students use tools and materials such as grinding 

machine, winding machine, sandpaper machine, lathe, 

welding screwdriver and other equipment that must be 

careful in its operation and accompanied with good 

attitude. In the use of these tools, the children are in a 

special room where the space is devoted to the activities 

of practicum children. Such practicum activities are in 

the workspace, which has the same principles as the 

work area in the industry and has rules governing 

workers in those work areas to be in a safe condition, 

not endangering themselves or others. Suppose that in 

the regulation there are some restrictions used to ensure 

the safety of workers, ie prohibited from running, 

prohibited bersendagurau, prohibited smoking and other 

prohibitions in accordance with the same work area. The 

same experience has advantages in children who have 

graduated so they are not awkward if they enter the 

work area in the industry and can behave as it should. 

In education today it is certainly not only cognitive 

that plays an important role for a child's bendidikan. 

Aspects that are not less important is the affective side. 

This aspect can be attributed to the character education 

that is currently included in the education curriculum 

endonesia. According to (Mardapi, 2010), Characters 

that are always associated with character education are 

often used to state how well a person is. Or in other 

words, a person who displays personal qualities that 

match the desired community can be expressed as 

having good character and developing character 

qualities are often seen as educational goals. 

According to Mardapi (2010), character is part of 

affective domain, and one of method that can be used to 

measure affective aspect, that is observation method. 

The use of observational methods is based on the 

assumption that affective characteristics can be seen 

from the behaviors or deeds displayed, psychological 

reactions, or both. According to Wiyani (2012), the 

strategic role of teachers should be optimally utilized to 

minimize the negative effects that exist. We see 

together, one uru in the classroom will involve many 

students. Teachers will have difficulties when 

supervising large numbers of students. The role of the 

teacher as an individual reminding students in character 
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education to ensure that students do not behave 

negatively is the main task. 

Hoffingger (1996) concludes that when we hear 

something, it does not mean we listen. and do not need 

to hear to learn, but we must listen to learn. We do not 

have to learn to listen, but we must learn to listen. 

Listening involves concentration. So, if the students are 

given an audiovisual feedback, it will give not just 

attention but concentration. 

From these conditions, it is necessary to detect the 

activities of students with special needs when doing 

activities in the work area. The detector will detect the 

students' special needs from the negative characters and 

provide a warning if it detects a negative activity. The 

proposed system is also expected to be as interesting as 

an interesting learning medium. So hopefully with the 

warning, the negative activity is not a habit of character 

for students with special needs. 

 

 

MATERIALS AND METHODS 
 

System Design 

In designing required a device that can detect patterns of 

student behavior. These devices can use kinect devices. 

In practice kinect will be connected to a PC equipped 

with algorithms to detect behavior patterns of students 

with special needs. The PC is also used to provide 

feedback output from malicious movement in the work 

area of audio visual. 

 

 
 

Figure 2. Motion detection scheme. 

 

 

The process of working this system based on the 

sensor to detect the student's body position. Kinect 

processes motion using software that detects certain 

movements and generates output responses in the form 

of text and audio visuals. 
 

Normal Data Collection 

In this section, experiments are made of normal daily 

activities. And the system will record the normal state 

data that will be used to evaluate the abnormal / 

dangerous situation. System embedded script program 

which will record the existing activity in the space, 

movement between point to point, detection of body 

position in normal circumstances. a natural motion 

detection sensor can be placed in a room for detecting 

daily life activities as for detection sensor placement 

shown in figure 3. In the figure there are markers, 

markers A, B, C, D, E, F where A, C, D , E is the area 

that can be detected natural motion detection sensors, 

while B and F is an area that can not be detected sensors. 

V. Gulshan's (2011) research describes the kinect can be 

embedded algorithm to record the data set taken as the 

main data. 
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Figure 3. Image of sensor placement on space. 

 

Evaluation Procedure 
The system will compare the normal state of activity 

data set, and will be compared with the sensor detection 

at that time. Abnormal circumstances will be evaluated 

and warnings will be recorded to the system. 

 

 
 

Figure 4. Flow chart of the detection system. 
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RESULTS AND DISCUSSION 
 

In this process the researcher determines the training 

parameters such as Learning Rate, maximum Iteration 

(max epoch), learningrate reduction (Reduce LR), and 

minimum Learning rate (Min LR). In determining these 

parameters the researchers monitor what data on the 

status of existing learning in the application. In the 

learning process is determined as follows: 

 

 

Table 1. Data table late weight of LVQ training results. 

 

id Neck 
Degree  

shoulder-waist 

Degree 

Shoulder- Left knee 

Distance 

drill head 

Degree 

drill head 
Class 

1 33,20912 13,84478 37.0738 52,97953 32,89481 1 

2 63.66706 51,43 25,04137 55.6553 14.87935 2 

 

 

 

To find out the percentage index showing the ability 

of this diagnostic system to classify normal and 

dangerous attitudes, a test is required, including 

sensitivity, specificity, and accuracy testing. The 

accuracy of the system is used to indicate the level of 

performance accuracy. 

 

 (1) 

  

With: 

 TP (TruePositive) is to point to the number of 

dangerous attitudes that are correctly grouped as 

dangerous. 

 TN (TrueNegative) is to point to the number of 

normal attitudes that are correctly grouped as normal 

attitudes. 

 FP (FalsePositive) is to refer to the number of which 

are classified as normal attitudes grouped as 

dangerous. 

 FN (FalseNegative) refers to the number of groups 

that are classified as dangerous attitudes classified as 

normal. 

 To obtain a percentage index that demonstrates the 

ability of this system to classify the degree of 

accuracy of attitude recognition, it must be 

considered how sensitivity and specificity are to be 

considered. 

 Sensitivity is the percentage index probability of 

positive test results against the classification of 

accuracy of non-hazardous pattern 

 

 (2) 

 

 Specificity is the percentage index of test probability 

in classifying normal attitudes. 

 

 (3) 

 

With TN (TrueNegative) is to point to the number of 

normal attitudes and show a normal attitude. 

To find a percentage index that demonstrates the 

ability of a normal and dangerous attitude recognition 

detection system, a test is required to obtain sensitivity, 

specificity and accuracy data. Test results in mental 

disorder students on drilling process will get value TP 

(TruePositive), TN (TrueNegative), FP (FalsePositive), 

FN (FalseNegative). TP (TruePositive) is to point to a 

dangerous attitude that is properly grouped as a standing 

position. TN (TrueNegative) is to point to the number of 

children's attitudes with true positions that are grouped 

normally as normal. FP (FalsePositive) is to refer to the 

number of normal attitudes that are classified as positive 

(dangerous attitudes). FN (FalseNegative) is to point to 

the number of dangerous attitudes but classified as 

negative (normal attitude). 

In this study using a sample derived from the attitude 

of students. Identification seen from the student's 

attitude and the results of the introduction of the 

application that has been made. Testing on this detection 

application get the results of attitude testing of 14 

students with the results seen in Table 2. 
 

Table 2. Detection application testing table. 
 

No Subject TP TN FP FN 

1 Fuad 11 11 0 0 

2 Purnomo 13 13 0 0 

3 Agus 12 12 0 0 

4 Topan 13 14 0 3 

5 Risky 11 11 0 0 

6 Andi 11 11 0 0 

7 Ikhsan 11 11 0 0 

8 Bayu 4 12 0 8 

9 Reza 12 12 0 0 

10 Gama 10 9 1 2 

11 Anjas 11 13 0 1 

12 Hari 10 11 2 6 

13 Antok 6 8 0 2 

14 Aldo 11 11 0 0 

  Total 146 159 3 22 

 

 

In Table 2, the results obtained that the application 

has an accuracy of 92.4%, sensitivity 86.90% and 

specificity 98.15%. So that it can be seen that in the 

LVQ training stage, the training was conducted with 
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parameter of Learning Rate 0,05, maximum Iteration 44, 

learning rate reduction 0.01, and Learning rate minimum 

0,02. 

 

 

CONCLUSIONS 
 

In the LVQ training stage, the training was conducted 

with parameter of Learning Rate 0,05, maximum 

Iteration 44, learning rate reduction 0.01, and Learning 

rate minimum 0,02. 
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Abstract. Sidiq I N, Niyartama T F. 2017. Porosity Identification of Carbonate Core Reservoir Using Digital Rock Physics Method. Proc 

Internat Conf Sci Engin 1: 175-181. Indonesia is an archipelago country so rich with coral reefs that are a major component of the 

carbonate rock constituents. Where as much as 40% of carbonate rocks in Indonesia is a hydrocarbon reservoir is still rarely done 

exploration. This is because conventional hydrocarbon exploration technology has not been able to provide detailed information about the 

physical quantities. Hydrocarbon exploration technologies currently leads on digital technology to know the physical quantities of a 

reservoir of more detail such as porosity. Porosity which is physical quantities related to the presence of hydrocarbons in the pores of 

rocks. Digital Rock Physics (DRP) is a digital image-based method as an alternative method to find the physical quantities of rock 

samples to make it more effective and efficient. This study aims to identify the physical quantity using the method of porosity of the DRP 

until obtaining porosity of rock core carbonate reservoir by analyzing the binary image of the two rock cores from the same reservoir but 

has different dimensions to find out the exact core rocks to analyze the value of porosity. Binary image obtained from a scanned image of 

a projection of rock that has been reconstructed to become the greyscale image and have gone through the process of thresholding. The 

results of this study showed that the method can identify the physical quantities of DRP porosity and non-damaging rock pore structure 

(non-destructive). Analysis of the porosity of the rock core with histogram variations performed (by adjustingting the histogram), using 

the otsu method of thresholding and pixel size of the image has high (5.343750 μm) used to analyze the value of porosity. The porosity 

values acquired for 18.040 and has precision 96.20%. 

 

Keywords: Digital Rock Physics (DRP), reservoir, carbonate, porosity 

 
 

INTRODUCTION 
 

Study of carbonate rocks in Indonesia, especially in the 

field of Geophysics is still very lacking. In the 

meantime, Indonesia is in a tropical region is an ideal 

place for the formation of coral reefs. Whereas coral 

reefs are the main component of the carbonate rock. 

Carbonate rock in Indonesia is important to be examined 

primarily in the petroleum industry because it acts as a 

reservoir, where nearly 40% of the existing reservoir 

rocks in carbonate rocks originating from the world. 

While in Indonesia itself, the oil and gas consumption 

has continued to increase since the year 2003 of around 

8% per year while the production is always decreased 

15-20% per year. This is because national oil reserves 

currently living 3.7 billion barrels from about 27 billion 

barrels of proven oil reserves (proven reserve) 

(Biantoro, 2015). Hydrocarbon exploration methods 

currently obtain information about physical magnitudes 

more detailed hydrocarbon exploitation activities so that 

it cannot be the maximum. That is because the reservoir 

rocks must have the ability to store fluid properly, then 

called porosity. Porosity is a physical quantity that is 

important in the exploration of hydrocarbons. Therefore, 

the required method of hydrocarbon exploration that is 

capable of providing information on physical quantities 

especially porosity so that exploitation activities more 

efficient and effective. Such methods are Digital Rock 

Physics (DRP). Digital Rock Physics (DRP) is a digital 

image-based method as an alternative method to find the 

physical quantities of rock samples to make it more 

effective and efficient (Winardhi, 2016). The purpose of 

this study is to identify the physical magnitudes of 

porosity and calculate the value of a core sample of the 

carbonate reservoir porosity as well as calculating the 

accuracy value calculation results between laboratory 

results with the results of the digital. 

 

 

MATERIALS AND METHODS 
 

The data used in this study is the core samples reservoir 

of carbonate rock coded C30 with different dimensions 

as shown by Table 1. Two samples are named sample I 

and D. Sample D is part of the sample I that have gone 

through the process of plugging. 
 

 

Table 1. Dimensions of sample I and D. 
 

Sample Diameter (cm) Length (cm) 

I 3,750 5,025 

D 0,660 0,854 

 

 

Both of these samples were carried out scanning 

processes using Micro-CT Scan-type Sky Scan 1173 

(Figure 1). This device is located in the building of BSC 

A ITB. Scanning scenarios used are full single scenario 

as shown by Figure 2. 
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Figure 1. Bruker Micro-CT Scan Sky Scan 1173 (taken from 

http://bruker-microct.com/product/1173.htm). 

 
 

 
 

Figure 2. Single full scanned scenario. 
 

 

The projected image of scanned image are then 

conducted of the reconstruction process to generate 

greyscale image. This study used the NRecon software 

for reconstruction based on Fieldkamp algorithm which 

is the derived from the Filtered Back-Projection (FBP) 

algorithm and has been adapted to the geometry of a 

rotating object (Winardhi, 2016). Histogram variations 

are also done at this stage. Then, greyscale image 

through VOI process to select parts of the image that 

want to be calculated. The next process is bitwise 

operation to remove an area on the image that will not 

be calculated. Then greyscale image is through of 

thresholding process to yield a binary image. There are 

two kinds of thresholding methods are used, namely the 

otsu method and adaptive method. Thresholding method 

variation aims to find out the similarities between the 

lateral image of image greyscale with binary image. This 

binary image that used to identification process of 

physical quantity of reservoir rock core samples of 

carbonate. The value of porosity ( ) calculated using 

the equation: 

 

 (1) 

 

 

Porosity that used in this study is the value of the 

total porosity. Total porosity is porosity related to all 

spaces pores, holes, cracks and more. Total porosity is 

the sum of the primary and secondary porosity. The 

value of porosity for carbonate rocks ranging from 5-

25% (Coneybeare, 1967 and Keelan, 1982). According 

to Koesoemadinata (1980), porosity on the reservoir are 

categorized as shown in Table 2. 
 

 
Table 2. Porosity on the reservoir (Koesoemadinata, 1980). 

 

Porosity (%) Description 

0 – 5 Ignored 

5 – 10 Bad 

10 – 15 Enough 

15 – 20 Good 

20 – 25 Very Good 

>25 Excellent 

 

 

On digital image analysis method, pore volume is 

obtained by counting the number of pixels that are black 

and the total volume obtained from the overall number 

of pixels in a predefined VOI. Afterwards calculate the 

precision between the laboratory results with the results 

of this study on digital using the following equation: 

 

 

 (2) 

 

 

 

 

RESULTS AND DISCUSSION 
 

Results 

Histogram Variations 

Histogram variations aim to know the distribution pixels 

intensity values of the image projection. The distribution 

of pixels intensity values is relate the dark brightness 

image. When the histogram curve is varied, so the 

intensity curve also changed. Histogram variations to the 

sample I and D as presented in Table 3 and Table 4. 
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Table 3. Histogram variations of image projection without adjusting histogram. 

 

Samples 
Without Adjusting Histogram 

Histogram Intensity Curve 

I 

 

 

 
 

D 

 

 
 

 

 

 

Table 4. Histogram variations of image projection with adjusting histogram. 

 

Samples 
With adjusting histogram 

Histogram Intensity curve 

I 

 

 

 
 

D 

 

 
 

 

 

 

 

From the Table 3 and Table 4 it can be seen that the 

histogram variations can affect the intensity curve. 

When the histogram is not adjusting, then distribution of 

the pixels intensity values pile up at one point (not 

evenly), this can be seen from the intensity curve 

concave to the image of the both samples. But if 

adjusting the histogram between peak to peak, then 

distribution of pixels intensity values become evenly. It 

can be seen from the both samples of image intensity 

curve. 
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Porosity Analysis 

Porosity values analysis from binary image of the core 

sample of carbonate reservoirs using CT-Analyser 

software 1.13 obtained porosity values for the two 

samples, core I and D. The result of porosity value 

analysis for each sample is different because influenced 

by adjustingting the histogram, as are presented as 

follows: 

 

 Without Adjusting Histogram 

Porosity values of binary image samples from carbonate 

reservoir cores without adjusting histogram obtained 

results are presented in Table 5 for the sample I and 

Table 6 for sample D. 

 

 
 

 

Table 5. Porosity value of sample I. 
 

Thresholding method Otsu Adaptive (mean of min and max values) 

Binnary image 

  

Total porosity value (%) 18,116 21,942 

 

 

Tabel 6. Nilai porositas sampel D. 

 

Thresholding method Otsu Adaptive (mean of min and max values) 

Binnary image 

  

Total porosity value (%) 18,102 20,792 

 

 

 With Adjusting Histogram 

Porosity values of binary image samples from carbonate 

reservoir cores without adjusting histogram obtained 

results are presented in Table 7 for the sample I and 

Table 8 for sample D. 
 

 

 

Tabel 7. Porosity value of sample I. 
 

Thresholding method Otsu Adaptive (mean of min and max values) 

Binnary image 

  

Total porosity value (%) 18,097 22,354 
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Tabel 8. Porosity value of sample I. 

 

Thresholding method Otsu Adaptive (mean of min and max values) 

Binnary image 

  

Total porosity value (%) 18,040 21,369 

 

 

The results of the porosity analysis which has been shown by Table 5, Table 6, Table 7 and Table 8 written in 

summary in Table 9 as follows: 

 
 

Table 9. Total porosity value (%). 

 

Samples 

Total porosity value based on image (%) 

Total porosity value 

based on lab (%) 
Otsu Adaptive (mean of min and max values) 

Without adjusting 

histogram 

With adjusting 

histogram 

Without adjusting 

histogram 

With adjusting 

histogram 

I 18,116 18,097 21,942 22,354 
17,379 

D 18,174 18,040 20,792 21,369 

 

 

From the results of the porosity analysis that has 

been presented by the Table 9, then calculated the 

accuracy values of porosity in digital laboratory and the 

results are presented in Table 10 below: 
 

 

Table 10. Accuracy value of total porosity (%). 

 

  Total porosity value (%) 

Parameter 
I Accuracy (%) D Accuracy (%) 

Otsu 
Without adjusting histogram 18,116 95,76% 18,174 95,43% 

With adjusting histogram 18,097 95,87% 18,040 96,20% 

Adaptive (mean of min 

& max values) 

Without adjusting histogram 21,942 73,74% 20,792 80,36% 

With adjusting histogram 22,354 71,37% 21,369 77,04% 

: Total porosity values the most approaching the value of porosity of the laboratory. 

 

 

 

From Table 10 appear that porosity value of sample 

D by using otsu method of thresholding and by adjusting 

the histogram more approximate to porosity value of 

laboratory with the result of total porosity has 18.040% 

and has a accuracy of 96.20%. Therefore, the porosity 

value of sample D has represented the throughout 

sample I so that it can be concluded that the porosity 

value analysis by using otsu method of thresholding and 

by adjusting the histogram is right used to core samples 

of carbonate rock reservoir coded C30. 
 

Discussions 

Histogram Variations 

Histogram variations are simultaneously done with the 

adjustingtings parameter reconstruction of image 

projection. In this study, there are two types of 

histograms of two samples that is I and D. Histogram 

variations of intensity curves obtained for each sample 

as shown in Table 3 and Table 4. The intensity curve 

shows the distribution in the intensity of the pixel 

values. 
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From the Table 3 it can be seen that the resulting 

intensity curve without adjusting the histogram on the 

samples I was not flat, but is concave with a tendency 

towards the right. This shows the distribution of the 

pixels intensity builds up to the right and left. This 

happens because the histogram on the sample image has 

distribution that accumulates on the right side (shown by 

the red line), and thus tend to look darker. This also 

applies equally in the image of the sample D as shown in 

Table 4, where the pixels at the edges of stacked up right 

and left. This is because the histogram of the image of 

the sample is heaped on the right where the large 

intensity. As a result, the image tends to be darker.  

In contrast to the curve intensity of the resulting 

without adjusting the histogram, the curve intensity 

generated by adjusting the histogram looks flat as shown 

in Table 4. The histogram is adjusting to peak with low 

intensity to high intensity peaks. This was done because 

in the area there are number of pixels. Curve intensity 

looks flat, this shows the intensity distribution evenly. 

Distribution which is evenly make the image look more 

emphatic distinction of density. Therefore, in this study 

the variation of the histogram by adjusting the histogram 

correspond to samples of carbonate rock reservoir cores 

coded C30. 
 

Porosity Analysis 
Before the porosity analysis process, greyscale image 

that comes from the reconstruction image carried out 

process of thresholding. Thresholding method that used 

in this study are otsu method and adaptive (mean of min 

& max values). Both of these methods use because they 

have different ways of segmenting each other. Binary 

image resulting from the otsu method and adaptive 

(mean of min & max values) can be seen in Table 5, 

Table 6 are without adjusting the histogram and Table 7, 

Table 8 by adjusting the histogram. 

From these tables look that binary image that using 

the otsu method results more equal with the original 

image (reconstruction) compared to using adaptive 

method (mean of min & max values). Otsu method 

doing segmentation globally, all of 2D image of the 

whole will be segmentation by using a single threshold 

value for each pixel in the image. This makes the entire 

image thresholding process completed quickly. Besides 

that, this method more equal with histogram adjusted 

peak to peak as shown in Table 7 and Table 8. While the 

adaptive (mean of min & max values) doing 

segmentation with block on the image. Each block will 

look for the appropriate threshold values. Whereas the 

threshold for each block can be different and may also 

be the same. Because adaptive method (mean of min & 

max values) very detail in the process of thresholding, 

then the value of the total porosity of binary images 

using adaptive method (mean of min & max values) is 

greater than with the use otsu method. In addition, it 

takes quite a long time in the process of thresholding 

segmentation because that is done very much (details). 

Therefore, the image of carbonate reservoir core 

samples coded C30 better suited using the method of 

otsu. 

Then, analysis of binary image to get the total 

porosity values from each sample. Binary image 

analysis performed using 3D Analysis in CT-Analyser 

software. The result of porosity value contained in Table 

9. If the porosity value compared between sample I and 

sample D, so the porosity value of sample D is closer to 

the porosity value results of laboratory. This is because 

the sample I have a lower image resolution compared to 

a sample of D. This is apparent also from the pore 

structure in both samples, indicated by the Figure 3a and 

3b. 

 

 
 

 
 

Figure 3. 3D pore structure of sample I (A) sample D (B). 

 

 

Light colors on the Figure 3a and Figure 3b shows 

the matrix on the rocks while the dark color shows the 

porous structure of the sample. The samples I have a 

porous structure that is not interconnected if compared 

to the sample D. It is apparent from the number of 

matrices on the samples I look more compared with 

samples of D. It is indicative of some of the missing 

information. This happens because the samples I have a 

low resolution 28.145463µm whereas the sample D has 

a high resolution 5.343750 m. High Resolution means 

having a very small pixel sizes, so that the information 

contained in the image will be more detail. Therefore, 
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porous structure sample D interconnected compared 

samples I. Pore structure connected closely related to 

connect or not the pore in the sample. Pores 

interconnected relate to permeability of this because the 

permeability are associated with the permit of oil and 

gas that is in the sample. So the total porosity values 

between digital image with the laboratory for sample D 

by adjusting the histogram has a closeness with the 

value of the accuracy of 96.20% as shown by Table 10. 

From the explanation that has been presented above, 

the right of the histogram variations used in this study is 

to adjusting the histogram. The exact method used in 

this study on thresholding process is otsu method. 

Samples with porosity value approaching most 

laboratories is sample D because it has a high image 

resolution with the total porosity value 18.040%. When 

compared to the reservoir porosity Koesoemadinata 

(1980) in Table 2.2, the reservoir core samples of 

carbonate rock has sufficient porosity. This allows oil 

and gas saved a lot. Thus it can be concluded that the 

method of the Digital Rock Physics (DRP) was able to 

identify physical quantity porosity with obtained the 

porosity value most approaching the porosity value of 

laboratory is sample D with variations of the histogram 

is by adjusting histogram and otsu thresholding method 

of use has a porosity value 18.040%. The sample was 

representative of the overall value of the total porosity of 

samples of carbonate reservoir cores are used coded 

C30. 

 

 

CONCLUSIONS 
 

The results of this study showed that the method can 

identify the physical quantities of DRP porosity and 

non-damaging rock pore structure (non-destructive). 

Analysis of the porosity of the rock core with histogram 

variations performed (by adjustingting the histogram), 

using the otsu method of thresholding and pixel size of 

the image has high (5.343750 μm) used to analyze the 

value of porosity. The porosity values acquired for 

18.040 and has precision 96.20%. 
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Abstract. Sa’adah L, Rakhmadi F A, Widyaningrum R. 2017. Fluorescence Imaging System Using High Power LED to Generate Oral 

Auto-fluoerscence of Sprague dawley Rat. Proc Internat Conf Sci Engin 1: 161-167. It is difficult to distinguish oral cancer and normal oral 

mucosa in clinical examination. Hence, it is important to develop a diagnostic tool to aid clinical practitioners to examine and diagnose 

abnormalities in oral cavity. One of methods applied for this purpose was based on tissue auto-fluorescence. The purpose of this study was to 

develop a fluorescence imaging (FI) system using High Power LED (HPL) as excitation source. There were 3 HPL with different 

wavelengths used in this study, i.e. 385, 420, and 455 nm. The system was aimed to generate as well as to detect the auto-fluorescence effect 

of oral cavity in Sprague dawley rats. This study was done in 6 steps, i.e. development of FI system, early test of FI system using coconut oil, 

palm oil, olive oil, eucalyptus oil, and pure water as samples, followed by finishing of the system, image acquisition of oral cavity auto-

fluorescence from 3 samples of Sprague dawley rats, and the last step was data analysis to determine the best wavelength of HPL for FI 

system developed in this study. Auto-fluorescence images were obtained by exposing samples by using HPL, then auto-fluorescence effect 

emitted by samples were captured using Canon EOS D600 camera. Auto-fluorescence intensity from images were analyzed using MATLAB 

R2008a. Results of this study showed that the best HPL wavelength used for the FI system was 385 nm that was captured with filter in the 

camera. The auto-fluorscence image produced by using HPL 385nm was showed the lowest intensities. 

 

Keywords: Autofluorescence, Fluorescence Imaging (FI), High Power LED, Oral Cavity, Sprague dawley 

 
 

INTRODUCTION 
 

Cancer is one of the most malignancies over the world. 

In 2012, approximately 14 million new cases of cancer, 

8.2 million mortality of cancer, and 32 million adults 

who have been ever diagnosed within 5 years (WHO, 

2016). In southern East Asia, men’s risk of being 

diagnosed with oral or lung cancer is higher than women 

(WHO, 2016). According to Simanjuntak cit Sirait 

(2013), cases of oral cancer range between 3-4% among 

all cancer, while the mortality from oral cancer is 2-3% 

among all malignant (Sirait, 2013). 

Early detection of oral cancer is important thing to 

reduce potentially malignant disorders. It will get a 

better prognosis on curative therapy, reduce disability, 

and get a longer survival rate for the sufferer (Lynch et 

al., 1994). Unfortunately almost all cases of oral cancer 

were late detected. They were generally diagnosed with 

advanced stage, who usually have suffered for months or 

even longer (Lynch et al., 1994), so the survival rate for 

the sufferer was very low. 

The common method used for detecting oral or other 

cancer currently is screening and biopsy (tissue removal 

from the human body for histopathological examination) 

(Avon and Klieb, 2012). However, this method has 

several disadvantages, such as expensive cost, long and 

invasive procedure (NCBI, 2013). So, a noninvasive 

method is required to get early detection of oral cancer, 

one is autofluorescence properties of the tissues (Qin 

et.al., 2007). This autofluorescence technology method 

is indicated as an accurate and potentially applicable to 

oral disorder, such as dental caries, plaque, calculus, and 

oral tumours (Köenig KS, 1994 cit Shakibaie et al., 

2011). In addition, this method is also effective for 

detecting pre-cancers in some organs, such as the oral 

cavity, lungs, and skin (Rahman et al., 2008).  

Fluorescence is light emitted by an atom or molecule 

because of electromagnetic energy absorption (Jameson, 

2014). The emitting molecule is called fluorescent 

molecules or fluorophore. Autofluorescence is a term 

referred to the intrinsic fluorescence of cells and tissues. 

When excited with radiation of suitable wavelength, 

some cell and tissue components behave as an 

endogenous fluorophores, then they pass to first excited 

state then decay to the groundstate that have same 

electron spin while loss of energy, in form of light. It’s 

called fluorescence emission (Monici, 2005). Several 

important endogenous fluorophores in dental tissues are 

showed in Table 1. 

The autofluorescence effect on oral cavity tissues 

will be recorded using imaging system, then we called 

Fluorescence Imaging (FI) system. Technology that 

utilizes optical properties of tissue by imaging system 

(optical imaging) can help detect neoplastic lesions in 

the oral cavity (Rahman et al., 2010). The availability of 

FI system is expected to help to perform early detection 

of abnormalities in the oral cavity, so that can be 

handled better. 
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Table 1. Fluorophores and their associated excitation-emission 

wavelengths for dental tissues (Shakibaie et al, 2011). 

 

Endogenous 

Fluorophore 
excitation (nm) emission (nm) 

Collagen (I,III,V) 300-340 420-260 

Copper  UV light Orange-Red 

Coproporphyrin 398,497,531,565,620 623, 690 

Cortisol 475 525 

Cysteine 200, 349 300, 707 

Elastin 290, 325 340, 400 

FAD, Flavin 450  

NADH 260, 340 470 

NADPH 260, 340  470 

Phenylalanine 257 282 

Protoporphyrin 406,505,540,575,630 633,700 

Tryptophan 220,280,288 320-350 

Tyrosine 220,275 305 

Uroporphyrin 404,501,533,568,622 624 

Water 308 344,430 

Zn-coproporphyrin 411,539,575 580 

Zn-protoporphyrin 421,548,585 593,646 

Apatite UVC Bright Pink 

Hydroxylapatite UVA and Blue Bluish green 

and yellow 

MATERIALS AND METHODS 
 

Instrumentation  
The Fluorescence Imaging (FI) System comprises of 

three different excitation light wavelength (3 watt HPL 

385nm, 420 nm, ULTRA-VIOLET UV Emitter Taiwan 

EpiSTAR; 3 watt HPL 450-455nm, GROW BLUE 

Emitter 40-45lm, Taiwan EpiSTAR) as an excitation 

source. A stepdown converter LM2596SDC-DC 

maximalizes work of HPL with an input current of 3 A. 

Canon EOS D600 camera combinated with green light 

filer was used for capturing image of autofluorescence 

effect. The camera was held at fixed position from the 

sample using tripod to obtain a stable condition when 

capturing the image. All materials were placed on a 

circuit board. The system was connected to a laptop to 

store and analyze the images using MATLAB R2008a. 

 

 

 

 

 

 

 
 

 
 
 

           
 

Figure 1. A schematic diagram of Fluorescence Imaging System. 
 

 

 
 

Image Acquisition 

The study was conducted at Integrated Laboratory of 

UIN Sunan Kalijaga Yogyakarta and Integrated 

Research Laboratory of Faculty of Denstistry 

Universitas Gadjah Mada Yogyakarta, Indonesia. The 

study involved 3 10% formalined oral mucoses 

specimen of Sprague dawley obtained from previous 

research by Widyaningrum and Gong (2016). 

Previously, initial FI system examination was carried 

out on various subtances, i.e., coconut, palm, olive, 

eucalyptus oil, and pure water of each 1 ml. This 

examination is used to ensure whether the FI system can 

lead fluorescence effect or not.  

All image recordings were taken in a darkened room, 

to avoid interference from ambient light. The excitation 

source was held at a constant distance (15 cm). The 

camera was set at fixed ISO, exposure time, focal 

length, and auto white balance. It also held at a fixed 

position from the sample using tripod to obtain a stable 

condition when capturing the image and at a constant 

distance (30 cm) perpendicular to the excitation source. 

A schematic diagram of image recordings was shown in 

Fig.2. 
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Figure 2. A schematic diagram of image recordings. 
 

 

 

Image recording was varied for the excitation source 

wavelength and use of filter on camera when capturing 

the image. So, in this stydi there were 6 variations image 

data, i.e. : image exposed with HPL 385 nm with and 

without any filter, image exposed with HPL 420 nm 

with and without any filter, and the last image exposed 

with HPL 455 nm with and without any filter. The light 

from excitation source exposured directly to the sample 

in a short time. Repeatition is applied to each image 

recording 10 times manually.   
     

Image Analysis 

The autofluorescence images from the camera were a 

raw file. Then the images were converted to JPG file 

using “easy2convert WAR to JPG” software. A region 

of interest (ROI) was selected from the converted image 

using “Adobe Photoshop” software. Then it will be 

analyzed by calculating the intensity of autofluorescence 

using MATLAB R2008a prototype. The MATLAB 

prototype is shown in Figure 3. Using MATLAB, we 

calculated the average intensity of each red (R), green 

(G), and blue (B) channels, average intensity of RGB 

channels, the average intensity following graysclae 

conversion, thresholded the image, then we got the 

intensity of autofluorescence image. 

 

 

 
 

Figure 3. Prototype of image analysis 

The method of image data processing using 

prototype on MATLAB R2008a is as follows: 

1. File Open : It was used to get the image to be 

analyzed 

2. Calculating R mean, G mean, B mean, and RGB 

mean 

3. Image Grayscalling 

4. Image Thresholding 

5. Calculating autofluorescence image intensity. 

 

In this study, the optimum HPL to generate 

autofluorescence effect on Sprague dawley oral cavity is 

HPL that has low intensity based on MATLAB 

calculation.  

 

 

RESULTS AND DISCUSSION 
 

Sprague dawley Image  

Autofluorescence images exposured by 385, 420, and 

455 nm were shown in Table 2. Images which captured 

by filter combined camera seems darker, so they showed 

the light-dot clearly than images captured without any 

filter.  The table showed that HPL 385, 420, 455 nm can 

generate green autofluorescence effects on around oral 

mucosa of Sprague dawley. But, the fluorescence dots 

were on the feather around the oral cavity of the mouse, 

whereas in the oral cavity the mouse itself showed little 

autofluorescence.  

 

Table 2. Autofluorescence image esposured by 385, 420, 455 nm HPL. 

 

 Without Any Filter With Filter 

385 nm 

 
(a) 

 
(b) 

420 nm 

 
(a) 

 
(b) 

455 nm 

 
(a) 

 
(b) 
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Image Autofluorescence Measurement 

The captured autofluorescence images analyzed by the 

ready matlab prototype. If Fig 3 was run, the process 

would be in Fig 4. The analyzed image was inputted 

through prototype, then Matlab will process the image 

using programming language already written. Thus it 

will be obtained some parameter values as in table 3. 

 
 

Figure 4. The ready MATLAB Prototype of image analysis. 

 

 

 

 

 

Table 3. Autofluorescence intensity measurement using MATLAB R2008a on Sprague dawley rat oral cavity with 385, 420, 455 nm excitation source. 

 

No Excitation Source Variation 
Autofluorescence Intensity 

Average 
Sample 1 Sample 2 Sample 3 

1 385 nm Original  0,184314 0,290196 0,211765 0,228758 

With filter 0,035294 0,109804 0,132157 0,092418 

Without filter 0,132157 0,210196 0,231765 0,191373 

2 420 nm Original  0,184314 0,290196 0,211765 0,228758 

With filter 0,065883 0,084314 0,135686 0,095294 

Without filter 0,066667 0,287059 0,232549 0,195425 

3 455 nm Original  0,184314 0,290196 0,211765 0,228758 

With filter 0,152941 0,184314 0,201569 0,179608 

Without filter 0,250588 0,239216 0,295294 0,261699 

 

 

 

 

 

Discussion 

In this study, we used HPL 385, 420, and 455 nm 

wavelength based on information in Table 1. The table 

informs about excitation-emission wavelength of several 

important endogenous fluorophores in dental tissues, 

like NADH which has excitaion wavelength of 340 nm, 

and –emission wavelength of 470 nm; and collagen 

which has excitation wavelength 300- 340 nm and 

emission wavelength of 420-460 nm. 

The light from HPL exposured directly to the oral 

mucosa of samples, which contained fluophor molecules 

(Scheer et al., 2011). Electrons in fluorophore molecules 

will interact with electromagnetic waves from HPL 

light. The electrons will be excited then continued with 

transmission of electromagnetic waves with longer 

wavelength, so that the sample will generate 

autofluorescence effect in different intensity at each 

point (Monici, 2005, Yamamoto et al., 2015) 

Overall the lowest intensity of autofluorescence was 

generated by 385 nm excitation source with combined 

filter camera. Intensity is the rate of energy transferred 

per unit surface, whereas energy is inversely 

proportional to the wavelength. It shows that the lower 

the intensity, the wavelength emitted will be higher. In 

the fluorescence principle, the light generated from the 

fluorescence process has a higher wavelength. Thus, the 

most optimum FI system to generate autofluorescence of 

the Sprague dawley’s oral was 385 nm wavelength 

excitation source with combined filter camera. From the 

data analysis on each excitation source wavelength the 

autofluorescence effect of Sprague dawley’s oral cavity 

generate a blue-green color. It was consistent with the 

theory of fluorescence, when an object is illuminated by 

a suitable wavelength excitation source, in this case was 

UV light and blue light ( wavelength of 380-450 nm), it 

will produce a longer wavelength, Which is a blue-green 

light (wavelength 450-495 nm). 

 

 

CONCLUSIONS 
 

Results of this study showed that the best HPL 

wavelength used for the FI system was 385 nm that was 

captured with filter in the camera. The auto-fluorscence 

image produced by using HPL 385nm was showed the 

lowest intensities. 
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INTRODUCTION 
 

Ring is one of algebraic structures. The ring structure 

can be generalized to be semiring.  Its generalization is 

the replacement of commutative additive group into 

commutative additive monoid ([1] [2] [3]). It needs to 

examine some of the properties of this generalization. 

Different to the ring theory, the construction of a 

quotient semiring requires a more specific ideal called 

Q-ideal [2]. For every ideal in a ring can be constructed 

a quotient ring, but not for any ideal in a semiring. This 

will be given by a counter example, an ideal in a 

semiring that does not form a quotient semiring. In 

addition, it will be further discussed the construction of 

a quotient semiring. 

The fundamental theorem of homomorphism in 

semiring has been studied in [1]. For any kernel of 

homomorphism in either a ring or a semiring is an ideal. 

However, the kernel in semiring does not necessarily 

form a quotient semiring. This statement requires a 

counter example. This article will discuss a maximal 

homomorphism whose kernel is always Q-ideal. 

Maximum homomorphism is instrumental in the 

construction of the fundamental theorem of 

homomorphism semiring. The Maximal homomorphism 

plays an important role in the construction of the 

fundamental theorem of homomorphism in semiring. 

 

 

QUOTIENT SEMIRINGS 
 

To discuss quotient semirings, we need the definition of 

semiring and its ideal. Semiring is a generalization of 

ring. 
 

Definition 1. [1] A set R with two binary operations 

named addition and multiplication will be called a 

semiring provided 

a. R over addition is commutative monoid 

b. R over multiplication is semigrup 

c. There exist  such that  

for each  

d. Multiplication distributes over addition both from the 

left and the right. 

 

As the quotient ring, a quotient semiring requires an 

ideal of semiring. The difference between ideal in a ring 

and ideal in semiring is on the first axiom. 
 

Definition 2. [2]  A subset I of semiring R is called an 

ideal, if for each  and  implies 

 and . 

Example 3. The set of nonnegative integers is denoted 

by . 

1. The set  is a semiring over addition and 

multiplication with the zero element 0. It is clear that 

 is an ideal of . 

2. The set  is a semiring with the 

operations defined by   and 

  and the zero element is ∞. Let 

 then I is an ideal of R. 

 

In the ring theory, a quotient ring is a partition of a 

ring formed by an ideal of the ring. If I be an ideal of a 

ring R, then we can form the quotient ring, 

, which is a partition of R . 

However, if R is a semiring, then the set 

 is not necessarily a partition of R. 

Let  be an ideal of 

 in Example 3. et  then we have 

   and 

. Thus  

is not a partition of R. It is shown that if I is an ideal of 
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semiring R, then  is not necessarily a quotient 

semiring. The problem is how to construct a set of cosets 

of an ideal I in the semiring R that forms a partition of R. 

The following is given a special ideal in the semiring 

called ideal partition or Q-ideal. 
 

Definition 4. [2] An ideal I of a semiring R is called a 

partitioning ideal or Q-ideal if there is a non-empty 

subset  of R such that: 

a. . 

b. If  then  if and 

only if . 
 

Example 5. The set of all non-negative even integers 

 is an ideal of the semiring . Furthermore,  

is a Q-ideal of the semiring  with . 

Based on Definition 4., the partition of R is very 

dependent on the Q-ideal for a subset Q of R. If I is a Q-

ideal of R then  is a partition of R. 

Here is given Lemma to prove  is a quotient 

semiring. 
 

Lemma 6. [1] Let I be a Q-ideal in a semiring R. If 

, then there exists a unique  such that 

 

The above lemma states that an element in semiring 

R can not be in two different classes. We will show that 

any Q-ideal I in the semiring forms a quotient semiring. 
 

Theorem 7. [1] Let I be a Q-ideal in the semiring R, 

then  is a semiring called a 

quotient semiring over binary operations  and  

defined as  

 

 

 
 

Where  are the unique elements in Q such that 

, . 

 

Proof.  It is easy to show that ⊕ and ⊙ are associative, 

⊕ is commutative, and ⊙ is left and right distributive 

over ⊕. We will show that  has a zero element over 

⊕. Let I be a ideal Q-ideal in R, then based on Lemma 

6. there exists a unique  such that 

. Note that . 

Therefore, there exists  such that . It is 

claimed that  is the zero element in . We 

will prove that for every  with  then 

. Let  with , it is 

found that  = 

, where  is a unique 

element in Q such that . 

Since , we get 

. Since 

, we get . On 

the other hand, . It implies that 

. Since I is a Q-ideal and 

., we get . Thus,  is 

the zero element in , i.e 

. 

 

 

MAXIMAL HOMOMORPHISM 
 

A homomorphism of semiring has the same definition as 

the homomorphism of ring. Homomorphism is a 

function that preserves the operations of addition and 

multiplication. 
 

Definition 8.[1] Let R and R' be semirings and 

be a function. The function  is called 

homomorphism of semiring if for every  such 

that  and 

. We define the kernel of 

homomorphism  as the set  

. 

 

Example 9. Given semiring  in Example 

3 and subsemiring  of R. Defined function  

i.e. , with  if  and  

if   for each . It is clear that  is a 

homomorphism of semiring. 

Consider Example 9, that 

 is an ideal of semiring R. 

However,  is not a partition as described 

above. The kernel of any homomorphism of semiring 

would be the Q-ideal if the homomorphism is a maximal 

homomorphism. 

 

Definition 10. [1] A homomorphism  from a semiring 

R onto a semirirng R’ is said to be maximal if for each 

 there exists   such that 

  for each . 

 

Example 11. Given the semiring  and the 

quotient semiring  where  is a 

Q-ideal with . We define a function 

 by  for each 

 with . It is easy to show 

that  is a maximal homomorphism with 

. 

 

Example 12. The homomorphism in Example 9 is not a 

maximal homomorphism, because , 
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for every , there is not exist 

 such that . 

The concept of maximal homomorphism will be used 

to construct the fundamental theorem of homomorphism 

in semiring. The following lemmas are some properties 

of the maximal homomorphism.  
 

Lemma 12.[3] Let  be a homomorphism of the 

semiring R onto the semiring . If  is the maximal, 

then  is Q-ideal with 

. 

 

Lemma 13.[3] Let  and Q be as stated in Lemma 

12, and let  such that: 

a. If , then 

. 

b. If , then . 

 

Lemma 12 and 13, play an important role to prove 

the fundamental theorem of homomorphism in semiring. 

The epimorphism and the maximal are principal 

conditions of the fundamental theorem of 

homomorphism in semiring. 
 

Theorem 14 [3]. If  is a maximal homomorphism from 

the semiring R onto the semiring R’, then 

. 

 

Proof. Define  by 

 for each . It will be shown 

is an isomorphism. 

1. It will be shown that  is a function. 

Let  with 

 
It’s means that . 

Using Lemma 13,  is a Q-ideal such that 

. Since  and  then 

 and , such that 

 
We obtain 

 
It is proven that  is a function. 

 

2. It will be shown that  is a homomorphism. 

Let . 

Assume that 

 
and 

 
Where  are the unique elements in Q such that 

 and 

. By using Lemma 14 

then  

 

 

 
and 

 

 

 
Hence,  is a homomorphism. 

 

3. It will be shown that  is injective. 

Let  with 

 
It’s mean . Since  then for every 

  we have 

 
And since  then for every  

we have 

 
Then, since , such that 

 

 

 
So that it is obtained that for every 

 implies that 

 
and 

 
Using Lemma 12, we have  is Q-ideal. Since 

,  then  such 

that . 

Hence,  is injective. 

 

4. It will be shown that  is a surjective function. 

Let . Since  is a maximal homomorphism, using 

Definition 10., that for every .  there exists 

 implies that for every  we 

have . Consequently, for 

every   there is   such that 

 
Hence,  is a surjective function. 

Therefore,   is an isomorphism. In other words, 

. 

 

 

CONCLUSIONS 
 

The ring structure can be generalized into semiring. One 

of the properties of semiring is that not all ideal in 

semiring can form a quotient semiring. To form a 

quotient semiring requires a special ideal named Q-
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ideal. The construction of the fundamental theorem of 

homomorphism in semiring uses the concept of the 

maximal homomorphism. The kernel of any maximal 

homomorphism is a Q-ideal, then we have a quotient 

semiring and the fundamental theorem of 

homomorphism in semiring is applicable. 
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Abstract. Khoirunnisa I, Rakhmadi F A, Wibowo N B. 2017. Design of Acceleration’s Monitoring System by Computer with Bluetooth 

Communication to Determine Intensity. Proc Internat Conf Sci Engin 1: 193-195. Indonesia lies on the junction of three large plates, 

resulting in frequent occurrence of earthquakes. This research is trying to design a building acceleration monitoring system which the 

purpose of this research was to create and characterize the acquisition system, to create and test the building acceleration monitoring 

system by computer with bluetooth communication. This research was conducted in five phases: making the data acquisition system, 

characterizing of data acquisition system, making monitoring system, data sampling of monitoring system, and data analyzing of 

monitoring system. The result of this research showed that transfer function and correlation coefficient of data acquisition on each axis 

was:  ;  ; and  . Sensitivity of the acquisition system on 

each axis was 16,722 bit/gal. Acceleration data of monitoring system has range -0,17944 gal to 0,119628 gal which intensity 0 MMI. 

Accuracy of earthquake’s monitoring system on x axis was 97,204%, y axis was 97,374%, and z axis was 97,210%. 

 

Keywords: Acceleration, Intensity, Acceleration’s Monitoring 

 
 

INTRODUCTION 
 

Indonesia lies on the junction of three large plates, 

which Indo-Australian, Philippines, and Eurasia. The 

movement of plates causes the energy to accumulate, if 

the rock layers are unable to resist it will release energy 

that causes fault or deformation of the earth's crust and 

there is a tectonic earthquake. Earthquake becomes one 

of the causes of the seismic in an area. Seismic of the 

ground sends the seismic to the building standing on it, 

resulted in acceleration of building. The acceleration 

have vertical or horizontal motion directions. Vertical 

acceleration are generally less harmful because it have 

same direction with gravity. Horizontal direction causes 

the building feel as though swing. Frequent occurrence 

of earthquakes in Indonesia, resulting in earthquake 

disaster which take casualties. Manufacture of 

telemetry-based earthquake monitoring system can 

minimize the risk of building disaster. Telemetry-based 

earthquake monitoring system can provide information 

in the form of data acceleration and the intensity in real-

time. This device requires sensors with high distribution, 

this is an accelerometer sensor with detection area on the 

axis of x, y, and z with the wireless transmission. 

Accelerometer sensor MMA7455L and bluetooth 

communication applicable to this device.  
The purpose of this research was to create and 

characterize the acquisition system, to create and test the 

building acceleration monitoring system by computer 

with bluetooth communication. The design of 

acceleration monitoring system and intensity gen up 

acceleration and intensity. Acceleration data is a means 

of information to estimate and minimize the impact 

caused by the earthquake. From the value of acceleration 

will be obtained intensity in the MMI scale, so it can be 

known the risk of building disaster causes of earthquake. 

Intensity is a description of the strength of earthquakes 

and their effects on the earth's surface, such as buildings, 

topography and so forth, which are generally called 

macro effects. Thus, people know what they must do to 

save themselves from earthquake disaster. In addition, it 

can be used as an evaluation material in the manufacture 

of earthquake resistant buildings in the future. 

 

 

MATERIALS AND METHODS 
 

Study Area 
Acquisition system and monitoring system conducted on 

station of Geophysics in BMKG. Performed at station of 

Geophysics in BMKG because there are device that 

have been standard as a reference. In addition, in this 

station have a little disturbance of acceleration. 
 
Procedures 

 Design of monitoring system 
The monitoring system made of two stages, hardware 

manufacture and software manufacture. Hardware 

manufacture includes the design of monitoring systems 

and circuit schemes. While the software includes 

making the program for data processing and interface on 

the computer. Materials for producing monitoring 

system are accelerometer sensor MMA7455L as an 

acceleration detector, Raspberry Pi 3 Model B as a 

microcontroller, and bluetooth as communication data 

transmission from sensor to computer. This monitoring 

system can display the graph of acceleration, value of 
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acceleration, and intensity on the computer. The 

monitoring system diagram is shown on Figure 1. 

 

 

Power Supply

MMA7455L

sensor

Raspberry Pi 3 

Model B
BluetoothBluetooth

Personal 

Computer
Main storage Geeknesia

Upload Google 

Drive

 
 

Figure 1. Diagram of monitoring system. 

 
 

 Implementation 
Implementation is divided into two the implementation 

of hardware and software. The hardware implementation 

can be seen in Figure 2, while the software 

implementation is shown in Figure 3. 

 

 
 

Figure 2. Hardware implementation. 
 

 

 
 

Figure 3. Software implementation. 

 

 

Data Analysis 

 Design of Monitoring System 
Design of monitoring system are shown in Figures 4. 

Result of monitoring system showed on monitor, LCD, 

LED, and buzzer. Monitor displayed the acceleration 

data in 1 second, intensity, time, acceleration data 

record, and graph of the acceleration. LCD displayed 

value of acceleration, intensity, date, and time. Buzzer 

and red LED are active when MMI> 3, green LED is 

active when device is ready to receive data, and white 

LED indicates that device getting electrical power. Data 

transmission from device to monitor using bluetooth 

communication. 

 

 
 

Figure 4. Display on the device of monitoring system. 

 

 

 Acceleration Monitoring System 

Result of acceleration monitoring system showed in 

table 1. There are acceleration and intensity in MMI 

scale. 
 

 

 

 

Table 1. Result of acceleration monitoring system. 

 

Information 
Device Data (gal) Intensitymeter Data (gal) 

x y z x y z 
amax 0,059814 0,119628 0,119628 0,0598 0,1196 0,1196 
amin -0,179442 -0,119628 -0,119628 -0,1794 -0,1196 -0,1196 
a0 0,119628 0,1196 

MMI 0 0 
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The data acquisition system has been made by the 

characteristics of transfer function and correlation 

coefficient on each axis was  ; 

 ; and  ; 

sensitivity of the acquisition system on each axis was 

16,722 bit / gal. 

  

 

RESULTS AND DISCUSSION 
 

Monitoring is demonstrated through LED indicators and 

monitors on the computer. The white LED light 

indicates that there is a power supply coming into the 

circuit. The green LED light indicates the recording 

device is ready to receive input. The computer is used to 

display data, by sending data from the vibration recorder 

to the computer using bluetooth communication. Red 

LED, buzzer, and LCD lamps are used as an indicator in 

case of vibration with intensity scale of more than III 

MMI. In case of vibration with intensity scale of more 

than III MMI, the red LED light is on, active buzzer, and 

on LCD screen will show the greatest building 

acceleration value of x, y, and z axis and intensity scale, 

while if the intensity scale is less of III MMI, then the 

red LED light is off and buzzer is off. 

The microprocessor on the accelerometer will read 

the output of the sensor which is then converted to the 

acceleration of the building with the gal unit. The 

converted data is then processed using equation 

0 03log 1,5I a   to obtain the scale of the damage 

intensity of the building in MMI through the scripts 

inserted into the microprocessor. The processing by the 

microprocessor is then displayed on the LCD screen, 

stored on the main storage media in the form of flash 16 

GB, archived for further upload to google drive, sent to 

geeknesia, and sent to bluetooth transmitter to bluetooth 

receiver. The data on the bluetooth receiver is then sent 

to the computer and displayed on the monitor screen and 

stored as a database. 

Result of this research obtained intensity scale is 0 

MMI with range of acceleration from –0.179442 gal to 

0.119628 gal. Negative value is used as a direction of 

the building movement. The MMA7455L is sensor 

acceleration based on the change of capacitance. 

Structure of capacitor used two plates which separated 

by dielectric of polysilicon. The MMA7455L sensor 

have working principle that seismic which received by 

sensor causes polysilicon will flow along the x, y, and z 

axes, depending on direction of seismic. The number of 

deflections of each axis is measured and translated by 

the sensor as data acceleration in electrical quantities. 

This data converted by sensor into digital data and used 

as the output of the MMA7455L sensor. 

The building always have acceleration with a very 

small value. This value indicates that building always 

have movement, although no eye has seen. Movement of 

building caused by various activity, such as traffic, 

human activities, plates activities and so forth. 

Vibrations that have high frequencies and amplitudes are 

often referred as earthquakes. Earthquakes can be 

sourced from various events, such as the movement of 

plates and human activities. Local effects on 

earthquakes such as the intensity of earth shaking during 

the earthquake, damage of building structures, and many 

of the people was dead. The intensity of ground shaking 

during the earthquake is affected by rock conditions and 

soil conditions. Soft of sedimentary and soil will gave 

rein to seismic during earthquake. Power of seismic 

causes damage of building as compared of building 

which stand on hard of sedimentary and soil. Result of 

testing acceleration monitoring system have accuracy 

for x axis 97,204%, y axis 97,374%, and z axis 

97,210%. 

 
 

CONCLUSIONS 
 

The result of this research showed that transfer function 

and correlation coefficient of data acquisition on each 

axis was:  ;  

; and  . Sensitivity of the 

acquisition system on each axis was 16,722 bit/gal. 

Acceleration data of monitoring system has range -

0,17944 gal to 0,119628 gal which intensity 0 MMI. 

Accuracy of earthquake’s monitoring system on x axis 

was 97,204%, y axis was 97,374%, and z axis was 

97,210%. 
 
 

ACKNOWLEDGEMENTS 
 

The authors would thanks to geophysics station in 

Indonesian Agency for Meteorological, Climatological 

and Geophysics for supporting this research. 
 
 

REFERENCES 
 

Bath, M. 1979. Introduction to Seismology. Birkhäuser Verlag, 

Stuttgart. 
Fraden, J. 2004. Handbook of Modern Sensors. Springer-Verlag, 

New York 
Lay, T dan Wallace, T. C. 1995. Modem Global Seismology. 

Academic Press, USA. 
Lueth, K. S. 2015. IoT basics: Getting started with the Internet of 

Things. IoT Analytics, Jerman. 
McManus, S. dan Mike C. 2013. Raspberry Pi For Dummies. 

John Wiley & Son, Canada. 
Miller, M. 2001. Discovering Bluetooth. Sybex Inc, Alameda. 
Morris, A. S. 2001. Measurement and Instrumentation Principles. 

Butterworth-Heinemann, England. 
Murty, C. V. R. 2005. Learning Earthquake Design and 

Construction. Building Materials and Technology Promotion 

Council, New Delhi 
Rakhmadi, I. dan Basuki, P. 2013. Purwarupa Sistem Pemantau 

Getaran pada Bangunan Bertingkat Dua Menggunakan Sensor 

Akselerometer. IJEIS, Vol. 3 No. 2 October 2013: 197-206. 
Santana, J. et al. 2012. A3-axis accelerometer and strain sensor 

system for building integrity monitoring. Science Direct, 

Sensor and Actuator A: Physical: 141-147. 

 



THIS PAGE INTENTIONALLY LEFT BLANK 



PROC. INTERNAT. CONF. SCI. ENGIN. ISSN 2597-5250 | EISSN 2598-232X 

Volume 1, October 2017 | Pages: 197-203  

 

 

Usability Analysis of Pornography Detection System on Internet Users 

using Mc’Calls Method 

 
Bambang Sugiantoro 

Informatics Engineering Department, Faculty of Science and Technology, UIN Sunan Kalijaga, 

 Jl. Marsda Adisucipto Yogyakarta 55281, Indonesia. 

Email: bambang.sugiantoro@uin-suka.ac.id 

 

 

 

Abstract. Sugiantoro B. 2017. Usability Analysis of Pornography Detection System on Internet Users using Mc’Calls Method. Proc 

Internat Conf Sci Engin 1: 197-203. At this time there are several tools used to prevent a pornography, the most common one is nawala 

project that use filtering method in DNS, based on Keyword and Image. This method has a weakness, because it could be wrong, when a 

researcher or lecturer of science and technology need the information about “sex”, the keyword automatically can't be access. Even at this 

time the maker of pornography sites already so intelligent, they give the sites name which is doesn't have any correlation with 

pornography. Based on that reason, we proposed a Software quality testing with subject, usability analysis of pornography detection 

system on internet users using quality factor of Mc Call’s which combine the operability and training matrix as a means to determining 

the quality of software.. 
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INTRODUCTION 
 

Software testing is a critical element of software quality 

assurance and represents a fundamental study of the 

specification , design, and coding (Pressman, 2002). 

Software testing is process to identify the accuracy, 

completeness and quality of the software. For each test 

need the availability of qualitative measures using 

strategies by integrating  software design test case 

method into the well-planed steps, and the results is a 

successfull software construction. 

 

 

LITERATURE REVIEW 
 

Software quality is the most important aspect in the 

development of a software as report by Ariawan (2007) 

entitled “Penerapan Software Quality Assurace (SQA) 

Studi kasus Indonesia”. Application of Software Quality 

Assurance are used  by all software developers over the 

Indonesia. This research using web based to collect 

answer by making online questionnaire.This research 

use a question with the checklist question of Software 

Quality Assurance. So, it just analyzing the data by how 

much according user througout Indonesia which fill the 

online questionnaire and to validate with offline 

questionnaire by distributing and direct interviews with 

users. (Ariawan, 2007) . 

The second reference came from the thesis from 

Universitas Indonesia (Dodick Zulaimi Sudirman,2009) 

entitled “Penggalian, penerapan, penjaminan kualitas 

perangkat lunak pada perusahaan perangkat lunak studi 

kasus Indonesia”. This research explored  about the 

quality of software in Indonesia software companies. 

Then the researchers apllied software quality assurance 

which is issued by the software company. The Quality 

Assurance activities in the software application will 

determining the results of Software application. The 

researchers using Daniel Galin Software Quality Shrine 

Method (Sudirman, 2009). 

The third reference owned by (Nur Annisa 

Tresnasari, 2012). Implementation of quality assurance 

models that can be applied to small software developers. 

Research took place in PKSI UIN Sunan Kalijaga 

Yogyakarta. This research use Software Quality 

Assurance with the role model of small quality 

assurance. The result just determining from the process 

of project development (Tresnasari, 2012). 

The reserach was conducted by Aji (2014) from a 

comparison of the two software, Blackberry Messenger 

and WhatsApp messenger. The comparison on 

efficiency factor. The research concluded that the factors 

of Execution Efficiency is need for improvement and 

development again, especially on the Blackberryy 

Messenger Apllication as well as an improvement on 

operability factor. 

Research conducted by testing on two software 

KeePass Password Safe 1:10 and PDF Split and Merge 

2.1.0. Research is done with a focus on testing and 

Usability Corectness factor. This study describes the 

results that the software KeePass Password Safe 1:10 

Corectness matrix value by 96.2% and amounted to 

77.8% Usability matrix, while the software PDF Split 

and Merge 2.1.0 Correctness value of 93.3% matric and 

matric Usability amounted to 82.6%. (Hidayati, 2014) 

Fararit (2015) conducted research on Sistem 

Informasi Alumni (Graduates Information System) UIN 

Sunan Kalijaga. Testing was done with a focus on 

correctness and usability factor. This research present 

the result value of the correctness factor at 95.23%, 

which amounted to 85.71% completeness, consistency 

and traceability 100% , while the usability factor is the 
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operability at 70.59% ± 16.08% and training at 149, 

5666 ± 38.9114 seconds. 

The research was conducted by testing against 

corectness factors and usability testing on Sistem 

Informasi Kepegawaian at UIN Sunan Kalijaga 

Yogyakarta. The results of this study did demonstrate 

that the matrix completeness in get 100% result, the 

matrix operability at 73.66% ± 16.74%, and a training 

matrix at 45.98% ± 15.23556 seconds. (Millah, 2015). 

Syafirah (2015) tested on Sistem Informasi Surat 

(Letter Information System) UIN Sunan Kalijaga 

Yogyakarta. Research conducted by focusing to test the 

Reliability factors. This research describes the results 

that the level of reliability the system is owned 85.11%, 

obtained from calculating the value Accuracy 100%, 

28% Error Tolerance, Consistency 97.53%, Modularity 

100%, and 100% Simplicity. 

Another research conducted by testing the Web 

Portal System of Pesantren Ibnul Qoyyim Yogyakarta. 

This research was conducted with focus on testing 

Usability factor. This research presents the results of a 

value matrix Operability 11:42 70.51% ± 22% and 

matrices Training seconds ± 17.1 seconds (Utami, 2015) 

Yunitasari (2015) tested the E-Learning System UIN 

Sunan Kalijaga Yogyakarta. This research committed 

with focus testing on Corectness factors and Usability. 

This research describes the results that the correctness at 

95.23%, which at 85.71% completeness, consistency 

and traceability of 100% to 100%, while the usability 

factor is the operability at 70.57% ± 16.08% and training 

at 149.5666 ± 38.9114 seconds. 

 

 

RESEARCH METHODS 
 

This research aimed to find out the value of eligibility of 

pornography detection system by doing the analysis 

based on standarization of SQA (Software Quality 

Assurance) and measures parameter that would be 

analyzed. 

The research framework is made to present a 

complete research designs with a pattern analysis and 

collection of data used to support this research. 

Therefore the framework of research is a descriptive 

research, explaining the part that will be tested. In this 

case the researchers create a research framework in 

tabular form in order to facilitate the testing activities in 

data collection and logging the results of research 

undertaken. 

Descriptive research had a steps in the 

implementation, including: begins with the the problem, 

determining the necessary information, describing the 

data collection procedures, processing the data or 

information, and draw conclusions from the research 

undertaken. This stage is also used as a framework in 

software testing. 

 

Collecting the Data 

The aim of this collection of data was to earn 

information and facts about the software in the next test 

then later if the data already collected will be analyzed 

using the standard quality of McCall. This collection of 

data can be done with some ways, including: 

 

Study of Literature 

The study of literature is useful as a learning theory to 

research being undertaken for the researchers because it 

underlies the testing and analysis that would be 

implemented. Researchers took from books, journals, 

theses and articles related to the theme that the 

researchers take as a basis for analysis and testing. So 

hopefully will be able to assist researchers on techniques 

and strategies in conducting research. 

 

System Data 

The System data is taken to be used as a systematic 

analysis. This system data obtained from whitebox 

testing using source code modules. 

 

Questionnaries 

This questionnaire was used to collect the data that is 

then used to calculate the matrix Operability. This 

questionnaire respondents distributed to users of the 

system or the respondents at least once using the 

Pornography detection system. Before distributed, first 's 

questionnaire will be tested for validity and reliability, 

after confirmed that the item was valid and reliable, this 

questionnaire distributed to collecting data. 

 

Method of Calculation 

1. Correctness 

Correctness matrix, there are three factors which 

include testing correctness, the matrix was 

Completeness, Consistency, and Tracebillity. Value 

correctness in the can by the formula: 
 

Correctness   = 

 

 

2. Reliability 

Reliability matrix testing has five factors are: 

Accuracy, Consistency, Error Tolerance, Modularity, 

and Simplicity. The percentage value of reliability in 

the can by the formula: 
 

Reliability = 

 

 

3. Efficiency 

Efficiency Matrix has three factors in it, are: 

Conciseness, Execuition Efficiency and Operability. 

Value Efficiency in to premises formula: 
 

Efficiency = 

 

 

4. Integrity 

Integrity Matrix has three factors in it, are: 

auditability, Instrumentation, and Security. Integrity 

value in getting to the formula: 
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Integrity   =     

 

5. Usability 

Usability Matrix has only two factors in it, are: 

Training and Operability. Usability value in getting 

to the formula: 
 

Usability   =    

 

Data Analysis 

The next phase after researchers get the data  is analyze 

the data in accordance with the Mc Call quality 

standards. Processing and analyzing primary data 

covering all aspects of product operation by Mc Cal 

quality theory. This analysis was performed on each of 

the factors that exist to determine the results and seek to 

conclude whether the system is meeting the quality 

standards are good in McCall quality theory. 

 

 

RESULTS AND DISCUSSION 
 

Porn Detection of Internet Users in the browser by using 

the theory of McCall's Software Quality Factor. Testing 

performed with a test parameters by Product Operation 

McCall includes five matrix: correctness, Reliability, 

Efficiency, Integrity, and Usability. 

 

Correctness 

Testing the correctness matrix is the extent to which a 

software meet the specification and the objective 

mission of users. In correctness matrix testing, there are 

three factors are: completeness, tracebility and 

consistency. 

 

1. Completeness 

Completeness is the extent to wich the full 

implementation and required functions has been 

achieved. Here’s a summary of the Completeness test 

result on Pornography detection system: 
 

 
 

Completeness = 25% 
 

From the test results the researchers can be 

concluded that the pornography detection system has a 

sufficient value of completeness. 

 

2. Tracebility 

Tracebility is the ease of implementation or referring 

back to the program component software user's needs. 

Here's a summary of results of testing Tracebility factor 

in pornography detection system that has researchers 

did. 

From the testing Tracebility factor found the 

researchers had obtained results of testing conducted on 

70 menus. A total of remark compatibility between 

products or systems with documents obtained from the 

analysis of the test is 70 menus. Here the percentage of 

Tracebility factors testing: 
 

 
 = 100% 

 

Based on the results in the get can be concluded that 

pornography detection system has excellent suitability 

value between a system with a document analysis. 

 

3. Consistency 

Consistency is the degree of techniques using a unified 

design and documentation throughout the software 

development project. Here's a summary of results of 

testing Consistency factor.  

From the testing the consistency factor that  the 

researchers had obtained results of testing conducted on 

4 menus. A total of remark compatibility between 

systems analysis documents obtained from the test are 4 

menus. Here the percentage of Consistency testing 

factors: 
 

 
 = 100% 

 

These results shows that the pornography detection 

system has a very good consistency value, between the 

document analysis system premises. 

Based on test results obtained from the third factor, 

the percentage of correctness end of the test matrix are 

as follows: 

 

 
 

 
= 75% 

 

It can be concluded that the value of correctness 

pornography detection system is pretty good. 
 

Reliability 

Testing of reliabilty matrix is the extent to wich software 

can be expected to carry out its functions with a required 

precision. In this reliability matrix, there are five testing 

factors, such as: Accuracy, Consistency, Error tolerance, 

modularity, and simplicity. 

 

1. Accuracy 

Accuracy is testing performed to determine the precision 

of program computation and control. Here’s a summary 

results of accuracy factor testing. From the accuracy 

factors testing, can be obtained the test conducted on 

menus. A totla of remark accuracy between input and 

output obtainde ftrom the test. Here the precentage of 

accuracy factor testing: 
 

 
= 81.6 % 
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It can be concluded from the result indicate that 

accuracy of pornography detection system is good. 

 

2. Consistency 

The consistency factors testing is same as has ben 

explores in previous testing of Correctness matrix. And 

it goes with out spell out again. The resul of Consistency 

factor testing are: 
 

 
= 100% 

 

 Which shows that pornography detection system has 

a very good consistency between the documents 

analyzed by the system. 

 

3. Error Tolerance 

Error Tolerance is testing performed to determine the 

value of tolerance for errors in the program. Here's a 

summary of results of testing Error tolerance factors. 

From the Error tolerance testing, here the result of 

error tolerance testing: 
 

 

= 18.3% 
 

These results indicate that the pornography detection 

system, is still poor in tolerance to errors that place 

during the use. 

 

4. Modularity 

Modularity is the testing was conducted to determine the 

value of how independent or standalone of a module that 

are components of a software. Testing conducted to 

determining how independent or the standalone value of 

a module into a software component. Here's a summary 

of results of Modularity factors testing. 

From the modularity factors testing, can be obtained 

results that the test carried out of 5 class, the remark 

total which independent are 2 class, and the dependent 

class are 3 class. Here the percentage of Modularity 

factors testing: 
 

 
         = 40% 

  

Based on these results it can be concluded that the 

pornography detection system module is not good value 

for its independence. 

 

5. Simplicity 

Simplicity is the testing of simplicity in the use of 

source code which refers to how much amount 

summoned a module which, if greater than or equal to 

the number of calling a module is the more easily 

understood (simple). Here's a summary of results of 

Simplicity factors testing: 

Total of class been tested :  5 

Remark Simple :  1 

Remark Not Simple :  4 

From the simplicity factors testing, the results of 

testing conducted on 56 class, and total class whic is 

simple is 5 class. Here the percentage of simplicity 

factors testing : 
 

 
        = 20% 

 

The test results showed that the level of simplicity of 

use sourcecode on pornography detection system is still 

poor. 

Based on test results obtained from these five factors, 

the final percentage of Reliability matrix testing are: 
 

 

 
 

 
= 51.98 % 

 

It can be concluded from the results of the research 

that the reliability values pornography Detection system 

is still relatively poor, it can be seen from the results of 

the overall percentage is still below 60%. 

 

Efficiency 

The testing of Efficiency matrix is the amount of 

computing resources required and source code of a 

software to perfom its function. In this matrix there are 

three testing factor such as: Conciseness, Execution 

Efficiency and Operability. 

 

1. Conciseness 

Conciseness is the testing with a program calculates 

conciseness and density in the number of lines of source 

code. Here's a summary of results of testing Conciseness 

factors, 
 

Total of Class been tested  :  5 

Total value of remark class :  0.1894 
 

From the Conciseness factors testing the results for 

being tested at 56 class, and the total value of remark 

class discovered is 1188.97. Here the percentage of the 

testing for Conciseness factors: 
 

 
=   62.12 % 

 

Based on the percentage of these tests indicate that 

the average density of lines of code is 62.12%. 

 

2. Execution Efficiency 

Execution Efficiency is the testing by calculating the 

efficiency of the program run-time performance when 

used on the device. Calculation of the run-time 

performance was include memory used when already 

installed, until the user memory (RAM) when the 
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program runs. The following estimates for Conciseness 

factors in Mozilla Firefox: 
 

 
 

3. Operability 

Operability is the testing of the ease of the user/ operator 

of the program. In stage operability using a 

questionnaire given to the users of the system or at least 

people who have used the system. Collecting data on the 

user's overall questionnaire provide an assessment of 

pornography detection system. Here are results of 

testing Operability factors 

The following approximate percentage for 

Operability factors: 
 

 
 

The conclusion of these tests is that the value of user 

satisfaction against pornography detection system is 

80%, which means that a good level of user satisfaction. 

Based on test results obtained from the third factor, the 

final percentage of Efficiency matrix are: 
 

 

 
 

 
Efficiency = 77.3% 

 

These results indicate that the level of efficiency 

pornography detection system as a whole has been very 

good and the level of user satisfaction is also very good 

system. 

 

Integrity 

Integrity is a test of the extent to which access to 

software and data by unauthorized parties can be 

controlled. In the integrity matrix testing there are three 

testing factors, include: auditability, Instrumentation, 

and Security. 

 

1. Auditability 

Auditability are adjustments to a standard that can be 

checked. Auditability is the testing software by looking 

at designs the system. 

The following approximate percentage for 

auditability factors: 
 

 
 

It can be concluded that the pornography detection 

system have compatibility between systems with 

document analysis. 

 

2. Instrumentation 

Instrumentation is the extent to which surveillance 

program has its own operations and identify errors 

happened. So that the program can recognize, identify 

and handle errors happened. Here are estimates 

Instrumentation factors. 

Here the percentage of the testing for 

Instrumentation factors: 
 

 90% 
 

It can be concluded that pornography detection 

systems have clear limits or a good instrument. 

 

3. Security 

Security is a mechanism that controls the availability or 

protect programs or data. Here are the results of security 

factors testing. 

 
Table 1. Result of security factor testing. 

 

No Activity 
Doc 

Analysis 
Product Remark Note 

1. Login     

2. 
Session 

Logout 
    

3. Level User     

4. 
Enkripsi 

Password 
    

 Total 0  

 

From the security factors test that obtained results the 

testing conducted on 5 items system security. A total of 

remark obtained from the testing are 3 menus contained 

in pornography detection system. Here the percentage of 

the testing for Security factors: 
 

 
= 0% 

 

The researchers concluded that pornography 

detection system has a very poor safety standards 

Based on the testing that was done above, the percentage 

of total Integrity matrix get is: 

 

 

 

Integrity = 63.3% 
 

The results of these tests show that the relationship 

between the system and security of the detection system 

pornography, has been good. 

 

Usability 

The usability matrix testing is the effort required to 

learn, operate, prepare input and interpret the outpit of 

software. In the test, there are two testing factors are 

operability and training. 

 

1. Operability 

Operability is the testing of the ease of use of the 

program.Operability testing has been discussed in the 

Efficiency matrix and has been describe in the efficiency 

matrix wich the value isi 80% 
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Based on these results the researchers concluded that 

the level of satisfaction buffer users against pornography 

detection system is located at a good rate. 

 

2. Training 

Training is the extent to which software to help 

implement the new system by the user. From the 

training factors, respondents were asked to try the 6 

activity in pornography detection system then each of 

these activities in the record time of use. The following 

estimates for training factor testing: 
 

Training = 170,96 seconds 
 

Based on the assumption of this test indicate that the 

user takes about ± 3 minutes to understand the 

pornography detection system. 

 

Research Final Results 

At this stage of research will be presented the result of 

research that has been done. Based on Produc Operation 

parameter which in McCall quality theory, there are five 

matrix with six factors which have all testing and 

analysis. Researcher have an assumotion from 

pornography detection system data. Here is the final 

result of this research. 

 

1. Correctness 

Based on the above test results showed that the value of 

correctness on pornography detection system at: 75%. 

Results obtained from the calculation of the three factors 

contained in the Corectness matrix, are: Completeness at 

25%, Tracebility was 100% and Consistency at 100%. 

From these results it can be concluded that pornography 

detection system has a value of correctness is good 

enough. 

 

2. Reliability 

Based on the results of testing that has been done, the 

results obtained Reliability matrix is: 51.98%. Those 

results can be accumulated from the five factors 

contained in the matrix of Reliability, including: 

Accuracy amounting to 81.6%, amounting to 100% 

Consistency, Error Tolerance at 18.3%, Modularity at 

40%, and Simplicity at 20%. These results show that the 

reliability matrix values obtained are still relatively low. 

The results of the reliability matrix test is low 

because it based on testing that researchers do validation 

on the fields in the three tested menu is still very low, 

caused the lower value of error tolerance factor. While 

for modularity and simplicity factor inferior results. 

 

3. Efficiency 

The results obtained from the efficiency matrix testing 

on pornography detection system is as follows: 77.3%. 

The results of the get from the accumulation of the three 

factors in the Efficiency, which is: Conciseness 62.12%, 

Execution Efficiency by 90%, and Operability by 80%. 

On Efficiency matrix value already showed that they got 

very good value. 

 

4. Integrity 

Based on the testing that was done above, the result 

obtained on Integrity matrix is: 63.3%. Obtained from 

third accumulation factor, which is: auditability at 

100%, Instrumentation at 90%, and Security at 0%. 

From these results it can be concluded that the system 

has had a good relation, but very poor on the security 

factor. 

 

 

CONCLUSION 
 

Based on the research, it is concluded that the McCall 

method can be applied to the measurement of software 

quality detection system of pornography on the Internet 

user's. Overall the system's detection of pornography 

Internet users have good quality based on the theory of 

McCall quality. From the McCall quality testing based 

on the theory that the best quality is the Usability matrix 

with a yield at 80% and the worst is the matrix of 

Reliability with a yield at 51.98%. 
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Abstract. Untoro N. 2017. Design of Vibrate Generator. Proc Internat Conf Sci Engin 1: 205-208. Vibrate generator is an electric 

generator, which generate electric by a magnet vibration. This research inspired by the discovery of windbelt by Humdinger. The purpose 

of this research is to prove electric generator with magnetic vibration, to design low rpm vibrate generator. Electric generator in this 

vibration is simple, expected to be made society with local material. With an energy source from a ditch drainage or wind, this generator 

are supposed to generate electricity for one house. Major component generators are bar magnets, springs, wire coils, diode, capasitor and 

wood board. The principle of generator unit is a magnet attached to the spring and the end of the spring attached to the wooden board.  If 

the spring is vibrated, magnetic vibrations produce a magnetic flux change that penetrates the wire coil who attach beside a magnet. A 

wire coil penetrated flux magnetic which change with time to produce electro motive force. Every unit generator produce AC and 

changed to DC by Diode Bridge. The experiment results were one unit cell generator produce 2.2 volt peak to peak, 21.47 Hz, and 

product duration 0.5second. The design of a low rpm vibrator generator is built from a vibration generator unit arranged and connected in 

parallel. Each unit vibration generator is vibrated sequentially, in order for a continuous power generation. 

 

Keywords: Electric generator, local material, low vibrate generator, magnet vibration, vibrate sequentially 

 
 

INTRODUCTION 
 

Humdinger (2004) discovery of windbelt (Logan.2007), 

is a flutter ribbon attached to magnet which induce the 

coil to produce electro motive force. Humdinger 

invention inspiring writer to make vibrate generator. 

There are three methods for harvest vibration energy: 

electromagnetic, piezoelectric, and electrostatic (Dibin, 

2011).  This research is preliminary  research about 

vibrate generator. In this research we used 

electromagnetic vibration harvester.  Spring mass 

system will vibrate if we hit it. The vibration or 

oscillation will last for some time, who can harvest 

electric energy.  

Vibrate generator is electric generator, which 

generate electromotive force by a magnet vibration. 

Basic principle of vibrate generator is vibrate of a 

magnet between two coil. The magnet attach at steel 

plate as spring which oscillate when it the end is beaten. 

Vibrate or Oscillation of magnet make flux magnet 

linkage the coil is Oscillation too. The change of flux 

magnet in to coil produce electromotive force (induction 

faraday law): 

 

dt

d
N


   (1) 

 

 

 

 

 

 

 

 

 

Oscillation of mass spring 

 

 
 

Figure 1. The Underdumped oscillation of a spring. 

 

 

The Newton's 2nd Law motion equation is 

(hyperphysics. 2016) 
 

0 kxcvma  (2) 
 

0
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 kx
dt

dx
c

dt

xd
m  

 

This is in the form of a homogeneous second order 

differential equation and has a solution of the form 
 

tex   (3) 
 

Substituting this form gives an auxiliary equation for λ 

 

02  kcm   

http://hyperphysics.phy-astr.gsu.edu/hbase/diff2.html#c1
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The roots of the quadratic auxiliary equation are 
 

m

mkcc

2

42 


 (4) 
 

The three resulting cases for the damped oscillator 

are (hyperphysics. 2016) 

 

042  mkc     Overdamped 

042  mkc     Critical damping 

042  mkc     Underdamped (5) 

 

 Overdamped if coefisient of viscous damping is 

very large, mass move slowly to equlibrium. There is 

no oscillation. 

 Critical damping if coefisient of viscous damping is 

balance with restoring force, massa move rapidly to 

equlibrium. There is no oscillation. 

 Underdamped if coefisient of viscous damping is 

small, mass oscillated with degradated amplitude. 
 

In the mass-spring electromagnetic system. 
 

 
 

Figure 2. Oscillation of a Magnet on the spring. 

 

 

 
Figure 3. Damped harmonic oscillation. 

Dumping from electromagnetic force: 
 

BvqF 
    , in the case v   B 

 

qBvqvBF 
 (6) 

 

The constan force c =qB. q is the total charge who move 

in coil, is proportional with current I. 

When a damped oscillator is subject to a damping 

force which is linearly dependent upon the velocity, 

such as viscous damping, the oscillation will have 

exponential decay terms which depend upon a damping 

coefficient. If the damping force is of the form 
  

cvFdumping 
 (7) 

 

Then the damping coefficient is given by 
 

m

c

2


 (8) 
 

Where  is damping coefficient  

This will seem logical when you note that the 

damping force is proportional to c, but its influence 

inversely proportional to the mass of the oscillator. 

Underdamped Oscillator 

The underdamped response of the oscillator is 

described by equation: 
 

      taexx t

1cos
 (9) 

 

With 
22

01     

 

m

k
0

, the harmonic frequency  (10) 

 

The amplitude of dumped oscillator is reduce 

exponentially with time. Generator need damping 

coefficient is small, so oscillate long time. 

 

 

MATERIALS AND METHODS 
 

To design a generator, we must know the characteristic 

and calculate how much electro motive force would 

produce. 

To analysis, we assume that the coil is rectangle, the 

magnet vibrate parallel with coil surface, like Figure 4. 

 

N Scoil oscillate
x

p

 
 

Figure 4. The magnet flux change in the coil. 
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Electro motive force, induction Faraday Law: 
 

 
dt

pdx
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dt

BAd
N
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        taeteaNBp tt

111 sincos  

        ttNBpae t

111 sincos  

 

If t = t0  phase  = 0 
 

    ttNBpae t

111 sincos    
 

 

a is amplitude, and pa is area of coil A. 

 

    ttNBAe t

111 sincos    
 (11) 

 

 

The vibrate generator design 

 

coil

Steel plate 

(as spring)

magnet

shaft
camshaft

Front view Side view
 

Figure 5. Basic Design vibrate Generator. 

 

 

Table 1. Design a unit generator. 

 

No Material Dimension 

1 Coil: wire  

         Turn 

Diameter 0.15mm 

160 turn 

2 Magnet 

 

10mm x 15mm x 20mm 

Br = 1,2T 

3 Spring Metal Ruler  

Length : 15 cm 

Experiment: 

Connect the output of generator with the oscilloscope, 

and measure frekuensi and volt peak-to peak, and 

dumping coefficient. 

 

 

RESULTS AND DISCUSSION 
 

The unit vibrate generator is constructed by wood board, 

magnet, wire coil, spring, and shaft (Figure 5). If the end 

of spring is beaten, the spring and magnet would vibrate. 

Magnetic flux who penetrated in to coil would change 

with time and coil produce electro motive force. The 

coil output is alternating current (ac), with amplitude is 

reduce with time. 

 

 

Figur 6. Output vibrate generator. 

 

Output vibrate generator in Figure 6, frequency is 

23.1 Hz, voltage 7.2 volt peak to peak.  

Output voltage propotional with turn number of coil 

N, if we use magnet and the spring is not change, output 

voltage needed can calculated number turn: 

 

turn
volt

V
N

V

V
N need

o

need
need 160

2.7
  

 

Amplitude reduce with time, output voltage Vpp = 7.2 

volt after 625 ms reduce to 3.6 volt, so damping 

coefficient  = 1.1s-1.  The damping coefficient is very 

large, so amplitude reduce very quickly. We want the 

output voltage to be more than half the original voltage, 

then we take an active time interval of half a second. 

The spring generator must to vibrate every half second. 

The generator output is ac rectified by Diode Bridge, 

and filtered by capacitor, become DC mode. Generator 

must produce   continuous power, so the   very low rpm 

generator is designed from some unit vibrate generator 

who arranged in parallel.  

 
Figure 7. Very Low rpm Generator construct. 

 

Camshaft every unit generator must to be set that 

vibration of the spring occurs sequentially from spring 1, 

spring 2, spring 3, spring 4 and return spring 1.  Output 

1 2 3 4 Turbine

coil magnet

vibrator

spring
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every coil rectified and connected to battery like Figure 

8. 

 

Coil 1

Rectifier

Battery Load

Coil 2

Rectifier

Coil 3

Rectifier

Coil 4

Rectifier

 

Figure 8. Circuit diagram. 

  

Example Calculation: 

Vibrate generator is designed to be driven by ditch flow, 

flow rate water of ditch is 0.3m per second and the 

radius of the turbine/water wheel is 70 cm. So the water 

wheel period at about 16 seconds. 

If we arrange 4 unit generator,  every the spring 

vibrate 0.5 second, the period  is  4 x 0,5s = 2 s. Water 

wheel saft period is 16 seconds, but periode of generator 

is 2s. The solution for this problem is camshaft 16/2 = 8 

teeth. In one water wheel period there are vibrates 8 time 

spring of unit generator and total 4 x 8 = 32 vibrates of 

all the spring. The generator operate at 16 seconds 

period, so the generator low rpm and it driven without 

gearbox or direct drive. 

 

 

 

 

Saft

Camsaft

Coil

Magnet
Core

magnet

Coil

Magnet
Core

magnet

 
Figure 9. Generator Camshaft 8 teeth. 
 

 

 

Discussion 

The vibrate generator is a preliminary research, the 

calculation in the design is still limited to the resulting 

voltage, not yet related to the electrical power generated. 

Generator power is highly dependent on the spring 

potential energy, flux magnet, and coil dimension.  Next 

study program is power vibrate generator. 

Oscillation Damping coefficient 1.1s-1 is very big, so 

amplitude reduce rapidly. That is bad characteristic for 

vibrate generator, because we use metal ruler as the 

spring. It needed the spring research for vibrate 

generator in order to obtain the spring with low dumping 

coefficient. 

Based on the size of the spring used, this vibrate 

generator is low power with a power range of several 

tens of watts. Although generators are only capable of 

producing low power, this is much needed for the 

village community. The design of this simple generator 

is expected to be made by the community with locally 

available materials. Available energy sources, such as 

water or wind energy can be used to generate electricity 

with this vibrate generator. I hope every one in village 

community can use electric power. 

 

CONCLUSION 
 

The experiment results were one unit cell generator 

produce 2.2 volt peak to peak, 21.47 Hz, and product 

duration 0.5second. The design of a low rpm vibrator 

generator is built from a vibration generator unit 

arranged and connected in parallel. Each unit vibration 

generator is vibrated sequentially, in order for a 

continuous power generation.  
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Abstract. Azizatuzzahro, Kartika I. 2017. Generative Learning Model to Improve Science Literacy Competence on 10th Grade Students of 

Sciences Wahid Hasyim Senior High School on Temperature and Heat Topic. Proc Internat Conf Sci Engin 1: 209-213.  This research 

was aimed to determine the effect of generative learning models on the competence of science literacy and to know the difference in the 

side of improvement of students' science literacy competence compared with control class on temperature and heat focus lesson. This 

educational research was a quasi-experiment research with Nonequivalent control group design. The independent variable of this research 

was generative learning model and the dependent variable was students’ science literacy competence. This research was conducted in of 

one school in Sleman through saturated sampling technique. The experiment class is 10th grade students of 1st class and the control class is 

10th grade students of second class. We used pretest and posttest as data collection instruments. The data analysis used descriptive statistic 

with measure of central tendency and size of dispersion include Normalized Gain and effect size. The result of this research showed that 

there was an effect of generative learning model in case of students’ science literacy competence on temperature and heat focus lesson 

with average 38,00 for pretest and 79,20 for posttest. There was also improvement on students’ science literacy competence with 

moderate improvement category, which was indicated by N-Gain value of experimental class 0.66. The control class which was treated 

with direct instruction model was also increased with N-Gain value of 0.48 or included in the moderate category also. The improvement 

of the experimental class has a very significant difference with the control class indicated by the effect size value of 1.028. 

 

Keywords: Generative model, science literacy, temperature 

 
 

INTRODUCTION 
 

Based on a worldwide research project organized by the 

OECD (Organization for Economic Cooperation and 

Development) in PISA (International Student 

Assessment Program) showed unsatisfied result of 

indonesian students’ literacy (Johar, 2012: 30). Students 

in modern era, 21st century, are not only required to 

have the ability to memorize lessons and calculate 

mathematical formulas, but also life skills that able to 

help them following technological developments and 

progress of times. One of life skills that must be owned 

is science literacy. 

Science literacy is a very important to be mastered 

because it is closely related to how someone can 

understand environment and other problems faced by 

modern society. Science literacy leads students 

explaining events in everyday life, students are also 

required to apply the concepts that have been obtained in 

life (Depdiknas, 2007: 6). The following is indonesian 

ranks of science literacy in PISA from 2000 to 2015; 
 

 

 

 

Table 1. Science literacy ranks of Indonesian students. 

 

Year Indonesian Average International Average Indonesian Rank Countries Participants 

2000 393 500 38 41 

2003 395 500 38 40 

2006 393 500 50 57 

2009 383 500 60 65 

2012 382 501 64 65 

2015 403 493 62 70 

 
 

 

 

Scientific literacy competence aspect of PISA 

includes several natural science-based subjects. One of 

them is physics. Based on the urgency of this matter, 

physics teachers should begin to provide new 

breakthroughs related to learning systems that can 

improve students’ science literacy competence by 

improving learning process. To improve the activity of 

students in carrying out teaching and learning activities 
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teachers should be able to determine learning system 

approach accordance with subject matter taught. This is 

where the importance of teachers in building students’ 

concept by applying models of learning that emphasizes 

students' activity and the outcomes to be achieved in 

general (Mulyasa, 2010: 53). 

Improving science literacy in physics matter can be 

done by creating innovative learning, involving 

cognitive, affective, and psychomotor. For optimizing 

students’ science literacy, teachers are able to design 

active learning process involving students. One of 

innovative learning that attends students' potential in 

these three aspects is generative learning model 

(Wulandari, 2014: 4). Generative learning requires 

students to understand concepts and build their own 

understanding. Students should also be able to apply 

physics to solve problems related to their daily lives. 

Learning model that can improve it is a generative 

learning model that is designed according to the view of 

constructivism. 

Based on observations with two teachers in SMA 

Sains Wahid Hasyim Yogyakarta obtained data that 

physics learning done in the class has not facilitated 

students yet to develop science literacy optimally. This 

is due to several things. First, physics learning done in 

the classroom has not been fully departed from scientific 

phenomena, although in fact there are examples of such 

scientific phenomenon, so there is no chance of students 

to generate inquiry questions. Secondly, experimental 

activities is rare executed. These activities can train 

students to improving their ability to evaluate and design 

scientific research. This was supported by the opinion of 

one of the physics teachers at school who stated that 

when experimental activities were held, the activity was 

more of a cookbook and was not trained to identify 

experimental variables. Third, students are poorly 

trained to work on problems that prioritize science 

literacy related to real life, thus less training in the use of 

knowledge and ability to apply students’ concepts. 

Observations showed that most of students consider 

physics material is difficult. The average value of daily 

test obtained was below KKM (Minimum Achievement 

Criteria). In this case, material that can be studied is 

temperature and heat matter in which the example of 

problems easily found in everyday life. However, 

sometimes students still confused when faced problems 

involving application and mathematical analysis.  

Above problems required alternative solution by 

applying generative learning model in process of physics 

learning. Learning with this generative model was 

chosen because the learning process involves students' 

ability to maximally develop concept, law or principle 

through exploration, focusing, challenge, and 

application. Based on above description, researcher is 

interested in conducting research by applying generative 

learning model on temperature and heat topic to improve 

science literacy competency of SMA Sains Wahid 

Hasyim Yogyakarta students.  

 

 

MATERIALS AND METHODS 
 

Study Area 

This study was conducted using quasi experimental 

design with pre-posttest design involving a control 

group. Literacy science test based on Temperature and 

Heat topic was developed by researcher along with 

generative learning model developed by Osborne and 

Cosgorve (Wena, 2009) was used in this study. Data 

collection tools consisted syllabus, lesson plan, students’ 

worksheet, and science literacy test were administrated 

to the control and treatment groups as pretest and 

posttest. The researcher taught the Temperature and 

Heat topic to treatment group using generative learning 

model. The worksheets that were used in the stages of 

the model consisted of lesson plan materials, 

Temperature and Heat experiments, and questions that 

refer to specific readings. The same topic was taught to 

control group using direct instruction learning model as 

normally used in school, Power Point presentations and 

also questions and answers. 

  

Procedures 

Course of Teaching in Treatment Group 

At the beginning of learning, general information on 

Temperature and Heat was briefly described. This group 

was taught according to the generative learning model 

within the frameworks of determined context. 
  

Preliminary Phase 

Students in the treatment group were explored their 

initial ideas, experiences or concepts related to 

Temperature and Heat topic which occurs in everyday 

life. Students were handed out worksheet on the topic of 

the day. A passage from the first part of the worksheet 

about a daily life event was read along with the students. 

Relevant context were given to students to arouse their 

curiosity. Students then participated in a discussion 

where questions about the reasons for the event were 

asked. 
 

Focus Phase 

In the focus phase of generative learning model, 

experiments were performed to concretize the 

perceptions of students that were acquired at preliminary 

phase. Later on, the observations of students during the 

experiment and their conclusions were discussed. 

Following the experiments, students’ theoretical 

knowledge about Temperature and Heat were clarified. 
 

Challenge Phase 

In the challenge phase of generative learning model, 

students completed the activities on the worksheet. The 

activities enabled students to achieve their missing 

knowledge and establish links with their existing 

knowledge. Students were facilitated to exchange their 

ideas each other.  
 

 Application Phase 

In the final phase of generative learning model, students 

tried to solve the problems on worksheets selected from 

daily events related to Temperature and Heat using the 
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knowledge they had attained. A general evaluation 

together with the students was made about their 

understanding about Temperature and Heat. During the 

evaluation, the main focus was on enabling students to 

link their existing knowledge with the new knowledge. 
 

Course of Teaching in Control Group 

The control group was taught about Temperature and 

Heat using direct instruction learning model. The topic 

was introduced according to the lesson plan that was 

prepared. The researcher used question & answer 

technique and also PowerPoint presentations during the 

lesson. 

 

Data Analysis 
Data collection tools were checked by experts for 

getting judgment experts in order obtaining the internal 

validity, then administrated to 25 students who have 

gotten the topic for obtaining external validity, 

reliability, difficulty, and discrimination index. 

Researcher used the valid tools for doing experiment. 

Researcher evaluated data obtained from each group. 

Students in treatment group were interviewed before the 

study and were informed the procedure of instruction. 

Students were aware that they were a part of the 

experimental group, to avoid the performance change 

risk; these students were subject to improve science 

literacy competence.  

This study was conducted with 10th grade students 

from Sains Wahid Hasyim Senior High School. The data 

analysis used descriptive statistics with measure of 

central tendency and size of dispersion include 

Normalized Gain and effect size. 

 

 

RESULTS AND DISCUSSION 
 

Central Tendency of Science Literacy Competence  
The measure of central tendency of science literacy 

competence data serves to determine the centralization 

of data distribution. The size of the central tendency 

includes mean (mean), median (mean data value), and 

mode (frequent values) is presented below. 
 

 

 

Table 2. Central tendency of science literacy competence. 

 

Group 
Pretest Posttest 

Mean Median Modus Mean Median Modus 

Treatment 38,00 40,00 40 79,20 80,00 80 

Control 41,20 40,00 40 71,20 70,00 70 

 

 

Based on above table, it can be seen that size of 

central tendency before being treated in control group 

has a relatively higher value than the treatment group. 

The treatment group has an average pretest value of 

38.00 and the control group has an average pretest value 

of 41.20. The other data also showed relatively 

increasing. 

Dispersion Size of Science Literacy Competence 

Dispersion size of science literacy competence serves to 

determine the magnitude of deviation or data 

distribution to its central value. The size of dispersion 

consisted of range and standard deviation. 
 

 

 

Table 3. Dispersion size of science literacy competence. 

 

Group 
Pretest Posttest 

Max Min Range Standart Deviasi Max Min Range Standart Deviasi 

Treatment 50 20 30 8,660 100 70 30 8,124 

Control 60 20 40 10,132 90 60 30 8,813 

 

 

 

Based on above table, it can be seen that both 

treatment and control groups have a tendency to 

measure the dispersion. The size of the control group 

dispersion at the time of pretest tends to be higher with 

the highest value is 60, the lowest value is 20, and 

standard deviation is 10.132. After treatment, the 

treatment group dispersion size decreased with the 

highest value of 100, the lowest value of 70, and the 

standard deviation of 8.124. Meanwhile, the size of the 

control group dispersion also has a downward trend after 

being treated. 

  

 

Size Location of Science Literacy Competence 

The size location of science literacy competence is 

aimed to find out location of a competence value in an 

ordered data distribution. One of the placement sizes can 

be expressed in quartile form as presented below. 
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Table 4. Size location of science literacy competence. 

 

Group 
Pretest Posttest 

      

Treatment 35 40 40 70 80 80 

Control 35 40 50 65 70 80 

 

 

Based on above table, it can be seen that size of 

treatment and control group have different initial 

conditions and both tendencies increase after being 

treated. Quartile two (Q2 or median) in the treatment 

group when pretest has a value of 40. After being 

treated, the posttest result of the treatment group 

changes the location of the two quartiles (Q2 or median) 

to 80. 

 

Classification of Science Literacy Competencies 

Classification of students science literacy competence is 

measured to determine the level students' science 

literacy in solving problems. Classification is done by 

analyzing the answers on given multiple choice as 

presented below.  
 

Table 5. Classification of science literacy competencies. 
 

Criteria 
Experiment Control 

Pre-test Post-test Pre-test Post-test 

Very Good 0% 20% 0% 8% 

Good 0% 48% 0% 20% 

Enough 0% 32% 0% 70% 

Poor 0% 0% 4% 0% 

Very Poor 100% 0% 96% 0% 

 

 

Based on data above it can be made a bar chart 

presented in the following figure: 

  

 
 

Figure 1. Chart science literacy of treatment group. 

 

 

Above diagram of Pretest and Posttest Results of 

Treatment group Based on the diagram above shows an 

increasing in each competence indicator of science 

literacy in treatment group. Before being treated, the 

ability of treatment group in terms of identifying 

scientific issues has a score of 10.67 whereas after being 

given treatment, its ability rises to 22.00. Using 

scientific evidence indicator, before the treatment given 

the student has a score of 8.33 and after being treated to 

20.67. In terms of explaining scientific phenomenon, the 

pretest score appears to be 9.50 and after being given the 

treatment of generative learning scores to 20.00. This 

suggests that generative learning can significantly 

increasing science literacy competence. 

  

 
 

Figure 2. Chart science literacy of control group. 

 

 

Before being treated, students' ability in control 

group in terms of identifying scientific issues has score 

of 12.33 whereas after being given treatment using 

direct instruction model the ability to rise up to 20.33. In 

using scientific evidence indicator, seen before the 

treatment given the student has a score of 8.67 and after 

being treated up to 17.67. While the ability of students 

in terms of explaining scientific phenomena, visible 

scores obtained at the time of pretest is 10.00 and at the 

time of posttest score up to 16.00. This shows that 

learning by using direct instruction model can also 

improve science literacy competence. 

  

N-Gain of Science Literacy Competence 

N-Gain calculation is used to see the increasing of 

students' science literacy in treatment and control group 

after being treated. N-Gain calculations are performed 

by reducing the posttest score against pretest score. 

Description of N-Gain calculation data of science 

literacy competence in treatment and control group are 

presented as follows. 
 

Table 6. N-Gain of science literacy competence. 

 

Class N Sum Mean Criteria 

Experiment 25 16,43 0,66 Sedang 

Control 25 12,12 0,48 Sedang 

  

 

This shows that increasing science literacy 

competence in both classes is in medium criterion. 

However, the average score of N-Gain in both classes 

showed that science literacy in treatment group is higher 

than control group (0.66> 0.48). To know the difference 

in level of improvement is calculated by effect size 
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analysis. The value of effect size obtained is in high 

category of 1.028 where according to Lee A. Beker 

(2003: 3) high category is if the value of coefficient 

Cohen d More than or equal to 0.8. It can be interpreted 

that the calculation of effect size shows the difference in 

the increasing of students science literacy competence in 

both classes is very significant with higher increasing in 

the treatment group. 

 

 

 

CONCLUSIONS 
 

The result of this research showed that there was an 

effect of generative learning model in case of students’ 

science literacy competence on temperature and heat 

focus lesson with average 38,00 for pretest and 79,20 for 

posttest. There was also improvement on students’ 

science literacy competence with moderate improvement 

category, which was indicated by N-Gain value of 

experimental class 0.66. The control class which was 

treated with direct instruction model was also increased 

with N-Gain value of 0.48 or included in the moderate 

category also. The improvement of the experimental 

class has a very significant difference with the control 

class indicated by the effect size value of 1.028. 
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Abstract. Rifai MA. 2017. Android Application for Plants Identification Using Determination Key. Proc Internat Conf Sci Engin 1: 215-

218.  This research aimed at producing application for plant identification using the Android-based determination key and determine the 

quality of the product application to use as a high school learning support. The study consisted of a preliminary study to identify and 

capture images of plants from 16 genera of 9 families pteridophyta and 206 genera of 82 families on Spermatophyta. The final result of 

the product in the form of master Android application with the extension * .APK. Aplikasi rated by one taxonomic expert, one media 

expert, one information technology expert, 5 peer reviewers, two biology teachers, and tested to 15 students of class X SMA. Overall 

assessment of the Android application identification of plants shows the percentage of 82.09% votes were included in the excellent 

qualifications, while the response of students get a percentage rating of 79.82% with good qualifications. 
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INTRODUCTION 
 

Classification of living things is one of the biology 

subject in high schools that contain many foreign terms 

(Latin). In this subject the students must understand the 

different rules in classification system of living things 

with scientific names of living beings. This subject 

requires a thorough understanding, so it need a learning 

media that can be repeated whenever and wherever 

students need it. 

Plant identification is the process of determining the 

name/kind of plants specifically. The working principle 

of this plant identification is to compare or equate the 

characteristics of the plants that will be identified with 

other plants that have been identified. By the process of 

identifying the student will be easier to classify plants as 

well to know more detail of plant morphology. 

There are several ways to identify plants, one of 

them is using determination key. Key determination is a 

tool created specifically to facilitate identification of 

plants. Key determination is made in classes, ordo, 

families, genera or species and so on. The characteristics 

of plants arranged so that the the key will select one 

among two or more properties to the contrary, and so on 

until finally obtained an answer, the identity of the 

plants. 

Today, science and technology is develop very 

rapidly, especially the development of information and 

communication technology. The development of 

information technology encourage the various parties to 

create innovations in various fields. In the field of 

education there has been a lot of innovation that is 

created, one of which is the birth of the Electronic 

Learning (e-learning). Increasing number of people 

owning and using a mobile device open opportunities 

using mobile technology devices in education. The use 

of mobile devices in the learning process known as 

mobile learning (m-learning). The presence of m-

learning is intended as a complement to existing 

learning and provide opportunities for students to relearn 

material that is less controlled anywhere and anytime. 

This certainly can provide a different experience in the 

learning process for students. 

One of the application development is the base 

operating system used in mobile phones. Android is an 

open source operating system that allows to develop 

application without licensing restrictions. 
 

 

 

 

 

 

MATERIALS AND METHODS 
 

This study is divided into three phases: identification 

and image capture plant, android application design, and 

testing the feasibility of the product 

Identification and photographing study was 

conducted in the open green spaces in UIN Sunan 

Kalijaga, health clinic of veterinary of Gajah Mada 

University, the environment around Taman Satwa Taru 

Jurug, and the environment around the village 

Mambungan, Trasan, Juwiring, Klaten. Plants were 

identified to a genus level. Plants that have been 

identified then photographed as material for application 

development. 

The design of software applications using App 

Inventor 2. 

Assessment were carried out by taxonomic experts, 

one media expert lecturers, one expert on information 

technology (IT), 5 peer reviewers and 2 high school 

biology teacher. Limited trial conducted on 15 students 

of class X SMA. 
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RESULTS AND DISCUSSION 
 

In the first phase, we conducted research using plant 

identification keys from the book compiled by Dr. 

CGGJ Van Steenis. Furthermore, the results matched 

with the identification of other sources, and the Internet. 

The identification results subsequently corrected by 

experts to account for the validity. Based on the 

identification of plants from the green open spaces and 

locations that enabled diverse plant and easily found in 

everyday life, we got 16 genera of 9 families in sub 

division pteridophyta and 206 genera of 82 families of 

plants Spermatophyta. 

We targeted a plant that is often encountered in 

everyday life because the application is projected for the 

introduction level and is not intended to identify a new 

or rare one.  

Picture/photo selected as one of the components in 

the application because it has many advantages, 

including: (1) Real object. Photograph can be viewed by 

learners more clearly and realistically, (2) safe space and 

time. To demonstrate the plant species/species that do 

not exist in Indonesia, (3) minimizing the limitations of 

the eye observation. to explain certain objects that 

difficult to direct observation, we used drawings or 

photographs (4) cheap and easy (Jatmika, 2005). With 

these advantages the image/ picture is suitable for use as 

one component in a particular application to indicate the 

genus of plants. 

File picture/photo memory requires a relatively large 

when compared with text files. Therefore each genus is 

represented only by 1-3 images related to the special 

characteristics of their morphology. Pictures/photos of 

plants that have been processed using Corel Draw X6 

and Windows Picture Manager. Windows Picture 

Manager is used to reduce the capacity of the storage 

size. Corel Draw X6 is used to compose images into a 

single extension * .JPG image files thus becomes quick 

and simplify design of android application at a later 

stage. 

The second phase of the research is the design of 

android applications using App Inventor software 

developers 2. App Inventor 2 is an online software 

application development of android. This software was 

created by MIT Scheller Teacher Education Program 

that is taken from research by Ricarose Roque. Software   

App Inventor 2 allows new users to create software 

applications for the Android operating system. App 

Inventor 2 uses a graphical interface, which allows users 

to drag-and-drop visual objects to create applications 

that can run on android devices (Hendrik et al, 2015).  

In the process of designing the plant identification 

application, developers must consider several aspects. 

The first aspect is that the resulting applications will run 

on mobile devices with limited hardware. The images 

used in applications created with a size as small as 

possible, but also not leave the essence of the image. 

Thus the application size is not too big so they can be 

used on the phone with low specifications. The sentence 

contained in the application are made as short as 

possible, especially in the identification menu. It is 

intended that it is easy in the use of identification. 

According to Muhammad (2011) simplicity is an 

important point in the development of applications, 

because basically people do not like something 

complicated because it will make human beings tend to 

get bored. 

Menu applications compiled with the shape of the 

tree. At each supplied User Interface "back" button. and 

use your "back" button on the phone leads to the app's 

main menu. Thus all use processes based on the main 

screen. Background applications, images, icons, and the 

layout is made such that the display media become 

attractive by promoting simplicity and identity 

applications. This is because the use of colors that are 

too complex element would create too heavy when the 

application is run, and reduce application luxuries. 

The assessment aims to determine the feasibility of 

the product. In addition, the reviewer also give input and 

suggestions are used by developers to make 

improvements to the products developed.Assessment of 

quality of products made by experts, are subject matter 

experts and media experts are presented in Table 1. 

 

 

Table 1. Assessment of applications by experts. 

 

No. Aspect Max score The average score Percentage Value (%) 

1 Matter 90 82 91.11 

2 Language 25 21 84 

3 display 90 69 76.6 

4 Software engineering 25 22 88 

5 implementation 15 15 100 

6 interface 20 10 50 

7 reusable 5 4 80 

8 Compatibility 10 7 70 

9 maintainability 10 8 80 

 Total 290 238 82.07 
 

Based on assessments by media experts, subject 

matter experts and information technology specialists 

resulted in a percentage value of 82.02%. The results of 

product assessment by five peer reviewers are presented 

in Table 2. 
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Table 2. Assessment by peer. 

 

No. Aspect Max score The average score Percentage Value (%) 

1 Matter 50 42.8 85.6 
2 Language 25 20.8 83.2 
3 display 55 48.4 88 
4 Software engineering 15 13.6 90.6 
5 implementation 10 9.2 92 
 Total 155 134.8 86.97 

 

 

Based on the assessment by peer reviewers all 

aspects of obtaining an average percentage of 86.97% 

value that indicates the quality of applications in the 

category of Very Good (SB). The results of product 

assessment conducted by teachers of biology are 

presented in Table 3. 

 

 

 

Table 3. Assessment by a biology teacher. 
 

No. Aspect Max score The average score Percentage Value (%) 

1 Matter 50 38 76 

2 Language 25 20.5 82 

3 display 55 43.5 79 

4 Software engineering 10 7.5 75 

5 implementation 20 17 85 

 Total 160 126.5 79.06 

 

 
 

Assessment by the biology teacher to plant 

identification applications shows that the applications 

developed have qualities Good (B) with a percentage 

value of 79.06%.  

The overall assessment of applications identification 

of plants by one media expert, one expert material, one 

information technology experts, 5 peer reviewers, and 

two biology teachers from the aspects of display quality, 

materials, software engineering, linguistics, 

enforceability, interface, reusable, maintainable, and 

combatibility presented in table 4 as follows: 

 
 

 

Table 4. Rate all the reviewer in every aspect. 

 

No. Aspect Percentage Value (%) Quality 

1 Matter 85.63 Very Good (SB) 

2 Language 82.67 Very Good (SB) 

3 display 79.20 Good (B) 

4 Software engineering 86.20 Very Good (SB) 

5 implementation 89.29 Very Good (SB) 

6 interface 50.00 Enough (C) 

7 reusable 80.00 Very Good (SB) 

8 Compatibility 70.00 Good (B) 

9 maintainability 80.00 Very Good (SB) 

 Total 82.09 Very Good (SB) 

 
 
 

The total yield assessment by all reviewers of all 

aspects of the percentage gain in value by 82.09%, so 

that the plant product identification applications 

included in the category of Very Good (SB). 

Android apps using the plant identification 

determination key results of further development to the 

students tested. The purpose of the product is tested to 

determine the extent of the effectiveness of plant 

identification android application development results in 

terms of cognitive, psychomotor and affective. Product 

test performed in Madrasah Aliyah Negeri 1 Surakarta. 

Based on the test results of the product, the value of the 

response from the students presented in Table 5. 
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Table 5. Student response to the application. 

 

No. Aspect Max score The average score Percentage Value (%) 

1 Retention of material 25 21.3 85.2 

2 display 50 37.1 74.2 

3 linguistic 15 12.1 80.6 

4 implementation 25 21.3 85.2 

 Total 115 91.8 79.8 

 

 

Students' response to plant identification applications 

covering aspects of understanding, views, language, and 

enforceability. The average yield of the overall aspect of 

obtaining a percentage value of 79.82% that indicates an 

application has good quality (B). 

The existence android smartphone operating system 

among people have diverse uses, according to a survey 

conducted by Google in collaboration with TNS 

Australia (Kompas, 2016) found that Android users in 

Indonesia is dominated by social media activity in the 

first rank and chat rated second. In third place, the 

Indonesia-dominated activity "gugling". Other activities 

that online shopping and entertainment search. Despite 

the usefulness of android, it is dominated by the 

communication but not a few users who use android as a 

means to find information and learn by using 

applications available on the app market. Thus the 

development of mobile learning must always be 

upgraded to support education for learning more varied 

even a challenge to make mobile learning into one of the 

priority objectives someone uses android smartphone 

operating system. According Sastroprawiro (2011) 

Indonesia needs to introduce and implement the concept 

of education revolves diverse activities, varied programs 

to create a good academic atmosphere.  

Identifying the plants required careful observation of 

the morphological features of the object (Cullen, 2006). 

Indeed plant identification can be done in several ways, 

one using the key determination. Key determination is a 

tool created specifically to facilitate the plant 

identification. 

 

 

CONCLUSIONS 
 

Based on the research that has been done, we can obtain 

some conclusions as follows: (1) identification of plants 

to developed Android applications through the 

identification stage and plants image capture, data entry 

into software developers, preparation of layout and 

provision of activities on the application. The final result 

are the product in the form of master Android 

application with the extension * .apk. (2) The quality of 

plant-based identification applications android based on 

the overall reviewer consisting of experts, peer 

reviewers, and biology teachers earn a percentage value 

of 82.09% which is included in the qualification very 

well be used as a medium of learning. Students' response 

to the identification of plant-based android application 

shows that plant identification applications gain 79.82% 

percentage value that is included in the qualification 

both be used as a learning media. 
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Abstract. Zamhari M, Setiawati E M. 2017. Developing Puzzles Laboratory Safety Symbols for Laboratory Introduction. Proc Internat 

Conf Sci Engin 1: 219-223.  This work describes a study of puzzles development of laboratory safety symbols for laboratory introduction. 

The puzzles were purposed as a learning media for students prior to work in chemistry and science laboratory. The puzzles consisted of 

two different standard systems, Material Safety Data Sheet (MSDS) and National Fire Protection Association (NFPA) 704. For 

instructional development, the media was developed using four-D model (Define, Design, Develop, and Disseminate). This work was in 

develop stage and the media was qualitatively tested in State Islamic University Sunan Kalijaga, Yogyakarta, Indonesia and non-

university student visited to laboratory in Faculty of Science, Prince of Songkla University, Thailand by quiz-team method. 
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INTRODUCTION 
 

Taking laboratory session as science class is an 

inevitable part in the formal education to help student 

examine their theory understanding. Not only theoretical 

aspect, the practical aspect in the laboratory could 

improve their interest in science learning (Adane and 

Abeje, 2012). Laboratory activity, nowadays, has been 

considered as an important aspect of science curriculum. 

Chemistry is one of subjects which often used laboratory 

(Walters et al., 2017). This subject is not only found in 

chemistry department. It is also a compulsory course in 

other departments.  

However, The laboratory environment is a hazardous 

place to work and the workers can be exposed to 

numerous potential hazard including chemical, 

biological, physical and radioactive hazard (OSHA, 

2011). Accident during laboratory work raised the 

question whether the people working in laboratory had 

adequate understanding to hazardous of chemical 

(Schröder et al., 2016). Laboratory accident could 

happen because of lack understanding of student with 

the hazardous of chemicals. It also could happen 

because of the chemicals misplacing by laboratory 

technician. Even, it could happen because of 

unpredictable condition. There are a number of factor 

affects to the accident of laboratory (Adane and Abeje, 

2012; Eguna et.al., 2011; Walters et.al., 2017). The 

damage of lab, actually, could not be removed totally. 

However, it could be reduced by the hazardous 

understanding. An early detection of the hazard 

materials is an important strategy to prevent these 

exposures into human body and environment. 

Introducing student to chemicals of differing types and 

properties and how to use it is an important aspect to 

control potential risk, prevent the damage and help 

students safe during their work (Karapantsios et al., 

2008). 

In Faculty of Science and Technology, State Islamic 

University Sunan Kalijaga Yogyakarta, there is a 

number of laboratory works done by student as their 

science class part, especially class related with 

chemistry. However, not all the student came with 

adequate understanding with chemicals hazard. 

Alongside chemistry or chemistry education, the student 

came from biology, biology education, and physics. 

They rarely did chemistry lab work and even had less 

class of chemistry. Less hazards understanding could be 

found to student with fewer laboratories working 

experience (Schröder et al., 2016). Chemicals hazard 

understanding had been tried to improve by lecturer and 

technician to ensure the student understanding. They 

should list the chemical that would be used and detailed 

the material safety data sheets (MSDS) prior to 

laboratory session. However, it did not help their 

understanding of chemicals lab proven by pretest 

activity.  

Introducing of chemicals’ hazard to students could 

be done with interesting media. It could improve their 

understanding and easily remember after their lab 

working. Interactive media was proven to help student 

retain their memory (Arsyad, 2002). Puzzle is an 

alternative media to overcome this problem. It can be 

found easily in our daily life and it is related with 

children life and happiness. This media is related with 

visual and psychomotor aspect which could help and 

improve student understanding and resist the memory 

(Arsyad, 2002). Therefore, it could be employed as the 

media to improve the student knowledge to chemicals 

hazard.  
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The purpose of this work was to develop puzzle as 

media of safety laboratory for laboratory introduction. 

To the best of our knowledge, puzzle development for 

this purpose was not investigated before. The use of 

puzzle would enhance student understanding to hazard 

properties of chemical and it helped them to identify and 

control potential risk from the chemicals. The applicable 

and interesting puzzle would also be possible to be 

introduced and applied to non-university student as 

chemistry learning media. 
 

 

MATERIALS AND METHODS 
 

To obtain puzzle of laboratory safety symbol for 

laboratory introduction, this research adapted four-D 

model (Thiagarajan et al., 1974) for instructional 

development method. The method consists of four 

stages, i.e., define, design, develop, and disseminate. 

However, this research was limited to developmental 

stage. The method was detailed below. 
 

1. Define  

The aim of this stage was to establish instructional 

requirement. Analysis was the main of the define stage. 

It helped determine the instructional material. The step 

was described below.  

a. Curriculum analysis of the department of Faculty of 

Science and Technology, State Islamic University 

Sunan Kalijaga which used the chemistry laboratory. 

It was done to know the media which relevant to the 

curriculum and helps the student to do the laboratory 

work 

b. Material safety data sheet (MSDS) and national fire 

protection association (NFPA) 704 were selected as 

the contents to be used. Then, material which related 

to MSDS and NFPA 704 were accumulated.  
 

2. Design 
The purpose of this step was to design prototype 

instructional material. Puzzle was selected as an 

appropriate media for the presentation of the 

instructional content. After MSDS and NFPA 704 were 

selected, the puzzle design which applicable and 

relevant to introduce chemistry laboratory was executed. 

Not only design, the method to use them was also 

planned.  
 

3. Develop  
The purpose of this stage is to modify the prototype 

instructional material. In this stage, feedback is received 

through formative evaluation and the materials are 

suitably revised. In this research, this stage was done 

only up to expert appraisal and developmental testing. 

Expert appraisal was followed to obtain suggestion for 

the improvement of the material. Then, developmental 

testing qualitatively was executed to try out the media 

with student to locate section for revision. On the basis 

of response, reactions, and comment, the material would 

be modified. 

 

 

RESULTS AND DISCUSSION 
 

This research successfully developed puzzle as the 

media of laboratory safety symbols for laboratory 

introduction and qualitatively tested in State Islamic 

University Sunan Kalijaga, Yogyakarta, Indonesia and 

elementary school student visited to open-lab in Faculty 

of Science, Prince of Songkla University, Thailand by 

quiz-team method. The media consisted of two types of 

puzzles, material safety data sheet (MSDS) and national 

fire protection association (NFPA) 704. 

To obtain the puzzles, this research adapted four-D 

model (Thiagarajan et al., 1974) for instructional 

development method. It was detailed below. 
 

1. Define  
The step of define stage was explained below. 

a. Curriculum analysis was done to know how 

important the media will be. It was also help to select 

appropriate media. There were 31 classes from 5 

departments in faculty of science and technology, 

UIN Sunan Kalijaga which used chemistry 

laboratory (Table 1). They did not only from 

chemistry and chemistry education departments that 

more understood in chemistry lab work and 

chemical, but also from biology, biology education, 

and physics departments. Less of laboratory 

experience was also identified to some classes which 

was taken by new students. To minimize and prevent 

laboratory accident, development media for 

understanding hazardous of chemical was needed.  

b. MSDS and NFPA 704 were used as the contents of 

the media because they are commonly used in 

chemicals and internationally understood. To 

accumulate these materials, literature of MSDS was 

obtained from European Chemicals Agency (ECHA, 

2017) and literature of NFPA 704 was obtained from 

Standard system for the identification of the hazards 

material for emergency response, National Fire 

Protection Association (NFPA, 2007). 
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Table 1. Class with laboratory work in chemistry laboratory. 

 

Numb Class Department Semester   Numb Class Department Semester  

1 Fundamental of 

chemical reaction 

Chemistry  2  17 Inorganic 

chemistry 

Chemistry 

Education 

3 

2 Chemical 

thermodynamics  

Chemistry  3  18 Chemical 

elements 

Chemistry 

Education 

4 

3 Analytical chemistry Chemistry  3  19 Organic 

chemistry 

Chemistry 

Education 

4 

4 Fundamental of organic 

chemistry  

Chemistry  3  20 Instrumentation 

for chemical 

analysis  

Chemistry 

Education 

5 

5 Inorganic chemistry Chemistry  3  21 Chemistry for 

school II 

Chemistry 

Education 

5 

6 Atomic theory and 

structure 

Chemistry  4  22 Organic 

compound 

synthesis 

Chemistry 

Education 

5 

7 Mechanism of organic 

reaction 

Chemistry  4  23 Biochemistry  Chemistry 

Education 

6 

8 Chemical coordination Chemistry  4  24 Research based 

learning  

Chemistry 

Education 

alternative 

course 

9 Chemical kinetics Chemistry  4  25 Chemical 

workshop 

Chemistry 

Education 

alternative 

course 

10 Instrumentation for 

chemical analysis  

Chemistry  5  26 Fundamental of 

chemistry 

Biology 2 

11 Biochemistry Chemistry  5  27 Biochemistry 

A 

Biology 3 

12 Material chemistry  Chemistry  6  28 Biochemistry B Biology 3 

13 Fundamental of 

chemistry 

Chemistry 

Education 

2  29 Fundamental of 

chemistry 

Biology 

Education 

2 

14 Chemical 

thermodynamics  

Chemistry 

Education 

3  30 Biochemistry  Biology 

Education 

3 

15 Chemical kinetics Chemistry 

Education 

3  31 Material 

physics 

Physics 6 

16 Analytical chemistry Chemistry 

Education 

3      

 

 

 
 

 

2. Design  
Media with visual and psychomotor aspect to enhance 

student understanding to chemical hazard was needed. 

Alongside fulfill visual and psychomotor media 

requirement, puzzle was selected as the media for 

laboratory introduction because it was a cheap media, 

easy to use, and can be duplicated easily with low price. 

The prototype of the puzzle was designed. Two types of 

media for MSDS and NFPA 704 included the manuals 

to use them were developed. They were explained 

below. 

a. MSDS puzzle 

Ten symbols of MSDS were designed for this media.  

Figure 1(A) shows the shape of like a book MSDS 

puzzle. There were 5 symbols in each part. The 

design enabled student to use it as quiz team 

competition. The team that could arrange the puzzle 

correctly, they would get appropriate picture behind. 

If there was wrong position, the pictures were not 

arranged properly and produced a picture. It helped 

the student to improve and assess their understanding 

in MSDS independently. The media utilized reused 

material. Therefore, it could help student aware with 

environment and it became green learning media.  

b. NFPA 704 puzzle  

It was difficult to adjust the type of NFPA 704 

puzzle like MSDS puzzle. It was because NFPA 704 

was not as simple as MSDS model and it had many 

rules. Therefore, different type of puzzle was 

developed (Figure 1 (B)). This puzzle had some 

pieces of puzzle with different color and number or 

symbol which represented each part of NFPA 704. 

They were red, blue, yellow, and white that 

represented flammability, health hazard, reactivity, 

and special hazard, respectively. For degree of 

hazard, the puzzle of flammability, health hazard, 

and reactivity had 5 number (0, 1, 2, 3, and 4) and 

special hazard had oxidizer, radioactive, water react, 

acid, alkali, corrosive and no special hazard symbol. 

The student would get some card described each 

number of NFPA 704 randomly. Then, the student 

should arrange the number and the color which 

represent the description. There were two puzzle kits 

for each two team to make it possible for quiz team 

competition.  
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Flammability

Health hazard Instability

Special hazard

 
 

Figure 1. The shape of (A) a book like of material safety data sheets 
(MSDS) and (B) national fire protection association (NFPA) 704 puzzles. 

 

3. Develop  
Development stage was done to modify the prototype 

instructional material. It was detailed below. 

a. MSDS puzzle  

Feedback of the media was directly received from 

chemistry education students, class of 2007 during 

prototype development of the puzzle. The media was 

better to utilize reused material to improve student 

awareness to environment. It was also decorated with 

sand and covered with leaves to improve 

environmental aspects. It was qualitatively tested 

Faculty of Science and Technology, State Islamic 

University of Sunan Kalijaga Yogyakarta, Indonesia 

(Figure 2 (A–B)). It was qualitatively assessed by 

lecturer of chemistry education and chemistry and 

science teacher, as chemistry media experts. They 

confirmed the good quality of the product and could 

be used as learning media for laboratory 

introduction.  

This media was also tested in Prince of Songkla 

University, Thailand. Some modification, especially 

language translation was done to make the media 

could be understood. It was qualitatively tested to 

non-university student visited to open-lab by quiz-

team method (Figure 2 (D–B)). Prior to do this game, 

the student were allowed to see the list of MSDS for 

five minutes. It was done because they never 

obtained this knowledge. This media successfully 

applied to the student. It was proven by their ability 

to put in the right position.  

 

 

b. NFPA 704 puzzle 

This media was only tested in State Islamic 

University Sunan Kalijaga (Figure 2(E–F)). Ph.D 

students in biophysics lab, Faculty of Science, Prince 

of Songkla University suggested if it was difficult for 

non-university student. It was because more 

complicated than MSDS puzzle. Even though this 

puzzle could be applied to student, NFPA 704 puzzle 

obtained less attention than MSDS puzzle. It might 

because it less interactive and student could not 

assess their understanding by this media 

independently. They need a guidance to check their 

answer.  

 

 

 

CONCLUSIONS 
 

In conclusion, the puzzle of MSDS and NFPA 704 for 

laboratory introduction were successfully developed 

using four-D model as instructional development. The 

puzzles were qualitatively assessed by media expert, 

teacher, and students. However, more development 

process and feedback was needed to improve the puzzle 

quality. Then, disseminate stage was needed to do to 

know the applicability and the effect of the puzzle for 

student understanding of lab safety. 
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Figure 2. Qualitative development test of (A–B) MSDS puzzle and (E–F) NFPA 704 puzzle to university student in Faculty of Science and Technology 

Sunan Kalijaga, Yogyakarta, Indonesia and test of (C–D) MSDS puzzle to non-university student who visited to open-lab in Faculty of Science, Prince of 

Songkla University, Thailand by quiz-team method. 
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Abstract. Khoeriyah N, Widayanti. 2017. The Effects of Auditory, Intellectually, and Repetition (AIR) Learning Model to Problem 

Solving Skills of the Students Grade XI IPA of SMAN 2 Banguntapan on the Subject of Kinetic Theory of Gases. Proc Internat Conf Sci 

Engin 1: 225-228.  The purpose of this research is to know the effects of Auditory, Intellectually, and Repetition (AIR) learning model on 

student’s problem solving skills and to knows the problem solving skills enhancement students who take the learning use Auditroy, 

Intellectually, and Repetition (AIR). This research is a quasi-experimental reasearch (quasi experiment) with pretest-posttest control 

group design. The independent variable in this research is Auditory, Intellectually, and Repetition (AIR) learning model and the 

dependent variable is student problem solving skills. The population in this research are class XI IPA SMA N 2 Banguntapan. The 

sampling technique is simple random sampling as experiment class is XI IPA 2 and as control class is XI IPA 3. The research instrument 

used a pretest-posttest question sheet. Data analysis technique used statistical parametric of T test and normalized gain (N-Gain) test. The 

result showed that (1) Auditory, Intellectually, and Repetition (AIR) learning model influence on problem solving skills of students on the 

subject of theory kinetic gas (level of significance (sig. 2-tailed) = 0,000 <  = 0,05, therefore H0 is rejected and Ha is received), (2) 

Auditory, Intellectually, and Repetition (AIR) model learning can improve students’ problem solving skills on the subject of theory kinetic 

gas (N-Gain experimental class = 0,886 (high) > N-gain control class = 0,662 (medium). 

 

Keywords: Auditory, Intellectually, and Repetition (AIR) learning model, problem solving skills, and Kinetic Theory of Gases 

 
 

INTRODUCTION 
 

SMA N 2 Banguntapan located in Glondong, 

Wirokerten, Banguntapan, Bantul, Yogyakarta. SMA N 

2 Banguntapan located in strategic locations because it 

is lie adjacent Giwangan bus station and the Wirokerten 

village office. The facilities and infrastructure in SMA N 

2 Banguntapan are good enough. 

Based on interview with Physics teacher at SMA N 2 

Banguntapan, lack of students problem solving skills 

occurred because students still difficult to use the 

information which has been obtained to solve the 

problem. Students often face difficulty if they find a 

variety of different questions. Based on interview with 

Physics teacher, most students did not understand the 

subject of the dynamics of rotation and the kinetic 

theory of gases. It was because the subject is complex 

and abstract, so the students hard to understand the 

concept of kinetic theory of gases. Data showed that 

students who had not reached KKM to the subject the 

kinetic theory of gases to 80,36% and often after 

attended remedial test. 

Based on observation in the class, activity learning 

still centered on teachers, while students is only  listen 

and make note. So, the learning are in one direction. 

One innovatife learning models and can solve the 

above problems is a cooperative learning model of 

Auditory, Intellectually, and Repetition (AIR). This 

learning model assumes that a learning is more effective 

if attention are focused to three things: Auditory, 

Intellectually, and Repetition.  

Auditory means learn by listening, speaking, 

presentations, argumentation, express opinions, and 

responding. Intellectually means thinking skills need to 

be trained through the exercise of reason, solve 

problems, construst and implement. Repetition means 

necessary in learning to the broader and deeper 

understanding. For example, students need to be trained 

by working the subject, assignments or quizzes. 

According to Siti Khadijah, dkk (2013), an emphasis on 

three things the students will have the capacity more in 

understanding, creativity, liveliness in droves, the 

problem solving skills, and a strong memory. This fits in 

with the research by Hasnawati, dkk (2016) suggested 

that intellectually in the model of Auditory, 

Intellectually, and Repetition (AIR) can exercise the 

students problem solving skills. 
 

 

MATERIALS AND METHODS 
 

Study Area 

Characteristics an ideal gas of the kinetic theory of gases 

is based on the assumtion following (Halliday & 

Resnick, 1978: 765-766): 

a. A gases consists of particles called molecules. 

b. Molecules an ideal gases move at random in all 

directions. 
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c. Molecules an ideal gases spread equally across in all 

area. 

d. Distance between molecules far higher than with the 

size of the molecules. 

e. No interaction inter molecular force. 

f. Inter particle collision elastic is perfect. 

g. The laws of Newton is valid to the molecule an ideal 

gases. 

 

1. The Laws of gas 

a. Boyle’s law 
In the 1662, Boyle found the fact that the pressure 

of a gas always inversely with the volume of gas 

when temperatures guarded remains constant. 

This statement can be expressed mathematically: 
 

 

 

 
 

b. Charles and Gay Lussac’s law 

“if the pressure of gas in a closed vessel 

maintained constant, the volume of gas 

comporable with the temperatur. Mathematically 

written: 
 

 konstan atau  

 

“if the volume of gas in a closed vessel 

maintained constant, the pressure of gas 

comnporable with the temperatur”. 
 

 konstan atau  

 

c. Boyle-Gay Lussac’s law 

With join the laws above, obtained relationship as 

follows: 
 

konstan atau  

 

2. Equation the state of ideal gas 

Boyle-GayLussac’s law only when for unfolding 

process, the number particle of gas in the state of 

remaining. If the number of particle changed, the 

volume of gas also changed, although pressure and 

temperatur maintained constant. 
 

 
 

If , and , so obtained  equation the 

state og ideal gas as follows: 
 

 
 

3. Pressure and Tekanan dan ideal of gas constant 

The amount of pressure being done particles of gas 

against a wall the hall of gas formulated as follows: 
 

  dengan   

Jika  , maka    

 

4. Temperatur and the kinetic energy of ideal gas 

The relationship temperatur with the kinetic energy 

of ideal gas: 
 

  atau        

   

Thus, it can be concluded that temperature of gas 

related with the kinetic energy of gas.  The higher 

temperature of gas, the greater the kinetic energy. 

The kinetic energy in here is the kinetic energy of the 

average gas obtained from the average of speed. 

5. The effective speed of gas 

If there are any molecules move with different 

speeds so an average speed (  and the effectiveness 

of speed (  was formulated by:  
 

   

 

If , so 

  

6. A degree of freedom gas and a theorem ekipartisi of 

energy 

There are three motion that may be of diatomic 

molecules, as in this picture. 

 

 
 

   
 

Source: Theory and Application of Physics (Budi Purwanto: 2011) 

 

Figure 1. Three motion that may be of diatomic molecules (A) translation motion (B) rotation motion (C) vibration motion. 
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a. Monoatmoic gases having three degree of 

freedom. The average of kinetic energy from 

kinetic energy of translation. Ek =  

b. For diatomic gases in high temperature 

(  having degree of freedom and the 

average of kinetic energy from kinetic energy of 

vibration, translation, and rotation. Ek =  

c. Diatomic gas in  having five degree of 

freedom from kinetic energy of translation and 

rotation. Ek =  

d. In low temperature (  only translation 

motion, so having three degree of freedom. Ek = 

 

7. Internal energy in ideal gas  

Internal energy in a gas is total energy that particles.  

The amount of energy for gas monatomic, as He, Ne, 

dan Ar is U = . 

For diatomic gases, as H2, O2, N2 in low pressure 

showing result as follows: 

a. If low temperature so the internal energy: 

U = =  

b. If temperatur  so the internal energy: 

U =  =  

c. If high temperature so the internal energy: 

U =  =  

 

Procedures 

a. Pre-Experiment 

A field identification. A field identification included 

school identification and problem solving skills 

observation in student of grade XI IPA SMA N 2 

Banguntapan. 

b. Experiment 

This section consists of giving pretest, treatment and 

posttest.  

c. Post Experiment 

Data analyzed by posttest used calculation statistics. 

The calculation used to answer hypothesis is 

accepted or rejected. 

 

Data Analysis 

Test a prerequisite analysis 

Test a prerequisite have done by two step, that is 

normalitas test and homogenitas test  

a. Normality test 

Normality test used to knows the skor is normal or 

not. Normalitas test have done with kolmogorov-
Smirnov test. 

  

 
 

Normaitas test using pretest-posttest score in kinetic 

theoy of gases. 

 

 

b. Homogenity test 

Homogenity test used to knows the variance of data 

(Sugiyono, 2010: 140). Data were taken from prest 
dan posttest score. Homogenity test in this research 

using Levene’s test. 
 

 
 

c. Hipothesis test 

Data analyzed in this research is pretest-posttest skor 

to know students problem solving. Hipothesis test in 

this research using t-test (Independent Sample Test). 
T test included parametric statistic which can be 

done by assuming a given data is homogen and 

normal. (Sarwono, 2009: 125). 
 

 
Or 

 
 

 

 

RESULTS AND DISCUSSION 
 

Results  

This research is a quasi-experimental research and 

implemented in class XI SMA N 2 Banguntapan in the 

second semsester of the 2016/2017. The study 

population is all class in grade XI SMA N 2 

Banguntapan consists of four parallel classes namely XI 

IPA 1 until XI IPA 4 with simple random sampling 

technique as experiment class is XI IPA 2 (taught by 

AIR models) and as control class is XI IPA 3 (taught by 

direct learning models). 

The independent variables in this research is AIR 

learning model and the dependent variables is student 

problem solving skills.  

The design in this study are pretest-posttest control 

group design as follows. 
 

Table 1. Pre-test Post-test Control Group design. 

 

Class Pre-test Treatment Posttest 

Experiment O1 X O2 

control O3 Y O4 

 

 

First hipothesis test is to know the effects the 

treatment in experimental class for students problem 

solving skills.  Data which be could the next analyzed 

using t-test independent with SPSS 16.0. T-test 

independent result from students problem solving as 

follows: 
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Table 2. T-test independent students problem solving skills. 

 

Section Class Result (t-test for equality of means) 

  N t-hitung df Sig. (2-tailed) α explanation 

Pretest Experimental 30 
0,817 

41,904 0,418 0,05 not different 

 control  28     

Posttest Experimental 30 5,780 43,990 0,000 0,05 different 

 control 28      

 

 

 

Section pretest showing first skills of two groups that 

is experimental class and control class. Based on table 2, 

shows that sig. (2-tailed) amount 0,418. That value 

greater than significant α. From that analysis know that 

first skills of experimental class and control class before 

getting treatment is same. That showed that H0 accepted 

dan Ha rejected. 

Based on table 2, shows that sig. (2-tailed) sebesar 

0,000. That value smaller than significant α so can be 

concluded that H0 accepted dan Ha rejected. From the 

analysis, we knows that the treatment with Auditory, 

intellectually, and Repetition (AIR) model which given 

in experimental class affect for students problem solving 

skills in kinetic theory of gases. 
 

Discussion  

At the auditory, learning started by presentation of 

material by educator with the methods of talk and show 

the experiment video. This method accompanied in a 

manner showing went on experiment material that has 

learned, it is expected that students will more about 

matter outlined . 

At the intellectually, students divided into 6 group, 

each group consists of 5-6 students. A subdivision of a 

group it should be heterogeneous. Any of a group of 

given problems in LKPD, then every group discuss to 

solve problems given. At this stage, students trained to 

understand a problem, plan resolution, implement 

resolution, and re-examining. After a discussion, 

representatives one of a group of presented the results in 

front of.  

At the repetition, teacher giving the repetition 

material that has taught at the meeting by granting quiz.  
 
 

CONCLUSIONS 
 

The result showed that (1) Auditory, Intellectually, and 
Repetition (AIR) learning model influence on problem 

solving skills of students on the subject of theory kinetic 

gas (level of significance (sig. 2-tailed) = 0,000 <  = 

0,05, therefore H0 is rejected and Ha is received), (2) 

Auditory, Intellectually, and Repetition (AIR) model 

learning can improve students’ problem solving skills on 

the subject of theory kinetic gas (N-Gain experimental 

class = 0,886 (high) > N-gain control class = 0,662 

(medium). 
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Abstract. Sukindar, Kartika I, Untoro N. 2017. The Development of Momen of Inertia Props Based On Arduino Uno for Second Year of 

Senior High School Student. Proc Internat Conf Sci Engin 1: 229-233.  Momen of inertia concept is difficult subject to teach. Many 

teachers still teach momen of inertia concept by using lecture method. On the orther hands, students need a momen of inertia props. It 

encourages researcher to 1) develop momen of inertia props based on Arduino UNO 2) measure the momen of inertia props based on 

Arduino UNO quality 3) study the students responses and Arduino UNO-based momen of inertia props enforceability. This research is 

Research and Development by Borg and Gall model that consists of seven steps, namely 1) Research and information collecting 2) 

Planning 3)  Develop preliminary form of product 4)  Preliminary field testing 5)  Main product revision 6)  Main field testing 7) 

Operational product revision. This research is using questionnaires and observation techniques in data collection process with instruments 

such as assessment sheets, response sheets, and observation sheet. The data were analyzed by finding the average score and compared 

with classification table. The research results is 1) researcher successfully developed moment of inertia props based on Arduino UNO 

with Student Worksheet and Teachers Guide 2) Quality of Arduino UNO-based moment of inertia props were set into Very Good 

category by material experts assessment, media experts assessment, and teachers assessment with average score of 3.38; 3,69; and 3.58 3) 

student response of the Arduino-based momen of inertia props is set into Agree category with average score of 0.97 and enforceability 

shows that the props can be used in momen of inertia concept learning in second year grade of Senior High School. 
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INTRODUCTION 
 

Science development isn’t just about facts, but scientific 

method, value, and attitude (Indonesian Education 

Ministry 2007). Science should be studied like the 

development. It should be teached based on the nature of 

science. In this case, science study requires medias that 

can be used based on the nature of science. 

Based on observation at MAN I Karanganom, 

moment of inertia is one of difficult concept of science. 

The average value of the exam result under the 

graduation criteria, and the 90 percents students who 

have completed the questionnaire show that moment of 

inertia is difficult. On the other hands, the moment of 

inertia concept is difficult subject to teach(Zulirfan et al. 

2011).  

Three teacher who have completed the interview 

show that many teacher still teach moment of inertia by 

using lecture method. This method doesn’t match with 

nature of science and science development. Moment of 

inertia is an abstract concept. It requires an medias that 

can make concept looks like real. 

The moment of inertia props is one of medias that 

can be the best solution. It could be used to proof the 

moment of inertia concept. This media can improve the 

student concept understanding. It can enrich the teacher 

learning methods, makes fun concept learning. 

In fact, moment of inertia props have been developed 

by some peoples. But, moment of inertia props that have 

been developed still need an improvement. Some props 

couldn’t show that the moment of inertia is affected by 

radius and mass of objects. The other props have no high 

accuracy measurements.  

Using radius and mass of objects variation in the 

props could be one of improvements. The moment of 

inertia props can show that the radius and mass of 

objects affect the moment of inertia by using this 

variation. Using radius of object variation can explain 

that moment of inertia in an object is directly 

proportional to radius of the object. Using mass of 

objects variation can explain that moment of inertia is 

directly proportional to square of the mass. 

Automatic stopwatch can be an alternative 

measurements enhancement. The moment of inertia 

props can have high accuracy measurement by adding 

automatic stopwatch. This improvement will reduce the 

response time that results between viewing process and 

pressing the stopwatch button. 

Automatic stopwatch can be developed by using 

Arduino UNO board that was integrated with 

photodiode sensors. This board has high clock frequency 

that can be used to measure time and the sensor can 

reduce delay time that caused by user response. Arduino 

UNO board and photodiode sensors are the perfect 

combination in automatic stopwatch development. 

So, all of this facts encourage researcher to develop 

momen of inertia props based on Arduino UNO-

photodiodes integration. The props would be developed 

by using radius and mass of objects variation. The props 

also comes with students worksheets and teacher guides. 
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MATERIALS AND METHODS 
 

Procedures 

This research uses Research and Development type. 

Educational R&D is an industry-based development 

model in which the findings of research are used to 

design new products and procedures, which then are 

systematically field-tested, evaluated, and refined until 

they meet specified criteria of effectiveness, quality, or 

similiar standard (Borg and Gall 2003). 
  

Research and information collecting 

Research and information collecting are preliminary 

study that aimed at gathering information, identifying, 

and summarizing issues. Reseacher reviews the relevant 

literature in this step. Reseacher also makes observation 

by using interview and distributing questionnaires 

method.  
 

Planning 

Planning procedure contains research planning activity, 

formulation of goals, and determination of research 

design. The procedure is implemented based on research 

and information collecting procedure. The procedure 

also includes designing product and designing validation 

instruments. 
 

Develop preliminary form of product 

Develop preliminary form of product procedure contains 

collecting product material, developing preliminary 

product, and developing evaluation instuments. The 

procedure also cotains product and instument running 

test. 
 

Preliminary field testing 

Preliminary field testing procedure contains product test 

that aimed to get decent design in substantion and 

methodology. In this test, the product is tested by several 

experts by using evaluation instruments. The product is 

also tested on small scale students.  
 

Main product revision 

Main product revision procedure is product revision 

based on preliminary field testing results. After 

analyzing the test results, preliminary product would be 

improved based on the result.  
 

Main field testing 

Main field testing is a quantitative data test that aimed to 

determine the suitability of the product. This procedure 

contains feasibility test and effectiveness test. In the test, 

the product is tested on large scale students by using an 

instrument. Researcher also use observation method to 

determine the implementation of the product.  
 

Operational product revision 

Operational product revision is product revision based 

on main field testing results. In this step, reseacher 

improves quality of the product based on main field 

testing feedback. This procedure aims to produce a 

usable product. 

 

 

 

Data analysis 

This research is using questionnaires and observation 

techniques in data collection process with instruments 

such as assessment sheets, response sheets, and 

observation sheet. The datas were analyzed by finding 

the average score and compared with classification table 

(Eko Putro Widoyoko 2012). (Equation 1; Equation 2) 

 
Equation 1. Average Equation. 

 

 
 
Equation 2. Classification Equestion. 

 

 

 

 

 

RESULTS AND DISCUSSION 
 

The research result is an moment of inertia props based 

on Arduino UNO-photodiode integration, included 

Student Worksheet and Teachers Guide. The product 

can be used by teacher and student. This product can be 

used to learn moment of inertia in the classroom, and 

also can be used to pratice in the laboratory. 

 

 
 

Figure 1. The moment of inerrtia props. 

 

 

The Product 

The moment of inertia props contains four main parts, 

include Sensors, Electronics, Mechanics, and 

Equipment. The Sensors uses two main components, 

namely photodiode and infrared-LED. Photodiodes are 

used as reciever of light, and infrared-LED is used as 

infrared transmitter. The Electronics uses Arduino UNO 

board with LCD 16x2 screen. This part also contains 5 

volt DC power supply. All the Electroics components 

are installed into a box. The Mechanics contains disc 

variations, ropes, and loads. The Mechanics uses 

Atwood machines principle to make rotating disc. 

Atwood machines is a mechanical system that connects 

two mass by using a rope passing through a pulley 

(Andrew Duffy and Ali Loewy 2000).The Equipment 

consists two instruments, namely Student Worksheet 

and Teachers Guides. The student worksheet contains 

steps of data retrieval, observation table, and data 

analysis equations. The teacher guides contains product 
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guides, data collection guides, and the moment of inertia concepts. (Figure 2) 

 

 
 

Figure 2. Sensors, Electronics, and Mechanics Parts. 

 

 

 

The Quality of Product 

The results of product assessments shows the product 

quality. Based on the results of product assessments, the 

moment of inertia props has Very Good quality criteria. 

This is indicated by an average value above 3.26 in the 

results of product assessments. The product assessment 

are made by media experts, material experts, and 

teacher. 

The material experts gives an average score 3.38 . 

This indicates that the moment of inertia props has a 

Very Good quality criteria in material assessment. 
(Table 1) 

 

 

  
 

 

 

Table 1. The Material Assessment Results. 

 

Aspect Criteria 1st Expert 2nd Expert Average Category 

Teaching material concept 

The product corresponds to the moment of 

inertia concept 

4 3 

3.50 Very Good The product corresponds to the torque 

concept 

4 3 

Educational Value 

The product corresponds to the high school 

students level of cognitive development 

3 3 

3.25 Good The product can foster the scientific attitude 

of learners 

4 3 

    3.38 Very Good 

 
 

 

The media expert’s gives an average score 3.69. This indicates that the moment of inertia props has a Very Good 

quality criteria in media assessment. (Table 2) 

 
 

Table 2. The Material Assessment Results. 

 

Aspect Criteria 1st Expert 2nd Expert Average 

Accuracy Location of infrared sensor installation 4 4 

3.83 Very Good Resilience of the infrared sensor components 4 4 

Accurate measuring accuracy 4 3 

Efficiency Easy to assemble 4 3 
3.75 Very Good 

Easy to use 4 4 

Endurance Weatherproof 3 3 
3.25 Good 

Easy to maintain 3 4 

Safety Safety to use 4 4 4.00 Very Good 

    3.69 Very Good 

 

 

The teachers gives an average score 3.58. This indicates that the moment of inertia props has a Very Good quality 

criteria in teachers assessment. (Table 3) 
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Table 3. The Teacher Assessment Results. 

 

Aspect Criteria 1st Expert 2nd Expert Average  

Teaching material concept The product corresponds to the moment of 

inertia concept 
4 4 

4.00 Very Good The product corresponds to the torque 

concept 
4 4 

Educational Value The product corresponds to the high 

school students level of cognitive 

development 

3 4 

3.25 Good 

The product can foster the scientific 

attitude of learners 
3 3 

Accuracy Location of infrared sensor installation 4 4 

3.50 Very Good 
Resilience of the infrared sensor 

components 
3 4 

Accurate measuring accuracy 3 3 

Efficiency Easy to assemble 4 4 

3.67 Very Good Easy to use 3 4 

Time Allocation 4 3 

Endurance Weatherproof 4 3 
3.25 Good 

Easy to maintain 3 3 

Safety Safety to use 4 4 4.00 Very Good 

    3.58 Very Good 

 
 

 

The Student Response and Enforceability 
The student response sets the momen of inertia props 

into Agree category. The average value of the student 

response is 0.97. (Table 4) 

 
Table 4. The Student Responses Results. 
 

Aspect 
Total Score / 

aspect 
Average 

Teaching material concept 50 1.00 

Efficiency 37 0.92 

Safety 20 1.00 

  0.97 

 

 

The product Enforceability shows that the props can 

be used in momen of inertia concept learning in second 

year grade of Senior High School. Based on observation, 

all of observation aspect shows high enforceability. The 

observation aspect are learning objectives, completeness 

and efficiency of tools, response of learners. 

 

Discussion 
The main purpose of the props development is to show 

students that the moment of inertia concept is related to 

the object rotation. This can be proven by using rotating 

disc in momen of inertia props system. In addition, the 

moment of inerrtia props uses three variations of disc to 

show that the moment of inertia is influenced by mass 

and radius of the rotating object. 

The principle of the props is same as periode and 

time counter. Firstly, the photodiode-infrared sensor 

would receive a dark-light pattern from the rotating disc. 

The dark-light pattern change would cause data capture 

by Arduino UNO. With clock frequency 16 MHZ, 

Arduino UNO can process data very quickly. This 

causes Arduino can be used as an accurate timer 

(Bri_huang 2003). The data that will be processed into 

period and angular velocity data. After the data process 

is complete, LCD 16x2 screen would show the data.  

The students and teachers also can use the props 

easily, because the props are equipped with student 

worksheet and teachers guides. The student worksheet 

would facilitate the retrieval of data. The teacher guides 

would esae the teaching process. 

Based on product assessment, the props got Good 

category in two aspect, namely Educational Value and 

Endurance. The endurance got the category caused by 

disc use wood material. Wood material could not be 

weatherproof disc, so researcher replaces the material 

with acrylic. With acrylic material, the disc also can spin 

constantly. 

In educational value, the props also get Good 

category. This is because the preliminary props is only 

used by three students. The solution of this problem is 

students can alternately use the props, or students were 

grouped. This solution can be used to make student 

responses better than ever. 

Based on Student response, the props efficiency is 

not perfect. It because the three of ten students who 

completed the response sheets have difficulties in 

operating props. Same as problem at endurance aspect in 

product assessment, this is caused by wood disc cannot 

spin constantly. 

In main field testing, the enforceability of the 

prroduct can be seen. The product is tested by used in 
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learning prosess. The product is used by teacher in 

classroom. Based on the observation, student responses 

did not get Very High criteria. This happens because 

some students forget about the basic material that has 

been taught, so the teacher must repeat the basic 

material that makes some students bored. But, overall 

aspect show that the props has Very High criteria in 

enforceability. 

 

  

CONCLUSIONS 
 

Based on the above description, it can be concluded that 

the moment of inertia props has been successfully 

developed to facilitate teachers and students in learning 

moment of inertia. The moment of inertia props also get 

Very Good category in product assessment and Very 

High in student response. 
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Abstract. Sulistiyawati, Cahya A. 2017. Food Analysis Labwork Guide as A Learning Media. Proc Internat Conf Sci Engin 1: 235-238.  

This study aimed to produce practical guide labwork using a project-based learning models to know the quality of products and to 

produce practical guide that can be used as a learning media. The study consisted of a preliminary study in the form of carbohydrat tests 

such as: iodine test, seliwanoff's test and moore test. Lipid solubility test within alcohol, ether and chloroform. Protein tests: biuret test, 

test and xanthoprotein ninhydrin test. Vitamin C tests: benedict test and iodine test. The results of the research were developed into a 

practical guide with coreldraw x6 software applications and Microsoft Word 2010 through the stages of data entry into the software 

developer, the preparation of layout and provision of the activity in laboratory. The final result of the product was a user-based food 

testing laboratory project. The product guide assess by a subject expert, a media expert, a biology teacher, 5 peer reviewers, while experts 

responded that module classified into "very good" with a percentage of 85.80%. The assessment from 20 students of class XI and XII 

High School get a percentage rating of 78.60% with good quality. 

 

Keywords: Practical Handbook, Food Test, Project Based Learning, Learning Media 

 
 

INTRODUCTION 
 

Biology as science, provides hands-on experience and 

opportunity for student to think logically, critically, 

independently, creatively and innovatively. The hands-

on experience can be given by conducting scientific 

work in laboratory (Sujarwanto, 2012). According to 

Agustina (2015), labwork can teach you the skills to 

investigate and to solve the problem and also to find the 

information. According to Murti (2014) practical 

activities make students more confident to explore a new 

thing that already received from the teacher. In addition, 

the laboratory activities can increase student’s 

experience, develop a scientific attitude and make 

learning more meaningful. This idea was supported by 

Winarti (2014), which states that the lab-based learning 

is a knowledge from real experience of collaborative 

activities, reflection, and interpretation. 

One of the concepts in biology teaching materials in 

secondary high school is food anaysis. As a material, 

food test is compex because it requires many 

equipments and materials. Practical guide is the user 

manual that can make students understand the concepts 

included in the test food. In addition, the guide can 

facilitate the students to be more active, creative and 

innovative. Therefore, practical guide will improve the 

independence, liveliness and creativity of students. One 

model that can be used on manual lab work is project-

based learning. 

Project based learning is an instructional model that 

involves the centralization of significant questions and 

problems, problem solving, decision-making, the 

process of finding the source, giving the opportunity to 

the members to work collaboratively and close with the 

presentation of the real product. This project-based 

learning model not only examines the relationship 

between theory and practice, but also motivate students 

to reflect on what they learned in the learning on a real 

project. According Susanti (2013), project-based 

learning can increase the confidence of students, 

motivate to learn, improve creativity and increase self-

esteem as well as build the knowledge, skills, and 

complexity, enabling students to think critically in depth 

and analyze topics that have meaning for students. 

Food test labwork practical guide with project based 

learning are developed to make the students to be more 

active and creative in the lab. Students are expected to 

practice a labwork as stated in the guide practicum then 

uses the principle that has been obtained from the 

practical activities to other lab activities. In addition, the 

use of the model project based learning can foster 

curiosity of students so that students are motivated to 

learn more than just learning. It is powered by Maradona 

(2013), stated that the excess practicum namely: (1) 

students are trained to use the scientific method in 

dealing with all issues, (2) not easy to believe prior to 

prove it, (3) more active in thinking and doing, and (4) 

finding practical experience and skills, (5) inculcate 

scientific attitude. Margunayasa (2014), reinforces 

Maradona report to explain the practical purpose: (1) 

develop basic skills, such as the use of tools, measuring 

and observing, (2) improve the understanding of the 

subject matter, (3) develop problem-solving skills. 
 

 

MATERIALS AND METHODS 
 

This study included research and development research 

and used to produce a specific product and test the 

effectiveness of the product. Products developed in this 

study is a guide food testing lab project based learning 

as a learning media. 
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The research was conducted with several stages, 

namely: (1) test performed in the laboratory of food UIN 

Sunan Kalijaga to test the carbohydrate: iodine test, 

seliwanoff's test and moore test. lidip test with oil 

solubility test in alcohol, ether and chloroform. Test test 

proteins include biuret, ninhydrin and xanthoprotein. 

Vitamin C with test test benedict and iodine, (2) product 

development lab user guide of the results obtained, and 

(3) test the product in SMA N 1 Sewon. 

 

 

RESULTS AND DISCUSSION 
 

This development is divided into three main stages, lab 

test of food, design manual lab work using software 

developer Corel Draw x6, and Microsoft Word 2010, 

and testing products to a biology teacher and SMA 

Negeri 1 Sewon student that were previously validated 

by experts and peer reviewers. Food test material is 

material that is less able to be taken up by the students 

because of the complexity of the matter so that the test 

has not been executed food. Development biology lab 

manual is done based on the principle of research and 

development. practicum developed user guide is biology 

lab manual class XI SMA on digestive system materials 

and models used is project-based learning. 

Guide book based practicum project based learning 

that has been developed further validated by an expert 

material, one media expert, five peer reviewers and one 

teacher of biology. Further refinement suggestion guide 

based food testing lab project based learning from 

experts, peer reviewers and teachers improved in order 

to obtain practical guide based food testing project based 

learning valid. The results of expert assessment of the 

test lab guide project based learning-based foods are 

shown in Table 1. Assessment of the quality of products 

made by experts, are subject matter experts and media 

experts are presented in Table 1. 

 

 

 

Table 1. Results of product quality assessment by experts. 

 

Aspect The Highest Score Ideal Score Assessment Results Ideal Percentage (%) Quality 

Matter 

Language 

Activity program 

Presentation 

90 

20 

15 

125 

73 

16 

10 

109 

81.11 

80 

66.67 

87.2 

VG 

VG 

G 

VG 

Total 250 208 83.20 VG 
Description: VG (Very Good), G (Good). 

 

 

The quality of guide biology lab test material 

according to subject matter experts and food experts are 

very good with a percentage of 83.20%. The results of 

product assessment by five peer reviewers are presented 

in Table 2. 

 
 

 

Table 2. Results of product quality assessment by peer. 
 

Aspect The Highest Score Ideal Score Assessment Results Ideals Percentage (%) Quality 

Matter 

Language 

Activity program 

Presentation 

75 

20 

15 

115 

68.2 

17.4 

13.2 

104.8 

90.93 

87 

88 

91.13 

VG 

VG 

VG 

VG 

Total 225 203.6 90.48 VG 
Description: VG (Very Good). 

 

 

The quality guide biology lab test material by peer 

reviewer food was very good with a percentage of 

90.48% ideals. The results of product assessment 

conducted by teachers of biology are presented in Table 

3. 

 
 

 

Table 3. Results of the quality of products by the teacher penialaian. 
 

Aspect The Highest Score Ideal Score Assessment Results Ideals Percentage (%) Quality 

Matter 

Language 

Activity program 

Presentation 

75 

20 

15 

115 

66 

13 

14 

96 

88 

65 

93.33 

83.47 

VG 

 

VG 

VG 

Total 225 189 84 VG 
Description: VG (Very Good). 
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The quality guide biology lab test material according 

to the food was very good biology teacher with a 

percentage of 84% ideals. Recapitulation assessment of 

experts, peer reviewers and teachers as a whole are 

presented in Table 4. 

 
 

 

Table 4. Results of product quality assessment by experts, peer and teacher. 
 

Aspect The Highest Score Ideal Score Assessment Results Ideals Percentage (%) Quality 

Matter 

Language 

Activity program 

Presentation 

240 

60 

45 

355 

207.2 

46.4 

37.2 

309.8 

86.33 

77.33 

82.67 

87.26 

VG 

G 

VG 

VG 

Total 700 600.6 85.8 VG 
Description: VG (Very Good), G (Good). 

 

 

The quality guide biology lab test material overall 

very good food with a percentage of 85.8% ideals. 

User guide based food testing lab project based 

learning is the result of further development of the 

students tested. The purpose of the product is tested to 

determine the extent of the effectiveness of manual 

laboratory-based food testing project based learning in 

terms of the development of cognitive, psychomotor and 

affective aspects. Product test performed in SMA N 1 

Sewon by doing practical work. Based on the test results 

of the product, the score from the students’s responses in 

Table 5. 

 

 

 

Table 5. Student responses to the product user guide practicum. 

 

Aspect The Highest Score Ideal Score Assessment Results Ideals Percentage (%) Quality 

Student response 75 58.95 78.6 G 
Description: VG (Very Good), G (Good). 

 

 

The quality guide biology lab test material according 

to student have good quality with a percentage of 78.6%. 

Based on the evaluation then it can be concluded that 

the practical user guide with project based learning 

models included in excellent quality. Food test labwork 

practical guide with project based learning which was 

developed has met the aspects contained in the main 

component of project based learning adapted from 

Warsono and Hariyanto (2012) and Hosnan (2014), 

namely the emphasis on planning component or design 

project, project monitoring, write down the results of the 

project (report preparation and presentation of the 

project), as well as assessment and evaluation. The 

practical guide developed in a very good quality with a 

percentage of 85.8% ideals. 

The results of the analysis of students' response to 

the food test labwork practical guide with project based 

learning in good quality with a percentage of 78.6% 

ideals. According to students, the lab developed guide 

can add insight that can motivate students to learn 

biology. Moreover, the theme of "test-based food project 

based learning" is selected very close to the daily life of 

students, and help particulary to develop the knowledge 

acquired. This is consistent with the theory put forward 

by Larmer & Mergendoller (2010) that the project-based 

learning is able to provide the opportunity for students to 

develop 21st century skills such as collaboration, 

communication, critical thinking and the use of 

technology that will be meaningful-use in the world of 

work and real life. In addition, the user practical results 

of development in accordance with one of the benefits 

the user guide practicum according Arsyad (2011) which 

can increase and direct the student's attention so that it 

can increase learning motivation, direct interaction 

between students in the environment and the possibility 

of students to learn independently according to ability 

and interests. 

Based on the discussion that have been been 

described, guide biology lab-based food testing project 

based learning has been qualified as teaching biology 

teaching materials. Excess product that lies in the design 

food test labwork practical, the project contained in the 

book is able to direct students to solve a problem 

through the creation of the project. This is in accordance 

with the opinion of Mahanal, et al (2014) which states 

that the project-based learning is the learning that is 

grounded in the principles of constructivism and 

contextual, for example learning that is likely to provide 

an immersive experience by providing opportunities for 

students to use the activity of inquiry, real and 

associated with life students. Opinion was supported by 

Kamdi (2007) which states that the benefits of project-

based learning that can improve the ability to think, 

because in the project activities, students not only 

receive information, but also develop problems, seek 

answers and collaborate to solve the problems that are 

relevant to the real truth , Excess development of 

manual lab work by Handoko (2016) are: (1) acquire 

new knowledge and skills in learning, (2) improve 

students' skills in problem solving, (3) makes the 

students more active in solving complex problems with 

the results of a real product in the form of goods or 
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services, and (4) develop and enhance students' skills in 

managing resources / materials / tools to complete the 

task. 

 

 

CONCLUSIONS 
 

Based on the results obtained, we conclude: (1) manual 

laboratory test based food project based learning in a 

very good quality, (2) test product user guide lab testing 

of food based project based learning indicates a good 

quality product that deserves to be used as instructional 

media. 
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Abstract. Sunarti, Rahmawati S, Wardani S. 2017. Development of Animation-Based Fairy Tales Learning Model for Elementary School 

Students. Proc Internat Conf Sci Engin 1: 239-243.  The purpose of this research is developing an animation-based fairy tale as a teaching 

model for elementary students.In addition, this study is also intended to determine the effectiveness of animation-based fairy tale as a 

teaching model. This research type is research of development with subject is elementary students in SD Sonosewu. Methods of data 

collection used observation, questionnaires and tests. The data analysis technique to be used is quantitative approach with t-test 

independent sample. Output targets to be generated in the study are: (1) Design of animation-based fairy tales for elementary students 

developed with 6 steps of research and development i.e. research and gathering, planning, product draft development, initial field trials, 

revising test results and field trials. (2) An animation-based fairy tale model is effective in improving Civics achievement and Indonesian 

achievement. 

 

Keywords: Learning Model, Tale, Animation 

 
 

INTRODUCTION 
 

Fairy tale is a simple imagination story which functions 

as delivering moral value (education) and amusement. 

Fairy tale spread heredity and consider as most 

important in moral value in the story based on the 

condition of an area. There is a delineation of people 

authenticity which reflects their behavior and culture of 

a society. (AgusTriyanto, 2007). 

Fairy tale generally is shown through media as 

books, television, CD, and DVD. Other ways of 

presentation can be in a theater, drama, and opera. It is 

also done by reading, listening and watching. By 

watching, people will observe the roles clearly and 

attractively. By performance, fairy tale possesses value 

that it could be received by audience because the 

characters are moving. It is also with music.  

But in this modern IT development, fairy tale is 

forgotten. Many children do not know it. They prefer 

watching film and playing games in the cell phone and 

computer. Whereas Joseph Frank as cited by Asfandiyar 

(2007) mentions that fairy tale can be an effective 

method in developing cognitive, affective, and conative 

aspects of children. The model of story-telling in the 

schools generally was done by reading from the story 

books, using illustration and books, using flannel board, 

using dolls, using finger dolls (Nurlaily, 2010). Those 

models were not interesting to children as the 

development of children attention to IT.   

Animation media enrich students’ experience and 

competition through the learning material. Agina (in 

Rahmatullah, 2013) explains that the use of animation in 

learning may improve quality and learningoutput. It has 

the same as the research of Yosi Rotbain, Gili Marbach-

Ad and Ruth Stavy titled Using Computer Animation To 

Teach High School Molecular Biologyshows that 

computer animation in leaning biology can improve 

learning achievement. Various models of animation-

based learning prove to improve students’ achievement. 

Finally, as those explanations, the animation-based fairy 

tale is needed to develop to continue fairy tale and 

improve students’ achievement.  
 

 

MATERIALS AND METHODS 
 

Study area 

The study was conducted in Yogyakarta area. The 

experiment of the fairy tale animation-based learning 

was done in SD Sonosewu Yogyakarta. The object of 

the study was the model of fairy tale animation-based. 

The subject of the study were the students of grades 3a 

and 3b in SD Sonosewu.  

 

Procedures 

Model of development used Research and Development 

(R&D). Borg and Gall (2003) mention 10 steps in 

research and development study; those are as mentioned 

in the table. But this study used only step 1 to 6, because 

of the limited time. 
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Figure 1. Research stages R&D. 

 

 

Data Analysis 
To know the effectiveness of the learning using 

animation-based fairy tale, the analyzed data is 

inferential statistical analysis technic with t-test 

independent sample. 

 

 

RESULTS AND DISCUSSION 
 

Development of Animation-Based Fairy Tale 

Learning Model 
Development of animation-based fairy tale leaning 

model was conducted in 7 steps, they were Research and 

Information collecting, Planning, Develop Preliminary 

Form of product, Preliminary Field testing, Main 

product revision, Main field testing, and 

Disseminationand implementation. In the research and 

information collecting, based on the result of the 

interview, it was known students’ knowledge about the 

fairy tale was very lack and teacher has not implement 

the animation-based fairy tale learning in the classroom.  

In the planning step, thematic learning model was 

chosen to develop animation-based fairy tale learning. 

Based on Depdiknas (Trianto, 2011) thematic learning 

as learning model is one of the integrated learning 

models. The term of thematic learning is an integrated 

learning which uses theme for correlates some subjects 

so that can give meaningful experience for students. In 

the step of Develop Preliminary Form of Product, there 

were five steps as seen below. 

 

 
Figure 2. Develop preliminary form of product steps. 

 

 

 

Table 1. Syntax of Thematic Learning Animation-Based Fairy Tale. 

 

Steps Teacher’s Behavior  

Fase-1  

Introduction 

1. Correlating recent material and past material 

2. Motivating students  

3. Giving questions to students to know requirement concepts which are got by 

students.  

4. Explaining learning theme 

5. Explaining learning objectives from moral Value (PKn) and Indonesian Language 

subjects (KD and Indicator)  

Fase-2  

Material Presentation  

Presentation of concepts required by student through animation-based fairy tale 

Fase-3 

Guiding Training  

1. Distributing the book and evaluation sheet 

2. Asking student to do the evaluation sheet 

3. Giving guidance as needed.  

Fase-4 

Comprehension and feed back 

1. Asking student to read the answer of the evaluation 

2. Confirming the student’s answer  

3. Giving feed back to the student’s answer  

4. Giving reflection to the student’s answer.  

Fase-5 

Evolving by giving chance to follow up 

training and implementation  

1. Guiding students to conclude the learning material 

2. Giving homework 

Fase-6 

Analyzing and evaluating 

Teacher helps students to reflect or evaluate the result of the task.  

(Development Result from: Trianto, 2010). 
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Basic Material which was chosen by the researcher 

was the material of Yogyakarta fairy tales. In 

Yogyakarta, there are two fairy tales which are known, 

CandiSewu (RoroJonggrang) and Kali Gajah Wong.  

Assessment used in this study was Indonesian language 

evaluation and moral value (PKn) evaluation. Concept 

of Learning Activity of animation-based fairy tale 

learning model can be seen in the table above (table 1). 

This model of animation-based fairy tale focused on 

the second step. It consists of some steps, as the 

following.  

1. Students pay attention to the media of animation-

based fairy tale which are Kali Gajah Wong and 

Candi Sewu tales.  

2. Students tell the story orally by their own sentences 

in front of the other students.  

3. Students conclude the messages content in the stories 

and mention the moral values form those two tales.  

 
Learning media animation-based is a supporting 

system from the learning model. The design of the 

media is shown in the following table. 

 

 

 
 

Figure 3. The design of the media. 

 

 
 

Validation draft product was conducted by the 

learning model expert, IT expert, oral value material 

expert, and Indonesian Language material expert.Based 

on the result, it can be concluded that learning media for 

animation-based fairy tale learning model was included 

in good criterion.  

In the Preliminary Field Testing, it was conducted by 

5 students of grades 3a and 3b in SD Sonosewu. Based 

on the questionnaire of student response and teacher 

response, it was known that quality of learning model 

animation–based fairy tale was included as good 

criterion.  

In the main product revision step, design revision 

was done as the result of the assessment and the input 

from the expert judgment.  

In the main field testing, it was known the data 

description for control class and experiment class are as 

shown the following.  

 

 

 

Table 2. Data Description. 

 

 
Control class Experimental class 

Min Score Max Score Mean SD Min Score Max Score Mean SD 

PrestasiPKn  65 83 73.78 4.671 75 90 81.59 4.787 

PrestasiBahasa Indonesia 60 70 65.39 3.201 66 85 75.77 5.571 

 

 

The Effectiveness of Animation-Based Fairy Tale Learning Model 
 
Table 3. Data Description the achievement significant score.  

 

Aspect T score Significant score Explanation 

Moral value achievement  -5.538 0,000 significant difference  

Indonesian Language achievement  -7.707 0,000 significant difference  
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Based on the t-test, it can be seen that the 

achievement significant score of moral value and 

Indonesian language subject is lower than 0,05, so that 

Ho is rejected and Ha is received. It shows that there is 

significant difference achievement of moral value and 

Indonesian language who use the animation-based fairy 

tale learning model and explanation. The negative score 

shows that the achievement of moral value and 

Indonesian language using animation-based is better that 

them using explanation learning model. It can be 

concluded that learning model of animation-based fairy 

tale is effective to improve moral value and Indonesian 

language achievements. 

 

Discussion 

Based on the result of the study, it can be known that the 

learning achievement of moral value and Indonesian 

language using animation-based fairy tale learning 

model is more effective that using explanation learning 

model. According to Smiyati and Asra (2011), learning 

by using story telling method is very needed for students 

who step into end of kindergarten year, and 6-12 year 

old students. It is because they can think logically and 

critically.  

Joseph Frank as cited by Asfandiyar (2007) says that 

fairy tale can be an effective method to develop 

cognitive, affective, social and conative aspects of 

children. It is in accordance with the research conducted 

by Satinem and Achmad (2015) who said that the 

learning process folkloreusing a thematic approach is 

applied to the third grade elementary school 

studentsproved effective because process of integrative 

folk lore learning is given by integrating four 

components of language skills; listening, speaking, 

reading, and writing, into activities based on the chosen 

theme; can create fun learning and not boring situation.  

Burns (2001) mentions that story telling functions as 

strategy in growing positive attitude to children. Fairy 

tale or story also functions as entertaining, educating, 

forcing emotion, imagination and creativity, and 

improving language competence, as well as adding 

language vocabularies to students. Fairy tale can create a 

space of thought that children become critical and smart.  

Besides, Collin (in Nur, 2010) says that fairy tale 

prepares conceptual framework to think which allows 

children form whole experience they acquire. Fairy tale 

causes children map experience mentally and see an 

image in their head. It is supported by Itadz (2008), who 

explains that there are some point of view of fairy tale 

functions. Those are to help self-figure and children 

morality, force children’s verbal skill, motivate children 

to write, open childrens’ knowledge.  

Based on the theory of Gastalt learning (Rusman, 

2012), object or specific event will be viewed as a whole 

organized thing. Meaning of an object/event is in the 

whole form and not in the part of it. Learning will be 

more meaningful if the material is given intact. It shows 

that for achieving learning goal must notice the whole 

structures and components of the learning process. The 

developed fairy tale thematic learning in this study 

conducts a whole learning that children can comprehend 

the meaning of the material.  

Besides, this learning model is supported by 

animation. Based on theory of Neo in Munir (2008), the 

benefits of animation are: 

a. Bringing information in one basis form which is 

performed.  

b. Giving the emphasis because changing and moving 

information can attract audience attention to see and 

motivate them to act. 

c. Preserving a visual connection and attract audience 

attention unconsciously from the prepared theme.  

d. Students will learn fast and possess good attitude.  

e. Flexible, practical, consistent, and attractive.  

 

According to Harrison and Hummell in Rahmatullah 

(2013) state that animation-based media enrich 

experience and students’ competence in various subject. 

The use of animation in learning activity can improve 

quality of process and result of learning.  

Those some theories explain that the thematic 

learning model implemented result whole learning so 

that students can catch the meaning of the learning or 

subject. Fairy tale learning model can improve 

achievement because growing positive attitude to 

learning process, serving a conceptual framework to 

think, mapping experience mentally and seeing image, 

as well as open children’s knowledge. Learning model 

which is completed with animation can also make 

information clearer and emphasize the important 

information so students deeply comprehend the subject. 

Then, the animation-based fairy tale learning model is 

interesting to students so that can improve students’ 

comprehension. 

 

 

CONCLUSIONS 
 

The result of the research showed that animation-based 

fairy tale learning model improves process of learning 

and student’s leaning achievement.  
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Abstract. Sumarudin, Iryanto, Ismantohadi E. 2017. Classification of Indramayu’s Mangoes Based on Shape Features Using Neural 

Network and Rule Based Programming. Proc Internat Conf Sci Engin 1: 245-248. Object classification using image processing simplifies 

the process. Many approaches have been used to classify the object. In general, classification of mangoes uses image of leaves. In this 

research, we do a slightly different approach using image of mango itself. Here, two kinds of method are used to classify the object.  

Implementations of deep learning using neural network and rule based programming are used in the process. Comparative study of the 

methods are presented in the article. Our result show that accuracy of deep learning approach is better than the rule based programming. 

The accuracy is 80% and 8% for neural network and rule based programming, respectively. 

 

Keywords: Deep learning, neural network, rule based programming, classification of mango 

 
 

INTRODUCTION 
 

Object classification using image processing has become 

one of interesting fields so that many researchers focus 

their research in the field in recent years. The image 

processing simplifies the process. Many approaches 

have been used to classify the object including deep 

learning for instances see (Krizheysky et al., 2012), 

(Vedaldi and Lenc, 2015), and (Vedaldi et al). In the 

other hand, the process uses image of leaves as 

described in (Agustin and Prasetyo, 2011), and (Riska et 

al., 2015). Some methods that used in the process are 

convolutional neural network (Krizheysky et. al., 2012), 

(Vedaldi and Lenc, 2015), and (Vedaldi et al), Fourier 

descriptor, probabilistic neural network (Kadir et al., 

2013), fuzzy neural network (Whidhiasih et al., 2012), 

general regression neural network (Zulkifli, 2009), and 

rule based programming (Taufiq, 2010). 

Several previous researches on the field will be 

introduced. In the work of (Kadir, 2015), it is described 

that Fourier descriptor method had 88% accuracy. His 

other work (Kadir and Prasetyo, 2011), showed a better 

accuracy. It is 93.75% accuracy using the probabilistic 

neural network. In the work of (Whidhiasih et al., 2012), 

study comparative of fuzzy neural network and neural 

network. The methods were used to identify maturity of 

local and import mangosteen fruit. For the local fruit, the 

fuzzy method has better accuracy than the neural 

network method 89%:75%. But different result was 

shown for the import fruit, the neural network has 100% 

accuracy. Same accuracy is also shown using general 

regression neural network. As for the ruled based 

programming, in the work of (Taufiq, 2010), it is 

explained that the method showed good result in 

identifying papilionaceae. 

In this research, we use slightly different approach. 

Here, we use image of mango itself in the identification 

process. From the literature study as elaborated before, 

the deep learning method based on neural network 

shows promising result. Therefore, here we implement 

neural network and we compare its result with result of 

rule based programming. The comparison will be 

presented next.  
 

 

 

 

MATERIALS AND METHODS 
 

Image of Mangoes 
In this research, some images of mangoes are needed. 

Three kinds of mangoes are chosen namely cengkir, 

gajah, and gedong (see Figure 1-3). The images are 

taken using DLSR camera. 

 

 
 

Figure 1. Image of cengkir mango. 
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Figure 2. Image of gajah mango. 
 

 

 
 

Figure 3. Image of gedong mango. 
 

Extraction of Shape Features 

Extraction of shape features of image of mango is done 

to get several information. Here the information is 

aspect ratio (AR) and roundness (R). According to 

(Kadir, 2015) and (Kadir et al., 2013), the features can 

be written as follows: 

 

 (1) 

 (2) 

Where A describes area of the fruit image and p is 

perimeter. 

 

 

Neural Network 

A Neural Network (NN) can be defined as a function f 
mapping data x, to an output y (Vedaldi et al.). Here, the 

data are image whereas the output vector is the label of 

the kinds of mangoes. The function f is a simple function 

usually called as layer. The layer in simplest case can be 

arranged into sequence. But in difficult cases, it may 

lead to complex interconnection as for illustration see 

Figure 1. The figure describes computation layer/block 

of function f in neural network with neuron input x and 

weight w and output y. 

 

 
 

Figure 4. Computation block/layer (left) and simple structure of layer function f (right). 

 

 

Here we use neural network tool box in matlab see 

(Demuth et al., 2008). 

 

 
 

Figure 5. Neural network training tool in matlab. 

Rule Based Programming 

Here we need the shape features of each label of 

mangoes. Range of the features of each label can be seen 

in Table 1 as follows. 

 
Table 1. Range of shape features of mangoes. 

 

Shape 

Features 
Cengkir Gajah Gedong 

Aspect ratio 

(AR) 

0.8394 - 0.9022 0.8058-0.8209 0.7630 -0.7893 

Roundness (R) 0.5879 - 0.6507 0.5110-0.7021 0.4839- 0.6086 

 

 

Classification using the method is done by 

comparing shape features of mangoes taken using 

measurement to shape features of image of mangoes. 

Result of the classification depends on the label of the 

comparison result. If the features of image of mangoes 

do not match with data in the Table 1, we set as 

unknown. 
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Thus the classification process can be written in the 

following procedure: 

1. Read image of mango. 

2. Set label as unknown. 

3. Calculate shape features of the input image. 

4. Decide the label using result in the second step. 

 

 

Classification Scheme 
Process of the classification can be written as follows. 

 

 
 

 

 

1. Preprocessing: the first process e.g resizing image, 

image enhancement 

2. Edge detection: it is using Canny edge detection and 

tresholding as image segmentation. 

3. Extraction of shape features: Calculating aspect ratio 

and roundness. 

4. Segmentation of data: The taken data are separated 

into to types namely data training and data test. Each 

type consists of three labels. Label 1 is for cengkir, 

label 2 is for gajah, and label 3 is for gedong. 

5. Training using neural network approach: the training 

is for the data training with the given label. In this 

research the process is done using matlab neural 

network tool box (NNTool). 

6. Classification: the classification process is done for 

the data test one by one. Here, the classification uses 

two methods namely neural network and rule based 

programming. Result of the process is validated 

using the real label to measure its accuracy. 

 

 

 

RESULTS AND DISCUSSION 
 

The following result of classification done using 15 data 

training with 5 data for each labels. Whereas the data 

testing are 11 data. Screenshot of one of results can be 

seen in Figure 4. In the figure, we use image of gajah 

mango. It is shown in the figure that result of neural 

network method get same result whereas the rule based 

programming does not. 

 

 
 

Figure 6. Result of classification 
 

 

Discussion 
In general, the neural network method has good enough 

result but the rule based programming does not. 

Accuracy for the neural network method is 86.67%. 

Ways in taking data may lead to the result. Especially 

for the rule based programming since the method use the 

shape features of images directly. Therefore, 

measurement of the features becomes crucially. In our 

data, several mangoes have almost similar properties 

that lead to wrong label. Improvement of the accuracy 

will be our future goal.  
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